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ABSTRACT

This thesis presents a rescarch study that investigated studeni learning in a
mentor supported design office situation, using a eopnitive apprenticeship learning
approach that utilised authentic design project tasks. Tn this study, 29 final year
Technical And Further Education (TAFE) building design stedents underiook authentic
"building design projects with expert building designers, who acted as mentors, in
commetrcial design office siluations.

The mentors guided student leaming by using a cogniiive apprenticeship
approach to learning, implemented with anthentic design projects designed to replicate
the everyday culture of practice activities typical of commercial design office
operations. This study follows the progress of these students as they worked in
collaboration with their mentors in the design and presentation of design solutions
developed for the projects, Data about the students® learning expericnces in this setting
were collected and analysed to determine their learning outcomes, the kinds of
knowledge acquired and thc means through which knowledge was transferred in the
study situation,

A holistic interpretivistic approach was used to collect data, in three phases. The
first of these was a pilot-siudy with the other two phases providing the main data
gathering parts of the study. Much of the focus of the third phase of this study was on
verifying findings emergent from analysis of data collected in the first two phases, as
well as seeking greater understanding of the study phenomena, Throughout ¢ach of the
three phascs, data were collected from multiple sources, which included interviews,
direct observations, personal journals and drawings.

Analysis of the data showed that using cognitive apprenticeship learning
methods organised around mentor supporied aulhentic projects implemented in
authentic commercial design office siuations provided successful transfer of
declarative, tacit and procedural knowledge from the mentor to the students, This thesis
concludes with recommendations for the classroom application of cognitive
apprenticeship learnlng methods, as used by the expert building designers who
participated in this research,
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CHAPTER ONE
INTRODUCTION

This thesis documents u study that investigated learning outcomes und
knowledge transter for students working in collaboration with mentors on authentic
projects, in commercial building design ofTices. In this Chapter, the organisation of this
thesis is presented first, followed by a discussion of the background to the study. Then
the purpose, signilicance and aim of the study are presented, with the research
questions. The Chapter concludes by presenting the context in which the rescarch was
conducted, along with definitions used for interpretation of the research data.

Chapter Two presents a review of the related literature and research pertinent to
the study. The literature review begins with an overview of cognitive apprenticeship
methods and the role of expert practice in the learning environment. Specific research
studies in which cognitive apprenticeship tcaching strategies are explored then
discussed with reference to the learning situation studied in this rescarch.

Chapter Three begins with an overview ofthe research methodology and
structure developed over three phases of data collection and analysis used here. The
study sample is also described. This is followed by a discussion of how the
trustworthiness of'the study, including validity and reliability issues, were addressed
using data triangulation and other methods. Chapler Three concludes with a discussion
of the situational uniqueness in this research.

Chapter Four details the data collection methods used for each of the three
phases of'this research. The manner in which data from multiple sources, including
inter views, direct observation, video recordings and drawings, were gathered is also
discussed.

The methods used for coding and analysis of the study data are dctailcd in
Chapter Five, along with the processes used to refine and extend the aralysis procedures
inresponse to emergent themes and findings. This Chapter also details the development
ofcoding categorics and index tree structures used to organise and analyse datu
collected during each ofthe three phases of this rescarch.

Chapter Six presents findings that emerged fi omanalysis of data by coding in
calegorics developed as detailed in Chapter Five. Findings tiom analysis of data coded
about four main emergent themes are presented using coding categories developed to
represent multiple aspects of each theme. Each colegory used for the linal coding of the

rescarchdutais included in this Chapter, along with examples o fdatu fi-om vvhich



findings were developed during aralysis. A summary of tinclings is presented
ot the end of the Chaptcr. Assertions about learning outcomes arc also presented with
reference to the rescarch questions.

Chapler Seven begins by presenting answers to the rescurch questions of this
study. Then, the overall study tindings arc discussed in terms of the six key tcaching
strategics of a cognitive apprenticeship (Collins, Brown, Newman, 1989) [caming
approach as used in the theoretical framework that underpins this research. The Chapter
concludes witha discussion of ways firr implementing the study findings in classrooms
nnd authentic settingsorganised using cognitive apprenticeship methods.

Chapter Eight concludes this thesis with a discussion of the limitations of the
study, as well as making recommendations for further research basced on the study
findings.

Background To The Study

Until the introduction of formal courses by the Department of Technical And
Further Education (TAFE) in 1964, training for building designers in Western Australia
took place using traditional apprenticeship methods in architectural design office
sitluations. Graduates from the first formal building design training courses were
regarded as architectural drafters, a role that mostly saw them operating asassistants to
archilects. In response lo changes in industry practice, which saw the demand for more
highly trained, design-competent architectural drafters, TAFE courses were developed
to provide students with more of a design focus, while maintaining drafling skills.
Fuither development of TAFE training courses for building designers became necessary
when in 1985 Computer Aided Design (CAD) methods were introduced to commercial
design office practices in Perth Western Australia (Baird, 1996).

The introduction of CAD based design practices to TAFE building design
courses changed the focus of teaching methods fromusing mostly traditional hand-skilk
based design and drawing documentation methods, to using computer-hascd methods
for building projects. This change brought with it new ways for problem solving and
developing design solutions t!..ough the use o fcomputer assisted drawing methods and
three dimensional visualisation tools. It also shifted the focus from mostly lcarning
physicalskills for drawing production, (o learning cognitive ways for resolving design
problems. Building design students were now also required to incorporate aspects of
other associated constiuction disciplines that also use computer technology, into their
CAD based drawings. This necessitated new elements being introduced into training

courses for building designers to address aspects of their work that changed because of



the blurring of traditional boundaries between ussociatedl disciplines, brought
aboul by their use of computer methods.

New learning approaches for tcaching building design in Western Australia
being trialed at the time of this study being commenced have CAD technology and
practical experience as key components. This study examines learning outcomes for
students undertaking authentic design projects under the direction ofexpett building
designers acting as menlors, as part of those new learning approaches. The projects used
forthis study used real (authentic) client generated building design brief's for housing
projects. They were conducted in commercial design oftice sellings, with the mentors
using teaching clements based on a cognitive apprenticeship (Brown, Collins, Duguid,
1989; Collins, ct al, 1989) approach (o learning, but not explicitly modclled on this
theory.

The authenticdesign projects undertaken by the students under the direction of
expert building designers acting as mentors provided oppoitunitics for a highly detailed
studyof student/metd or interaction in the design office settings used for this rescarch
study. The authentic situations embedded in the design projects used were planned to
replicate problems typically faced by building designers in their everyday culture of
practice activities. The use of authentic karning experiences (Knufman, 1996; Picters
and de Buijin 1992) developed through real life type situations in which strategies for
solving problems are embedded in the context ofthe task, arc considered hy many to be
the comerstone of cognitive apprenticeship learning (Duncan, 1996; Choi, & | lannafin,
1996; Jarveln, 1995; Hennessy, 1993; Berryman, 1991; Brown, ct al., 1989; Collins, ct
al., 1989).

This research was conducled in three phases. It began with a pilot study, referred
to as Phase Onc, results from which were used to reline data collection and analysis
methods used in Phase Two and Phase Three, which together formed the principal part
of the study. Phase Two mostly used openended interviews o collect data about what
the study participants said look place during their collaborative design ofice activities,
Phase Three mostly involved data collection by direct observation and video recording
of student mentor collaborative work sessions.

Allthree phases of this study centred on the events and outcomes experienced
by students when working on real work design projects with the suppoit of expett
building designers acling as mentors. Each student was assigned to a mentor by a lottery
ballot with numbers picked fiom a hat by one of the cooidinating TAFE lecturers. Three

different authentic design projects were used to provide the students with lcaming



experiences inthe context and culture of professional design office praclices.

The design projects were implemented by the menlors using cognilive apprenticeship
teaching strategics including modelling, conching, scaffolding, utticulation, reflection
and exploration, us presented in the lcaming model proposed by Collins, Brown,
Newmnan (1989).

This approach difTicred from the usual hypothetical exercises traditionally used
in TAFE building design classroom based lcaming situations. The design projects used
provided students with authentic, task focussed, problem solving situations in which
they applied theoretical knowledgc acquired through their TAFE studies, withthe
support of industty mentors using their everyday culture of practice methods. T his
formay, using industry experts as mentors, & similar to that reported by Ilenncssy (1993)
who contended that such an approach provided students with opportunities to acquire
multipl e problemss olving methods as used by the mentors in the resolution of real
projects.,

The mainfo cus of this study was 1o investigat e the learning outcomes for
students in authentic cognitive apprenticeship styled lcaming situations. The study also
sought 1o understand how the students acquired knowledge and skills used by experts to
solve complex problems. Building designers, through years of practice, develop their
knowledge, skills and abilities beyond the scope of their original formal training. T his
special knowledge is sometimes refeited to as tacit knowledge (Collins, ct al., [989).
The manner in which this knowledge is communicated to lecarners also formed the basis

of one of'the research questions.

Lcarning bullding design in Western Australia

The development and delivery of the first formal building design courses in
Western Ausiralia in 1964 was undeitaken by building design/draft ers who had
tformerly been involved in on-the-job apprenticeship type training of building designers
(then called architectuml draiters).

Training cxercises in those courses were designed (o resemble tasks faced by
practicing building designers, however it was soon found that the rich experiences of
actual real life projects could not readily be replicated in classroom activities.
Consequently, new courses were introduced in 1968 incorporating a requircment for
students 1o also undettake work experience on real projects in a building design office
over a twoy car pesiud, following their inttial tw o=year full-time classroom based

training course.



When the structure of the fisll time building destgn courses was changed
to include additional theory based subjects in 1982, the requirement for workplacc
experience wis dropped from the courses. This happened ot atime when the building
design industry was undergoing changes 1o respond to the introduction of CAD methods
for the production of drawings tmd other documcntation firr design commissions.

Findings firom a study of the building design industry (Baird, 1996) indicalcd a
need for building design graduatesto have experience in anthentic projects and CAD
methods to mnke their training relevant to industry requircments. Competency in using
computer technology emerged as an essential patt o ltraining courses for building
design students. In response to industry demands for building design graduatesto have
anthentic experience in design and CAD use, TAFE introduced mentor supported
authentic design projects us part of theiraward courses. Prior lo this study, no rescarch
or evaluation hnd becn conducted to deterrninc student learning outcomes fijom using
mentor supported authentic building design projects. The authentic projects used here
also incorporated CAD based building design nod documentation methods and this
provided opportunities to study knowledge transfer in technology based learning
situations ns explored by Jarvela, (1995). For this reason, amongst others, this study was
regarded with interest by the TAFE staffand building designers who ncted as mentors.
Findings about how CAD based methods used by the study participants led to
knowledge transfer arc regarded as important to this rescarch because most commercial
building design oflice practices in Weslern Australia are organised using CAD for the

designand documentation of building pro jects(Baird, 1996).

New building design courses to address computer technolegy

The roke of the building designer in the period from 1960 to 1979 was
principally concemed with the documentation of designs created by architects. From
carly 1980 building designers expanded their roles into arcas once seen as the domain of
Architects only. In response to these changes inthe role of the building designer, new
TAFE courses were developed to reflect the demand for a greater and more diverse
range of subjects focussed more ondesign than drafling. These courses included the use
of personal computer based (CAD) packages for drawing presentation as part of
learning advanced design and construction theory. This led to course formats that made
less use of traditionnl hand skill methods and increased use of computer technology for

design/constructlon practices.



Theuscof CAD technology by building designers and othcr related
disciplines led to overlapping of roles and responsibilitics for building designers,
engincers, surveyors and many other consultant practices within the construction
industry domain, This in tum led to the need for truining of building designers to
include aspects of consultant disciplines that in the past woulll have nol been part of
their usual culture of practice activitics. Problem solving methods and heuristic dzsign
strategics used by building designers o resolve problems in their everyday practices
now incorporate additional clements that require advanced cognitive skills. Training
coursesdeveloped for building designers in 1996 as part of a National curriculum
addressed many of these issues and have compulertechnologies incorporated into
almost every subject arca,

Traditional building design and drafting methods that usc hand skills to
document design ideas are being replaced with CAD methods (Baird, 1996). CAD has
changed the nature of design and drawing by replacing paper-ba sed exploration and
representation of ideas with manipulation of a database of information firom which
complex forms can be explored . :mergent problems resolved, With little
manipulation, the CAD drawing database can be replicated, modified and presented ina
multitude of difficrent farms to suit various discipline applications such as clectricat
seivices, structural details and bills of quantities. The content and delivery strategics of
TAFE building design training courses have evolved to reflect this shift in building

design practices.

A change In thinking

The line hand movements and tactile fecdback of drawing board-based methods
is not present in computer based drafting. CAD requires the user 1o construct a model by
interpreting mental concepts into computer operations and digitiscr input. The emphasis
in drawing production has shifted from mostly hand skills to more cognitive ways for
resolving solutions by using computer technologics across multiple associated
disciplines. Building designers now usc a database of design information and clements
to develop design solutions and drawings.

CAD usc in this way allows designers to cross traditional discipline boundaries.
It has given building designers control over struclural documentation (previously the
domain of the engincer), quantitics and estimates (previously the domain of the quantity
surveyor), arlistic presentations with walk through three-dimensional capabilities and

civil survey documents. Using CAD methods mcans that the drawing is now a database



consisling of vector coordinates furr line construction, aad other data about
dimensions, noles and textures. A model is no longer a miniature structurc made from
cardboard and plastic, but a computer representation of a threc-dimensional shope that
represents the virtual structure of u design.

The incthentic design oftice situation ul real pro jects expericnced by the
students provided many experiences that embraced diflerent aspects of design practice
that the students may not have othaiwise encountered in their classroo m-based lcarning.
Here, the design ofTice situation is considered to embrace the physical environment and
the orgonisation of building designer working relationships with associated professions.
Design ofTice practices arc concerned with the ways in which building design problems
are resolved using difkierentstralegics und procedures that typif'y the culture of practice.

For the mentors, working across disciptine boundaries is part of their everyday
design ofTice practice, but {or the stideats this was another aspectof their involvement
ia an authentic design pro ject that extended their learning experiences. The manner in
which the mentors shared their knowledge with students through design activities that
included other disciplines associatcd with their usual practices was a key part of this
research. CAD based design practices provided the means for integrating multiple
discipline activities into the authentic design tasks undertaken by building designers in
their everyday practices (Baird, 1996). For this reason findings about the use of CAD
methods for know ledge transfer in the study situation used in this rescarch are regarded

asbeing importaat.

The study environment

This study investigated the lcaming outcomes {or building design students
working uader the direction of expert building designers acting as mentors in
commercial design oflice situations. For many students this was their first experience
working in a design office siluation, being treated in ways similar to that used for the
design office staff. They also experienced some of the working pressures and
expectations typical of the design ofTice environment. The design project collaboration
was constructed to provide experiences typical ofa design office team-based approach
to problem solving so that the students could experience first hand the development ofa
design for an authentic project. In elficct, the students worked in the industy for which
they arc training but in a monitored environment with the support of a mentor who was

expert in the field of building design.



Significance of the study

This is the first study to be repoited in which cognitive npprenticcship methods
have been implemented using uuthentic building design projccls in commercial design
office scttings . No other study has yct been conducted in Australia to cvahate the
cffectivenessof a cognilive apprenticeship based uuthentic work program for students
of building design. Some studies have been conducted elsewhere in which a cognitive
apprenticeship leamning approachbus been used in classroom situations (Jarvcla, 1995;
Hennessy, 1993) nnd worksho p situations (Cash, Behrmann, Stadt, & Danicls, 1997),
but not inauthentic design office settings as used here.

Findings from this research study may have relevance (o training courses offiered
by TAFE. Particular emphasis has been given here (o detennining how students acquire
the kinds of tacit knowledge that the mentors develop over years of professional
practice, as well as heuristic design stralegics and procedures used by them to resolve
design problems. Application of such information to formal courses may potentially
assist in the development of richer, more efficctive learning approaches for fiiture
students,

Outcomes from this study may also have implications for other similar
industry/institution based colluborative pro jects working witha cognilive apprentice ship
styled learning environment. Many Universily and TAFE courses have practical
components. Disciplines such as engincering, architecture, multimedia, surveying,
medicine, dentistiy and the arts require students to under take onc-on-one practical
experienicc components to achicve graduation. Findings from this study contribute
knowledge about leaming in authentic situations that may be applicable across many
disciplines.

PURPOSE OF THESTUDY

The aim of this study was to investigate how students leasn ina cognilive
apprenticeship learning situation, implemented in a building design office. This study
sought broadly (v investigate * the content taught, the pedagogical methods employed,
the sequencing of the learning activities and the sociology of the learning” (Collins,
Brown, Newman, 1989, p. 454).

Research Questions

The study focussed on:

1. What kind of declarative knowled ge and procedural knowledge is acquired by
students in the building design pro fession in a cognilive apprenticeship

learning situation?;



2. What kinds of procedural und declarative knowled ge are tramiferred
in this learning sttuation?; ,

3. How is tacit knowledge acguired inu cognitive apprenticeship learning
situation?;

4. If problem solving, heuristic strategics are wed, hawaore they picked up by
the student?; and b

5. What features of this learning situatlon proht'ol'cd Student learning?

Context

This researchstudy focussed on the events and expericnces of students working
in collaboration vith expert building designers acting as mentors using authentic design
projects, in commercial design oifice situations. Data were collected from 29 students.
19 mentors and 3 TAFE lecturers.

Some activities needed for bricfing the study participants and to initiate design
work were conducted in classroom setlings. These aclivities were however more
focussed on the administration of the student/mentor collaborative situationsand were
used mostly to organise and infortn students, rather thnn present learning aclivities.
During these classroom sessions, TAFE lecturers provided the students with:

e initial bricfmgs aboult the authentic design project they were to undertake with a
mentor;

e information and advice w.th regard to contacting cach student's allocated mentor;

o information aboul codes of behaviour and protocols when in a design ofYice
situation;and

o guidelines concerning the role of the mentor and whal the students may experience
when working in a design office under the direction of a mentor using practic. s that
include cognitive apprenticeship tcaching methods.

During the introductoty classroom sessions, the students padticipated in
discuss ions with me involving the entirc class group, small focus group sessions and
individual problem solving and project development learning activities. As part of thesc
sessions, | bricfed the students on:

o the aims of this research project;
o confidentialily saleguards and the use of pseudonyms for all participants;
o voluntary parlicipation and freedom to withdiaw from the study at any time; and

o interviews and observation methods | woutd use for data gathering.



As partof these briefing sessions, wrilten pennission was also
obtained from cach of the parlicipating students for audio and video recording of
interviews and working sessions with the mentors. Their pcninission was also vhtaincd
for mc to use all dota collected for writing this thesis and any other consse:quent

publications.

Cognitive opprenticeship I n this study situation.

The leaming environment used here was regarded as being structured around the
lcamning content, method, sequence and sociology, in uccordance with the framework
which Collins, ct al., (1989) suggest provides the “characteristics of ideal learning
environments” (Collins, et al., 1989, 456).

The reasons for this contention are;

o the students worked on authentic pro jects, in a building design offices with expent
building designers acting as mentors, assisted by other people for whom this
situation was their everyday working environment and culture (Brown, et al., 1989);

e thestudents had the opportunity to explore first hand working practices and problem
solving activitics used by the mentors to facilitate the resolution of a building
design, inthe context and culture (Hennessy, 1993) of on actual design practice;

e the students were guidedand supported by the mentors who were expert in the
building design profession and able to model the techniques and skills required to
resolve problems emergent fiom the tasks embedded in the authentic design
projects; aad

e the students were exposed to mentor articulation of their problem solving
approaches when presenting ways of dealing with building design problems.

In this study situation, the mentors provided the students with knowledge of
their usual design practices and the tacit knowledge developed by them over years of
experience and expert practice (Hennessy, 1993; Pieters and de Braijin, 1992).

Throughout each of the authentic design projects all of the students had the
support of a mentor. As will be demonstrated, the students were encouraged to develop
and apply metacognitive problem solving approaches when extending their learning
beyond the boundaries of the tasks used in the study and in their exploration and
development ofadvanced design solutions. Although the mentors may not have been
fitlly aware of cognitive apprenticeship constructs, for the reasons demonstrated above

their methods when working with the students were regarded by me to fit well with the



1
theory and contain many of its clements, Results presented Ister inthe study

confirm this.

Dcfinitions Used In This Study

Cognitive apprenticeship is considered to be a process in which students acquire
knowledge nnd learn the processes that experts use to handle complex tasks, situated in
the context of their use. It involves learning through guided expericnce on “cognitive
and metucognitive levels not just physical skills and processes", but seeks the
externalisation of processes in bringing tacit knowledge into the open for students to
learn with help (Collins, et al., 1989, p. 457).

The Collins et al. (1989) cognitive apprenticeship approach used here has six
teaching strategies. Each of these is presented next, asdefined by Collins, et al. (1989),

along with the manner in whichtheir use here hasbeen interpreted.

Six Teaching Strategies Of Cognitive Apprenticeship

i, Modeliing
Modelling is defined as follows:

Involves an expert's carying out of a task so that students can obscrve
and build a conceptual model of the processes that are required to
accomplish the task. In cognitive domains, this requires the
extemalisation of usually internal (cognitive) processes and activities;
specifically, the heuristics and control processes by which experts niake
use of basic conceptual and procedural knowledge. (Collins, et al., 1989,
p-481)

Inthis study modelling also included activities used to support lecarning through
personal demonstration of processes or procedures used to create building designs and
to resolve problems emerging from the exploration, development and assessment of
possible solutions. Of particular interest was the manner in which building designers,
when working onc-on-one with a student, conveyed their knowledge and skills by
modelling their approach to the identification and solving of design problems emergent
fiom the authentic tasks of the design project. Modelling also included the

demonstration of design strategies that afficcted personal style in building design.

2. Coaching
Collins, et al., (1989, p. 481) defined coaching as:

Consists of observing students while they carry out a task and offiering
hints, scaflolding, fecdback, modelling, reminders and new tasks aimed



at bringing their performance closer to expert perfrnumcc. Couching
may serve to direct students attention to a previously unnoticed nspect of
the tusk or simply to remind the student of some uspect of the tusk that is
known but has been temporarily overlooked. Coaching focusses on the
cnactment and intcgration of skills in the service of a well understood
goal through highly interactive and highly situated fiecdback and
suggestions; that is, thc content of the coaching interaction is
immediately reluted 1o specific cvents or problems that arisc as the
student attempts to carry out the target task.

Carver, (1995, p. 206) contends that coaching occurs when “the teacher observes
and facilitates while students performa task”. Coaching also involved activities or
situations where 2 mentor assisted students by working collaboratively with them to
resolve design problems. The use of coaching is considered here to include mentors
guiding students in the use of heuristic design strategies and problem solving methods
by articulating the reasons behind design decisions, procedures and individual style
clements that are typical of their usual design ofYice culture of practice methods,

3. Scaffiolding

Scaffiolding is defined as follows:

Refersto the suppocts the teacher provides to help the student cariy out a

task. (Collins, ct al., 1989, p. 482)

Another feature of using scaffiolding fo assist learning in a cognitive
appreaticeship approach is the gradual withdrawal or “fading” of the help provided by
scaffolding. Collins, ct al., (1989, p. 482) def' me fading as:

Fading consists of the gradual removal of supports until students are on
their own.

In this study, scaffolding is regarded as including tips and tricks such as
heuristic design strattegics, problem solving methodsand resource materials provided by
the mentor to assist student learning or problem resolution activities in design. It also
included techniques, ex planations or partial solutions that enabled students to progress
beyotd points of difficulty.

4. Articulation
Articulation is defied as follows:

includes any method of getting students to articulate their knowledge,
reasoning, or problem-solving processes in a domain. (Collins, et al.,
1989, p. 482)

In this study, articulation has been regarded as more than just talking or having

discussions with others; here it is thought of as verbalising:



e personal thoughts nnd opinions when thinking about design idea:s;

e rcasons for using particular heuristic design stratcgics;

e ways lor using problemsolving strategics based on personal experience of similar
problem situations;

o explaining personal interpretations of design problem situations, the underlying
rensons lor using particular design strategies and possible solutions or decisions; and

o sketching to show personal ideas, design stratcgics and problems solving methods.

5. Reflection
Rellectinn is defined by Collins, et al., (1989, p. 482) as follows:

. cnables students to compare their own problemsolving pro cesses
with those of an expert, another student and ultimately, an internal
cognitive model of expertise. Refledion is cnhanced by the use of
various techniques for reproducing or "replaying” the performances of
both expert and novice for comparisnn.

In this thesis, reflection means re-examination of ideas, concepts and design
solutions at a metacognitive level when exploring the pathways taken in the
development of building designs for the purpose of branching into other lines of
exploration or to evaluale design solutions or elements for inclusion in final design

presentations.

6. Exploration
Exploration is defined by Collins, d al., (1989, p. 483) as follows:

Involves pushing students into a mode of problem solving on their own.
Forcing them to do exploration is critical, if they arc to learn how to
frame questions or problems that are interesting and that they can solve.
Exploration is the natural culmination of the fading of supports. It
involves not only fading in problem solving but fading in problem sctting
as well.

Exploration as a method of teaching sets general goals for students and
then encourages them to focus on particular sub-goals of interest to them
or cven to revise the general goals as they come upon something more
interesting to pursuc.

In this thesis, the tertn “exploration” is also used to describe student and mentor
activities in which design variations and multiple design solutions were developed using
metacognitive design methods. 1t also applics to using sketching of design forms to

determine relationships with other design elements or their suitability to include in final



design solutions, ns well as for discovering new aspects or elements of the

design sit untion that affect the emerging dcsign solutions.
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for use 1n this thesis when describing building design methods as npplied in
many dillerent contexts rcgnrded by me to be part of the design olTice culture of

practice used for this rescarch situation.

Work Session.

The most common dcsiéh office activity referred to in this thesis is the “work
session”. The term “work session” is used here to describe intcractive exchanges .
between students and meritors as they work collubomlivcly to resolve a real work d‘esign

"~ problem in the context of the everyday culture of practice for that design mentor.

Concluslon to this Chapter

This Chapter began with a brief description of the content of cach of the
Chapiers. F ollowing thisthe study background was presented ﬁlong with a discussionof
the study purpose and the research questions upon which it was constructed. After
discussion of the study aims, the context in which data were collected was described,
with some important terms used throughout this thesis also being defined.

"In the next Chapter a review of the related literature and -escarch pertinent to

this study are presented.



CHAPTERTWO
LITERATURE REVIEW
Introductlon
This Chapler presents a review of the relalted literature ond rescarch pertinent to
this study. It begins by discussing nspccts of the context and culture of the Icorning
situation regarded by Brown, Collins, Duguid (1989) as important to knowledge
transfer. The roke of concepts and kaowledge as cognilive tools in the cognitive
apprenticeship approach to leaming suggested by Collins, et al., (1989) is also discussed
wilh relerence lo the commercial design offices learning situations and authentic tasks
undertaken by the study participants. Following this, several studics based on o
cognitive apprenticeship approach (o leaming arc presented along with lindings
pertinent to this research. The Chapter concludes with the theoretical framework

underpinning this rescarch.

Learning in context

Brown, Collins, Duguid (1989) contend that traditional teaching methods tend to
promwote the acquisition of /nert knowledge not linked (o the context of its application.
They also suggest that such knowledge is not readily transferred or applied by students
in other contexts and suppoit instcad a learning approach that embeds learning in
activilies that make deliberate use ofthe social and physical context in which the
knowledge and skillsapply. This they say supports the situated nature of knowledge
(Brown, ct. al, 1989). It is firom this perspective that this study is structured and for
these reasons that commercial design offices and expert building designers were used (o

construct the learning siluation.

Knowledge as tools

In assiluated leamning environment many rescarchers (Cash, Behrmann, Stadt,
Daaiels, 1997; Brown, ct al., 1989) contend that concepts and know ledge should be
seen as cognitive tools for fitrther [carning, Brown ¢t al. (1989) contended that students
ragke best use of those tools when they are applied in a learning situation that replicates
the ordinary practices of the culture through authentic activities realistically presented
as in the culture of application. Student use of cognitive tools is regarded by Brown et
al. (1989) to be¢ within the context of a culture and lcads to learning values and

contextual features lioked Lo the original purpose, rather than assimilating knowledge



nnd skills in isolation as incrt knowledge. Such n process, is described by

Brownct al. (1989), us one of cnculturation, where activity, context and cullure are
interdependent. The use of learning tools in this way is said to allow students (o build an
“increasingly rich understanding of thc world in which they use the tools and of the
tools themselves™ (Brown, ct al., 1989, p. 33).

Authentic aclivities in learning arc those, that replicate the types of problems
likely to be encountered in real life experiences. The use of authentic expericnces in
realistic kearning situations suppoited by expert praclitioners facilitates a cognitive
apprenticeship styled learning approach.

Cognitive apprenticcship lcaming situations seck to involve students actively in
the exploration and problem solving stralegics of real life, authentic, situations in which
they are required to develop solutions based on the needs of the problems faced
(Jarvcla, 1995; Brandt, Farmer & Buckmaster, 1993).

The learning cullure

In this study, students worked with expert building designers as mentors in
commercial building design offices that were for the mentors their usual culture of
practice settings, which were adopted by the students. Having such a setting provided a
working culture for cooperative interaction between mentor and student, using mutual
problem solving activilics based on authentic experiences. The collaborative nature of
working in this way emulates the manncr in which traditionally a master (expert)
worked with anapprentice in a coaching, suppoitive fashion, providing tips of the trade
or lacit knowledge (hrough verbal articulation of thoughts in the development of
solutions (Jarvela, 1995; Hennessy, 1993).

The expert Mentor - Modelling

Ina cognitive apprenticeship learning situation students are suppoited in their
learning by a model, or expert mentor, who coaches them in the application of problem
solving stralegics. The mentor also assists the students to overcome problems that
present as barriers to their progress by providing (imely scaflolding in the forin of
advice, hints, tips, lear ning materials and the like. In a study by Cash et al. (1997),
involving automolive students working in a cognilive apprenticeship siluation, findings
reported indicated that working collaboratively with mentors and other students, led
learners into a cullure of practice in which they developed confidence and articulated
their leamning into individualised pursuits. In a diffierent study, Brandt et al., (1993, p.

75) contended that mentor modelling of problem solving methods form powerfiil
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instructional tools that can be used in ways that allow: “knowledgenble
proficient pcople to show learners how to do something by stating aloud what they arc
thinking while doing the activity”. Tley also suggested that mentor guided Icarning in n
cognitive apprenticeship situation is efficctive when autlentic tashs arc presented ina
realistic context and the mentor models the “what how and why" of the methods used to
resolve problems emergent from those authentic tasks (Brandt ¢t al., 1993, p. 77).

Working in a mentor supported cognilive apprenticeship situation provides
students with opportunities to acquire learning skills, using them as tools in other
applications outside o f the culture and context in which they were lirst experienced
(Jarvela, 1995; Bmndt et al,, 1993; Hennessy, 1993). The task tocussed, mentor
supported real work projects used here are appropeiate lor use in a cognitive
apprenticeship approach because they provided students with authentic learning
experiences. They also provide ways for mentors to model methods, typical of their
usual culture of practice activitics, tor resolving problems laced by students when
developing solutions lor design problems that emerged from the projccts untaken by the

study participants.

Social constructlon of kaowlcdge

Brown, et al. (1989) contend that cognitive apprenticcship attemptsio promote
learming within the nexus o Factivity, tools and culture. Similarly, Vygotsky (1978)
contended that learning takes place in situations through collaborative social interaction
and the social construction of knowledge.

Asa social activily, learning is seen to be very much a group centred activity. A
cooperative sociely of learning drawers upon the knowledge, skills and collaborative
value of people working together to achicve their goals (Brown, ct al., 1989). The
emphasis on social interaction (Schoenleld, 1987) and a collaborative approach to
learning is fiindamental to the implementation of a cognitive apprenticeship learning
approach.

Application of knowledge developed in isolation from its contextuat meaning
may result in students being unable to make the connections between knowledge and its
usc in other situations other than its lcamed example (Abbolt, 1998; Bertyman, 1991).
This study placed the studentina learning situation where the context and ctiiturc of
practice was part of the everyday working conditions of those surrounding t,=m
(Collins et al., 1989).
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Mctacognitive strateglies

‘The development of cognitive and metacognitivce strategics and processes is
considered by Collins, et al. (1989, p. 455), to be more important than “low level sub-
skillsor factuul knowledge*. Brandt ct al., (1993, p. 70) contended thatthe use of a
cognitive apprenticeship approach “builds on existing know ledge and problem solving
strategics, avoids reinventing the wheel, expandsawareness, highlights otheiwise
overlooked aspects™. They also contended that in a learning environment organised
using cognitive apprenticeship methods, students leamn to resolve problems emergent
from authentic tasks and problematic situations by making use of tacit knowledge
constructed from real world experiences. They also contend that students, having
experienced conceptual models developed by mentors are able to apply such models as
an advance organiser, or as an interpretive structure for making sense of hints during
interactive coaching sessionsand to act as an intemalised guide for successive
approximation and reflection. Using retlection, students compare their own perfortnance
against that of a mentor and apply standards modelled by mentors in the development of

their own metacognitive practices (Berryman, 1991; Collins, ct al., 1989).

Reflection and multiple points of view

Collins, ct al. (1989) regard student use of reflective practices provides them
with ways to compare their owa perforrnance with that of the expert mentors guiding
them. Whea, as inthe case of this study, several mentors are available to the student,
then multiple points of view can be explored as repoited by Jarvela, (1995) leading to
other possible problem solvi ng.slmlcgics, enhanced pcrfortnance, outcomes or solutions
(Hennessy, 1993).

As students develop their expertise they can take over the teachers role during
sessions of collaborative problem solving. In so doing, they participate ina culture of
expeit practice both as a recipient, and as a practitioncr, having meaningfill benchmarks
and incentives as modelled by their mentors (Hennessy, 1993; Collins et al., 1989).

In a cognitive apprenticeship leaming approach, the teacher or mentor attempts
toarticulate as completely as possible the abstract principles underlying the application
of knowledge and skills into diverse siluations or contexts. In so doing students may
successfitlly transfer knowledge, skills and principles across discipline or task
boundaries. The building design profession demands of its exponents, highly developed
communication skills centred on verbal and visual articulation of abstract concepts and

the visualisation of three dimensional forins involving diverse situations and
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problematic forms. Mentor nrticulation and the transfer of their tacit
knowledge, heuristic design strategics and problem-solving procedures is fundamental
to student learning in this context,
In suppoit of their argument for cognitive apprenticeship, Collins ct al. (189)
examined threc tcaching models using the principles of cognitive apprenticeship. They

nre, Reciprocal Teaching, Procedural Facilitation and Authentic Leamning Experiences.

Reclprocal teaching

The discussion of the Reciprocal Teaching:in-Leaming model proposed by
Collins, ct al. (1989) is based on studies by Palinscar & Brown (1984) which centre on
modelling and coaching students in fbur strategic skills and make use of role reversal
where students and teachers take turns at being the teacher.

Initially the teacher providesscaffolding to assist and encourage the student to
achieve the learing goals. As the students develop their knowledge and skills, the
scaffolding is slowly withdrawn or faded, leaving the student to extend their knowledge
and develop their own resources from the base they have been assisted to build. Critical
to the success of such activities is the modelling by the teacher of“cxpert strategies ina
problem context shared directly and immediately with the students™ (Collins, et al.,
1989, p. 463).

Procedural Facilitation

The second lcaming approach considered by Brown et al. (1989) in the
development of their cognitive apprenticeship learning model, was Procedural
Facilitation (Scardamalia, & Berciter, 198 5; Scardomalia, Bereitcr, & Steinbach, 1984).
This approach provides explicit procedural suppoits in the form of prompts to assist
students in developing expeit writing strategics. Once again what is sought here isa
leading and suppoitive role by the teacher or mentor. Their role is to provide expeit,
explicit modelling (Hennessy, 1993) of the problem solving strategics needed for the
given tasks and to assist the development of metacognitive skills through scaffiolding
that provides the tools to elevate student performance (Dinmore, 1997). Building
design, with its creative/rtistic elementsrequires high level thinking and problem
solving and with its technical elements demands precise use of information and

procedures that can be defined through scaffiolding and modelling.
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Authentlc lcarning cxperlences

The third learning approach consideri:d by Collins et al. (1989) wasthat of
Schoentield (1987) who conducted a stidy of small group problem solving sessions in a
cognitive apprenticeship leamming environment with authentic learning experiences.
Schoenfield (1987) sought to identify what the students were doing, why were they
doing it, aild how would success in what they are doing help them find a solution to the
problem (Collins, ct al., 1989).

The aim was for students to reflect upon thelr activities and thus self-monitor
their progress towards solutions and diagnose their skills by aiticulating the reasons for
decisions taken in the same fashion that expeits express aloud their thoughtsduring
modelling sessions in problem solving Ia the learning environment. Collias, et al.,
(1989) contended when working in this way students develop control over ref lective and

metacognitive processes in their problem solving.

Expest praclice in the learning environment

Collins ct al. (1989) developed a four part learning framework based on content,
method, sequence and sociology. Of particular interest to Collins et al. (1989, p. 477)
was strategic knowledge, being pait of the tacit knowledge that underlies an expert’s
ability to “‘make usc of concepts facts and procedures as necessary to solve problems
and to carry out tasks”. Collins et al. (1989) aiso contended that strategic knowledge
involves problem solving strategicsand heuristics., Choi, & Hannafin, (1996) contended
that expertsin various disciplines or ficlds of study use such knowledge as a vehicle for
learning how to lewrn and (o acquire new knowledge. This is recognised as a foundation
stone in the learning framework used adopted for the rescarcy (Abbott, 1998; Collins, ct
al., 1989).

In secking to diflerentiate between factual and procedural knowledge, Collins et
al. (1989, p. 477) used theterm strategic knowledge to refier (o tacit knowledge that
*‘underlies an expert’s ability to make use of concepts, facts and procedures as necessaty
to solve problems and cai1y oul tasks”. Fiadings repoited by Choi & Hannafin, (1996)
and by Jarvela, (1995) suggest that by grounding the lcamning in authentic tasks,
conceptual, factual and procedural knowledge was less likely to become inert, and thus
applicd inappropriately by students in situatioas removed from the contextual domain of
learning

The study situation used for this research is in keeping with the cognitive

apprenticeship leaming cnvironment suggested by Abbott, (1998, p. 18) who contends



22
that “The proccss of lcarning has passed fiom simple self-organisation to n
collaborative, social, problem solving activity much dependent on talk, practical
involvement and experimentation”. A collaborative lcarning environment is considered
by Abbott (1998) to be onc in which people work together in solving problems using a
tcatn approach in sharing knowledge and skills 10 achicve commonly supported goals,
Mezirow (1996, p. 119) similarly supports the view that lcarning takes place in
collaborative leaming environments in which students’ nced to become “critically
rellective and to participate in critical discuuwise. From this perspective, Mezirow (1996,
p- 119) contends that “lcarning is a process of using a prior interpretation of the
mcaning of onc’s experience to guide future action”. This approach to lcarning also
involves theuse of rellection, a process in which the leamner revicws their own
performance in problem solving and then compares this to the perfiormance of the
mentor, witha view to making modifications 10 enliance fiture actions (Dinmare,
1997).

A Cogpnitlve Apprentlceship lcarning approach

In proposing their cognitive apprenticeship learning approach, Collins et al,
(1989, pp. 481- 483) listed the lollowing tcaching strategics: modelling, coaching,
scaiTolding, articulation, reflection and exploration. Many other theorists have explored
this stiucture and added their own interpretations and sub categories (Duncon &
Rohorer, 1996; Choi, & Hannafin, 1996; Jarvela, 1995; Cnrver, 1995; Hennessy, 1993;
Berryman, 1991; Brown, 1 al., 1989),

Implementing sucha learning approach can effectively take placc by developing
a learning sequence for tasks and context environments, progressively increasing in
complexity to promotc higher learning (Lave, 1988, 1990). This may begin with a
conceptual map or cognitive model ofthe overall task or situation which may provide
students with a more diverse range of tools for problem solving than if they learn only
task specific skills (Mumford, 1993; The cognition and technology group at Vanderbilt,
1990; Collins ct al., 1989). In this study, group discussions outlining the project lcamming
sequences were used as an advance organiscr for students, their mentor and TAFE staff

managing the project,

Culture of cxpett practice: Mentor/Student Collaboration

Having mentor/student collaborative activitics situated in a culture of expert
practice provides opportunities for students to develop a sense of ownership of the

leamning and become intrinsically motivated to continue, farmore so than in a traditional
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classroom using didnctic methods (Collins, ct al., 1989), Collaboration
between all parties to the learning is thought to “loster the situated articulation of’
processes and concepts” (Collins, ct al., 1989, p. 490). Such collaborutions arc thought
to help students to develop cognitive and metacognitive processes over which they have

control and make conscious usc of i n problem solving in other contexts or domains,

Lcarning In context

The importance of learning in context and the value o fauthentic learning
environments to the acquisition of tacit knowledge, that is knowledge and skills
developedthrough life experiences and professional practice, was noted by Duncan
(1996). In a study tocused on mathematics, language and problem solving, Duncan
(1996) found that students benefited from a cognitive apprenticeship classroom culture
and improved their understanding and work on application type problems.

Instiuctors who used modelling found “increased student atiention and
enthusiasm during modelling based lessons” (Duncan, 1996, p. 76). It was also noted
that students quickly recovered from crrors in this style of learning and were able to

transfer knowledge well,

Simulatlons and authentlc actlvities In the lenrning sltuation

Compulter technology has become an impoitant learning tool. Jarvcla, (1995)
cxplored the use of a cognitive apprentlceship approach with students who investigated
and modelled the control technology principles of an automatic washing muchinc using
LegoLogo (Papert, 1980). Data were analysed in terms of scatfolding, modelling and
reflection, using video recordings of four pairs of students working for nine hours. in
her findings, Jarvela, (1995, p. 243) contended that “situation-specitic modelling” has
the potential to promote spontancous, more advanced exploratory activilies among
students. The use of simulated learning experiences in this way provides interactive task
focused activities that replicate authentic real world tasks, problems and scenarios
students are Jikely (o face in the workplace. This approach can permit students to test a
varicly of effective problem solving methods in a varicty of situations designed to
cahance learning (Brandl et al.,, 1993). Communication between students and expert
mentors is now theoretically possible fiomany place on the globe with computer access
and this opens the way for social interaction between individual or large numbers of
people who may leamn firom cach other in a vast multi-cuMural setting.

This study used authentic design office situations, with authentic projects to

creale realistic experiences for the students. Dewey (1938) spoke of learning through
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experience, while Knowles (1980) saw meaningfii] leaming as associated with
everyday problems in the social world, as did Vygotsky (1978) and Schin (1983).
Rogoft'& Gardner (1984) contend that thinking is intricately inter-woven with the
context of the problem to be solved and explored a learning paradigm based on the
cognitive practices of humnns, Jocated in authentic activity. Resnick, (1987) suggested
that authentic activity has lo involve situations where the actual cognitive processes arc
required rather that simulated, ss sometimes done in schools. The use of thinking aloud
by experts when articulating their tips nod tricks as they work through situated tasks
with students is a cancept well supported in the literature about situated cognition and
cognitive apprenticeship learning.

Work by researchers in the cognitive apprenticeship ficld has often been
focussed on the organisation and manipulation of the leaming environment (Lave &
Wegner, 1991; Rogoff 1984). Brown ct al. (1989) regarded learning and development lo
be a dynamic process that results fiom the active participation of individuals in
culturally organisced activities. Jarvela, (1995) contends that the learning environment
should provide opportunitics for social interaction for exchanging of idcas and
knowledge in ways that support reciprocal understanding between the students and the
mentors. Collaborative interaction between the mentors and the students assists
individual studentsto negotiale meaning in their leaming experiences and to developa
frame of reference for working with the mentors with enhanced reciprocity in their
interaction(Voight, 1987; Nystrand, 1986).

Situated Learning

Lave (1990) argues that learning is a fiinction ofthe context of an activily and
culture in which it occurs and can thus be scen as situated. This follows on froman
carlicr social leaming theory proposed by Bandura (1977) who suggested a form of
learning which integrates behaviourist ideas about reinforcement with cognitive
processes of understanding the behaviour of others and identifying with it. This theory
has the key clements of experience and expectations. From experience we learn the
consequences ofour respanses and expectations derive from the anticipated
consequences ofour respanses, From this, there derives a major role for reflection in
learning, a characteristic scen in later learning approaches using situated learning and
cognilive apprenticeship.

Sitaaling learning is considered to take place when using autlientic activities that

develop understanding through social interaction and collaboration, in the culture of
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authentic domain activity with modelling, scafliolding and reflection. Its
practice is based on obser vation, guide<] and suppoited practice and on feedback for the
development of cognitive and metacognitive skills (Collins ct al., 1989).

In a study by Jarvclu (1995), these principles were used in the cvaluation of
student/teacher interaction in a technologically rich learning environment. In that study
it was shown thal in scafliolding sessions some students interacted well with the teacher
and in so doing, received reciprocal and sclf directed social interaction. Some students
saw the teacher as interrupting their work just as they were getting to a solution, thus
taking a more individual heuristic approach (Jarvela, 1995).

Onc possible downlall of this type of lcamming according to Jarvcla (1995) occurs
when leamers become overly dependent on the mentor for scaffolding in the tasks at
hand and doces not then take responsibility for their own learning. Itis fundamental to
the success of the student becoming self supporting in the leaming that scaffolding
support is gradually faded out by the expert or mentor as the student develops skills and

confidence.

Using authentic situations to develop Cognitive Understanding

The application of a cognitive apprenticeship approach to this study situation has
some similarilies to a study by Casey (1996) who used multimedia technology in the
construction of authentic learning tasks. In his study, Cascy (1996) sought to
incorporale a fromework for analysing and sequencing content and to deve:lop
appropriate strategics for learning in a distributed and diverse environment. Using a
cognitive apprenticeship approach to training weather forecasters, Casey (1996) sought
to provide a mechanism for incor poraling communitics of practice in multimedia
solutions that would provide a method for building and reinforcing cognitive
understanding. In fonnulating his multimedia approach, Casey (1996, p. 76) reported
“Cognitive flexibility develops transficr of skills by iocoiporating a multiperspective
approach Lo expertise that enables the learner to traverse or criss-cross the knowledge in
numerous ways. This viewpoint is of special importance here because the traditional
role of the building designer has changed with the introduction of computer technology
to encompass a range of professional disciplines that fonnerly were the domain of
separate but related professional practitioners.

Casey (1996) placed special emphasis on auditoiy coaching from experts,
making it more thorough by addressing complex issues surrounding the case presented

inthe leaming. Through articulation, students were encouraged to demonstrale their
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maslery of iew tools and knowledge and to participule in open discussion
forums with collcngues. By grounding the learning in an authentic environment or real
world situalion, students may belter understand why and whatthey are learning anl
learn through doing more than through listening. In so doing students explore what
strategics work for given situations and what strategies do not work in a real world
context, The aim is to Jearn to problem solve in multiple contexts (Casey, 1996).

Working with n mentor provides lcamers with the opportunity to observe their
problem solving strategies and application of expert knowledge and experience. Hearing
an cxpert articulate thoughts as they problem-solve or demonstrate work practices and
procedures is regarded by many rescarchers to assist in sctting standards of practice. It
also allowssstudents to test their expertise against others inn forum where mentor
suppot is gradually withdrawn ns student skills improve. Modelling aod coaching work
well with multimedia but are most cflective when used in co-operative learning
environments or communitics of practice in which there is interaction between nll
patties to the learning. These teaching strategies also require well developed verbal
communication exchanges throughout the leaming processes (Casey, 1996; Collins, et
al,, 1989).

Olther studies using Cognitive Apprenticeship methods

Cash et al, (1997) studied the effectiveness of cognitive apprenticeship
instructional methods in college automotive technology classrooms. They used
traditional classroom teaching methods with one group of students and a cognitive
apprenticeship approach with a difficrent group leaming automotive technology. The
cognilive apprenticeship grouphad an emphasis on modelling, coaching, fading and
verbalisation of thoughts by expert mentors.

In reflective debricling sessions, students were encouraged to usc problem
solving toassist in the development of their diagnostic skills, with the instructor fading
support as their skills emerged. This patticular hand-skills/cogniltive skill study makes
an inleresting comparison with the multimedia format Casey (1996) study because the
same fundamental leaming model is applied through very different [carning contexts.

Findings from the Cash et al. (1997) study indicate that the cognitive
apprenticeship model proved to be more efficctive than traditional methods of
instruction in the development and acquisition of information, knowledge of
traubleshooting procedures. It also proved to be an efiective method for students to

learn to apply diagnostic skills in the contextofteaching air-conditioning in
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nutomobiles. Although the long-term elfiectsof this were considered to be
inconclusive, the wrilers saw the emphasis on instructional constructivist practices of
significant value in a cognitive apprenticeship model. In particulur, the sequencing
aspect of cognilive apprenticeship inconjunction with the use of a stating approach that
uses a broad understiinding of systems as a base for exploring and lcarning was seen as
preferable to the traditional npproach centred on factuaiknowledge of components
theory,

Tacit knowledge and Reflcctlon in Cognitive Apprenticeshlp lcarnlng

Explicit knowledge and problem solving methods developed through practical
experience tortnthe basis of expert practitioners’ tacit knowtedg e of their domain of
professional practice (Collins, et al,, 1989). The use of modelling, articulation and
reflective practices by mentors inthisstudy, to reify for students their tacit knowledge,
is discussed later with reference to findings from studies by other researchers as
presented in this section. Mentorand studentuse of reflective practices (Abbott, 1998;
Mezirow, 1996) to make visible tacit knowledge was also studied. This use of this
approach was based on the ideas of Schdn (1983), who explored the concept of the
rellective practitioner. An important aspect of a cognitive apprenticeship approach to
learning, is the key feature of rellection by students and teachers in the learning process.
Schn (1983) supports the notion of reflection inaction, which is viewed as the exercise
of interactive, intetpretativeskills, in the analysis and solution of complex and
ambiguous problems (Calderhcad, 1989). The rellcctive processes of an individual may
be considered as an intemal evaluative dialogue and self focussed (Butler, 1992), or
external and used as a research forin in evaluating how learning may take place
(Schratz, 1992). In a cognitive apprenticeship approach to learning, all of the
participants in the learning situation should employ reflective practices to understand
and cvaluate their learning events, then apply what they may leamn from it (o their future
actions. This may be considered as a form of knowledge that Schn (1983, p. 54)
described as “knowing in action” which is “the characteristic mode of ordinary
knowledge™, Schdn (1983) also contended that this is tacit knowledge, in the sense that
we are usually unable to describe the knowing that our action reveals. He also suggested
thatreflective practices in lcarning arc only stimulated by certain puzzling situations. In
a cognilive apprenticeship learning situation, it may become the role of the expert
mentor or teacher 1o stiraulate the learner to reflect upon events and processes that affiect

their learning and promote itsapplication in developing their tacit knowledge.
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In a study of the use of rclicclion-in-nction by adult educators, Ferry &
Ross-Gordon (1998, p. 98) found that “reflecting educators whether novice or
expericnced, use rdlccting— in-action, or reflecting-on-action as a means to develop
cx;iértisc 'I‘hcy nlso noted that rcﬂcclmg prnctltloncrs use nconstructivist dcc|5|on
: 'mnkmg pcrspccnvc, an np pronch supponmg Sch(in s ( 1983) theory.
' Thc mnnncr in which studcms ncqulrcd cxpllcn or. Inclunl lniormntlon about
. how cxpcrts tncklc problcm tlmt cmcrgc i om dcsngn situations and why they used

- 'pnruculur mcthods l' o difft crcnt sutumlons, wns closcly studlcd as part of this rcscnrch

Sclf-dlmctcdncss :' '

thrc Abbott (1998) tnkcs thc vncw thnt Icnmcrs need to bccomc self slnrlcrs

3 - who cun problcm soIvc m ooopcmnvc, collnbomtlvc, dlvcrsc situations, Mczuow
(1996) Iooksto Ieamlng strntcglcs llmt cxplorc mtcnuons. purposes, feclings, valucs and

: mrnldccnsnns Itis nblllly to thmk for oneselfand to negotiate onc's own purposcs,

i vnlucs nnd mcnnmgs that he sees as communicative compctcncc and a possible

'-dcf'lmt ion of sclf-- dlrcctcdncss in Icarnmg The lcarning tasks crealed for this research

wcrc based on work ccmrcd purpaseful aithentic pro jects that required decision making

: |nvolvmg pcop!cs Ilﬁcstylcs and therefore involved purposes feclings nnd values, as

- suggcstcd by Mcznrow (1996) In lhls rcgnrd lhc students were consudcrcd to be self-

. dlrcctcd

Lo 'Summary

'I'hroughout the fiterature thcrc appears to be a W|dcly hcld view thnt itis
|mpormnt 0 bﬂdgc thc Icammg ﬂctlvmcs of the clnssroom. wnh thc cxpcctmlons that
the nppllcntlor of thnt Ieammg may brmg in the work environment for Wthh the
' 'studcms nrc tralnmg Lmklng thc pmctlcnl aspects of pmblcm solvmg in rcal life
’ snuntlons prcscmed ns Icnmmg cxpcncnccs. directed nnd supponcd bya tcnchcr or
mcnlor is the comerstone ofthc cognmvc npprcntlccshlp (Brown ct al 1989) approach
to lcarnmg The cognmvc npprcnllccshlp nppronch secksto cmbcd thc Icnmmg in
- ncnvmcs thnt mnkc deliberte i use oflhc soclal nnd physmnl context in which the
: knowlcdgc and skllls npply ltis suggcs!cd that oonccpts and knowlcdgc be seenas
' tools for ﬁtrthcr Icammg (Brown ct nl 1989) and lhal thcy nrc best applied in a learning
snuntlon that rcpllcntcs thc ordlnary prnctlccs of thc culture through authentic activitics

_ rcnllstlcnlly prcscnled in thc culturc of nppllcnuon
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Cognitive Apprenticeship in this study siivatinn

The students in this study undertook authentic design projects in commercial

design oflice situations alongside other stalfoperating ina range of disciplines

necessary for the successful practice of building design. The study situation and mentor

suppoited authentic projects undertaken arc in keeping with the principles of cognitive

apprenticeship ns explored throughout this chapter. The study situation from the

beginning incorporated all of the vital elements of o cognitive apprenticeship styled

approach to lenming and included:

use of real lifi: authentic learning tasks situated in the culture and the context of their
usual application; ;

mentor usc of modelling, coaching, scnﬁ'oldin'é. articulation, exploration and
reflection to assist students to acquire knowledge and skills necessary to
successfully resolve building design problems in the context and domain of
professional culture of practice activilics;

support of mentors, expert in building design, who atticulate their problem solving
strategics as they arc implemented in the development of a building design solution
for an authentic project;

modelling of heuristic strategies, design strategics and presentation (drawing)
techniques by menlors, to aftiect transfer of procedural, declarative and tacit
knowledge developed by the mentors over years of experience;

articulation of problem solving approaches and melacognitive learning strategies
used by expetts when developing solutions to complex problems in the building
design domain of practice, including multiple other disciplines required for
resolving authentic design tasks; and

collaboration with other experts, in the design office setting, who provide multiple

perspectives, design ideas and heuristic design sirategies that assist student learning,

The Theoretical Framework

Figure 1 (p. 30) shows diagrammatically the theoretical framework usced by me

to investigate student leaming ina design oflice siluation organised around authentic

pro jects under the direction of mentors using cognilive apprenticeship teaching
methods.



Figure 1. Theoretical Framework For This Study
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Inorder to investignie how knowledge nnd skills ore acquired by building design
students when working under the direction of a mentor in a cognitive apprenticeship
learning situation, it is important to first understand the nature of the building design
disciplinc. There nrc three aspects of building design practice that each present diflicrent
denumds for student learning. These are shown in Figure 1 as three boxes that together
represent the domain of practice,

The ftest aspect of the domain of pmctice in building design requires students to
develop technical knowledge and skills necessary for resolving nnd documenting design
solutions at n procedural level, a role position regarded in the design industry as
technician or dmf'ing assistant (Baird, 1996). T he sccond aspect of building design
practice requires students to acquirc knowledge and skills in using creative, innovative
practices to develop new design concepts. The development of creative design skills is
regarded by some researchers to occur only when designers can visualisce and refine
ideas in metacognitive ways and to then be able to communicate these by using verbal
articulation of personal thoughts supported by graphical images to convey complex
three dimensional forms.

The third aspect of the building design domain of practice involves the
development of lnowledge and skills necessary for incorporating associated discipline
clements into design solutions. Bullding designers must integrate information and
structural content from other disciplines such as engincering, electrical, hydraulics and
many others into every design. Sticlent [carning in the broad practice of the building
design domain must include clements from these associated other disciplines in order to
replicate authentic practices.

The theoretical framework developed forthis study linkscach of these three
clements of the building design domain of practice to an authentic situation (sec Figure
1, p. 30). The three clements shown in “The Study Situation” box of Figure I arc
designed to represent the usual practices of expert building designers inan authentic
learing situation based on a cognitive apprenticeship (Collins, ct al., 1989) approach 10
learning, using authentic tasks with discipline experts acting as mentors.

In order to study how knowledge transficr takes place and how students acquire
skills needed to resolve complex problems inthe manner used by experts, the study
situation and the tasks undertaken must replicate the mentors' usual culture of practice

activitiesand be implemented in the context of their everyday practice.
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This study was conduclcd in commcreial design office settings, with
expert building designersas mentors and studems undettaking authentic building design
projects. These conditions arc based on what the titcruturc reviewed for this study
suggesl is appropriate authentic conditions in which to apply methods that situate
learning in the contex t of real experience. The cognitive apprenticeship approa ch to
learning that underpins this study has six teaching stratcgics thot con be readily opplied
in the study situation usc(.’v,h:g_-l;g. 'I‘héy arc, Modelling, Coaching, Scaffolding (and
Fading), Articuiation, Exp,'m-irllan and Reflection. Throughout this study, the manner in
which cach of these was used to assist student lcurning was closcly studied, along with
many other aspects of mentor practice and sit. :'ipnnl factors that emerged. Findings
about all aspects of student learning that ¢.0er sed from analysis of the study data arc
presented later in Chapter Six of this t_bcsﬁ. '

The theoretical ‘a:nework cuo.vn in Figure 1 (p. 30) was developed to address
cach of the factors rcgard_cd by nse to constitute the building design domain of practice

and the clements of a cognitive apprenticeship approach (o learning.

Conclusion to this Chapter

This chapler had three parts. The first part presented a review of the related
liternture and rescarch pertinent to the study. The literature review began withan
overview of many dilTerent aspects of a cognitive apprenticeship approach to learning
including such things as learning in context, social construction of knowledgc, reflective
learning practices and authentic expericnces. Some nspects of the zole of tacit
knowledge used by experts in the feaming environment were also explored.

In the second part of this Chapter, some specitic research studies in which
cognit]ve apprenticeship teaching strategies are explored, were discussed with reference
to the learning situation studied in this rescarch. In the final part of this Chapter, the
theor ctical frame work upon which this study is based was presented dingrammatically
in Figure 1, along with a brief discussion of how cach of the elements in that fiamework

were used in conducting this rescarch.
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CHAPTER THREE
. METHODOLOGY
Introducion
- This Chapler begins with un overview of the rescarch methodology. The
mc('liddsruscd'tvé ensure rigou'r in 5" three phases o f dota collection arc then described.
Thisis followed by a disc_ussion of issucs to do with entry to the ficld of rescarchand
the slﬁdy sample, In’ihc I:'llt.‘ci' half of this Chapter, issues of trustworthiness arc
addressed with reference to the data collection and analysis methods used. More
detoiled information about the data collection methods and data analysis methods used
here is provided in Chapter Four and Chater Five of this thesis.
This Chapter concludes by addressing aspects of situational uniqueness in this

study.

Mcthodology

This is essentially an interpretivistic study based on qualitative dala that sought
to piovide “detailed, thick description; direct quotations capturing people’s personal
perspeclives and experiences” (Patton, 1990, p. 40). The study used a naturalistic
inquiry approach structured to have design flexibility in that it was:

Open to adapting the inquiry as understanding deepens and/or situations
change; avoids getling locked into rigid designs that climinate
responsiveness; pursues new paths of discovery as they emerge. (Patton,
1990,p.41)

An inteipretivistie approach has been chosen because it perninits great Hexibility
in following new pathways revealed in the data as it presents thiough tieldwork inquiry
(Patton, 1990). Patton (1990) ako contends that using this approach allows the
cesearcher to work close (o the subjects and (o explore in depth and detail the study
siluation, while remaining open and flexible when interpreting the study phenomena.

This study was condueted in three phases, wilh emergent findings from the tirst
two phases being used to develop and refine subsequent phases. This approach also
allowed reflection on carly findings when new data and tindings led to different aspects
of student learning emerging through analysis, Reflection on carlier lindings and
retiacing ofthemes during analysis helped to add rigour (o the study methods and
provided ways for exploring in greater detail aspects of student learning thus revealed.

Methods used to gather data in this research are listed below as part of the description of
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the three phases of this study. Each of these is discussed in detail in the next
Chapter of this thesis.

Development of the study structure was undertaken in ways to ensure the
reliability and validity of the research through ananalytically rigorous, replicable,
systematic approach with cross checking of data to entertainrival aliecrnative
explanations for encountered phenomenon (Eisenhardt, 1989). These aspects are
explored in n later section o this Chapter dealing with the trustworthiness of this study.

1 have sought to ensure that data were systemaltically rccordcd and studied, by
having multiple data collectionandanalysis methods. Infomation collected included
interview dala, observational data about student/mentor intetactive experiences,
impressions and statements emergent from informal discussions with the study
participants, student diary journals, sketches and deawings. Using these methods made it
possible (o study in detail the real world situations encountered by students undertaking
authentic tasks in commercial design office practices. Data gathering sought 1o be
conducted in a “non-manipulative, non-controlling way with openness 1o whatever

emerged and having no predetermined constraints on outcomes™ (Patton, 1990, p. 40).

Planning and preparation for this study

Prior to cach phase of dalta collection, individual interviews were conducled with
the study participants to ensure that:
e cach wasa willing participant;
e cachwould accept my preseace as an observer during work sessions;
-+ cach was fitlly inforrned ofthe ethical provisions ! had-made, part ic_ul'ni'ly 1o ensure
the anonymity of the their pasticipation; and '
e lobtained written approval from cach of the participants 1o use data collected
during thisstudy for writing ofthis thesis and any subsequent publications.
During discussions with each of the study participants, I made brief notes about
any aspects of the study that they identified as of special importance, or of concern, 10
them. Information obtained in this manner was recorded in my personal journal as part
of the study audit trail and was used to formulate and refme the study structure.
Also, during such discussions, ] sought the students’ cooperation in keeping a
personal journal of their design office experiences, thoughts and observations
throughout their design pro ject. Their wrilten approval for my use of these journals as

part ofthe overall data collected forthis study was obtained at that time.
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The study structure
Thisresearch study had the following three phases of data collection:
Phase One - Pilot study;
Phase Two  ~ Datu gathcring using mostly interviews; and

Phase Three  — Data gathering using mostly direct observation of work sessions.

Data were collected over a 14-month period. During this time, three diffierent
groups of students were studied as they worked with expert building designers
(mentors) on three diflerent authentic building design projects that formed the core of
the three phases of this rescarch study. Two o f the mentors, who had participated in the
pilot study projcct, also participated in the project undertaken for (main dala collcction)
inPhase Two. All five mentors, who patticipated in the project used for Phase Three of
the main data collection, had participated earlier in Phase Two of the main data
gathering, This facilitate<] comparison of data concering similar events, fiom two main
phases of data collection, cach using differcnt methods of data collection.

In all three phascs of this rescarch I was the principal instrument of data
collection (Patton, 1990) and ns such became engaged with the study situation and
patticipants as a participant observer and inquiry agent. As each new data were
collected, I transcribed and coded them using an index tice structure developed with the
aid of NUD-IST (Non-numerical Unstructurcd Data Indexing Scarching & Theorising)
(1998) sofiware. The index (ree structure wus progressively refined as new data were
collected and analyscd, with emergent findings being used to create additional coding
categorics in response to developing themes (Richards & Richards, 1995). This aspect
of data collection and analysis is discussed in detail i n Chapter Four and Chapter Five of

this thesis.

Phase One — The Pliot Study

Phase One o[ this study wasa pilot study designed to trial the suitability of the
study situation, authentic projects and data collection methods. It was planned to
determine the broad picture ofstudent learning expcriences when working with a
mentor on an authentic pro ject and 1o confirm that cognitive apprenticeship principles
did indeed apply.

Planning of Phase One began with informal discussions with three TAFE
building design lecturers and two of the live mentors who worked with the 22 students

who perticipated in thisphase. Al those involved in these discussions had previous
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experience of working with students on authentic projects and indesign office
situations. Having this bnckground experience ciablcd the discussion group to comment
from nn informed position on:

o the kinds of projects that were suited to student/mentor collaborative lecarning;

e the time frame necded for applying typical design office procedures to a simple
project while allowing time for the students to acquire the necessary knowledge and
processes typically used in the mentors' everyday culture of practice activities; and

¢ appropiiate ways for collecting information fiom the participants and timing of that
collection to get the most informative data, withthe least disruption to the mentors®

office practices and the students’ work/study schedules.

Findings from Phase One were used to refine the proposed main data gathering
parts of this study “with respect to both the content of the data and the procedures to be
followed” (Yin, 1994, p. 74).

Phase One of this study examined the learning expericnces of a group of 22
students working under the direction of tive mentors, on the design and presentation of
an authentic project in a rcal workplace situation.

Data were collected using the following methods:
® interviews;

e observation of classroom bricting/discussion sessions;

e student diary journals;

¢ design presentation dmwings; and

¢ personal journal notes of student design critique and assessment sessions.

At the completion of Phase One, data collected using these methods, along with
my own journal which sought to take a holistic view of the project phenomenon (Patton,
1990), were then analysed. Findings, emergent from analysis of Phase One data were
used to develop the main study structure and to forrnulate inquiry methods and
interview guide questions used for data collection during Phase Two and Phase Three of

this research.

Phase Two - Data collectlon using mostly interviews

The main data gathering method used in Phase Two of this study was face-to-

face interviews. Interviews were conducted with 10 students and 11 mentors who
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worked in 10 different profcssional design offices. Other data were also
collected during Phase Two using the following methods:
o discussions with TAFE lecturcrs;
e observation of clnssroom briefing sessions;
e observation of classroom design planning sessions;
® sketches and drawings;
o informal discussions with students; and
o telephone conversations.

Each of thesc data collection methods is discussed in detail in Chapter 4 of this

thesis.

Phasc Three —Dalta collcction using mostly observations

Phase Three of this study was conducted In order to further investigate and
confirm Phase Onc and Phase Two fmdings, as well as to explore other aspects of
student learning by direct observation o f student/ mentor collaborative work sessions.

The main data collection method used in Phase Three of this study was
obser vation of student/ mentor collaborative work sessions in the design offices of cach
ofthementors. Each ofthese work sessions wasalso video recorded for later analysis.
Although most of the Phase Three data were collected using video recordings, other
dataregarded by me to provide important insights into the overull learning situation,
were also collected during this phase of the study using the following methods.

e inlervicws,
e infonnal discussions;
e (clephone discussions;
e sketches and drawings; and
e student diary journals.
Each of these data collection methods is discussed in detail in Chapter Four of

this thesis.
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Table 1
Dala Collection Phases and Participant Numbers
Participant___Phase One Phasc Two Phasc Three
Students 22 (7 of whomalso 10 4
parlicipated in Phase
Two)
Mentors 5 (all go on to participate 11 (5 of whom also 5
in Phase Two) participated in Phase
Three )
Lecturers 3 3 3
Data interviews; discussions with TAFE  video recording
collected observation of classroom  leeturers; of abserved
bricfing/discussion observalion of classroom  design office
sessions; bricfing sessions; work sessions;
student diary journals; observalion of classroom  interviews;
design presentalion design planning sessions; informal
drawings; and sketches and drawings;  discussions;
personal journal notesof  informal discussions telephone
student design critique with students; and discussions;
and ossessment sessions  telephone conversations.  sketches and
drawings; and
student diaty
journals.
Situation Study ata countrycamp  Ten diflerent Four diffcrent
Tor students  location with work commercial design of lice commercial

undertaken in multiple

situations with cach

design office

designofficesand student onc-on-onc with  situations with
workshops a mentor or multiple cach student
mentors onc-on-one with
a mentor or
multiple
mentors

Entry into the field of this study

Patton (1990), when discussing research methods involving fieldwork,

suggested two necessary parts for entry into the field for rescarch. The first, negotiation

with the intended patticipants of the research assists the researcher in determining
appropriate behaviours and aclivities o the rescarcher in the ficld setting. This may
ensure that the presence of the rescarcher minimises a negative influence on the course
ofevents for participants. From my work as a TAFE lecturerand professional designer,
I was well known to the paiticipants. My presence in the various design office scttings

ook take place Tollowing negoliations with cach of the study participants and with their
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written approval having first been secured prior to conducting any data
collection procedures.

The second aspect of ficldwork noted by Putton(1990, p. 251) is that of the
“pctual physical entry to the ficld sctting to collcet data”, 1 undertaking this rescarch [
had many roles involving data collection including informal arxl semi-structured
interviews withparticipants, telephone conversations and observation of student/mentor
collaborative work sessions, My experience as a building designer, TAFE building
design lecturer, CAD trainer and university lecturer ensured my appropriatencss as the
instrument of data gathering in the building design domain of practice used for this

research,

The Rescarcher in this study

1 have thirty years experience working as a building desig ner including 23 usa
lecturer in building design in training colleges and with industry based training
providers. I have considerable depth of experience in the building design industry and
anawareness of the content and delivery methods employed in building design courses
available in Australia. In two carlier rescarch studies (Baird, 1997. 1996) | examined
other aspects of the building design industry linked to training for building design
students, Findings fiom these have been well received by the building design
profession, including those building designers who participated here as mentors, and
this assisted me in making entry to the ficld of this research study.

Throughout this study, I remained conscious of any bias that my experience in
the building design profession might bring to data collection and analysis and addressed
any skewing efficct that this may have had by using replicable structured methods for
collccting, recording and analysing dnta, During analysis of the study data, I discussed
preliminary emergent findings in member check interviews with other building
designers, builditg design trainers and students in order to confirm my inter pretation o f

the study phenomena.

Investigator predilections

In recognitio n of the possibility that my closeness to the study participants might
have skewed my perception of events in recording data, | have taken great care inthe
design of qucstions used in interview guides used when conducting interviews and
observations to avoid bias my findings. A key characteristic o f qualitative rescarch is
the involvement of the researcher inthe study (Patton, 1990), working close to the

events and often participating in the study experiences alongside the other players. )
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took a reflexive approach by documenting an audit trail to cnsurc where

possible the confirmability of data, fice from investigator bias (Guba, 1981).

The study sample

Data in this rescarch study were collected intotul firom 29 students, 19 expert
building designers (acting as mentors) and three TAFE staff, al] of who volunteered to
participate in the design projects and all three phases of this research study. The
students were volunteers ffom four class groups completing their finnlycar Diploma in
Building Design TAFE courses. All of the mentors were practicing commcrcial building
designers who volunteered their services. A tecam of three TAFE lecturers collaborated
with five (of the 19) building designers (mentors) in the development arl execution of
the authentic design projects used in this research study. All three TAFE lecturers also
contributed data and participated in member check interviews involving preliminary
findings, as the study progressed and following the final data analysis.

At the commencement of the research study, ecach of the study participants was
assigned a numbered pscudonym so as to ensure anonymity and confidentiality of data
collected. In this thesis, studentsarc identified by Student #, mentors as Mentor# and
TAFE lecturing staff are shown as Lecturer#, where “#” represents the participant's
assigned pseudony m number. Numbers were assigned to each participant at the time of
interview. A single numerical sequence has been used for the overall groupof
participants, but with status being defined by the title of “Student”, “Mentor*, or
“Lecturer”, Where quolations fiom interview data have included various persons’
names, these have been replaced with other pscudonyns.,

Of the 22 students who participated in the Phase One (the pilot study) of this
rescarch study, nine went on to paiticipate in Phase Two of the study, each working
onc-on-one with a mentor, All five mentors, who paticipated in Phase Three of this
study had participated carlicr in Phase Two also. By collecting data from some students
and mentors who participated in both Phase Two and Phase Three of the study, it was
possible to obtain information using differcnt collection methodss, about learning events
in those two Phases, as viewed by the same paiticipants with their individual
perspectives. This added to the trusitworthiness of data collected.

In Phase Three of this study, | observed 12 work sessions in which collaborative
interactions of tive mentors in four diffierent design offices who worked with four
students, were closely studied. Each of these work sessions was video-recorded for later

analysis.
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Mentor selection for Phase Three was based on preliminary findings
from Phase Two, thot suggested their work practices and mentoring methods were
representative of the overall group of mentors and was most likely to be able to confirm
or deny emerging findings.

Data for this research study were coliccted over a 14-month period,

encompassing three TAFE scmesters.

The Mentors in this study

Al ninctcen of the mentors who participated in this study were praclicing expert
building designers. They cach participated in this rescarch on a voluntary basis. Many
of the mentors had at some time been students in the building design courses being
undertaken by the students in this study. Many had also worked as part time teaching
staffin those same building design courses and had personal experience of the teaching
approaches currently used io TAFE. Having had first hand experience of the TAFE
buildiag design courses provided the mentors with opportunities to develop awareness
of the sorts of lcaraing situations and the type of training that the students were
accustomed to at TAFE.

Prior to the commencement of the student/mentor collaborative work sessions
used for data collection, the mentors were bricfed by the TAFE lecturers who
coordinated the building design projects used in this study to ensure a uniform approach
to dealing with the students and the design bricf. I also interviewed each of the mentors
at the start of the study to confirm broadly that they did indeed use a cognitive
apprenticeship approach when working with the students in the design office situation.

The building design profession has two main discipline aspects in its domain of
practice. The first, ao artistic disciplioc, demands of the designer creative, innovative
interpretation of clicnt needs. The second disciplinary aspect involves the
implementation of techaical knowledge and procedures for developing constiuction
solutions. Diflcrent building designers working from the same bricf will almost
certainly develop individualised designs, using design processes developed to suit their
philosophy or preferences. For these reasons, it was anticipated that the expert building
designers, who worked as mentors, would operate diflerently with each of the students.
It was also thought likely that the designs produced by each student/mentor
collaboration would present individualised building design solutions. The final form of

the design solutions thus developed was therefore not considered as part of the data used
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for this study,us thcy were relatively unimportnnt to the research questions,

although aspects of how the design solutions were developed were of prime imporiancc.

- The Stuulcnts In this study

CAN ofthc studcut partucnpanls wcrc in thclr final ycar ofa two-ycur full tlmc

BIR

- Dlplomu in Buddmg Dcsu;n coursc at TAFE Studcnt pnrtlupntlon ‘was on n volunlc’r

- bnsts wuh miuormcd conscnt The studcnts wcrc mndc aware that they could withdraw ot
. my llmc wnhout pcnulty The sludy toial of29 studcnts who parhcupatcd m this
"_rcsean:h were dmwn (in Iottcry stylc using nnmc tags ptckcd from a hat) fiom a pool of
--60 studcnts who voluntccrcd from Iour dll'fcrcnt class groups The authentic projects
: undcrtakcn by partncnpants rcprcscntcd l'or the students a mujor pnrt of their final

- E:'trmnmg bccnusc thc dc5|gn solutlons thcy dcvclopcd were used by their 'I‘AFE lecturers

lo cvaluntc the ir pcrformancc in scvcml subjectarcas. In addition to design nnd drafting

skul]s aspccts of prol'cssnonnl practice, knowledge of codcs of practice, business cthics

dnd dc5|gn office protocols were included as clements of the building dcsu;n project
_ ; undcrtakcn 'Ihcsc clcmcnts when viewed collectively, represent the core activities
. rcqulrcd of bulldmg dcsngn students in the broad scope of their field of study and

Co formed thc bnsus of thc studcnt/mcntor collnbornttvc work scssmns uscd in lhIS rcscarch
L study . .

: _'Trtécwsfihin'es's of the Stady

Valldlty Lo _ _

_ Pntton (I990 p ll) commcnts that " thc vulldlty and rclmblllty ofqualltatlvc

B dntn dcpctnd to n preat cxtcnt or thc mcthodologlcn[ sklll scnsmvuy nnd intcgrity of the
: rcscnrchcr" As thc |nslrumcnt of dntn collcctlon in this studyI made mc of rigorous,

.-rcphcnblc dntn colcctlon nnd nnnlysus mcthods to cnsurc the vnlldlty ofthc study

fmdlngs 'Ihus manncr of workmg also drnws u pon an nppronch rccommcndcd by Goelz
& LcComptc, (1984) who contcnd thnt thc rcscnrchcr must dcmonstrntc thc crcdlblhty

) ofthcu' hudlngs |n ordcr lo conflrm the rclmblhty and vnhduty oftheirresearch. .

_ AII of thc partlmpnnts who contnbutcd dnta became in some way co-rescarchers
by prcscntmg pcrsonnl vncws of thcu’ cxpcncnccs throu ghout the course of the project.
By ndoptmg this nppronch, the rchnblllty ond valldlty of this study were nddrcsscd
lhroughoul thc ch|gn of thc study structnrc, dnla co[lcctlon and dota nnalys is. The

mcthods used forthc collcctton, codmg nnd analysus ofdntn in this study were

consistently npplucd in a manner t_hat was r_cpllcnblc in the context of their application to
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similar situations and the culture of design practice present in the situation of
this rescarch study. These methods are described in the next chapter,

Findings thut emerged from analysis of data collccted ut diffierent times
throughout the prolonged engagement data collection period were presented by me to
the study participunts in order 1o confirm interpretations. This provided opportunitics to
confirm the internal validity of data by comparing what I recorded, w.ith what the
participants considered us their experiences. In this way, the validity of data aboult the
conditions affiecting learning events present in the study situation were examined al the
level of the participants’ first hand experiences (LcComptc & Goetz, 1982). Over the
duration of the study, this approach assisted in minimising the observer effiect
(McMillan & Schumacher, 1989) in which the researcher may have some impact on the
study participants’ knowledge in the study situation. To avoid possible ncgative
influences that might be scen as a threat to intemal validity as brought about the
presence of the rescarcher in the design office situations of this study, multiple data
collection methods including interviews and observalioo sessions were used.

Using multiple data collection methods provided opportunities lo compare data
from difTerent sources about the study phenomena. Havinga lengthy data collcction
period provided me with opportunities to be reflective in my continual datacoding and
analysis. Italso assisted me (o relineand implement ways of confinning or
comroborating constructs used when developing other coding categories for the study
data. Overall, this led o the development of a replicable structure for recording and
interpreting the study data and provided the means to add rigour to the study methods.

Having multiple data sources enabled me to construct my knowledge of the
study phenomenon by keeping detailed records of every event observed and interview
conducted which collectively formed a “chain of evidence™ (Yin, 1994, p. 33) of my
investigations, Following analysis of data recorded in this way, I presented preliminary
findings to students and mentors in member check post observation session interviews
(o obtain their views on my intetpretation of the study events. By comparing my
understanding ofthe study events with that of the participants, ] was able (o constantly
refine and implement replicable procedures for data collection in a bid to ensure the
overall validity of the study. During Phase Three, when secking to examine the internal
validity of findings cmergent from analysis of the study dala, I engaged in informal
interviews withthe study participants during which I presented my preliminary

emergent findings, along with:
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e samples of sketches and drawings produced in student/mentor
collnborative work sessions;
e video vignettes of student/mentor collabomtive work sessions; and
o samples of frequently occurring quotes from the study participants.

Information obtained from informal interviews of this kind helped to reveal
aspeets of the study situation where activities or interactions involving causal
relationships that needed to.be explored cautiously, or distinguished from spurious
relationships. This assisted me in cxamining the internal validity ofthe study by
providing information that explained the study participants® learning experiences and
progressively built upon my understanding of the overall study phenomenon.

Face validity of the study data was established through discussions with the
coordinating TAFE lecturers and other study participants, during which preliminaty
emergent findings were presented for their considerationand e valuation (House, 1977).
Critical cvaluation of emergent {indings by the study participants piovided insights into
their personal and situational interpretation of the study phenomena when examining the
authenticity (Lincoln & Guba, 1985) of the study. Feedback provided by the study
participants assisted me in constructing my knowledge of the students’ learning
expericnces and the factors that supported their acquisition of knowledge and
procedures typically used in the design office culture of practice. Using data
triangulation based on multiple data sources including interviews, direct observation in
the design office and student outcomes as shown in actual sketches and drawings

assisted me in validating emergent findings.

Reliability

LeCompte & Goetz (1982, p.211) contend that “reliability refers to theextent to
which studies can be replicated”. This study utilised aspects of an ecthnographic
approach to rescarch in that it involved “participant observation and intensive
fieldwork" for data collection, while interpreting and applying its fmdings from the
*‘cultura)] perspective” of the building design profession (Patton, 1990, p. 68).
Interpretation of data collected using multiple methods, detailed in the next chapter took
place as a naturalistic inquiry in that it used “real world situations as they unfold
naturally” (Patton, 1990, p. 40). For this rcason, many aspects of the research settings
used in conducting this rescarch cannot be precisely replicated because of the dynamic
nature of cach mentor's working methods and the changing circumstances of the design

office environment as detennined by everyday events. The ciccumstances of this
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rescarch involved rcol-world situations that emerged from authentic design
activities undertaken by students with the guidance of expert building designers acting
us mentors. The student/mentor collabomtive exchanges that took place throughout the
study provided numerous opportunities for collccting data about the events activitics
experienced by the study participants. The validity of data collccted concerning these
events was supported through the use ofa variety of data collection methods, over tiie
14 month dala collection period (LcCompic & Goctz, 1982). All of the data collection
methods that I lutve used for this research arc discussed in the next chapter of this thesis,

Patton (1990, p. 40) contends that a naturalistic inquiry is characterised by methods
that are “non-manipulative, unobtrusive and non-controlling; with an openncss 1o
whatever emerges and a lack of pre-detennined constraints on outcomes™. In order o as
much as possible make {indings from this study replicable and to ensure the reliability
of data collected, rigorous and replicable methods for data collection, data recording and
data analysis were consistently applied throughout this study. This approach was guided
by methods suggested by McMillan & Schumacher (1989) who contend that reliability
in qualitative rescarch is linked to the researcher’s interactive style, the data recording
and dala analysis processes, as well as the interpretation of the participant meaning in
the data,

As the researcher and the principal instrument of data collection (Patton, 1990), |
maintained contro] over every aspect of data collection, coding and analysis by
recording, transcribing, coding and analysing the study data. To avoid possible skewing
of the data or biased interpretation, | used member check interviews during Phase Two
and Phase Three to confirm my understanding of the study events by presenting to
students and mentors emergent lindings for comment. Feedback obtained in this way
throug hout the study and when using methads that facilitated close involvement with
every aspect of data collection, coding and analysis, assisted me in obtaining
consistency in the description of the participants experiences and the events studied in
this research. This approach also guided my interpretation of meaning of the study
phenomena as expressed by the participants. Such an approach McMillan &
Schumacher, (1989) contend supports the individualistic and personalistic nature of

qualitative research methods,

Methods used to enhance Rcllabllity of the study data

McMillan & Schumacher (1989) contend that reliability in qualitative rescarch is

linked to the consistency shown by the researcher when interacting withthe study
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purticipants ond in the data recording and analysis processes used. Throughout

this research | have maintained a highly interactive role with ull of the participants by
conducting fhcc-to-face interviews during Phase Twao of this study and by being a
pmﬁciparii observer in student/ mentor colluborative work sessions conducted during
Phasc Thiec of this study. Working in the ficld, close to the study events with the
: 'pnhicipnnts. provided me with opportunities to study and observe first hand the

' rclatiofﬁhibs and working prncii;_:ts,' cxpericn'ccd_ﬁy them, in the culture of the mentors’
- usual design oltice practices. Co'nsistcn'cj of data collection, coding and analysis was
"cnhm_ieéd By using the same open ended interview guide questions for all of the

intéfvicws mid' b'y video rccordihg.t'hc studéﬁf mentor work sessions for later analysis
_' Wi'ih_tﬁc aid ﬁl‘coding calegorics emergent ﬁ:‘om preliminary data analysis. A
* description of my_inlcrnc:li\_/c style of woiking with the study participants, the data
co_llcciioh_ mEthods ‘'used, the dévclobmcnt and application of the study data coding and
iﬁdéxing structwe and the analysis methods used, is presented in the next two Chapters
of this_thcsi_s. :

Theee types of problems, that could threaten the reliability of data collected using
naturalistic inquiry methods, were identified by Guba (1978) as boundary problems,
focussiag problems and authenticity problems. Boundary problems arc said to occur
(Guba, 1978) when there exists an absence of clear selection criteria for the study
sample. In this study, bouadary problems were avoided by having the entire sample
drawn from four undergraduate level class groups of building design students, each of
similar academic level and all clearly defined, hence bounded, volunteers. Having an
n_ll-_voldritccr sample also avoided fcussing problems that occur w hen the researcher is
not confident that all of the participants are willingly taking partin the study events, All
of the ﬁnnieibalinﬁ mentors here were volunteers who had actively sought to work with
the students and had mndc avxﬁlnblc the resources of their commercial design practices
for the purpose of this study. Throughout the study, all of the participants were
r'c_rr_!ind'éd at cach new phasc of data collection that they could withdraw their
bniiicipa(iori at hny time. The reminders were provided verbally and using forms with
whiéh the bnnicipnn_ts gave thci_f wrilten permission for the recording and publication of
i_nfbrmatién they provided. Since none of t he panticipants chose to withdraw from the
study nt_z_injr time, it is reasonable Lo assume that they were all willing contributors and
therefore it was hnlikély that focussing problems affected data collection, Some of the
students participated in both Phase One and Phase Two because of their continuation in

the building design course over two semesters in the one year. The four students who



. purtxcxpnlcd in Phnsc Three did o durmg lhclr hnnl semcstcr m the bulldmg
designcourse. '

" The third potential problcm noted by Guba (1978) thnt may be encountered in n
hmumll_sllc mqu_nry is that of the reliability or the authenticity of the sources of
iril'ornﬁtion It is dif¥icult to”dctcrminc ifull sources of informution in a naturalistic

- study are nulhcnhc and lhcrclon: worthy of trust. In this study, all of the mentors were

prnctlclng commercial buildlng dcsugncrs. qualified and rcglslcrcd with the Building

Dcsngncrs I\ssocumon of Western Austrnlm Work practices und ethical standnrds, used
: by lhc buxldlng dcsxgn mcntors n this rcscnrch wcrc govcrncd by the industty standards

. and consmullon oftheir professional body All of thc mentors are known to me through
my proﬁ:s_sn_onnl design practice and through contact | hnvc had with them as part-time

“lecturers in TAFE, For thesc reasons, i consider that data collected fiom them i likely
to be authentic.

The students all chose to participate in the mentor supported authentic design
projects and in the research study. Throughout the study they showed a great
willingne ss to contribute information and copies of their design works, giving their
pennission lor publication of all such materials. The enthusiasm and opcnness
demonstrated by the students suggested that they were confident with their contributioas
being open to scrutiny by others. From this, I consider it likely that data collected from
the students was a reasonable record of their experiences in the events of this study.

To ensure that as much as possible the data collected represented the study
phcnomcnn',.'l huvc detailed in the following chapters the processes that 1 uscd for the

: cxnmmnnon nnd synthicsis of the overall data collected.

Goclz& LcComptc (1984, p. 210) argue that reliability in cthnogmphxc research
i "dcpcndcnl on the rcsolutlon of both external and internal dcsngn problcms" This
nppllcs hete also bccnusc this study has some clhuogmphlc nspcctsduc tothc prolonged
and mtcnse data collccnon. They contcnd that external rclmblllly addresses (hc issucof
“whether mdcpcndcnl rcscarchcrs would “discover the samc phcnomcnn or gcncrntc the

“same conslructs ln the snmc or 51m|Inr scmngs and that intenal reliability refers the
“dcgrcc thal other rcscnrchcrs, givena set of prcvnously gcncrnlcd constructs, would

: mntch Ihcm inthe snmc wny as dld thc ongmnl rcscnrchcr" (Goctz & LeCompte 1984,
P 2|0) '
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External Reliability in this study

Goctz & LeCompte (1984, p. 213) argue that "no interpretivistic study attains
perfect external reliability” in the traditional positivistic sense, however the cxternal
refiability ofa sludy may be enhanced by the researcher addressing five aspects of the
design of the study as follows:
e researcher status position;
e - informant choices;
e ‘social situations and conditions;
e unalylic constructs and premises; and
e methodsof datacollection and analysis.

How cach of these was addressed in this research is now discussed,

Researcher sfatus position

The status, and role played by the researcher within the study group, must be
clearly identified as part of the description of the study phenomena (Goetz &
LeCompte, 1984). My role and status in conducting this rescarch bas been described
carlier in this Chapter. As the researcher in this study, I also have a long history of
working ns a building designerand as a teacher of huilding design, with close links to
all of the participants. My personal insights into the practice of building design and
learning building design is grounded in personal experience of working both as a
designer and teacher of design. Having this background assisted me in exploring the
learning situation of this study from an informed perspective from both the students’
point of view and that of the mentors’ role when guiding the students through authentic
design tasks. By conducting all of the interviews, observation sessions, transcription and
interpretation of data personally, I was able to remain fiilly informed of every aspeet of
this studyat all times and receptive to findings emergent fiom analysis of those data. In
this way, I was able to maintain a global view of the study and to refinec my rescarch

methods in responsc to cmergent findings.

Informantselection

Goetz & LeCompte (1984, p. 215) argue that “no single informant can provide
universal information”. They contend that in a naturalistic study, cach participant has
anique and idiosyncratic information that cannot be readily replicated by others in a
similar study T9 address this issue, Goetz & LeCompte (1984) recommend care fi1l

description of the study participants and the process used for their selection. Earlier in
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this Chapter the study participants and the circumstances of their voluntary
involvement with this rescarch, have been described. The study group was made up of
students froma very specific discipline aren and the mentors froma profi:ssional body

governed by national standards of professional practice.

Social situations and conditlons

Inorder o reduce the threat (o the external vaiidily of data in a study suchas
this, Goetz & LeCompte (1984) arguc that the rescarcher should provide descriptions
that include function, stiucture and specificationof fcatures pertinent (o the context of
dalta collection. Such factors arc subject to change over time, or from onc study to
another. The design office settings and the social setlings developed through interaction
between the rescarcher and the study participants, arc described as part of the data

collection procedures and data analysis in the next two chapters of this thesis.

Analytic constructs and premises

Replication of the study informant group, the relationships and social contexts of
their interactions is said lo be difTicult if not impossible if the constructs, definitions, or
uoits of analysis that informed the original rescarch ar ¢ “idiosyncratic or poorly
dclineated” Goetz & LeCompte (1984, p. 215). This study has been structured using
constructs founded on a cognitive apprenticeship (Collins, ct al., 1989) approach to
kearning. Calegories used for coding data throughout this study, have been derived from
key clements of a cognitive apprenticeship (Collins, et al., 1989) approach and refined
as findings emer gent from analysis of cach new data collected. In this way the
categories used for the indexing structure developed for the final coding and analysis of
the overall study data, were thought o reliably represent the constructs upon which the
study is based and consistent with findings emergent from analysis methods applied lo

all data collected.

Dectail of methods of data collection and analysis

The replicability of any research study is influenced by the level of detail given
by a researcher to the documentationused for datacollectionand analysis. Goetz &
Goclz & LeCompic, (1984, p. 217) contend that a study description must identify and
detail:

... the stmtegics used for data collectioo, the varictics of obser vational
and interviewing stralegies, the range of non-interactive methods and the
strategies used in amplifying, modifying and refining data during early
stages ol analysis while the researcher is stili operating in the field™.
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The data collection strategics used in this study are described in detail in Chapter
Four. Anslysis of the study dala is described in Chapler Five. Throughout this study, the
stentegics used for dota collection and dota analysis were opplicd consistently and
informed by ficld notes that describe the circumstances of the interviews and
observations used to record events and information about the situations under study.
Threats to the cxtemal reliability of data due to incomplete ilescription of the «lata
collection aod analysis strategics huve been addressed in Chapler 4 and Chapler S of this
study, where detailed description of the collection, coding and analysisof data is

documented.

Internal Reliability

When considering the internal reliability of a qualitative study, the rescarcher
must determine to what degree other rescarchers, given a set of previously generated
constructs, might atrive at similar conclusions. In studies where multiple research siles
or multiple rescarchers are involved in data collection, it is necessary to have uniformity
in the “description or composition of events, rather than the frequency of events (Goelz
& LeComptc, 1984, p. 218). Being the only rescarcher allowed me to collect, code and
analysc all data by using the same methods throughoult. This included the use of low
inference descriptors in verbatim accounts of conversalions, interviews and
observations, with personal impressions and situational {actors being recorded in ficld
notes being used to guide analysis and synthesis of multiple factors in the study events.
Information recorded using data collection methods detailed in the next chapicr of this
thesis, was transcribed by me into text files for coding and analysis. Throughout this
process, I presented my verbalim transcription o finter views and video laped records of
observed student/mentor work sessions to the study participants for their scruliny. In
addition, I presented lo the study participants my interpretation of the events and
meaning of the study data to obtain their views and (o confitm preliminary emergent
findings.

Information obtained in this manner assisted in siructural corroboration of data
collected thioughout the study and enhanced its credibility through plausible findings as
confiirined by rescarcher observations (Guba, 1981). Recorded observations of design
office cvents throughoul the course of the study were reviewed with member checks at
the time ofdata collection and later, through data triangulation. T his also enhanced the

study credibility and reduced the likclihood of non-interpretability effiects due (o factor
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patterming (Gubo, 1981). Documentation recorded from interviews and
journals contributed to the establishment and maintenance of an audit trail for this
rescarch. Anaudit trail may per mit later rescarchers to revisit events similar to those
encounlered as part of this rescarch, and to implement uctivitics thal us near as possible

replicate those used here, with the potential to gencrate similar lindings.

Dala Triangulation And Credibility

The credibility of this research was underpinned by the use of data triangulation.
! have extensive experience as a lecturer in building design and as a practicing building
designerand as such bring specialist knowledge and perspectives to under gird the study
(Patton, 1990; Lincoln & Guba, 1985).

Multiple sources of data have been used here to ensure the reliability and
validity of the rescarch by establishing converging lines of inquiry, corroborating the
same fact or phenomenon. Yin (1994, P. 92) contends that this may allow rescarchers to
address a“‘broader range of historical, attitudinal and behavioural issues™.

Data triangulation involves comparing and cross checking the consistency of
information derived at diffierent times by dif fierent means within qualitative methods.
Patton (1990, p. 244) contends that;

Multiple sources of information arc sought and used because no single
source of informnation can be trusted to provide a comprechensive
perspective. By using a combination of obscrvations, interviewing and
docwnent analysis, the fieldworker is able to use diffierent sources of data
to validate and cross check findings.

Inthisstudy, data triongulation was achieved by comparing:
e dataaboul particular leaming events obtained from the paiticipants when
interviewed;
e data peraining to the same events as recorded in student journals;
¢ dala derived firomanalysis of sketches and drawings created during work scssions;
and
e data obtained from observation of student/mentor collaborative work sessions and
analysisof vided recording of those events.
This approach facilitated comparison of multiple data obtained using various
collection methods, all concerning the same or similar events as detennincd (o be
frequently occurring or common activilies in the studydomain. Mullipleinterviews with

some of the study participants peninitted:
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e comparison of the consistency of comments made by study participants in
the carly stages of the study, with their comments at the end of the study concerning
the same issues and events; and
e comparing the perspectlive’s of people over points of view (rom both withinand
fromoutside of thc study program (Pation, 1990).

Data triangulation was cnhanced by comparing information obtained through
intervicws, wilh entrics madc by students in their journals when recording their thoughts
about design officeexperiencesand by cxamining sketches and drawings produced by
the participants in the work sessions. How data of these kinds was corroborated by other
data derived fi'om student and mentor drawings is described in Chapter Six, with
emergent findings being discussed and reported in Chapter Seven of this thesis.

In this research, multiple data sources were used (o study how students acquired
design strategics and problem solving methods used by expert building designers when
resolving design solutions. Data collcctcd also locussed on procedures that emerged as
lcarning elements tor the students. Analysis of the study data documented in Chapter
Five of this thesis includes procedures uscd loexamine these data tor consistency in
overall patteims ofoccurrence in the different information or divergent data sources.
Having data from multiple sources about the same events and learning expericnces
assisted me in developing a holistic view (Patton, 1990) of the study situation and an
awarencss of specific aspects of student/mentor collaborative practices that facilitated
learning.

To minimise ctrors and biases in collecting and recording the study data,
procedures for data collcction were consistently applied using a prc-dctennined
structure, which was further refined in response to emergent findings. The structure
developed for this purpose was based on broad categories derived firoma cognitive
apprenticeship (Collins, et al., 1989) approach to learning and findings emergent from
Phasc One (the pilot study) and Phase Two of'this research. Chapler Five of this thesis
details the coding and analysis of the study data and explains how categories used to
constuct the indexing structure tor coding the study data, were refined, added to and
collapsed as the study progressed and new data were collected. This indexing and
coding structure developed over the duration of this study was designed to ensure as
complete as possible a true and correct record of events. The coding and indexing
software NUD-IST (1998) was used lor this purposc.

The use of a study structure shaped by the key elements of a cognitive

apprenticeship (Collins, ct al., 1989) approach to learning and a staged data collection
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strategy involving multiple methods assisted in making us many stcps as
possiblc in this research operational. This provided opportunitics for many as pects of
the study methods to be: repentnblc in by another researcher ut a later time. Data
obtaincd in this way were appropriatc to the goals of this study in that they provided
depth and detailand were “sufficicnily descriptive that the reader con understemd what
nnd how it occurred” (Patton, 1990, p. 26).

Siwational Uniqucness

Another aspect considered in the naturalistic treatment of trustworthiness of the
study data as suggested by Guba (198i) is that of siluational uniquencss, which may
produce non-comporabilily of data. There are many aspects of this study that are ur:ique,

Training in building design and drafting is provided in Western Australia al just
onc suburban TAFE collcge. Many of the mentors involved in this study were initially
trained al that centre. To avoid possible skewing of data duc (o this situational
uniquencss, I cnsured the collection of thick descriptive data by using multiple data
collcction methods and extensive ficld notes in support of my obscrvations. I did this
witha vicw to developing findings that were context relevant to the study. Where
possiblec, I corroborated interview and student joumzlll bascd data by comparison of these
with other data obtaincd by obscrvation of the cvents under study and from the students’
drawings produccd as part of the collaborative work sessions that were the main sub ject

of the study inlcrvicws,
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IMPLEMENTATION OF TIIIS STUDY
. Table 2, below, shows the ovemnll time line used for datacollection during the

three phases of the study, along with the data collection methods used in cach phase.

Table2
Data Collcction Time-line
Ycar of dala collcction

Study Pluse andData 1998 1999 2000
Collection Method

Phase One

Discussions oo .

Interviews iad .

Observations i

Joumnals oo .
Sketches/Diawings soe

Telephone e .

Phase Two

Discussions o L

Interviews FYYITY)
Observations * EI

Journals L1
Sketches/Drawings sessee
Telephone | eeeene

Phase Three

Discussions . #eese se e
Interviews YY) e
Observations PrYYYIY S
Journals se0 .
Sketches/Drawings LY .
Telephone srass .

Note: Each asterisk (*) indicates one month

Conclusion To This Chapter

This Chapter described the overnll rescarch study structure, the study sample and
role of the rescarcher . Although described in detail in the next Chapter of this thesis,
mention was also made in this Chapter of the data collection methods used in order to
assist in the discussion of the reliability and validity of the techniques used to collect
and analyse the study data. The framework for the resecarch descrihed is based on a

naturalistic approach.
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CHAPTER FOUR
- METHODS USED FOR DATA COLLECTION
Introduction _

' IThis'_'study sought to find answers (o five research questions as shown carlier on
page8 6f_this thesis. In this Chap ter, the methods used to collect data over the three
ph@lsbé of this rescarch are detailed. Phase One was a pilot study and Phnsc Two nnd
Phase Three together formed the main data gathering parts of this study.

Data were colledted by investigating in detail many aspects of thc interaction
between students and mentors working together in collaborative design tcams on
authentic design pro jects in 10 difficrent building design offices. In cach design office,
activitics undertaken by the student/mentor collaborative design tcams were organised
(o reflect the mentors’ usual working practices, as implemented in the context and
culture of a professional commercial snlunnon

- This Chapter begins by describing the mclhods used in cach of thc thrcc phases
of data collection. Itthengoesonto dctx_nl cach ofthose data _co]]cctlon methods with
rcfcrcncc\ o lhc kinds of data obtaincd .nn'd the manner of rccording' thcm ffor analysis.

“The purposc of prcscntlng the study dntn collection mcthods in this manner is to provide
a clcnr plclurc of the rcp]xcnblc struclurc upp]lcd durmg cnch phnsc of dntn co]lcctlon
and nnnlySIS . o

~The Chaplcr concludcs wnh commcnts nboul how thc d”tn collection and

' rccordmg mclhods hclpcd to cnsure lrustworthmcss and ngour inthe nnnlysus of the

study dnlu '
Dala Collcchon Phases In This Sludy

. Data coIIecuon Phasc Onc Pilot Study

Phusc Onc of this rescarch |nvolvcr} 22 students working under the direction of
scvcn mcntors nnd thrcc TAFE staft'on an nulhcnhc design project. ThlS first phnsc of
the rcs_earch was conducted as a pilot study in order to begin to address the overarching
rcscar:bh questions, 1o pfbvidc ihv_;' rescarcher with entry to the ficld of study and to trial
proposed 'dn.ln collection methods, interview guide questions and ways for coding and
unulysmg data. S : x \

_ Phnsc Onc was not mlcndcd to bc an indepth study, but soughljusl to explore
the klnds of Icammg snunnons and outcomcs llkcly to be ex pcncnccd by students

undcrmkmg nulhcntlc dcsngn tasks undcr thc dircction ofcxpcrt bulldmg designersina
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cognitive apprenticeship lcarning situution. T his section documcnts un
overview of lhe methods used to collect, record nnd analysc Phase One dnta for use in
dcvelopmg the study structure and marn tla!n gatherrng melhods used in Phase Two nnd
. Phuse Three of the study '

Dntn were collected durmg l’husc One usrng the I' )llowmg methods

) tervrcws, - . N
e obscrvatron ot‘ elassroom bnetmg/ drscussron scssrons.

. :studcnt drary Joumals,

. . sketches and drawrngs, and

. 'researcher Journal notcs ﬁom observatlon of‘ work sessions and crrllque or
. ..Iassessment sessions. - ' _ . '
. Data collectlon durrng l’hase One began with lnlonnal drseussrons between the
. three TAI‘E staﬂ who had orgamsed the desrgn project, two of the seven partlcrpatlng
.' mentors and myself. Durmg these discussions | made journal notes concemmg the
partxcrpants vrews, on how the organisation and rmplementatron of l’hasc One mlght
best be structured to address the overarchrng research questrons Data recorded durmg
' these sessrons were Inter transcrlhed for ana]ysrs
Pr|or to the commencement of the desrgn project used for l’hase One, the
- .students were bneted by me aboul usrng therr dally Joumuls to record cvcnls and
experlences they regarded as havmg assrsted thelr learmng about desrgn when workmg
' wtth a mentoron an autheutle desrgn pro _]ecl The lollowmg aspects of their experiences
were suggested as possrble broad categorres wrth whlch the studcuts could orgamse
thelr dlary Jommal ciitries: - . } h
o mentor supporlcd desngu actrvrtres they had undertaken each day; - -
e howth"é'expenence ot‘ workrng wrth a mentor changed therr approach to desrgn,
'_ . what they felt\ were thelr !earmng outcomes that emerged f irom the experrence of

-workrng witha mentor, and: :

Yy _whnt appllcutron did they see for the knowledge and skrlls acqulred through working
. with the micntor. . ' _

' Data col]ected in Phasc Orze were 1mtrally coded using thesc broad categones
and others that emerged during’ data transcrlptlon and arlalysrs. Further development of
- the codmg structure that rcszlltcd from ana!ysrs of I'husc One dnta is descrrbed in detail
in Chapter 5 ot‘ thls thesrs ' '
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Data collection Phase Two— Main rescarch study

The second phasc of duta collection mndc use of several data collection
mcthods, as setout below in Table 3 (sec page 58). Inthis phase of the rescarch study,
11 expert building designers operating in 10 separate design oflices acted us mentors to
10 students for the design and presentation of an authentic building design project. In
nine of the design offices, the students worked one-on-one with their mentor and in one
office, one student worked witha two-mcotor team. Other staiTalso assisted students in
most of the design offices. In addition to Ifice-to-facc inter views conducted with the
students and the mentors who participated in Phase Two, data were also collccted using
the following methods:

e observationof classroom bricling sessions;

e obsctvation of classroom design planning sessions;

o infortnal interviews and discussions with TAFE leclurers; and
o infortnal discussions withstudents,

Each student/mentor collaborative tcam worked to create a building design
based on an authentic project brief, When the collaborative work sessions began, three
observation sessions were conducted with one of the student/mentor teams. Data were
collected during these observation sessions using journal notes and audio-tape
recordings, which were later transcribed verbatim for analysis.

Atthe completionof the authentic building design project, faceto-tace
interviews were conducted with each of the 11 mentors and nine of the 10 students. One
student ofthe original group of 10 was unavailable for interview duc to a countiy
posting. The face-to-face interviews provided the main body of data collccted in this
phase of the study. The interviews were conducted in two stages during Semester onc of
1999. A two week break between the groups of nterviews was used hy me to
detertnine trends emergent from analysis of the first round interview dJata that could be
used to refine the study structure and the interview guide questions for the second round
of intervicws.

All of the data collecting methods used for this research are described in detail
later in this Chapter as they apply to Phase Two and Phase Three, of this study. Table 3
(P. 58) sets out the various ata collection methods used, the number of instances in
which they were employed, the situations of their use and the manner in which data

were recorded,
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Table 3.
Data Collcction Phnse Two
Data Collection Number ~ Context In Which How Recorded
Method Conducted
Informol 6  Priorto design project Notes
interviewsand '8 During the design project  Notes/sketches
_discussions 18- - Following the design Notes/sketches
: : project :
Interviews .23 At the end of Phase Two  Audio-tape and notes
Telephone 24 Amanging interviewsand Notes
discussions follow up with TAFE
stoft/students
Obsctvations 2 Bricfing sessions Audio-tape and notes
’ 2 Classroom work sessions ~ Audio-tape and notes
3 Design office work Audio-tape and notes
sessions
‘Sketches and 52 When interviewed at the Photocopies and
drawings ' completion of the design ~ Photographs — scanhed
Models 2 project ’ into computer files
Journals 4 Students = Notes/sketches
" Rescarcher Notes

—

Data collectlon Phase Thrce — Main research study

“The third phase of data collection tookﬂ'plncc over several months during which
four students worked with five mentors in four different design oflice situations to
design and document an authentic building project. Dota collection in thisphase was
mainly based on my observation and videotape recording o f twelve student/mentor
collaborative work sessions. The work sessions varied inlength from 15 minutes to
three hours duration, with most being about one hour.

For this phase of data collection, I chose 5 mentors from the group of 11 who
had participated in Phase Two. Sclection of these five mentors was based on three
factors. The mentors were chosen for Phase Two on the basis of “rcputational case
sclection” (McMillan & Schumacher, 1989, p. 184) which uses n strategy involving a
knowledgable person to make recommendations to the rescarcher. In this case, the

infonnants making the recommendations were the TAFE lecturers who were tamiliar
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with the working practices of the overall group of mentors, having seen them
working with students over a long period of lime as scssiowt] lecturers or on other
authentic projects. Impoitantly, analysis of datu gathered during Phase Two indicated
that the 5 mentors selected used four diffierent design/mentoring styles, which
collectivcly were theught by me to be representative of the overall group of mentors.
The two-mentor tcam in one of the design ofTices was chosen because those mentors
used design and mentoring methods rcgarded by me as being typical of the overall
group of mentors, but with a (cam-bascd approach. The decision to use the two-persan
mentor tcam was in response to emergent findings that indicated team-based methods in
a design oflice setting enhanced learning,

Preliminary lindings, emergent fiom analysis of Phase One and Phase Two data
were discussed with the mentors after the obseivation sessions. These discussions
provided member checks on the study data. Feedback from the mentors during these
discussions confirmed many aspects of my interpretation of data already gathered, This
allowed the study focus to be firther refined for data gathering using observation
S_éssions that were the main data gathering method for Phase Three of the rescarch
study.

. dh_cr data gathering methods used during Phase Three are detailed in Table 4
(sce page 60). Each of the data collecling methods used is then discussed in detail
following Table 4.
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- Rescarcher -

Table 4.
Data Collection In Phise Three
Data Collection Number of Context In Which low dala Recorded
Method contactsor Conducted
items
Informal 19 Prior t o devign project Notcs
interviewsand 18 ¢ During the design project ~ Notes/sketches
discussions 12 Following the design Notcs/skctches
C - project T
Iﬁtcrvicws 4 . With mentors Audio-tape, notes
' 4 With st udents and sketches
2 With TAFE lecturers
Telephone 18 Artanging interviewsand  Journal notes
discussions follow up with TAFE '
L stali/students
Observnﬁons 12 ~ Design office work Vidcotape, notes, -
’ o ~ sessions sketches
Skgtchéé and 36 . Collccted lhmdglbul Photocopies and
drawings: - . = Phase Three as the design~ Photographs—
o - . project progressed - scanncd into
Modcls 2 o compiiter files
Journak . - 4. Students Notes/sketches
DR B Notcs

Data collection using informal interviews and discusslons

Data collection using informal discussions between mysclf, students, TAFE staff

and the mentors, took placeat various times throughout the entire study. Often, these

informal interviews and discussions fvolved students and mentors immediately

following their collaborative work sessions and provided highly detailed accounts of

how the participants lclt about their interactions. Immediate feedback about the events

andexperiences obtained in this way I recorded as journal notes which were later

transcribed verbatim for inclusion with other data. Comments made by study

participants, during inform;al discussions about aspects of their design ol Tice

expericnces, assisted in developing my understanding of the diverse range of learning

cvents and methods used by the mentors when working with the students. Student
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comments nlso provided insights into what took place in the design oftice
situationand how that allected their learning. Dataof these kins assisted me in
exploring diflerent aspects of the study situntion by targeting activities or working
methods said by the paiticipants to be importint to leaming and contributcd to the
development of intcrvicw guide questions used Inter during formal interviews to extend
my investigation,

Informal discussions that took place between myself and cach of the studcnts
nnd mentors sometimes rcvenled personal views about the working relationships that
developed between the participants in the design office situation.

Inmost of my informal discussions with the study participants, they expressed
personal views, described learning experiences, their progress with the work and in
some instnnees mentioned their concerns about particular aspects of the situation.
Concerns mostly were focussed on whether or nol the students would finish the sct
work within time. There were no instances of student/mentor con; lict and thus
information obtained during informal discussions did not precipitate changes in other
data collection methods to accommodate expressed difficulties. Mention is only made
hereof this aspect of the study because ofthe possible impuct that confidential
revelations of a negative kind, had there been any, might have had on the study structure
given my role as the main instrument of data collection.

Some o fthe time during Phasc Two and Phase Three of this study, casual
discussions and informal interviews took place in design of ficesettings with both the
student and the mentor present. On other occasions I conducted individual interviews in
the design office, orin informal locations. At all times the participants were aware that
data were being-recorded and that confidentiality of nll information collectcd was
assured, Data collected during informal interviews and discussions I recorded in note
form using a journal which | later transcribed veibatim for analysis.

Other informal discussions took place when I returned drawings and sketches
bortowed for copying purposes from the study participants at the conclusion of Phase
Two and Phase Three. During such discussions, I encouraged the participants to explain
various aspects of their drawings in termis of the learning situations they had
experienced in producing them in the design ofTice student/mentor collnborative work
sessions. Data thus gathered were recorded in detailed noles linking what the
participants said about their work, with what could be seen in the sketches themselves.
Such discussions also providgd opportunities for me to discuss with the students the

design processes used and the content of the drawings, with ref erence to the mentors’
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usc of cognitive apprenticcship tcaching strategics. Also discusscd during
these sessions were some of the relevant emergent findings as well as my interpretation
of how cveats in the design of fice studeat/mentor collaborative work sessions afliccted
student learning. Such discussions provided member checks on the preliminary findings
whichwere used by me to shape further data colle clion questions used in subsequent
intervicws and discussions. Notes recorded by me during these interviews were used
also as member checks to coatinn ideas and themes emerging from data gathered using

other methods. This is explored in detait in Chapter Five of this thesis.

Data collection using formal Interviews

Formalinterviews were conducted with the study participants during all three
phases of data collection. In Phase Two, they were used as the main means for data
collection. The interview guide approachadopted gave focus to the investigation of the
mentors use of cogniltive apprenticeship teaching strategics, while keeping questions
open ended so as to allow investigation of new avenues that emerged fiom the
participants answers.

Face-to-face interviews conducted were structured using an interview guide
approach (Patton, 1990)that began witheach of the respondents first being informed of
the issues being explored, followed by questions about topics relevant to the research.
The use of this approach is said by Patton (1990, p. 280) to allow the intervicwer to
“ndz_apl both the wording and the sequeace of questions to specific respondents in the
context of the actual interview"”. By working in this way, questions designed to address
various topics and subject arcas relevant to the research questions were used to explore
and probe in ways that “clucidate the subject arca” (Patton, 1990, p. 283).

Interview guide questions for data collection were developed using information
based on:

o discussions conducted with three TAFE lecturers, live building designers (meators)
and a groupof 1S students during Phase One; and
o analysis ofstudent journals-bascd Phase One (pilot study) dala.

Two rounds of interviews were conducted duiing Phase Two of this study.
Findings, cmergent from analysis of data collected in the first round of Phase Two
interviews, were used to refine the intetview guide questions used in the second round
of Phase Two interviews. The use of an interview guide approach in this manner

facilitated “intcrvicwing across a number of diflicrent people more systematic and
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comprehensive by delimiting in advance the issucs (o be explored” (Putton,
1990, p. 283).

Appendix A shows interview guide questions used for the first round of Phase
Two interviews with the study mentors. Appendix ‘B’ shows interview guide questions
uscd for the first round of interviews with students. Findings that emerged fiom analysis
of data collected in the (st round of interviews were used to reline and extend the
interview guide questions lor use ina sccond round of interviews. This Jed to the
development of the supplementary interview guide shown in Appendix *C', which was
used along with the other two interview guides for the si:cond round of Phase Two
interviews with students u nd mentors.

In all interviews, open-ended questions were used initially, then more probing
questions were introduced Lo explort: specific aspects of the study situation that emerged
from the panticipants’ responses. Examples of some of those questions are shown here
to explain how data gathering methods were refined as the study progressed. Mosit of
the questions used during cach round of interviews evolved during the interviews as |
responded to the interviewee answers and followed new lines of inquiry with questions

to explore emergent themes.

The tollowing questions are typical of those developed during the second round
of Phase Two interviews.

On entry skills or competencies ot the start of mentor supported pro jects:

When asked:

What do you look for first of all when students come to wark with you in

the design of Fice?

In response to this, some of the mentors said they sought particular skills such as
CAD drafting or construction detailing, while others said that they just wanted the
students to be able to think. To follow up cachofthcsc diverse answers with questions
that teased out the dctails o fhow the mentors determined student skills then shaped their
activitics o address these, 1 asked questions as (ollows:

What kinds of activitics did you use to cstablish the level at which the
students were working in design and documentation (drawing, dctailing
and specilication writing)?

Quecstions like this provided oppoitunitics for the mentors to discitss their ways
tor cvalualing student skills, or for establishing how they engaged the students in

activitics that demonstmtcd their approach to design using co gnitive tools (Brown et al.,



1989) rather thanjust applying replicable processes to crcutc solutions.
Questions of this type also allowed me to explore in detail interaction between (he
mentors ond the students, while remaining open to change according to how the mentors

answered.

On the mentors’ approach fo teaching:

In the first round of interviews the students were asked:

Caon you tell me about how your mentor helped you to develop your

project design?

Some of the students responded (o this question by describing how their mentor
had detailed processes he used to analysca design brief and then implement defined
procedures to resolve ecach design element to progressively develop a final solution.
Other stident s indicated that their mentor had simply produced design ideas by using
sketching and talking. In order to deicrmine what actually took place during design
development sessions that led stidents to acquire design knowledge and skills, other
questions were developed as follows:

Can you describe for me how you and your mentor worked together to

develop a design solution?

In what ways did your mentor assist you in getting started with the

design?

Would you describe for me what you and your mentor did in the work

sessions to resolve problems that emerged during the development of the

design?

In what way did your mentor assist you lo come up with new ideas when

you had become bogged down and to incorporate them into your design?

These questions and other similar ones helped me to explore the collaborative
exchanges that took place in which the mentors introduced their design methods,

applicd heuristic design strategics and used scayffolding to assist student lcamning.

Each of the face-to-face interviews was arranged by telephone beforehimd with
the participants. Some interviews were arranged following observation sessions in the
design office sitluations where the student/mentor collaborations took place as the study
progressed. Written permission, for tape recording of interviews and work sessions, was
obtained from each of the study participants, prior to cach such event. All interviews
were taperecorded then transcribed verbatim for open coding in NUD-IST (1998).
Inter/iew guide questions were refined (o reflect trends emerging firom preliminary

analysis of data.
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When interviewed, most of the study participants made comments
aboul their thoughts and feclings when describing their experiences in the
studen/mentor collnborative work sessions. These data I regarded as important because
they provided personal insights into how they saw aspesets of their learning tukc place in
the study sitw.tion. Information obtained in this way I recorded in journal notes which I
later transcribied verbatim tor analysis with other data. Findings that emerged from
analysis of thesc data were used to refine interview guide questions and 1o explore
further other data regarded by me to provide multiple perspectives of the study

phenomenon. Analysis of these data is discussed in Chapter Five of this thesis.

Formal Intervliews In Phase Two

Two rounds of formal interviews were conducted during Phase Two of this
study. Having two rounds of'interviews enabled me (o test for data saturation (Charmaz,
1990) and so that findings, emergent from preliminary coding and analysis of data fiom
the first 1ound of interviews, could be used to identif'y aspectsof the study situation that
wanunled specific attention or firrther study. Findings firomanalysis of round one
interview dalta also provided information that assistcd me (o refine interview guide
questions lor the sccond round of interviews.

For example, in the lirst round ofintervicws the lollowing question was used to
iniliate mentor discussion of their usc of sketching as a communication too] when
working withstudents:

In what ways did you use sketching when teaching students to
communicate design ideas?

Findings from analysis of data collected in the first round interviews led me to
contend that the mentors made extensive use of sketching, but the students were not as
adept in using it as the mentors would have liked. For this reason, 1 refined the question
to deterinine how the mentors used sketching when working with studentsand to
detetmine their views on how the students used it. The question was extended to cover
severalaspects of mentor and student use of sketching as follows:

In what ways do you use hand sketching when working with students?
In what ways do they use it effectively to communicate their ideas and
construction detailing?

Can you tell me about how students respond when you use drawings to
communicate your thoughts and ideas?



66
In the first round ofinicrviews conducted in ’hase Two of this study,

four students. five mentors and threec TAFE sinfi, were interviewed. All of the
interviews were tnpi:d then transcribed verbatim fior nnalysis. During cnch of the
interviews 1 made journal notes nbout nspccts of the study situation said by the
participants to havc been impoitant learning experiences, as well as other aspeets of
their internction. These notes included descriptions of the students’ work practices, the
wuy they dresscd ond the manner in which they spoke. The reason for recording
pecsonal inforinntion of this kind was in response to comments made by some of the
students about changes they had made as a result of their design office experiences and
when secking to be accepted by others in the design office. Notes made when collecting
these data were transcribed verbatim nnd included as memo-notesin the NUD-IST
(1998) index trec developed for coding Phase Two data. One example of dntn collected
during the first round of interviews uscd for developing new interview guide questions
for exploring student dress and language use as part of their enty to the design office
culture of practice isas follows:

When 1 first went to his oftice I felt a bit embarrassed because 1 had gone
there straight from TAFE and was in my old jeans and a t-shirt, The first
thing I noticed was that all of the design office stafl’ were really well
dressed and some were even in suits. When lan introduced me to some of
the stafT it was quite formal. Everyone was polite and a bit formol, not
like at “tcch” where anything goes. The next time 1 went there 1 put my
best gear on and watched my p's-and-q’s. (Student 20)

In response to data of this kind, questions like the following were developed for
use in the second round of intervicws:

Can you (ell me about the kinds of things that you did to fit in with the
mentor and others in the design office?

Can you tell me about any changes that you made to your way of
speaking or presenting yourself as a result of working in the design oitice
setting?

In what ways did making such changes help you to work there?

At the completion of the first round of Phase Two interviews, data collected
werec transcribed verbatim Jor analysis to determine emerging themes. Analysis methods
used with these data and emergent findings are reported in the next three chapters of this
thesis.

During analysis of datacollected in this first round of interviews, additional
coding categories were created as new themes emerged fiom the data, Since new

aspects of the study continued to emerge as datawere transcribed and coded, I



67
concluded that data saturation (Charmav., 1990) had not yet been achieved um
that further data collection was needed to explore other aspcects of the study situation.
Questions like those shown in the previous cxamplc were used in the interview guides
for the remaining Phasc Two fonmal intervicws and were relined to reflect trends seen
emerging firomanalysis of Phose Onc data. This brought about several small but
impottant changes in the study structure by maving the focus more towards design
exploration and creativity aspects of the student/mentor collaboralion, rather than being
centred on student acquisition of knowledge and skills as first structured, For example,
the following questions were used to collect data about how the mentors assisted
students (o Icarn heuristic design strategics:

Can you describe lor me any special approaches you have developed that
make usc of techniques or prototype solutions to address particular
design problems or building types, that can be used by others or adapted
to other design problems?

How might you tcach others to usc these, perhaps over a range of
altemative applications?

The second round of formal interviews that took place during Phase Two of this
study were conducted with five students and live mentors. During these interviews, in
addition to the interview guide questions used forthe first round ofinterviews,
additiona] questions like those in the previous example and others designed to explore
ways used by the mentors to encourage the students to develop creative and innovalive
design practices, were used, All of the interviews were recorded, then later transcribed
verbatim lor analysis, Coding of Phase Two data was regarded by me to rcach
“saturation” when all new data introduced through verbatim transcription of the sccond
round ofintcrvicws were readily coded using existing categorics and no new aspects of

the study situation were emerging (Charmaz, 1990, p. 520).

Interview usc in data collection Phasc Three

Daltacollectionduring Phase Three of his study was mostly achicved using
observation of student/mentor work sessions, but some interviews were conducted
following completion of the student design praject used in Phase Three. Interviews were
conducted with the 5 mentors and the 4 students who had participated in the Phase
Three data collecting observation sessions. During thesc interviews many aspects of the
student/mentor collaborative: work tcam interactions were discussed in terms of the
events and procedures undertaken by the participants. Some of the participantsalso

commented on how their design office learning experiences had changed their outlook
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on design and how this had led 1o their development of a persnnal design
style. Mention is madc of this here because I recorded comments such us these in my
journal, along with sketches to show student usc of particular design clements. “These
were uscful later when interpreting other data.

Allinterviews were tape recorded and later trunseribed verbatim for analysis.
During some interviews 1 used sketches to record aspects of the Icarning situation
described by the participants when discussing their usc of heuristic design strategics and
other clements of design used during the student/mentor collaborative work sessions.
Data collected in this manner assisted me when transcribing my journal notes and when
inteipreting student information including sketches that most of the students made

available to me for duplication and inclusion as part of the overl] study data

Data collection using telephone discussions

Throughout this research study, telephone discussions with almost all of the
study participants were used as part of the data collection process. Information obtained
by me during telephone conversations with the participants was recorded in the form of
Jjoumnal notes which were later transcribed verbatim foranalysis. Data recorded in this
manner were also used a part of the rescarch audit trail to maintain rigour in the study.
Initially I used telephone conversations to gain entry to the ficld ofinvestigation by
making contact with the participants and to arrange meeting times for intervicws and
observation scssions. As the study progressed, I made notes during telephone
conversations with the study participants which I later used to confirtn trends emerging
fromanalysis ol data collected during intervicws, and observation sessions. T his served
as member checks.

In some instances, telephone interviews were conducted when the study
participants were not readily available firr face-to-face talks. Where it was not possible
for me attend work scssions (due to simultancous sessions in multiple of fices), |
conducted telephone conversations with the student and the mentor involved following
cach session. This was usually followed up with face-to-fiace inforinal interviews o,
conlinn infortnation and cxpand on points noted carlicr. Data collected during these
interviews were recorded in note forinand then transcribed verbatim for later analysis.

Although the ovenall body of data obtained fromtelephone discussions was
small when compared to that obtained using other data collection methods, it was useful

when organising other data collection and when confirming other data.
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Daua collectlon using obscrvation of work sessions

Otservation and video recording of st udent/mentor coflahorative work sessions
took pince in Phase Three of this study in order 10 confirm emergent findings and to
explore other aspects of the study situation nnd cvents that were thought to have
influenced student learning. The direct observation sessions conducted in Phasc Three
involved four students working under the guidance of five diffcrent mentors provided
most of the data colle cled in Phase Three of this study. Two ofthe students worked with
mentors who cach held work sessions of up to 3 hours duration. These mentors also
made themselves uvailnblc on as as-needed basis for consultation in the design office by
the students. One student worked with a mentor who began witha 90 minute work
sessioo, then a week later held a 45 minute session, followed by a |5 minute session a
weck afterthat. This mentor also made himselfavailable during office hours. He also
provided the student with his own office space alongside other designers in the design
office. The fourth student in the Phase Three study sample worked withthe two-person
design tcam. In this situa tion, the mentors conducted six one-hour work sessions with
the student.

InPhase Three, I collected data as a paiti cipant observer in |2 student/mentor
collaborative work sessions. It was not possiblcto attend every work session be cause
some ran simultancously with others. Wherc this occurred, I conducted informal
interviews withthe students and the mentors involved aft erwards so that I had an
understanding of what had taken place before I attended the next observation session
with them. Every work session that I attended was video-recorded for later analysis.

Video recordings of the work sessions were analyscd minute-by-minute using a
checklist based on key elements of a cognitiv e apprenticeship approach and fiom
findings tha t had emerged firom analysis of Phase Two data. Table 9 (Chapter 5, p. 95)
shows data codes used for the analysis of the video dota. It shows the frequency of
events observed 1o take place during cach minute ofthe taped work sessions. Analysis
of these data is dealt with inde tail in the next Chapter of this thesis.

In addition to video rc cording ofthe student/mentor work sessions I also
recorded journal notes abow other factors thoughtto have influenced the learning
situation being developed in the design office, lorinclusion inthe overall data gathered
in Phase Thre c of this study. These notes also in cluded student comments about their
overall work load and difficulties they faced in managing working in the design oltice at

the same time as completing other studies, Data recorded in journal notes were
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transcribed verbatim for analysis along with other dats collected in Phasc Two
nnd Phase Three of this sludy.

: Dnta collcclinn usnng skctchcs nnd druwmgs

Skctchcs and dmwmgs provrdcd hy thc studcnts and thc mcntors were co llccted

- as pmt of thc ovcroll study dnta bccnusc thcy provndcd cvrdcucc of studcnt Icnrnmg

outcomcs in dcstgn nnd showcd thc progrcssrvc use of heuristic dcsrgn strnlcglcs and

: _ problcm solvmg procedurcs by studcnts and mcntors Ir 1crcnccs were drawr about

" student Icamtng outoomcs by cxnmtntng the dcvclopmcnt of the emerging student
dcstgns Particular attention was paid to the studcnls usc of skctchtng multiple alternate
~ design solutions (mdtcntlng cxploratlon of, nnd rcﬂcctlon on various ideas) and

- cvndcncc of heuristic design' strntcglcs rmdcl!cd by the mentors, such as CAD ovcrlny
clcmcnts and personal slylc chnroctcnsltcs Sketches and drawings were used by all of

’ lhc pnrttmpnnls as communlcotlon tools in the student/ mentor collaborative work

: scssnons In somc |nstnnccs thcyrcprcscntod the rough workings of the mcntors created

dllrmg work scsstons In othcr instances thc)' showed the development of ideas by the

: studcnts whlch wcrc then mtroduccd |nto the colloboratlvc work scsstons as their

. . -d dcstgns progrcsscd All ol' tie pnrtlclponts used skctchmg to cxprtss |dcns. develop

L cxplanntlons, to cxplorc concc pts m dcsngn and for rcﬁlcctlon on chrmng outcomcs as

_sought by the rcscnrch qucstrons of this sludy For thcsc rcnsons, [ collcctcd coplcs of

_ skctchcs and drawmgs produccd by mcntors and students as pnrt of thc ovcrnll data
throughout thls sludy Thc skctchcs ond drowmgs showcd in grnphlcol lorm the _
'proccsscs arld proccdurcs followcd by thc pnrtlmpants in dcvclopmg dcsngn solutions

"Ifor lhc problcms cmcrgmg fi om the nuthcntlc work proj ects.

" Coplcs of studcnt and mcntor skctchcs ond drnwmgs were collcctcd throughout
all thrcc phnscs ofthls slud)' Flgurc 2(p.71) shows one such sketch. Sketches like this

were uscd to conﬁrmstudcnt lcarnlng outcomcs as seen by what thcy produccd as -

: compnrcd fo what thcy smd to hnvc tokcn pln ceinthe work sessions. By comparing data
froin |ntc vncws. obscrvntlon scssuons and drnwtngs I was oblc to follow the students’
-dcsrgn dcvclopmcnl nnd dcvclop an undcrslnndmg of how that was inf Iucnccd by their

,. . mlcroctlon wrth (hc mcntors in thc work scssnons Uﬁlng thls information, 1 was able to

. cxnmnc cmcrglng trcnds |n  what lhc porttctpants s-ud or dcnnnslrntcd as their uppronch

g to thc work wtth n vncw to undcrstandlng Icnmmg m thc dcsrgn oﬂlcc srlunuon

:In Phosc Onc, more lhnn 60 skctchcs and d’qungs wcrc co]lcctcd urd

cxnmmcd Analysrs ofstudcnt skctchcs nssrstcd in the mtcrprctntlon ofother dntn about
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student/mentor collaborative work sessions by providing visual evidence of
design development and the use of heuristic design strategies and problem solving
methods. Anexample of one such sketch is shown in Figure 2 (p. 71) to demonstrate
the kinds of data about student/mentor design activities that were used to confirm what

the students said had taken place in their collaborative work sessions.

divide space

Figure 2. Example of Student/Mentor development sketch.

This sketch is typical of others used to explore ideas in work sessions. It shows
how focus lines have been used to create the broad design concept, as well as outline
detail of how spaces within that design might be organised using furniture (see bottom
centre of sketch) or rooms to be created using partitions (see top centre of sketch). The
methods used in this type of sketching I observed to be rapid and minimalist, allowing
the designer to present and explore many different ideas quickly without being bounded
to any particular solutions. The object of this form of sketching was said by the mentors
to create forms open to reflection and exploration of multiple solutions that follow a
central theme for the design as determined by the client brief. The design is developed
using minimal description and sketching to communicate ideas explored by the designer
in metacognitive ways.

From the outset of this study I was aware both from my own experience as a
designer and from findings that emerged during transcription and analysis of student

journals and interview data that sketches and drawings were important communication
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tools for the study participants. For these reasons, 1 have nuide extensive use
of'sketches and drawings collected from the students and the mentors to assist in my
nnnlysxs of olhcr data collccted.
Havmg the sludcnts nnd the mcntors skctchcs and drawn ngs avmlnblc during
thc mtcrwcws provndcd 0 ppo:tumlu:s lo dlscuss thc mcthods uscd by thcm to resolve
'dc5|gn problcms as shown in thc dcvclopmcnt skctchcs arld in the morc rctlncd dcsngn
_: prcscntnllon drnwmgs Thc 52 skclchcs nnd drnwmgs collcctcd durmg Phase I' wo
: provxdcd n vnsunl mcnns for conf irming somc sludcn( Icammg outcomes. Thcy also
. provxdcd conlirmmg cvudcnoe of the sludcnts’ nppllcnuon of hcuns(lc design strategics
‘introduced by lhc mentors as pnu of their usual design olhcc practices. When used as
lhc basns ofdnscussuons in Phnsc Two and as pait of observed worksessuons in Phase
__Thrcc, thc skctchcs nnd draw: ngs pro vndcd a mcnns by whlch the purt|c1 pants could
- ex plm_n and dcm_onslrntc their dcsngn and rncnton ng r_ncthods and show physncnl '
) 'cvidéncc of lcnmmg hd(coniés 'Ihc s'kclchcs and drnWi ngs also I’acilitutcd ihc collection
. of olhcr dntn whcn uscd us n bnsxs for dlscussmn sessions nnd mlervucw qucstxons
i lonnulnlcd to cxplorc pumculnr aspects of the Icnmlng suunlxon In pnrllculnr (hcy were

' uscﬁll lonnmn(mg dlscusswns 1n whnch thc pnrtucl pnnts wcrc askcd fo cxplmn thc

proccsscs and proccdurcs lhcy hnd uscd whcn dcvclopmg thc solutx ns:dcplctcd Duri ng

- these dlscussxons, in nddltxon to thc nudlo lupcd rccord of cvcnts, I nlso madc notes
) Ilnklng thc sketchcs to pnmclpnnt commcn(s rcgnrdlng how d_'why thcy dld pnrhcu lar
thlngs |n lhc dc5|gns ns dcplclcd m(hosc skc(chcs 1 dld (hlS |n ordcr to rccord pnns of

thclr cxplnnnuons thnt thcy prcscntcd usmg mmunnl Ilnc skctchcs lhnt were that were in

' thcmsclvcs 1nsulI cntly comp[ctc or loo nbs(rnct to. wnrrnnt lncluslon as scpnrn(c data.

I observcd the use of rough skctchlog as pnrl of the usual langungc of commumcnuon

uscd by all ofthc study pnrtlcxpnn t5 for- cxp!nnnllon bulldmg nnd for vnsunhsallon ard

_ . rcflcctlon on de igr ldcns, dunng work sessnons Forlhlsrcason 1 speclflcnlly rccordcd

. nspccts ofi 1(s usé 1n my Journal notcs durmg mtcrvxcws nnd obscrvnuon scssnons
Dntn ¥ bout sludcnt Icnmmg dcsxgn methods were collcctcd by« compnmlg

skctchcs lhcy produccd nl thc begmmng of thc nuthcnllc work plO Jcct with (hosc they

produccd f' lrthcr 1nto thc s(udcnt/ mcntor collnbom(lon. Usmg thcsc skctchcs cnnblcd me

"o dcvelop multlplc pcrspccl'vcs of thc Icumlng sutuutxon b) y compnrlng vcrbnl _
dcscrlptzo s of whn( took plncc wuh the grnphlcal rccord seefl in thc progrcsswc -

N skctches. _Thls uspcct ofusmg skctchcs |s explorcd in dctull ns pnr( ofdnln nnnlysus in




73

Scale models

Scale models of building designs or parts of buildings were used by most of the
mentors to assist student learning. Photographs of student models were collected to
confirm aspects of student learning outcomes based on their successful application of
design knowledge and methods. This was also done because some mentors and students
used scale models of buildings or building elements to explore concepts and to develop
design ideas in a three-dimensional format. In Phase Three of this study, all of the
student/mentor collaborative teams made use of models of existing design projects to
demonstrate and explore design ideas. Two of the student/mentor teams produced
models of the students’ final designs. The students and the mentors used these models
during work sessions as tools for exploring new ideas, design strategies, problem
solving methods and for reflecting on pathways followed in the design process. The use
of scale models to assist visualisation of design concepts and to assist students and
mentors to communicate design ideas emerged as an important aspect of student

learning in a design office. A photograph of one such model is shown here in Figure 3

(p- 73).

Figure 3. Photograph of a scale model.

Data collection using journals

Prior to the commencement of each phase of this study, I discussed with the
student participants their use of journals to record events, circumstances and personal
views relating to their design office/mentor experiences. The students were fully

informed of the intended use of these journals as part of the overall study data and all
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gave their written approval for the usc of any information recorded in those
journals to be used in this thesis and uay subscquent publications.
By the cnd of Phasc Three, a total of 32 journals were collected and transcribed
for use as part of the overall study dota. In Phasc Onc, 22 students and onc lecturer

- provided juumnls; i_r)__l?hh_sc Two live studenis did likewise and in Phase Three ull four
pnttidipntihg 'studc'hts' ptdvidéd'rhc with thcirjoui"nn]s From these journals I obtained
:uscful data nbout whnt the studcnts sdid werc important icarning cvents and outcomes
from thcxr work with the mentors. These datawere transcribed verbatim for analysis.

Although the studcats’ journals collected in Phnsc Two and Phasc Three were

~ small in number and not comprchcnswc, they provided the studcats’ perspective on the

_ study situation und other information about what the students said were importaat

lcnmlng cxpcncnccs Thcsc dntn assisted my undcrstnndmg of the study phcnomcnn aod

'hclpcd mc to dcvclop answers to the ovcrnrchmg rescarch qucstlons
Conclusmn To This Chapter ) .

Thc use of a dlvcrsc range of data gnthcrmg mcthods in thls rescarch study

: prowdcd datu ubout many diffi crent aspects ofthe overall study phcnomcnu Having
:multlplc dntn sourccs for individual cveats allowed for trmngulatlon of data. Mcmber

: chccks wcrc conductcd usmg 1nforrm| interviews folIowmg work scssnons nud at the

. concluston of cach of the three phmcs of the study e _

. Imdcpth |nVcstlgntlon of rmny Icnturcs of the lcammg sntuutlon thnt emerged as
pnrt of fmdmgs firom nnnlysus of thc study dntn was mndc possnblc 1hrough the various
usmg vnrlous mcthods, 1t was poss:b]c to dcvclop dlﬂcrcnt pcrspcctlvcs onthe ..

i snuatlous undcr cxnmmnnon. Th)s taclhtntcd the intcgration of dlﬂ‘crcnt data collection
mcthods and ofien led to conl'rmntlon hndlngs that cmcrgcd fir om analysis of data
collcctcd cnrllcr in thc study _ . .

'I'hc dwcrstty of dntn collcctlon mcthods and the pro]ongcd data’ collccnon

: pcnod produccd an cxtcnswc body of dntn In many mstnnccs sxmllnr or ovcr]nppmg

data, conccmmg various cvcnts in thc study phenomean, were collcctcd fiom difticrent

sourccs und at diffi crent tlmcs throughout the study period. Ja my rolc as rescarcher and
bemg the dntu collcctlon mstrumcnt in thls study, hclpcd me to respoad to trends

B cmcrgcnt fir om thosc dntn This Ied me to modlfy collcctlon mcthods nnd dcvclop new
:oncs to rcfnc and cnhnncc dutn gnthcrmg, ns the study progrcsscd Usmg this approach

_ 'lcd to morc mlormcd rcscarch mcthods, whlch cnhnnccd the ovcrnll nchncss and

rc]cvz_mcc _of t_hc mfprmntlon gathcrcd oycr thc_ dumtlon _ot' _thc study.



75

This Chapter begnn by describing the data collection methods used for
cach ofthe three phascs of this study. Each ofthesc data collectionmethods was then
discussed in detail with reference to the kinds of data collected and the relevance of that
material 1o the rescarch qucsuons Exnmplcs of typical data collected have been used to
' .cxplnln how the study slruclurc and datu co[lccllon mcthods wcrc elined in rcspomc to
.lhcmcs Ihal cmcrgcd ns dnln lranscnpuon and procccdcd as part ofcach new phase of
thc sludy. : ' '

Finally, lhc re Inllvc |mporlancc of some data coIIcclcd usmg mclhods such as
lclcphonc convcrsatlons nnd sludcnl joumals, lhal wcrc smnll in numbcr bul rcgurdcd by
" meto bei |mp0rlanl 10 undcrslandmg how studcnl Icurnmg look plncc in lhc sludy
. sﬂuauon. were dlscussed ’ ' .
~In the riext Chaplcr the mcthods uscd for nnalysus of cach dlﬂ" crent dala .

' collccicd !or ihis rcscarch are cl |scuscd
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CHAPTER FIVE

ANALY SIS OF THE STUDY DATA
Introduction
In this chnptcr, methods used lo unnlysc the study data are described. As nnnlysxs

is mcxtncubly cntwincd W|lh rcsu!ls, rclcvnnt cmcrgcnt tmdmgs and rcsults arc also
presented. The approach to_nnnlysxs of the study data used here is bnscd on inductive
analysis methods us described by 'Pa'tton (t990 p- 40) who contends that inductive
nnnlysxs is characterised by “ immersion inthe details and apccmcs of the dntn to
dlSCOVCI' 1mponunt cntcgoncs, dimensions and mtcrrclntlonshlps N _

- Analysis of the study data commenced with the first data collcc’tion nnd
continued with each new set of data collected throughout the stttd)". This élmptcr begins
with a dtst:ussibﬁ of .lhc'how the data were analysed and the reasons for using the -
methods choscn The primary mcthod of data reduction was coding, with summaries
nnd tnblcs nlso bemg used to orgnmsc and refine the analysis. Phase One data consisted

_ -mostly of studcnl Joumnl entrics. Phnsc Two dntn were mostly 1ntcrv1cwbnscd nlthough
other dntn ﬁ om lm' ormnl dlscussmns, tclcphonc conversations and sketches were also
codcd Phnsc Three dntn wcrc ‘mostly | collcctcd using dlrcct observnllon nnd video

: r'.cordmg of sludcnt/mcnlor work scssxons Othcr dntn were also collcctcd durlng Phase
Thrcé usmg mtcrvxcws nnd skctchcs crcntcd by studcnts and mcntors b pan of their
dcsugn dcvclopmcnt mld ns kcy commumcntlon tools in col!nbomtwc work sessions.

o Thls Chnpter dctmls the creation und dcvclopmcnt of codlng cnlcgoncs used for
nnnlysts ofdaln collcclcd in each ot'lhc thrcc phases o t'lhls rcscnrch study How
cmcrgcnl fmdlngs lnf Iucnccd thc subscqucnt development of othcr dala codlng
cnlcgoncs to rc prcscnt common trcnds thought to nﬂucct studcnt learning is also .
discussed. A rct lcxlvc a ppronch was taken to dota mtcrprctntlon and the progrcsswc
dcvc!opmcnt of mdcx tree structurcs by merging codmg cntcgoncs in responscto .
cmcrgcnt flndlngs Thc Chnptcr concludcs with discussion ofthc nnnlysns mcthods used

' -for mtcrprctmg Phase Three obscrvntlon-bnscd data and ways for usi ng thls fo confrm

' tlndmgs thnt cmcrgcd fir om nnulysxs ofdntu ﬁ'om thc f'rst two phuscs ofdntn collection.

Codmg

Thc ovcrull proccss of | data unnlysxs was one of codmg ﬁ'om raw dnlu to
cvcntuully gcncratc lhcmcs Thc proccss of nnnIySIS bcgnn wnh codmg, which mvolvcd
crcnung cntcgoncs by nssxg ni ng words or phmscs to lmnscnbcd text unlls For thc

purposcs of dntu unnlysxs, thc text umt uscd was the scntcncc Usmg full scntcnccs tor



77
coding helped to maintnin context and meaning in themes that emerged when
subscquently examining data for the frequency of occurrence, similarities, diflcrences
and assnciations abo ut linked events and activitics.

Analysis began by first printing text files in which every text unit, referred to
hercafter as a data unit, was numbered. Each numbered data unit was then coded using
both manual and computer based methods, utilising categorics established during data
transcription, as well asothers that emerged during analysis. Data coded, using
categories developed throughout this process, were then compared and summarised to
establish common themes cventually lending 1o findings about Icarning in the study
situation.

The usc of categorics for coding data in this manner was based on methods
suggested by Richards & Richards (1995), who contend that a category may be
considered simply as part of a hicrarchical system ffor organising or coding data. Coding
categorics were arranged using index tree structures which provided a labelling,
retricval and organising device for exploring the study data (Holsti, 1969). NUDeIST
(1998) sofiware was uscd to arrange coding catcgorics and other code names developed
“in-vivo” from words or phrascs used by the participants when describing their learning
expericnces (Strauss & Corbin, 1990, p. 69; Richards & Richards, 1995). Burns (1995,
p. 288) arg ucs that this approach is “part of the analytic induction method where the
general statement about the topic is constantly refined, expanded and modified as
further data is obtained™. Analysis of'data using coding methods in this way is based on
the view that “coding is analysis™ (Miles & Hubcrman, 1994, p. 56).

Data were analysed using categorics based on:

s cvent codes forspecilic activitics undertaken by the participants, such as
student/mentor work scssions. For example, Index Tree Four categoty 7.4 Entry To
The Culture Of Practice;

e situation codes, that is how the students and the mentors in this study define scttings
in which their .ollaboration operates. For example, Index Tree Four category 2.2
Team Based Learning,

e process codes, being the stages of the building design process in which mentoring
activitics 1ake place. For example Index Tree Four category .3 /: Common Design
Qffice Practices;

o strategic codes, relating to how the study participants caity out their tasks and rolcs.

For example Index Tree Four categony 3 2: Learning Methods Using Coaching; and
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e subject perspeclive codes, documenting how participants think about their
situation in this study (Bums, 1995, p. 290). For example Index Tree Four Category
2.1 Confidence.

During transcription of studcnt journals and interview recordings, 1 made usc of
codes and memos lo describe fiequently occurring data about events, learning
situations, learning strategics and personal perspectives regarded by me to represent
important aspectsof the study situation. I then used these codes and memos, nlong with
the research questions and the key clements of a cognitive apprenticeship learming
approach to develop additional coding categorics.

Coding was an ongoing process in which each unit of data was classified using
categorics to represent emerging themes. In all, four index tree coding structures were
developed for analysts of the study data. Index Tree One (see Table 5 and Appendix D)
was used for Phase One (the pilot study) data. The other three index tree structures
evolved during analysis of the main study data as new categories were created or
merged with others in response to emergent themes, fiom which findings were
developed. Index Tree Two (see Table 6 and Appendix E) was used for coding data
from Phase Two, first round interviews. Index Tree Three (sec Tuble 7 and Appendix F)
was used for coding data from Phase Two, round two interviews, as well as re-coding of
round one interview data. Index Tree Four (see Table 8, p. 94 and Appendix G) was
used for the final analysis and reduction of all Phase Two data, as well as for the
exploration of themes and emer gent findings through comparison of Phase Two data
with Phase Three data.

Following transcription of data from journals, notes and interview tapes, into
compuler text filcs, each file was introduced into NUDIST (1998) software for the
initial purpose of generating reports having numbered text units for coding. Manual
methods were first used to code data into categories. Manual coding took place by
assigning coloursto cach of the coding categories, then using coloured pens (o highlight
numbered data units judged by me to lit into cach categoiy. This method provided a
means for seeing at a glance the firequency and distribution of data unils coded in
particular categories. Using these coloured text files, I wasable to compare similar datn
from dif ferent sources about the same or similar events, as well as to examine trends
ond emergent findings, This approach to analysis of the study data was nlso guided by
the principles of content nnalysis which Patton (1990, p. 381) nrguesis*... the process

ofidentifying, coding and calegorising the primary palterns in the data”.
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Having cstablishcd preliminary coding categories based on themes
that emerged during manual coding of the data, the computer hased coding tools in
NUD-IST (1998) soflwnrc were then used to code the data in categories organiscd
according to Index Tree One (sec Table 5 and Appendix D). F urther analysiz of the data
then took place using “key-words-in-context” (KWIC) methods (Ryun & Bernurd, 2000,
p-775) to determine the frequency of occurrence, similaritics, or associations in datn
aboul puticular events in the Jeacning situation. This led to the emergence of “themes®
that described the study phenomena (Ryan & Bernard, 2000, p. 780). The KWIC
analysis of the study data were used in conjunction with manual coding of the data. This
approach was used because using KWIC searches alone was thought to be inappropriate
duc to their generating many retums that did not fully provide the context and rich
description of events present in data units or groups of data units. Manuwal scarching of
category reports allowed me to embrace whole categories of data while examining the
context thatindividual da ta units have within the coding categories of theindex tree
structure. Findings that emerged from analysis of Phase One data were used to develop
amore comprehensive Index Tree structure for coding Phasc Two data so that KWIC
scarches could be more cftectively conducted.

During analysis ofthe study data, themes were developed by grouping
frequently occunring data regarded by me to be similar in content and about learning in
the study situation. Using this approach, four main themes that togcther represented the
ovenall learning situation were developed, along with others based on eatcgories created
to code data about multiple aspects of student learning that emerged during analysis. For
example, KWIC searches showed that sketching and talking occurred together in data
units 64% ofthetimeand individnally a total o£35% ofthe time. Forthis reason
sketching was included in a theme about communication, along with discussion and
articulation resultingin Index Tree Four categories 1./, 7.2 and / 3. Other cata about
the use of sketching indicated its use as a design exploration tool, regarded as a usual
office practice and as a method used by mentors during coaching sessions lor reflecting
on ideas or pathways lollowed in design development. [n response to findings that
emerged about the multiple applications to which sketching methods arc applied, data
about these were coded in categories suchas 3.7 Cenmon design office practices and
4 2 Reifying knewled ge in design affice learning, which represent themces that emerged
during coding .

Grouping of categories having similar orrelated data to develop themes that

represent diffierent aspects of student learning allowed me to refine each ofthe four
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index trec structurcs used to code data. Analysis of data in this way nllowcd
comparison of intervicw-bascd data about what the stud cnts and mentors said took
place, with my observation ofa ct usl student/mentor work sessions.

Throughout the data analysis pro cess, new categorics were defined as other data
were collectel or emerged during analysis (llolsti, 1969). With the development of
Index Tree Four, I was confident that categorics structurcd around the fiyur main themes
that emerged during analysis, were capable of accommodating all data collected in ways
that * represented the purposes of the research, were exhaustive and mutually exclusive*
(Holsti, 1969, p. 95).

Findings that ecmerged from analysis of cach new data set collected were used to
guide the development of new stru ctures for coding subsequent data. This approach
gave flexibility 1o the coding structure when responding to emergent themes and
findings. It nlso ensured that the coding structures I developed werc appropr iate 10 the
overall study phenomena. The processes used 1o develop and refine cach of the four
index-trec coding structures used for analysis ofthe study data is discussed next, in the

context of cach of the three data collection phases.

How index treestructures evolved during data analysis

There were four index tree struclures used for the tinal coding ofthe study data.
These cvolved by refining and merging index tree structures and categor ies developed
during carlicr analysis of data. In this scdtion, the methods uscd 1o develop categorics
arc discussed, along with cxamples of data from which some of the categorics and index
tree structures were created.

Data collected during Phase Onc consisted mostly of verbatim trans cription of
student journal entrics and resear cher journal notes created during discussions the
mentors and lecturers. Analysis of these datatook place by coding nnd compar ing data
from cach ofthe par ticipants. W here codes were scen 10 be firequently occurring, the
categorics used to code them were grouped into themes representative of cvents or
activitics regarded by me to affect student lcarning.

For cxample, a theme that emerged from analysis of P hase Onc data suggested
that the lecturers mostly focussed on the kinds of activitics that the students undertook
and what potential lcarning outcomes they promoted. T he following comm cnt made by
onc ofthe TAFE lecturers is typical of many similar comments made by mentors nnd
other TAFE staft,

T he thing you really nced to look at here is what nre they actually doing
for themsclves and what will they do as n tcant. You know, arc they
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working on rcul projects like you have 1o in an office, not just going
for the ride. They need to be doing things all the time or they get bored
and let others do the work, (Lecturer 2, Planning discussion)

From this and other similar data, the theme Activities (sce Table 5) was
established with categorics for coding data sbout the kinds of activitics that the
participants said 1ook placc during their design project experiences. Much of the data
collected from student journals in Phase One o fhe rescarch described a diverse range
ofactivitics they had expericnced, Some activitics described by students in their
journals as important learning expericnces took place in the design office setting, while
others occuired on the building site or during social contact with other students and
menitors. The following extract firomone student journal includes references to design
activitics in the social setting, the building site and the design office.

We had a rcally top day today. Our design group spent some time with

Wally (mentor) and the clicnt just having lunch and talking a bit about

the design, but we didn’t do any recal work. Later we went up 1o the site

and that was rcally inspiring, just sccing the view and having the client

tell us what he wanted in the design. When we went back 1o Wally's

design office we did some rough sketches of our ideas and cach had a

chance 1o shoot all the others’ ideas down. We also had a few beers and

that really helped get the whole thing going. (Student 18, personal diary

journal entry)

KWIC scarch methods were used when analysing these data to identify
cmergent themes. New categories were created for ficquently occurring codes about
different aspects o [student expericnces regarded by me to influence learning. Working
in this way allowed me (o retain the meaning and context of the data units identified in
the KWIC scarches, by coding with these other dataunits that supported or
differcntiated thosc dota. For example, for the Activities theme discussed here, I created
sub-catcgorics that cnabled coding of new data according to Group Activities, Design
Activities and Site Visits, as shown in Table 5 (p. 84).

A sccond theme to be developed during transcription and initial coding of
frequently occurring data units found in Phase One data focussed on stimulation in the
study situation. Findings that emerged 6rom preliminary analysis of data coded in
categorics developed to represent this theme suggested that the mentors were mostly
concerned withhow the experience of working on authentic pro jects nifected student
learning and how students might apply their knowledge and skills 10 other design
projects. The following comments made by Mentor Taaretypical of other similar ones

made by mentors throughout the entire study:
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I think that what is really important here is what aflect docs doing a

real design project, in n rcol design office setting have on them (the

students)? What I am looking to scc & whether or not they get fired up

and enthusiastic. Are they pumped up by being creative, or just going

through the motions of knocking out n design using the same tired old

mcthods that we all know will give a design of some sart. | want themto

be fice thinking and innovative; anyone who comes to my oflicc won't

survive if they can’t think for themselves. (Mentor la)

Commentssuch as these led 10 the development ofIndex Tree One categorics,
2.1 Stimulation and 2.2 Freedom In Design for coding data about how the role of
stimulation in student lcarning using mentor supported authentic design projects. These
and other categorics, established in a similar manner, were combined to torm Index
Trec One (shown in Table 5), whichwasused forcoding Phase One data.,

Student journal based data about learning cvents that took place in Phase One
were compared with other data about the same events, obtained firom informal
discussions and post design project interviews with the students, mentorsand TAFE
staff. Examination of data thus coded included comparing the frequency of occurrence
of data in individual categories with the overall data to determine common trends or
themes in participant responses regarding learning experiences. In addition, the intensity
or passion (Strauss & Corbin, 1990) with which some participants expressed their views
was recorded in my field notes which were included as part of the overall data analysed.
The intensity ofresponses was considered to be of importance because of the antistic
disposition ofthe design discipline and the often highly charged presentation of points
of view observed being used by the participants throughout this study.

Phase One, data analysis took place using progressively refined coding
structures that provided ways for comparing data initially coded in broad categorics,
with data coded in other categories created 1o address specific elements thought to effiect
learning. Findings from this process were then used to further refine coding categories
to represent emergent themes for analysing the study phenomena. Constant comparison
of data during coding made it possible {o gain new perspectives on the material und to
differentiate between learning influences. This also enabled me 10 keep the meaning and
context of data intact so asto stay attuned 1o the respondents’ views oftheir realities by
developing inductively my interpre:ation of the overall study cvents (Strauss & Corbin,
1990).

As other data were collected throughout each of the three phnscs of this study,
they were transcribed and coded using categories developed as described above.

Sketches collected as part of the study data were used 1o compare what the participants



83
said they had used in their design solutions, with what was evident in the
rough workings and refined presentations shown in their actual drawings.
Generally, data were analysed by:
e coding the frequency of occurrence of data units or participant responses and
expressing this as a percentage of the overall data units coded;
e comparing and contrasting data through KWIC searches to determine relationships
between events and experiences thought to affect student learning; and

e the intensity of responses.

Detail of analysis of Phase One data

Data collected using student diary journals in Phase One were coded in
categories developed to represent the following four themes:
1 Activities:
Mentor supported design activities experienced by the students.
2 Affect:
The affect of design experiences with a mentor on student learning,.
3 Learning:
Learning outcomes that emerged from student/mentor collaborative experiences; and
4 Application:

Students’ perceptions of how newly acquired knowledge and skills could be applied.

Phase One data were coded using categories to represent these themes, as
structured in Index Tree 1, (Appendix D) shown here in Table 5 along with examples of
typical data units coded in each category. Comments about how these were used to
refine data collection in Phase Two and Phase Three of this study are also shown. Each
of the four coding categories shown in Table 5 has the total number of data units coded
(for that category) shown adjacent. Also shown is the average percentage distribution of

data units for each sub-category.
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Index Trec One Coding of Phase Onc data
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Exomple of typicul dota

units coded in this cotcgory

How these data were
used to develop Phase
Two and Phase Three of
this study

Catcgories Used Data
For Coding Phase  units
Onc Dawu coded
1. Activities 290

1.1 Group aclivitics 47%

1.2 Design 13%
excercises

1.3 Site visits 40%
2. Afiicct 251
2.1 Stimulation 65%
2.2 Frecedom in 5%

design

Everything we did today we

did as a tcam, we helped

cach otherall the way (data

unit 136)

We weren't resiricted in any
way; it was really great that

we could design anything
we liked (data unit 171)

Visiling the site of Wally's

house and having him talk

about it made me think that

onything is possible if you
arc inspirced nnd dedicated
(dataunit 435)

The expericnce that I guincd

from BlulT Knoll gave me
the will power to push

mysclfto do something that

1 thought wasn’ t possiblc;

thensceing the dome house

made me sec that nnything

possible can be built even if

it looks impossible (data
unit 452)

Becuuse we were given such
a firee hand with the design,
Iam now more confident 1o

do abstract designs and to
cxpress my ideas openly
(data unit 476)

Table § continucd i next page

Developed inter view
questions to explore
team activities. Sclected
a (wo designer tcam for
six Phase Threc office
observation sessions
Focussed part of cach
Phase Two intervicw on
individual expressionin
the design projects used.
Sclected Mentor S (open
creative approach) for
study in Phasc Three,
based Phase Two
interview and
information from TAFE
stalT,

Developed interview
guide questions for
Phase Two to explore
the use and value of site
visits

Developed inter view
qucstions aimed at
cxploring how mentors
sought 1o stimulate
students and how
students considered the
(mentor) expericnce
stimulated them. Post
observation session
interviews Phase Three
addressces this closely
Collected design
sketches and drawings 1o
cxamine the diversity of
idcas cxplored by each
student/menlor tcam
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Catcgorics Used Data  Example oftypical datn unit  1lowthese dutu were
For Coding Phasc  units  coded in this category used to develop Phase
One Data coded Two and Phasc Three of
this study
3. Lcaming 240
3.] Situdionnl 26%  Bcing in that sctting showed Compared intervicw
factors mc how important it wnsto  dninand student
get the orientation right. drawings from 10
Karri Mins individual dil¥ercnt design oflices
housing had it wrong and to determinc any ma jor
was rcally uncomfortuable to  diflierences in design
be in. (data unit 520) praclicc outcomes
3.2 Mcentor 42%  Working with Wally Developed interview
influcnce inspircd me, the cxperiences  questions (o target the

nature and degree of
mentor influcncc over
the student designs.

add up to the philosophy
that youonly design what
you have seen, heard, felt
(data unit 694)

Talking to Camcron about
my design was fantastic
because he gave me more of
an insight into his views and
design ideas like advantages
and disadvantages and
things to changc 1o gdt it 10

33 Input by others  32% During Phase Two
intcrvicw questions were
uscd 1o explore the 10le
of others in the design
office tcam. In Phase
Three the two designer

tcam in one officc was

work (data unit 342) observed working with a
student in 6 work
scssions

4. Application 222

4.1 Evaluating 79%  Doing this gave me a new Questioning of students

tdeas way of thinking about on their use of sclf
materials and lorin. I now cvaluation and reflection
have a greater insight on on design mcthods

mud brick construction and  acquired during the

solar design and how o best mentor supparted

usc windows and doors to projed

create space (data unit 666)

4.2 Sdr 21% | lenrncd that if I put my Questioning ofthe
development mind 1o whatever challenge  students about their

I have I canaccomplishit.  viewsonhowthe

Working with the mentor cxperierice had changed

opened upmy mind 10 a

complctely diff erent way of

designing (data unit 426)

their design pra clices
and what they saw as the
nextstageof
development and
application of thcir
recently ucquired skills
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This coding structure was refined as new data emerged firom
discussions between mysclf, TAFE lecturers, mentors unl the students. Trends that
emerged fromunulysis of the Phasc One dutu assistcd me to identify the Kirs of
nctivitics thnt students said hnd helped them to Jeam. This led to the developrnent of
other possible lines of inquiry to be explored in ’husc ‘I'wo und Phasc Three of this
study. These dntn provided the stem for interview guide questions developed for datn
collection inPhasc ‘1'wo nnd werc used to refine the rescarch study structure und data
collection strategics.

Mcmber check interviews which | conducted asdiscussion:s with three TAFE
lecturers nnd thrce mentors following the completion of Phuse One assistcd me in
confinning cmergent findings, as well us identifying other aspects of the study situation
that nceded to be explored in subsequent phuscs of the study.

Analysis of Phase Two data

In this scction, the methods uscd to analyse Phasc Two data arc discussed.
Firstly, the development of the index tree structures and coding categorics used for
onalysisof Phasc Two dataarc discussed in gencral. Then, a detailed explanation is
given for the development o ftwo Phase Two coding catcgories in order to make clear
the processes used for interpreting data. The manner in which findings that emerged
firom analysis of Phase One were used to explore to develop and refine categories used
tor coding of Phasec Two data is also discusscd.

In Phase Two analysis began with coding data collecicd in the first of two
rounds of interviews. Catcgories used for analysis of Phase Two data were developed
from the rescarch questions, Phase One categorics, as well as fiom preliminary findings
emergent from analysis of Phase Onc data. Data collected during the first round of
Phase Two interviews were analysed using Index Tree ‘I'wo catcgories, shown in Table
6 (scc p. 88, and Appendix E). Following cach Phase Two inter view, data werz
transcribed verbatim, then coded. This approach allowed me to continuously analyse
cach new data for frequently occurring responses and emergent trends that guided the
exploration of other aspects of the study phenomena. Introducing new categorics and
refining coding using existing ones allowed analysis of the overall study phenomena in
categorics that together represented the purposes of the rescarch arxl provided a
framework for coding all Phase Two data. Table 6 shows Index Tree Two, developed
using this approach and uscd for analysis of the first round Phase Two interviews.

Included in Table 6 arc comments (in the fiar right column) that indicate the dcrivation



87
of Index Tree Two coding categorics, most of which have the ir roots in Index
Tree One, as shown in Table S (p. 84).

Data collected in the second round of Phase Two interviews were coded using
categorics developed from Index Tree Two, but organised into a new structure, Inclex
Tree Three (Appendix F). The development of new categorics used in Index Trexe Three
were guided by inforination obtained in member check interviews conclucted with
students and mentors fbllowing cach round of Phasc Two intervicws, during Phase
Three observation sessions, Some categorics used in Index Tree Three were then
merged with others regarcted to have similar data and other new categorics were
developed 10 form Index Tree Four (Appendix G), which wus used for the fimal coding
of Phase Two data,
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Table 6.
Index Tree Two — Phase Two First Round Interview Data Coding Categories
1 Personal  [.I Authentic I.1.1 Dcsign stylc(6.7%) ‘This group of
views & experience 1.1.2 Design application (4.1%)  categories
cexpericnces 1.1.3 Design concepts (6.1%) were
1.1.4 Design strutcgics (4.5%)  developed
1.1.5 Innovation (5.4) from the
1.1.6 Acccssibility (1.1%) Index Tree
1.1.7 Location/sitc (1.6%) One
1.1.8 Experiences (3.7%) “Activities”
1.1.9 Office practices (3.6%) coding
1.1.10 Resources (1%) categorics
1.2 Collaboration  1.2,2 Progressissues (2%) This group is
1.2.3 Negotiation (3.8%) developed
1.2.4 Confidence (3.4%) from Index
1.2.5 Confidence (1.7%4) Tree One
1.2.1 Insecurity(2.2%) categories:
3.2,33,42
1.3 Metacognition  1.3.]1 New ideas (3.5%) This group

1.3.2 Shared knowledge (3.8%)  was devsloped
1.3.3 Problem solving (6.5%}) from Index
1.3.4 Tacit knowledge (2.7%) Tree One

1.3.5 Thinking (2%) categories:
2.1,22,33,
4.1
2 Design 2.1 Cognitive 2.1.1 Modclling (3.5%) This group of
office and apprenticeship  2.1.2 Coaching (3%) categories is
mentor clements 2.1.3 Reflection (1%) based onkey
practices 2.1.4 Scafliolding (3%) clements of a
2.1.5 Articulation (4.8%) cognitive
2.1.6 Exploring ideas (2.5%) apprenticeship
approach
22 Communication 2.2.1 Discussion (3.8%) These
2.2.2 Sketching (6.1%) categories
2.3 Culture (3%) were

developed in
responsc to
frequently
occurring data

Note: Categories shown in this index tree structure were used for analysis of Phase
Tworound one interview data. The fipures shown in parenthesis indicate the
percentage of data unit retricvals for each category used for coding first round
interview data.
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A the conclusion of the first round of Phasc Two intervicws, all data collected
up to thnt time were annlyscd. Analysis took place as described carlier for Phase One
data by using both manunl coding nnd KWIC text string scarches of category repoits
genemted using NUDCIST (1998) sollware. Coxling of Phusc ‘Two, round two, intcrview
data was conducted in the snmc way as that uscd carlier, but also guided by findings that
cmerged feom unalysis of thosc carlicr dnta, as well as the ovcrarching research
questions of this study.

For example, analysis of first 1ound interview data showed a higher responsc
1ate, when compared 1o the average 4 54%, for the overall data coded by participants for
data coded in Index Tree Two categorics 2. 1.1 Design style (6 796), 1.1.3 Devign
concepts (6 1%), 2 1.5 Articulation (4.8%) and 2 2 2 Sketching (6 1%) (scc Table 6, p.
88). When interprding these results, I considered that fearning in the study situation was
iniluenced by the particular design style ofthe mentor and the manncer in which design
concepls were visualised and comraunicated using articulation and sketching . To
investigate this futther in the sccond round interviews, I prepared new interview guide
questions constructed to probe more deeply the usc of these clements. Analysis of data
collected in the second ro und interviews 1ook place using coding categorics developed
fromIndex Tree Two, as well as many new Index Tree Three categorics as show®in
Table 7 (p. 91). Using the cxample just described, the following new categorics were
crcated for Index Tree Three:

e Catcgory 2.1.5 Mentor style — Derived from Index Trec Two categoty /.1./
Design style, but also incotporating datacollected in sccond round interviews that
focussed on aspects of how mentors design and their approach 1o working with a
student in the design office.

Moerging cxisting eategoiics with new categories allowed the scope ofanalysis
for particular aspects of the study situation 1o be redefined through reflective
procedures, thus facilitating more exhaustive study of the phenomena. For Example:

e Category 2.3.6 Conceptualisation, was developed for Index Tree Three by
merging some data previously coded in Index Tree Two categoty /. 1.3 Design
concepts, with ncw data collected in round two intervicws using questions
intended to explore in greater detail the role of design concepts in student

lcarning.
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This process of using new data to refine and extend the inquiry

continucd throughout the sccond round of interviews. Following cach interview, data
were transcribed verbatim trom the interv icw tapes, These data were coded using Index
Tree Three. Data collected in the second round of interviews embraced new aspects of
the study situation. Coding of Phasc Two dntn wns thought by me 1o reach “saturation”
when all new data introduced through verbatim tmnscr iption of the second round of
interviews were rcadily coded using existing categories (Charmaz, 1990, p. 520).

Table 7 (p. 91) shows Inclex Tree Three, used for the initial analysis of Phase
Two data. Index Tree Three was developed using coding categorics from Phasc One
Index Tree One, Phase Two Index Tree Two and frem findings that emerged from
analysis of those data. Categorics shown with an asterisk (*) arc those ffom which new
categorics were created for the fourth and final, index tree developed for analysis of
Phasc Two data, In this way Index Tree Four was developed by redefining, merging and
collapsing categorics, then re-coding data to focus emergent findings to explore aspects
of the data thought to be significant to the overarching rescarch questions.

Table 6 and Table 7 show the Index Tree structures used for the initial coding of
Phasc Two data. Percentage figures shown alongside the coding categorics of Index
Trees Two and Three indicate the level of data coded in cach category as measured asa
percentage of the overall units of data coded. These figures provide an indication ofthe
distribution of thc overall datain cach index tree. Included also in cach Table & a list of
the categ orics from which cach index tree was developed, as well as some categorics
that were collapsed or merged in order to create new ones. Data coded in climinated
categorics were re-coded into new ones, or merged with other similar oncs. Analysis of
data using some categorics provided insights into the learning situation, but were not
very significant 1o the overall understanding of the study as a whole. Categorics
identified as contributing litile 10 the overall study were merged with others, or deleted
ifthought 1o be of little valuc. Mostly, categorics showing less than 1% coding of the
overall data units were merged with others, or deleted. How this changed the coding
structures used for analysis o f'the study data is shown below in Table 7 (p. 91).



Table 7.

Index Tree Three ~ Categories used for coding Phase Two dala
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Muin Categorics Sub cntcgories %of  Detived
® Indicatcs categories used overall  from
for final Index Tree. Sec dota Index
Table 7, Index Tree Four units  Tree Two

Calegory
1 People 1.1 Communication *1.1.]1 Articulution 1.38% 2.5
(Derived  (Derived from 2.2 1.1.2 Others 1.15% 1.1.7
fram 1.0in in Index Tree Two)  1..3 TAFE 0.38%
Index Tree *1.1.4 Discussion 310% 2.2.1
Two) *1.1.5 Sketching 402% 222
1.1.6 Transter 1.11%
*1.1.7 Networking 0.19%

1.2 Attitudes *]1.2.1 Expcctations 126% 1.2.2

(Derived firom 1.2.2 Studcnt Expectations  0.88%

1.1/1.2inIndex 1.2.3 Mcntor Expeclations  0.99%

Tree Two) 1.2.4 Confinnation 031% 124
*1.2.5 Confidence 1.91% 1.2
*].2.6 Mindsct 1.72%

1.2.7 Bonding 015%
*1.2.8 Satisfaction 107%
1.2.9 Excitement 0.80%

1.3 Collaboration ~ *].3.] Negotiation 310% 123

(Derived from 1.2 1.3.2 Accessibility 0.69% 1.1.6

inIndex Tree Two)  1.3.3 Balance 1.15%

13.4 Respect 080%
1.3.5 Entiy Skills 1.15%

1.4 Leoming *].4.1 Learning with mentor  1.99%

(Derived from 2.1 1.4.2 Experience 455% 1.1.8

inIndex Tree Two)  *1.4.3 Modelling 226% 2.1.1
*1.4.4 Coaching 463% 2.1.2
*1.4.5 Scaffiolding 310% 2.1.4

1.4.6 Skills 1.68%
*1.4.7 Preparation 1.42%

1.5 Enculturation 1.5.1 Entty to culture 0.65%

(Derived firom 1.1 1.5.2 Soctial Contact 0.96%

in Index Tree Two 1.5.3 Bonding 0.57%

1.5.4 Behaviour 0.31%
*1.5.5 Office Expectations 1.87%

Table 7 continued on the next page
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Index Tree Three Used For Coding Phase Two data

Main Conceptunil ~ Sub categorics %of  Derived
Categorics * Indicates categories uscd overall  from
for final Index Tree. Sec data  Index
‘lable 8 units  TreeTwo
Caicgory
2Design 2.1 Approach *2,1.1 Office Pmcticcs 562% 1.1.2
Oflicc and 2.1.2 Brief 1.15%
Mentor 2.1.3 Resources 249% 1.1.10
Practices *2.1.4 Innovation 245% 1.1.5
2.1.5 Mentor style 394% 1.1
#2.1.6 Idcas Justification 1.91%
2.1.7 Creativity 1.84%
2.1.8 Aspiratics 0.38%
*2.1.9 Support 0.99%
2.1.10 Global 0.50%
2.2 Experience *2.2.] Standards 0.77%
2.2.2 Tacit knowledge 302% 134
42.2.3 Strategics 570% 1.1.4
23 Mctacognition  *2.3.1 Idcas 2.14% 13.1
2.3.2 Shared Knowledge 241% 1.3.2
€23.3 Reflection 134% 213
2.3.4 Problem Solving 321% 133
*23 5 Explorcapply 356% 21.6
*#2.3.6 Conceplualisation 203% 1.13
2.3.7Thinking 164% 135
*#2.3.8 Visualisation 1.61%

Data transcribed from the second round of P hase Two interviews were coded
along with all of the previously coded Phase Two data, using calegorics developed for
Index Tree Four. This process involved re-coding carlicr data, mer ging and
differentiating categories from Index Tree 3 regarded by me to hold similar data and this
led to the development of hypotheses und preliminary findings that were explored
further during Phase Three. The manner in which new categorics were developed from
Phase Two data is now discusscd with reference to the following example interview
excerpt in which Student 18 talks of his design office eapericnces:

As the design gol going a bit we spent a lot more time at her office
working together refining things. She would give me some ideas about
where things should go then | would sketch it out and often she would
wanl me fo change it again — there were lots of changes and design ideas
that we tried out but ended up not using for one reason or another. While
we were working she was always talking about why she did things in
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panticulne ways and she was always sketching 1nd sort of thinking out
oloud as she went through the reason.s fior things not working or whether
to include them or not in the design. ‘That really helped me 1o undcerstad
how (o design like she did. (Student 18)

Scveral aspects of student Icorning using cognitive apprenticeship methods as
dcfind in this thesis arc cvident in thisexample, ‘['he lirst is the collaborative nature of
the working rclationship that developed betwecen student und menlor; “we spent a lot
more time at her office working tugether refining things”. Dala about student/mentor
collabomtion were coded in Index 4 catcgories /.4, 22, 3.2 and 4.2, Another clement in
this example, “sketeliing and sort of thinking out aloud” was observed to be a proctice
common to all of the participaling mentors. For this reason the use of sketching logether
with articulation of the rcasons for working in particular ways when problem solving in
design was thought to be a significant construct when coding dataand was represented
in multiple catcgories. In Index Tree Four these included 1.2, 1.3, 3.1, 4 1 and 4 2.
Coding dala in this manner assistcd me in understanding relationships between the
various activities uscd by the mentors (o make visible to the students their tacit
knowledge, usual design procedures and problem solving methods.

Data, about how students devce loped problem solving skills and how they used
heuristic design stralegics modclled by the mentors, were collected from cxamples like
the onc used here; “she went through the reasons for things not working or whether to
include them or not in the design". Data such as this were coded in Index Tree Four
calegoricsincluding /1,2, 3.1, 3.2, J.3, 3.4 and -/ 3. Again, data of this t ype were uscul
in understanding how the mentors made visible their tacit knowledge and how they
applicd decision making proccdures in design in the context of their cveryday culture of
practice activitics.

Table 8 (p. 94) shows Index Trec Four which was developed using new
categorics devised to code data units representalive ofemergent constructs, along with
other categories developed in each of the earlier index trees, or firom merging multiple
categories in order analyse groups of data. Index Tree Four was uscd to focus analysis
of all data collected up to the cnd of Phase Two, in ways thought suitable to provide the
mosl detailed representation of the overall study phenomena. In particular, categorics
were developed to explore data about the events and (o explore relationships between
mentor design office procedures and mentoring methods thought to (acilitatc student

acquisition ol knowlcdge and skills in design,
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Table 8.
Index Tree Four - Used for linal coding of Phasc Two data
Coding Sub-categories for coding data %of Desived  Merged
Catcgorics overall from with
Used To dat Index Indeex
. Tree Tree
Represent oS e three
Themes catepory  cutepory
1 1.t Discussion 3.10% 114
Communication 1.2 Articulation 5.38% 1.1.1
1.3 Sketching 4.02% 1.1.5
1.4 Entry To The Culturc Of Practice 933% 1.1.7 1.1.2
1.3.4
1.5.1-4
2 2.1 Confidence 6.39% 1.2.6 2,18
Atlitudes 1.2.5 1.2.4
2.2 Team-based Learning 2.10% NEW 127
1.2.9
1.3.3
2.3 Office expectations 5.38% 1.1.2 1.1.1-3
1.5.5
3 3.1 Common Design OfTice Practices 12.6% 2.1.] 212
Mentor 2.1.9 2.1.10
Supported 1.4.7 121-3
Design Oftice 2.2.1 1.4.6
Practices
Alffecling 3.2 Leaming Mcthods Using Modelling  10.8% 2.2.3 1.3.3
Leaming 14.3 2.1.5
3.3 Leaming Methods Using Coaching  10.2% 1.4.4 23.2
2.3.1 2.1.6
3.4 Leaming Methods Using 96% 14,5 1.3.2
Scaffiolding 2.1.3
4
Collaborative 4,1 Developing A Creative, Innovative  6,29% 2.1.4 1.3.5
Design Office Approach To Design 2.1.7
Experience 4.2 Reifying knowledge In 9.22% NEW 1.1.6
And Leaming Design Office Learning 1.4.1 222
1.2.3
4.3 Visualisation, Exploration, 8.15% 2.3.3 1.3.5
Reflection and Design Style 2.35

2.3.8
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Analysls of Phase Three data

Following analysis of data collected during Phase Two of this rescarch study,
dota collection began in Phasc Three using direct obscrvution and video recording of
student/mentor work sessions. Direct observationof students intcructing with mentors in
the design oflice was conducted in order to:

e confinn prcliminury findings emergent fiom analysis of Phase ‘I'wo «lata which was
mostly based on what the mentors and the students said they did; and

e cxplore the learning situation in other ways with a vicw to finding new aspects of
student learning.

Data gathering in this part of the research centred on direct observation and
video recording ofdesign office based work sessions involving four students and five
mentors working in four difficrent design offices. The five mentors studied in this part of
the rescarch were selected because their working practices nnd approach to mentoring
was considered by me to be representative of those of the general group of mentors who
participated in Phase Two of this study. '

Coding of Phase Three video data was b:lsc:d 6n a minutc-by-minulc analysis of
the video recordings of 12 work sessions, using categories derived fiom Index Tree
Four, shown in Table 8 (p. 94). Additional coding categorics were introduced where it
was thought that activities or events in the obscrved work sessions needed to be
analyscd in greater detail. The complete list of categories used for coding Phase Three
data is shown in Table 9 (p. 96). Data were analyscd using methods based on content
analysis (Holsti, 1969) by coding the fiequency of occurrence of activities and events
observed during analysis of the video data recorded for each calegory, expressed as a
percentage of the overall work sessions times.

Additional categories were introduced to the coding structure in response to new
aspects of the leaming situation that emerged during analysis. This approach was used
in order to maintain consistency in analysing data to ensure construct validity when
recording observed behaviours and skills modelled by the study participants in the
learning situation (Gonezi, Hager, & Anthanasou, 1994). it also assisted me to examine
in detail aspects of the study situation that emerged during analysis and regarded by me
to influence learning. In Table 9 (p. 96) the fiequency ofoccurrence ol events and
aclivitics observed for cach ofthe four student/mentor teams is shown as a percentage
of the overall data units coded in cach calegoly. Since multiple activities were observed
to occur within cach minute of the video record of the work sessions, the percentage

figures quoted in Table 9 (p. 96) and throughout this thesis represent the occurrence of
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cach activity within cach minute and thereforc the sum of these is greater thun
100%. The percentage figures provide a guide to the frequcncy of occurrence of
activitics or cvents in the overall dutu for each work session. These dnta were conipared
to the mostly interview based Phase Two dutn, with a view to confirming common
themes in lconing events and mentoring practices.

Table 9. .
Phasc Three video recorded work sessions data

Mentor number

Stem - M4 M6 M3 Ml,la

Coding Categorics Treedcode %ol  %of %of %of  Average
~__Time . Time_ Time Time

Culture of praclice
Student/mentor bonding 1.4 7% 14% 89% 100% 53%
Contact with others 1.4 0% 70% 13% 87% 25%
Access 32 0% 38% 18% 56% 28%
mentor/facilitics/others
Oftice archives/resources 0% 5% 15% 5% 6%
Interaction 1.4 10% 41% 89% 100% 60%
Evaluation (skills) 3. 10% 0% 22% 2% 11%
Preparation 3l
Student - sketches 1.3 30% 28% 21% 82% 40%
Mentor/sketches 1.3 1% 0% 21% 1% 6%
Mentor/examples 13 1?6 11% 2% 15% 16%
Mentor/own works 1.3 % 1% 31% 9% 15%
Student materials 2% 0% 15% 62% 20%
Planning/Job planning 2% 3% 0% 46% 27%
Knowledge transfer 4.2
Declarative 3l 3% 27% S9% 41% 40%
Procedural 3.2 29% S51% 48% 62%  48%
Tacit 3.1 28% 35% 79% S571% 50%
Office practices 3132 20% 43% 35% 28% 32%
Design 4. 40% 59% 24% 21% 36%
Associated/discipline related ™% 3% 13% 0% 6%
Heuristic strategics 3.13.2 50% 46% 30% 26% 38%
Problem solving 3132 28% 51% 39% 37% 39%
Style Development 4.1 15% 19% 11% 24% 17%
Student presenling ideas 3. 8% 24% 23% 26% 20%
Mentor Analysis/ideas 3.2 27% 22% 50% 43% 36%
Student Analysis/ideas 3.2 10% 16% 23% 25% 19%
Discipline Conlent/facts 3. 0% 4% 77% 32% 3I8%
Howislearning taking place 4.2
Modelling 33 29% 24% 14% 23% 23%
Coaching 34 42% 57% 83% 60% 61%
Scafliolding 35 2% 22% 2% 2% 24%
Articulation 1.2 65% 46% 65% 73% 62%
Discussion i1 35% 70% 83% 59% 62%
Sketching 1.3 65% 43% 47% S51T% 53%

Continued onnext page
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Mentor number
Stem M4 M6 M3 Ml la
Coding Categories Treedcode %of %of %of %of Avcerage
Time  Time  Time Time
Explanation Building 42 2% 57% 60% 55% 54%
Notes % 14% 19% 2% 10%
Sketches - existing 1.3 H% 27% 23% 3% 16%
Site visits 3.1 0% 5% 2% 1% 2%
Questioning/Defending 3.13.2 26% 41% 40% 27% 34%
Pattern matching 3.13.2 2% 8% 2% 9% 10%
Multiple solutions 3132 3% 2% 49% 41% 39%
Reflection 4.6 13% 11% 22% 32% 20%
Exploration 4.6 52% 27% 38% 34% 38%
Testing 4.6 0% 8% 20% 23% 15%
Justify 4.6 6% 4% 10% 20% 13%
Accept/Re ject 4.6 9% 16% 9% 29% 16%
Time management 3. 10% 11% 12% 10% 11%
Office set 3.1 21% 54% 68% 18% 40%
Tips and techniques 42 49% 8% 40% 61% 40%
Mentor reviewing work 3. 18% 16% 34% 49% 29%
Identifying Design Keys 3.2 8% 14% 28% 0% 18%
(Bricf)
Inspiring new thought 4.1 4% 38% 33% S54% 42%
Visualising Conceptualising 4.3 61% 32% 30% S1% 44%
Confidence 2.1
Mentor 2.2 14% 11% 99% “100% - 56%
Student 2.2 19% 11% 85% 100% = S54%
Student participant o 23 37% 24% 70% 91% 56%
Student as observer 23 68% 3% 5%  15% 30%
Apprentice designer role 23 86% 38% 98% 100% 81%
Studentdesigner role 2.3 14% 0% 0% 0% 4%

Analysis of cach minute of thc work sessions showed that at any one time many
different adtivitics and events weretaking place, with overlapping conversations and
sketching ascach participant contributed to the design collaboration. This type of
activity required abroad yctdetailed recording structure in order to portray relationships
between participants and individual contributions made by each that were regarded by
me to influence learning. For these reasons, the coding structure used for Phase Three
data is more detailed than that used for Phase Two and is mostly derived from Index
Tree Four and findings emergent firom analysis of data coded with that structure. In
order to portray the occurrence of events and activitics observed throughout the work
session.3, the frequency of these has been shown as a percentage of the overall video
recorded work sessions duration. Data analysed in this way showed the time given to

cach event or activity as a measure of the overall observed study phenomena. This
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allowed comparisons with Phase Two data abou what the purticipants siid
they did or what they said took place in other similar situations.

For example, every participant said that articulation was onc of the most
impo1 tant aspects of [carning in the design oflicc situation. Phase Two data coded in
Indcx-Tree Four category /.2 Articulation indicated that 5.38% of the overall data units
coded in Phase Two were about the participants’ use ofarticulation. This level of
coding is above the average for Phase Two categorics, which was 4 54%. When
comparing this to Phase Threc dntu, it can be scen that data abou the punticipunts use of
articulation was observed to occur during 65% of the work session time. In this way,
data coded in cach of Index Tree Four categorics were compared to Phase Three data
codedin Tablc 8 (p. 94). This allowed conlirmation of findings, emergent from Phase
Two data and also assisted cxploration of other aspects of the study situation Icading to
ncw cmergent {indings.

For cxample, Mentor I made the lollowing comment:

... we arc very much a talk and on the bonrd oftice, talk and sketch. We
find that from their point of view and firom our point of view #t is a lot
casicr to cxplain things when you have a pencil in your hand and you just
talk and sketch as the idcas unfold.

From this and other similar data I developed the Phase Two categorics /./
Sketchiné 1.2 Discussion and 1.3 Sketching. Phasc Two data coded in cach of these
categorics were closc to the average (4 54%) when considering all categorics used for
Phasc Two data. In Phasce Three additional coding categorics were developed to explore
in greater detail how the study participants uscd discussion, articulation and sketching
were uscd by. The categories used and the ficquency of data units coded using them,

expressed as a percentage of the overall work session times nre show in Table [0 (p.

99).
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Table 10.

New Phasc Three codin g categorics

Phase Two Dota % Of Qverall Phase Three  Phasc Three Dato Average

Cuacpoty Data Units Data Sub-category % Of

Catcgory Overall
Time
Used

1.1 Discussion  3.10% Discussion 62%
Questioning/Defending  34%
Inspiring new thought  42%
Menitor reviewing 29%
work

1.2 Articulation  5.38% Articulation 62%
Explanation Building  54%
Multiple solutions 39%

1.3 Sketching 402% Sketching 53%
Student sketching 40%
Mentor sketching 6%
Using existing 16%
sketches

Analysis of Phase Three data in this way allowed exploration of clements within
cach coding category and this assisted me in understanding the overall study
phenomem. Using the example shown in Table 10, data coded in the categoty
Discussion, identified in Phase T wo as an important part of the student/mentor
collaborative work sessions, were explored in greater detail using three new Phase
Three sub-categones. The first of these, Questioning and Defending, was observed to
occur during 34% of the duration of the work sessions. Aspects of student/m cittor
discussions observed 1o be about inspiring new thought were coded in the seccond sub-
category, /nspiring new thought, which showed 42% of the duration of the work
sessions. The third subcategoty of Discussion used for coding Phase Three data was
Mentor reviewing work. Data coded in this category occutred during 29% of the overall
time {or the work sessions. I concluded that these three aspects of discussion were
important clements of student/mentor coltataration in the work sessions. In particular,
the relatively high level of coding in the cate gory /nspiring new thought contirmed what
most of thcmentors said during Phase Two was of vital importance to their working
practices. For example, Mentor 4 when commenting on his approach said:

...when a student comes in here I try 1o first of all inspire them and give
then a structure to work with that may take them on that journcy of
discovery and lead them almost anywhere they want to go, you know,
lcave the destination open.
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Analysis of the video recordings of the obscrved work sessions commenced
immediately following the first obscrvations. As the analysis continucd and fillowing
every new obscrvution session, I discusscd preliminary findings from the:se data and
from analysis of carlier work scssion dutn, with the study participants. The immediatc
ficedback provided by the stxly participants in these discussiotes facilitated member
checks on my interpretation of the study situation and guided the focus of firther
investigation of the study phenomena.

This assisted me in maintaining rigour in the study methods and contributed to
the validity of the findings when used in cross checks utilising information I had
recorded in my rescarch journal during video recording of the work sessions and during
informal discussions throughout the study. Member checks, to confirm my
interpretation of the participants’ comments concerning Jeaming cvents they had
expericnced, were also conducted during informal discussions with all of the Phase
Three participants. The immediate feedback provided by the study participants assisted
me to rcfine the inquiry techniques and to explorc new or cmerging themces noted as
important (o the learning situation. Vidco rccordings of the work sessions were viewed
multiple times in order to re-analyse and to confinn ideas, activitics and themes
cmerging as important to the overall understanding of the dynamics of the
student/mentor collaborative interactions.

Findings that cmerged from analysis of Phase Theee data were used to refine
Index Tree Four as used for the final coding of Phase Two data. Taking a reflexive
upproach when dealing with Phase Three data allowed me 1o contirm findings emergent
from analysis of Phase Two data and to then go back and re-cxaminc data coded in
Index Tree Three categories fi'omdiflferent perspectives. Using this process, I collapsed
or merged some Index Tree Three categories, as indicated in Table 6 (p. 88) and Tobic 7
(p. 91), to develop the Index Tree Four coding structure shown in Table 8 (p. 94), as
used for the final coding of Phase Two data. In the next Chapter, each Index Tree Four
category is discussed along withexamples of data and findings that smcrged from
analysis.

Conclusion To This Chaplcr

This Chaptcr began by presenting the methods used for the organisation and
analysis of data in categories de veloped to reflect themes that cmerged during data
collection and transcription, Development of the Index Tree coding structures used for

analysing the study data was akso discussed. With cach new phase of'this study, the
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Index Tree codiag structures crented using broad coding cutcgorics were
progressively rcfine:d to pernit analysis of data in constructs that emerged from the
exploration o fnew nspe:cts of the study situntion. This led to four different Index Tree
coding structures being cveloped using conceptual coding categorics derived from the
overarching rescarch questions anl shaped hy cognitive apprenticeship (Collins, ¢t al.,
1989) lcarning mcthods. The influence of preliminitry interpretution of the study data
during transcription and initial coding was also described in relation to the development
of conccptual coding categories based on emergent themes and the cvolution of new
categories in response to emergent findings.

The interpretation and analysis of datn recorded during observation of design
office student/mentor work sessions and the role that this played in the development of
findings was also discussed.

In the next Chapter, findings have been presented along with examples of data
units coded for cach of the categories developed for index Tree Four (see Table 8, p.
94), along with a discussion of how those data were interpreted and synthesised with
other data. Interpretation of events and activitics, observed in the study situation, led to
the development of hypotheses about how learning occurs in a design office where a

cognitive apprenticeship approach to learning was applied.
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CUHAPTER SIX
RESULTS
Introduction

This Chaptcr presents findings that emerged from inductive analysis of the stucdy
data when sccking to understand the “*multiple intcrrclationships among dimensions that
emerge firom the data® through “activitics and outcomes" from experiences in the study
setting (Patton, 1990, p. 44). Coding categorics arranged according to Index ‘I'rec Four
have been used here as headings to present themes that emerged and to present
emergent findings. The prescntation of tindings is supported with examples oftypical
data coded for cach category, along with explanations of how data were inteipreted
using inductive analysis methods to determine student Jearning vutcomes. At the cnd of
cach category, a summary of tindings that emerged fromanalysis of dota coded therein
isprescnted.

Findings presented in this Chapter arc groundcd in direct experience of the study
situation. They have been used to develop answers to the research questions, as detailed
in the next Chapter of this thesis. At times, attempts to quantif'y propositions about the
study events and [carning outcomes lor students arc made with the use ofthe words
some or most. The formerrefers to findings emergent from the exhibited behaviour of
less than 25% of the sample and the latterto those that emerged from more than 75% of
the sample.

Findings fiom analysis o Phase Three data, when used, are shown here as
percentage times that represent the frequency of occurrence of various activities over
the duration of the work sessions. Since multiple activitics simultancously took place
during cach minute of the work sessions, the percentage times quoted ofien indicate
levels of occurrence, for several difficrent activitics throughout cach work session, that
collectively present as greater than 100%. This approach has been adopted to show the
rclative balance of events or activitics observed to occur.

Findings presented here emerged from analysis of the study data by coding in
calegorics developed to represent four main themes about the study situation. Final
coding took place when the coding categorics had been refined to a level regarded by
me to be capable of accomrnodating all data collected in ways that * represented the

puiposes of the rescarch, were exirustive and mutually exclusive™ (Holsti, 1969, p. 95).
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Organisation of tbis Chnpter
This Chapter is set out using each of thc coding catcgorics of Index Trexe Four as
headings under which emergent findings arc discussed ulong with typical cxamples of
data coded in cach category. Table 11 shows the arrangement of coding categorics in

Index Tree Four

Tabie 11.
Index Tree four cnteporics used for p resentation of findings

Coding Catcgories Used ~ Sub-categorics for coding datn

To Represent Themes
1 Communication 1.1 Discussion
1.2 Articulation
1.3 Sketching
1.4 Entiy To The Culture Of Practice
2 Attitudes 2.1 Confidence
2.2 Teambased Learning
2.3 Office expectations
3 Mentor Supported 3.1 Common Dcsign OfYice Practices
Design Office Practices 3.2 Learning Methods Using Modelling
AlTecting Learning 3.3 Learning Methods Using Coaching

3.4 Learning Methods Using Scaflolding

4 Collaborative Design 4.1 Development Of A Creative Innovative

Office Experience And Approach To Design
Learning 4.2 Rcifying knowledge In Design Ollice Learning
4.3 Visualisation, Exploration, Reflection and
Design Style

The categories used to represent the four main themes are:
Communication;
Altitudes;

Mentor supported design oftice practices aflecting leaming; and

W=

Collaborative design office experience and leaming.
Findings from analysis of dota coded forall phases using this structure are now

discussed.

Theme Onc: Communication

The four sub-categories established under this theme were:
1.1 Discussion;
1.2 Adiculation;
1.3 Sketching;and
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14 Entiy to the culture of practice.

Analysis ofthe study duta suggested th:t discussion, articulation und sketching,
were used by the study participants ns u sct of integrated communicution 100ls. [n this
sciting, too! meuns a cognitive toolwsed by expertsin the discipline of their domain of
practice (Brown et nl,, 1989). Findings thut emerged uhout the role of discussion,
nriiculation and sketching os communication tools for lcarning in u building design
oflice nn¢) how sludent entiy to the design office culture of practice contributed 10

student Icarning is now discussed.

Catcgory I.I Discussion

In this thesis, discussion is rcgarded o include any verbal exchange between the
study participants intended 10 assist knowledge acquisition, to explore opinions or
points of view, or to learn processes and procedures necessary to the design process.

Analysis of the video recordings of Phase Three work sessions showed that
during 62% of the time, the mentors and the students were engaged in discussions in
which technicalterrnsand descriptive language were used 1o communicate design ideas
and methods typical of the mentors’ usual culture of practice. Analysis of Phase Two
data showed that most mentors used highly descriptive andjargon-rich lainguage when
discussing design office work practices and when providing e xplicit information about
design situations, or interpretations based on their tacit knowledge. This ledmeto
contend that discussion was used as a key learning tool in the design office situation. It
appearcd 1o be used in deliberate ways by mentors 10 assist students 10 acquire design
procedures and declarative knowledg e necessary to develop design solutions and to
communicate them o others in ways typical of those ofa professional designer.

Analysis ofdata like those presented in the following example suggesied that
much of what took place during student/mentor work sessions centred on the use of
discussion for the pur pose of introducing new intormation and design procedures for
exploring emerging design concepts. The following comments made by Student 8 are
typical of thosec made by most ofthe students when discussing changes they had made
in their specech and behaviour as a result of working with a mentor.

Having them (the mentors) just talk 1o you as though you are onc of the
stafFhelps you to learn all the right words to present yourself. You lcamn
1o put your ideas across and how to communicate with people like they
do inthe design office, like a real designer.

Student 16 described how she developed her technical vocabulary as follows:

When | flrst went inthere] gota good idea of what their work
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involved by watching and talking to Barry and some of the others as
they worked on a project that they were tying o get finished. They were
really good at exphiining to me design and construction terms that |
hadn’t hearcl before, or had heard of but didn’t understand. Tiat helped
me get into their wny of doing things because il was like [carning a new
language, once I understood what they were suying | could get right into
their way of doing things.

Menitor 3 described this aspect of student larning as being:

...part of the working culture, just being in the office and leaming (o

speak and behave like a designer by talking to the pecople working there
ond the clients or consultants who come in. That's how they pick up
design langunge.

In Phase Two most of the mentors said that they us ed discussion methods to
introduce newideasnnd heuristic design strategies for resolving problems. Mentor use
of discussion in this manncr, as shown in the followingcomments made by Student { 6,
emerged as an important aspect of student acquisition of declarative knowledge. It
appeared t o assist learning by providing the information with which students developed
declarative knowledge of design situationsand tacit knowledge developed through
application of procedures modelled by the mentors when applying their design
strategies to the student project. Analysis of Phase Three data showed thatdiscussions
about new design ideas and methods for refining an emerging design took place
between students and mentors during 38% of the work session times. When
commenting on the mentor’s usc of discussion, Student 16 snid:

...they kept talking to me about the design and usually suggested

little changes or adding in things like verandah's and so on. They always
gave me rcasons for doing things in certain ways and little tricks for
working out problems like traflic flow or design details that cropped up.
They would get me to talk them through what | had done and then they
would say have you thought about this or that and that usually meant
working through some new stuff.

From comments such as these and other similar data, | determined that
putposcful discussion was used by the students and the mentors to progressively
introduce new ideas and to explore other aspects of the design in progress. Mentor 6
described his approach to working with Student 16 as follows:

...there were no great thunderbolts, it was mainly little clicks and

penny drops along the way, you know, a process of building up one idea
on top of another. We just try to introduce small new tasks for them to
ty whenever they look like they are ready to move up a level with the
design. or to bring in some advanced clements that make it that bit
special. You know, take it upa peg by talking it through first.
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Working in this way, most of the mentors scqucnccd Icnraing activities using
tnsks of increasing dif ficully that addrcssed new aspercts of the emerging design
solutions. This wos evident in the sketches produced during the work sessions by the
students and the mentors as they worked through problems, emergent fromthe design
project. During work session discussions, sketching was also uscd (o assist cxplnnntion
building. Activities involving discussion and sketching fisr the purpose of explanation
building took place during 54% of the work session times, Discussions aimed at
identifying key design elements or influencing tactors occurred during 18% of the work
session times, When describing how Mentor 27 used discussion and sketching to
introduce and explain design ideas, Student 14 said:

The whole 1ime we just sketched and talked aboult the three sections and
talked about what the relationships of each arca would be to the overall
design and what the room sizes should be. That's how | learnt to design
from him.

Mcotor 15 used a similar approach. He said:

Garry (the student) was very good at explaining his ideas, but nceded a
lot of help to implement them in a design. He was also a good listener
and that made our working together easy becausc all the way through we
used discussion and sketching to work through the design of each of thie
rooms and how they should fit together in the final solution. I could talk
him through by saying what was nceded and why and he was then able to
put it all together in rough form, which we would then refine.

Coraments, such as these about the use of discussion aod sketching, were made
by most of the study participants during Phase Two interviews. From this I developed
the view that discussion used together with sketching was the principal means of
communication for the transfer o fdeclarative knowledge about design situations and
aboul the procedures used to resolve design problems. For example, Mentor 3 spent
83% of his work session times using discussion to provide explicit infor mation about
design and construction racthods iacluding intcipretation of codes and regulations,
planning guidelines set by local council and common industry practices for dealing with
particular design details or siluations.

Discussion and sketching were also used together during 62% of the work time
to exchange infor mation about design practices built on the mentor’s tacit knowledge of
building design facts and regulations ard in the application of heuristic design strategies
to resolve emergent problems. Here, tacit knowledge is regarded as the kinds of

knowledge built from experience of multiple design situations in which problem solving
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stratcgics and explicit or declarative knowledge hiave been used to resolve
emergent problems. For cxumple, Mentor la explained his use of discus:sion und
sketching for this purpose und us an integrated tool for communicuting design ideas or
working methods in his collaboration with Student 20 by saying:

Talking und sketching arc the communication tools of the trade here,
people cannot tlk and communicalc if their hands arc tied. Some
individuals just can’t seem o link it all together. We find that by silling
down und talking through the building sketching details as we go is the
best way 1o get them up and going. We lalked about every aspect of the
design and sketched out ideus with him when we wanted something done
in a purticulor way.

When Student 20 was asked about how Mentor Ja used discussion and sketching
during their collaboration on the design project, he said:

I think that talking and sketching and writing down the notes of things
that he was emphasising definitely helped the most, Then coming home
to do the sketches nnd then taking it back and talking about it in front of
him. Also doing little sketches to explain ideas on top of the sketches, he
did that a lot and that gave me something to take away and think on, you
know, you could sce it there on the sketch where we discussed it,

inthis exceipt, Student 29 has mentioned that talking, sketching and writing
down notes assisted his lcarning. He also commented he used notes and sketches for
independent development of the design, then later for retlection and exploration of other
ideas with the mentor through sketching over the top when explanation building. Thisis
an example of student use of declarative knowledge, acquired during discussions, along
with mentor modelled procedures lordesign development, to establish his own tacit
knowledge based on application of the procedures learned.

Analysis of video recorded during Phase Three work sessions showed (hat
sketching took place during 53% of the overall work time and note taking occurred
during 10% of the work time. A detailed explanation of the role of sketching in the
learning situation is provided later in this Chapter becauseiit is so important, but it is
mentioned here because of its relevance to the use of discussion.

Thecombination of discussion and sketching emerged as the principal means by
which information was exchanged and how working practices for dealing with complex
design problems were rcificd by the mentors. Student acquisition of explicit information
about design methods and situations sdded to their declarative knowledge needed for
applying heuristic design strategics modelled by mentors. Some mentors used

discussion, suppoited by sketching, to inspire students to visualise and communicate
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how they imagined a design to «lcvclop. For example, during work session
two in Phase Three, Mentor 4 discus:scd the setting for the design with Student 23 in the
following way:

Just imagine yourself waking up in the moming in this valley with the
mist rolling in around the house and sun breaking through. What is it that
you wont from that room you arc inY Do you want the room to be
invisible so that you can reach out to the day without being bouxled by
walls? How about an overhanging balcony so that the house just touches
the ground lightly like a Frank Lloyd Wright design. Try to visualise
being there und imagine what you might feel when you experience that
light and the smell of thc moming in countiy air, away fiom all the shit
that's in the city.

Responding to this later when interviewed, Student 23 said that he now had a
new approach to thinking about design that was inspired by the visualisation method
modelled by Mentor 4. This is regarded by me tosignify the student’s development of
procedural knowledge based on methods modelled by the mentor. Commenting on this,
Student 23 said:

He (Mentor 4) just looked at the drawings that I had already done and
said have you thought about what the client might experience living in
this house? Then we put my drawings aside and just talked for ages
about what it might be like being in that valley and the sort of lifestyle
that pcople who want to build there might be after. That really made me
think about things diffierently and to imagine a much more homely place
to design.

Discussion used in this manner for visualisation of ideas and design
development was observed to occur during 44% of the woik session times. Mentor 6
described his use ofdiscussion when visualising design ideas as a “verbal scribble”
stage of the design process, essential to his practice. Describing this as his usual
approach, he said:

We just wcik our way into the design using this quick approach which

gives us a verbal scribble stage between sessions on the computer. Jack

(partner) and I sit down with these sketches and talk it through as we

draw, this is the way anyone coming (o this officc would have to do it

here. In this way we talk about the themes and where we want the design

to go.

Student acquisition of ways for applying methods such as those described in the
previousquote by Mentor 6 I regard as paut of their development of tacit knowledge
based on application of replicable procedures shown by mentorsto be usual design
office practices. Student application o fdesign methods such as the “verbal scribble

stage” described by Mentor 6 assisted them to work in autonomous ways when
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visualising and relining design solutions. This, I regard as in part the
development of their procedural knowledge, as well as development of inctacognitive
ways lor resolving emergent design problems,

Data such us those shown in the previous quotes suggest that mentors and
students used discussion methods to express ideas that (hey had visuiliscd and refined
beforec committing to fomul design drawings. Analysis of Phasc Three data showed that
during student/mentor work sessions the mentors’ use of discussion for cxplanation
building occurred during 54% of the work times. This usually took place in conjunction
with questioning and defending of ideas or design procedures, which were observed to
occur during 34% of the work times. Student learning through thesc kinds of
expericnces | regard as forming the basis of their tacit knowledge of design methods and
procedures that utilisc heuristic design strategics and declarative knowledge modelled
by mentors. The main lcamin g outcome for students working in this way was their
acquisition of ways for applying design knowledge and practices in the context and
culturc of the mentors’ cveryday methods.

Most of the participants when interviewed during Phase Two said that
discussion and sketching were used together at all stages of a design development. In
the lirst ofthe student/ mentor work sessions, the mentors used discussion during 36%
of the work session times for design activitics, while the students similarly used 19% of
the time. Inthe last of the work sessions, the balance had shifted such that the students
were observed to be using disc ussion and sketching 55% ofthe time and the mentors
17% of the time. Working in this way, the mentors were regarded by me to befading
their usc of scaffiolding to assist student lcarning as the students developed their
knowledge and skills. As this occurred, the students appeared to be using their tacit
knowledge, acquired through cxperience of using design information and stratcgics
modelled by the mentors, in more autonomous ways to create innovative solulions to
emergent design problems. Leaming outcomes such as these were confinned by
comparing Phase Three data with Phasc Two data such as those shown betow in the
comments made by Student 16, which show how she developed design skills by
working in ways modclled by her mentors.

When I went there I didn’t fecl conlident to talk about my ideas and
wasn’t surc about how they did things there. That changed pretty quickly
because although they took the time to cxplain a lot to me about their
design methods, they also made me talk about minc and got me to
explain cvery part of my design as it developed. That really helped me to
be more relaxed about tatking to them and by the end I think I was doing
most of the talking and they just helped when I needed it.
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Analysis of Phnsc Three work sessions showed that Mentor 3 kept Student 22
actively involved and contributingt o the discussion of cach aspect of the design at hand
and the design processes introduced for resolving it. Mentor 3 used 14% nfthe work
session time to discuss design proccssesund procedures for resolving problems
emergent from the design process, with Student 22 similarly discussing methods he
proposed Lo use, taking place during 17% of the work session time.

Commenting on what he considered were valuable aspects of working with
Mentor 3, Student 22 said:

It was just great the way that he talked through everything. Ile madc me
explain my idcas for doing something, thcn would come up with a couple
of more ways of doing it. That really blew me away becausc I always
then had choices for solving things. His explanations were really good
because he talked about all sorts of design jobs of his own that were
similar 10 mine. I Jearnt heaps just by talking with him about problems
and ways of sorting themout.

From comments such as thesc, | concluded that the students acquired declarative
and procedural knowledge by having mentors discuss and model their design practices.

Mentor 6 used a similar approach when working with Student 24. I-le began by
demonstrating his way of narrowing down the design options available 1o only those
applicable to the situation at hand. This he did by first listing, then discussing,
regulatory o r physical factors affecting the design situation, Then, using discussion and
sketching together, he identified what he described as the main problem aspects of the
design situation that needed to be resolved. Following this, he compared those problem
designelementsto other piojects of his own that involved difficulties similar to those in
the student project and discussed how he had resolved them in his own works. In
addition o discussing the strategics and solutions that were appropriate to the student’s
design situation, Mentor 6 also explained the reasons why he thought the strategics
would be suitable for decisions made throughout that piocess. Throughout the work
sessions, Mentor 6 used questioning to keep Student 24 aclively invalved in the design
process and (o ensure his understanding of whal wns being presented. In this way,
Student 24 acquired declarative knowledge of many difficrent aspects of the design
situation and procedural knowledge of ways to explore and resolve emergent design
problems in the culture and context of the mentor’s usual practices.

Durlng 22% of the work session times, Mentor 6 established links between
problems that emerged from the real work design project at hand, to his usual practices

for dealing with similar situations. For example, he showed Student 24 drawingsand
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photographs of his current design commis:sions, while explaining in dctuil
his rcasons for using particular construction methods or architcctural features when
detailing his solutions. This approach reveitled the mentor’stacit knowledlge of many
complex aspects of the design situation in his own commission, as compared to the
student project, as well as procedures he considered 1o be appropriatc for resolving
various parts of ¢ach of those projects. Working in this woy, Mentor 6 rcificd his tacit
knowledge of successfil design procedures by matching problems that emerged from
the student design project to those he had encountered and resolved in his own
commissions.

In those same work sessions, Student 24 spent 70% of the time discussing his
inter pretation of the design problems and possible strategies that he might use in
resolving them, thus articulating his tacit knowledge as well as the heuristic design
strategies or procedures he regarded as appropriate fortheirapplication. The ffocus of
such discussions was directed by Mentor 6 to understanding the many influencing
factors found inany design problem and on exploring manydilf erent potential solutions
belore accepting any particular onc for detailed development. In this way Mentor 6
introduced multiple ways for resolving the design situation. He also guided Student 24
through the exploration of multiple solutions to parts of the design pro ject at hand by

.. matching some elements of thosc designs to similar design officc commissions that
Mentor 6 had presented in his discussion of usual design methods. Forexample, Mentor
6 used pre-drawn CAD clements such as bathrooms and kitchen layouts to quickly
demonstrate altemative solutions that could be used by Student 24 in his own design
solutions.

Mentor coaching of students, in the use of problemsol ving approaches in this
way, was regarded by me (o be an cfTective means by which the students acquired tacit
knowledge of design situations and procedural knowledge of ways to deal with
problems that emerge during design development.

A summary of findings that emerged fi'om analysis of data coded using Category
1.1 Discussion is as follows:

e worksessiondiscussions helped students to acquire a technical vocabulary and ways
of speaking used in the design office culture of practice;

e discussions between students and mentors facilitatcdtransfer of declarative
knowledge about design situations, codes, regulations and practices;

* work session discussions facilitaied student acquisition of ways for explaining
design ideas and using processes, procedures and heuristic design stratcgics uscd by
building designers to resolve complex problems;

e work session discussions exposed students to the mentnrs® methods of questioning,
evaluating and defending ideas; and
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¢ work session discussions assisted students to acquire ways of reflecting
on design methods and creative idcas leading to exploration of multiple concept
forms nod design solutions.

.'Calcgmy 1,2 Aﬂic"uiutlon - _
Thc sccond cntcgo:y used for nnnly51s 0 f thc study dntn, Articulation, is based on
' thc Collms, ctat. (I989) tcnchmg slralcgy of that nnmc in whlch thc “(cnchcr
. '-:'cncourugcs studcnts (o vcrbnhsc lhclr kmwlcdgc nnd thmkmg" (Chrvcr. 1995, p. 206).
' Dntn codcd in'this cnlcgory also included mentor usé of articulation to cxplmn idcas and
'to cxprcss pcrsonal thoughls about dcsngn mcthods or reasons for using pamculnr
_stmlcglcs ln this study, artlculation is consndcrcd 1o be more (lwn just talking or having
dxscussxons wnh olhcrs, here it includes students and mentors verbalising:
. pcrsonal lhoughts and opinions when lhmklng ubouldcsxgn ideas;
... rcnsons for using particular heuristic dcsugn strategics;’
. wnys for using problem solving strategics based on personal cxpcncncc of similar
o problcms or situations; and
‘. cxplnnmlons or mtcrprctamns of dcsxgn problcm snunnons, the underlying reasons
for usmg pa_mculnr design slmtcgl_cs_nnd possib]q solutions or decisions taken.
. Most of the students and mentors when interviewed during Phase Two said that
in buﬁﬁing’ dcsngn it was ilﬁpounht to expressatoud personal points of view and rcasons
_ for or usmg parllcu]ar slmlcg:cs whcn deali ng with dcsxgn problems. One reason for doing
:'..thls was smd to bc so thnl o(hcrs mlghl rcndi]y understand why a design was bcmg
.dcvcloped in a gwcn wny Mnny olhcr nspccts of studcnt and mentor use of articulation
. durlng work scss:ons urosc dunng umlys:s of Phasc 'I'wo data and lhcsc were coded in
. four: sub—cntcgoncs us tol]ows '
.. cxplanuhon buildmg, :
. _qucstlonlng and dcfcndmg ol'ldcns,
. ldcnhfymg dcsxgn cmcrm, nnd _
o dcvclopmcnl ofmultl plc design solutions — thls 1ncludcs comparing cmcrgcnt
. dcsngn conccpls 0 commonly oocumng siluations nnd strntcglcs typically uscd to
’ rcso]vc lhcm _ o _
Flndmgs that emcrged ﬁ om nnnly5|s ofdntn codcd usmg thcsc cntcgorlcs are

now dxscusscd
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Category 1.2.1 Explanation building.

During Phase Three work sessions, all of the mentors used articulation to
develop detailed explanations of design methods based on the mentors’ authentic design
experiences. This kind of exploratory knowledge expressed by mentors when explaining
their working methods is regarded here to be tacit knowledge. Such knowledge is
regurded as having been built fiom personal experience in numy dificrent building
design situations. Most mentors used articulation to link their tacit knowledge of design
situations and problem solving methods, to problems that emerged from the authentic
projects undertaken by the students, Working in this way, the mentors reiticd their
typical design work practices in ways that helped students to understand how and why
they tackled design problems in the ways they did.

Mentor use of this process included their aiticulation of the reasons for using
particular working practices and thinking aloud when working with students on design
problems. For example, some mentors modelled their ways for developing solutions to
parts of adesign by “sketching and talking through™ (Mentor la) cachstage of a design
Jjustnsthey would for any project of their own. For cach design element explored, or
method for resolving emergent problems applied, the mentors verbalised their thoughts
about why they were using the methods modelled and how that impacted or afliected
other aspects of the design under development. This process usually also included
anccdoles of successes and failures they had encountered. Working in this way, the
menlors reificd their thought processes and the reasons for applying heuristic design
strategics in the context of their usual practice. Having modelled this approach to
design, most of the mentors then encouraged the students to apply similar methods to
their own design practices.

Throughout Phase Three work sessions, most of the students were observed
verbalising their thoughts as they worked through design problems. Analysis of Phase
Three data showed that articulation was used in this manner during 54% of thc work
session times. The following comment made by Student 14 is typical ofot her data
coded in this categoty that indicated the use of aticulation for explanation building by
mentors and by students.

... he was good at picking up on ideas that | presented and talking them
through with me. He would point out all the good and bad points that |
pechaps hadn't scen and compare these to jobs he had done. He always
explained to me the reasons for doing things in difficrent ways by telling
me about and how it had worked for him. That really helped me to
explore new ideas a lot more than if | had done it alone. (Student 14)
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In this example, the mentor is using his tacit knowledge to identify
problem aspects of the student’s design. By urticulating reasons for resalving emergent
design problems in particular ways, the mentors were thought (o reif'y their tacit
knowledge und to support it with authentic examples of successes and failures upon
which they have built knowledge and procedures for addressing commonly occurring
design situstions. The manner in which this assistcd student Icarning can be seen in the
following comments mude by Student 13 who said:

The best thing with Barry was he knew exactly whal to do and just got
on with il. I was really lucky because he just talked very directly and
clearly, he used his experience to explain heaps of things that you just
don't normally see.

Another example of how some mentors used articulation {or explanation
building when working with students comes from comments made by Mentor 1. He
described his approach as being based on providing detailed explanations of how
something was done, along with personal reasons that detailed why it was done in a
particular manner, Commenting on this, Mentor | said:

I think what happens is you talk os you draw more, really explain
yourself and your thoughts as you are drawing. When you arc doing it for
a student you need to lalk it through so they know the reasons for what
you arc doing. Not just show them how to do it, but explain why for
every step of the way using your experience of actual jobs to give real
situations with real solutions.

When commenting on how his mentor described the reasons for adopting
particular solutions to design problems cncountered in his own design commissions in
order to present ways lor dealing with similar problems in the student project, Student 9
said:

1 had problems getting the roof to work sa I suggested we use a valley
gulter. He (thementor) said that was a bit “iffy” because of lcakage over
the flashing. Then he pulled out the drawings of one of his designs lo
show me a detail that had worked for him. He talked me through all the
rcasonwhy it worked and how in some situations it would not work, like
where another valley gutter runs in at an angle and so on. I was then able
to come up with a detail that avoided using a valley gulter and still
looked OK on the clevation. It was not the same as his, but it had some
of his ideas in it and it worked just as well. Listening to him talk about
how he had sorted out similar problems in his own jobs helped me to
lear nhis approach to design detailing and to then work it out for myself.

Data such as these led me to conclude that student and mentor use ofarticulation

of personal design practices and the reasons for working in particular ways assisted in
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the transfer of tacit knowledge based on real design expericnces. Examples
suchas the onc shownubo ve (Student 9) suggested that using urticulation in this manncr
assisted students to acquire knowledge of procedures used by experts when applying
heuristic design strategics in the context of the building design domuin culture of

praclice.

Category 1.2.2 Questioning and Defending of ideas.

Analysis of Phase Three data showed that during 34% of the work session times,
students verbalised their thoughts when expressing (heir reasons lor using particular
design strategics and to defend design decisions they has taken 1o refine solutions to
problens that emerged throughout the design process. For example, most of the mentors
used questioning carly in cach work session to encourage studentsto articulate the
processes they had used to develop design solutions for the projects at hand and to
verbalise how they had thought through emergent problems or applied strategies to
resolve them. Student 13 said that he and his mentor made extensive use of questioning
when exploring design ideas and when defending design strategies or solutions in this
manner. Commenting on this, he said:

...he was great because he let me put up all sorts of ideas and we worked
through them. He made me discuss and justify everything that I
suggesled, just as he did the same by always saying why he did things
the way he did. We just kept asking each other why we cach wanted to
do things and then talked it through giving our reasons. (Student 13)

From data suchas these, I concluded that student lcarning was enhanced when
the mentors encouraged the students to articulate their thoughts about design and
methods they employ in the development of solutions (o problems that emerge from
authentic tasks in design olYice situations.

Some mentors also encouraged the students to articulate their design processes
in order to structure and sequence further learning activities. T his approach supports the
sequencing of learning activitics as part of the design principles for a cognitive
apprenticeship learning environment described by Catver (1995, p. 206). Mentor 4 said
that he used questioning lo encourage students to articulate their views asa means of
identifying their level of undcrstanding o fdesign in ordert o set tasks with achievable
goals for them to advance their learning. Describing how he used this approach, Mentor
4 said:

I start by showing them some ideas and talking about my reasons for
designing in the way that ! do. Then I ask them what do you think? |
maoke them get involved make them tell me their ideas. I get them to
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explain why they want to do it in a particular way. I look to sce
where they are in the big picture and if they arc having difliculty in
telling me how they got there, I their skills aren't there in place yet and
their knowledge and experience is not necessarily there, then 1 get them
going with little tasks thut they can achieve and make them talk through
every decision with me us they go.

This approach was obscrvc:l being used during 34% of the work session times
by all five Phase Three mentors when working with students. I concluded that the useof
articulation by studcnts and m:2ntors as part of design exploration and during
questioning and defending of design solutions, provided a means for the transter of tacit
knowledge and design procedurcs. Articulation used in ways described above by
Mentor 4 to encourage students to “...make them tell me their ideas. 1 get them to
explain why they want to do it ina particular way" assisted students to conceptualise
and defend ideas and in so doing helped them to develop metacognitive ways for using

design procedures for refming and expressing design solutions.

Category 1.2,3 Identifylng Design Criteria.

Most of the students said that the first tasks sct for them by their mentors was to
identify key design criteria by interpreting the client design briefin terms of the
firnctional requirements for the building. Analysis of Phase Three data showed that
mentors and students together spent 18% of the work session times verbalising their
views about key design elements and style. The following Phasc Two interview excerpt
is typical of comments made by most of the students when discussing how articulation
was used for identifying design keys and style elements that led to their development of
design ideas and working practices.

... wheti we got going together the ideas tlowed. He talked about the
client brief the kind of stuff that he saw as his personal design style. [
also came up with some ideas that we worked through together. We
looked at other things along the way and | thought maybe I could do
that and that's how I came up with the design for my latest assignment
using the same techniques that I used with the mentor. (Student 9)

This approach of using articulation to express how and why a design was being
developed in particular ways was observed to occur throughout all of the Phase Threc
work sessions. Its use is regarded by me to be one means through which the students
developed procedural knowledge in design, based on methods modelled by the mentors
and reinforced by student application to their authentic design project. The following
comments were made by Student IS when discussing how his mentor provided

information and procedures that helped him to develop design solutions:
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... | had some idcas and took in some notes und sketches to that first
meeling and we so we were able to talk ubout the bricf. Ile was really
insistent that we follow the brief exactly und incorporate it in our own
designs so that the client can benefit from it, but it had to follow the brief
all the way. He had a particular approach to doing the work that was very
organised and structured. His method was to break the brief down into
client needs, site requircments, regulkitions and orientation issues. It was
all mapped out before we began to sketch-out any design ideas. That
worked well for me because it gave me a plan to work to, where | could
sort it out one-step-at atime. Each time that we got together he would
help me to map out what I nceiled 10 do in preparation for the next
session.

By working in this manner the studentsacquired ways for organising and
applying client-brief focussed design procedures typical of thc mentor's usual practices.
Mentor sequencing of design tasks by using a structured approach as described by
Student 13 (above) assisted student learning by providing order to the design process,

withtasks organised around readily achicvable stages.

Categary 1.2.4 Multiple Solutians.

" Most ofthe students interviewed during Phase Two and all of the students who
participated in Phase Three, said that they explored multiple design solutions as a result
ofhaving mentors articulate and model ways of developing variations on basic design
concepts. When commenting on how his mentor had introduced multiple design ideas
and solutions during work scssions, Student 13 said:

. He had a lot of difficrent ideas and different ways of putting it across.

That was the great thing about it, he has had such a lot of experience he

is able to say look I've tried it this way or that way and he gave me

examples of where it worked or failed. 1 learnt heaps fiom trying out

difficrent ways of designing, for cach part of the project.

The manner in which most of the mentors introduced multiple design methods
or solutions was throug h rapid sketching of ideas, supparted by articulation of the
recasons for using or rejecting the ideas being explored. This manner of working also
included explanation of the methods or procedures necessary to refine design ideas and
to resolve emergent problems. When commenting on how his mentor helped him
through the design process by modelling different techniques and supporting his ideas,
Student 8 said: o

Having the mentor show you a few diffierent design techniques they use
and then support your ideas is really good because it confirms that you
are on the right track, they are out there doing it for a living and they
know what works.
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Observation of Phase Three work sessions showed that the stuslents
and the mentors worked together in this way to exchange ideas, transfer knowledge
about the situations being explored, the procedures for addressing emergent prohlcms
and the suitability of possible solutions presented. Information cxchanged in this wuy
was mostly tacit knowledgc, which included design methods and regulatory
rcquir"cmcnls:,{ as well as procedural knowledge about how 1o apply heuristic design
strategies and problem solving processes. Analysis of Phase Three datashowed that
students and mentors together used 39% of the work session times exploring multiple
designsolutions by applying typical design office proccdures which were supported by
mentor tacit knowledge o f other successful authentic design commissions.

As an example, Student 8 said that he and his mentor worked in this manner at
first, then they independently developed ideas based on what each of them had
expressed when articulating their individual design preferences. Student 8 commented:

...after we had each said what we thought should be in the design and
put some ideas down together, we decided to work independently on
sketches or ideas then we compared what we had done and put it 1ogether
and decided what we could build from it, we did it 1ogether and the end
design ended up being a mix of his and my likes.

Working in this way supportsa cognitive apprenticeship approach 1o leaming in
that the mentor extended to the student the status ofapprentice designer by working in
collaboration with him on the design. He then provided sufficient guidance to initiate
siudent iﬁdépe_ndcnl 'appliéalion of design skills, before reflecting on the work produced
and working coliqbbmlivéiy o refine solutions. This he did by articulating his views
and encouraged the student to do the same, while applying multiple design strategies 10
the 'problcm'stl'ml emerged durihg exploration of the authentic tasks of thc design
project. . _ _

Observation of Mentor 3 working with Student 22 showed that together they
used 65% of the work scsswn time arhculalmg their views about design, problem
solvmg strategies and the rcnsons for working in particular ways. During these sessions,
Mentor 3 focussed on provudmg persona_] insights into his ways for interpreting design
problems and the siralcgics 'n'ccdcd to resolve them. For example, at the commencement
of each work scssnon, Mentor 3 spent bclwcen 10 and 15 minutes describing in detail
the progress of a current dcsngn office pro _]ccl verbalising why he had used particular
methods 1o resolve emergent pro_blcms. Healso sketched for Student 22 numerous
variations of proposed design solutions, explaining as he skeiched his thoughts about

the suitability of each, while pondering aloud other possible problems or solutions that
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emerged through that process. Working in this way he rcilied his tacil
know ledge of many different design situations und working methods, s well as
procedural know ledge of methods he employed 1o resolve problems emergent from
nuthentic projects. When commenting on how Mentor 3 assisted him to acquirc design
knowledge and procedures, Student 13 said:

What is really good akso is that ! am now working with Mario (an ex
studen/cmployec of the mentor in this collaboration) and I can sec
myself using mmany of the working habits and design idcas that | lcarnt
from working with Barry (thc mentor) and that makes it casy for me
because Mario works in much the same way now. Yeah Barrys office is
very similar in the way it docs design work to Marios. They both use
similar work procedures with their designs and they organise their time
ona job just the same.

When Interviewed during Phase Two, Mentor 3 said that he always tricd to talk
students through design examples by verbalising the thought processes thathe used to
create and resolve designs. He also applied this approach to working with students on
theirowndesign problems. This he didby expressing aloud his thoughts when
modelling ways for resolving emergent problems and when coaching students in their
use of heuristic design strategies. Student 13 confirmed this aspect of working with
Mentor 3, saying: ]

"He was great because Hc let me put up all sorts of ideas and we worked
through them. He made me discuss and justify everything thut 1
suggested, just as he did the same by always saying why he did things
the way he did. He was really open about saying what he thought, eveniif
sometimes the things he tried hadn’t worked,

Coding of numerous data such as these indicated that most of the mentors uscd
discussion and articulation to explain and defend design idcas or solutions. Most of the
mentors akso verbalised their reasons for adopling decisions in their own authentic
design commissions when assisting students to explore multiple design solutions to
address problems emergent from their design project. Some mentors also showed and
explained examples of design failures by articulating the reasons for design decisions
taken and the reasons why the design failed. In this way, the mentors reifled their tacit
knowledge o fmultiple design situations, as well as the procedures used to create and
evaluate solutions for them. By using these methods, the mentors provid ' ways for the
students to acquire declarative knowledge of many diffierent design situntions, design
strategics and design solutions, as well as procedura k nowledge of ways for resolving

similor situatiours that they were likely to encounter in their own projects.
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Throughoul the Phase Three work sessions, 1 obscrve:l Mentor 3
nrticulating his rcasons for using problem solving strutcgics und design solutions in his
owndesign olffice commissions. These he linked to similar problems that he and
Student 13 bud identified in the outhcntic design project on which they worked togcther.
An example of how Mentor 3 reificd his tncil knowledge of diffcrent design situations,
methods and solutions for Student 13 is evident in the fowing interview excerpt:

1 stnrted out by questioning him about how transpoitable houses arc put

together, 1 did this to find out what he knew, but ako so that ] could fill

in the gaps so that we could both be taking the same language when we

started to design it. | askcd him things like: How do they fix the walls?

How do they drop them on site? How do they do the stumping when do

you use a slab base to build on or when to use steel girders ete? Then I

talked about the structural problems and how they jack them up and so

on, you know, the sont of things that you just pick up with experience of

doing these jobs. The process we used in getting him going on the

project was to first-of-all discuss generally the problems of
transportablcs. Then | explained in detail how they are dealt with by
industry and the reasons for doing things in particular ways. I also talked
about industiy standards and my own interpretation of good practice
methods. Then I asked him to reflect on those and don't let it stop (the
design process). He tuned into that pretty quickly and was soon asking

me more questions than I was asking him.

In the example shown above, Mentor 3 began by using questioning to deterinine
what the student knew about the design situation at hand, as well as to inform and
encourage him (o visualisc the design situation problems by providing declarative
knowledge about a number of key elements such as the fixing and placing of the
building pancls. He then went on to explain other aspects of the situation using tacit
knowledge that he had-developed fiom experience of similar authentic projects. Finally
he discussed common industty practices and standards, (Then I explained in detail how
they are dealt with by induslr}_;y flagging these for the studentto reflect upon throughout
the design process. This1 regard as revealing his procedural knowledge of effective
design methods typical of his usual practices.

During Phase Three, Mentor 3 was observed using this approach in two work
scssions with Student 22, For 40% ofthe work session times Mentor 3 used articulation,
discussion and sketching to provide tips and techniques (as evident in the example
above) to support student learning. He also used similar methods (o encourage Student
22 to rellect on design ideas and to express his thoughts aloud.

In the four diflerent design office situations studied in Phase ‘Tluee, activities in
which students were encouraged to reflect on their work and articulate their reasons for

design decisions they had made occurred during 20% of the work session times. From



121
this and other Phase Two data, | concluded that articulation was used by the
students andd the mentors to exchange explicit infonnation including declarative
knowledge about design situations and working methods. Articulation was also used by
students and mentors to express their tacit knowledge of successful design pructiccs and
procedural knowledge required for upplicntion of those pmctices to problems thut
emerged from authentic tosks, For example, Student 13 made the following comments:

There are heaps of things that 1 leamt there with Barry that I now use.
Perhaps not cveryday, but usually you come across a little problem
similar to things I did there and I find myself thinking of what Barry has
said worked firr that situation and then I ary it out for the problem that's
there and it usually works, or I can adapt it to suit the situation. ] now use
things that 1 learnt firom his explanation of his design experiences in my
work all the time.

Findings from analysis of data about articulation suggested that the students and the
mentors used articulation to:

explaln aspects of tacit knowledge;

express declarative knowledge about multiple design situations

explain procedural know ledge necessary of application of design processes

explain the use of heuristic design strategies and to provide reasons their

application;

e provide insights into decision making methods employed for problem solving and
the exploration o f multiple design ideas or solutions; and

e rcflecton and defend design decisions.

Category 1,3 Sketching
Analysis of Phase Two data suggested that sketching was regarded by most of

the participants to be equal in importance to that of discussion and articulation ns a tool
for communication of design concepts, designstrategicsand solutions. Three aspects of
the use of sketching presented frequently 'lhroughoui the overall data analysisaskey
clements that support learning in the design office situation. They are:

e sketching used as a commiunication tool; . _

o sketching used in design oiYicé prncliécs aflecting ]cnfning: and

e sketching as used to scaflold Studcnl lcarning.

In this section, findings about the use of sketching as a tool for communication
are presented. The use of skctching .in désign office practices affecting learning is
discussed later in this Chapter in section 3.1.5 and as part of Scaffolding scction 3.4.1.
‘This approach was adopted in order ld_ﬁllly display the extensive role played by
sketching in the study situation and to demonstrate the di fTerentwaysin which

sketching was uscd by the study participants in many diffierent contexts.



Sketching as a communication tool.

Sketching was used by all of the study participunts to explore, explain, refine
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and present design idcas, All of thc mentors said that it was cssentinl furstudentsto be

able to visualise design concepts and to be able lo communicate their ideas using
sketching and discussion. Commenting on this, Mentor I said:

We are always drawing while talking with them (the students) and they
nced to be able to reml your rough sketches. Unless they can follow
sketched idcas, you need o spell it all out for them and that just doesn't
achicve anything.

Most of the students when interviewed said that the mentors used drawings and

sketches as anintegral part of their work sessions. The following comment nade by

Student 14 is typical of many others found throughout the dala:

... listening to hisideas, having him sketch and explain things, that

was (he most valuable part of communicating with him, that's how we
gradually refined the design and worked through ail the problems that
came oul of the brict.

Student 16 reported similar expericnces when working with Menlor 6. She said:

He sketched and talked all the time, in fact he sketched evetything rather
than describing what he meant. That's where | got a lot of my idcas; then
I incorporated them into my design.

From thesec comments and other similar data ] determined that sketching was

used for the transfer of tacit knowledge and procedures used (o create and develop

designsolutions by providing fast visual representations of concept forms and potential

solutions. For example, Figure 4 (p. 123) shows how a plan form has been developed

using quick sketching methods lo show room positions, posstble views from a balcony

and a main entry foyer.
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Main plan
form with
suggested
room layouts

Two plan
forms

Figure 4. Quick sketch for exploring design concepts

At the bottom of the sketch, two different plan configurations have been
explored with simple line sketches. At the top of the sketch, the plan forms are more
developed with possible room layout being suggested. This use of sketching provided
students with procedural knowledge of design methods used by the mentors when
exploring multiple solutions. Sketching of this type was used by most of the study
participants to explore design variations for the development of multiple solutions and
construction details. Sketches produced for these purposes were also used extensively to
show the development pathways followed in the design process and design ideas that
had been accepted or rejected as part of refining final solutions. The following
comments made by Mentor 1 during Phase Two interviews are typical of many others

coded about the use of sketching as a communication and design development tool.

It is a lot easier to explain things when you have a pencil in your hand

and you just talk and sketch as the ideas unfold. Sketches are far better

than just telling someone because they can be very specific and

immediate.

Mentor 4 used sketching similarly, using it as a communication tool to
encourage the students to participate in making sketches with him from the outset of

their working collaboration. In this way he brought them into his culture of practice and

design methods through talking and sketching. Of this approach, Mentor 4 said:
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When | get a student to work with | take the wad of detail paper and

sny to them: OK this is how we arc going to go with this, big broad

global approach with quick loose sketches to get the big picture. | show

them some idcas using sketches, then ask them what do you think. Make
them get involved make them tell you their ideas, get them sketching

with you so they can express their ideas.

Mentor use of skctching in this manncr provided ways for them (o reif'y their
tacit knowledge of dilfierent design situations as well as procedural knowledge used in
methods for dealing with them,

Mentor S said that he encouraged students (o sketch and describe their ideas
throughout the entire design process. This he said assisted them to develop design
strategies “in their head™ before committing to hard line drawings. Fast sketching used
inthis way provided a means for expressing complex design forms in simple three-
dimensional sketches, rather than time consuming formal drawings. It also demonstrated
an audit trail of the students® thinking throughout their exploration of multiple design
ideas, which was then used by the mentors nnd the students for reflecting on their design
processes and solutions, leading to metacognitive ways for refining them. Mentor 5
described his use of this approach with Student 30 as follows:

After we talked and sketched our way through the brief, she went away,

did some sketching up of ideas, then come back with them. We went

through themwith her, sketching and talking about the reasons tor using

strategics lor resolving each part.

When she had developed the ideas further, she came back with an end

result that she backed that up with sketches where she was able to say

look I've tried this and tried that but it didn't work so I have come to this

result.

Findings from Phase Thrce data showed that the mentors and students together
used sketching during 53% of the work session times. Most of that time sketching was
used for the exploration and development of design ideas using quickly executed
concept style sketches, similar to that shown above in Figure 4 (p. 123), that provided
only the minimal information necessary to communicate the ideas being considered.
This process involved dcelarative knowledge and procedural knowledge of design
situations and problem solving methods. Working in this way, the students and the
mentors used sketching, backed up with discussion and articulation to communicate
personal design experiences and interpretation of other similar design situations that
they had used to develop, explore and refine solutions to emergent design problems.
Working inthis way assisted social construction ofknowlcdge by the students through

their interaction with expertsusing verbal aixd visual communication methods.



123
For example, in the design concept sketch shown below in Figure 5,
the freehand sketching of ideas can be seen in all parts of the drawing, as well as over-
sketching of ideas as new aspects of the design were discussed and explored by the

student and his mentor.
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Figure 5. Concept design sketch showing exploration of ideas

Some key aspects of student/mentor sketching methods can be seen in Figure 5
(above). Two different roof forms have been explored, one a simple angled flat form
shown in the bottom left, the other a curved form shown in the top left and bottom right
of the sketch. This over-sketching of ideas is regarded as a common building design
practice and was observed in use by all of the students and the mentors during Phase
Three. It is noted here because the use of over-sketching was said by most of the
mentors to be a successful way for quickly exploring ideas with students in a manner
that communicated the three dimensional form of a building with few words of
explanation needed. In this way, the mentors reified their knowledge of many different
design solutions and communication their tacit knowledge of other successful
applications of the design forms being explored with the students.

Findings about how sketching was used by the mentors and the students as a
communication tool in the study situation are listed below.

Sketching was used as a communication tool for:
e visual communication of concepts, ideas, problem solving methods and solutions;
e exploration of multiple design forms and refining variations;
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e showing a visunl audit trail of design thinking and processes or

. procedures used in developing solutions;
¢ providing immediate feedback on concepts or ideas that emerge during design; and
e _ visualrepresentation of three dimensional comptex planer relationships.

C:itcgmy't 4 Enuy ta the cu’liiirc of practice -

_ Thls Indcx Trcc I‘ourcalcgory was dcvc]opod by merging data first coded using
scvcn Indcx Tree Thrcc cnlcgoncs, whlch mdlvnduully held smali numbcrs ofdata units
julgcd b be rcla(cd Thcsc dala documcnlcd commcnls made by the slulcnls and the
mcnlors whcn discussing how lhcy consndcrod virious aspccls of the dcsngn office

culture ol'prachcc had affected kmmmg

- Adapting 10 the deslgn aofffice Siiuatlan,

' Mdst ofthe étudcn!s rcported that they hod made changes in their manner o
spmkmg, behaviour and dress stnndards when they began working with o mentor in the
dmgn omoc S|tunt|on These chnngcs somk students smd, were necessary because they
dlscovcrcd that thc dtsngn oftice scltmg required difficrent standards of them to those of
‘a TAI' E clnssroom Most studerits commented that they nceded to develop “professional
wnys oflnlkmg and bchnvmg to feel acccplcd by others in the design office sctting and
this p:rt oftheir leamtng Commcntmg on howhcndnptcd to the design office culture,
Studcnl 8 smd '

. Just gcttmg your neat clolhcs or’ nnd developing your communication,
* the way you put yourself across: You know, TAFE language is a bit fuck
" this and fiick that but When you are working in a design office you have
. to get into work mode and show them what you arc made of; It helps you
:10 learn (6 present yoursclf; you put your ideas across, you know, leam
- 'how to commumcmc wnh people. .

) Mdst dfthc mér_nors guidcd the students uider their direction towards
npproprint'c__beh.ni/ioﬁ.r by involving thern directly in work activitics that embraced all
aspectsof their ol“'c.c culture. The most common approach to cmcrgE from the study
dota was rﬁ'cntor mddélling ofspeech and behaviour through intcraction with other
dtsugncrs or consullnnts in the dCSIgl'l ofTice when the students were there wnh them.
This oﬁcn happened in student/mentor work sessions conducted in the open work arcas
ofthe designottice whc_tc other designers could be observed and heard going about

their usual activitics. In situations such as this, students were able to sce and hear others
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acting in ways lypical of the ollfice culture, as well as witnessing lirst hand
interaction between the mentors and others who sought their attentinn during the work
sessions.

Somc of the mentors used more dcliberate ways to involve the students in the
office culture of practice. Four stulents in Phase Two and two studcnts in Phasc Three
participated in authentic commissions being undertaken in the design office situations
whercthey worked with a mentor. This provided them with real experience of working
ina design tcam on an authentic project, as well as working with their mentor on their
own authentic project. This type of experience was described by the students as being of
great valueto them in that it made them fect like a “real designer* working in real team-
based oftice conditions. For some students who did nol participate in the design oflicc
working commission projects, the mentors included them in other design office
activities that provided them with insights into the broad practices of the office
situation. For example, Mentor la said that he involved students under his direction in
all office activities * just ltke any other employee or apprentice” so as to introduce them
to all aspects of the office culture. Commenting on his approach in relation to working
with Student 20, Mentor | a said:

He had to learn the whole oflice culture warts and all. This gave him
heaps of indirect feedback about what we do and how we do it. We did
not just sit him down and say this is how it is. He worked as pait of our
team, not just as a visitor lo a projecl.

Most of the students who participated in design office aclivitics other than their
own proyect said that it had helped them to ficel accepted into the mentor’s culture of
practice and assisted their learning by providing knowledge of of Tice practicesand made
communication with others there casicr, When commenting on how his experience in
thedesign office had been made easier by working with others in the design tcam there,
Student 8 said:

I was a bit nervous at first going into the mentor's design studio but they
made me ficel accepted and that really helped me get into working with
them, not like I was just a student but as a designer like others on their
staff.

Mentor modelling of the use of technical language and tcam-based collaborative
working practices during work sessions was reflected in student behaviour observed
during some Phase 3 work scssions. Activities, such as these, in which students
interacted withothers in the design offiice, took place during 25% of the work session

times. As an cxample, when interviewed during Phase Two, Student 14 said that he had
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careftilly obscrved how his mentor tnlked to him and others in the design
oftice. He commented futher that he used his observntions 10 modify his own behaviour
and language when interacting with his mentor nml the other design oflicc staff.
Commenting on how this helped his learning, Student 14 suid:

The guys in the design office don’t tnlk and net likc you scc in a TAFE
classroom. If you want to get taken seriously in the oilice, you have (o be
professional in your behaviour and how you talk. When 1 did that all of

the pcople there accepted me as an equal and didn't tatk down to me like

you sometimes get when people think you are just a student. I was

accepled us o designer and that was great, it helped me to communicate

with the people there and 1 didn't feel like an outcasl. ] was able to talk to

them about my design work and get loads of help or idecas when | got

stuck. I didn’t tiy to pretend that I knew it all and that was good because

1 was allowed to make some mistakes without getting bagged. They

don’t expect you to be an expert on the first day.

Analysis of Phase Three data showed that during 81% of the work session times
the mentors extended to the students the status of apprentice designer by involving them
in decision making and having them assume ownership of the desigo problems and
solutions. Patt of this acceptance into the design ofVice culture of practice involved the
students in developing a professional approach to lime management and making
commitments to getting work done (o industry standards by nominated deadlines. Tbis
emerged as an impoutant aspect of developing appropriate behaviour standards for the
students. Student 8 made the following comments on this aspect of his design of lice
experiences:

The experience changed my presentation of myself. Communications
with other pcople and also time management and being aware that when
someonc asks for a design, doing it within the time available. In TAFE
there is no punishment for not getting it done on time but when a rcal
designer is involved you want lo make a good impression, you know you
arc looking for work and you wanl to make the best impression that you
can. You always want to hand it in on time.

Analysis of Phase Three data showed that during 11% of thc work session times,
the mentors encouraged the students to develop and apply tim= management schedules
asused 1ncommercial design practices. Mentor 3, at the staut of his first work session
with Student 22, used the time schedule he was following for a current design office
commission asan exemplar for the student to follow in sctting target dates for stages in
their collaborative project. In another design oftice, Mentor | provided a copy of the
standard time management shect created for one of his current projects for Student 25 to

use as a basis for the management ofher project. In some design oftices, the time
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management schedules were created using the same quick sketching

methods used for developing design ideas. An example of this type of schedule

produced by a student is shown here in Figure 6.

Figure 6. Time schedule for design project.

Learning to use the methods and processes typical of the design office culture of
practice was said by most students to be an essential part of their assimilation into the
design office setting. This they often said was necessary in order to make the best use of
the facilities and resources offiered there and to allow them to work in the same manner
as their mentor by using the technical language modelled by him for communication.

Mentor 1 said of his office practices:
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We talked ubout why our oftice docs it this way, its the practicalities
of such things that can shape the way we present our designs and how he
had to present his,

When 1 observed Student 24 working with Mentor 6 and others in that mentor’s
design office, it was clear that he was treated as a fellow designer and was given respect
for his contributions to his own student project, as well us other in-house projects about
which his views were sought. Thls, Student 24 s1id in 4y nost observation session
interview, boosted his confidence **enormously” anis b Ipcd him to feel empowered to
express ideas openly even ifthcy were his “moxt s2dical wacky” ones. He said that in so
doing his work became more adventurous, c.-:stive and innovative. When discussing
how being acce pted by his mentor assisted his icarning, Student 24 said:

What was really great about working with him (the mentor) was that he
treated me like a designer, not like I was just a student there on prac’.
When I put ideas, even if they were a bit off the planct, he would get
excited by it and throw in some of his own that were just as wacky, That
made me feel like 1 could try just about anything and so 1 then came up
with some pretty ion¢ ¢utive ideas, We didn’t use too many of them, but
he still encouraged me to keep pushing the edges out.

Data such as these led me to conclude that working on authentic tasks, using
practices modelled by mentors gave the students confldence to explore new and
innovative ideassimilar to those they had secen being successfilly implemented by the
mentors in their authentic design commissions. This assisted the students to develop
their problem solving ability when dealing with problems that emerged from their own
authentic pro ject solutions and when using methods they had seen modelled by the
mentors,

Analysis of Phase Three data showed that most of the mentors involved the
students in activitics similar to their own design problems during 54% of the overall
work session times. This they did by basing all design problems uscd on authentic
situations drawn from their own design office commissions and the students’ authentic
design project. Most of the students interviewed during Phase Two said that working
with a professional building designer on authentic pro jects gave them more of a passion
to succeed because of their perceived accountability to the mentor and to the profession.
Mentor 2 said that he sought to Jift student interest in their design work to the highest
level so as (o “get the most out of them”. He described his approach as follows:

What | was hoping to get back from him was for him to be wanting to
get involved more and getting into it not just as a task but more as an
obsession.
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Mentor 10 also commented on his oftice practices approach to lecaming. Il ¢ said:

The key to success in building design is to enjoy what you are doing, to

have a real dcsirc to do it.

My obscrvnllon ofthls aspect of students working and learning with a mentor in
the dc5|gn office-led me to concludc that most ‘of the mentors motivatcd the students to
develop o passion to su_cccc(_i in design and to be accountable to their mentor and other
tecam members. Analysis ofPhhsc_ Three data coded about this aspeet of stident learning
showed that during 54 % of tbe Phase T'hru.; work session times, students were engaged
in activities in which they shbwcd cxi_:i tement and confidence in what they were doing.
This supported what some students and mentors said had occurred during Phase Two.
For example, Mentor 4 described how he deliberately sought to motivate students in

order to engage them in the design project. Mentor 4 said:

... within the first few minutes if they haven't been excited I make

" sure that they are. The excitement is very much about the sclf and self
motivating, how you feel about yourself and this industry, for me its
about what it gives me and has done over the years of being a designer.

When discussing how he used the authentic design project to develop student

enthusiasmhe also said:

The project for the student becomes a story in itself and they usually get
a buzz out it, they enjoy it and that's what needs to happen, they need to
feel a partofthe process not just doing it.
When a student comes inhere1 try to first of all inspire them and
 give then a stiucture to work with that may take them on that journey of
~discovery and lead them almost anywhere they want to go, you know,
leave the destination open.

"~ Mentor 4 went on to say that he sought to develop teom spirit as follows:

...we now have them on board, they are part of a team and they want to

win. The enthusiosm is really important I dont want them to be a

ipectator. OK, then they can go beyond what they are expected to do!

That student was doing things he had never done before based on what |}

had shown him. The environment, the whole approach he loosened up,

he was so excited, that was my approach.

Although not all of the mentors sought to motivate the studentsin this way.
Findings here have suggested that all of the mentors made conscious effiortsto motivate
and encourage the students by demonstrating their own preparedness and enthusiasm to
work with them. The level of dedication and enthusiasm shown by the mentors for

tackling the student design projeet surprised some students and inspired themto give
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their best effort to the tasks. For example, the following comments by
Student 9 arc typical of muny similar duta coded sbout how mentor attitudes and
cnthusiasm led to student leaming.

I was really pleased to sce that & designer of his standing hud
taken out his precious time to work on something for me so I fi:h really

special thut he had done that.

As soon as we met cach time we both got straight to the paint und

didn’t waste any time. I just wanted to put in that bit extra to make the

most of what | had leamt with him. Had I just' done this project by

myself ] think I would have just bashed out the first idea of a design and

sketched it up without really working it through and knowing that it was

the best solution for thatbrief Thiswasa great working experienceand |

lcamt heaps in a short time about design and how the industry goes about

getting projects done in an office, He inspired me to have a go and it

wasn’t all just me sponging on him, in the end I felt that | was able to

come up with ideas and solutions using what I had learnt.

This led me to conclude that student confidence was boosted and they felt
enthusiastic about working at their best level when mentors demonstrated their
willingness to accept their ideas and were keen to work collaboratively in developing

design solutions with them.

Other dés‘i_gn affice social interaction skills.

_ Most of the mentors indicated that they considered successful design practice
required more than just pro.blcm solving skillsand innovative ideas. Some mentors said
that bci_hg able tc; work |n the cveryday culture of practice of the design office also
rcqiu.ircd skills in communicating verbally and visually with others. They also
commented on the need for building design students to develop what they described as
people skills in order to work successfully with a mentor or a client. The following
comment made by Mentor la is typical of others made by most of the mentors
inter viewed during P hase Two of this study:

They (the students) rcally must develop people skills because this
industty is all about sclling your ideas to people who often cannot read
technical type drawings. If you can't communicate successfully one-on-
onc with a clicnt then you might as well forget it, you won't make it in
this industry.

Being accepted as a designer by a mentor and others in the design office
emerged asan imhbr!ant aspect _(_)f student learning. It assisted students in developing
workilj:g' fclatibnshij_:s with design ofTice personnel who provided a constant source of
information and su pport tor them throughout their design office project experiences.

This social construction of knowledge emerged as a key element of student learning in
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the design office sctling . Studentlcarning was assisted by their observation
of mentor interaction with clients and other professional consultants. Activitics like
these provided n model for students to lcarn what some mentors described as essential
“people skills” as used in design ot lice practiccand promoted student cnthusiiism for

working with others in the design sctling.

Social Contact,

Most of the mentors involved also on the importance of the studcnts’ lcurning
from the outsct to relate socixlly, as well as fioma work based perspective, with all
those with whom they have contact through the design office. Even casual contact in the
office, on site, or over the telephone with clicnts, consultants or other design staft,
demanded good communication skills. This wasmade clear to many students staiting
out to work with their mentor and was presented to them as a necessary part of their
Icarning (o be a building designer. Mentor 10 made the following comments:

in aay business you arc selling your services and you need (o have an
cdge to survive and part of that is building up a relationship with the
people you work with and that working cnvironment and culture is what
you build your business on and communicate through. Business sort of
melts into the social thing and most of the clients come back again when
they get to know you and the way that I work. Social interaction is very
important in making those links in the nctwork that busincss relics on to
survive.

Student 14 when discussing how Mentor 10 included him in the social activitics
of his design officc and how collaboration with others and contacts he made in that
setting helped him in his work said:

I tend to work independently but it was really good to work in a tcam
approach and sec how others do i, you get a lot more idcas and scc how
other people solve things. Being with Jack gave me a good idea of what
it is like 1o be under a boss and to have others arounx! you who you have
to be a bit careful of how you talk to them and what might be OK in the
office. They had social breakfasts and Junches there aad that was good to
be able to meet and talk to some of the people who you would scc around
the oftice but not know what they did. It was a good way of tinding out
who to ask when you got stuck or just putting a face to a name that had
come up when I was working with Jack (the mentor) and he mentioned
somconc { should taik to.

Some of the mentors in larger design practices noted that social intcraction
between collcagues helped to break down barricrs created by the management hicrarchy
and this opencd the way for a great deal ofincklcntal Icarning or case in communication

in the workplace. Findings from analysis of Phase Two data have suggested that student
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learning was cnhanced when they worked in design ofticc situations in
whichthey could interact with other designers und observe them in nction. [n some
situations this led to others in the workplucc providing advice nnd support to the
students, or as tn some instrmces, merely being able to obscrve other designers in action
provided modcls upon which they could constract knowledge. Commenting on the
importance of having a widc contact group to assist student lcarning, Mentor 4 said:

You nced the interaction with others 1o bounce ideas around und
sometimes it is better that students go into a largc work cnvironment
where they cnn get idcas from many people rather than just one.

Student 13 supported this aspect of Icarning from others in the design office. He
said:

Just talking to some of the others there and getting their ideas on things
and a few hints was greal.

In some offices the interaction between staff is more structured than in others.
Mentor 5 said:

Wherel used to work everyone would stay back at the end of the day and
have a few drinks and you would get to know cveryone a lot better. That
made it a lot more comfortable working with them because you felt you
were able to talk casily with them abo ut work stulY. Quic a lot of design
problems got sorted out during those times because it was relaxed and
informal and you could get together with people that during the work-
day times might otherwisc be out on jobs.

Some of'the students said that by participating in informal or casual cxchanges
with others in the design ofYice, they had learnt much about the design and problem
solving methods uscd by them. In the to ur design oftice situations used for the
observation of student/mentor work sessions in Phase Three, all the mentors included
the students in activities with others in the work setting. These activitics included
participation in conversations with consultants from other disciplincs like ecngineering,
design sessions with other designers in the office, social interaction with clients and
others during which work matters were discussed. Through their involvement in
activitics such ns these, students wer e exposed to many difficrent aspects of the design
office culture of practice and were able to experience tirst hand the manner in which
other participants interacted. Having personal expertence of the broad spectrum of
design office activitics assisted student entry 1o the culture of practice and provided
learning opportunitics based on authentic situations with all thcdynamics ofdesign

focussed people.
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Student entry to the culture of practice and development of their social
construction of knowlcdgc took place by:

e studentsadopting a professional munncr of speaking including not swearing amn the
usc of a technical vocabulary; dress standards bascd on smart casunl wear as typical
of the design office;

students participating in the broad scope of design office activitics;

observation of others in the design office;

using job managcment schedules as modelled by the mentors;

being accepted by the mentor and others in the design office us a designer; and
development of o passion fordesign and a desire to achicve profcssional status s
modelled by the mentors and others.

Theme Two: Attitudes

The manner in which knowledge transfer and learning were influenced by the
study participants’ attitudes towards diflerent aspects of the learning situation and
events is reported here. Data were coded in the following three Index Tree Four
categories:
2.]  Comfidence;
22  Team-based Learning; and
2.3 Qffice expectations.

Category 2.1 Confidence

Most of the students indicated that be fore starting work with their mentors, they
were concerned that they did not have the skills to design at the levels expected of them.
This, along with other concerns they had about working with an expert in a commercial
design ofTice setting, caused some of the students to feel a lack of confidence and
anxicty at the possibility of being embarrassed or ridiculed for their lack of skills.
Establishing conlident attitudes towardsthc mentor, themselves and the designoffice
learning situation emerged as an impoitant step for most of the students and the mentors
when commencing the design project working collaborations.

Most students repoited that their early lack of confidence in their own abilities
was quickly dispelled whien they foundthat the mentors treated themas fellow
designers and were preparad to accept their design ideas. For example, Student 16
commented that Mentor 6 had encouraged her to speak out in work sessions to present
her design thoughts and this had given her the confidence to interact with the design
office staff. She said;
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I was a bit nervous at lirst going into the mentor’s design studio but
they made me feel accepted and that really helped me get into working
with them, not like I wus just a student but &s u designer like others on
their statt.

Throughout the data other comments similar to these were made by most of the
students. From these | dctcninined that mentor acceptance of' studcents as felfow
designers boosted student self confidence and helped to develop positive atlitudes that
patentially assisted their learning. Most of the students reported that they were inspired
by working with a mentor and that the duties and respansibilitics required of them in the
design office setting had led them to taking & more positive outlook towards their
studies in general. When commenting on how working with Mentor 6 had boosted his
confidence, Student 2 4 said:

We worked together on the design all the way through. He was great at
giving me support and tips on how to make it all work, but he did not tty
to make it his design, or to make me change anything so long as I could
defend it. I felt more confident with it as I worked it through because he
kept an cye on things and just chipped in when it was nceded. In the end
1 felt satisfied that this was my work and that | had done it as well as any
ofthe guys in that design oltice might have done.

Comments such as these led me to conclude that student learning was assiste]
by baving the mentor take a guiding role with the design project while also encouraging
the students to have a sensc of ownership of the design. This assisted the students to
exploredifferent ideas safe in the knowledge that the mentor was keeping a watchfill
cye on them to avoid serious error being made. | concluded also that mentor practices
that assisted student confidence led students to become more adventurous and
innovative with their design ideas.

The following comments by Student 13 suggest that having his mentor show
conlidence in his ability to complete the design project assisted him to learn more about
design by having the confidence to tackle the tasks with enthusiasm. Of this Student 13
said:

Because he (the mentor) was so confident about doing the design with
mc, | just wanted to pult in that bit extra to make the most of what I had
learnt with him. I tried out all sorts of different ideas because he
encouraged me to take a risk with design rather than just go with casy
solutions. If had 1 just done this project by myself 1 think 1 would have
just bashed out the first idea of a design and sketched it up without really
working it through and knowing that it was the best solution for that
bricf,
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Comments such as these were macle by most of the students when
discussing their design office expericnces. From datit such us these ! concluded that
most mcntors moiclled self-confidence and confidence in the students’ ability (o
achieve their design goals. This approach I regard helped to fuster in the students
positive attitudes nnd enthusiasm to achicve well. When comparing Phase Two data
sbout what the students said they had learned about design fiom the mentors, with the
design solutions shown in their drawings, it was cvident that they had developed
innovative design solutions that were accepted by the mentors o be of industry
standards. From this, I concluded that a key student learning outcome to emerge fiom
mentor practices aimed at fostering enthusiasm and confidence was student innovation
and striving for cxcellence in their design solutions. This aspect of student learning was
explorcd further in the analysis of Phase Three data.

Aflording students the role of designer was a common practice amongst the
mentors and this led to the students developing self-confidence and positive attitudes
towards giving their best cfliort to the work at hand. During 85% of the Phase Threc
work session limes, Mentor 4 gave Student 23 the leading design role in activities they
undecrtook together. This approach facilitated an atmosphere in which the student and
the mentor were observed (o be interacting frecly in a reloxed manner, exchanging idcas
and cach contributing to the discussion and exploration of design concepts. When
discussing how he encouraged Student 23 to be confident throughout their collaborative
design activitics, Mentor 4 said:

The project for the student becomes a story in itself and they usually get
a buzz out it, they enjoy it and that's what nceds to happen, they need to
feel a part of the process not just doing it. If they are not excited by it
when they first come in, then I make sure that they get excited pretty
quickly, I get them feeling confident in me and in themselves (o get the
job done.

Student 23 commented that the enthusiastic approach taken by Mentor 4 in their
work sessions gave him confidence in the mentor’s ability to resolve problems that

emerged during the development of his design pro ject, Mentor 4 described his approach

to encouraging confidence and cnthusiasm as follows:

... once you have established the environment the expectation, the
excitement, the cnthusiasm starts to flow from there, it scts the goal or
focus or leadership aspect.
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In cach work session, Mentor 4 gave non- judgemental fecdback and
positive reinforcement to Student 23 for the ideas he presented. For example, when
Student 23 showed Mentor 4 skelches of design ideas he had developed independently
between their work sessions, Mentor 4 immediately praised his efforts. [lc did this by
singling out parts of cach of the design ideas presented for special comment, then linked
these to the design project at hand by over-sketching to demonstrate how they might be
applied. Ideas presiented in this way by the student were examined and used either in
port or in full depending on their suitability anl on other fisetors such as practiculity for
constraclion, aesthetics, cost and (le like ais discussed by the mentor during their
evaluation. Using this o pproach assisted Student 23 to lcarn how und why Mentor 4
used his tacit knowledge and procedures to refine design solutions as applied to the
student’s own design project.

Working with students in this manner I regard as in keeping with the principles
of cognitive opprcnticeship by providing ways for the mentors to use their tacit
knowledge to evaluate student works while using articulation to explain their reasons
for accepling or rejecting design elements or solutions. This approach also assisted
learning through coaching in ways similar to that reported by Carver, (1995, p. 207)
who contends that it involves the “‘teacher kecping tabs on the students as they work
independently so that guidance, redirection and correction can be provided as
necessary”.

Mentor 4 said that he used praise and positive reinforcement 1o “bring out the
best in the students” and (o encourage them to explore creative ideas without fear of
embamassment. Commenting, al the end of Phase Threc, on this aspect of working with
Mentor 4, Student 23 said:

What really helped me washaving him treat me like 1 wasa real designer
and let me put up all sorts of idcas that were sometimes a bit off the
planet. We would go through them together and he'd say what might
work and what might be a bit hard (o build, but always giving me rcasons
for his ideas. He never put me down or laughed at my stufl: | felt like |
could have a go at all sorts of things and rely on him (o keep it practical
‘cause he had been there before me.

Analysis of Phase Three data revealed that during 81% of the work session
times, students participated in activitics in which they took the role of apprentice
designer and showed conlidence in their vertsal exchanges with the mentors when
presenting, discussing and exploring design ideas. Fecdback from the students to the

mentors also emerged as an important aspect of developing contidence in their
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collaboration. Commenting on this in relation to workiag with Student 13,
Mentor 3 said:

Burry was very good at giving me feedback on what he was thinking and
that really made it (the tcam collaboration) work and that wass greal.

InPhase Three, on avcrage, the mentors spent 36% of the work sessioa times
onalysing student works to provide feedback, while spending 42% of the time to inspirc
ncw thought based on what was emerging firom the design collaboration. For 34 % of
the work session times, the mentors used questioniog to encourage students to explain
their reasons for using particulor design procedures or solutions and another 20% of the
work sessioa times to have the students preseat their design solutioas.

The experience of working witha design mentor was said by most ofthe
students o give them coafidence to explore ideas outside of the ways they were used 1o
in their TATE courses. Student 9 said that he had a great sense of satisfaction at having
worked successfully with a professional desigaer and haviag been (reated as a designer.
He expressed the view (hat by gaining confidence ia his ability to design, he had leared
to be more creative and adventurous with ideas and had been inspired 1o achieve
excellence in his work geacerally. Findings from the study data suggested that student
learning in a design office situation is assisted when mentors encourage positive,
conlfident attitudes towards working collaboratively with students and provide
reinforcement for creative, innovative ideas even when they may have limited
application to the tasks at hand. Sttdent enthusiasm for design was enhaaced when their
own design ideas become part of solutions that are supported by n:entors and regarded
by them to be of design office or industry standards.

Feeliag a scnsc o f achievement and satisfaction at having successfully
completed a design project with a mentor was said by most o f the students to have given
them confidence and a desire to apply what they had learned to new design challenges.
This emerged as an important feaming outcome. Producing a design that was almost
entircly their own work and having that accepted by a practicing building designer led
1o student satisfaction and validated their learning. Maoy commentcd that in so doing
they fcht confident and empowered to take on other design challenges. Student 8 said:

After working witha mentor you get the satistaction of knowing that you

have completed a real project and done it well because it has been

assessed by a real designer.,

Student 9, when commentiog on how he had devcloped confidence and a

positive attitude towards his work as a result of workiag with his mentor. said:
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[ feel more confident nnd positive nbout what I am doing. Befirre that
I would do my designs und [d think I would wonder if this will work und
I'd think no that's just a shil idea, but now he has broadened my horizons
u bit and now I think hang on maybe that might work and I'll try it out.

From comments like these und other similar duta, I concluded that students
dcvclopéd conlidence in their use of creative design methods aml autonomous ways o f
'hpp_lying hcuristic design strategies und problem solving mcthods modelled by mentors
in their collaborative work sessions. Student development of scif conlidencc emerged as
an imporiiint nspccl of their leurning because it assisted their progresstowarls

' mdcpcndcnl or nutonomous use of design knowlcdgc and procedures. .
' Fmdmgs that cmcrgcd from analysis of the study data suggcslcd that student
.-lcammg was nssustcd by them hnvmg conl' dence in their mentor and in their own
abilities. The lpllowmg nspcct of working with a mentor in the design oflice situation

cmcrécd as assisting icnming by dc.vcloping student conlidence:

being ucccpléd by the mentor as a fellow building designer;
having a mentor modclconﬁdcncc in the sludcnt s nbxhty to resolve complex design
problcms,
¢ mentor uscof non-Judgcmcntal posmvc reinforcement, in feedback when assessing,
conchmg, or scaffolding the student’s work;
mentor support for student prcscnt:mon of original ideas and design strategies;
_mcntor encouragement of ref lective practices when self nsscssmg design ideas;
" mentor support for student detence of ideas; and
. autonomous usc of design strategies and procedures by students as modelied by the
mentor.

.- Categbry 22 Tézil‘n-ancd Learning ‘

_ Annlysxs ol' Phnsc Two data indicated that most of the mcntors used a teanr
bnscd nppronch to dc5|gn ln their cvcrydny practice and when working with students.
thn commcnlmg on how he encouraged students to pnrtmlpu(c in a tcant based
approach to dcsxgn Mcntor 4 said;

. they have to be part of the team nnd it docsn’t matter what port they

: plny at first but you have to drag them into the gane and give thema go

.. if you can get them io feel OK about working with others and baring

tlicir soul, then they can learn from their mistakes and from others by
being part of the process, not just a spectator.

- Some 's'l'u.d.cnts said that although they had worked in small groups on design
projects at TAFE, they mostly worked individually on design developments, with

didactic instruction from lecturers shnping their design solutions. Student 8 expressed
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the view that such an approach lostered an attitudc of “*waiting fiyr answers™
rather than working it out with other group members. Student 8 said:

... with n teacher rclationship you arc too spoon-fed idcas, whereiss you
pul your idcas across to a mentor you arc making yoursclf open to
criticism and really testing your ideas. It makes you work a lot haeler lor
a good solution when you know that you have to defénd it to others in
the design office.

These comments arc lypical of many others thatemerged fiom data collected
from inter views with students during Phase Two. Mostof the students said that they
changed thcir approach to design from the individual-oricnted instractional methods
used in TAFE classrooms to using the tcam-based methods modelled by the mentors.
Data aboul this change were coded along with other data about how studcnis used their
intcraction with design tcam members to test ideas and to Jearn new ways for refining
them. This was done in order to determine student learning outcomes when using team-
based design methods.

Findings that emerged from data coded in this way suggested that student
participation in tecam-bascd activities with professional building designers working on
authentic commissions, as well as the studcnt projects, helped students to construct their
knowledge of design and to autonomously implement design procedures modelled by
the mentors. For example, Student 14 said that before working in collaboration with his
mentor, he had always taken an individualistic approach (o his design work and had not
expericnced the tcam-based approach of exploring and refining design ideas, as
modclled by his mentor and othersi n the design office. Commenting on how he now
preferred a team.bascs approach to design, as a result of working with his mentor,
Student 14 said:

I tend to work independently but it was rcally good to work in a (cam
approach and sec how others do it, you get a lot more idcas and sec how
other people solve things.

An example of how a design was changed froma simple rectangular form to
having angled wings is shown in Figure 7 (p. 142). This sketch shows a student design
over which a mentor had sketched rooms at an angle to make use of views ond to create
a couityard space to provide weather protection for windows on the side of the building
subject to the prevailing winds. The angled section drawn in heavier, darker lines show
the mentor’s over.sketching. This is how most of the mentors introduced new ideas to

the students and at the same tlime kept the basic form of thcir original design concepts.



This illustrates also the team-based methods used to develop the student’s

design solution.
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Figure 7. Sketch showing introduction of ideas by mentor

Most of the students suggested that they felt a greater sense of accountability

when working with a mentor and that the team-based nature of the working
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collaboration encouraged them to give their best effort to the tasks. Some said that they

did not want to “let the mentor down” or to appear to be superficial in their approach to

the work. Most of the students said that they sought to make the most of their

collaboration with the mentors and to achieve excellence in design. When discussing

how her mentor had inspired her to be confident and creative with design, Student 16

said:

Right from the first time that I went there he made it clear that we were
going to work together as a team and that he was keen to see my ideas
going into the design. I was not confident at first to say what I really
wanted because he was the expert and I was a bit shy and thought that he
might laugh at my ideas. What was great though was he encouraged me
to throw in all sorts of ideas just as he did and we would sort them out
together and sometimes have a bit of fun with some of the crazy ones
that we each came up with. After while I felt confident to try just about
anything and that’s how I came to develop my final design. Because he
encouraged me, I felt really keen to come up with something special. In
the end we were both a bit surprised with the result. It was tops.
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Fromdatasuchus these I concluded that student lcarming was
enhanced when mentors applied teambased design practices to working with them on
authentic projects and demonstrated their commitment to cxccllence withun cxpectution
for the studcnt to do the ssame. Other designers and associated discipline consultants in
some of the design ofTice situations studied here also contributed to studcnt leaming by
officring assistance and advice when needed. The community of practice found in most
of the tenm-based design office situations in which this study took place provided a
culture of practice in which students were able to observe nod paiticipate in activities in
which design knowledge and methods were applicd i the context of the domain.

The following comments made by Student 8 arc typical of othcrs made by most
of the students who worked in tcam-based design office situations,

1 went in there with my idicas already sketched out but he said it was
better for us to work togetticr and work out the design using my ideas
and his ideas. 1 was used to just doing it all myself, but when I worked
with him (the mentor) and some of the others in the office I got a lot of
ideas from them and also 1 learnt new ways of soiting out design
problems.

Student comments such as these were suppoited by other similar data collected
during Phase Two interviews with mentors, most of who said that the building design
industry is run on teambased methods. The following comments made by Mentor |
are typical of other data provided by most of the mentors when commenting on the
tearn-based nature of their working practices and student mentoring approach:

Inthisoffice we do everything as a team. Every time we do a job we are
going through a design process and when students come here they
become pait of the team and they leam the office practices and thie way
we do things. Right from day onc they become a part of the tcam in the
office and they stait doing parts of the jobs io hand straight away and
their own design project is just one part of that. That's how they lcam to
design, real hands on experience as part of a team; that's how the
industry works, they nced to know that to survive.

Most ofthe mentors similarly commented when discussing the role of tcam-
based design methods in student learning. Other data showed that even indesign off ice
situations wher e there is just one designer working, tcam methods still apply because
building design requires input fiom many other consultant disciplines. This means that a
building designer working “alone” is still pait of a wider community of practice that
may include engincers, clectrical consultants, plumbing consultants and a host of others.
Studeits working in office situations where they had contact with other designers or

consultants were able to discuss with them design strategics and acquire knowledge
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necessary for the application of them to emergent problem situations.
Commenting on this aspcct of introducing (camwork methods to Student 29, Mentor 12
said:

My design office is a onc-man show, but I rely on up to [0 or more other
consultants on cvery job to deal with stmctural problems and a host of
other specialist arcas of the design. When Kerry came here to do her
design project she got quite a surprise at {inding that [ did not have all
the answers, but they were there if she got on the phone or walked into
Ron’s office next door. She discovered what it mecans (o be part of a
design tcam cach time she needed specialist advice or another opinion.

During the vidco recorded Phase Three work sessions, the mentors in three of
the foar design ofYice situations assigned other members of their staff to become part of
the design team to assist with mentoring students under their direction. In the fourth
office, the mentor did not have other office staff, but instcad on (wo occasions included
consultant experts in the work sessions to provide alternative points of view or expert
advice about particular aspect of the design being developed by his student. By having
these arrangements in place, all of the studentsinPhase Three were supported in their
design development by a wider community of cxperts operating using a tcam-bascd
approach organiscd by the mentors.

Having multiple points of view and tcam-bascd methods for resolving design
solutions as provided by the mentor and other cxperts assisted students to Iearn design
mcthods in the culture and context of cveryday building design practice. Being part of
the design tcam and sharing ownership of the ecmerging design with others also led to
students fecling a sense of ownership of the design outcomes and enhanced their desire
to contribultc in the work scssions. Commenting on this aspect of working ina tcam-
base manner with her mentor and others, Student 25 said:

All the way through I felt really well supported because there were
always at lcast four of us in the tcam working together on the design,
Somctimes the tcam make-up changed when onc or other of the guys
were off on other jobs and somconc from the of Fice would stand in for
them. That was rcally good too becausc thcy would usually have
difficrent ideas or little ways that they liked using for design and J picked
upon themand used some ofit in my final project. When [ worked in the
office with the others, I often saw and hcard them working through
similar problems that 1 had in my design. They did it just like in the
sessions | had with my mentors; they all helped cach other and were
constantly debating how different things needed to be done and what you
nceded to know about building methods to do it. There were some pretty
hot discussions also and I lcamnt a lot about how the officc works fiom
that too.
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Team-based design ofTice experiences like those described ubove by
Student 25, assistcd student learning by helping them to acquire declarative knowledge
such as regulatory requirements, as well as explicit information about building methods
and malerials. Other design information about situational fictors wus ulso leurned from
others when they cxpressed their tacit knowledge of successfill design practices und
proccdural knowledge about the opplication of design methods or processes used for
resolving problems in design.

InPhase Three, activitics in which students worked with the mentors as uteam
were observed to take place during 53% of the time and with others in the design office
during 25% of thc work session times. Learning to become a team player in the design
office situation was noted by some students to be a valuable part of the overall
experience {or them. Commenting on how working with Mentor 10 had helped him to
learn about (cam-based design methods, Student 14 said:

Beiog with Jack gave me a good idea of what it is like to be undzr a boss

and to have others around you. Everything that I did there happened as

partof a tean, cither with Jack or one or more of the others in the oftice.

Although I did work alone some of the time, there were always others

working near me who [ could ask advice of. Sometimes just listening to

them talking together about problems in their own design jobs helped me

a Jot also. I could see fiom what they were talking about how they sorted

out problems like the one’s 1 had in my design project. That helped me a

lot.

Being part of the design tcam and being part of the community of practice in the
design oftice provided Student 14 with insights into many different aspects of design
practice the wider conlext of the construction industry. This is mentioned here because
he commented further that having a positive attitude towards sharing design ideas with
others helped him to acquire knowledge about their design experiences and problem
solving strategies which he then used in his own works. Much of what took place during
the work sessions involved the mentor or others modelling their design practices, then
coaching the students in ways to apply what they had demonstrated and explained along
wilh examples of authentic situations they had resolved using the methods being
presented.

‘The lollowing comments by Mentor 7 when discussing how a student under his
direction was introduced to his tcam-based design office methods are typical of many
others coded in this category. They sum up several aspects of team-based design office
experience that assisted student learning.

When they arc working with the mentor they will pick up design ideas
but mosi‘y they pick up techniques for doing things, particularly different
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ways of presenting things as we do herc in the practice. She was right
there in the office working alongside the guys as they produced the jobs.
1 sot down with her and some of my othcr design stafl’ and got her to go
through the drawers nnd have a good look at how we do it here.

She saw it happening (the design process) from a three-sheet project to a
twenty-five-sheet project.

We were mostly trying to get her to understand the basics of working
through a design brief as we would do it here. We showed her the stages
of a project fiom the frechand concept drawings and sketches, then to the
CAD sketch, then to the working drawing and specitication. We also ran
through how we develop the perspective drawings firom the CAD wirc-
frame model. (Mentor 7)

In this quotation, Mentor 7 has made note of several aspects of team-bascd
design office learning. First, he comments on how students “pick up design ideas™ and
presentation methods from others in the design office. This 1 regard as leaming tacit
knowledge and procedural knowledge. Then, he mentions the use of “the drawers™,
meaning the file drawers holding copies of “office set" drawings used to document the
development and presentation of authentic oftice commissions. Information contained
inthose "ofYice set" drawings when explained by others in the design office tcam, 1
regard as providing many difficrent lcarning oppoitunities. These include: declarative
knowledge of design situations, tacit knowledge based on the assisting mentors’
experiences with those projectsand procedural knowledge presented through
explanations of the methods used to develop design solutions, as well as the reasons for
using those mlhods and accepting the design outcomes.

F.ir'lding_s aboul how the use of tcam-based methods in the design ofTice situation

assisted student learning are as foliows:

e providing students with oppoitunities lo work in design oftice situations where they
can witness and participate in all aspects of usual design office practices including
exchanges with expert consultants in disciplines associated with building designer
and construction;

o making available design office personnel to ensure conlinuity of support in work
sessions when the principal mentor was not available provided students witha
community of practice having multiple sources of knowledg: and expertise to assist
learning; and

¢ including students in teams working on authentic design office commissions in ways
that allow them to make a contribution to design solutions and to the processes used
to develop them.
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Categoty 2.3 Officc Expeclatioas

Amlysis of dutn, from student joumnals and Phase Two interviews, indicated that
most of the students and the inentors entered into the authentic design project having
expcclations about their own and cach other's performance and responsibilitics. Most of
the mentors expressed intentionality in their approach to how they would usc the
collaborativc work situation to assist students to learn how to create a successfi:l design
solution, Similarly, most of the students said that they had sct out to make the most of
the learning opportunities they expected tolind when working with a mentorin the
design office situation. Findings that emerged from coding data about how participant
attitudes affected student learning in the design office situation are discussed here using

the categories Student Expectations and Mentor Expectations.

Student expectations.

Most of the students entered into their work with a mentor with a very positive
outlook and were rewarded to find that the mentor viewed their collaboration similarly.
The following comments made by Student 13 reflect similar views to that expressed by
all ofthe students who participated in Phase Three of the study.

When ] first went there (design office) he (the mentor) told me straight
out that his main aim was for the students to get the most out of it. He
was nol very concerned with winning any prizes, his main concern was
for the student to get benefit out of it and any real work experience is
good experience. That's my outlook as well so we had the same goals in
mind.

Analysis of the study data suggested that the students anticipaled thatthe mentor
woald be focussed assisting them to learn (o design. This had encouraged them (o enter

into the collaboration with a learning focussed attitude. Student 13 commented:

I knew before I even met him that it was going to be good experience
and a lot of work, but having such a chance to work witha real designer
in a real office environment was just what | wanted. Having him to set
the guidelines was what I had hoped for because it allowed me to get the
design done, but without having to work on a whole lot of stuff that was
perhaps not necessary.

Most of the students made comments, in their journals and when intetviewed,
that showed that they had very positive expectations about working with a mentor and

this assisted their learning. Student 14 said:
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This was a greal working experience and 1 learnt heaps in u short

time about design and how the industry goes about getting projects done

in anoffice.

Student 16 also commented that although nervous about working with 1) mentor
at the start, her attitude changed und she became more conlident in her own abilitics as
their working relationship developed and she saw that the mentor had a positive view of
her skills. Of this aspect of her learning Student 16 said:

He really put me at case by accepting my ideas and helping me to
develop them. | fi:k like a real designer then and it was really good to
know that I had some knowledge and skills that others out there did not
have and they sought my views, that me feel more conlident in my own
ability to do the work. 1 went there anticipating that something special

would come out ofworking in that office and it did.

Findings from analysis of data coded in this category indicated that most of the
students went into the student/mentor collaborative pro ject having a positive outlook
and a preparedness to dedicate themselves to the work. This led me to conclude that
having a positive allitude to working with a mentor in the design office situation

assisted student learning.

Mentor Expectations

When interviewed during Phase Two, most of the mentors said that they
expecled the students to be enthusiastic about working in a design oflice setting and that
the students would make an cfiiort to capilalise on the leaming opportunities available
there. Inrecognising this, most of the mentors set ot to show their willingness to
provide a valuable learning situation for the students by preparing resource materials
and clearly defmed procedures tor developing their design skills and knowledge. For
example, Mentor 3 said of his approach:

I knew that the student coming to the oflicc was working as well as
doing his TAFE course, so he was pretly hard pushed. I took the
opportunity to operate profcssionally and do my homework. First of all i
made myself familiar with the bricf so that when he came to sce me for
the tirst time he could sec that I was prepared for him and I could
immediately begin guiding him through the design process. ! expected lo
get the show on the road straight away and I wanted him to know that he
was expecled to perfonn right fiom the outset also. If he saw that |
expected that of mysell, then he might also expect it of himself. That’s
pretty much what happened. He got straight into it as | had hoped.

The approach described above by Mentor 3 was similar to that used by most of

the mentors when trying to establish work-tocussed expectations with the students. One
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view cxpressed by most of the menlors suggested that mentor modelling of
positive attitudes towardsthe wurk led students to adopt similar attitudes when
replicating the mentors’ work practices. IFor cxumplc, the following comments made by
Mentor 10 arc regarded by me to typify the upprouch taken by most of the mentors:

I kncw that this wus a voluntary project unt 1 didn't want to put the
student under too much pressure because he had other assignments to do
also. I did expect though that during the times we worked togcether that
he would be totally focussed on the project und follow through on the
advice I was giving. | found that by showing him | was cnthusiustic
about the project und by making clear my cxpectations of coming up
with a good solution, he responded well by sctting his own goals to
match mine. As the projec progressed, he sct himsclf cven higher
cxpectations and came back with a lot more than [ first thought he could
achicve,

Analysis of data such as these ked me to conclude that when the mentors
cxpressed to the students their expectations about their responsibilitics or performance
in the design collaboration, the students responded by aspiring (o mect them. As
suggested above by Mentor 10, this cncouraged students to aspire towards achicving
higher levels of perforrnance ir: the work scssion collaborations. Some mentors began
with high cxpcctations of student performance and this resulted in their using work
session practices that pressured the students to extend themselves. For example, Mentor
7 said:

We put a bil more pressure on them (the students) to be creative. We
assume that they have learnt a ccrtain amount of design skills at TAFE
and have got the basic where-withall to put together some sort of plan.
So we get straight down to design so as lo get sceveral quick solutions
together (o choosc from.

Even though Mcntor 7 was keen to pressure the students in order to get them
quickly into using his design strategics, he said that he did this knowing that they also
needed to be well supported in their cfforts. This was necessary in order (o “not stifle
their creativity” and nceded to be donc in ways that built their sclf-confidence. Of this
approach he said:

Most of the time the ideas arc there but they (the students) arc too shy to
say, “this is what I think™. They have this cxpectation that you will do it
all for them. Some of them will cxpress their ideas, but others are not
confident to speak out. You have to first-of-all get them to the point
where theyarc confident cnough to speak out and to back up their design
solutions withrcasons why they think it is good or will work. I build that
into my teaching strategy with them. 1 know that at first they will be a bit
quictand I’ll have (o create thatexpectation of involvement in them
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Most of the mentors said they expected the students to bent leust an
equal contributor (o their collaborutive work sessions and design solutions. When
anticipating that the students may not at first be preparcd to take an cqual role in the
design development, some mentors planned their activities to ensure the students
enguged with the tusks from the outscl, ‘This approach, which was common to most of
the mentors, was centred on creating for the students the cxpectation that they had to
come up with most of the answers in the work sessions. The lollowing comments by
Mentor 10 are typical of what most of the mentors said about this aspect of their work

withthe students in the design oflice situations:

I decided that] was not going to just give him answers on how to do

it all, ] wanted him to do the work for himselt. 1 said to him what do you
think that they (the client brief} are asking here, what do they want? | tell
them that you should always reflect on the work that you do and look to
how you might do it beuter next time, you should never give up on trying
to improve anything particularly in the design business.

Data such as these led me o contend 1bat most of the mentors made a conscious
effiort to influence student expectations and 1o lfoster posilive attiludes towards design
practice in order to assist leaming, Analysis of data collccted from student interviews
support this view, For example Student 13 said:

Oh yes be told me straight out that his main aim was for the students to
get the most out of it. He was not veiy concerned with winning any
prizes, his main concern was for the student to get benelit out of it and
any real work experience is good expericnce and that's my outlook as
well so we had the same goals in mind. He said he would support me all
the way, but I had to come up with goods, not just let him have all the
answers.

This view is one that is well suppoited in data from the mentors who mostly saw
their role with the students as one lor providing authentic design experiences with
comprehensive suppoit lo explain tbe effective application of their design methods. The
following comments made by Student 14 are typical of those expressed by mostofthe
students and also i nkeeping with what most of the mentors said was their npproach

when working with the students:

[ went in there fecling really enthusiastic about working with a mentor
because I thought that it would be a good chance to scc how the industiy
works from the inside without actually being in a job situation where you
don't get the chance at first to do design. Working on this project was
greal because | was (reated as o designer right from the stait and you
don't get that as a student and you don't get that in your first job, asually
you gel stuck doing some part of a project and that's all. I went in there
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* with the attitude that this was a big chance for me to get some real
experience and (o prove myself (o a real designer,

Although there were some dif ferences in the working methods used by various
mentors, gencrally most of them cngnged with the students by extending (o them the
status of apprentice designer and structured the work sessions to replicate their usual
pmclices when working with other stail. This they achieved by introducing new
concepts or designs tasks with small increases in the levels of difficulty in o sequence
that mirrored the development of the stuilents design project and problems that emerged
as cach new element was addressed. For example, Mentar 6 said that he stiuctured
learning tasks for students under his mcntorship as follows:

I find the best thing is (o get them here in the ofTice working on some off
the projects that we have under way so that they first of all find out
where cverything is and how we go about creating and refining design
solutions. We get them to actually do little design and detailing tasks like
laying out bathroom areas or cupboards, then skelching up construction
details base on our "office set" drawings so that they build knowledge of
our ways in small steps. I try to pick things out of'our projects that give
them clements they can usc in their project. That way [ can sec when
they arc ready to move to the next level. Eventually they work through
all the basis steps that we use to build up a design and with that they do
their own.

The level of difViculty of the tasks introduced in this way by the mentors was
influenced by their expectation of what the students might achicve as their skills
developed and they adapted to the design office culture of practice. For example, the
approach taken by the design team of Mentor 1 and Mentor 1a sought to keep the
students busy and focussed, but not to overburden them and stifle learning. Of his use of
this approach, Mentor | said:

You have got to make them (students) do the work, but it is vital to keep
it light and enjoyable otherwise they leam nothing. You need to have
them feel enthusiastic about what they are doing; they need to feel
ownership of the design and have you there as a source of information
and back-up for when small problems become mountains to climb.

Mentor 4 said that he introduced students to design by first building their
enthusiasm and excitement for the work, He expressed the view that by having students
feel pait of a team, the ydcveloped ownership of thedesign problems and solutions and
inso doing developed greater enthusiasm (o resolve them nnd pride in the end result.

This, he said led (o their becoming fully involved in the work which helped them to
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acquire tacit knowledge of design methods by applying (he infiormation ancl
procedures that he introduced during work sessions.

Most of the mentors engaged with the students by expressing (o them their
enthusiasm for design. They also developed with the students un cxpeclation that their
collaboration would be founded on self-development through involvement in the design
tasks of their collaborativc project.

Analysis of the video record of Phase Threc work sessions showed that when the
mentors modelled an enthusiastic approach to introducing and exploring innovativc
design idcas, the students reacted similarly and expressed their creativity inan
cnthusiastic manner. During my obscrvation of six Phase Three work sessions, in which
Mentor ! and Menlor la worked with Student 25, I noted that both of the mentors and
the student equally contributed (o the “brainstorining™ of design ideas. Throughout all of
those work sessions, the mentors also provided information, design strategics and
positive feedback to Student 25 by using small design tasks to address various aspecls
of her emerging design solution. Each of thesc tasks introduced new challenges,
information or pioblem solving techniques necessary for resolving problems that
emerged fromthe main design project being developed. When interviewed carlier they
said that they expected of the students under their direction the same level of enthusinsm
and involvement that they modelled during the worsk sessions. This approach was
clearly evident in Phase Three data, which showed that activities in which the student
engaged with the mentors took place during 100% of the work session times. They said
their main expectation was to have the student think about their work rather than wait
for solutions to be provided. This was a part of their overall strategy to give ownership
of the problems emerging firom the project to the student and to have themin tum take
responsibility and ownership for thinking through and developing the solutions. Onthis
point Mentor la said:

We want them to be able (o think, we don't want to have to hand feed
them and the big problem is gelting somcone in here who keeps saying
what do ! do now? We wanl somconc who goes away and thinks well
maybe if I do this, we don't care if they make mistakes, but al least it
show that they are thinking about the problems. It is casicr to work with
someonc who will explore ideas rather than wait for you to give them to
them.

The following aspects of how student and mentor expeclations afficcted leaming

cmerged as fmdings ffom analysis of the study data:
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e student anxicty about having inadequate skills and mentor domination of
the design pro cess were disspelled by mentor confidence in students and their
willingness 1o give studen ts apprentice designer status;

e mentor use ofa scquen ced approach (o design removexl student anxic ty over work
loads and knowledge/skills development;

e constructive ficedback by mentors und acceptantc of student idcas built student
confidence 1o be innovative and 1o explore new design idcas;

e menlor expeciations about student performance were met by affording students
apprentice designer status by having them undertake small casily achicved design
tnsks 1o build knowledge nnd skills needed to address problems emergent from their
main design project. This cncoumged studentownership of emerging design
solutions; and

e mcntormodelling of enthusiastic attitudes towards design led (o student
development of similar attitudes and willingness to contribute.

Theme Threc:

Mentor supported design office practices affecting learning

Findings from analysis of data coded in themes represented by Index Tree Four
categorics 3.f Common design affice practices and 3.2 Learning method's using

modelling are now discussed, along with supporting Phase Two and Phase Three data.

Category 3.1 Common Design Office Practices

Analysis ofdata coded in this catcgory took place using cight sub: categorics.
Data coded in cach of these sub- categorics focussed on mentor practi ces that assisted
students lo acquire declarative knowledge abo ut mentor processcs, design situations and
regulations, as well as pro cedural knowledge required for implementing design methods
and strategt cs uscd by experts 10 resolve emergent problems in authentic projects, The
sub- categorics used are:
3.1.1 Preparation for design ~ the brief and other faetors;
3.12 Questioning and articulation of ideas;
3.1.3 Selection and use of resotrces;
3.1.4 Learning Using "Office Set" Methodss;
3.1.5 Sketching as a design affice proctice affecting learning;
3.1.6 CADoverlay sketching;
3.1.7 Explanatory notes and drawing annotations;
3.1.8 Multiple perspectives from consultants and others;

Findings that emerged from analysis of data coded using these categorics are

now dis cussed, along with supporting datn from Phasc Two and Phasc Three.
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Category 3.1.1 Preparation for design,

./\.rmlysis_. of Phase Two data suggested thut most of the mentors modelled a
methodicnl approuch to preparing for a dcsig'n project. Most of the mentors interviewed
during Phase'Two smd t.hm'_lhcy strrtcd by showing students how to brcak down a client
design bricf inlo; .sim ple ﬁtfuciu'rcd i)rbccsscs unu procedures to address cach problem or
design criteria. As thc. students demonstrated that they could resolve the problems being
presented, the rﬁcr_ilors introduced other aspects of the design brief that incorporated

new design tasks of i.ncrg::.iscd difTiculty for the students to apply the problem solving

‘methods they had been using. Working in this way, the students developed their tacit

knowledge and acquifcd declnrntive knowledge about the design situation and
procedural knowledge of ways for dealing with problems embedded in the authentic
tasks detennined by the pro ject brlcf

~ Mentor use of scqucnccd tasks structured around dcsgn oﬂ|cc proccdurcs used

to resohc design problems oflncr_ca5| ng difficulty emerged as a key clement in student

Icarniing in design ofTice situations, The following comments made by Mentor 3 when
discussing his. aphfdﬁch to working with Student 13 are typical of othcrs made by most
of the mentors when |mcrwcwcd dmng Phase Two that led me to conclude that
introducing studcnts to dcsngn using this approach was a common practice.

~ 1-did my homework with the brief before he came to scc me. | wrote

- -down all the key points from the bricf to outline what it was that we were
-setling out to do. I had it planned oix in small casy stages that gradually
-covered the more difficult aspects of the design that 1 khew would

. emerge as we got forther into refining a solution. During our first
meeting I showed him how we would do it by using these notes that I
had prepared (sec notes in Figure 8, p 155) for him so that he had a clear
idea of what we were doing and in what order. These notes were on the
tablc and I said we start by Iook’ing at a thrce bedroom onc-bathroom

- design with a counyard Just a qmck analysis of what the design bricf
requited. .

The notes refetred to by M‘c‘r_ll’or'J arc show‘n below in Figurc 8 (p. 155). They
provide declarative knowledge :abbut the design situation which was used by Mentor 3
as the basis for discussioﬁ and modclli’ng ofdesign procedures he said that he typically
used for resolving problems usuntly chcouh(crcd in design sitaations like the ones found
in the authentic studcnt project. Working |n ll_1‘is m.nnncr; thic mentor reificd his tacit
knowledge _q!" dcsi.én,prc.)pcdl'lr_cs and provided declarative knowledge-for students to use

as advance organiser for dealing with their project,
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Figure 8. Notes used to initiate the design process.

Student 13, when asked about how he and Mentor 3 began the design project
confirmed what Mentor 3 had said of his approach. The student also added that he
immediately felt confident in the mentor because the mentor had already prepared a
“plan of attack™ for the design and gave him a clear process to follow in developing it.
Of this approach Student 13 said:

I had some ideas and took in some notes and sketches to that first
meeting and so we were able to talk about the brief. He had already been
through the project requirements and was really insistent that we follow
the brief exactly and incorporate our own designs so that the client can
benefit from it, but it had to follow the brief. Then he worked through
some ideas with me using notes that he had already made from the brief
and suggested how to find information about each part to sort out any
problems. It really helped just having a path to follow and knowing that
if T got stuck he seemed to have all the answers.

A similar approach was used by Mentor 7 who also started by breaking down the
client brief for students while engaging them in the design process by encouraging their
contribution of ideas when building the structure to follow in the development of a
design solution. The following comments made by Mentor 7 show his way of guiding

student learning by first providing declarative knowledge of the design situation, then

clarifying this using tacit knowledge to explain various elements before implementing
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proccdures to initinic creative, innovative use of the: iaformation gathered.
Mentor 7 sa id;

We'll start out with a concept by first starting out with the bricf, brcak

«lown the bricfinto mnnagcable increments so that they understnnd every

part aind hnve o handle on it otherwise you can‘t do unything. Once I nm

comfortable that they arc at that point, then we sturt o gt some idcis

down and | nm bouncing some Xeas ofl" them and getting them to think.

Annlysis of Phase Three data showed that all of the Phase Threc mentors used n
similar approach. They cach began by encouraging the students to disc uss and sketch
their idcas. Then they introduced their own sketches and notes to extend the
investigation of the project bricl by combining the two sources of information and
thereby created ¢ team-based work ing situation. Mcentor and student sketches and notes
uscd for this purpose were kept to succinct statemenis sufficient only to guide design
development (scc Figure 10, p. 159). In later stages of the design process, sketches and
notes became more detailed to redlect the increased demand for explicit information
nccessary for use in detending design methods used and solutions presented. Analysis
of student sketches collected Inter in the design process suggested that the st udents had
acquired from the mentors design knowledge and procedures needed to create rmd
resolve solutioas to the complex design problems that emerged from the authentic tasks
cmbedded in the design project. An cxample of such a sketch is shown in Figure 9 (p.
157).
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Figurc 9. Student sketch detaiiing design ideas

In Figure 9 several aspects of the design development can be scen. A complex
plan form has been developed in the centre of the sketch and around this difTerent
clevation and roof forins have been explored along with construction details fora
curved roof as well as a butterfly styled flat roof. This sketch demonstrates howthe
students applied the design methods modelled by the mentors. Evident in this sketch
also is mentor scaffolding as scen by the upside-down butterity roof forma at the top of
the sketch. That drawing element is upside-down because the mentor, who was sitting
across the table from the student, sketched directly on to the student’s drawing. This
occurred as the student was explatning and sketching his ideas when presenting and
defending them (o the mentor.

In cach of thc Phasc Three design office situations, the mentors spent between
20-30 minutes of their first work scssion developing the information and design process
for the students to follow. This mostly took the forin of discussion and sketching of
idcas with notes annotating design factors and reasons for using particular strategics to
resolve problems that emerged during analysis of the bricf . Data from intervicws with

the mentors and the students indicated that they regarded the sketches and notes as
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important resources for later reference os the design is developed. Of her
cxperience of thisnpproach, Student 16 suid:

e talked about all his design idcwss and cxplained why he did things the
way he ded and why it worked fur the arcas (hat we were designing for.
He then made me writc up u bricf kind of thing sciting out all the
diflicrent polnts that we had to consider in the design. Ile said that this
would give us a list ofevery little thing tivit needed to be worked through
like the tropical conditions and cyclones ancl al] that sort of (hing.

Most of thc mentors used n structured, client brief, focussed approach when
introducing studentsto their design office practices. They did this by breaking down the
client bricf to establish design criteria and explicit information about the design
situation, From (his, students acquired declarative knowledge about key aspects of the
design as well as procedures recommended by the mentor for addressing each aspect of
the design process. Figure 10 (p. 159) shows a typical breakdown of the client brief with

notes and sketches representing the seeds of design ideas to explore.
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Figure 10. Notes used to represent client briefnnd organfse design process

Working in this way, students acquired declarative knowledge specifically about
the design situation and learned new methods appropriate for resolving problems
emergent fromthe tasks presented by the brief. Mentor application of their usual design
methods ed to student acquisition of procedural knowledge necessary for their use of
mentor defined design practices. The sketched exploration of design ideas shown in
Figure 9 is representative of the design methods modelled by most ofthe mentors and

shows how Student 18 applicd those methods.
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Category 3.1.2 Questlonlng and articilation of ideas.

Questioning (and articulntion) ofthoughts about design ideus, design siratcgics,
problem solving methads and possible solutions, emerged as n key pirt of every
student/mentor exchange. Analysis o fPhase TTirec data showed that activities involving
questioning and defeniling o fideas bucked by nrticulation of personal views and
supporting argument occurred during 34% of the work session times. In most of the
design offices, the mentors began by encouraging the students to nrticufatc their
thoughts on various aspccts of design and to skelch their ideas. Generally the mentors
initiated design discussions, then encouraged the students to take the dominant role
using questioning to explore problems that emerged from the authentic design tasks.
Findings from analysis of dnta about this aspect of meitor practices suggested that
student learning was enhanced by mentor questioning methods that encouraged the
students to reflect on their work and to defend their design methods and decisions.
Commenting on how he used questioning and sketching to explore, develop and defend
design solutions, Studen: 13 said:

Towards the end I was doing a lot more of the talking (o put my poirk
across and justifying why I wanted to do things and he would discuss it
and question me about why ! wanted to do it that way.

Questioning emerged as a key cognitive tool that enhanced student learning
when used by mentors and students during exploration and defending of design ideas.
All efthc mentors used questioning to encourage student aiticulation o their thoughts
about design ideas, problem solving strategics and solutions. For example, Student 18
said:

She (the mentor) asked me questions all the time wanting me to explain

why [ thought things should be done in a particular way. I worked out

pretty quickly that if I was going to put something into that design, ! had

to have a reason for doing it because 1 knew that she would want to know

why. That was great, I leamed heaps about design that way because if 1

couldn’t work it out or defend it, then she would step in and saggest a

few diffierent ways and then mak e me justify which one to use.

The use of questioning to determine understanding of the design situation or
methods used was also said by Mentor 2 to be an important way of detertnining
completion in a design. Mentor 2 escribed his approach to using questioning to evaluate
student works as follows:

1 say to the students, you know you have the solution when every
question you ask yourself has the answer sitting right there on the paper



161
Mentor 3 said that he used questioning to monitor student
understaading of design situations and methods encountered during their colluboration.
He also cncouragad students to qucstion cvrery nspect of their own work and to question
others in order to acquire knawlodge and skills ncodel to reso Ive problems in their own
design project. Commenting on onc o (the students under his dircction Mentor 3 said:

Hc was good because he was prepared to listen und ask the right

qucstions, he got involved in the discussion and didn't just sit there, he

was n participator and that was brillinnt, it was a threc way discussion. I

could scc him lcarning new design mcthods cvery time we worked

together. In the end he was able to tcll me how he had gone about cach
part of the design and why he had used the solutions prescented.

Analysis of Phase Threc data showed that the students and mentors used
questioning along with sketching and discussion during 82% ofthe work sessions times
to explore and def end design methods and solutions. During these sessions, students
were required by the mentors to sketch their design ideas while responding to the
mentors’ questions about how they might be appliced to the design task at hand. When
commenting on his usc of this approach, Mentor 1a said:

Frommy point of vicw I like to look at what they are capable of drawing,
I like to sce the standard of work they can turn out, that gives me more
insight than anything clsc. They also must be able to explain why they
want lo usc particular idcas and how they arc going to make them work.
You know, they have to say it out aloud,tell me how to build it.

‘The manner in which Mentor |a used questioning with Student 25 at the
commencement ofthe design project used in Phase Three was confirmed through
analysis of the vidco record of the first work session. Jn that scssion, Mentor Ta
qucstioned Student 25 about her interpretation of the design bricl nnd encouraged her to
use quick sketches 1o communicate her ideas. This approach assisted students to
visualise their design idcas and to lcarn ways for communicating and defending them to
others using tacit knowledge they have acquired through their deve lopment of those
designs. When discussing how this had helped her to prepare for the design project,
Student 25 said:

Having Ncil make me talk about my understanding of the bricf and to
show them the first design idcas I thought of rcally helped me to get
started on the design and to show them what I was cnpable of. Once |
started sketching out idcas they just joined in with idens of their own.
That was great, | immediately felt like I was acccpied as a designer and
that got me fired up to give it my best shot. They got me to cxplain and
defend cvery idea I suggested before it was accepted as part of the final
solution,
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Used in this manncr questioning assistcd stuckent learning by having
them take responsibility for learning through the defisnce of their idcus when presenting
themto the mentor in the work sessions. Throughout cach of the Phasc Three work
sessions, I observed ull of the mentors nuiking frequent usc of questioning to cncourage
the stuclents to analyse problems thnt emerged from the design. The mentors al.so used
questioning to cncourngc the students to articulate their thoughts when explaining und
sketching their rcasons for resolving design problems in the manncr that they did. This
manncr of using questioning and skctching was applicd as a usual procedure when ideas
were presented, or when problems emerged from the design process as typical of
cveryday practice. Such procedurcs were applicd at every stage of the design process to
cncourage students to discuss and to delend their design ideas. It wasalso a key method
used by all of the Phase Three mentors Lo gencrate new ideas and to encourage student
cxploration of variations or muliplc solutions in design. Working in this way assisted
students to acquirc new design skills based on their tacit knowledge of many dilferent
situations and methods explored throughout the work sessions.

As the students developed conlidence in their working collaboration, 1 observed
them making greater use of questioning of their mentor, rather that taking the more
passive listen and answer approach scen in some design office situations at the
beginning ofthe design project. From this 1 concluded that as the students gained
confidence and took a more active role in the design process, the balance shifted fiom a
mentor-focussed usc of questioning Lo initiate and cxplore design ideas, to the students

taking a lcading rolc.

Category 3.1.3 Selection and use of resources.

Another design offtce practice o emerge as an important clement for lcarming
design was Lhe usc a diverse range of resource malerials by mentors to stimulate
cxploration of ideas, lo introduce new concepts and to scaflold students through
difficult problems that cmerged from the design project. The usc of resources to scafliold
student Icarning is discussed later in scction 3.4.

The kinds of mzterials uscd as design resources included such things as:

e travel brochures {or colour and settings;

o dcsign and architcctural journals;

photographsand drawings used in advertising;

codes and regulations;
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e cxemplar drawings: und
= consintction detail stardurds.

‘The manncr in whiich these kinds of resources were used by each of the mentors
varied, but mostly they were used to stimulate new thought and to inform design

decisions.

Use Of Resources — Diffierent mentors® methods.

Anulysis of the video recordings of 'hase Three work sessions showed that
Mentor 4 used photographs and drawings of his own projects to introduce his design
style and working practices to Student 23. FFor 21 % of the work session times, Mentor 4
used such resources to model what he described as his usual design oflice practices.
Mentor 3 used an approach focussed on detailed construction drawings and work files,
called the "office set", showed his usual design procedures. He used these and other
materials to explain his problem solving strategies during 43% of the work session
times.

In contrast, Mentor 6 made very little use of completed projects to demonstrate
design ideas, but instcad used parts of other designs in "office set" documents to
demonstrate and explain how he applied difficrent strategics for resolving problems the
emerged during development o f those designs. Mentor 6 used this approach during 11%
of the work session times. Tiie usc of resource materials in this manner assisted student
learning in several ways. First, it provided declarative knowledge of various design
situations; seconly it revealed the mentors® tacit knowledge of how heuristic design
strategics were applied during the design process; and finally, it made available
procedural knowledge of the methods the mentor had used to resolve emergent design
problems. In addition to using design clements to demonstrate design procedures and to
cxplain the reasons for using them, Mentor 6 also used pre-drawn CAD based design
elements and CAD component libraries to rapidly produce multiple design variations.
When discussing how Mentor 6 made available resources that she said had assisted her
learning, Student 16 said:

They had a big library of books and pamphlets and drawing sets that |
could use for ideas and details or partial solutions; there was heaps of
stuft'to use. They had a full CAD library of details and complcte kitchens
and bathrooms that I could slot into my design. That was great because [
could try out a lot of ideas quickly with them and build up the design in
casy stages.

Student 31 said that Mentor 17 had used “office set" exemplar drawings to show

and explain how and why he dealt with a range of problem design situations that were
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simulnr to those he faced in his uuthentic project. Mentor 17 used these
malterinls to rcify his tneit knowledge of many problem situations, in his own design
commissions along with the methods he had used to resolve them. In addition, the
mentor detailed procedural knowledge of how he upplicd heuristic design strategics un
problem solving methods when developing the design solutions shown in the "oftice
set" cxemplar drawings. The use ofthis approach by Mentor 17 assisted Student 31 to
acquire declumtive knowledge of multiple design problem situations, as well as
procedural knowledge abow ways to resolve them. When analysed, the design drawings
produced by Student 31 confirmed that he Jwud applied knowledge and procedures
maodelled by Mentor [ 7 and had learned ways for reselving problems that emerged
during the design process. Student 31 sail 1hat he had based his design practices on the
mcthods he had leamed from Mentor 17 as explained by him using auhentic

commission drawings as excmplars. Of this approach Student 31 said:

... he gave me some drawiogs of house designs for country arcas like the
ones we were looking at. Then he went through how he had made each
ofthem suit the local conditions. I used quite a few ofthe ideas that we
takked about in them to build my own design. I also used his way of
linking cach part in so that the traffic ffow worked and the oricntation
was right.

Most ofthe mentors used a diverse array of non-context specifte resources to
stimulate tdeas, introduce concepts and to scalfol student learning in the resolution ofa
design. For example, Mentor 4 used travel brochures to demonstrate the colours and
landscape of the areas for which the student project was be:ing designed. Mentor 6 used
photographs of'spider webs to demonstrate symmetry in design and focus lines. Mentor
3 used a gardening catalogue to suggest coloursand textures for the student to use in
presentation drawings lorthe project. e also uscd a iail-order fashion catalogue to cut
outillustrations o peopfe to use inthe presentation drawings to st the scale of the
buildings.

Commenting on how he used vartous resources lo assist Student 29, Mcntor 7
said

This phce is 1ull of examples they can pull out of the drawers and use to

devdop their own ideas. I gave Carola lotof CAD tiles of entourugc and

presentation stufl” that we use so she could just plug those into her

presentation and [ said to her you will find this in almost any CAD bascd
oflice like ours, it's  resource that the industry uses.



165

When Student 29 was interviewed hater, she said that she had made
extensive usc of the CAD clements provided to produce five diffi:rent design concepts
from which she developed onc tinal solution. She contended that the value ofthis
process to her learning lay in the speed with which she was nhle to explore design
variations nnd the flexibility that CAD methods olli:red for manipulating the design and
vicwing il from nny dircction. This she said assisted her in visualising the three-
dimensional design fisrm and this helped her to understand the spatial rclutionships and
trailic flow.

The main use made by mentors of materials such as those mentioned above was
to stimulate student thinking about design and to provide simple ways fur them to
quickly cxplorc and present their design ideas. Although some diffe'rences were cvident
in thc manncr that cach mentor used resource matcrials such as exemplar drawings, the
common theme to cmerge was that they all used similar matcrials. It is clear also that
they all used the "office sct” as the miin means for exploring idcas and for
implementing procedures for problem solving in design. Most of the students said
"oflicc set" drawings provided by the mentors were an important source of information
for the development of their own designs. In addition, they not only showed ways for
resolving design problem situations, but they also showed the development pathways
followed by the designer and thereby gave them insights into the processes used to
cxplore multiple design idcas as the final design form was refincd. When commenting
on how she created and uscd her own "office sct" drawings in this manncr, Student 16
said:

... I worked through laycrs of sketches 10 develop my design using the
same mcthods they did in what they called their "office sct”. In that way
I could scc the design progressing and also sec where we had tricd things
out and then gonc another way. 1 had all the infortnation in that onc sct of
drawings and could go back over it at any time to tiy out little things that
had come up carlicr but not been fully worked through.

Many similar comments were cvident in other data coded in this category and
from these | determinced that the usc of "oilice sct” drawings was a practicc common to
all of the design ofYice situations studicd and was a key tool for knowledge transfer and
assistcd students to learn new design procedures. For example, Mcntor 6 said:

The "office sct" hns it all. Everything that you want to know about how
we developed a design, what the clicnt wanted, what the council said we
could do, cvery idea we tricd out, how we resolved all the probletns, it's
all there. When anyonc comes into our office to work, the first thing we
do is sit down with them and go through thc "officc sct” of any current
commission. From that we can cxplin cvery aspect of our working
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practices, the standnrds that we work to and cxpcct of them and the
design style for which this officc is known. It’s the sume when students
come here. We teach them from the "office sel”. That's where they get
information, thut’s where they sec our methods upplicd. OK we ulso need
to cxplnin it nll for them at first, but it’s u steep learning curve before
theynre using the methods we use in our everyjuy pructice.

Findings that cmerged from analysis of dutuuboul the use of difticrent resource
materinls by mentors suggested it assisted student learning hy fucilitating their
acquisition of declarative knowledge ubout many diffierent design situations and led to
thetransfer of tacit knowledge about design procedures for resolving emergent design
problems. The usc of u diverse range of resource materials by mentors emerged as u key
clement in student learning when applying design practices in ways typical of the design
office culture of practice expericnced by the students during their collaborution with the

mentors.

Category 3,1.4 Learning using “office set" methods.

The "office set" is a bound volume of sketches, drawings, notes and other
matcrials such as tradc literature, photographs and the like created by building designers
for cach new design commission and used for the development of design solutions. It
documents all of the clements explored throughoult the design process, along with notes
and references linking conceplts or possible solutions. Drawings. developed by
progressive overlaying of translucent sketches used to explore design variations form
the core of cach “oftice set” and these are used by mentors and students to retlect on the
progress of a design task and to review ideas in order to refine emerging solutions. The
"of fice set” was scen in usc in every work session during Phasc Three of this study. It
was a tool used by mentors to provide students with declarative knowledge about many
difficrent design situations and procedural knowledge of ways for using design methods
typical of their usual practices. It was also used by mentors to coach students in the
application of design oflicc heuristic design stratcgics and problem solving methods.
This occurred by mentors demonstrating and articulating how and why they used design
clements documented in the "office set" for resolving emergent design problems. For
these reasons the "oftice set” was a key tool used by students to acquire tacit knowledge
about design and to lcarn design methods used by experts to resolve problems.

Most of the mentors and the students said that they commenced their designs by
first producing rough sketches that defined the basic geometry of the design concept

conceived by them to address the criteriadefined by the project bricf. In using this
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nppronch, the studcnts made use o fdcclnrdive knowledge und design
procedurcs nequiraed during work scssions with the mentors. By overlnyiing ench sketch
with layers oftranslucent “butter paper*, they then dcveloped variations andd
refinements 1o the design with the aid of the underlying forms. For this part of the
design process, the students used tacit knowledge built from their use of informution
nnd methods modelled by mentors who used exemplar drawings and simple design
tasks to demonstratc and explain their usual design procedures. When disc ussing his use
ol "oftice set” overlaid sketching methods lor tcuching students to design, Mentor 6
said:

When you use overlays on CAD drawings in the "oftice set” you can scc
the subtle shifting of arcas as the design gets sorted, you can sec the
geometry evolving as the design is refined from one layer of sketching to
the next.

This view is also well supported in data collected from most of the other
mentors. In addition, most of the mentors also said that they used quick sketching
methods 1o create overlay *“butter paper™ sketches on "office set" drawings for nll phases
of design development and when teaching students 1o explore and progressively refine
design ideas.

To confirm this, analysis of Phase Three data showed sketching was used during
53% ofthe work session times and this 100k plnce simultancously with mentor and
student articutation o F1he reasons tor cach design decision taken. Other factors, such as
regulations, construction practices, situutionnl requirements mxl style preferences, that
influenced design decisions were also discussed, sketched, or placed as notntions on the
"officc se(" drawings during those times. Infoermntion recorded in the "of fice set” in this
manner added 10 the declarative knowledge nvnilablc for students using those drawings
and provided the basis for mentors to explain their use in usual design practices, thercby
reifying their tacit knowledge for students 1o use. 'The "office set" approach 10
progressively build on and refine design solutions was used by most of the mentors and
students. Initially it is us ed 10 simply document idcas nnd informntion, but as students
visualised their design idcas, it was used more as a design tool nnd vehicle for the
expression and exploration of creative forms.

Analysis of Phase Two dnta show that the "oftice set” sketching approach 1o
design used by Mentor 6 and Mentor 6a, who together mentored Student 16 and Student
24, was represcntntive of the methods used by the overall group of mentors studied. For

this reason, the tollowing interview excerpt in which they discuss their use of this
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teclnique has been included here as an example. Much of what is reveitlad in

this intervicw exceipt shows how thesementors introduced their work prictices und
rcified their tacit knowledge and he uristic design struicgics when working with the
\si.u.dc'n.ls. The approach used by Mcntor 6 tuxd Mentor 6a is representutive of that used
by most of the mentors. A key aspect of this approach is the use of mentor articulation
of the reasons for- using particular design methods or for accepting difficrent design
solutions. This assisted st udents 1o develop tacit knowledge about which practices urc

appropriatc 1o their own design project tusks and why they are used in particutar ways.

Mentor 6a: We would sturt with a global picture of the design and
progressively resolve it through talk and sketch 1o iron out all of the
details. That's where the "office set” comes in. Each sketch or note that
goes in there is part of the overall design process. Having it there to scc
ot any time means that students con go back and reflect on what they
have alrcady cxplored and perhaps usc parts of it 1o iy another pathway
in design, or resolve part of some parts of their design that have become
barriers. I1's all about having control of the process, we have a tried and
truc methodology that progressively builds up the design using layers of
drawings onc over the other. You need to remain true to the gcometry of
thedesignand that is where Steve and I work wetl together, I can pick up
his work atany time and sec where he is coming from. We just sct small
steps or stages of the design to resolve one at a time so that the whole
thing builds progressively. That works well with students because they
arc then not overwhelmed with all of the problems at once.

Rescarcher: How do.you communicate this 10 a student who is tiying to
learn how to design?

Mecntor 6: I think that you have 1o scparte it out and say what arc you
-doing; nrc you drawing or arc you designing? You first have to identily
what the student & doing are ticy drawing or are they designing, if you
arc just draw ing then you have no chance of leaming to design, that s just
a mechanical skill, design is different. '

Ifthey are not designing then go away and iook at some trees, change the
pattern of thinking. You sec with drafting you arc taught 10 look rcally
closcly at sorr :thing, design is taking a view from a satellite and then
coming back iu progressively 1o lookat the details.

Rescarcher: In what ways did you guide students towards using your
_design methods?

Mentor 6a: We make cach part of the design one sninll casy step at a
time so that they can recadily achieve it. You just get them to fly lower
and lower 10 ecxamine the design in progressively greater detail. When
they do this the detail starts appearing more and more. That's what the
"oftice set" is best for, building up layers to cxplore new ideas und 10
resolve them, that's how we get the students to learn to design.

{Mcnior 6 and Mcentor 6a).
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In Phase Three Ihc mentors used "oflice set” mntcrials to provide the studcnts
with declnrntive knowledge about diflerent design situations, tacit knowledge about
their own experiences indesign and procedurul knowledge of how various design
mecthods could be applicid [or resolving problems that emerged during the design
process. This took pince during 32% of the work scssion times. When commenting on
how Mentor 3 used “office sct” drawings to assist his lcarning, Student 22 said:

Barry was great in the way he always scemad to hnve some drawings

there that showed me three or four different ways of surting out the

problems that came up in my design. I think he must hnve done it all

before becausc his drawings had all thc answers and you could scc how

he got to them because he still had all the rough sketches there nnd he

would tatk me through how and why cuch one came about.

Analysis of data such as these [ed me to conclude that mentorusc of "oltice set”
drawings facili tated student learning. In particular it assisted the students 1o acquire
procedural knowl edge necessary for implementing heuristic desiyn strategics when
reflecting on design problems. This led to student development of d:sign solutions .
Mentor usc of "office sect” drawings also provided ways for them 1o rcil’y their
knowledge of many different design situations, heuristic design strategies nnd solutions
they had used. This assisted transfer oftacit knowledge and helped students to acquire
declarative knowledge and design procedures which they then used to resolve problems
that emerged fiom the development of solutions 1o their authentic design pro ject. This
was clcarly evidencad in the resulting design solutions presented by the students lor
assessment by a pancl of expertjudges. Findings fiomthis process nre presented later in

this thesis,

Category 3.1.5 Sketching: A design office practice.
Earlier in this Chapter the extensive role that skercfiing played in building design

practice was discussed in relation to its use as n communication tool. In this scction,
{indings fromanalysts of data about the usc of sketching afTecting learning are
presented along with examples of supporting data. In another part of this Chapter,
findings about the usc of sketching as 2 100l for scaffolding Icarning arc presented. This
three part analysis and prescntntion o [ lindings about the various applications of
sketching in learning building design has been taken in order 1o address all aspects of its
usc in answering the rescarch questions.

The usc of skctehing as adesign tool was said by most of the study participants

10 be an essential part of tearning in a design oflicc, because it provided immediate
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visual representation of id cas or con cepts as they emerged during design
development, Analysis of Phas Two data indicated that sketching was initially used to
make visible declarative knowledge about design situations, induding regulatory
requircments, physicnl features of the design sctting, style clements, construction details
and clements of the client bricl. When design development commen ces, sketching is
used (o create, explore aud refine design solutions. Throughout the entire design
process, allof th ¢ mentors studied used sketching to demonstrate and to explain their
use of heuristic design strategics aid problem solving methods to stidents. The mentors
used sketches to facilitate student acquisition of pro cedural knowledge for use with
design practices modelled by them. Sketching was used when coa ching students to
cnsurce the clarity of explanations when applying design methods to the development of
their own design solutions. This facilitated transfer of ta cit knowledge based on the
mentors’ design experien cesand pro cedural knowledge necessary for implementing
their usual design pra ctices. For example, Student 14 said that he had acquired ways to
resolve design problems by having his mentor sketch and explain strategics for dealing
with cmcfgcnt problems as follows:

... lisiening 1o his ideas, having him sketchand explain things, that

was the most valuable part of conununicating with him, thats how we
gradually refined the design and worked through all the problems that
came out of the bricf. I used the methods that he has shown me, 10 work
out problems in my design. I sketched out ideas like he did so that |
couldkeep overdaying new ideas or details that made it all work.

The immediacy of the visual feedba ck provided by quick sketching methods
uscd by the mentors made visible 10 the students the mentors™ design ideas and problem
solving methods. Analysis of Phase Three data showed that tte ..tudents used sketching
asan integral part of discussion and articulation during 40% of the work session times
when communi cating ideas they had visualised and refined during the design pro cess,
Like the _mcn'loré, the students used sketching to present their ideas and problem solving
slralégies and in so doing demonélmlcd their lcarning outcomesin a form that was
readily understood by the mentors. Sketching used in this way provided the students
with a means to demonstrate how the y liad resolved problems that emerged during the
design development and 1o articulate their reasons lor decisions taken throughout that
process. This hspcc!'of'using skcléhing provided important insights into how knowledge
was im nsﬁ:.rr'(.:d in this lecarning situation as sought by the rescarch questions. In Phase
Three work sessions, the mentors used sketching 38% of the time to communleutc nany

of their heuristic design strategics and problem solving methods.
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Frecharx! sketching emerged us being the principal method used by
building designers to communicntc idcas or concepts und to explore and retine these in
metocognitive ways. In respect of using sketching when menloring students, Mentor |
said:

i think what happens is you talk as you draw more, whereas if you were

drawing for somcone clse you might just sketch it out, When you arc

doing it for n student you need to talk it through so they know the
reasons for what you ore doing, not just how to do it.

During six different Phase Three work sessions I observed Mentor I working in
this manner. Mentor 1 used sketching together with detailed description to present
information, heuristic ﬂ_csign strategics and problem solving procédurcs during 65% of
the overall work session times. When worki ng with Mentor | during these sessions,
Student 25 usch sketching during 30% of the time to explore, refine and communicate
design ideas, based dh the information nhd design methods presented by Mentor 1.
From this and other similar exchanges I ohserved duri ng Phase Tﬁrcc work sessions, |
concluded that sketching was used by ménlors and students for the tra n;lbr of
dcc]nrntivc: tacit and proc_c_dprnl kanlcdgé nboi..l.t dcsign\situntions; and the application
of heuristic design strategies for resolving emergent problems. _Forl"cxumplc, Student 16
soid that she acquired most of her design ideas and design stralegics l'or. applying them
fiom her mentors who used skélciling’ and articulation to show and explain how and
why parlicular ﬁspcct§ of the design could be resolved usfng various methods. Student
16 said:

He sketched and talked all the time, in fact he sketched everything rather
than describing what he meant, that's where I got a lot of my ideas from
that 1 incorporated into my design. They kept talking to me about the
design and usually suggested little changes or adding in things like
verandahs and so on. They would sketch over the top of my drawings
and say have you tried out this or thought of doing this another way and
then sketch little ideas all around the sides of my drawings.

Working in this way facilitated knowledge transfer between mentors and
students. The mentors reificd their tacit knowledge and design methods by introducing
new design elements and-procedures fior resolving problems thnt emerged throughout
the dcsign dcvclopmcnt,: as shown earlier in Figure 9 (p. 157).

During »Yo'fk sessions, the mentors and the students used fust frechand sketches
on translucent “butter paper” (n low cost translucent paper) 1o develop and explore ideas
or design concepls. Mosl .(.).f the students nnd mentors when sketching also used

discussions to involve others in the ideas being developed and nrticulntion to express
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personal points of vicw or tacit knowledge bised on cxperience of similar
situntions (o that being cxplored. This combination of sketching and urticulution usually
led to multiple layers of denwings being combined into onc design concept from which
many varintions were then cxplored ns the designs were progressively refincd. Mentor 4
cacouraged students to use very *loosc” frechand sketches to explore variations for cach
of their design ideas to detcnninc their suitability for inclusion in the final solution. An
cxample of onc such sketch that shows how threc difficrent roof fom s were explored in

the onc simple sketch is shown below in Figure 11

Figure . Typical quiék sketch 'showing exploration of three roof forms.

- In contrast to this very opcn skctching approach used by Mentor 4, Mentor 3
used skclc_hing, backcd_ up with discussion and nrlicula_(ion, in a more structured and
dclib_cralc fashion. Using this nppl_'oacﬁ' fucilitated rapid cxploration of design forms that
were then progressively refined us pnrt of multiple solutions or design variations.
Mentor 6 used a similar approach when working with Student 24 by opplying fiechand
sketching over hard lined drawings created using CAD techaiques (scc Figure 12, p.
173). Mentor 6 sketched with Student 24 over the top of his simple CAD drawings that
were progressively relined as ideas were cxplored, then tested nnd accepted or rejected
for inclusion in the finul design. Working inn similar manncr, hut with a more

traditional hand drawing approach, Mcator | and Mentor la sketched over Student 25°s
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CAD drnwings to develop design ideas. An cxample of frechand sketching
over n CAD basc drawing is shown below in Figure 12 which shows room layout and

clevation concepts hand sketched over a CAD print.

Figure_ 1_2 Frechand sketching overa CAD based drawing

*Incach of t.hc design office situations ftudicd in Phase Threc, the mentors
encouraged the s(udcnté to sketch idcas \f/hilé articulnting theirthoughts on howthe
spaces they were drawing mfght be used and detailed for construction. The mentors said
lhn:l'.using this apﬁro:.:ch.cncourngcd visualisation ol the building form on a three-
dimensional level, I regard the use of this approach assisted students to develop
mctacognitivc tools for resolving and communicating design concepts, For example,
Student 18 found that Mcntor 26 could readily usc his roughly sketched ideas to
visualisc design concepts he had developed, then analyse and comment on their
suitability. By then analysing and cvaluating the design decisioos he had mide in ovder
to refine the design solutions, Student 18 demonstrated his development of
metacognitive ways for resolving design solutions. By following his mentor’s lead,
Student 18 was then able to explore further his and the mentor's idcas using the same
mcthods for cvaluating what he had scen modelled by the mentor. Commenting on how
this approach helped him to lcarn new design strategics and problem solving
procedures, Student 18 said:

...I come up with quitc a fcw idcas that she was uble to look at md say
this will work and that won'(, She was able to tell me why, so that helped
me to understand why soinc of my idcas were not going to be practical in
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the situution. She nlso gave me henps of ofher ideus (o consider amd
alternntive ways of sorting oul the design problems. Mostly she just
talkked me through by getting me to imagine diflcrent situations and sl
the time she was sketching little part of the building and making me do
the same with ideas that I chipped in with. She kept nsking me to decide
what wus going lo be the best way to solve problems that came out of my
design. 1 had to think it throughon the spot and come up with solutions,

Wkhen interpreting these comments, I concluded that the mentor had expressed
her tacit knowledge of dillierent design situations while articulating reasons for
accepting or rejecting the student’s ideas. At the same time she had also encouraged and
supported the student’s creative thinking by stimulating his imagination with sketches
and verbal pictures. In this way, the mentor facilitated student leaming about design in
ways that encouraged visualisation of ideas and multiple solutions. By encouraging the
student (o visualise and to evaluate his own ideas, the mentor supported the student in
his development of mctacognitive ways for refining design solutions.

Most of the mentors defined their design and drawing standards by using “office
set” exemplar drawings and sketches of their own designs to show and discuss the
methods they use. These "office set” drawings were also used by the mentors (o
establish fr the students benchmark standards used by the wider community of design
practice for the documentation of authentic projects. Most of the mentors indicated that
they used sketches and drawings from multiple design projects to scatTold student
learning. Mentor 3 said that he used this approach so as to lead by example. He said:

I talked about every aspect of the design and sketched out ideas with him

when we wanted something done in & particular way.

By sequencing design tasks to progressively introduce information and strategies
necessary to resolve a design, the mentors assisted students to tennsfer learning about
one situation or aspect of design, to a different one. For example, Mentor 3 said that he
used sketching to do this as follows:

We used little sketches to make sure that he got the basie stuffright like
the orientation and the entry etc. When we got all of that sketched out
right for the Bridgetown one, we then used the same plan and strategics
as a basis for designing the one for the Kimberley.

The sketch used for this purpose (as well as for commcnciné the next siepin the
design process using overlaid bubble fonns for room positions) hy Mentor 3 is shown
Figure 20 (p. 209). Analysis of datn coded in this category led me to conclude that
mentors and students used sketching along with discussion nnd nrticulation to develop,

reline and present design ideas and solutions. As n Icarning tool in the design office
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situntion, sketching provided a means fior last representation of design
concepts and idcns, as well as demonstrating methods used by expert building designers
to resolve problems that emerge during development ofdesign solutions.
As the students developed their skills to visualise and communicate design
concepts, they aslso developed cognitive skills like the evaluation of diffierent possible
solutions for exploring and relining designs, which developed their problem solving

ability .

Category 3,1.6 CAD overlay sketching,

In all but one ofthe design oitice situations studied, CAD based design and
drawing methods were used aspart of the mentor's® everyday practices. I n Phase Three,
Mentor 3 used sketching together with articulation during 21 % of the work session
times to mode! his approach to design and to coach Student 22 in the use o Fhis
methods. Then, the fiechand sketchies produced during the work sessions were
interpreted by Student 22 into CAD drawing files that were printed ofT in preparation
for the next work session. In the next work session, “butter paper™ was placed over the
CAD drawings and {urther frechand sketching took place as design ideas were explored
and relined. An essential part of the sketched overlaydrawings was the use of notes
made on the sketches by the student and the mentor to cxplain design decisions. These
provided reasons {or particular clements being included or excluded following
exploration aid evaluation and were used for reference later when construction
drawings were produced. Commenting on how Mentor 3 encouraged him to use
sketching as part of the exploration and development of multiple design solutions he
had visualised dur ing work sessions, Student 13 said:

I did heaps of sketching to develop the designs. When we worked

together we.mostly talked about the sketched ideas and worked over the

top ofthem trying o1 * new solutions, We made a lot of notes while we

talked and sketched and I used these tater to sketch out other ideas 1hat

we discussed.

An cxample of the type of sketches produced by the students and the nxentors in
these work sessions is shown below in Figure 13 (p. [76). This sketch has n CAD base
that consists mostly of circles with radiating lines used to deline zones, Most of what
can be scen though is heavy pencil overlay sketching which shows mulliplc ideas being

explored by the st udent and the mentor as they developed various parts of the design.
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Figure 13. Overlay sketching of CAD drawing showing exploration of ideas

Working with CAD based design and drawing methods provided the students
with tools to explore greater numbers of design variations based on their own works.
CAD methods assisted the students to incorporate design elements or even whole plan
forms in electronic format from the mentors’ exemplars into their own design solutions.

Analysis of Phase Two data indicated that this approach was said by the mentors
and the students to enhance their creative development by making it easier to quickly
explore ideas that might include complex shapes and technical detailing. In Phase
Three, Mentor 3 used CAD based "office set" drawings in this way during 54% of the
work session times and Mentor 6 did likewise during 68% of the work session times.

Commenting on his use of CAD based design and sketching methods for
brainstorming ideas and rapidly producing drawings, Mentor 6 said:

We work on a print and scribble system, just throw the ideas down,
doesn't matter if it's wrong just throw it down, print it out then hack

it up with a pen, manipulate it a bit then print it out again. We chew
through a lot of paper but that is how we do it. We don't actually take
something away and sketch it, we resolve it on the machine and by the
time we get to print it out for sketching on we already have the guts of
the job.

Mentor use of this approach provided ways for transfer of procedural knowledge
about design methods, as well as transfer of their tacit knowledge of successful design

practices and failures. Student 8 was encouraged by his mentor to use this technique to
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cexplore every aspect of idcas he hud sketched, to deteninine their suitability
for inclusion in the tinal design. Of this approuch Student 8 said:

He (the mentor) would say to me “inke a big bundle (of buttcr paper) |
usc heaps (the mentor) why don't you?”’ Then he told me (o just get into
it and sketch idcas as fast as | could think of them without worrying
aboul the details, you know, if they arc proctical or not. The idca of this
was (o get some concepts happening, then sort out the problems Inter.

The use of CAD based "olfice set” drawings and quick ficchand sketching
techniques emerged ns key clements which cnnblcd students to lcarn ways for exploring
desipgn idcas, problem solving methods and for developing design solutions. The use of
over-sketching on drawings was common to most of the study design ofTice situations.
It provided a means for progressively building up a design solution, whilc having a
visual record of the idcas explored available 10 rellect upon when branching to the
design process to investigate other idcas or potential new design solutions.

Findings firom analysis of data coded in this category led me to conclude that
the students acquired skills in the use of sketching and with CAD based drawings by
replicating methods modclled by mentors during work sessions. When applying
sketching and CAD drawing 1o the development of design solutions, students also
utilised discussion and articulation to explain the rcasons behind their design decisions
and in so doing defended their design ideas and communicated their solutions. As the
students acquired ways {or creating and documenting design idcas as modelled by the
mentors, they made greater usc o fcognitive tools to cxplore, evaluate and refine design
idcas. Student development of ways 10 visualisc complex design problems situations
and possible solutions was assisted by their usc of CAD and hand sketching methods for
rapidly exploring multiple solutions. Reflection on possible solutions and cvaluation of
these led to student use of metacognitive design practices in ways similar to that

modelled by the mentors during work session with the students.

Category 3.1.7 Explanatory notes and drawing annotations.

Most of the mentors required the students to use repon styled informntion sheets
and noles on drawings as a menns for describing design features or construction detnils
when defending their design solutions. Student usc of notcs and mmotations is in this
way I regariled as part of their articulntion of the reasons lor using design methods nnd
reassons {or having taken particular design decisions, Mentor 10 snid thut he mude

extensive usc ol reports and notes in his own works ns a wstinl oflice practice and had
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insisted that Student |4 employ the samec methods for the authentic design
project on which they collaborated. On this point Mentor 10 said:

Afier we had workexd through the design ideas I got him to sit down and

write n report cxpluining what the design was all about and why certain

decisions had been made, It was prelly much a summary of the whole

design process and how i related to the brief and the practicalitics of
transporting and building &.

On cach sheet of his final drawings he had a summary of what he had

done aad why. This made him think about how he had got to that point

andencouraged him to keep thiaking back to the original assignment, the

brief, to kecp him focussed.

The usc ofthis approach by Mentor 10 to encourage Student 14 to reflect on
how he had arrived at his design decisions and to cvaluate them as part of the emerging
design solutions I regarded as a teaching practice that helped to facil#ate the
development of mctacognitive design practices. Student use of notes and drawing
annotatioas assisted lcarning by providing a structure for reflecting on the processes and
decisions that they made throughout the design process. This made visible their tacit
knowledge of the design situation as well as demonstrating their procedural knowledge
and the methods that they had used to create, refine and defend their design solutions.
Rellection used in this way assisted student lcarning.

Student 13 confirmed that his mentor encouraged him to use notes to record
design decisioas and strategics suggested or explored during work sessions. These, he
later used when refiecting on the pathways fotlowed through the design process as part
of refining the design solutions. Commenting on this, Student 13 said:

He (the mentor) also made me take a lot of notes of what we discussed

because he said that he found notes to be a uscfulto look back on after a

meeting or work session where a lot had taken place and you might not

remember it all, or how it all tilled into the design later Tle suggested

that I keep notes about how I had developed cach part ofthe design and

why I had donc it that way. This was rcally useful when it came to

presenting the design to him because I was able to defend my idcas by

showing himwhat I had tricd and why I kept the bits that I did,

Most of the students :md the mentors made comments similar to these during
Phase Two. Analysis of Phase Three data indicnted that notes were used during 10% of
the work session times o record ideas explored, strateg ies employed to resolve
cmergent problems and ways for dealing with the presentution of solulions being
developed. T concluded that the use of notes by stucdents and mentors in work sessions
and in "office set” or presentation drawings assisted student learning by providing a

mcans of reflection that assisted metacognition. [t also provided reference informalion
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that was used for reflecting on design procedures applied in developing
design solutions.

Evidence of this can be seen in the presentation drawings submitted for
evaluation at the end of the project by all of the students. Most of the drawings
contained detailed information aimed at clarifying the reasons for many aspects of the
design that may otherwise have been unclear. For example, Figure 14 (p. 179) shows

the final design presentation drawing produced by Student 22 in which he has included

a block of explanatory notes in the bottom right side.

Figure 14. Final presentation drawing showing block notes
The drawing shown in Figure 14 has been reduced from Al size and therefore
the notes are not clear to read. For this reason, the notes have been transcribed as shown

in Figure 15 (p. 180) below.
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The main emphasis on the design of this house was 1o
create the fireling of casual living in a lamily lifi:style
kind of way. My perception of living in the new
millcnniinn is onc of casy living und so the design of the
house wns aimed at creating that fecling. The fimily cun
cnjoy the mngnificent fecling of living in an outloor
setting but with all the protection of a climatc oricnted
housc. ‘The wile verandah invites the family to sit and
enjoy the views down the valley and to feelint peace with
the water moving across the rocks below. Having the
kitchen and family room fiicing into the valley view
presents the best outlook and takes advantage of the
prevailing breczes for cooling in the summer. ‘The
bedrooms have been placed on the cast-side to allow
moming sunshine to greet the family when they wake.
The large open nreas for fimily living have movable
screens that assist in restricting heat tu smaller more
personal nrcasduring winter.

Figurc15. Noles from drawing by Student 22 (scc Figure 14)

The use of notes and annotations on design development sketches nnd drawings
emerged as a common practice used by all of the student/mentor working tcams. It
provided students with a means for defending design decisions wid asststed in showing
an audit trail that demonstrated the proceduresand fisctors that shaped the final design
presentation. Student 14 said that his mentor used notes 1o explain the reasons for
design decisions he had made so that when the drawings were viewed by the client they
understood why the design had been developed in particular ways. Of this approach,
Student 14 said:

He always went through why things needed to be done a ceriain way and

he made me put notes on the sketchesto explain why the design was how

it was.,

Mentor modelling ofthe usc of notes on dmwings led students to acquire similar
methods {or creating their own design works and for defending them by rclerring to the
design audit trail documented by those notes. This process led students to reflect on
theirdesign methods and decisions and in so doing develop metucognitive ways for
cvaluating and relining their potential design solutions. Student 16 said that she used

notes in the same manner she had seen her mentor using. She said:
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I would go back on 1o thc compulcr and draw their idcas up with

minc nnd also put in a fot uf notes lo cxplain why [ thought it should be

done that wuy. They alwnys sketched it out lirst and then put it mi the

computer; they used notes nll the time on the drawings to cxplain how

they got 1o that design nnd why it was going to be uscd. So [ did the

sumc and thut made it casy for us to work through my designs together.

Using the notes us reminders [ was nhic 1o think bnck over whnt 1 had

done and why [ had donc it that way, This made it casy 10 try other idcas

in my head before spending time drawing them out.

Data such us these led me 1o conclude that student lcarning about design
strategics used by mentors and the rcusons for design decisions they made was assisted
by their use of notes 1o record aind review design activitics and outcomes. Mcnlor 6
modeclled his use ofnotes for Student 16 and coached her in ways for applying his
techniques to her own design project. Working in this way, the mentor made use ofa
common design oftice practice, notes on drawings, as a coaching tool that could then be
used as a post organiser when reflecting on pathways followed during the development
of design solutions. In Phase Three, [ observed Studeat [ 6 using design methods that [
had obscrved carlier being modetlcd for her by Mentor 6. Her approach lo design
reflected the methods used by Mentor 6. She used notes on drawings, as part of her
application ofheuristic desig n strategics and cognitive design tools, 1o refilect on each of
her design decisions in order to evalatc them belore their acceptance as part of'the
emerging design solution. Student 9 followed much the same pathwny when working
with his mentor, who also advocated the use of notes as tools for the review,
development and defence of design solutions. When commenting on his usc of this

approach Student 9 said:

I wrote down notes on his sketches and the drawings we worked on

together, you know just little things thnt he came up with that [ wouldn't

remember but needed 1o use later on.

fn my own ficld notesjournal in which [ recorded my observations of work
scssions involving Mentor 26 and Student 8, I made note of the emphasis thut the
mentor put on the usc of notes as a lcaming lool. In purticulnr, the mentor encouraged
the student to keep detailed notes supporting all design decisions :nd 10 include these on
drawings for submission to the clicnt and to council so thut any discussion of'thusc
drawings could be linked to the influencing Jiictors stnted. From this I conchided that
the usc of notes on sketches and drawings was nn important aspect of student learning
because it provided 1ools for mentors to model their usunl prictices and the reasons for

working in the manner thut they do. In addition, notes nnd sketches were used by
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students to reflect on the pathwnys followed in their decision mnking
processes in designancl 1o present in written fixrm n record of their rcarions (or using the

solwions they had nrrived 21t when defi:nding their work to the mentors.

Cotegory 3.1.8 Multiple perspectives from consultonts and others.

In most ofthe design ollice situations st udied in Phase Two nnd all of thc design
of fices in Phnsc Three, the students had contact with other design stnif working in thosc
offices. Findings from data coded about student intcraction with others in the design
ofliec situations suggested that these contacts helped students to acquire multiple points
of view about design, as well os alterna tive design methods. I regard this to have
assisted students (o learn mctacognitive ways for dealing with design. Most of the
mentors encouraged the students to learn from o thers in the design ofTice situation so as
1o benefit from their experience and 10 gain multiple perspectives of design praclice.
This approach supported student social construction of knowlcdge through formal and
informal work sessions. In somc of the design of fice scttings, the students were
encouraged by the mentors to participate in disc ussions with other design stalT cngaged
in authentic commissions. Jn some instances the students were encouragedto contribute
1o the design and documentation of current projects. This provided the students with
authentic design experiences and nssisted them 1o acquire tacit knowledge abo ut real
building design meth ods applicd in the context and culture of the mentor’s usual
practice.

Student learning through interaction wi th others in the design oftice was
encouraged by the mentors. Most of the mentors highlighted the importance of
exploring multiple solutions to design problemswith the help of others who often
provided opinions, advice or assistance of value to the studentsto assist them with the
development of the final design solwions. In some instances that assistance came from
individuals with expert knowledge on someaspectofthe work at hand as commented
onby Student 16, who said:

There was a guy there who worked for them who helped me a lot with
the computer work and he was more skilled than they were in using the
computer. Italkedto a couple of the guys who were doing all the design
wotfc and they gave me some pointers on what to do with transportables
and they asked me quite a lot about using computers which | am pretty
goaod at. So we helped cach other.
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All of the students in Phase Three said that they learncd new design
methods and problem solving strategics by working with o mentor #nd other design
office personncl o r consultints. Most of the students said thut they lcamed much from
others in the design office when they discussed und sketched ditTerent aspects of currcnt
design ofTice commissions as n mecans of providing cxsmplcs of wuys to resolve the
studcnts’ design project. In this way the students acquired infirmation, design processes
ond problem solving procedures modelled by others. Similarly, the mentors provided
information and proccdurcs based on their experience-bused tacit knowledge for the
students (o usc in resolving emergent problems in their design works.

For example, whencommenting on his mentor’s approach Student 13 said:

He had some good sclwematic design ideas and we sort of combined his
idcas and minc in the final design. He had a lot of different idcus and
difficrent ways of putling it across. That was the great thing abuut it, he
has had such a lot of experience he is able to say look I've tried it this
way or that way and he gave me examples of where it worked or failed.
That really put me at casc because [ felt it was no shame to have
somcthing not work. | realised that you just had to try it out 1o know
That tmade me explore morcideaseven if they werea bit ofl'the planct.
Mostofthe students who had contact with other design office stalTor
consultants in the study scttings said that their experiences hud provided them with
altemative points of view, multiplc design stralegics and multiple design solutions to
explore. From this type ofintcraction with others, the students developed tacit
knowledge ofdesign mellyods and procedural knowledge of ways to implement
heuristic design stralegics including the reasons for applying particular methods to
commonly occurring design situations. For example, Mentor 4 explained his reasons for
cncouraging students to scek out the views of others in the design office in order to
assist learning by commenting:

You nced the interaction with others (o bounce idecas arourd and
somclimes il is better that students go into a large work cnvironment
where they can get ideas from many people rather than just onc. That
apprenticeship stylc of lcarning nceds to be in a sharing environment.

Some mentors arraaged for students to have contact withan cxtended network of
dcsign expeits and consultants. The mentors who worked in this manner contended that
contact with other professionals created oppottunitics for studentsto expand their
design pers;wctives and provided modcls for multiple design methods as shaped by the
strategics used by others lo resolve problems in discipline arcas that suppoit building

design.
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As well ns working on their authentic design project with a mentor,
six of the studknts also participatee! in other projects that were the mentors® current
design office commissions. This provided the students with authentic expericnce of
design <kcvelopment and problem solving in the context and culture of the mentor’s
everyday design ofticc work practiccs, outside of the student project they had
undertaken. In lour such situations, the students work ed with more than onc mentor,
opening the way lor multiple viewpoints or perspectives to be explored. This approach
was said by the mentors to encourage the studcnts (o develop their own Jdcas fiom
multiple viewpoints, with the possibility of the students coming up with something
specinl that was still essentially theirs, but having well proved design clements from
recognised experts at its foundations.

Some mentors said that contact with multiple designers, other design ofTice staff,
or consultants from other disciplincs, provided opportunitics to enhance student lcarning
by introducing them to the broad spectrum of their cveryday culture of practice
activities. Student 13 said that he was greatly assisted in his lcarning by having a “back
up* mentor assigned to him by Mentor 3 so that there was always somconc available to
him, or another opinion or point of view to consider. Of this, Student 13 suid:

Buny brought in another designer (Jack) from the office to sit in on
meetings so that if | nceded help when Barry was not around Jack would
be up to speed on the design and be able to help out and that was really
good because he gave me a I'ew pointers on how things were done there
and where I get could information on some parts of the work.

Inanother office setting, Student 23 worked onc-on-onc with Mentor 4. but with
no other in-officestaff, In order to introduce the student to experts fi-om other
discipliacs that were to be partof the design project at hand, Mentor 4 involved Student
23 in discussions with consultaat cnginecers and builders visiting his oftice as part of his
own current commissions. In Phase Three, Student 23 was included in activities
involving Mentor 4 and three other design experts during 11% of the work session
times. This contact with other cxperts assisted student Icarning by contributing
allernative perspectives as well as information and solutions that were later explored
and applicd by Student 23 and Mentor4 as they worked through the project.
Commenting onthis following onc work session, Student 23 said:

It really helped me sceing him (Mentor 4) having to cxplain to the
engincer what he wanted out of the roof form and hearing the reasons
that he gave for insisling on not having a box gutter and highlight
window. L inad a similar probleminmy design and that got sorted out just
by my being there at the right time to scc how he did it in his own job.
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As noted carlier for Student 13, Mentor 3 also wranged foor n hack-up mentor to
be available throughout the project to provide altcrnative points of view, problem
solving stratcgics and logistical assistance {0 Student 22 nt times when he was
muavailablc. Mentor 6 also used his other in-house stalTto suppoit Student 24
throughout the design project, but did so by arranging for the student to have his own
CAD work station in the design oflice. This npproach nllowcd Student 24 to work
nlongsidc other designers where he could sec and hear their everyday practices in
action, as well as call on them for assistance when needed. Working as he did in the
design office of his mentor gave Student 24 first hand expericnce of the authentic design
office culturc of pmclicc and fucilitated his use of the oflice services and resources in
ways lypical of the culture of practice there.

Working in this situation also meant that interaction kctwcen Student 24 and
Mentor 6 took place fiequently and on an as-nceded basis, reducing the need for
cextended work sessions. Mentor 6 said that he arranged fur student 24 to be located in
the open office spacc used by the mentor and all of the other oflice staffto ensure that
he experienced the same working situation as any other designer there. Being located in
the gencral work area meant that Student 24 could hear and sec all that took place in the
design office and was able to participate in exchanges between stalfmembers or seck
thetrassistance whenever needed. In this way, Student 24 experienced the authentic
culture of practice and worked with his mentor in the context of the commercial
operations of the discipline domain. He was able to exchange ideas with others and in so
doing acquired new ways of designing and developed multiple perspectives of design
practice which he applicd to the authentic projects he was undertaking with his menfor.

Mentor | and Mentor 1aarranged for one of their design office stai¥to sit inon
all work sessions with Student 25 soas to provide alternative viewpoints and back-up
services. The person they chose for this task had recent experience as a mentee and as a
T AFE student. Having this background, plus expericnce of working fora year in the
mentors’ culture of practice situated them well to advise Student 25 on many aspects of
working witha mentor and of design office practices. On 15 occasions throughout the
Phasc Three work sessions, Student 25 was given support or input to her design cffiort
by staff’or coasultants operating in the design office of Mentor 1. Assistance provided
by others in this way included their tacit knowledge about various design situations that
had similaritics or relevance lo the problems that cmerged during development of her

project and procedural knowledge of ways they had used to resolve problems in their
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own commissions. Although these activitics ook place in just 12% of the
work session times, they arc design office practices that assisted leamning foor Student 25
by providing expert knowledge at those limes when it was most nceded.

Commenting on this in n post work session inicrvicw, Mentor | a said that
having others participate in aclivitics involving students in the design was a common
practice that stemmed from usual office teamwork methods. lle said that such contat:ts
with consultarit stnlfassistcd student learning by providing information about office
practiccs, problem solving methods, resources, expertise and alicmative pointsof view.

Student 25 said that her contact with others in the design office had helped her to
develop a broad view of the design industry and to better understaad the rclationsships
thot existed with associated disciplines. This, she said had led 1o her having alternative
perspectives on environinental and structural problems in her own work and that these
had shaped aspects of her final design solutions.

Findings from data coded in this categoty Jed me (o conclude that student
learning was enhanced by having multiple views of problems. Contuct with others in the
design office setting ulso provided opportunities for students to acquire tacit knowledge
of design fiom various experts experienced in many diflierent aspects of building design

praclice.

Participation in site visits.

Some ofthe mentors arranged for students o accompany them on visits to
building projects under construction where they were uble to show outcoines from their
owndesign decisions with commercial design commissions. When showing students
design and construction details on site, the mentors also articulater| their reasons for
resolving design problems in the manner that they did and demonsirated with sketches
the processes they had used to explore and refine their final solutions. When working in
this way, the mentors were regarded by me to use their tacil knowledge to provide
students with a detailed picture ofthe design process from sketch to censtruction. In so
doing the mentors also demonstrated links between their design procedur es and design
oulcomes. Working in this way, the mentors provided students with procedural
knowledge of their usual design methods, in the context of authentic practice as
demonstrated by the solutions under construction. Student I8 said, when commented on
this aspect of his learning with Mentor 26:

The {irst day that I was there working with her she had some
uppointments on site soJ went along with her 10 some of the jobs that she
had designed. She explained to me a Jot of thiogs about the way she
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designs und showed me them in those houses. She olso kept asking
me questions about what I thought or how I would have designed some
of the details.

Interaction with others on building sites or when discussing aspects of a <Icsign
with consultants or industry experts was said by some of the participants to be of great
value in helping themto undcerstand the links between design ofFice practices and actual
construction techniques. ‘This aspect of Icarning design was noted by five students in
ther project journals as important for understanding the reasons behind the mentor's
designdecisionsand in understanding construction details that were otherwisc difficult
10 explain. | have concluded that mentor use of articulation to explain their reasons for
using particular design clements or construction details during site visits facilitated
transfer of heir tacit knowledge about design to students. This assisted thestudents to
link procedural knowledge necessary for using heuristic design strategics to problem
solving methods appropriaic 1o the tasks that emerged from their authentic design
project. When interviewed at the end of Phase Two, Student 18 mixle the following
comment aboul this aspcct of his participation in sile visits with his mentor:

1 learnt heaps from seeing her (the mentor) projects as they were being

bailt and having her talk about why she designed the way that she did.

Other data transcribed fi'om the journal kept by Student 18 confirmed these
comments as follows:

Wenlt on site today with Susanne to check out a couple of her jobs. She
talked all the time about why she had put in the features that she said
made it work and showed me how the details were worked to brick
coursc heights and plastering panel sizes. | asked heaps of questions; she
liked it whenI got into it a bil and she kept questioning me about what |
thought and how or why I might have done it diflerently. Got some good
ideas from this. (Student 18, personal journal entry)

Analysis of data such as these led me to conclude that student learning about
design was assisted by their participation in visits 1o construction sites where mcntors
showed actual examples of their design work an verbalised their reasons lor
developing the designs in the manner they did. Working in this way provided
opportunitics for students 1o acquice tacit knowledge of the mentor's usual design
practices, declarative knowledge of site constraction techniques necessary or detailing
design elements and procedural knowledge necessary for implementing design methods

modelled by the mentors. Site visits with mentors provided students with important
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lcarning opportunitics in which the connections betweendesign theoty and

practice was readily established.

Summary Of Findings For Categoty 3.1

The following practices emerged as cifcctive means for transfer of declarative
and tacit knowledge in the application of design proccsscs and procedures modelled by
mentors as typical of thcir usual design ollice practice methods:

e examination of the design hricf arxl ull inllucncing factors in preparation for a
design development;

e cxtensive usc of questioning and thinking aloud to:

¢ introduce, explore and defend design idcas;

e cxphain the processes used to develop design solutions; and

e fbrevaluationand testing of design clements.
the use of extensive and diverse non-context specific resource materials;
extensive usc of reflection on past and current design projects as design resources;
matching of proved design and construction practices to design concepts being
cxplored in the student/ mentor collaboration;

e usc ofthe "office sct" approach to provile visual representation of idcas explored,
information rescarched, variations on design concepts ur details, brunching of lines
of inquiry, cvaluation of design clements and influcncing factors;

e extensive uscof visualisalion to explore multiple perspectives and solutions;
the use of CAD design and drawing methods to quickly explore new ideas or
conccpts;

e mentor availability and the extended suppott offiered by contact with others in the
work place orassociated discipline consultants; and

o student participation site visitsand cutrent of Tice projects in which the mentors link
actual practices with theoty or concepts.

Lcarning methods using Modelling, Coaching and Scaffolding

Thissectionrepoits findings that emerged fiom analysis of data about how
student learning was assisted by mentor use of the specific cognitive apprenticeship
teaching strategics of modelling, coaching and scaffolding. Many of the clements
discussed here have already been mentioned as occuning in other activities or practices
regarded as alfiecting student learningin the study situation. Here, they have been
spccilically addressed because of their particular relevance to these three key cognitive
apprenticeship teaching strategies. Findings that emerged from data coded in categories
used to represent the modelling, coaching and scalfolding teaching strategics are
reported here, along with data from Phase Two interviews and the video record of Phase
‘Three work sessious.

Earlier in this thesis, it was reported that mentor use of modelling and coaching

was characterised by a constant shilting between the two during student work sessions.
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Similarly, mentor use of vorious materials to scaffiold student leurning has
already been mentioned in the context of couching students in the upplication of
heuristic design strategies and problem solving methods typical of the design office
culture of practice. During analysis of data codcd using entcgorics based on these
teaching stretegics, one hypothesis to emerge suggested that the'c three teaching
strategics together form the core practices used by mentors to communicate their tucit

knowledge and design methods to students, ‘This hypothesis is now expanded.

Category 3.2 Learning methods using Modelling

In this study, modelling is thought to include activities uscd to support leaming
through personal demonstration of processes or procedures used 1o create building
designs and to resolve problems emerging from the exploration, development and
assessment of possible solutions. OF particular interest was the manner in which
building designers, when working onc-on-one witha student, conveyed their knowledge
and skills by modelling their approach to identifying and solving design problems.
Here, modelling also included the demonstration of design strategics that affiected
personal style in building design. Personal style in design is regarded as thc usc of
design chamcteristics or clements in ways that typify that design as having been created
by a particular individual designer or in the manner of a recognised genre.

Findings from analysis of data coded in this category indicated that the mentors
reified their knowledge and design processes by modelling their ways of using design
strategics and problem solving procedures. They mostly did this by working onc-on-one
with students using sketching and discussion to link their interpretotion of the design
brief to design and problem-solving strategics typically used in their practice. As part of
this process, the mentors used procedures typical o fwhat they said were their usual
practices to schedule tasks as an advance organiser for addressing the students’ design
project. The main too) used for this purpose took the form of a set of overlaid drawings,
known as the "oftice set" (sce Caregory 3.7.4, p. 166) that provided job planning
schedules, as well as an audit trail of problems faced, solutions explored and ideas
reviewed over the life of the project. The use of this approach emerged as a practice
common to most of the mentors in the study and was observed to occur during 23% of
the Phase Three work session times.

Most of the mentors used examples of their own design commissions to model
their approach to design and problem solving. Five ofthe mentors made extensive use

of their own works asa modelling tool when articulating their personal views on design
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and constructiondctailing, ‘Throughout the work sessions, the mentors
shified between modetiing and coaching as they moved from a leading role to an
ussisting, consuliant role when working with the students on their design project.
Awlysis of Phase Three dati imlicated that activities in which the mentors were
modeclling their ways lor using hcuristic design strategics ancl problem solving methods
and conching students in the application of thosc methods, touk plnce on avcrage during
38% of the work scssion times.,

Analysis of data about how the studcats used methods modelled by the mentors
to develop their own design gpproach suggested that the studeats adopted the mentor s’
design practices. When commenting on how he initiated what he described as his
structured approach to teaching design to stadents, Mentor 7 said:

If you don't give someone a start poinl, as u young person or an

incxpericnced person they'll sit there for three hours and say “what the

hellam I going to do?” They will think “] don‘t know where to start, do |

start in the kitchen, do I start from here or there™, you know. they're lost.

Onc way in which Mentor 7 and some of the other mentors modelled their
design methods was to introduce students to their design practices by including them in
the day-to-day cvents taking place in the design otlice. In some instanccs, this involved
the mentors allocating the students simple tasks that formed part of the aothentic
commissions being undertaken in the design office. The mentors then modelled ways
for resolving thosc tasks by working with the student and others in the design office as
per their usual work practices. The following comments made by Student 16 confirmed
how this approach helped her to acquire tacit knowledge of common design otlice work
practiccs and procedural knowledge needed in order to apply the mentor's design
methods.

When I first went in there | got a good idea of what their work involved
by watching and talking to Steve and some of the others as they worked
on a project that they were trying to get tinished. That helped me get into
their way of doing things. What was really great was they let me work on
some ofthe drawings with them and showed mc some new design and
rendering tricks.

Data such as these led me to conclude that through these processes students
acquircd declarative knowledge about the kinds of activities undcrtnken in the design
office sctting using these processes. The students also acquircd procedural knowledge
necessary for implementing the design methods used by the mentors and others in the

design officc. Student learning in the design office situation was assisted by their
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observation of meniors and of others undcrtaking their cverydny design
activitics nnd during work sessions in which thc mentors modclled design meihods.
Some students nlso rcported that they had Ienrned much by observing the
mentorsdenling with problems emerging from their own design commissions #nd office
practices, like problems with computer technology . Commcnting on this, Student 16
said:

... sometimes ! saw Doug nand Steve (the mentors) getling frustrated and
swearing at the computer becausc they could not get it to do what thcy
wanted and ! thought that was good becausc they were not perfect cither
and it made me feel OK when [ had similar troubles.

Most of the mentors took n structured approach to modelling their design
methods for students and in so doing ercated nnd controlled learning opportunities
rather than leaving them to chance. Most ofthe mentors sequenced design activitics by
introducing new design concepts or procedures using tasks that increased in complexity
as needed to address problems that emerged fiom the student’s authentic design project.
‘Tbe following comments made by Mentor I about his use of this approach as regarded
by me to typify the approach taken by most of the mentors when working with students:

... we work with the studeats mostly by showing them the way at lirst,
We work through small design tasks with them to show them how we
resolve the sorts of problems that always come up in design work. From
there we break the job down into casy stages nnd then let them have a go
at it themselves and have time to think it over before we get back to
working through their idcas with them.

In some cases the mentors engaged others in the design office to model for
students aspects of their design oflice practices. Mentor In, when commenting on how
in his oftice a stalf"member with recent TAFE experience was assigned to assist Studcnt
31, said:

... we were Jucky in that in the initial contact with Dennis we were able
to show him our way of doing things, but we also had Brian here who is
an ex TAFE student and already knows the ropes in this office. Brian did
a lot of the spade-work in helping Dennis to settle in with the other
designers in the oftice and (o get staited. He showed him our set-up and
the general approach that we take with all of our design and
documentation.

Comments such as these confirmed the importance of the support offiered by
having multiple mentors in design oflice learning situations and in providing multiple

models of design practice with which the students developad their own methods.

Findings fiom analysis of the study datn suggested that most of the mentors uscd a
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similar nppronch when modc lling their design practices. Typically, they
begnn by sketching common design situations and the methods they used to resolve
problems dwt cmerged from them, while also articulating their reasons for using
heuristic design strategics or for decisions tukcn when dealing with them. Commenting
on how hcused this methodto provide Studeni 13 with the information needed to
commence the nuthentic design project used in Phasc Two, Mcentor 3 said:

t did these (sketches) in front of him while we were talking to get him to

think through the basic construction information nnd kcy clements that

he nceded to know.

Onc of the sketches referred to here by Mentor 3 is shown below in Figure 16 (p.
193). Simplc frechand skctching of this type was used by most of the mentors to
deraonstnite to students how to resalve design clements by having a structurcd approach
to design bascd on replicable procedures including sketching, schedulcs, lists and notes.
Mentor modelling of methods such as these demonstrated for the students the mentors®
design tools, defined dircctions and sct time lines for complction of tasks as per the
usual practices of the design ofTice culturc of practice.

Findings from data codcd about mentor modelling of their design practices
suggested that they uscd discussion and sketching as tools to introducc their ways for
developing design solutions, while also articulating the rcasoas behind design practices
and decisions o conflrm their working practices. The sketchshown below in Figure 16
(p. 193) was produced by Mcntor 3 inn work session attended by me and vidco-
rccorded for analysis along with other data collected. AsMcntor 3 sketched the
construction dctails shown, he articulated rcasons why the pitching height of the
verandah had to be at 2100 mm and why the minimum pitch of the roof was sct 10 5
degrees. To reinforee the need for setting these figures, he described in detail several
instances in which he had expericnced difficultics with similar situations with clicnts
and builders who sought (o detail the design diffcrently. Working in this manncr, the
mentor provided tacit knowledge of his design expericnces, as well declarative
knowledge of difficrent design situations the involve simulnr detailing and proccdural
knowlcdge of ways used by him to resolve the problems identified using the sketched

cxample.
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Figure 16 Sketch showing construction details

The following comments made by Student 13 indicate how Mentor 3 began by
modelling his design approach using sketching and discussion then transferred
ownership of the design development to the student when the basic infisrmation and
design approach had been established. Student 13 said:

He sketched and explained things all the time. When [ first went there he
alrcady had a few schematics drawn, but he wanted me to tulk about it
before he pulled them out. He went though some sketches that we <lid
together before the end of the meeting and basically said to me OK go
home with this information and build on it with your own ideas.

This method of showing an approach to design, backed up with inforniation for
students to initiate their use of the methods modelled, was typical of that used by most
ofthe mentors. Student 9 described as follows how he and Mentor 2 similarly worked
by building up byer of translucent “butter paper” drawings to progressively develop a

design solution;

We sketched all over my drawings together and he worked in pencil
using tracing papcr over the top so that he could use hyer over layer of
drawings as he built up different ideas. We could flick back over what
we had done and sec how the design had developed.
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Mentor modelling of their work pructiccs in this manner provided a means for
transfer Lo the students their tacit knowledge, guincd from experience of many diflierent
design situations, when dcaling with the specific problems that emerged from the
authentic design projects undertaken by the students. Most of the mentors modelled
their design methods by demonstrating ways for exploring multiple design solutions or
variations of an idea by using overlaid sketches on translucent “butter paper” so that the
onderlying sketches were visible os part of the new gcometry being developed. When
commenting on how Mentor [a had demonsirated design procedures using this method,
Student 8 said:

Just watching him doing the butter paper sketches was great, secing him

do dilfercnt bathroom conligurations that [ had never scen before like the

one he did with the 45 degree walls. Each new sketch was on a diflerent

layer of paper so that you could sec the design changing und by

overlaying them in different .+~ vs he showed me how to test different .

layouts or variations onthe :.  'esign.

The mentors encouraged the students to use heuristic design strategies and of lice
practices they had found to be successful in their own commissions. They mostly did
this by demonstrating and explaining their application using "ofltce set”" drawings,
sketching and the students own project drawings. Working in this way the mentors were
able 1o sketch typical problem situations and the solutions they had used to resolve
them, while articulating the reasons for decisions made and methods applied throughout
that process.

Having begun by modelling their usual design approach, the mentors then
shifted their approach 1o focus on coaching students in the application of heuristic
design strategies based on their everyday practices. Some mentors saw modelling of
their approach to design as the key to motivating students o achieve beyond their
previous best performance. Data collected in member check interviews at the end of
Phase Three confirmed that the following comments by Student 14 typify what most of
the students said about their experiences when working with a mentor in a design ofice.

... this was a great working experience and I learnt heaps in a shoit time
about design and how the industiy goes about getting projects done in an
office. Just having him show me how to use his methods to sort out my
design problems helped me to understand more about design and how 1o
come up with the best design I've ever done.

Comments such as these and other similar data suggested that mentor modelling

of how their usual design practices could be used to resolve problems in the tasks faced
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by students in their design project helped the students 1o ncquire new design
knowledge and skills, The mentors nko provided the students with insights into the
wider community of practice by introducing d esign clements that involved contributions
trom other associnted consultnnt discipline experts. For exumple, Mentor 6 suid thut he
demonstrated the overidf design process for stuclents so ng to give them the “big picture”
of how what they produced relnted 1o other ussocinted disciplines. Of this nppronch
Mentor 6 suid:

It’s really importnni for u student 1o sec the process by which o design is

broughtup. Not just in plan form but through nll of thc related drawings

so that at any one time the overall concept is evident tor the engineer to

sec, or the cstimntor or uny other consultunt who might be a part of the

design process nlong the way.

Using this approach 1o modelling design working practices was said by some
mentors to “keep the energy going™ for students by presenting o globnl view of design
development while working on individual clements of a design using small tasks that
collectively produced a final design solution. Mentor 2 said that he regarded this 10 be
an important clement in his modelling of d esign methods because it stopped students
from getting “bogged down™ with details when brger issues needed 1o be addressed
first. Mentor 2 said he motivated students o explore design variations before resolving
the line details ofa design by giving them a quick demonstration of how the design
might be viewed differently by reworking carlier sketched ideas. Mentor 2 said of his
usc of this technique:

In the last time (working session) I saw him | grabbed a picce of paper
and I actually went shush shush shush (demonstrated rapid sketching
technique). I just had to get at it and throw lines everywhere. Just 1o say
to him gct some cnergy into it. He had some good ideas there but he
needed to work them over 1o explore other possible solutions.

This approach was pick ed up and used by Student 9 who work ed with Mentor 2.
When discussing what he had learnt from working with Mentor 2, Student 9 said:

He just sortof came up with heaps of ideas. 1 dont know how he did it,
but it was all fast sketching. He just created more ideas cach time on top
of the other ideas using sketches. He kept sketching everything. I'le gave
me some basic ideas of how things were going to go using sketches nod
then I took that home and worked on it and fixed it up b/ drawing
outlines 10 rooms and getting distances correct and made it work. That’s
how I got started with the design.

Mentor modelling ol processes, procedures nod design strategics was never

simply a demonstration of their practices. It also mostly included clements of conching
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and usually ulso scaffolding using resource materials to boost students past
barriers to their progress. Ilaving mentors apply anl articulatce their usual practices
made visible to students the mentor’s tacit knowledye, like how to deal with verandah
roof dctnils as mentioned carlier un many other design situations, as well as the
procedures they used to deal with them.

As their designs developed, the students usually took a more active role in their
collaborative work sessions and the mentors mowed more to coaching than modelling,
while also taking less of a leading role in decision making in the design. Evidence of
this shift can be scenin comments reported earlier by Student 16 who said:

When | went there | didn’t feel confident to talk about my ideas and
wasn’t sure about how they did things there. That changed pretty quickly
because although they took the time to explain a lot to me about their
design methods, they also made me talk aboul mine and got me to
explain every part of my design as i developed. That really helped me to
be more relaxed about talking to them and by the end I think I was doing
most of the talking and they just helped when I needed it.

During Phase Three work sessions, activities in which the mentors were
considered to be coaching students took place during 61% of thc work session time. The
fluid naturc of the balance between modelling and coaching in mentor supported design
oftice activitics involving Mentor 6 and Student 24 is regarded by me to be typical of
what took place in most of the student/mentor collaborative work sessions. For that
reason, n description of how Mentor 6 worked with Student 24 is provided here.

When interviewed prior to the lirst work session, Mentor 6 said that when
mcntoring students he always used examples of real design situations and solutions to
model his usual approach to design. This he said provided vistial evidence of design
ideas and concepts that he had applied in his own commissions and about which he
could articulate detailed informed description ofthe reasons underly ing decisions taken
and altematives explored in resolving the design problems. I observed that during the
first work session with Student 24, Mentor 6 spent 13% of the work session time
modelling his approach by sketching forms that evolved fiom the design decisions taken
leading up to the completion of an exemplar project bein g discussed. The exemplar
project used was presented by Mentor 6 as an "office set” of draw ings gencrated as part
of his usual design oflice practice.

Analysis of Phasc Two data suggested that the usc of the "oftice sct” approach
was a key clement in modelling design idcas and strategics for dealing with problems

that emerge during the design process. Findings that emerged fiom analysis of Phasce
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Three data showed that the mentors used “office sct” drawings when
modelling their design approach, during 40% of the work scssion times.

During analysis of the viclco recordings of the I'hase Three work scssions, |
observed that the balance betwe en modelling and coaching constantly shillcd ina cycle
of dctailed cxplanation building and demonstration tn ficilitate the student’s use of the
design praccdurcs being applied. Figure 17 represents that cycle of modelling,

demonstration, coaching and explanation building.

—— Modelling \

Explanation Dcmonstration
building (verbal and visual

\ images
Coaching

Figurc 17 Cycle of modelling, coaching, demonstrating and explanation building
Mentor 6 uscd a multi-laceted approach to progressively build a verbaland a
visual picturc of the design problems and their possible solutions using the "office sct”
design tool, sketching and discussion. In this way he reilled his tacit knowle:dge and
procedures for dealing with problems emerging during the design process. Findings that
emerged fi'om analysis of data about other student/mentor design office collaborations
showed that mentor modelling of their design methods helped the students to acquire
declarative knowledge including regulations and standards that govern construction
practices and information about how these influence design and structural detailing. It
also facilitated student acquisition of procedures uscd by expetts to deal with problems
that emerged from tasks embedded in the authentic design projects on which they
worked. This was evident in the work produced by Student 24 (who worked with
Mentor 6) when his design drawings were assessed |y a panel of building design
experts (sec judging of student designs on page 269). Although this assessment did not
form part of the main data gathering methods, it was regarded as providing data r:bout
student learning owtcomes that were contirmed in member check interviews wilh TAFE
lecturers at the end of the design pro ject. Findings fi-om analysis of these data confinned
other tindings that emerged from this study and supported my contention that new

leamning had occurred.
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When discussing how cncli of the students hnd perfirmed according
tothe nsscssment of their finial design commissions, Lecturcr [ said:

They all did rcally well in the projeet nnd I can sec a grent difference in
the siancard of their work when I compare it to what they usually
producc in classroom based design exercises that we dn with them. Colin
(Student 24) came through with the best design. The pancl (group of
building design expetts who ussessud the student designs) thought that
his work was of n professional standard nnd that he had really made the
best of working with Mentor 6.

Inaddition to the structured work sessions in which the mentors modelled their
working meth ods for the students, other unstructured activitics took place in the design
office from which the students acquired knowledge by obscrving and sometimes
participating in exchanges with others. Most of the st udents repotted that hearing and
sceing others working with clicnts and consultants on real design projects had enhanced
their learning expericnces in the design oflice. When commenting on how this nspect of
working in a design office had assisted his lcarning, Student 13 said:

I lcarnt hecaps just by being in the ofticc and listening 1o all the
conversations going on around me. Sometimes they got pretty heated and
that was great because they had to defend their ideas if they wanted 1o
get them through.

Warking witha mentor in & design oflice and being witness to all that takes
place was said by many students to add new dimensions to their learning . Student 16
said:

It gave me a different point of view about looking at design, you know,

you are not so limited to what you can use. I've got a much broader view

of design now and know abou aliemative ways of doing things that you
just don't get to sec at TAFE.

Findings that emerged from analysis of data about practices used by the mentors
to model their design methods and problem solving strategices suggested that modelling
was used by the mentorsto;

e demonstrate their usual design methods, pr..olem solving strategics and a structured
approach to design through the use of authentic “office set” drawings, sketching,
over-sketching of CAD drawings, schedulcs, lists and notes;

e demonstrate to the students design tools, heuristic design stratcgics, defined
directions and set time lines for completion of tnsks;

e provide de clarative knowledge of dcsigr situations, reg ulations, codes a nd sta ndards
as well as procedural knowledge for applying design mcthods; and

e structure design activitics to replicate the scquencing of design production in
authentic practices.
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Category 3.3 Learning methods using Cosehing

Carver. (1995, p. 206) contends that coaching accurs when “the teacher ohscrves
and ficilitatcs while students perfisnin a task™. Thiss study supports that view with
coaching also including activitics or situations where a mentor assistcd studcnts by
working colbboratively with them to resolve design problems. The use of coaching is
considered here to include mentors guiding students in their use of he uristic design
strategics and problem solving methods by articulating the reaso ns behind design
decisions, procedures and individual style clements regarded by themas being typical of
their usual design office culture of practice methods.

Analysis of the video recordings of student/mentor work sessions showed that
allof the Phase Three mentors moved constantly between conching and modelling as
they worked with the students on the real work design project. Activitics in which the
mentors were considered to be modelling took place during 23% ofthe work session
times and activitics in which the mentors were considered to be coaching took place
during 61% of thc work session times. These figures being taken only as a guide to the
balance of activitics given the overlap of modelling with coaching that was almost
always present.

Mcntor use of detailed explanations and sketching when coaching students in the
use of heurigtic design strategics and prostemsolving methods was common to all of
the Phese Three design office situations. Much of what the mentors presented consisted
of guidance and cxplanations for nddressing problems emerging from the authentic
tasks cmbedded in the student pro ject using articulation and sketching. For example,
Mecntor 6 crcated the sketch shown below in Figure 18 (p. 200) to assist with his
cxplanation of howto design on a hillside sitc with clay soils, when coaching Student
24. The following excerpt has becn transcribed from the work session in which Mcntor
6 conched Student 24 in dealing with problems about the building site:

Mcntor 6;

This design situation is like onc I dx] recently on a steeply sloping site
with wet chy soil nnd large ironstonc rocks. I went for a framed design
similar 10 what you have suggested in your proposal. This is a good way
todenl with a site like this be cause it’s best to avoid cutting into the site
and risking mud slippage.

Student 24:

I thought that I could also usc a flat slab and retaining wall 1o get a level
arca at the bottom for the cars.

Mcntor 6:
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Let’s have a look at that. If we cut a section through your design this

is how it might look. (quick sketch as shown below). If you cut into the
site you will get slippage and water run-off through the footings and that
might cause movement for any mass walls. Also, you will need to form
drains behind any retailing wall or they will act like a dam and
eventually crack and fail. Have you thought about using a fully framed
construction to avoid the use of retaining walls?

Student 24:

Not really, I thought that I needed to have brickwork for some of it for
thermal insulation reasons.

Mentor 6:

There are many other ways, for instance we can use multi-layer
insulation, roof overhangs and verandahs for shade like this (see
verandahs in Figure 18) and get the orientation working for us to let the
sun in during winter through highlight windows like this (see arrow to
window in top of Figure 18).

Mentor 6 went on further to discuss reasons for refining different parts the
design that Student 24 had presented. Working in this way, Mentor 6 coached Student
24 through several aspects of the design by discussing reasons for using different design

details and by sketching multiple solutions that he called on the student to develop as

they worked together in refining the overall design form.

AR M-S ST S

Figure 18. Sketch used during Coaching about sloping site conditions.

Coaching used in this way by the mentors facilitated transfer of tacit knowledge
of different design situations or methods to students. Typically the mentors also gave

detailed reasons for decisions they had taken when resolving particular design problems
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in authcntic commissiows uscd by them us exemplars on which students
could bise their own design practices.

Most of the nientors said that when coaching students they expressed their
thoughts nloud while sketching design ideas or solutions. This, they said, provided
immcdiate fecdback to the students ubout how and why they resolved design problems
in the manner that they did. During Phasc Two, Mentor | said that he sketched and
talkcd nbo ut his decision-making processes when conching studert s in the use of his
destgn methods. Of this approach Mentor 1 said:

We sketch in firont of them axd we think out loud nnd say look you do

this and don't do that nnd we rub bits out and develop it on the tly with

them.

Student 18 similarly described the approach used by Mentor 26 to conch him by
using sketching and articulation. Student I8 said;

She sketched straight on top of my drawings atd sketches s well as
doing her own butter paper sketches and overlays, She talked abouwt why
she liked doing thingsher own way in design and all the time explaining
why some things worked and other didn't.

In all of the Phase Three work sessions, mencor use of coaching by the over-
sketching of drawings was observed tooccurin conjunction with detatled descriptions
of why and how particular procedures might be used to resolve emergent problems in
the design. This aspect of thc usc of sketching is described in more detail Inter as part of
Category 34 Learning Methods Using Saaffolding (p.206) but is mentioned here
because it also emerged as an important clement in conching. Some mentors sketched
over the top of drawings when coaching them in the use ofdesign procedures. The
purpose of working in this way was said by some mentors to provide immediate
feedback to the student on the cflect that idcas being explored might have on the design
form and to show a record of the design variations considered throughout the work
session. Commenting on how his mcntor used this approach Studcnt 9 said:

We sketched all over my drawings together. lie worked in pencil using
tracing paper over the top so that he could ase layer over layer of
drawings as he built up difficrent ideas and we could tlick back over what
we has donc and sce how the design had developed.

Most of the students made comments similar to this when discussing how the
mentors oversketched their drawings to guiie them through the design project. From
these data I concluded that oversketching of drawings was an important tool used by

mentors when coaching students. Its usc was slightly dilterent fiom frechand sketching



202
to present new idens or for cxplanntion purposes in that it utilised ax1 built
upon cxisting gecometry and thereby prescnted an evolving form upon which students
could rdflect and explore new pathways. Drawings produced in this manner during work
sessions were aldel to the stxlents’ own "office set* documents that formed the besis
for further devclopment of their design solutions. They werealso used in coaching
sessions 1o explore multiple design solutions . In addition to these "office sct* drawings,
the mentors uscd their own "oftice set” documents of authentic commissions as
exemplars when conching students in ¢he application of heuristic design strategics and
problem solving methods . When using these "ofTice set” drawings for coaching
purposcs, the mentors were ablc to provide examples of completed design solutions that
addressed similar design situations to those of the students’ authentic project. Using
these, the mentors then demonstrated their design methods and conveyed their @acit
knowledge of various situa tions and design solutions for students to adapt to their own
works.

Student 16 said that her mentors encouraged herto develop an "ofTice setl” using
the overlid drawings they had developed together whencoaching her through the use
of their destgn procedures . The "office set" drawings she created were also used in later
work sessions with the mentors to cxplore and refine other desi gn solutions. Of this
approach, Student 16 said:

... it meant that I had hyers of sketches in what they called their "office
set" and from that [ could sec the design progressing and also sec where
we had tried things c:ut and then gone another way.

During Phase Two, Mcntor I said that his approach to working with students
was based on “sketch and talk” so that cvery aspect of the design process and every
design idca explorad wasdocumented using sketches and notes that fonned the "office
set” drawings for the design project. These drawings were then used during work
sessions (o further explore and refine design solutions. Other "office set” drawings
created for authentic commissions were used during coaching sessions along withthe
student’s drawings to introduce design strategies and for explaining how problems
similar to those that emerged fromthe student’s projects had been resolved in other
pro jects, Findings for this catcgoiy suggested that most of the mentors used "office sct”
drawings as tools 1o assist their coaching of st udents in the application of their usual
design practices. The lollowing comments made by Mentor 17 arc typical of many
similar data coded abo ut coaching using drawing scts to show different aspects of

design practice:
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... I'stress to the students that it is vital 1o be confident that you have

explored every aspeet of a design before trying to create formal drawings

that the client might accept and therefore close ofF on development that

may still be needed. 'That's why 1 get students to develop their own

"olfice set" drawings, so that they can sec (he gradual development of

their idcns and to explore every one of them before committing (o a

design. The whole time I am working with them I also get them to use

my own "officc sct”" drawings as a source of infbormation. By using them,

they can scc and [ can explain how and why certain design situations arc

best resolwed. I0s a great way to guide somcone clse by having real

examplcs that have been built and being able to tell them about the

successes ail failures that came out of them.

I have concluded that studcnts acquired ways for developing design solutions
thro ugh mentors coaching them in the application o[ their design strategics and in ways
for resolving problems that emerged during the design process. A key part of students
learning 1o apply their mentor’s design methods involved the mentors explaining the
rcasoas for their design decisions by using exemplar works documented in “office set”
drawings o(thcir authentic commissions. I regard coaching assisted student entry to the
designoflice culture of practice becausc it revealed how and why mentors usc partic ular
strategics 1o address design problems in the context and culture of their usual practice.
Coaching using these methods also showed how the mentors applicd the heuristic
design strategics and procedures they advocated to their own commissions and thereby
demonstrated the success or lailure of those methods along with the reasons why .

The manner in which Mentor I and Mentor In used coaching methods was
repiesentative of the way most ofthe mentors used coaching. For this rcason, the
tollowing descriptionofhow Mentor 1 and Mentor Ta worked with Student 25 during
Phasc Three is included here to illustrate the how coaching was used in the design office

work sessions by the mentors 1o assist student learning in building design.

Mentor Coaching in design office wor k sessions,

I observed Mentor T and Mentor In coaching Stident 25 in the usc of design
strategicsthey described at the time as their everyday practices. Mentor 1 and Mentor
la started out in a similar fashion (o that used by inod ofthe other mentors studicd, by
taking a very open view of the design at hand so as to “lcave it open 1o multiple ideas”
for the student 1o explore. During 51% of the worksessiontimes the mentors
encouraged Studenit 25 to visualise as many alicrative design concepts as possible by
placing herselfmentally on site, experiencing the location. D uring 30% ofthe work
session time, cach of thesc ideas or concepts was then explored by sketching and

discussing them to the point where they could be evaluated, then accepied or rejected



204
for fuither development ., Conching nctivitics in which the mentors sought to
inspirc new thought by reviewing the student’s work 1ook place during 32% of the work
session time. With each new design explored by Student 25, the mentors introduced
new approaches for resolving the problems emerging from the simation. These activitics
occurtcd during 41% of the work scssion time. Much of wiwt the mentors provided
during these sessions involved the introduction of multiple perspxctives of the design
project being discussed, nlong with tips and tcchniqucs for resolving the difficulties that
they identificd as likely to emerge from the situation prescntcd. For 61% of the work
sessiontime, the mentors explained their use of infimiation bascd on their tacit
knowledge of similar situations they had faced in their everyday activities and the
procedures that they had employed to resolve them.

As the design being developed by Student 25 began to emerge from the many
forms she had explored, 1the mentors coached her along a pathway nimcd at refining her
preferred design solwtion. Following the third work session, Student 25 commcnted that
she had urrived at the basic form of what was to become her final design hy applying
the “process ofclimination™ that Mentor I had introduced during the first work scssion.
She explained that she had considered several other possible plan-forms for her design,
but had rejected them after exploring their attributes nnd finding them unsuitable.
Throughout the six observed work scssions involving Student 25 some aspects of this
carly process of exploring multiple perspectives on global scale in the design tock place
with the mentors. Much of'it also occurred for Student 25 nt home where, according to
her, she used the mentors’ advice to make the evaluations by herself by developing and
exploring their value withinthe framework ofthe procedures in which she had been
coached by the mentors during the work sessions.

The most intense work sessions involving Student 25 and her mentors took place
when she had established a plan-form that was accepted by the mentors as suitable to be
ref'med for a final solution. At this time, the mentors uscd sketching and discussion to
introduce and explore possible variations to the design ata dctailed level within the
context of :he overall plan layout and elevational treatments. Student 25 said that this
stage of development was most enlightening for her because she felt that she had
achieved freedom in design through using an open-minded approach to visualising the
final form. This she said had led to her creation of multiple design solutions for
cvaluation and integration into the final design concept.

When Student 25 presented what she regarded as her final design, Mentor | and

Mentor la encouraged herto evaluate its suitability by discussing at length with her



205
numerous varintions for the details of that plan that could be used to reline it
Throughout this process they coache:d her in ways 10 explore und to detnil the ideas
presented in the finaldesignhy using multiple layers of trunsluccnt *butter paper” 10
over-skeich new idess on the existing design geometry . ‘They nlso usad examples from
their owil "oftice set” draw ings of commissions ( hat hud similar design situations hut
different solutions 10 those being dcvcloped by Student 25.

During 31% of the work scssion time, the mentors modelled design variations
and alternative approaches that were bas ed on cxcmplars takcn from their own works in
progress. Each design clement or proc edure introduced in this manner provided
strategics for conceptualising new ideas nod resolving cme:rgent problems in the design
being developed by Student 25, This, I contend, cncouraged Student 25 to use
melacognitive ways 10 explore and to reline her design ideas. When discussing this
approach with Mentor la during Phase Two, he said:

Ifyou just keep telling them what to do they never devdop their own
idcas, ifthey go it alone they might make mistakes but they also come up
with the goods occasionally and when that happens it’s pretty casy 1o
sce.

I give then a staiting point with some sketches and then let them
experiment with the ideas, when they come back with something 100
outrageous I just slowly pull them back by getting them to show me how
they might actually build it. Youmight say to them what a great idea but
get back to the real world.

Some mentorssaid that they encouraged students 1o “runof fat a tangent™ in
design because it ofien resultad in creative, innovative ideas being explorad. Other
mentors wer e more focussed on monitoring student exploration of *radical ideas™ and
used coaching methods to guide exploration and discovery by setting parameters that
were based on the requirements of the client brief. For example, Student 13 described
howMentor 3 coachad him through the design process, saying:

He gave me the advantages and disadvantages of things like room sizes
or positions. Then he let me decide on how I might use things. He ld me
dothe design but he guided me when I got bogged down or started doing
things that he saw as running of [ linc.

Student 16 experienced a similar approach in her collaboration with Mentor 6
and Mentor 6a. Shesaid:

Most ¢fthetime ] did it on my own but with them helping out when I got
stuck or just looking over my shoulder and mak ing comments when they
saw things that they thought could be done difterently. I had to keep
myself working at it, but they were always therc on the sidclines keeping
an cyc on me and going through my sketches asking me 1o explain why I
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wns doing things in thnt way. They kept talking 10 me about the
design and usually suggested little changes or adding i things like
veranda hs and so on.

Most of the mentors useed coa ching (o assist student lcaming by rciying their
ta cit knowledge and design pro cedures when demonstrating und explaining their
npplicntion 1o problems the emerged firom the students’ authentic design project.
Through this conching pro cess, the students acquired the knowledge and skills needed

to resolve design problems. Analysis of the study data suggested that coa ching occurred

by:

o puiding students’ application of design, heuristic design strategics for resolving
emergent design problems and for refining design solutions;

» cxplanation building to detail the rcasons underly ing design pro cesses and decisions,
based on personal experien ces;

¢ over-sketching ofstud cnts drawings 1o provide inuncdiate feedba ck on idcas
explored or solutions accepted; and

e assisting cxploration o fnew design idcas that siemmed from carlier concepts, as
documented in the "ofYice sct”.

Category 3.4 Learning methods using Scaffolding

Carver (1995, p.206) contends that scaffolding occurs when the “tea cher
provides support 1o help the student perform a task*. This study supports thnt view as
well as regarding scaffolding 1o include tips and tricks or resource materials provided by
the mentors 1o assist student learning or problem resolution adivitics in design. T his
included techniques, explanations or partial solutions that cnable students to progress
beyond points of difliculty.

Findings that emerged firom analysis of the study data suggested that the mentors
uscd scaffolding 1o assist studentsover barriers to their progress by providing tim cly
information and pro cedurcs, based on authentic expericnc cs, 1o resolve problerns
cmerging fiom the design process.

All of the mentors used a range of difficrent methods including the usc of the
following matcrials 1o saffiold student progress with design:

e cxcmplar drawings;

e architectural journals and catalogucs;

e codes and repulations;

o advertising materials like magazines and travel bro chures; and

e hnnd and CAD drawn sket ches.,
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Scalfolding oficn also included assistimcc by consultants and other
design oflice staff who provided specialist knowledge or alternative procedures for
solving probl ems that were preventing student progress. All of these elements have been
mentioned already in the discussion of design oflice practices, mudelting and coaching.
‘Their use as scaffolding clements is further discussed here tecausc scullolding is
universally recognised as importnnt to student lcarning in the design ollice situations of
this study.

Student development of autonomous ways for using information and design
methods modelled by mentors took place during their collaboration with the mentors
and as pnrt of their independent design activitics. The use of scaffolding materials and
methods as listed above is discussed in this section with reference to its timely
application by mentors and others in situations where students expericnced difficulty in
progressing because of problems that emerged from the authentic tasks of their design
pro ject. ScafTolding uscd in this way diftcrcd from the usc of these same materials
during explanation building or coaching where new ideas or conce pts were introduced
along with ways for dealing with them. The cssential feature of scaffolding was its
timely application to overcome barricrs to student progress. Another key aspect of using
scaffolding was its gradual withdrawal as students acquired knowledge and skills
nceded to complete their tusks. The gradual withdrawal of scaf Tolding, referred to as
fading, was examined using the video recordings of Phase Three work sessions.

Four aspects of mentor use of scaffolding that assisted student learning emerged
from this study. Each of these, observed in use by mentors during Phase Three work
sessions, is now discussed along with emergent findings and cxamples drawn fiom the
study data. The catcgories are:

341 Mentor skeiching, over-sketching of CAD drawings and notes;
342 Resource materials including codes and regulations;

3.4.3 Scaffolding using exemplar "office set” and CAD drawings; and
344 Consultants and others with special skills

3.4.1 Mentor sketching, over-sketching of CAD drawings.

Throughout this study, the mentors used fiechand sketches and over-sketching
of CAD drawings to introduce idcas and to explain designsituations or methods.
Sketching was also used extensively hy mentors to provide timely tips and techniques to
assist students to overcome design problems. What made the mentors® use of such

sketches differcnt fiom their usual application as tools to assist coaching, was that thcy



208
were specilically created and used in respon.se to student requests for help, or
when the mentors saw that the students had come o a barrier to their progress. The
other aspect of sketching used in this way was that as with other aspects of scaflolding it
was used only as needed and progressively withdrawn (fitding) us the students
developed know ledge and skills to resolve emcrgent problems that had be:en targeted hy
menlor scaflolding using sketching,

FFor cxample, some mentors made use of sketches to form links for students
between room rclationship bubble diagrams and concept design layouts. Mentor 3 said
that working in thisway was typical of his usual design procedures, but was not used by
the students he mentored unti] he introduced it to them after having scen them struggle
to move on from basis plan forms. The manner in which Mentor 3 used an overlay
sketch to scaflold learning can be scen by comparing Figure 19 (p. 208) which shows a
simple plan forn (created by Student 22) with no room relationship links, with Figure
20 (p. 209), which shows a plan developed over a bubble diagram, developed by Mentor
3 withthe student. Mentor 6 prepared the bubble diagram part of that sketch after
cxamining tbe student’s first design cffiorts (see Figure 19). The bubble diagram was
then developed by Mentor 3 and Student 22 into a plan form. This coaching process
utilised sketching as a scaffiolding clement in that it provided timely information and the
basis for a design procedure that overcame a barricr to design development lor the
stwdent. For this reason, I regarded this use of sketching to be a valuable scaffiolding

clement for student leaming.

CLEpoe 1l Apert

Figurc 19. Student design skelch without room relationships.
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The sketch used by Mentor 3 to scaffold Student 22 is shown below
in Figure 20 (p. 209). In this sketch Mentor 3 has overlaid defined room shapes on a
bubble form layout used to initiate the design by first establishing zone relationships in

the building.

Figure 20. Design sketch showing defined room areas over bubble concept forms.
Such sketches were said by most students and mentors to be valuable tools for
overcoming barriers to student progress during the development of design projects.
Mostly, these sketches were quickly executed using soft pencil on butter-paper, concept
drawings, or roughed out details ready for the student to resolve into their design.
During Phase Three, the mentors used sketches to illustrate, develop and explain
concepts and design ideas or details, as part of their modelling and coaching efforts with
students during 53% of work session times. An example of this form of sketching as

used by Mentor 4 with Student 23, to scaffold learning is shown below in Figure 21 (p.
210).
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Figure 21. Sketch used for scaffolding Student 23.

Hand sketching over the top of CAD drawings was similarly used to scaffold
student learning. For example, Mentor 6 helped Student 24 to position his design by
showing him how to create focus lines, using over-sketching. The sketch produced by
Mentor 6 for this purpose is shown here in Figure 22 (p. 211). The focus lines drawn by
Mentor 6 run from the two left side corners to meet with a line from the centre of the
right side site boundary. Secondary focus lines are shown as broken lines that were

added when Mentor 6 coached Student 24 in his ways for developing alternative

building positioning axes.
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Figure 22. Over-sketching of CAD drawing showing focus lines.

Throughout this study, I observed that most of the mentors scaffolded learning
by using sketching and over-sketching of CAD drawings which sometimes included
elements taken from their current works or office archives that were similar to the
students’ designs. Used in this manner, sketches enhanced and scaffolded learning by
providing sources of exemplar materials that incorporated similar situations (and the
solutions used by the mentors to resolve them) to those faced by the students in their
own works. Sketching used in this manner also provided transfer of the mentor’s tacit
knowledge of different design situations and the information needed to address them in
order to meet regulatory requirements and industry standards for drawing
documentation and construction. Having such materials as the basis for work session
discussions allowed the mentors to use over-sketching of exemplar drawings or the
student’s own drawings, along with articulation, to assist students to resolve problems
in their own works. Sketches produced in this way were also used to explain how other
design strategies might be applied to problems that emerge from the student’s designs.
Student learning outcomes from mentor use of sketching to scaffold learning included:
e acquisition of declarative knowledge about multiple design situations as seen in

exemplar "office set" drawings of authentic commissions;
e acquisition of tacit knowledge based on experience of using design methods reified
by the mentors through use of sketching of similar problem design situations and the

methods they had used to develop solutions for them;
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» proccdural knowledge of waysto apply altcrnative design practices as
shown by the mentors in their usc of overlay sketching o fexemplar drawings to
reify their methods for applying design procedures with reference to the studen(’s
own pioject; and
o design methods and multiple solutions to prohlcms typically addressed in everyday
design situations that emerged from authentic projects as decmonstrated by the
mentors when sketching design elements fiom their own works to illustrate potential
ways for resolving problems that emerged from the student’s design project.
When commenting on how Mentor 28 used this technique. Student 8 said:

It was only when we stated getting stuck for ideas or close (o the
deadlinc, he would come back (o me with an idea sketched out and say
here is something I have thought about and we would discuss and sketch
that through. When I got stuck, I kept going back to those sketches,
because 1 kept them in my own "oflice sct” drawings and I would use
them to soit the problems.

Mecntor2 said that some students were unable to proceed with design because
they did not have the necessary knowledge of building codes and regulations, or
industry standards lor construction detailing and the like. To assist them to overcome
such bairicrs lo their progress, he sketched for them key elements firom exemplar works
to specifically address problem parts of their designs. This use of sketching to scaffiold
lzaming helped students to acquire declarative knowledge of difierent design situations
and to develop tacit knowledge of ways others had dealt with problems similar to those
encountered in their project. Italso facilitated their use of procedaral knowledge
nccessary lo apply design methods, acquired from the mentor, to tesolve their own
design problem situations.

Menlor use of sketching to scaffold student learning helped students lo acquire
tacit knowledge about design and drawing standards, as defined by the mentors, through
their use of exemplars, drawings and sketches, from which the students could develop
their own designs. Using solutions from other works to scaflold the students’ designs
facilitated the introduction of industry and design office standards (o those designs.
Mentor 3 said that he used this approach so as to lead by example. He said:

I'talked about every aspect of the design and sketched out ideas with him

when we wanted something done in a particular way, or if it had to

conform to particular codes or regulations.

I dctermined that student learning was enhanced by mentor use of sketching to

demonstrate and explain their design methods and by the use of sketches by students to
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present nnd ¢lefend their design methods and solutions. For cxample, the
student design shown in Figure 23 (p. 213) was developed using the method provided
by Mentor 3 (sce Figure 20, p. 209) which shows the bubble diogrum and over-
sketching approach introduced by Mentor 3. Although the layout in Figure 23 is
different fromthe mentor’s example, Student 22 hass clearly applicd the method [camed

from Mentor 3.

Figure 23. Student deslgn using over-skelching of bubble diagram.

Additional information, in the form of notes, was often provided on sketches
used for scaffolding learning. Mentor 3 made extensive use of notes and sketches as
scaffiolding tools when working with Student 13. On this point Student 13 said;

I did heaps of sketching to develop the designs and when we worked
together we mostly talked and sketched ideas and worked over the top of
them ttying out new solutions. We made a lot of notes while we talked
and sketched and I used these later to sketch out other ideas that we
discussed.

An cxample of the notes produced by Mentor 3 to scafliold Student 13 is shown
here in Figure 24 (p. 214).



214

r&-_:"l—‘gjl_z;&—’ St 3B

p il

? ‘Eulw ?M—ﬂtt (’wﬂ'u«-— to‘.ﬂu
&&444...,AL...~

BZH-AL-H-

Figure 24. Notes used to Scaffiold student learning.

Notes used on sketches in this way assisted student learning by providing an
advance organiser for each new stage of the design development. Their use was also
important for student reflection on the design process and also important when
defending design decisionstothe mentor or others.

Where CAD technology was used indesignand drawing production, most of the
mentors used a print-out of the semi-completed student design to sketch over the
drawing to scaffold students’ progress by exploring new ideas or 1o assist in developing
existing ones. An cxample of how Mentor 6 used over-sketching of CAD drawings to
scaffold Student 24 through patts of his design is shown here as Figure 25 (p. 216). In
this drawing, Yrechand over-sketching can be scen in almost every part of the CAD base
drawing. This demonstrates how CAD drawings were used as a means of formalising
the emerging design geometry, which was thenexplored and developed using frechand
sketching methods. The use of over-sketching o f CAD drawings (o scaffioldstudent
development of design elements often occurred as part of coaching, but with the focus

being on overcoming design problems that had presented barriers to the student’s

progress.
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Figure 25. CAD Drawing over-sketched by Mentor 6 and Student 24.

During 28% o f the work session times, Mentor 6 encouraged Student 24 to over-
sketch his own CAD drawings in the manner modelled by the mentor. This, he said,
assisted learning by providing a scaled (and therefore realistic) base upon which to
explore other ideas or variations on the design. The visual record of all ideas explored
using true to scale over-sketching gave the student an audit trail that showed the
branching of ideas and explanatory elements concerning why certain parts of the design
had been accepted or rejected as part of the final solution. Analysis of Phase Three data
about over-sketching and notes on drawings suggested that they were used by the
students as reminders of why particular decisions had been made, and this assisted them
to make other design decisions, as informed by their earlier explorations, when not
assisted by the mentor. The key element was the record of the design decisions
explored, as seen through the sketched ideas and notes made by the students during the
work session. Notes on sketches used by mentors to scaffold student learning helped the
students to reflect on the purpose of those sketches when revising their designs and to
utilise the information shown when implementing design methods acquired from the
mentor.

Another aspect of using progressive over-sketching of design ideas to scaffold
learning was that of scheduling the sketches, drawings and models produced to give

order and structure to the design process. Schedules were also used by many of the



216
mentors when assisting studcnis to plan the time line for completion of each
part of their design pro ject and prescntation documents. Mentor 3 noted that this was a
part of his usual design office practice aad was therelore an important asped of what
students needed to learn for professional practice. O fhis use of schedules to scaffold
learning, Mentor 3 said:

What I do when we are actually doing projects here is work oul what we
arc going lo do, how many sheets of drawings we are likely to produce
and that's part of the process of quoling financially. Students get stuck
because they don't know what to do aext. When that happens I get them
to produce a schedule to work to. That’s how we do it in the office and
that's what works with students.

The mentors encouraged the students (o use schedules as a framework for design
procedures that were broken down into incremental, readily achieved stages. For
example, part of a time schedule typical of that used by most of the students in this
study is shown in Table 12 below.

Table 12
Sample part of student desigo praject schedule

Day Design Drawings | Resources | Timetaken | Time
Element required allocated -
Time lett
Thus5® Bricf Schedule of | Example of | 4 hours I day
breakdown criteria client brief
: from Brian 28 davs
Friday 6® | Site CAD layout | Drawings of| 7 hours I dny
requirements | with levels | Winthrop
and features | job, council 27 days
rcgulations
Saturday 7" | Conltour lines | Planofsite [ DOPLA 4 hours 0.5 days
on site, | plus plans (get | (incomplete
geological | sections on NET) at this time) | 26 days
survey throughn/s [ Client byicf
drawing and c/w title
dmwings
Sunday 8" |Designzone |Sketch } Example Allow3 0.5 days
relatioriships ’ layouts | drawings, {days
(keepit Building 25 days
simple) Code

Monday 9™ ] Start bubble
diagrems

Butter paper | Criteria Allow | day | 2 days
sketches fiom bricl 24 days

Most of the mentors used schedules similar to this to assist students (o organise
their time to complete various tasks. They were used by all of the mentors in Phase

Three to keep track of the studeats® progress in the same way in which they monitored
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rcal work projects in their normal office practices. This helped the mentors
to identify problem aspccts of studcnt completion of design tasks within the overall time
available for the vuthentic project and helped them to provide additional assistance
quickly when barriers to piogress were cncountered by the students. For this reason I
regarded mentor use of schedules to support student learning to be another aspect of
scaffolding.

I hawve concluded that student use of design project sclieduling in the manncr
modclled by mentors assisted learning by providing an advance organiser for tasks
leading 1o design solutions. [ts use by students was also important as a tool for
reflection on pathways lollowed during the design process and also important when

exploring new perspectives or altcrnative design clements.

3.4.2 Resource materials used to Scaffold learning.

Scaflolding resources used by the mentors to assist students included books,
Jjournals, magazines and photographs covering a great range of topics, not all of which
were necessarily architectural design focussed. Anything that included stimulating
imagery such as design or fashion clements like those found in magazines, travel
brochures and the like was used by some of the mentors to inspire ideas in building
design. All of the building design offices situations used here had extensive libraries of
diverse and non-context specilic materials available for the students to use. In most
cases these things were provided informally as coffice table items used for casual
reading ia the social culture of the office. All of the design offices also made extensive
use of "office set" drawing documents o f authentic design commissions and CAD based
drawings and component librarics as resources for scaflolding student learning. Most of
the mentors said thatthey encouraged the students under their direction to use these
materials to stimulate and inspire new and im:iginative ways of dealing with design
problems, When commenting on his use of such materials, Mentor 1 said:

We have a really good collection of magazines and books which we all

use in the oflice to getideas and keep up with what's going on in the big

picture overseas and in Australia.

Most of the students said that they had uscd a diverse range of materials supplied
by their mentors as a source of information and inspiration when looking to overcome
barriers to the progress of their designs. Mentor 2 used books and other m. . -ials to
introduce new ideasand to stimulate Student 9 to visualise a design approach for a

countiy setting. Ofhis use of such materials with students Mentor2 said:
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I said to him go and read some books and look at some pictures, go

to a travel agent und pick up some brochures of the places you arc
designing for. Try to get the images in your mind because some of this
couiitry that these houses are going to is beautifiul.

When Student 9 was askcd about how Mentor 2 helped him progress beyond the
initial design sketches he created from the criteria set by the client brief, he said:

He brought outa couple of books, just lundscape and the BCA (Building

Cade of Australia), os well as some trade litcra' . that showed timber

and mctal work building products. We pulled ideas out of them on

balustrades and details for transportablcs We also looked at photos and

stuff on the climatic zoncs in a book called “Living With Climate™ thut

was really uscful for working out roof overhangs as well as window sizcs

and positions. He sketched out three or four dilT erent ways of using roof

shapes to get sun protection for the walls. We also used a cardboard

model he had of one of his jobs to talk about how wide the verandah
nceded (o be on the west-side to keep the sun olf the kitchen wiadows in
summer. Once | had all that stutT1 was able to get on with the design.

This statement shows that Mentor 2 used a number of dil Terent resource
materials (o scaffiold Student 9 over the barrier that had put a halt to his progress. They
included books for Jandscape and site development, the Building Code of Australia tor
construction details and safety standards, trade literature for technical information about
building matcrials, a text boak on designing for difierent climate conditions,
photographs for inspiring design style and a model for exploring design form.

Bringing resources such as these togcther was a key part of scaflolding student
learning in the design office situation as it facilitated the pragress ofthe student’s design
work with the immediacy of having the mentor at hand to direct its use. Many
comments similar to those made by Student 9 were included in data coded about the use
of resources used by mentors to scafliold student learning. For example Mentor 3 used
commonly available magazines to assist Student 13 when he was “stuck for ideas™.
Commenting on this Student 13 said:

... he brought along some pamphlets and magazines that had pictures
and articles in them shawing portable houses and that was rcally handy
because | got idcas from them to get my design under way.

Student 14 said that when he was “stuck™ his mentor used his own drawings as
exemplars, aswellas sketches (o scafiold him through difficultics. O fthis approach
Student 14 said:

... he didn'thave any similar pro jects to this one but he showed me a
[ot of presentation drawings and some details that he had used. He was
good like that because when I was stuck he would not try to block out
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my idecas and usc his own he would just guide me through and give
me little hintsand sketches of things to allow me to work it out.

Student 16 snid thut Mentor 6 and Mentor 6a used (1 combination of scvcrul
differentmaterials us scnifiolding to assist her in resolving problems that presented
bareicrs Lo her progress in design. They also (acilititicd her access to other experts in the
design ofTice who provided specialist advice when needed. Ofthisapproach Student 16
said:

...when 1 got stuck they were good at giving me just enough to get on
with it. They bad a big libcary of books and pamphlets and drawing sets
that | could usc for ideas and dctails or partial solutions; there was heaps
of swif to usc. There was also a guy there who worked for them who
helped me a Jot with the computer work and he was more skilled than
they were in using the computer. When [ got stuck he helped me out by
showing me how to usc the computer to experiment with dilficrent design
combinations using their CAD design components library.

Mentor 26 made use of her own past design commissions to demonstrate design
strategics and solutions. She then coached Student 18 in ways to apply those methods to
the problem situations that were preventing his progress with his design project.
Commenting on this Student 18 said:

... she showed me some other designs where she had used the same
technique and it had worked well there, it was a practical way of gelting
it logether. She showed me several sets of drawings of other projects that
she had donc and 1 got dcas from those on how (o set things out and
detail them. That got me over the first big hurdle.

Analysis of Phase Three work sessions involving Mentor 1, Mentor la and
Student 25 showed that they used a broad range of scaltolding malerials including
excmplar drawings, ind ustry joumals, codes and regulations, magazines, photographs
and models. Resoarces such as these were used during 15% of the Phase Tliree work
session limes to introduce ne w concepls or ideas, new design/building materials.
diflicrent presentation techniques and design elements such as construction forois in
steel. During the carly part of the design process, the mentors used general materials
such as books and photographs (o talk about image and fonin. As the design developed,
they made greater use of more specific examples as scen in their own design works in
progress (o demonstrate and coach Uk: studenton the application of the clements
provided.

Mentor ! made extensive use of simple niodels to scafliold learning when

dealing with the visualisation of concepts or three-dimensional design forms. This, he
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said, was part of their everyday culture of practice when dealing with clients
who were not always able to read drawings as building forms. Student 25 adopted the
mentor’s use of scaled models by making a model of her own project (see Figure 27, p.
221) to communicate and develop her design ideas. Of her use of concept models,
Student 25 said:

The model just helped me to bridge the gap between what 1 could

conceptualise and what I could sketch. We used it quite a lot during the
" work sessions to discuss the structure and the aesthetics of the building

because it gave a real sense of the scale and proportions of the design.

Figure 26 shows a sketch used by Mentor 1 to introduce the idea of a model
when discussing the layout proposed for the presentation of the design. The five
rectangles at the top of Figure 26 represent the five drawings needed for the presentation
and the idea for using a model is shown in the bottom-centre of the sketch. Student 25
picked up on the mentor’s suggestion of using a model and implemented it in her final

presentation as seen in Figure 27 (p. 221), which shows a photograph of the model that
she built.

Figure 26. Sketch showing proposed presentation with model.
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Figure 27. Design presentation model.

This model was used by Mentor 1 and Mentor 1a to scaffold learning for Student
25 when she was having difficultly in resolving the roof forms where the central
horizontal section of the building meets the two square sections located at the sides. It
was also used to assist Student 25 in her understanding of how building regulations
about access to public areas was calculated.

Most of the building design offices had comprehensive sets of codes and
regulations, as well as technical documents, both of which were necessary for students
to ensure they met legal and regulatory soundness of their designs. Many of the students
noted that access to these codes and regulations helped them to resolve problems that
emerged during the development of their design project and assisted them to acquire
declarative knowledge about building practices. This, they said, greatly enhanced their
learning and assisted them in resolving aspects of their designs that they may have
ignored or simply guessed at when doing a fictitious classroom based project. This
aspect of using resources in this manner was seen by most of the students as the first
time that they felt totally accountable for their design decisions. Some students
commented that they had been mindful to adhere to regulatory requirements because
their mentor had demonstrated the use of regulations in relation to their work and

therefore they felt accountable to the mentor in their use of these materials.
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Throughout the work scssions, just as there was a eyclicul
overlapping use of modelling an¢} coaching, there alse «xisted an overlapping of mentor
usc of the materials discuss¢d here for coaching and scaffolding. At limes, mentor use
of these matcrials could be clearly definel as them couching the students. At other
times, the mentors used these materials in ways that I regarced as scoifolding because
their use focussed on the provision of assistimce to deal with acute design problens,
rather than teoching everyday design practices or procedures.,

Analysis of the study duta suggested that when the students had access 10
extensive rcsourees, they were more inclined to adopt a meticulous upproach to their
design by following through mony detailed aspects of the work. Mentor use of
scofYolding led to students acquiring declarative knowledge of design situations, which
helped them (o build their tacit knowledge of ways for implementing procedures they
had acquired from mentor modelling of their methods and coonching in ways (o apply
them. Some students said that they did not use this thorough approach when
undertaking a classroom based design project where resources were limited. The
extensive use of codes and regulations was evident in the notes and sketches produced
by mostof the students in the drawings presented at the end of the design project.

Findings from analysis of these data led me (o conclude that mentor use of a
diverse range of resource materials (o scaffold student learning helped students to
acquire declarative knowledge of many aspects of design practice, as well as knowledge
of procedures used by expert building designers to create and develop design solutions.
The fmdings also suggested that timely use of scaflolding led to student development of
skills to visualise design problems and ways forthemto resolve emergent problems

using metacognitive design methods.

3,4.3 Scafolding using excrmplar "office set” and CAD drawings.

The importance of "office sct” drawings in design office learning was discussed
in Category 3.1.4 on page 166. T his scction deals with data coded about the use of
"ofYice set" drawings as a tool for scaffolding learning. Specific examples of how
different mentors used the "office set” for the purpose of scaffolding student leaming
are discussed here, along with supporting Phase Two and Phase Three data.

Most of the mentors used sets of drawings from their own design commissions
as exemplars to guide and scaffold student learning. The use of these drawing sels
occuired during 16% of the Phase Three work session limes. Most of mentors made use

of CAD technology and geared their design practices around the use of pre-drawn
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design clements and re.use of entirc CAD bascd drawings. llund drawn
sketches and CAD bascd drawing clements in "office set" commission documents were
cxicnsively used to scalfiolding students us they reached various stages in their designs.
This form of scotYolding was uscd by mentors to provide students with pre-drawn
partial salutions for a varicty of diflerent design concepts and construction details, cach
showing clcarly defincd industry standards of documentation that studcnts applicd to
their own work.

Findings suggested that students were guided by mentors to regard usc of CAD
bascd "office sct” drawings as resources for developing their own design solutions and
to overcome barricrs to their progress. The usc of "oftice sct” drawings in the full range
of design practice mostly took place as part of coaching by mentors, but was also used
by them to address specific problems that formed barricrs to the students’ progress
when dealing with the authentic design projects undertaken.

The use of these matcrials alsa formed part of a process through which students
were required to defend and justify their design development. Wiien discussing how he
used excmplar drawings to scaffold Studcnt 30 thaugh difYicult parts of her design,
Mentor 6 said:

We would get her going by showing her these simple oncs (cxemplar

drawings) with just plans and clcvations and say to her you caa do that in

your own projed and she would apply the techniques herself,

Mentor 2 similarly supported Student 9 when he was having difficulty
progressing with his design. When discussing how the drawings uscd by Mentor 2 had
helped him through, Student 9 said:

Hce gave me lots of cxamples of other drawings and other house plans
that he had used in those two arcas (geographic locations) and used them
to cxplain how he had come up with designs in other similar arcas.

Most ofthe mentors cncouraged the students to utilisc cxisting drawings for
their developmental works, as these had already been proved by the mentors through
authentic commission applications. As a scaffolding clement, such drawings facilitated
studcnt melding of many differcnt design idcas and provided opportunitics for
individual approaches to be developed out of cxisting matcrials. Authentic commission
“office set” documents (drawings and othcr materials) were uscd by the mentors as
cxcmplars to cxplain to students the problem solving strategics they had uscd to create
the design solutions shown. The usc of "office sct" documents in this way assisted

knowlcdge transfer becaase it provided a means for the mentors to reify their tacit
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knowledge and this helped students to acquire ways for resolving their own
design solutions. Application by studcnts of design methods acquired in this manner Jed
o students developing their own "ofTice set” documents that show the progress of the
project from concept form to construction documentation. Sturlcnts then used these
drnwmgs tareflect on design ideas they had explored nnd to refine clements deemed
suitable for |nclu5|on in thclr ﬁnnl design solution. Using this approach provided the
students wnh avi isual rccord of the cntire design process and strategics used to resolve
cach clcmcnt of the final solution.

thn dlscussmg his use of "office scl" documents as scaffolding tools for
student use Mentor 7 said: _

This pince is .ﬁl|.| of examples 'thcy can .pull out of the drawers and use

.. them to dcvclop their ownideas. 'Ihm showwedoitinhercinall of our
commissions.

The usc of "office set" drawings also provided students with industry accepted
benchmarks against which they could evaluate their own woik. This was scen my most
of the mentors as a key part of student ledrning using authentic projects because the
"office set" documents provided éxnmplcs of design and drawings that dcfined
stnhdnrds of professional practice necessary f or the students to achieve in their own
works. Mentor I noted thathe used exemplar drawings to set star.dards for student
perforinance. When discu_ssing how he did this with Student 20, Mentor | commented:

We gave him sample drawings and said this is what we expect yours to
* look like when it is finished,

" Mehtor i said that he used "office set” drawings to assist students over barricrs
to their progress with all aspects of d'csig.n.oﬂ'lcii practice. This he said included student
use of design drawings, detail drawings and prc.s';emmion drawings from a varicty of
sources such as h'tmd. drawn skclc_hcs; CAD drawings and other materials produced by
consultants outside of lhé office Chvifqhnmcnt. All of thcse materials were based on
industry standards and provided students with models upon which to base their own
works. As scaf Tolding clements, they nssistc;i students to overcome design problems
that formed barricrs to their progress, as well as setting standards of excellence that
encourage higher levels of achicvement in design thinking and drawing production.
Making note of this aspect of their use, Mentor 3 said:

We have these here (showed interviewer presentation drawings of
difterent projects) which we use as a basis for much of our presentation.
This is what the student sees. It gets them over the design hurdles and
sets the standard that we expect of them.
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When commenting on how she wus helped through design problems by Mentor
2 who used "oftice set" draw ings as the basis for much of his usual design practice,
Student 29 said:

I had a lot of ideas but just couldn’t scem to get started with the design at
first because I had never designed anything for a tropical climate before
and wasn't surec how to begin. He pullcd out three difierent sets of
drawings of jobs that his office had done up Notth and used them (o
stow me how they dcalt with the air flow through the buildings and the
termites, as well as some ideas on cyrclone protection without making the
place look like “Fot Knox™. Once I had those drawings to work from, he
just let me looscand I got into it. Ile was really pleased because I came
back with a couple of design layouts which we worked on together to
make the final one,

In some of the design ofTices, whole CAD drawing librar ies covering all aspects
of design docwnentation were made available to the students. The students were
encoulaged to extract fiom these ideas or component paits lor their own designs, just as
professional building designers do. Mentor 7 encouraged Student 29 to make use of the
office CAD resources to develop her design. The use of materials in this way sometimes
blurred the edges between scaflolding and coaching. Commenting on how he had used
such materials to scafloMd lcarning for Student 29, Mentor 7 said:

I gave Karena lot of CAD files of entourage and presentation stufi that
we use so she could just plug those into her presentation. I said to her,
you will find this in almost any CAD based office like ours, it's a
resource that the industty uses.

Inanother designollice situation, Mentor 3 assisted Student 22 with the
gaphical presentation of his ideas for the development of the building site by providing
the student with "olVice set” drawings as well as an electronic copy of a full library of
CAD details. Thisallowed Student 22 to rapidly present ideas and explore new oncs
without havlng to spend time creating the gcometiy himself. By having such resources
to facilitate drawing production, Student 22 was free to focus his design creativity on 2
conceptual level, rather than being tied to the restrictions that smay have otherwise been
presented in the documentation processes of drawing production.

Most of the mentors indicated that ns a usual practice they used pre-drawn
design clements and CAD based drawings including consteuction details and commonly
used layouts for design elements such as bathroom or kitchen arcas, to assist students in
theirdevelopment of design solutions. This approach I regarded asa key aspect of

scaffolding that was extensively used by mentors 10 assist student learning. Mast of the
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mentors used CAD design elements and "office sel”" drawings to scaftold

student learning nnd to acquire declwrative knowledge about:

e comnwonly used solutions for room layouts in kitchens, bathrooms, bedrooms and
technical areas like medical or industrial settings;

¢ rchtionships between rooms for traffic flow in various settings;

¢ regulations and codes as applied to specilic design situations;

e conslruction details such as foolings, roof structures, ttuss and beam fixings and the
like;

e colour and texture of surilzce finishes; and

e (heselectionofmaterials and differ ent construction methods as determined by

specific design problems or siluations,

The following example of how "office set” drawings were used in various ways
to scalfioldstudent learning is based on my observation of Mentor 6 working with
Student 24 during Phase Three work sessions. | have chosen this particular
student/mentor situation because the methods used by them were representative of most
of the design office situations studied.

From the outset of their collaboration, the principal tool used by Mentor 6 to
scaffold Student 24 through many barriers that emerged during development of his
design was the various "office sets” of drawings crealed with cach new project. Using
these as a basis for overcoming problems in his own work, Student 24 was able to
follow the progress of thc exemplar designs by reading through the mentor's notes and
drawings that made up the "office set” record of design methods used and decisions
taken to resolve the design solutions. Figure 28 (p. 227) shows some over-sketching
clements (see the darker line paits) that were introduced by Mentor 6 as successful ways
for resolving problem arcas in the student’s work, but based on parts the mentor’s own
"office set” drawings being referred to as exemplars during the wotk session. The
paiticular elements discussed are room layouts and furniture and littings items shown at
the centre of the plan displayed. The manner in which Mentor 6 had used clements such
as these in his own worksto define spaces in the plan was taken up by Student 24 in his
organisalion o f space in the design shownhere. Althougha seemingly small design
clement in itself, at the time it represented a conceptual barrier to Student 24 in his
development of a design solution. By using his own worksas an exemplar to scaffold

learning for Student 24, Mentor 6 assisted Student 24 to overcome that barricr.
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Figure 28. CAD drawing showing sketched development of fine details.

During Phase Three work sessions, I observed Student 24 create and use his own
"office set" in much the same manner as modelled for him by Mentor 6. Student 24
adopted the working practices modelled by Mentor 6 and used by him as a tool to
scaffold leaming when coaching Student 24 through areas of difficulty. Using exemplar
"office set" design drawings in this way provided Student 24 with the means to quickly
explore multiple design ideas and possible solutions. This I regarded as evidence of
development of metacognition. Evidence of the exploration of multiple design ideas in
one drawing developed by Student 24 can be seen in Figure 29 (p. 228), which has as its
base a CAD drawing, but has been heavily over-sketched by the student when exploring

ideas for refining the plan and elevational treatments.
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Figure 29. Over-sketched CAD drawing.

Drawings like this were compared by Student 24 to others in design office
"office sets" which provided benchmarks against which he could evaluate emergent
ideas and synthesise them with new ones developed for the real work design project.
This is shown in Student 24’s elevational treatment of his design which were developed
from ideas first presented to him by Mentor 6 as part of one of his own design office
commissions and demonstrates evidence of tacit knowledge transfer about design
procedures acquired by Student 24 from Mentor 6. The over-sketching of the roof forms
as seen in Figure 30 (p. 229) came about as a result of Mentor 6 and Student 24 working

on the design together with reference to the exemplar drawings introduced by Mentor 6.
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Figure 30. CAD drawing showing roof form development.

Further development of the ground plan seen in Figure 28 (p. 227) also
contributed to the formal drawing of the elevations seen in Figure 30. Very little
evidence of over-sketching can be seen in these drawings because during coaching,
Mentor 6 made use of translucent overlay paper to trace out new ideas over the existing
drawings, rather than work directly on the student’s most recent work. When questioned
on this point, following completion of the project, Mentor 6 commented that he did this
deliberately to allow the student to feel some sense of closure coming to the design, but
to still keep an open mind on late changes explored as disposable thoughts on paper.

This process was said by Mentor 6 to also allow Student 24 to feel ownership of
the final design and that any changes to be made at that stage were for the student to
initiate and decide. In so doing, Mentor 6 contended (post project interview) that at this
stage of the design, “the student becomes the designer, no longer the apprentice”
(Mentor 6) and thus takes responsibility for the design, working in autonomous ways at
a higher level of decision making and project management. From these and other data
about student transition from being dependent on scaffolding support, to working
independently, I determined that most students had at this stage developed autonomous

use of metacognitive design methods for exploring and refining design solutions.
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3.4.4 Consultanss and others with special skilis.

In most of the design ol Tice situations, the mentors arrenged for experienced
personnel (o advise and guide students at times when the mentor was not uvailahle.
Most of the students said that this was of greal value because it provided them with
altermativc points of view and they ofien provided the assistance they needed to resolve
some difficulty which would otherwise have halted their progress while they waited for
the return of their mentor, When discussing his use of a back-up mentor, Mcntor 3 said:

When the student came for the first meeting I bought in Jack as my

assistant so that he could be involved and to be there as a back up for

times when | may not be available as well.

Onc key aspect of having experts on hand to assist students to work through
difficult parts of their design involved coaching methods and scaflolding materials
linked to current design office works in progress. The usc of such prujects gave the
students authentic examples of the mentors’ problem solving strategics and methods of
application used by the mentors and others in their everyday culture of practicc
aclivities. Student 16 said of this aspect of working with Mentor 6 and his stafT:

When | gol stuck they were good at giving me just enough lo get on with
it. Some of the time when 1 was working there they got me to work on
prajects that they were doing in the business and that showed me a lot
about how they worked through problems in design and how they ran the
business.

Student experience with working on authentic commissions with the mentor and
others in the design office assisted them to acquire tacit knowledge of design procedures
and declarative knowledge required for their application. This was an important part of
student learning in the design office situations of this study.

Mosl of the students commented that their mentor used examples of Ueir current
works (o assist them in resolving the design problems of the study pro ject. This they
said laught them a great deal because the examples were real and represented actual
solutions (o authentic problems that the mentor had resolved. Some students said they
feltconfident when incorporating clements of the menlors’ work into their owndesigns
because they valued the mentor's experlise. On this point Student 8 commented:

He sprung an idea because he said look I am currently working on this

and we looked at how we could adapt what he was working on to what

we were doing together on the project.

Analysts of Phase Three data showed that during 32% of the work session times

Mentor 3 and his assistant mentor used scaffolding materials consisting mostly of
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skelches, drawings and contract documents that had been produced in the
design ol'ficc us partof rcul work commission:s. By using these materials throughout the
work sessions, Mentor 3 was ublc to scaflold Student 22 over dillicu'tics he had
encountered vvith his own design by applying work practices, design solutions und
mcthods for aldrcssing emergent problems to the student’s project. When Mentor 3 was
not avuilable, his assistant was able to use the same matcrials to scafliold student
learning, adding his own intcrprciation of situations and heuristic design strategics in so
doing. An important aspect of using design oflice commission drawings for scaflolding
was that when a “back up raentor” or other person in the setting used the same resource
matcrials as the mentor when assisting the students. This often provided the students
with another interpretation of the design methods or solutions shown and thereby
introduced alternative perspectives, to assist problem solving.

Both Mcntor 3 and his assistant also provided scaflolding by using exemplar
matcrials and quick skelches of design ideas or possible solutions. They also included
notes on their sketches about design strategics used and the reasons for decisions taken,
for later reference by the student when further exploring the ideas thus introduced. For
cxample, during onc work session, I observed Mentor 3 and Student 22 create the sketch
and notes shown here in Figure 31 (p. 232). Mentor 3 said that this was typical of his
work practices and that he used this approach with studentsto ensure that they
documented designdccisions and the reasons for using design clements so that they

could refer to these later when defending their proposed solutions.
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Figure 31. Sketch and notes format as used in exemplar office drawings

Analysis of Phase Two data showed that the timely provision (see quote below
from Student 9) of specialist knowledge or problem solving tips by the mentors and
others was said by many students to be a key part of overcoming barriers to their
learning. For example, Student 9 said that much of what Mentor 15 did to help him
through difficult aspects of the work centred on discussion and sketching. Associates of
the mentor provided other help. He also said that when he became “bogged down” with
a complex roof form, a building consultant who worked with his mentor provided
detailed explanations with quick sketches that helped him to visualise and understand
the interrelationship of components needed to resolve the roof design. Commenting on
this, Student 9 said:

After I managed to get the plan reasonably right, I started on the sections
and elevations. 1 couldn't work out the roof plan and so he (building
consultant in office) showed me how to extend the roof out this way so
that it came out a bit and sorted it out.
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Analysis of Phase Two data also showed that the students, who
worked in design office situations where they had contact with other designers or
consultants firom associatcd dissciplines working in association with their mentor, were
assisted in their lcarning by the advice and assistance provided by them. For cxample,
Student 13 made the following comment when discussing how an associate of his
mentor had helped him to takea difficrent view of design when she was not progressing:

He had a lot of diffierent ideas and diflierent ways of putting it across.
That was the great thing about it, he had such a lot of experience he is
able to say look I've tried it this way or that way and he gave me
examples of where it worked or failed.

Student learning was enhanced by the students having access lo the experience
of multiple experts who provided opinions, heuristic design strategics and working
practices, together with their tacit knowledge of typical design jwocedures shown by
them to be successful when applied to authentic projects.

‘The mentors and others used the following scaflolding methods to assist student
learning:

e frechand sketching backed up withdetailed explanations ofthe reasons for using the
design/construction strategics or defails presented;

e cxemplar "office set” drawings illustrating heuristic design strategics, problem
solving procedures and benchmarking standards;

e over-sketching of hand drawn and CAD based drawings to show multiple altemative
design strategics or solutions;

e timely presentation of “tips and tricks”™ based on authentic commissions and tacit
knowledge;

e use of a diveise range of non-context specific materials such as magazincs, journals,
pictures and the like, s well as discipline specific codes and regulations;,

e notes on sketches and drawings for locussing student use of design procedures and
to convey declarative knowledge of design situations, regulations or usual office
practices;

e use of notes and schedules for sequencing of lewrning events in design and to link
thesc to Incremental tasks that progressively build on student knowledge and design
skills; and

e providing a CAD databasc of pre-drawn clements to address individual problem
aspects of design and facilitate rapid exploration of multiple design ideas.

Theme 4: Design office experlence and learaing

Inthissection findings are reported from analysis ofdata coded using the
following categorics:
4.1 Developing a creative, innovative approach to design;
42 Reifying kmowledge in design aiffice learning; and



234

43 Explorotion, Reflection and Visualisation in the development of
design style.
Findings that emerged firom anulysis o f data using each of these categorics urc

now discussed along with supporling dutu.

Catcgory 4,1 Developlng a creative, innovative approach to design

Analysis of Phase Two data showed that most of the students considered that
working witha mentor inspired them to achieve excellence in their design work and
most also said that they had lenmcd a great deal (rom the experience. For example, the
following comments made by Student 8 arc regarded by me to be typical of many others
in data coded in this cutcgory.

Working with him I felt rcally charged up. It made me aware of how
important it was to get stulf*done on time and it made me then put in a
big cffiort (o get everything elsc done that I had been letting go for some
time. I fed more confident and positive about what 1 am doing. Belore
that ] would do my designs and I'd think | would wonder if this will work
and I'd think no thals just a shit idea, but now he has broadened my
horizons a bit and now I think hang on maybe that might work and Fll try
it out.

In these comments, Student 8 has mentioned several points said by most of the
mentors to be key goals they sought to achieve when working with students. These arc:
e development of a confident positive attitude;

e feeling inspired about design work;
o planning design stages by using time schedules; and
e being innovalive and adventurous whenexploring alternative design ideas.

Most of the mentors said that they sought to inspire students to develop an
imaginative, creative and innovative approach (o design. Findings fromanalysisof
studydata showed that they used various methods to achieve this including discussion,
showing pictures and drawings of other works, going to the site of works in progress
and hand sketching of ideas with the students during work sessions. Mentor 4 exphined
that he sought (o generate enthusiasm with the students as a means of taking them on a
“jowrney ofdiscovery” in which he stimulated their imagination using a diverse range of
verbal and visual images, including thosc displayed in his own work environment.
Mentor 4 said of this approach:

My approach is to gencrate enthusiasm. This enthusiasm can be
inteipreted in a couple of ways, one: it can be on the project which they
have; two, Is about the future they have in the industry itself, their career.
Essentially what they do when they come into my oflice is they arc
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impressed by the cnvironment, the cnviconment suys cverything, this

is the lead or key point. Once you latve cstablished the environment the
cxpectation, the cxcitcment, the cnthusiasm starts to flow from there, it
scts the goal or focus or lendcrship aspect.

The video recordings of work ses:sions in which Mcntor 4 worked with Student
23 were studicd to dctcrrninc how Mcntor 4 applicd the approach that he deseribed
above. In those work sessions, the mentor began by (alking about difficrent design
commissions that he had undertaken and showed Student 23 examples of thesc by using
photographs and drawings that were displayed on the oftice walls. With cach project
discussed, he described what it was that inspircd him in the design and what he hoped to
portray in its acsthetic treatment and spatial construction. Throughout this process, he
placed great cmphasis on inspiring ncw thought by using descriptive language with
sketching to encourage Student 23 to visualise idcas and design concepts. At the same
time, he cncouraged Student 23 to skctch out idcas for his owndesign project. Whenthe
student had “mn out of ideas™, Mcntor 4 used photographs and images in travel
brochures and the like to introduce new concepts, or to create an imaginary situation
firom which innovative design idcas might be created by the student. Activitics of this
kind took place during 44% of thc work scssion times. Commcenting on this approach,
Studcent 14 said:

I tiy to be creative and innovative in my design work so it was good to
have a mentor who did the same and was preparcd to look at things that
were a bil out of the ordinary cven if they were a bit radical. He came up
with idcas ffom almost anything. He used pictures of all sorts of
situations to make up storics about pcoples’ lifestyles, like the shots of
thosc houses that the opal mincrs live in. From thosc I got some radical
ideas going like building it partly underground.

The manner in which Mentor 4 uscd imoges in resource materials he introduced
to inspire creotive idcas was to start out by sketching gcometric shapes in loose form
sketches. These, he said, provided a vehicle for him to cxplore with Student 23,
alternativc idcas before settling on a design theme to follow. During my obscrvation of
the work sessions involving Mentor 4 and Student 23, 1 saw them develop the rough
concept sketch, shown here as Figure 32 (p. 236) and Figure 33 (p.236), to a final
presentation design. Much of what took place in those work sessions consisted of quick
sketching over CAD drawn outline plans, supported with very descriptive cxplanations
of how the details of the design might be developed and the reasons for cxcculing them
in particular ways. Throughoul this process, Mcntor 4 sought to inspire Student 23 (o

cxplore and develop hisown solutions, rather than have him provide them. | le did this
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by encouraging Student 23 to articulate each stage of design development
from visualised concepts of raw ideas down to structural systems and finishing details,
often with very little of this being put to paper. For example, the bold triangular forms
explored by Student 23 in a work session with Mentor 4 dominate the concept design
sketch shown here in Figure 32 and again in Figure 33. These forms can still be seen in
the final presentation drawing (see Figure 34, p. 237) that Student 23 developed from

ideas inspired during the work session with his mentor.
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Figure 33. Concept sketch for triangulated plan forms.
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Figure 34. Presentation drawing showing triangulated forms.

The design development seen in the Figures 32, 33, 34 demonstrate how Student
23 applied his conceptual learning using knowledge and design skills acquired as a
result of working with Mentor 4. A feature of the design methods used by Mentor 4 and
applied by Student 23 in his design project was exploration of multiple potential design
ideas using “brainstorming” discussions in work sessions. Most of the mentors said that
they used questioning to stimulate discussion and to encourage the students to openly
express their ideas irrespective of how radical they might be, or whether or not they
were suitable for the design task at hand. Similarly, most of the mentors also
encouraged the students to respond quickly to their inspirations by sketching out ideas
in rough form without trying to resolve them immediately. This they said paved the way
for exploring multiple solutions rapidly and branching off new ideas for further
development. Of this approach Mentor 7 said:

I tried to explain to him that it is most important to quickly get down
your ideas in a basic design sketch without worrying too much about the
details; just sketch it in roughly at first then take time later to refine it.

During Phase Three, [ observed 5 mentors using ideas presented by students in
this manner, and encouraging the students to defend their ideas by articulating their
views and sketching possible solutions. The mentors also encouraged the students to
explore other aspects of those design ideas by branching off to new lines of inquiry as
each idea was exhausted. Throughout these work sessions the mentors maintained the
student’s enthusiasm by providing immediate feedback on ideas they presented and by

backing this up with heuristic design strategies or problem solving solutions to resolve
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emergent design problems. Some mentors said that this approach led to
student cxploration of new innovative ideas. Activities aimed at inspiring new thought
ond visualising ideas took place during 44% of the work scssioa times. One way in
which the mentors inwspired the students’ thinking sbout design wus by using anecdotes
of design protic:'m situations they had resolved for authentic commissions. For example,
when Mentor 6 was uying to inspire Studeni 24 to develop bold clevation forins for his
design p'roj'ccl. he used brochures that he had produced for a real cstatc developer to

" raise finance for u church building re-development. The student was encouraged (o
skelch c_Icvaﬁoh lorms that incorporated the triangulated and arched forms of the church
portico shown in the brochure. These elements appear in the clevation developed later
by Student 24, as shown below in Figure 35, which demonstrates evidence of lecarning
in his final design submission. In this way, ideas introduced by the mentor using

brochures to stimulate exploration of new ideas, led to Student 24 creating his own

. design solution, but inspired by design elements acquired trom the mentor.

Figurc 35, Elevation developed by Studeat 24 from Meator inspired concept.

Most mentors provided students with ways for resolving design forms by

' skctching solutions they had developed for their own works, while articulating the

 reasons behind design décisions madc and design strategics employed. Mentor 4 said
(hﬁ( he séugh to bainncc the technical side of design against the creative/artistic side, by
rr'luin'tuini'n'g the tlow of ideas to inspirc a global vision of the design tasks. Of this
approach Mci)for 4 said:

I tcll them (the students) that we don't need to give them too much to
begin wilh because wecan get bogged down and confused. I tell them we
need to always be able tosecthe light at the end of the tunnel and 1 talk
to them about how they necd to havc that vision in what they are doing
and they relate to that.

Analysis of Phase Three data showed that when students presented impractical
ideas, some of the mentors used these to stimulate student creativity by helping them to
refine uscfiil elements into viable solutions. When discussing how he worked with

Student 16 in this manner Mentor S said:
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She (the student) had a few good idcas which worked well but it (her
design) kept coming back to standard stul¥, nothing that you would look
al and go wow. Whal we were (rying Lo bring oul in her was to do
something really diflicrent. We tried to get her to be more crecative und
we pushed that and small elements came out but [ think that if we hadn't
pushed it she would not have come out with it at all.

Mentor 15 also used dclibemtc strategics to encourage a creative approach to
design for Student 9, In their collabo mtion, ideas presented by Student 9 were

developed and explored using a varicly of materials. Of his expericnce, Student 9 said;

fjust had an idea on paper and then we used books and drawings to come
out with other idcas and then sort of created more ideas off those and
from there we came up something that looked intercsting,

Most of the mentors said that they sought to encourage students Lo think
problems through for themselves. To achicve this, the mentors worked to find a balance
between doing the work for the studcids ant having them develop their own creative
design skills with the ase of appropriale scaflolding. Findings from the data indicated
that the mentors were not concerned with the student designs being perfiect solutions,
but were looking instcad to have the students develop procedures that allowed them to
refine and resolve the designs methodically, as well asdeveloping long term skills.
When discussing this aspect of his working practices. Mentor 1 commcnicd:

We want them to be able to think. We don't want to have to hand feed
them. The big problem is getting somecone in here who keeps saying
what do | do now? We want someone who goes away and thinks well
maybe if I do this, We don't care if they make mistakes, but at least it
shows that they are thinking about the problems.

Analysis of work scssions involving Mentor |, | a and Student 25 showed that
the mentors introduceddesign activitics intended to inspire new thought during 44% of
the work session limes. Thesc activities led t o other aclivitics regaided by me to involve
student visualisation of ideas, which they then explored and defended during 61% of the
work session times, Mentor [ used this approach in six work scssions that he and
Mentor la shared with Student 25. Findings lrom Phase Three data showed this
approach to be commonly used by all of the Phase Three mentors when secking o
inspire the students under their direction to think through, present and justify ideas.
When commenting on how Mentor 3 guided him through the design process, Student 13

said:
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Ile was great because he let me put up all sorts of idcas und we
worked through them. lle maike me discuss and justify cverything that |
suggeslted, just as he did thc same by always suying why he did things
the way he did. We worked through the design togcether by resolving onc
litde bit at atimc, then strung it all together to gzt a linal result. For cach
new purt that be brought into the design process, he madc me cxplain my
reasons for denling with it in the way thut 1 did. When I couldn’t give
him good rcasons, he would go through his way of doing it and tell me
why cach part was donc ns it was. Thut really hclped because he
cexplained as he wenl,

1 concluded that mentor use of structured design tusksassisted students to
acquire creative ways for visualising aad defending design ideas. Throughout this study,
most of the mentors commented that forcing the design process, or pushing too hard for
results stitled creativity, enthusiasm and vision which prevented students making the
transition from simply drawing to designing. Mentor 3 said that he took a guiding
approach (o avoid having students [eel too pressured to perfortn and thereby loose their
creativity, Commenting on this, Mcntor 3 said:

In the beginning the students don’t know much in the way of design but
they get aspects of it which we can influence by showing them how we
would hke to go about it. We tty to give them idcas by using little design
tasks that make them come up with quick simple solutions which we can
then usc to discuss dilTerent ways of resolving the problems commonly
found in thosc situations.

Most of the mentors said that they sought (o encourage student creativity by
inspiring students to explore new directions in their work and to develop solutions o a
varicty of problemsituations. One way in which some mentors encouraged student
creativily was to provide positive tecdback and suppoit tor the exploration and
development of alternative solutions when students present their work for criticism.
Mentor 3 madc the following comments in relation to his usc of this approach when
working with Student 13;

He worked his own design up, 1 just indicated to him arcas that could be
donc better and offered two or three solutions that might be applied, you
can’t just soy that's no bloody good or you’ve lost them and crushed
their spirit. Thnt's the naturc of how I t1y to run the business it’s all about
lcarning new information, for all of us we never stop Jcaming and the
design process is a learning cxpericnce and the nature of our business is
ever changing. So there is no point in making somconc upset or
humiliating them. what you have to do is give them the positive side by
saying it’s OK, now let’s try to do that better or dificrently.

When discussing his approach to progressively building ona design

development with Student 20, Mentor I commented:



241

Once the basic design is in place, then we go through it again and
suggest changes or extra stulf that need to be included. We keave them as
much as possible to their own devices and when you do that they soon
develop design fair.

This approach, according to Mentor | had to be done in a manner that did not
push the student to a point where they were overcome by the magnitude of the tusk, or
felt that they were too fiir out of their depth. Some mentors commented that being too
critical ofthe student’s workat this stage might result ina loss of conficlence for the
studentsand reduce their ability to complete the task. On this point Mentor 1 said:

Sometimes, like with David they tty too hard ond that's not how design
works, you just can't force it, when that happens we just throw it away
and start again.

Student 8 experienced this approach first hand when working with Mentor 28.
He said:

In the first few meetings [ came in with a Jot of stuf f just sketched out but
I had a lot of wacky ideas. They got canned pretty quick. 1le said that
some of the ideas wouldn't work, so we put them aside and then used
other parts (o build up the design.

When students presented ideas that are were loo radical, the mentors did not
discard them outright, but tried instcad to modify and incor porate them into the design.
Student 18 found that Mentor26 worked through his ideas by first discussing which
aspects of them were likely to be approprlatc to the design, then explored variations of
those idcas withhim to find creative solutions. Of'this approach, Student 18 said:

I came up with quite a few ideas that she was able to look at and say this
will work and that won't. She was able to tell me why, so that helped me
to understand why some of my ideas were not going to be practical in the
situation, We picked out all the parts that fitied together well and built up
a good design firom them.

Commenting on how Mentor 26 used this approach when working with him,
Student 18 said:

In the kitchen I had thc fridge and the pontry in one comer and she
(Mentor 26) suggested swapping them around and cutting ofl'the comer
to make access to the room casier and putting it all at 45 degrees (o open
it oul, She did a lot of stuf f like that while we were sketching out idcas
just to test other ways of doing things. In the end the design was mostly
my ideas, but with some of hers in there as well,

Here, Student 18 has highlighted how his mentor was able to reif'y her tacit

knowlcdge and how he then used knowledge and skills he had thus acquired to
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synthesise the mentor’s ideas with his own to develop a design solution. This
suggested that the methods used be Mentor 26 had fucilitoted lcarning for Student 18,

During three Phase Two work sessions involving Student 18 and Mentor 26, |
obser ved numerous situations similar to the one described ubove us the participants
worked towards a design solution. Mentor 26 made extensive use of examples from her
own design commissions lo provide multiple design clements for Student 18 to consider
for inclusion in his design. In this way, she reiticd her tacit knowledge of many diflicrent
design situations as well as the solutions that she had developed for them. She then
encouraged Student 18 to apply the methods she had modelled as her approach to design
to develop his own multiple design variations for each new design element explored.
Mentor 26 also encouraged Student 18 to explain his reasons for using particular design
methods and for including clements in the final design solution. This approach emerged
as being commonly used by mentors 10 encourage students to develop their own ideas
even if it meant that they were not what the mentor might choose (o use as a solution.
Mentor 3 encouraged Student 13 to explore multiple solutions, so as to create choices
and introduce alternative ideas. Of the solutions presented by Student 13, Mentor 3 said:

It might not be what ] would do but I thought it was really good and |
commended him for that. I’s not important that they get it perfect first
time, What is important is that they have a go at doing it for themselves
and explore all possible variations on a design solution to evaluate their
ideas before accepting a final solution.

Some students said that they came to the project thinking that the mentors would
simply come up with a design in a flash, but found instead that the mentors used multi-
staged replicable proceduresin a structured, methodical approach to develop design
ideas. When discussing his approach to working on designs with Student 16, Mentor 6
commented:;

There were no great thunderbolts, it was mainly little clicks and penny
drops along the way you know, a process of building up one idea on top
of another.

Incontrast to this approach, some students expressed the view that learning in
T AFE had stifled their creativity because it supported only a single approach to design.
Student 8 made the following observation about his TAFE experiences:

As students we are taught in a way that very much knocked out our
imagination, Maybe they (TAFE ) don't put an er .phasis on giving you a
way of sticking il in acertain category, or how to design a house o guide
you on what is wrong and whal is right.
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Findings from annlysis of data in this catcgmy led me to contencl thiat
mentor modelling of multi-staged replicable procedures to resolve dificult design tsks
nssisted student learning by bringing structurc o the creative process and this fucilitatcd
student exploration of multiple design concepts nnd creative thinking., Working with u
mentor in this way gave students the conlidcnce (o attempt radical and innovative works
through a process of ex ploration and discovery based on quick sketching and discussion
methods of evaluation.

Learning these diffierentapproaches firom the mentors gave the students a broad
view of design. On this point Student 8 said:

It was good learning his approach to design and it was also good that he
let me change it to my ideas. In the end | found that I was thinking
through my design ideas just like he showed me he did with his. That
rcally helped me because 1 felt like 1 was working like a real designer
and | knew that if I came unstuck he was there to help me sort it out
without making me feel like shit.

For many students, just secing mentors develop ideas inspired them (o do the
same. For some students, it encouraged them (o be innovative and be prepared to “have
a go” at the design without fear of {ailure or ridicule. Most students said that the
experience of working with a mentor had greatly enhanced their confidence in their own
ability to design and document a real work design project and to work with an authentic
bricfin a design olfice. Student 9 said:

! now feel more confident and positive about what I ain doing. Before
that, (working with the mentor) I would do my designs and I'd think I
wonder if this will work and I'd think no that's just a shit idea, But now
he has broadened my horizons a bil and now I think, hang-on maybe that
might work and I'll try it oul.

The mentors encouraged the development of a creative and innovative approach
to design in the students by:

e usc ol adiverserange of resource materials and rich descriptive language to create
verbal images, supported by visual images using sketching or other illustrations;

e useof questioning, discussion and sketching (o coach students in techniques
supporling the exploration of ideas and branching of lines of inquiry;

e cncouragingand supporting student exploration, defence and development of ideas;

e cxploring multiple design solutions gencrated from the stem of each new idea
revealed during the development of student design concepts;

e not forcing the design process, or pushing too hard fur results;
use of multi-stogcd replicable procedures to resolve difficult design tasks and to
facilitate innovative exploration of multiplc design concepts; and

o supporting students in their development of autonomous ways ofusingdesign
knowledge and procedures when visualising concept fortns and possible solutions.
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Catcgory 42 Relfylng knowledge in design oflice Jearniag

A comnion theme to emerge fi-om analysis of the study data was thut most of the
mentors said that they worked ut some stages in un slmost intuitive manncr when
taking design decisions and would often cull upon specialist consultunts where issucs
of safety or structural intcgrity arc in question. Working in this manncr, the mentors
drew upon tacit knowledge they Juive acquired over years of profi:ssional practice in the
building design disciplinc. To make such knowledge and design practices visihlc when
mentoring students was said by some mentors to require of themdifTicrent ways of
working. This they said was because they had to consciously think about how they drew
upon their knowledge and heuristic design strategics. These they said were largely
invisible in their evetydoy practices, something that ! regarded as illustrating their
mctacognilive ways of dealing with design problems. Commenting on this aspect of
working with students, Mcntor 10 said:

After working as a building designer for so long, 1 don't have to think
about how to go about resolving difficult or ncw design problems, I just
rely on my accumulated knowledge of other similar jobs and apply the
same procedures that have worked well for me many times. When you
come to have a student sitting there in front of you and you want to say
to him we'll handlc this like the Masscy job or the Blakensce job, but
that mcans nothing (o them. You have to get back to thinking how do 1
do this and break it down for them with cxplanations and sketches that
spell out the reasons why it’s donc that way. Don’t give them a solulion,
but give them a method and a way of thinking so they can nut it out for
themsclves.

To understand how the mentors reificd their knowledge and working practices, |
compared Phase Two data about what was said to have occutred in the student/mentor
collaborative work scssions with findings from analysis of Phase Three data, which was
based on actual observation of actual work scssions.

Each of the five mentors obscrved durlng Phasc Three had slightly dificrent
approaches to design practice, but they shared similariticsin their manner of working
with students. Generally, they all began by cstablishing design criteria fiom anolysis of
the bricf and questioning the stidents nbout their interprelation of these. Following this,
the mentors all modelled theirowndesign methods with the aid of exemplar "ofYice sct”
drawings, whilc sketching and articulating detailed cxplanations of their usc of
padticular work practices or design strategics. Student application of the mentors’ work
practices (o their own design problems was supported by nentor coaching in the correct
use of conunon design proccdurcs, olong with appropriate scallolkling such as *tips and

teicks” bascd on their tacit knowledge of similar situations to thosc being addressed by
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students. In this way, students acquired skills to visualisc and explore
multiple design solutions in order to evaluate and defend them for inclusion in final
design solutions. Commenting on his approach to encouraging student use of common
design strategics, Mentor I said:

We work with the students mostly by showing them the way at first

then Ict them have a go at it themsclves and have time (o think it over
before we get back to working through their ideas with them. We said to
him go away and think about it, then come back when you huve the
design under way.

Mentor 7 used a similar approach when working with the students. 1l e summed
up his approach as follows:

We'll start out with a concept based on the brief. We break the bricf
down so that they understand cach pait and have a handle on it otherwise
you can't do anything. Once ] am comfortable that they are at that point,
then we stant. We get some ideas down. 1 just bounce some ideas off
them and get them to think about what might be possible, you know, be
creative, let it flow.

I get them (o sketch their ideas and explain to me why they think it
works. Then we analyse it together and | give them reasons why 1 think
it's going to work or not bascd on jobs that I have done. | pull out
drawing scts to show them similar siluations and solutions that have
workedin the past.

Most of the time the ideas are there but they (the students) arc too shy to
say this is what I think. Some of them will jump in and talk about their
ideas, but others are not confident to speak out. You have to get them to
the point where they are confident enough o speak out and to back up
their solutions with reasons why they think it is good or will work. They
must justify it, becausc they might think this really is the solution, but |
might say 1 would have done it differently why do you think your
solution’s right and then | get them (o justify it. If they can't justify their
idcas then they come to understand that perhaps it’s not the best solution
and then I'l] do the same, I'll justify my solution and say it's appropriate
for these reasons, but if theirs is just as good I'll go with thetrs.

Findings from data coded in this categoty suggested that most of the mentors
uscd methods similar to those outlined above by Mentor 7. The manner in which the
menlors reificd their tacit knowledge and heuristic design strategics was in pait
determined by the problems that emerged from the design tasks and the procedures that
the mentors used (o resolve them. Common (o all of the mentors though was the use of
sketching, supported by articulation of the reasons behind the methods used or
underlying facts and procedures. Such methods were said by the mentors to be typical
of their usual working methods with employees, other designers and consultants from

associaled disciplines. Mentor 1a said that he sought to guide students through the
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design process by giving detailed explanations of the reassons for doing
things ina particular ways, carly in the design proccss, then reducing his use of these
explanutionsas the students develop further skills. Of his approach, Mentor |a said:

You (cll them things like it’s to Ict more light in there orthe beam will
not span that far, you tend to explain the rcasons fior doing things in a
particular way as much as you can at first. When they start showing more
of an understanding, you back off the explanations a bit and let them do
the explaining so that you can see if they really know the how and why
ofit all. Once you sec where they are at, you can then start filling in the
gaps with information or techniques for solving problems thal come out
of cach new part ofa designasiit is developed.

Menlor 3 rcificd his knowledge of design and construction by using examples of
his own works lo explain ways for identifying problem areas in a design and procedures
used (o resolve them. To do this, he sketched and explained in dctail the reasons behind
the design practices uscd lo develop each of the exemplar designs represcnted by a
diverse range of building types and sitnations. Of this approach Mentor 3 said:

We do all sorts of work that is influenced by all sorts of people and
situations and you cnn’t train for all of that, you have to develop ways of
solving cach new task based on what you have leamed from other jobs.

Some of the students said that the most uscfiil learning situations for them took
place on building sites. This occurred when their mentors took them to projects under
construction, then pointed out and explained the positive and ncgative aspects of the
design as built. Student 18, when working with Mentor 26, visited a number of building
sites where the mentor had design commissions under construction. Ofthis experience
Student 18 said:

The first day that [ was there working with her she hod some
appointments on site so I went along with her 10 some of the jobs that she
had designed. She explained to me a lot of things about the way she
designs and showed me them in those houses. Some of things that we
looked at and talked about in her work I have put into my designs.
Things like putting the walk-in robes awuy firom the outside walls to free
up window space and putting the bathrooms in place where there arc odd
* shapes that would make furnishing a room difTicullt. I learnt heaps fiom
sceing her projects as they were being built and having her talk about
why she designed the way that she did. She asked me questions all the
time wanting me to explain why I thought things should be done in a
particular way.

In work sessions involving Mentor 3 and Student 22, the mentor uscd 74% of
the work session time in activitics reify ing his design methods by sketching and

verbalising the rea:sons for using particular practices. For example, he used detailed
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cxplanations and sketching to show design practices he had uscd 1o resolve
peoblems in authentic commissions that were similar to those{aced by the student in his
design. For cach dcsign situntion or method the mentor pri:sented, he also anticufated] his
rcasons for the methods used and design decisions taken. When interviewed prior to the
work sessions, Mentor 3 commented that he uscd this technique to introducc to the
students o broad range of design ideas that had been proved through application in
completed buildings.

During cach ofthe work sessions, 1 observed that Mentor 3 dcmonstruled his
design strategics hy presenting examples of successfil works, along with examples of
design failures (o illustrate where some strategies did not work. For cxample, Mentor 3
used "ofFice set” drawings and correspondence from office files to show how a
proposcd design had been accepled by the client, but rejected by the planning authoritics
because of its impact on the “ambience of the strect”. By showing the modified design
drawings, the correspondence between the designer and the council, as well ns the
designer and the client, the mentor was ablc to present a detailed cxplanation of why the
design concept had failed, then how it was modified thenaccepted by client and council.
Throughout his prescntation of this authentic design siluation, Mentor 3 supported his
design processes and decisions by showing the student drawings and photographs, as
well as giving rich anecdotal articulation of his personal views of how the various
siluations described may have been better handled.

Mentor 3 compared design problems, that he «and Student 22 had identified in the
project on which they were collaborating, withsimilar ones in project documents he
presented as exemplars, along with the strategies and solutions he had used to resolve
them. In this way, Mentor 3 reificd his heuristic design strategics and tacit knowledge of
problem situations and solutions that were then used as models {or addressing the
student’s authentic design project. Activities such as this took place during 48% of thc
work session times. Mentor 3 structured activities with Student 22 to include
exploration of multiple solutions and the reusons for accepting or rejecting them when
developing the final design. In this way, Mentor 3 and Student 22 were able to link
problem aspects of the student’s design with solutions that the mentorhad already tested
and then accepted for inclusion in commissions o fhis own. The manncr in which they
worked together was highly interactive with both student and mentor each contributing
to discussion and sketching activities. In this way, the mentor was able to introduce
many ideas and design procedures for applicationto problems emer gent from the

student’s design project.
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Findings firomanalysis of Phasc Three data confirmed the approach
that Mentor 3 said was his way of working with students, during Phase Two. Mentor 3
gave Student 22 designer status during all of their work scssions. This, Mentor 3 said,
helped to establish a balanced work ing relationship where both he and the student
contributed idcas and stralcgies for resolving design solutions. It also assisted him to
present his usual working practices in ways that were timely and appropriate to address
problems that ecmerged from the student’s project in collaborative ways rath¢r than
having a prescriptive approach. The approach usccl by Mentor 3 when working with
Student 13 in Phase Two was evident also in his work with Student 22 during Phase
Three. When commenting on his approach with Student 13, Mentor 3 said:

He struck me us a very switched on self motivated young man and

vely with it, he was good because he was prepared to listen and ask the
right questions, he got involved in the discussion and didn't just sit there,
he was a participator and that was brilliant, it was a three way discus:sion
and we worked as a team just es you would with any other designer.
That’s the way I sec my role with them. They arc here to be n designer
and you have to work openly and cooperatively if it's going to work at
all.

Mentor 3 placed emphasis on providing students with hig hly dctailcd
explanations of design situations and methods that he used in his everyday practice. In
cach work session he linked aspects of the design problems that ecmerged from the
student’s design project to codes nnd regulations that govern many of the decisions
taken (o resolve design solutions. By expressing his t:xcitknowledge in this manner,
Mentor 3 assisted Student 22 to acquire explicit knowledge for the interpretation and
application of codes and regulations. Findings from analysis of work session data
indicated that Mentor 3 used this approach duiing 51% of the first work session and on
average for20% of cach of the remaining work scssions. Knowledge shared in this way
was set by Mentor 3 in the context of its application to the procedures and processes
used in his professional everyday activities.

When Mentor 3 introduced new concepts, ideas, or tips, he supported them with
cxamples of his own works as seen in"office set" drawiings. Often he sketched the item
being discussed while giving a detailed description of why it wus appropriate and what
possible problems or shortfalls may be associated with its use. The highly visual and
descriptive manncr in which he did this helped Student 22 to ncquire ways (o apply
those design practices.

Activities in which design ideas were explored by students and mentors using

sketching and articulation to apply heuristic designstmtegies took place during 51% of
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tle work session tlimes. When interviewed fullowing completion of the
design project, Student 22 commented that this aspect of working with Mcnlor 3 greatly
assisted him by providing him with ways of dcaling with unfamiliar design problems.
He also noted that much of what he had learnt through the mentor's cxplunations had
assisted him in many other subject arcs in his building design course of study
panticularly construction and struclural mechanics,

I determined that the principal mcuns by which mentors reilied their design
knowledge was through the use of detailed cxplunations and skctching to convey how
they developed design solutions and by articulation of the rcasons w/hy they used
paiticular design praclices.

Analysis of the study data suggest that the mw:ntors rcily their knowledge and
design procedures by:

e articulation of personal viewsand their reasonss for working in the manner that they
do when making design decisions;

o providing detailcd explanations for all design procedures and decisions based on
their tacit knowledge of codes and rcgulation developed through experience in the
domain of practice;

o using sketching techniques that were more detailed than their usual methods when
secking to explain heuristic design strategies and construction details;

o cxtensive use of exemp lar “office set” drawings to shovs examples of design
situations, problems and solutions;

e linking problems that emerged firom the student design projects with similar ones in
current commissions to explain the use of problem solving strategics;

e cencouraging studentsto usc questioning to explore, defend und justify all design
ideas, design strategies and proposcd solutions for theirauthentic design project; and

e using cxamples of both successes and failures in design with reasons for the
strategies used and outcomes achieved in resolving emergent problems.

Category 4.3 Visualisatlon, Exploration, Reflcclion and Design Style

Findings firom analysis of Phase Two dala suggested that most of the mentors
contended that student development of basie problem solving skills and drawing
methods were only the first stage of their becoming building designers. A view common
to most of the mentors was that the key to becoming a building designer was o develop
crealive, imaginative waysfor visunlising and resolving design solutions, as well as the
technical skills nceded to communication these using industry standards. Analysis of the
study data suggested that students first acquired knowledge and basic design procedures
that together were used (o facilitate the resolution of simple design problems. This
approach was said by Mentors 1, 3 and 6a to use only procedural ways for developing

solutions and did not utilise advanced skills for visualising and mentally monipulating
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design concepts in the manner required of building designers in their
everyday practices. Commenting on how he encouraged studcnts to develop design
skills, Mentor 6a said:

You lisst have o identify what the student is doing. Arc they druwing or
are they designing? If they arc just drawing then you have no chencc of
them learning (o design, that's just a mechanical skill, design is diflerent.
First get thcm thinking, then get them sketching and pretty soon you'll
flitid that they stort to design in their heads before trying to draw up ideas
thatare only half cocked.

Mecntor la similarly encouraged creative thinking in his approach to mentoring.

He said:

We want them (o be able to think, we don’t want to have to hand feed
them, the big problem is getting someone in here who keeps saying what
do I do now? We want someone who goes away aad thinks well maybe
if 1 do this, we don't care if they make mistakes, but at least it shows that
they are thinking aboul the problems.

The view of design practice expressed here by Mentor |a suggests the need for
student lcarning (o be: at a high cognitive level for them to be successful with design,
because mere competency with drawing skills is insullicient.

Anapproach used by most of the mentors when guiding students through a
design proyject is summed up in the following quote madc by Mentor 4 when he
described the manner in which he introduced his design methods.

When a student comes in here I ty to lirst of all inspire them and give
then a structure to work with that may take them on that journey of
discovery and lead them almost anywhcere they waat to go, you know,
leave the destination open.

When I get a student (o work with I take the wad of detail paper and say
to them, OK this is how we are going to go with this, big broad global
approach with quick, loose sketches to get the big picture.

You need to go through a sequence that s a collective thing before you
can start to figure out where the plumbing is going to go you must know
about a whole lot of other things first, it's a process of building
knowl=dgc about the brief. I begin by getting them to visualise the
situation, the project, you know, get them to become part of the
environment, {or which they arc designing.

Most of the mentors interviewed during Phase Two said that they began by
encouraging students (o visualise the design setling as presented by the client brief.
They then sought to quickly sketch out ideas that flowed from their initial thoughts,
without getting bogged downuiying to solve all the emerging problems, until multiple

ideas were there to work with. Of this approach Mentor la said:
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I give them a starting point with some sketches und then lct them

experiment with the ideas, when they come back wih something too

outrageous | just slowly pull them back by getting them to show me how

they might actunlly build ¥. Youmiglt ssy to (hem what o great ideu but

get back to the real world,

Once the studenis had identified key design criteria and developed a broad
design concept, the mentors then cncouraged them to reflect on that design so as to
explore all variations 10 that design or multiple design solutions. As purt of that
exploration, the students were cncoumgced (o retine cach potential design by resolving
key elements for cach, before evaluating the most suitable solution for irclusion in the
final design. Mentor 6a said that he tried to lead students through the de sign process by
encouraging them to constantly reflect on the overall design concept while exploring
new clements and visualising possible solutions, This, he said, was animportant way
for assisting students in making the shift from simply using “paper based procedures” to
visualising and resolving design concepts “mentally™ before documenting solutions. Of
this approach Mentor 6a said:

it's really important for a student lo visualise the process by which a
design is brought up not just in plan form but through all of the related
drawings so that at any one time the overall concept is cvident. In that
way they can mentally test ideas and resolve them before locking into
something that is not tully developed.

Mentor 3 also supported this view. He commented that each of the students he
had mentored did not develop theirdesign skills until they made the transition from
merely acquiring information and procedurcs to being able to visualise and explore
design ideas “in their head™ before looking to communicate them on paper or computer.
Mentor 3 said:

When Benny first caine here he had excellent drawing skills and a good
grip on conslruction methods. He was also quite caprble when it came 1o
examining the brief and working out the design criteria. What he did then
though was launch into a design*without thinking through or visualising
the impact that his ideas would have on the site, or how alternative
approaches 1o the development might be more appropriate. We had (o get
him thinking in a global way so that he could explore a range of options
and rellect on what was going (o be the best 1o refine for the final
concepl. (Mentor 3, member check interview, post Phase Three)

Once the students had formulated the basic design concepts for the project at
hand, the mentors encouraged cach 1o communicate what they had visualised by using
sketches and three-dimensional CAD drawing methods. All of the mentors said that

they sought to develop in the students a frechand sketching ““vocabulary™ with which
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they could communicate and defen their ideas. When commenting on this,

Mentor 7 said:

When they have been doing the coursc for two years there is not many of

them who have visualisation skills. That comes aftcr years and years, that

takes n lot of expericnce 1o be able 1o close your cyes unl 1o be able to

sec the house there. When they come in here they can sketch OK hut

firom u teclmicul viewpoint, What we do is tench them to usc sketching

like most pcople usc words; its another language that lets you express a

great deal with just a few quick Jines. That’s what we arc aficr, scc it in

your head, then get it on the paper.

Mentor 7 snid that u vitnl clement in his approach to mcntoring students was to
recognisc when n student was not able to visualise and communicate idcas and 1o coach
them in ways that might assist them to develop those skills. On this point Mentor 7 said:

That is where it is difficult for them 1o design and that's where the
guidance from the mentor comes in. You should be able 1o pick up a
problem quickly and say well that's wrong. We nced 1o do something
there, what arc your idcas and then get them to focus on ceitain things

‘causc they may not have the ability 1o do that for themsclves.,

Most of the mentors encouraged the students 1o develop their thinking skills in
various ways. Some mentors sought to inspirc and stimulate the student’s imagination
with books and other design images, others used a more direct approach by sitting down
with the student and working onc step at atime with them through the design. Student
14 said thatMecntor 10 inspircd him to be imag inative in design by accepting his idcas
no matier how “radical” and being prepared to cxplore and cvaluate them for usc in the
tinal design. Student 14 commented:

I try to be creative and innovative in my design work so it was good 1o
have a mentor who did the same and was prepared to look 3¢ things that
were n bit out of the ordinnry even if they were a bit radical . Together we
camc up with some rcally crazy idcas and that made me fecl like uying
anything aix! everything 1o get something dificrent out of it (the design).

Mentor 10 confirmed that he 1ook this approach with Student 14 so as to
cencourage him 1o take a lateral view of design and to further encourage his creative
input. He also commented that he had coached Student 14 through problems that
emerged from the developing design by introducing structured procedures to cvaluate
and focus new clements being introduced. This, Mentor 10 said, brought rigour to the
work and demonstrated to the client or others who viewed the drawings that the design
had cvolved as a well-considered form rather than an inspired cvent that may not answer

all of the demands of the original bricf. On this point Menltor 10 said:
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1 cncournge them to take a hit of time to read the brief nml
understand the ccsign problems and to them wrile down on their design
drawings the rcasons for making particular decisions. When people scc
those drawings they cun sec that he lias put a bit of thouglt into this and
designed it knowing the problems and solving them.

Student 13 and Student 14 both worked with mentors, who required them to first
visualise their ideas, then justify every aspect of the design before accepting the work.
Student 13 said:

Anything that I did he nizde me explain why I did it that way, 1 had to

justify everything in my work. It kept me really focussed and tied to the

brief, I kept it practical.

Student 14 worked with a mentor who also uscd this approach. lle said:

He would get me to show him what I had done und he made me justify
ench part by saying why I had donc it that way. Ifhe saw in my design
something that he thought should be done a difticrent way he would ask
me why | had done it that way. Then he would make suggestions about
improving it, or sometimes if I had a good reason for it he would go with
my idca.

Another finding to emerge from analysis of Phase Two data indicated that al] of
the mentors required the students to reflect on the development path taken and the ideas
thathad emerged. This process oflen led to exploration of new design ideas that
stemmed from reflection on earlicr concepts, as documented in the “office set" which
provided a trail o fevidence of the design development.

Most of the students interviewed during Phase Two said that their mentors often
worked through ideas with them until all possible aspects of thosc idecas had been
cxhaustively examined. 1fthe idea being investigated were shown to be unsuitable to the
design, the mentor retraced their steps (o the stem of the idea and then took a new
approach (o solving the problem. Three students said that this way of designing was oot
what they liad been used to at TAFE, where according to them, often the first idea for
the design became the only idea to be explored. ‘The sketch, discuss and justify,
approach taken by the mentors provided the students with a structure upon which to
base their own design investigations and for many, changed their whole manner of
problem solving in design. Student 9 commented:

He would go back over them and say this didn't work and then we would
come back to that carlicr design and work from that and get awny fiom
the onc that didn't work. He would follow an idea through and if that
didn't work he would just come back to the earlier sketch and work from
there again and expand on that idea until that hit a dead end and then soit
of try again right fiom scratch.
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This aspect of exploration in the development of design was studied using the
video record of Phase Three work sessions. In work sessions involving Mentor 4 and
Student 23, the mentor made extensive use of rich descriptive language as a scaffolding
tool to build images to suggest the lifestyle around which the design might be
developed. For example, the following sequence of sketches and mentor comments
were used by Mentor 4 in one work session to scaffold Student 23 when he was “lost for
ideas” with his design. After Student 23 had compiled a list of design criteria from the
project brief, Mentor 4 asked him to imagine first the design setting and the kind of
lifestyle that people choosing to live in the valley site might desire. The mentor began
by describing what he imagined it would be like in the valley where the house was to be
built by saying:

Just imagine the misty coolness of the moming with the sun breaking
through the trees at the top of the site and how that might be brought into
the house. Think also of the end of the day when you want to sit down on
a verandah to enjoy the view and the breeze flowing in from the south-
west and imagine the relaxed life-style that goes with that kind of
environment.

While Mentor 4 was describing this picture of the design setting, he was also
sketching the rough forms shown in Figure 36. He went on to use these with Student 23

to plan the approach that they were to use together to develop the design.
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Figure 36. Design roots sketch.
He then encouraged Student 23 to describe his ideas about features of the design
setting that would influence the layout of the house, like the fall of the land, the views

down the valley, as well as orientation factors for wind and sun penetration. Using
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these, Mentor 4 and Student 23 together developed the sketch shown in

Figure 37, which shows the first area relationships of the design.

o
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Figure 37. Area relationships in design.

This sketch was further developed to become the basis plan form shown in
Figure 38, as both the student and the mentor discussed their visualisation of the use of

space and form to create a design that became a “part of the setting”.
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Figure 38. Plan based on student/mentor ideas.

In this sketch, reference to the orientation can be seen (W for West at the top) as
well as comments that suggested the beginnings of visualisation of the three-
dimensional aspects of the design (see “Elevated” note about section at top right of
sketch).

Mentor 4 encouraged Student 23 to imagine the design environment and what it

might mean or offier to the people who were to live in the building they were designing
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in their working collaboration. For 59% of the work session times during
Phase Three, Mentor 4 used simple uncomplicated sketches like those shown above,
around which he built stories of imagined events or experiences to encourage Student
23 to visualise the design setting.

In later interviews, Mentor 4 commented that he kept the sketches open and
vague to allow himself and the student to fill in the details from their “free roaming
ideas or imagination”. This, he said, encouraged the development of creativity and
design freedom in a non-scripted graphical form that opened the way to exploration
rather than using closed forms that narrowed cognitive development of ideas. Figure 39

shows a typical loose form sketch created by Mentor 4 for this purpose.

1
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Figure 39. Loose concept forms exploring shape in design.

Findings from Phase Three confirmed that in student/mentor work sessions the
students were encouraged by the mentors to explore every design element through to
resolution before branching to other lines of inquiry to build a comprehensive picture of
the overall design situation. This approach assisted students to develop skills for
reflecting on design problems and potential solutions by encouraging metacognitive
ways for visualising and resolving design problems.

Findings here have also suggested that the use of reflective design practices by
students was a key element in their transition from simple application of the vocabulary
and tools of design, to having a discovery focussed metacognitive approach. Other

findings to emerge from analysis of the study data have suggested that as students
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acquired ways for resolving design problems in thc manner modelled hy
cxpetts, they also underwent n tnursition from using paper-based design procedurcs, to
using more metncognitive methods o crealc, cxplorc and develop innovntive solutions.
Other findings to emerge suggested that this led 1o the students making connections
betweendes ign theory nnd the methods used by experts to solve complex design
problems in the context nnd culture of profcssional design practice,

Explomtion of potential solutions oflcn led to testing of idcas for acceplance in,
or rejection from, linal design soRitions. Students work ing in this marmcer shared rich
context specific expericnces with their mentors whose collaborative involvement Icit
space for personal development and investigation. At the same time, the students’
cxploration of design idens nnd retlcction on altemative solutions led to their
development of personal design styles. This occurred when the students synthesised
clements of difficrent histor ical design styles with characteristics of the mentor's own
style, those of other designers and style clements based on the student’s own

preferences. This aspect of student learning & discussed next.

Personal Design Style.

Mot of the mentors and most of the students sail thnt they sought to have their
ownstyle in design. Sotne of the students said that they took note of their mentor’s
design style, but tricd to develop a style o ftheir own. The following comment made by
Student 16 is tyoical of others ffouod in data coded in this category.

Working with Sam and Jack gave mean insight into how they did their

design work and what their design style was. I have my own idcas that

are more focussed on altemative lifestyles for down South that I would

like to design for.

Somc ofthe studenis said that they had copicd design clements they had scen
theirmentor using and in so doing developed their design style using a synthesis of the
mentor's style and their own idcas. Student 18 said of his usc of Mentor 26’s design
style clemenis:

She likes the idea of columns 1o scparate arcas like the lounge and

dining, that's why I have used them in my design. [ saw that in the

houses that we looked through together and on the drawings that she
showed me.

The most common fcature of the development of a personal style in design
cmerged as student integration of the mentor’s des ign fcatures and design strategics into
their own design practices and personal preferences. Student 13 said that he had

acquired aspects ofhis mentor’s (Mentor 3) design methods lorusc in his own design
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practices. In the following quotation, Student 13 has cxpresscu # number of

key aspe:cts of his experience of working with Mcntor 3 that define some ofhis lcarning
outcomes. Il ¢ has slso rcierred to the cfficct that this has had on his design practices now
thnt he ks employed under another designer who hadl also worked with Mcnlor 3.

There u heaps of things that ! leamt there with Barry that | now use,
perhaps not everyday but usually you come across a little problem
similar to things I did there. I find myself thinking of what Burry has said
worked for that situation snd then I Liy it out for the problem that's there.
Sometimes I sec in the drawings that 1 um doing and that Mario is doing
things that Barry showed me how (o do. You get little reminders all the
time about how (hings work nnd how the acsthetics might be developed
using his style ofdesign.

Analysis of Phase Three data showed that Mcntor 3 placed great emphasis on
the importarice of reflective practices in design tor developing a personal style in the use
of architcctural features and problem solving methods. During 55% of the work session
times, Mentor 3 used questioning and explanation-building methods to review every
aspect of the design presented by Student 22. Throughout this process of review,
Mentor 3 encouraged Student 22 to explore many other ideas and concepts by
visualising how he might resolve them into a design style of his own. This process
Mentor 3 said increased student understanding and led to a greater sophistication of the
design solutions produced, as well as the emergence of a personal design style.

The manner in which Student 22 developed his personal design style was said by
Mentor 3 to come fiom the immediate feedback he provided concerning the
Iunctionzlity and basic guidelines tor the aesthetics of the final design forrn and from
sketching multiple variations of design ideas. Commenting on this. Mentor 3 said;

I work on the basis of being fully infortncd before making any design
decisions. That’s what I wanted him to do also, so I gave him
encouragement and fcedback on cach aspect of the design that we
worked on so thal at any lime we both knew where it was at. Every time
he came up with an idea ! got him to explain the reasons why he wantcd
to use it and I’d get him to sketch how he was going to implement them.
1 made sure that he understood how (o resolve the problems thut came
out of those ideas and when he could not readily explain, then I would
give him some alternatives and explain why and how I would use them.
Thiswent for everything fiom lixing details (o the aesthetics of the final
design.

The basic fortns suggested by the sketches developed in the work scssions (sec
Figure 40, p.259) by this student/mentor collaboration can still be seen in the final
design drawings (sec Figure 41, p. 260). The curved shapes first suggested in Figure 42
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(p- 261) can be seen in the final design elevations shown in Figure 43 (p.
262). The formal box like plan layout shown in Figure 40 (p. 259) has been refined in
the final design (Figure 41, p. 260) by Student 22 to reflect the functional and practical
approach for which his mentor is known.

From my observation of the student/mentor collaborative work sessions and
analysis of the study data, I have concluded that student development of design
practices based on exploration and reflection contributed to the emergence of individual
style in design. Student personal design styles evolved from the synthesis of their own

ideas with those of their mentor, along with other influences such as traditional design

styles or those of other recognised designers.
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Figure 40. Sketch showing initial formalisation of plan.
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Figure 41. Final layout plan for student 22.

Student 22 commented at the conclusion of the study project that the curved roof
forms in his design were his own idea and represented a particular style that he wished
to develop. He noted also that he had derived inspiration for that style from project
drawings he had seen in the office of Mentor 3 and from a book of the design works
given to him on loan by Mentor 3 for inspiration. Note that in Figure 42 (p. 261), some
parts of the drawing appear to be upside down. This occurred because the mentor and
the student sat opposite each other at a desk sketching on the same paper as they
developed ideas together. I observed this taking place as Mentor 3 and Student 22
produced the sketch shown in Figure 42.
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Figure 42. Sketch showing alternative roof and section design forms.

in this instance, Student 22 developed his own design style which he said was a
“blend” or synthesis of thnt of his mentor, influences acquired fiom a study of the works
of other recognised designers and his own personal views as expressed in the
clevational treatments given the building. The curved roof forms explored in Figure 42

(p. 261) can be scenin the final design elevations shown in Figure 43 (p. 262).
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Figure43. Elevation treatment for final design.

Mentor 3 mentored Student 13 in Phase Two and Student 22 in Phase Three. He
commented that these students did not develop design skills until they had made the
transition from merely acquiring information and procedures, to being able to visualise
and explore design ideas “in their head” be fore looking to communicate them on paper
or by using a computer. Six other mentors also supported this view in member check
intervicws conducted after the study data were analysed and preliminary findings were
reported. When interviewed at the conclusion of the pro ject, Student 22 confirmed that
working with Mentor 3 had provided him with inspiration and support, lecaving him free
to explore his own ideas and to discover his own design style. He said that he had begun
to fecl confident in his design ability skills aftcr having first developed an understanding
of the tools modelled by his mentor as those typically used in the everyday practices of
a building design ofTice.

Findings from analysis of the study data suggested that student development of
skills for visualising and refining design ideas was assisted by:

e cxplorationof every design element through to resolution before branching to other
lines of inquiry to build a comprehensive picture of the overall design situation;

e reflection on design problems and potential solutions to enhance visualisation skills
and metacognitive resolution of design problems;

o reflection on design processes to develop metacognitive ways for applying
knowledge and design tools in creative, innovative ways;
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o making conncctions between design theory and the methods used by
cxperts to solve complex design problems in the context und culture ofprofcssional
design pructicc;

e quick sketching methods to cxplore multiple design ideas that stemmed fiorn design
criteria de tennincd by the project clicnt bricf;

e use of prc-drawn CAD design components und "ofYice se(” document cts to rapidly
cexplor e multiple design ideas when emergent design problems could be linked to
similar situations lor which solutions had alrcady becndeveloped and proved, und

o development of student personal design styles through synthesis of their own idcas
with those oftheir mentor and o ther inllucnces such as tradi tional design styles or
those of other contemporary designers.

Summary of findings.

Three phases of student learning in the design office situations of this study
emerged firomthe study findings . They arc:

e studententiyto the design oltice culture of pracice;

e student acquisition o[ declurative knowledge, procedural knowledge and
tacit knowledge nceded to resolve problems emergent from authentic
building design tasks; aod

e student development ofmctacognitive ways for crcating and retining design
solulions.

Tbe relationships between these three learning phascs and the key activities
identificd in these lindings as (acilitating student lcarning in cach phasc arc described in
the lollowing summary of lindings. The study findings arcreported here using
numbered headings thut together represent the categories used for analysis of the study
data as well as the key teaching strategics ofa cognitive apprenticeship learning
approach (Collins,ct al, 1989).

Findings that emerged from analysis of the study data have indicated that the
students begun the lirst phase of their lcaming in the study situation by obtaining cntry
to thedesign office culture of practice through their collaboration with their assigned
mentor. The manner in which this ook place was Inftucnccd by expectations held by the
students and the mentors abo ut how their collaboration might be shaped, as well ascach
individual's expectations about work practices und leaming outcomes. Some of the
findings 10 emerge here suggested that student and mentor conlidence assisted student
cntr'y to the design office culture of practice, as did tcam-based work practices.

The second phasc ol student Icarning in this study ook placc when the students
commenccd work with the mentors on the authentic design pro jects. Working with the

mcntors facilitatcd acquisition of declurative knowledge, procedural knowledge and

tacit knowledge nceded to resolve design problems. The mentors used disc ussion,
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articulation and sketching when modelling, conching and scaffolding
mcthods to demonstrate, explain and assist students to implement desiga knowledge and
procedures.

In thc third phase, the students implemented heuristic desiga strategics acquired
from their design experiences with the mentors, who had reificd their tacit knowledge of
design when using cognitiveappreaticeship tcaching strategics and other practices
typical of their design office operations. This assisted the students to develop
mctacognilive ways for exploring and refining design ideas they had visualised and this
I contend facilitated their development of ercative and innovative desiga practices. For
example Studeat 13 said:

... therc are heaps of things that I lcarnt there with Barry that 1

now use, perhaps not cveryday but usually you come acrossa liltlc
problem similar to things I did there, and I find mysclf thinking of what
Barry has said worked for thatsituation and then I tiy it out for the
problem that's there.

... I lind that I can be a lot more creative now because I'm coafident to
have a go, and I can visualisc a heap of diflicrent solutions before
deciding on which onc to run with. That's what [ got out of doing the
project with Barry.

Each of'the activitics or clements that emerged as assisting student learning is
summariscd here using headings that together represent the calcgorics used for analysis
of the study data.

Phasc Onc
1. Studententi y to the culture of practice and development o [ their social construction
ofknowlcdge took place by:

e studeats adopting a profcssional manner of speaking including not swearing and the
usc of a technical vocabulary; dress standards based on smart casual wear as typical
of the design office;

students participating in the broad scope of design office activitics;

obscrvation o fothers in the design office;

using job management schedules as modelled by the mentors;

being accepted by the meatorand others in the design office as a designer; and
development of a passion for design and a desire to achicve professional status as
modeclled by the mentors and o thers.

2. Studen t and meator expectations aflccted student learning in the following ways:

e studeat anxicty about having inadequate skills and mentor domination of the design
process were dispelled by mentor confidence in students and their willingness 1o
give studeats apprentice designer status;

® mentor use of a sequenced approach (o design removed student anxicty over work
loads and knowledge/skills development;
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e constructivc feedback by mentors and acc oplance of stucdent ideas built
siuclent confidence 1o be innovutive and to explore new design idcus;

e mentor cxpectations uhout student performance were mut by aftording studcents
apprentice designer stulus nnd by having them undcrtake snuall easily achicved
design tasks 10 build knowledge and skills needed to uddrcss problems emergent
from their main design project. This cncouraged student ownership of emerging
design solutions; and

e mentor modelling of erhusiastic attitudes towards design led 1o student
development of similar nttitudcs and willingness to contribute to the collaboration.

3. Confidence in their mentor and in their own abilities assist od student learning by:

being accepied by the mentor as a fi:llow building designer;
having a mentor model coniidence in the student’s ability 1o resolve complex design
problems;
e mentor use of nonjudgemental, positive reinforcement, in feadback when assessing,
coaching, or senffolding the student’s work;
mentor suppont for student presentation of original ideas and design strategics;
mentor encouragement of rcflective practices when seif asscssing design ideas;
mentor support for student defence of ideas; and
autonomous usc of design strategi cs and procedures by students as modelled by the
menlor.

4. Team-based mecthods used by students and mentorsin the design office situation
assisted student learning by:

e providing students with opportunitics to work in design offi ce situations where they
witnessed and paricipated in all aspe cts of usual design offi ce practices in cluding
exchanges with expert consultants in disciplines associated with building designer
and construction;

o making avniluble design office personnel to ensure continuity of support in work
sessions when the principal mentor was not available provided students with a
community of practi ce having multiple sour ces of knowledge and expertisc 10 assist
lcarning; and

e including students in tcams working on authentic design office commissions in ways
that allow them 1o make a contribution 10 design solutions and to the processes used
to develop them.

Phase Two

5. Declarative and tacit knowledge transfizr was facilitated thiough the application of
design processes and pmcedures by mentors using cognitive apprenti ceship teaching
strategics and by:

e cxamination ofthe designbriefand all influencing fisctors in preparation for a
design development;
e cxiensive use ol questioning and thinking aloud to:
e introduce, explore and dcfend design ideas;
o explain the processes used 1o develop design solutions; and
etocvaluate and test design elements.
the use of extensive and diverse non=context specific resource materials;
o cxiensive usc of refle ction on past and current design projects as design resources;
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¢ maiching of proved design and construction practices to design concepts
being explored in the studentmentor collaboration;

e usc ofthe "ollice sct" ypproachto provide visual representition of'idcas explored,
information researched, variations on design concepts or details, branching of lines
ofinquiry, evaluation of design clemenis and influencing fitctnrs;

e cxtensive usc of visunlisntion to explore multiple perspectives and solutioas;

® the use of CAD design and drawing methods 1o quickly explore new idcas or
conccpts;

= mentor availability and the ecxtended support offercd by contact with others in the
work plnce or associated discipline consultants; and

o student participation site visits nnd current oftice projcts in which the mentors link
actual practices with theory or concepts.

6. Discussion was uscd to assist lcarning in the loliowing ways:

» work scssion discussions assisted students to acquire a technical vocabulary and
ways of speaking used in the design offfice culture ofpractice;

e discussions between students and mentors that facilitated transfer of declarattve
knowledge about design situations, codes, regulations and practices;

= work session discussions facilitatcd student acquisition of ways lor explaining
design MWcas antl ustug processes, procedures and heuristic design strategies used by
building designers to resolve complex problems;

e work session discussions exposed students 1o the mentors® methods of questioning,
cvaluating and defending idcas; and

» work session discussions assisied students to acquire ways of rellecting on design
methods and creative idcas Icading to exploration of multiple concept forms and
design solutions.

~

. Articulation was used by the mentors an| the stuxlents to:

facilitate transter oftacit knowledge;

cxpress declarative knowledge about multiple design situations;

explain procedural knowledge necessary o fapplication of design processes;

cxplain the use of heuristic design strategics and 1o provide reasons lor their

application;

e providc insights into decision making methods employed for problem solving and
the cxploration of multiple design ideas or solutions; and

e rellect on and defend design decisions.

8. Sketching was used as a communication tool and to scaflold Icaming by:

e providing visual communication of concepts, idcas, problem solving methods and
solutions;

e [acilitating cxploration o f multipic design fisrms and relining variations;

e showing a visual audit trail of design thinking and processes or procedures used in
developing solutions;

= providing immecdiatc leedback on concepts or ideas that emerge during design;

o representing three dimensional complex planar relationships.

o lacilitating acquisition of declarative knowledge about multipledesign situations as
scen In exemplar "office set™ drawings of authentic commissions;
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assisting students 1o acquire tacit knowledge through cxperimentation

with design methods rcificd by tlic mentors using sketching 1o show similar prablem
design situations and the methods they had used 1o develop design solutions;
showing proccdures, knowledge and alternative design practices used by the
mentors through overlay sketching ofcxemplar drawings 1o reify their use of
heuristic design stratcgics as applicsto the student’s own projccl; and

showing design mcthods and multiple solutions 1o problems ty pically addrcsscd in
cverydny design situations that emerged from authentic projects as demonstralcd by
the mentors when sketching design clements Trom their own works 1o illustrate
potential ways for resalving problems that emerged fiom the student’s design
project.

.Modetling was uscd by the mentorsto:

demonstrate their usual design methods, problem solving strategics and a structured
approach to design through the usc ofauthentic "office sct” drawings, sketching,
over-skctching of CAD drawings, schedules, lists and notes;

demonstrate 1o the students design tools, heuristic design strategics, defined
dircctions and sct time lines for completion of tasks;

provide dectarative knowledge of design situations, regulations, codes and standards
as well as procedural knowledge tor applying design methods; and

structuredesign activitics 1o replicatce the sequencing of design praduction in
authentic practices.

10. Ccuching took place through

guiding students’ application of design, heuristic design strategics for resolving
cmergent design problems and for retining design solutions;

cxplanation building 1o detail the reasons underlying design processes and decisions.
based on personal expericnces;

over-sketching of students’ drawings to provide immediate fecdback on idcas
cxplored or solutions accepted; and

assisting cxploration of new design idcas that siemmed firom enrlicr concepts. us
documented in the "office set”.

I. ScatTolding was uscd by the mentors 1o assist student lcaming by:

frechand sketching backed up with detailed cxplanations of the reasons for using the
design/construction stratcgics or details presented;
usc of CAD design components and exemplar "oftice set” drawings that itlustrated
heuristic design strategics, problem solving procedurcs, benchmarking standards and
declarative knowledge about the fbllowing design situations and clements:
e commonly uscd solutions fixrroom layouts in kitchens, bathrooms,
bedrooms and technical arcas like medical or industriol scllings;
e rclationships between rooms for traffic low in various sctlings;
e rcgulations and codes as applicd 10 specitic design situations;
e construction details such as Tootings, roof structures, truss nnd beam fixings
and thc like;
e colour and texturc of surlacc finishes; and
e appropriatesclection of materials and different construction methods as
dctennined by specific design prablems or situations.
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over-sketching of hand drawn and CAD hasod drawings to show

multiplc altcrnative design stmtegics or solutions;

timely prescntation of “tips and tricks™ based onuuthcntic commissions und tucit
knowlcdgc;

usc of u diverse range of non-conlext specific materials such as magazincs, journals,
picturcs and the like, as well as discipline specific codes and rcgulntions;

usc of notcs on sketches and drawings for focussing student usc of design
procedures und 1o convey declarutive knowledge of design situutions, rcgulations or
usual officc practiccs;

use o Frotes and schedules for scquencing oflcarning cvents in design and to link
these 1o tasksthat progressively build on student knowledge and design skitls;
provision of CAD data basc of prc-drawn clements to address individual problem
aspects of design and to facilitatc rapid exploration of multiple design idcas.

Phase Three
12. The mentorsreilicd their tacit knowledge, declarative knowledge und procedural
knowledgc through:

articulation o fpersonal views and their rcasons for working tn the manncr that they
db when making design decisions;

providing detailed explanations for all design procedures and decisions based on
their tacit knowledge of codes and regulation developed thirough expericnce in the
donwin o Fpractice;

using sketching techniques that were more detailed than their usual methods when
seeking to explain heuristic design strategics and construction details;

extensive use of exemplar "office sct” drawings to show examples of design
situations, problems and solutions;

linking problcms tbat emerged from the student design projects with similar oncs in
current commissions o explain the usc of problem solving strategics;

cncouraging students to usc questioning to explore, defend and justify all design
idcas, design stratcgics and proposed solutions for their authentic design project; and
using cxamplcs of both successes und failures in design with rcasons for the
stratcgics used and outcomes achicved in resolving emergent problems.

. Visualising and Retining of design idcas by students was ussisted by:

cxploration ofcvery design clement through to resolution before branching to other
lines of inquiry 1o build a comprehensive picture of the overall design situation,
rellcction on design problems and potential solutions to cnhance visualisation skills
and mctacognitive resolution of design problems;

reflection on design processes to develop metacognitive ways for applying
knowledge and design tools in creative, innovative ways;

making conncctions between design theory aml the methods used by experts to solve
complex design problems in the context and culture of professional design practice;
quick skctching methods 10 explore nu:ltiptc design idcas that stemmad from design
criterta determined by the project clicnt bricf;

usc of pre-drawn CAD design components md "officc set” document scts 1o rapidly
explore multiple design idcas when emergent design problems could be linked to
similar situations for which solutions had alrcudy been developed and proved; and
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e devclopment of student personal design sty les through synthesis of their
own idcas with those of their mentor and other influcnccs such as traditional design
styles or those of other contemporary designers.

14. A Creative and Innovintive approach 1o design by studcnts was facilitatcd by:

e usc ofadiverserange ofresource materials and rich descriptive language 1o create
verbal images, supporticd by visual images using sketching or other illustratiors;
» usc of questioning, discussion and sketching 10 coach students in techniques
supporting the exploration of idecas and branching of lines of inquiry,;
e cncouraging and supporiing stud ent exploration, defi:nce and development of idcas;
o cxploring multiple design solutions generated from the stem of each new idea
revealed during the development of student design concepts;
s not forcing the design process, or pushing too hard for results;
¢ use of multi-staged replicable procedures to resolve difficult design tasks and to
facilitnte innovative exploration of multipte design concepts; and
e supporting students in their development o f autonomous ways ofusing design
knowledge and procedur es when visualising concept forms and possible solutions.
Contirmation of student lcarning outcomes - judging of designs
At the conclusion of each of the authentic design projects, a panel of judges who
werc independ ent fiom this study asscssed the students® designs. Data collected fiom
this process provided ind epend ent opinions about the standards of design and
presentation achieved by the students, assessed according 1o industr'y standards of
practice. Findings from analysis of thesc data were regarded by me 1o conftrm stud ent
learning outcomes asdescribed througho ut this Chapter and in the summary of findings

shown above.

Judging of the students’ designs.

A new judging tcam was sclected 10 evaluate the student designs for cach of the
three autheniic design projects used for the three phases of this study. The judging of the
student designs that resulted fiom their working with a mentor in a design oflice
situation was an integral part of undertaking their undei1aking authentic design projects.
This was because their evaluation involved the same processes and accountability that
professional building d esigners cncounter as par1 of their everyday culturc ofpracticc
activitics in design. Therefore, the assessment of the student designs was seen as part of
the usual process that they would experience in industry. In addition, the judging of the
students’ work by expert building designers and others provided fccdback about the
success of their design efforts that was independent of tl1c mentors with whom they had

worked. Forthese reasons the judging of the students’ works was rcgarded as important
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to the research questions because it provided :mother source of information
about their lcaming.

Thc cvaluation of student designs from Phase Three was viewed with particular
interest. This was because the results of the judging could readily be comparced with
other data. These data included Phase Two duta about what the students and the mentors
snid had occurred and Phasc Three data that were based on my obscrvation of what took
place in the work sessions in which the students developed their designs. Analysis of
these data assisted in confirming some aspects of the students’ learning outcomes.

Each judging tcam included cxperts recogniscd for their speciatised knowledge
of design ard industry specific aspects of the design project bricf. Judging was
conducted using checklist sheets to address various aspects of the building designs, as
per industiy standards sct by the judges, cxpert building designers and TAFE lecturers.
An cxample o f the checklist used for assessment of Phase Three student designs is
shown in Appendix H. Writtcn comments made by the judges on the judging checklists
(scc Appendix 1) when analysed provided information about student leaming outcomes
as scen by independent industry cxperts. During the judging process, and as part of
informal discussions immc.d'intc_ly following the judging, I recorded personal journal
notéé hBout what the judges said nboﬁt cach of the student designs. Data collected in this
way wérc 5nalyscd by codiﬁg .in the same maﬁncr as other similar data collected using
other methods. These datﬂ provided inforination about what cxperts in the building
design piof'cssion sﬁw as the students’ dcsign achicvements compared to the experts’
induélry standards. Findings ﬁbrﬁ_ this process prbvidcd conlirmation of student lcoming
outcomes qs_asscéséd by the independent experts.

Data collected by using thcjudging sheets served as a basis for post judging
discussions wi(ﬁ the cxpértjudgcé to ascertain their views on the standard of work
prescnted by the S_(_udcnt/mcn(or collaborative dcsign tcams. This was donc to cxplorc
links between what industry.dctcnnin.cd was an acécptnblc standard and what actually

was produced by the students in the m_cn(dr supported design office learning situations.
Judging Criteria :

The dcsign criteria documented in the bricfuscd by students working on this
project were dévcloﬁcd in consultation wi(h specialist experts in the steel industry and
with expericnced building dcsighc_ri Thcjﬂdging pancl, using a checklist developed by
three industry c:_tpcrt_é_ﬁnd t_\évc_v TAFE lccturérs, assessed the students’ design solutions.

Having building design indqury cxperts and a TAFE {ccturer on the judging pancl
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provided industiy expert knowledge as well us education cxpert knowledge.
Ench judgc was nsked to allocatc marks for all categories in cach of (wo sections ofthe
judging form. The asscssment categorics were;

satisfiiction ofthe design bricf (40 marks);

Duragall products (use of) (40 marks);

cxterior acsthctic (40 marks);

dcsign lor climate and encrgy cfficiency (40 marks);
_project presentation (40 marks);

zoning of activilies (20 marks);

indoor/outdoor relationships (20 marks);

traffic tlows(20 marks); and

furnishabilty of spaccs (20 marks).

The maximum number of points available to each student from this judging fisrm
was 280. Six different judges assessed the student designs. The sum of all of the judges’
scorcs meant that the maximum score available to each student was 1680. A total 0f20
students, all of whom had worked with a meator in a design office, had their designs
judged. Four ofthose students were the ones who were closely studied in Phase Three
of this study. All of the student designs were judged to be of on industry standatd of
design and presentation. Some were better than others, as evidenced by the spread of

scores. These ranged from 975 to 1169. The top three scores were:

First . 1169
Second 1i64
Third 1161

Two of the four students who were closcly studicd in Phase Three of this study
attained the lirst and second placing in the overall scores. Another ofthe four scored in

top 25% ofthe student gr>up and the fourth student scored in the 50-75% range.

Comments feom the judges

The industy representalive trom the stecl industry commented that:

The studeats and mentors have really come up with some new ideas for
us (o takc back to the company. Some of the designs arc quite radical
and might be challenging to build, but that is what we wanted, you know,
somcthing difficrent to gel new idens into the market. (Judge 1).

This view was supported by the judge from a large constiuction company
commented that:

I am amazed at the professional standard of the designs, particularly the
CAD bascd drawings. This is the type of work that we sec coming oul of
the design oftices of our consultant firms. There is some rcally usctul
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material here, a lot more thon 1 had expected from n student project.
(Judge 4)

Another of the judges, when discussing the lop three award winning dcsigns
said:
... cach of these has something special happening to make the best use of

natural heating, cooling and ventilation. What is intcresting is that they
all do it in difficrent ways, but quite elTicctively. (Judge 3)

This judge went on to say that the designs had provided some new ideas for him
to incorporate in his promotional materials. Judge 3 also commented that:

The students seem to have a broad frecthinking approach to the use of
lightweight materials to do tasks that we all too ofien think of ns needing
heavy masonry. They've come up with some different thinking here, so
maybe we have to do a little rethinking ourselves now.

Critical comment by the Building Design Association (BDA) judging pancl
member was regarded as being especially impartant because of his close links to the
building design industry and current knowledge of standards of design and drawing
presentation used by profeszional designers. He commented that:

... the wverall standord of the designs presented here are the best I've
seen for student work for this type of project. The top five or six designs
show clever use of the structural steel system that was on essential
requirement for this project. The designs arc creative and quite
innovative in their use of a varicty of other building materials and design
ideas like how they achieved solar energy cfliciency, in an aesthetically
pleasing but functional design. (Judge 5)

Judge S also said that he was particularly impressed by the attention paid by the
students to detailing the designs and to the presentation of their drawings. These he said
werc key clements in selling an idea to a client in the commercial setting. When
commenting-on thetop three student designs, he said that they were as good as most
professional design oftices present in their day to day operations and could thus be
considered as meeting industry standards of professional design.

The TAFE lecturer (Judge 6) who perfonncd judging duties had ten year's
experience teaching building design and five year's experience working with students
on authentic proyjects under the direction of a mentor. With this background, Judge 6
was well placed to assess the student designs nnd to mukc comment on them using
comparisons with work that she had scen produced by studerts in classroom design

projects thnt were not guided by professional designers ns mentors.
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When commenting on the overall stundard of the design submissions,

Judge 6 noted thut the students had nchicved levels of design and presentation
signiticnntly higher than thosc of their peers in current design classes undertaking
classroom based design projects. This she based on having already assessed student
submissions based on the same design bricf used by the students for their authentic
projccts, but exccuted by other students in classroom based situations without input
from a practising building designer acting us a mentor. She also noted that "thesc
dcsi:g_l.l__s'(lh(_: study project) show a greater sense of style and innovation and arc fisr more
creative in their usc of building materials™. Judge 6 also commented:

.. thc range of presentation mcthods used by the students is more
diverse and professionally exccuted than the sort of thing that you sce in
the ncwspaper presentied by most of the big firms when they urc
promoting developments and schemes.

Analysis of data such as thosc shown in the above examples led me to contend
that the students in this study achicved standards of design and presentation that the
judges assessed as mecting and in some instances cxceeding industiy standards . Ovenll,
I belicve that the quality of the works produced by the student/mentor.collaborations in
the design ofYice situiations used were regarded by the judging pancl 1o have exceeded
standards that thcy normally expected of students at this level of training . From this, |
contend that lcarning outcomes for students studicd here were ofa higher stnndard and
resulted fiom their learning in a mentor supported design office siﬂntion organiscd

using cognitive apprenticeship tcaching strategics.

Conclusion To This Chaplcr

The co!lcclfbn, recording, transcribing and analysis of data in this study
followed a three phased cumulative process, with analysis commencing with the first
data collected. Multiple cotlection methods were used 1o gather data that were coded
using catcgorics that cmerged during transcription and interpretation of difterent ty:pes
of information recorded.

In this chapter, findings that cmerged from amalysis of the mostlv interview
based Phasc Two data nnd the mostly observation based Phase Three duta hﬁvc been
reported, along'with'dnm units wh ich supported and illuminated those findings. During
annlysis of dntn collected here, replicnble procedures were used within a coding:
framcework qstﬁbl ish(_:d miﬁg NUD-IST (1:998) s<.)l.lmrc'.
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Data werc collccted over n 14-month period using « varicly of
ditYercnt methods. Data were unalysad using coding and other method s inc luding
summarics and tables based on themes ihit emerged us coding categorics were
developed for Index Tree frameworks that evolved as new datu were collected. As new
themes cmerge:d, some cutcgorics were merged und collapsed us similar data were
identitied and re-coded. Coding o fdata was undcrtaken in three phnscs, s detcrinined
by the collection mcthods and the work focussed tusks being undertaken by the study
participants

The first phase of coding and analysis was based on what took place in the real
work design projed implemented us pant of the pitot study. During this first stage an
overall view was sought 1o describe the cvents and activities that shaped the
student/mentor collaborative work situations developed using authentic design projects.

The second phase o coding and analysis focussed more on identifying the
tndividual activitics carricd out by the study participants in the student/mentor
collaborative design work sessions. Themes that emerged from this phase of the study
shaped the investigative structure developed lor Phasc Three, which involved the
observation ofactual work sessions tnvolving the students and their mentors.

The third phase of data collcction and analysis sought to confirm findings that
cmerged fiom analysis of Phasec Two data and 10 also identify any ncw aspects of the
study situation or cvents thought to influence lcarning. With cach new phasc of data
collection and analysis, ecmerging trends themes delined by “intensity and fiequency”
(Holsti, 1969, p. 126) ofthe participants’ responses were used to further develop the
study fiamework as well as the tools tor data collection and ongoing analysis. Key
clements, noted as important to learning in the study situation, were uscd as major
coding catcgorics to organisc and implcment other emerging aspects of the situation,
cvents, views and activitics revealed through analysis ofthe nccumulated data,

The authentic nature of data collected in fice-to-lace interviews, informal
discussions, vidc o recorded work session in which the rescarcher played an active role,
was confirmed through comparison with the physical cvikience of sketches and
drawings, as well as in member checks conducted througliout cach phasc of this study.
Every cflort was made to cnsure that data collection methods uscd in ail three phases of
this rescarch were consistently applicd. Using the ssme methods for collcction and
analysis within cach phasc assisted in ensuring the dnta reliability and consistency of
data through replicable procedures. This I regard added rigour 1o the study. The

intcmctive nature of nll of the data collcction methods used, provided opportunitics at
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cvery stuge for me to confirm my interpretution of cvents as they transpired,
by using member checks nnd forthe study participants to exchange their views with me,

At all times the participants reninined volunteers in the study und were kept
informed of the mcusurcs being maintained to cnsure their :imonymity and the
conlidentinlity of nll information that they provided. None of the participants withdrew
firom the study, or declined to participate in any part of the study. This mcant that the
data were collccted firom willing participimts. For this renson, [ regard the study data to
be from authentic sources and likely 1o have provided a trustworthy and reasonablc
record o f what the study participants actually expericnced.

This Chapter sought 1o provide a holistic picturc of the processes used 1o
tneapret the study data and findings that emerged during analysis. [1 reported findings
about what occurred when mentors and students worked together on autlientic projects
and how the design solutions produced by the student/mentor collaborations were
Jjudged as part of deteninining learning outcomes.

fn the next Chapter, the rescarch questions arc answered using findings that

emerged firom analysis of the study data.
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CHAI"IER SEVEN
ANSWERINGTIIE RESEARCII QUESTIONS AND DISCUSSION

Introduction

In this chapter, the rescarch questions arc answered. T his is followed by a
discussion of the study findings withreference 1o pertinent litcraturc. The use gencrally
of cognitive apprenticeship methods for Ieaming in the building design discipline and
other similar domains is also discussed here ns an extension of the findings that have
emerged fromihis rescarch.

This study sctout 1o investigate student lcarning in a cognitive apprenticeship
situation . The setting used for the main data gathering part of this study consisted of 10
commercial building design offices, in cach of which students worked with expert
building designers, acting as mentors, on nutherttic projects. Data about the events
experienced by students in their collaboration with the mentors were collected from
multiple sources, using n varicty of collection methods. The previous two Chapters hnve
detailed data analysis and {indings about many difTierent aspects of the study situntion
which I regarded ns affecting student leaming. Here, the research questions are

answer ed using summarics of the tindings from the previous Chapter.

Rescarch Question | -

What kind of declarative knowledge and procedural knowledge is
- . acquired by students in the building design profession in a cognitive
apprenticeship learning situation?

Five broad aspects of student earning ecmerged as being outcomes in this study.

They were:

! Students acquired ways of speaking, behaving and sclf-presentation similar to

those uscd by professional designers in the building design office culture of practice;
2 Students acquired declarative knowledge abo ut:

e thcorganisation of a commercial design ofYice;
regulatory factors governing building design;,
the organisation o f design office methods for planning and implementing nuthentic
design projects;

e multiplc design situations frequently encountered by building designers when
undert.king authentic projects;

e thcknowledgenccessary for successiul applicution of heuristic design strategics
used by expert building designers to creat e and refine design solutions; nnd

» building design industry standards nipplied to constructinn detailing nnd presentntion
methods commonly used in drawing praclices,
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3 Students acquirced procedural knowledge abuut:

e the methods used by building designers 1o analyse design bricf spccilications;

e ways for nsscmbling resources nccessary to address authenticdesigncriteria;

e ways for organking authentic design pro jects using planned stages of development
and review;

o the methods used by experts 1o implement their usual heuristic design strotcgics 1o
develop solutions 1o problems emergent from authentic design tasks; und

e the methods used by building designexperts to present and defend their design
solutions 10 clients and others.

4 Students developed autonomous ways of creating, visualisirig, exploring and

resolving original design idcas; and

5 Studentsdeveloped personalised, individualistic design styles that emerged fiom

a synthesis of the student’s own ideas with those of the mentors’, historical style

clements and other firctors.

These five student learning outcomes indicated that mentor use of cognitive
apprenticeship teaching strategies was an effiective means for assisting student learning
in a design office situation. In broad terns, the study findings have suggested that the
students gained entry to the design office culture of practice and acquired design
knowledge and design skills used by expert building designers to create and refine
solutions to complex design problems. The principal leaming outcome for the students
was that they developed autonomous ways of creating, visualising, exploring and
resolving original design ideas. In developing those skills, the students also gained
confidence in their use of information and design methods modelled by the mentors and
developed multiple design perspectives in their application of innovative ways to
resolve emergent design problems in ways that became their own design style.

This led most students to develop a strong sense of achievement and a strong
sense of satisfaction and confidence in learning new skills and design strategies. The
students underwent a transition from using simple design procedures 1o resolve
commonly encountered design problems, to visualising; exploring and resolving design
probléns often ﬁsing metacognitive strategies; Students increasingly used articulation 1o
explain lhc_' rcasons for dcsign':d_ccisions they had taken when defi:nding design elements
or sblulions dcvciopqd by them. Thi§ lj_ncthbd of design practice was oflen representative
of the working methods u_s_cd_ by lh_c mentors 1o .visunlisc, create and refine, innovative
design ideas. Student adoption of this manner of désigﬁ practice indicated their

dcvélﬁpmcni of'rhnsléfy of design, as used 'by.cxpc'n:building designers.
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Research Question 2

What kindy of declarative knowledge and procedural knowledge is
transfierred in this (design offfice cognitive apprenticevhip) learning
vituation?’

Declarative knowledge transf crred

Findings fi-om this study have suggested that the students acquired declarative
knowledge of many aspects of design practice, as well as other knowledge necessary for
them 1o apply design procedures as modelled by the mentors. The kinds of declarative
knowledge acquired by the students included knowledge about:

¢ climatic, geographical, geological and environmental factors that influence design;
codes nnd regulations that govern building design practice;

» building construction standards and construction details used in ficquently occurring
situations common o a varicty of buildiisg types;

e warious sources of information such as legal inter pretations and rulings about
planning or design guidelines, as well as existing design solutions used by building
designers as resources 1o create and scfine new design solutions;

¢ rcasons why cxpert building designers make particular choices when using heuristic
design strategics 1o create and resolve design solutions; and

e roles played by cxperts in discipline arcas associated with building design and how
they influence and support the building design domain of practice.

Students acquired declarative knowledge firom their mentors who provided them
with explicit idormation about the organisation of the design ofTice, availability of
resources and the relationships that link the building designer’s activitics with
associated disciplines such as engincering, clectrical services, plumbing consultants and
the like, Findings from this study showed that transfer of declarative knowicdge of these
kinds mostly took place using discussion and sketching. Extensive use was also made of
"office sct" contract documents for transfer of knowledge nbout design situations and
methods used by experts to resolve design probiems encountered by them in the various
disciplines that together represent the building design domain of practice.

Mentor modelling of personal design preferences or clements led students to
acquire declarative knowledge ubout:

= 1 broad range of design situations typically encountered by building designers in
their usual culture of practice activitics:

¢ the kinds of information asscmbled by expert building designers when preparing 1o
usc heuristic design strategics 1o develop solutions to problems emergent firom the
design process;

¢ the rcusons given by expert building designers for using particular design strategics
when addressing it range of diflicrent building design situations;
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multiple design solutions uscd by the mentors in various commissions
covering u range of commonly occurring design situations; and
the tools uscd by expert building designers 1o reline and present their design
solutions in accordance with standards of practice determined hy building design
industry common practices.

Transfer of declarative knowledge took place simullancously with transfer of

procedural knowledge as the students developed the ir overall understanding ofthe

problem situations addressed by building designers, the methods they use 1o resolve

them nnd the reasons’why they apply particular strategics or practices.

Proccdural knowledge transferred

Students acquired building design knowledge and problem solving skills as

modclled by the mentors. Transicr of procedural knowledge mostly occurred through

mcntor modelling and conching during design office work sessions. Procedural

knowledge acquired included the {ollowing aspects of design office practice:

proccdures for dealing with the cveryday operations of a design office including
management of personnel and resources such as:
e tcchnical information librarics including codces and regulations;
o past project "office set" documents;
¢ CAD based design clement databascs;
e clicnt bricfdocumentation; and
e cortractdocuments for authentic commissions.
protocols and procedures found in design office hicrarchics including:
e how 1o participate in team-bused design procedures with other design office
stafl’
¢ how 1o incorporate design contributions fromassociatcd discipline cxperts or
consultants, rcgulatory authoritics, local govemment agencics and the like.
procedures usced by experts to assemble and utilisc a broad range of design resources
including
e books, magazincs, tradc literature and advertising materials having images of
aspects of design, colour, texture, construction materials which stimulated
design idcas and solutions; and
e drawing scts and photographs of completed design commissions covering a
broad range of building design situations or other objects including fumniture,
cars and {ashion itcms.
procedures used by expert building designers to kentify, in a new design
commission, frequently occurring design situations and approprinte mcthods to
resolve them based on commonly used solutions suitable for the emerging new
design;
mcthods used by expert building designers 1o create, explore and refine new design
solutions through the application of heuristic design strategics and design office
procedurecs including the "office set” overlaid drawing design technique and CAD
based methods; and
mcthods uscd by expert building designers to incorponilc persomtl design sty le
clements in new design solutions.



280
Rescarch Qucsfion 3

How is tucit knowledge transfierred in o cognitive apprenticeship
learning vitnation?

Tmnsfcr oftacit knowlcdge took place in the ollowing ways:

e thementors verbalised their thoughts und their reasons lor using particular courses
ofnction when modelling their usual design practices and when coaching students in
the application of thesc;

e mentors provided detailed descriptions of multiple design situations they regarded us
typical or frequently occurring, the design problems cncountered with these and the
solutions that they and others had developed 1o resolve those problems in
accordancc with building codes nnJ regulations governing standards of constr uction
practice;

e menlors uscd exemplar “ofticc set” drawings of authentic commissions (o
demonstrate procedures they used to identify common designsituationsand the
procedures used by them to adapt commonly used design solutions to problems
emergent from those situations;

e sludents undettook scquenced authentic design tasks o€ increasing complexity, with
coaching by the mentors in the application of heuristic design strategics bascd on
their design experience, with articulation nnd sketching being used to convey their
rcasons for using particular design methodsor for taking design dccisions;

¢ mentors’ analysis of the student’s own design project in terms oftypical design
problems and possible solutions based on others they had used in their everyday
domain of practice;

¢ mcntors and students using notes on skeiches and drawings that provided a vehicle
for the expression and exchange oftacit knowledge about design decisions and
procedures uscd in the exploration mid evalua tion of ideas that led to their design
solutions;

= students’ defence of their own design solutions 10 others and having them suggest
altcmative procedures lor resolving emergent design problems;

* student participation in construction site visits during which the mentors linked
theoretical design knowledge 1o design solutions as seen constructed, while also
cxplaining their reasons for the methods used as shaped by their design expericnces
and tacit knowledge of multip!e similar situations; and

¢ student interaction with other designers and consultants fiom associated disciplines
in design office work sessions and in infirmal ways as part of everyday workplace
cxchanges or in workplace social gatherings.

Knowledge transfer was facilitated through discussion, articulation and
sketching being used together by students and mentors 1o exchange informa tion and to

express their inteipre tation of complex design situations and design solutions.



281

Rescarch Question 4

I/ problem solving heuristic stratogies are uscd, hw are they picked up
by the student?

Datu colleeted here include many instuncces in which the mentors were observed
using problem solving methods based on “rules ofthumb™ (Brown, cl. al, 1989, p. 409)
ways to resolve building dcsign problems and other heuristic stratcgics based on their
experience with resolving design problems in muny different situations. Problem
solving heuristic stmtcgics, were modellcd for students antl demonstrated further in
coaching scssions in the following ways:

* through modelling and couching by mentors and other expents from supporting
disciplines during collaborative work scssions in which the students imd the mentors
explored multiple design strategics and solutions as applied to the authentic student
project thcy were undertaking;

® in construction sitc visit sessions in which the mentors demonstrated their design
commission solutions :imd described in detail various aspects ofthe buildings along
with the heuristic design strategics they had applicd in developing the design
solutions uscd for construction;

o indcsign ofTicc critique sessions where the students and the mentors defi:nded their
design methods and deciston making, while also sharing multiple or ultcrnative
strate gics for dcaling with problems ecmergent from the students’ authentic design
project; and

e application by the students ofthe mentor’s design officc practices including
preparation nnd rescarch of materials, scheduling and sequencing of design tasks
and procedures as modelled by mentors for creating, exploring, testing and refining
design solutions.

Heuristic stratcgics were mostly implemented by the mentors and the students
using quick sketching methods, as well as detailed over-sketching of "oflicc set”
drawings of cxemplar design projccts and of the students’ own design drawings.
Working in this way, the mentors reitied their heuristic design strategics and
demonstratedhowthey could be applied by students to their own design project
problems. Aspart of this approach, the mentors also ofien simultancously explained the
reasons tor wsing the methods being presented. In design office situations where the
students worked with other stai ¥ on current commissions that were part of the mentors
usual culture of practice activitics. they also paricipatcd indesign activities where
heuristic design straicgics were being applicd by others. In this way, the students gained
experience in the usc of those heuristic design strategics, in the context of the domain of

practicc.
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Rescarch Question §

What features of this learning simation prommted studery learning?

‘The nuthentic design ol Tice situations used as the setting fir the stwdent/mentor
collnborations provided many difTerent opportunities for students to actjuire design
knowledge nnd skills. The onc-on-one nnd symctimes multiple, incntor support that
students experienced when tackling their design prjcct provided them with
oppotiunitics to ucquirc knowlalge and design methods used hy experts s part of the ir
usual practices. Student learning mostly 1ook place hy having cxpert building designers
model and discuss in detail their ways for resolving design problems anc. by the mentors
using their tacit knowledge and heuristic design stratcgics when coaching the students in
their application ofthose knowledge mxll stratcgics to authentic projects,

Many features of this lcarning environment promoted and supporicd knowledge
transfer. Three aspects of the study situation that promoted and suppoited knowledge
transfer emerged from the study findings arc used here to present those fisatures, They
are:
® design office cullure of practice factors;

e design office facilities andresources; and

s work activitics and practices .

Design affice culture of practice factors.

These features were shown to promote and support knowledge transfer;

* acceptance and respect shown by the mentors and others fior the student as a
designer in the design office tcam;

s mentor commitment to the collaboration as demonstrated by preparation of
resources, provision of back-up personnel and different learning opportunitics such
as site visits;

¢ implementing the student/mentor collaboration in a manner that replicated the
working situation typical ofthe cvetyday culture ofpracticcactivitics ofthe design
office in which all partics contributed design idcas and problem snlving strategics to
develop a design solution;

® student observation of the mentor and others reifying des ign knowledge and
practices while collaborating on authentic design office commissions within the
same work-space as the student/mentor collaboration;

e student inclusion in design office 1asks which cnabled them 1o expericnce duties
typical of design ofYice pradtices as required of all design tcam members:

e social interaction with others in the design office which fucilitated infiyrmal
communication and transfcr of less formal kinds of knowledge; and
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access (o professionals fiom other disciplines who provided insight s into

busingss practiccs in the design ofticc und also into the wider domain of

construction industry practicc.

Design affice faciiities and resources.

The availuhility of the following ficilitics and resources werc shown to pmmote student
learning:

provision of a work station within the design office which provided riady usscss to
other designers with whom the students could readily exchange idcas or fiom whom
thcy could seek assistance which gave the students acecss 10 multiple points of view
an diffierent design practices,

access 10 a vast array of resources such as a technical library, codes and regulations,
sets of officc commission drawings and files, C AT database resources and other
malcriaks typically used for design development which arc not Iypically available in
classroom bascd lcaming situations;

access lo computers, photocopying machines, rcprographics cquipment, drawing
mounting and binding facilitics which provided students with the means 1o develop
and present their design works in the manner used by professional building
designers;

rcady access to the design office for rescarching inforynation and drawing
production as oflicrad by most of the design mentors; and

extcnded mentor supportduring out of hours times as well as having acecss 1o
design office support stalTand other expert consultants ftom associated disciplines
or expert services, as provided by some of the mentors.

Work activities and practices.

The tollowing mentor supporicd design office aclivities and practices emerged

as supporting and promoting student lcarning:

frequent wolk sessions with mentor and others;

student presentation and defence of design idcas and problem solving straicgics;
use of "officc set" drawings as exemplars ffor creating design concepts,
development, presentation and defence of design solutions;

use of "oilice sct” drawings to cxplore the cvolution of building designs by
reflecting on pathways explored belore accepting design clements as pait of final
solutions;

mentor use of methods 1o make the design process a guided journcy of discovery to
cncourage student confidence and crealive, innovative practices,

mentor usc of an cxtensive and diverse array of scaf Tolding materials;

mentors reif ying their creative design practices o encourage student visualisation
and cxploration of ideas to cnhance metacognition;

mentor and student use of questioning, rctlecting and defending of ideas to develop
multiplcperspectives and design solutions;

setting of standards by mentor asse¢ssment of student works using design office
commissions 1o definc industry standards and benchmarks for student periormance;
usc of multi-staged, replicablc procedures to resolve emerging problems in the
context and culture of practice of usual design ofifce methods:
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» mentor sequencing of design tasks to avoid pushing students too hard for
idcas in design so as not to discourage creativity;

¢ linking design solutions of exemplar commissions (o the processes and procedurcs
used to develop them in order to scafiold students over barriers 1o their progress
crcaled by problems emerging fiom the real work design project;

¢ placing cmpla:sis on explanation building und rcflection on the development path of
design with cxploration of all idcas shown through sketching and nofics, backed up
by aticulation of the rcason:s behind the acceptance or rejection of the ideas
presented to facilitatc metacognitive ways for visualising and exploring design
forms; and

¢ oversketching ofdrawings to provide a visual audit trail of the ideas explored and
to promote greater depth of design analysis and mctacognition in design.

Summary Of Answers To The Rescarch Questions

This study has found that the use of cognilive apprenticeship teaching methods
by expent building designers in design office seltings provided an effective means for
assisting student learning. Findings here show that the students gained cntry to the
design of fice culture of practice and ncquirc& design knowledge and design skills used
by expent building designers to crcatc and reline solutions to complex design problems.
This gave them contidence in their autonomous use of ways for creating, visualising,
cxploring, resalving and presenting original design idcas.

The students acquired declarative knowledge necessary for resolving problems
that emerged firom authentic building design tasks. Knowledge acquired from
interaction with the mentors and through patticipation in authentic desipgn tasks covered
a broad range of topics encountercd by expert building designers in their cveryday
activitics. These Included explicit information about dcsign situations. regulatory
factors, usual design practices and the reasoas for using various design stratcgics for
particular problems. Much of what the students learned focusscd on why and how
expert building designers wark in the maaoncr that they do. This assistcd students to
apply procedural knowledge and to implement problem-solving methods when using
heuristic design strategics.

Traasferof procedural knowledge mostly occurred through mentor modelling,
coaching and scaf lolding during design office work sessions. The kinds of procedural
knowledge acquired by students focussed on the use of everyday design office practices.
Thesc included the management of design projects, protocols for dealing with
associated discipline professionals in the building designer domain of practicc.
managing and using design resourcesand the application of heuristic design strategics

with common design office pracedures for resolving building design problems.
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Students in this lcarning situation also acquired tacit knowledge firom
the mentors. Transfi:r oftacit knowledge mostly took place hy the mentors verbalising
their thoughts during work scssionss in which they modclted d esign metho ds and
conched students in the use of heuristic design strulcgics. A key part ofthe mentors'
reif ying their tacit knowledge was their use of detailed descriptions of various design
situa tions they had experienced and their rcasons for using their particular stratcgics or
solutions. As well as these descriptions, the mentors also used a diverse ange of
scalfolding materials and methods including sketches und sets of drawings to illustrate
cach of the situations and solutions that they presented. [n so doing, the mentors
provided rich verbal and visual images to confirm their tacit knowledge of a broad mnge
of building design practice. The mentors also encouraged the sudents to use this
approach todefend their design solutions by expressing how those solutions had
cevolved and why particular design rmethods or decisions had been adopted.

Mentor modeclling of their heuristic design strategics followed by conching
students in their correct application led to the students adopting for use in their own
projects. The use ofheuristic design strategics was ollen confirtacd by the mentors by
using visi is to construction sites to demonstratc oucomes from design oflice practices
and in critique sessions with students in which design strategics and decisions were
presented and defended by the students. Application of mentor modelled heuristic
design strategics by students led them to acquire those methods for their own use and to
adapt them as needed to resolve problems that emerged fiom their authentic design
tasks.

Student learming in design office situations where cognitive apprenticeship
methodsarc used was influenced by many factors. These were grouped into three broad
areas that I regarded as proinoting student learning in this situation. The threc arcas
were: design office culture of practice f actors; design affice facilities and resources;
and activities or practices used to promote learning and knowled ge tronsfer. When
used toge ther, these elements provided a lcaming environment in which students
acquired from building design mentors ways for resolving design problems typical of

themanner used by experts in their evaryday culture of practice activities.
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DISCUSSION OF THE STUDY FINDINGS

Iinving alrcady provided answers to the rescarch questions, u discussion ef'the
overall findings is now presented with particular referencee to the teaching stratcgics of
the cognitive apprenticeship lcurning approuch that underpins this study.

in this study, data were collected about the kearning expericnces of a group of
students working on authentic design pre jects, in rcal design ol Tice scttings, with cxpert
building designers ucling as their mentors. The mentors were initially reganded by me 10
broadly usc cognitive apprenticeship (Collins, ct al., 1989) teaching strategics. As the
study progressed, this was confirmed through their particular use o fmodelling,
coaching, scaf folding nnd fading, articulation, reflcction and cxploration in their work
sessions with the students. The authentic design projects undertaken by the students
were organiscd by the mentors to replicate their usual professional practices and applicd
by them in the context of the building design di- ciplinc domain. This appreach utilised a
lcarning sitnation structurcd in accordance with peinciples suggestcd by Schion (1983),
who contcnded that much leamning occurs as professional practitioners cngage in cvery
activity of their cveryday world.

The authentic nature ofthe design oftice situations of this study meant that
students worked in settings where professional designers applicd specialist knowledge
and sophisticated mental modclss in the social and cultural context of their usual
practices. This allowed students to construct their domain expertise, in ways similar to
that suggested by Hennessy, (1993).

All of the mentors who participated in this rescarch were recognised by their
proficssional organisation, the BDA, as being expericnced experts in the ficld of building
design, a profession that de mands highly developed verbal and visual communication
skills. Most of the mentors who participated in this study were inviled to do so because
of their previous classroom expericnce with buildiog design students.

Good communication skills and tcaching cxpericnce were regarded as valuable
attributes for the participating mentors because successful mentor interaction and
communication with studcnts was central to the student/ mentor collaborative working
situation. Their communication skills and intcractive working practices bascd on
commercial design oftice methods, provided an appropriate basis for lcarning using
cognitive apprenticeship methods. In support of this view, Casey (1996, p. 82) contends

that cognitive apprenticeship is heavily dependent on the ability of an expert to intcract
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with the learner by: “modelling expert practiccs, observing student
performance, supporting performance through scaflolding and! filing of support os
performance improves”. ‘This was clicary evident in data callccted for this research,

From the outset of'this study, most of the mentors extended, to the students,
designer status. Working in this way mamt that in nl] of their design oflicc interactions,
the students expericnced the authentic culture of practice events in ways typical of the
mentors’ usunl practices. This approach is in kecping with that proposed by Resnick
(1987) who contended that auther tic learring must involve situations where actual
cognitive processes arc involved rather than simulated processes as found in many
classroom situations. Authentic experiences used as the basis of design tasks in this
rescarch stuly setting facilitated the students’ enculturation (Collins, et al., 1989) into
the mentors’ culture of practice through authentic activitics and social interaction
(Wilson, 1993).

The study situation used here facilitated learning through cognitive
apprenliceship methods by making visible to the students the largely tacit knowledge
possesscd by the mentors about design and problem solving procedures. Findings that
emerged feom this study have suggested that some of the mentors approached their
work with the students by taking them on a guided journey ofdiscovery. This, some
mentors said, assisted students to deal with authentic tasks inthe context and culture of
everyday design oftice practices.

Mostof the mentors commenced their work with the students by introducing
them to typical design office methods for assembling resources appropriate to the design
pro ject described by the client brief: The mentors then modelled for the students their
design methods and coached them in the application of those methods to the students’
authentic design pro ject. By working in this way, the studcnts were provided with
experience based learning situations in which they used self evaluationand reflection
when defending their design endeavours. The authentic ex perience-based learning
situation allowed students lo construct their knowledge about expert practices in ways
that were modelled by the mentors (Kaufman, 1996).

Thisstudy has found that the cognitive apprenticeship situation developed in the
design offices provided mentor support for progressive transfer of responsibility to the
students for their own learning in ways similar to that suggested by Palinscar & Brown
(1984). Collaboration betwa:en the students and the mentors also provided situntcd
learning oppottunities giving students critien] opportunity to observe, engage in, or

inventexpert strategics in context (Hennessy, 1993; Collins, et al., 1989). The students
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then applicd stratcgics they had lenrned to nuthentic tasks with the nid of
mentors, in the design oflice culture of procticc of the study seiting. In this wny, the
students became engnged in authentic, meaningfil real work design projerct twsks. ‘This
led them to develop design expertise within a cognitive apprenticeship fiamework,
implemented using collnbomtivc mentnr/(cnm-hascd oflicc activities (Ilcnncssy, 1993;
Vieters & de Bruijin, 1992; BBrown ctal., 1989). It nlso IBeilitatcd student developmeat
of personnlised wnys for solving design problems and helped them to acquire
declarative and procedurul knowledlge of design methods. This took place through
activities situated in the usual context of their use by mentor supported *fcaming-
through-guided-cxpericnce on cognitive and metacognitivc, rather than physical, skills
and processes” (Collins, et nl.,, 1989, p. 457).

Whal has emerged from this research?

Thisstudysought to determine the learing outcomes for studentsin a cognilive
apprenticeship situation, to understand whalt kinds of knowledge were acquired by those
students, what hicuristic strategics were learnt and what was it in the study situation that
facilitoted student learning. In the Collias et al. (1989) model, some lcarmning content is
considered as strategic or tacit knowledge and this unlcrlies an expert’s ability to make
usc of concepts, facts and procedures to resolve problems emerging from authentic
tosks. It also includes problem sol ving strategies aad heuristicstrategics used by expeits
when solving emergent problems in the context of their usual practices and when
exploring new concepts (Collins, cf al., 1989).

In this research the domain knowledge of the expert building designers, acling as
mentors, was grounded in the discipline of their practice and included explicit factual
knowledge and procedures used by them to solve prablemsin the context and manner of
their usual culture of practice aclivities. Heuristic design stratcgics gave students
discipline specilic ways of dealing with problematicsituations that emerged fiomthe
real work design project, These were used by the mentors in the manner of “tricks of the
trade” (Collias, ct al., 1989, p. 478) that had been tacitly acquired by them through
professional experience in the domnin. For example, one mentor conched students under
his dircction in the use of CAD based pre-drawn design elements to rapidly develop
multiple designsolutions without regard for closure of the gecometiy, in order (o explore
broadly before defining the final form of the design. Heuristic design strategics like this

were used by all of the mentors, but in individualist ways.
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Much of what wasobscrved ns mentor usc of heuristic design
stratcgics here pertuined to managing problem solving in building design. This occurred
through reflective work practices nil the sequencing of design tusks us scheduled by the
mentors. This approuch gave structurc nnd fornality to the development of cognitive
processes by seiting the strategics in the context of the domain, thus miking them
purposcfil through student upplicntion, which cnhanced their undcrstanding of thcir role
(Choi & Hannafin, 1996).

Each of the six key tcaching stratcgics of the cognitive upprenticeship learning
uppronch used for the conceptunl frnmework of the study urc now discussed with

rcference to findings and pertinent literature.

Modelling.

Modclling in this study involved mentor demonstration of design strategics and
procedures used by them in their everyday culture of practicc activitics, as applicd to the
authentic tasks of the students’ design projects. The approach taken by most of the
mcntors when modelling their usual wark practices provided highly visible
repeesentations of their tacit and procedural knowledge of huilding design. This method
of prescnting inforrnatinn, processes and procedures in the context and domain of expert
practice is fundamental to the Collins ct al., (1989) cogaitive apprenticeship leaming
model. Brandt, ct al., (1993) contend that cognitive apprenticeship can only be
successful when someonc can perform ways of dealing with tasks to be lcarned in real
lif c, this being clearly cvident in emergent findings herealso. During Phase Three of
this rescarch the mentors were obscrved interacting with the students by modelling their
manncr of dealing with complex cognitive problems that emergent from the authentic
situations being resalved in the context and culture of their usual practices (Cascy,
1996).

Findings from this study indicated that the mentors, when working with students
individually or in collaborative tcams, uscd modclling to demonstrate a structured
approach to design. When modclling their design methods, the mentors of ten gave
explanations for using paiticular practices by verbalising their reasons for working in
the manner that they did. This cnabled the mentors to introduce and demongtratc ways
for resolving tasks using ty pical design oftice practices such as the "oflice sct” approach
to design.

In addition to modelling practices that extecrnaliscd cognitive processes and

activitics (Collins, ct al., 1989), the mentors akso incor pnrated modclling into almost
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every aspect of their collaborative activities with the students. From the
study outset, the mentors modelled elements such us uppropriulc behaviours, language,
dress stnndards, tcchnical vocabulary, profisssionul attitudes and respect fire others
within the hierarchicul stracturc of their orgunisation and the broader design industry.
Findings that emerged concerning ull of thesc uspects of the study inicutcd thut this
helped students to acquire knowledge and skills :md gave them entry to the building
dcsign office culture of practicc. Much of this learming took plnce as a process of
“cnculturation”™ (Brown ct al., 1989) as the students observed how the mentors behaved
and talked with othersiin their professional working culture.

While observing and working collaboratively with a mentor, many students in
this study nlso worked in the design office as part of larger design teams and had
experience of the working practices of consultunt experts firom associated disciples.
Through such experiences, the students were provided with many examples of work
practices, explicitknowledge and problem solving strategics, as modelled by experts
from other discipline contexts and having multiple design models an! perspectives.
Interaction with consultants fi-om disciplines associated with the mentor’s building
design practice provided models of the linksto other professions that exist in the wider
community of practice of design and construction. Althoughthe students were often
only informally involved in much of what took place with consulinnts in the design
office, the social interaction taking place around the studentsallowed them to acquire
knowledge through situated opportunity (Brown, et al., 1989) brought about by their
proximity to others interacting in the domain (Duncan, 1996).

Three clements of modelling emerged ns being highly clTicctive in knowledge
transfer in the design office situations in which the students worked with the mentors.

The first aspect is that of mentors {uid 1ater the students) explaining their
thought processes and reasons behind design practices or decisions by verbalising their
thoughts about how and why they work in the manuer that they do. Verbal exchanges
between designers consultants and clients, when discussing the reasons behind design
decisions were for many students a source of valunble information applicable to their
own design tasks. It also provided them with infontnation, domain specilic expressions
and common practices that assisted their communication with othersand supported their
cntry to the design office culture of practice ns they were drawn into such exchanges or
discussed them with their raentor lnter.

The practice of verbalising while modelling their design practices was observed

to be an effective means used by the mentors and the students to reify their tacit
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knowledge, problem solving strulegics and personalised design style
prefizrences. Mcntor use of highly deseriptive language when discussing renl design
situations and when urticulnting their views andJ problem solving strutcgics ulso
emecrged as n vital element in student learning. ‘Thc use of this approach allowed
mcniors to reify for students the ravsons underpinning how they solved complex
problems in.'lhc context of their usual culture of pructicc activities as described by
Jarvcla, (1995).

The sccond vital element of modelling used by mentors was sketching. Frechand
sketching und over-sketching of hard-linec or CAD drawings was extensively used in
every student/mentor design office collaboration studied here. Sketching emerged us the
principal tool used by building designers for the creation, exploration, devetopment and
communication of design concepts, emergent problems and possible solutions.
Whenever sketching was used, it was always in concett with rich descriptive
explanations of the reasons underlying design decisions or problem solving strategics,
ns well as personal points of view or design preferences articulated by the mentors and
later also by the students. Sketching made visible aspects of abstract concepts or idcas
and allowed rapid exploration of multiple perspectives or design solutions for a given
situation, thus allowing the study participants lo “criss-cross the knowledge in
numerous ways" (Cascy, 1996, p. 76).

The highly interactive nature of the student/mentor collaborative work sessions
was characterised by the use of verbal/visusl communication methods for the rapid
demonstraticm and exploration of ideas. Throughout the study the mentors® use of
modelling constantly shifted 10 coaching and back to modelling ns they introduced idcas
and stralegics used by them in authentic design commissions. The mentorsthen acted (o
coach students in the application of those ideas or strategics in the context and culture of
the tasks at hand. This approach I regarded as facilitating the students’ conceptualisation
of new design forms and their exploring new aspects of these. This approach is in
keeping witha cognitive apprenticeship (Collins, et al., 1989) learning style because it
incor porates concrete experience, reflcctive observation, conceptualisation and active
experimentation (Dinmore, 1997; Kolb, 1984).

Articulation and sketching were ased logether as communication tools in
modelling of heuristie design stralegics, concepts and probiem solving methods typical
of the mentors® everyday culture of practice activities. The:* provided the means for
transfer of explicit declarative knowledge and procedural knowledge fi'om mentors to

students as they worked collaboratively on a real work design project. As the students
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acquired design and communication skills during their collnboration with the
mentors, the work sessions became morc intcractive with less modelling by the mentor
and greater input from the students. The communicntion facilitutcd by nll of the
participants using articulation, discussion uxl sketching us an integrated tool firr the
expression and exploration of idens cnhianced intersction bitween the parties and
allowed ncgotiation of meiming and a fame ofreference for the context of the work
domain. This interaction tndicated a growth of reciprocal understanding between the
students and the mentors mict sclfdircctciiness by the students in their development of
metacognitive skills in ways similar to thosc reported by Jarvcla, (1995).

The third aspect of modelling to emerge, as a key learning clement was the use
of authentic task examples, practices and procelurcs in all modelfod aspects of design
practice presented by the mentors. Authentic activities were said by Collins ct al.,
(1989),10 develop understs: * . ¢ through social interaction and collaboration in the
cultare of authentic domain a.qvity. They contended that student Icarning is cnhanced
through obscrvation with guided and supported practicc along with feedback forthe
develupment of cognitive and metacognitive skills (Collins, et al., 1989). Findings fiom
this study support the Collins ct al. (1989) approach to lcarning. The six key teaching
strategics of the cognitive apprenticeship approach used for the framework in this
rescarch arc well supported by the evidence that emerged from analysis of the study
dota.

In cvery student/mentor collaborative situation investigated here, the mentors
made extensive usc of past authentic design oftice commissions 1o pro vide exemplars of
their usual practices in design, problem solving and presentation. All ofthe tasks
required ofthe student/mentor collaborative teams were authentic real work design
project based and evaluated by practicing design experts 1o industry cstablished
standards.

Findings here have suggested that student performance was enhanced when they
explored multiple solutions by applying real work based design and problem solving
strategics they had scen successfully used by the mentors when modelling their own
authentic design commissions, an approach supported by Jarvela, (1995). Student
acquisition of explicit knowledge and heuristic design strategies modelled by mentors
using exemplar design oflice commissions wns expedited by the links made visible by
mentors reifying their work practices whenaddressing problems emerging from the

students’ authentic design project (Baird & Fetherston, 1999).
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Another uspeet of using nuthentic design oflice commissions ay

cxcmplors when modelling usual practices was the mentors’ inclusion of students in
visits to works under construction, which they bad discussed carlicr with the students
during work sessions. In somc instances, consultnnt discipline experts, builders, or other
designers also occompanicd mentors and students on site visits. During these visits the
mentors provided detailed cxplanutions ahout the design and construction dclailing.
These site sessions provided concrete evidence of outcomes from design decisions made
and discussed in the oftice, with the ad vantage of huving the real formn there to sec
successes and (ailures. The immediacy of fecdback fiom the mentor and others on site
provided ready transler of knowledge ant strategics used in the development of a design

and encouraged discussion and exploration of ideas.

Coaching.

Coaching, in the cognitive apprenticeship approach to learming proposed by
Collins et al. (1989, p. 481), is considered to be about:

*“...observing students while they carry out a task and offiering hints,

scafTolding, feedback, modelling, reminders and new lasks aimed at

bringing their pecformance close to expert pecformance.”

In the student/mentor collaboralive situations studied here, coaching mostly
took place as part of the work sessions in which the studentsand the mentors together
resolved the real work design projects. Coaching also took place in the design ollice as
part of the everyday practices of the mentor and other design stalT when working with
students inan incidental manner or when addressing minor issues arising fiom the
students’ design development. Insituations such as this, the mentors provided the
students with coaching and advice to assist them to learn by building on what they
alrcady knew, using tips and tricksand new knowledge or techniques (Choi &
Hannafin, 1996). In thisstudy, the methods used to coach students through their design
and development of a real work design project were locussed on guiding and advising
them so as to maximise their use of cogniltive skills and resources and to develop
decision making processes and problem solving strategies. This approach is similar to
that proposed by Tobin & Dawson (1992) and that of Cascy (1996) who contended that
coaching necds to occurin highly cooperative, intcraclive learning environmenis in
order bo be effective.

The cxtensive use of discussion and articulation by mentors in the design office

stluations examined here mostly centred on exploining the reasons why and how the
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mentors make decisions whenresolving authentic complex tasks. T'his
appmnch parallels findings by Casey (1996, p. 78) who said:

“...thc only way W gei learncrs to verbulise ond thoroughly surfiice
internal processes seems to bx through o coopcrative Icarning
cnvirenment in which they talk with their peers”.

In this study, the students were aflorded designer status by most of the mentors
and othcrs in the design oflicc who ofien treated them as peers in the team-bascd work
situations there. This provided the students with opportunitics to verbalisc their thoughts
about problems that emerged from the design tasks and stratcgics they had used to
resolve them.

The student/mentor collaborative work sessions were characterised by an ever
shifting balance between modelling and coaching, as the students’ needs changed
according to the information, skills and strategics needed at any onc time. When
coaching took place, it mostly took the forin of mentors assisting students to apply
heuristic design strattegics and problem solving methods 1o their own design problems,
but shaped by the context and culture of the mentor’s usual practices. In this way, the
mentors were able to clarify, describe, compare, negotiate and reach consensus on the
meaning of various experiences they shared with the students (Hooper, [992) pertaining
to the tasks at haod, while operating as they normially would with another designer.

A key feature of the conching methods used by all of the mentors studied here
was their thinking aloud (Dinmore, 1997) when articulating personal thoughts
concerning multiple perspectives, problem solving strategics, or solutions to the tasks at
hand. This was ofien done in tandem with sketching 1o illustrate the idens being
discussed and questioning the students to involve them in the works.

The very focussed nature of the working collaborations formed in the
student/mentor teams created a highly interactive environment for the exchange of ideas
and for lcarning design practices. The building design discipline brings together creative
skills and technical processes each with its o'vn cognitive demands and discipline
specific elements such as style indesign and CAD practices for technical aspeets.

Some aspects of coaching used by the mentors studied here were shaped by parts
ofthe design discipline or other unique aspects of the study situation that required
particular coaching practices. Conching was observed to almost always involve some
modelliog by the mentors and the use of detailed explanations to reify the rcasons for
working in particulnr ways. Oficn when coaching, the mentors used explanation

building 10 detail the reasons underlying design processes and decisions they made as
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influcieed by their professional design expericnces. This usually took the
form of verbalisntion 1o articulatc personal tho ughts about the tasks being nddressed
whilc using sketching 1o provide visual cxplnnations for the verbal imsges being
presented.

This appronch to coaching promoted visualisation and communication of idcas
or concepts. When using this approach, most ofthe mentors also used a broad range of
design office resource matcrials 1o slimulntc a latcral approach to thinking about design.
In this way, the mentors guided students through difficult design clements and
proccdures using a structured approach to apply heuristic design stratcgics and methods.
During conching sessions, the mentors encouraged the students to reflect on the
development path taken and the design ideas that had emerged. This process led to
student exploration of new design ideas that stiemmed fiom carlicr concepts, as
documcntced in the "ofliice set" which provided and awdit-trail ofdesign devclopment.

Although much of what 1ook place in the student/mentor collaborative work
sessions involved intense onc-on-one activitics, conching was not just restricted (o that
situntion. Other designers or consultants fi-om associated disciplines, provided as-
ncceded and often informal coaching that was also important 10 student Icarning. Most of
the matcrials used b the study mentors to coach students were based on authentic design
office commissions, professional practice expericnces and current real work projects.

Throughout the development of the students’ authentic design project, mod of
the mentors emphasiscd in their coaching the vital role of exploration and reflection in
design, for the development of multiple solutions and multiple perspectives tor any
given design situation. In this way, the students were encouraged 1o cvaluate their own
works and 10 mode! tor the mentors the ideas created and their thoughts in exploring all
possible variations on those idcas at a metacognilive level. The highly interactive
exchanges obscrved during work scssions between the mentors and the students
indicated the development of reciprocal understanding between the participants as the
students incrcased their use ol metacognitive ways to resolve problems that emerged
from the real work design project. Optimal social interaction in the student/mentor
collaborative working situations observed here wns enhanced by mentor use of
progressive scaflolding that enhanced student sclf dirccted learning, un approach similar
1o that proposed by Jarvcla (1995).

The complex, multi-faceted nature of building design demands a broad
understanding and declarative knowledge of many interrelated facts abo ut situations,

regulations and construction details. Mclnerney & Mclnerncy (1994, p. 210) consider
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dcchrative knowleddge to be what we know nho ut the world and
“hypothesised to be structured ns an interrelated network of fuct s 1hal exist as
propositions™. When considering the diversity ofinformation and the complex
relationships that determine Jrow some clements of o design situation nifect others, the
interactive nntuni2 of coaching becomes more importnnt us new situations constantly
cvolve during the design processes. In nddlitiun, the transfer of procedural knowledge,
“knowing how to perfonin varinus cognitive nctivitics” (Mclnerney & Mclnemcy, 1994,
p. 211) becomcs more complex #s usual practices arc modclled hy mentors, then
implemented by students with coaching by the mentors until indecpendent
interpretatiovapplication is achicved.

The success of the coaching mcthods used by the study mentors was pantly dluc
to the sequencing of design activ itics introducccl by them with materials that facilitated
the students’ gradual progression through the real work design project. This coincided
with the students’ development of metacogn itive skills as needed to resolve problems s
they emerged from the ongoing design process. As the students developed their
knowledge and skills, the mentors introdiced new design tasks of increased number and
complcxity to address all of the issucs tound in the rcal work design project.
Throughout this proccss, the mentors coached the students in ways to resolve cmergent
problems and to implement strategics cnabling them to opcratc on mctacognitive levels,
frce from the contextual bindings of the tools level individual clements ofthe design

situation (Collins, ct al, 1989).

Scaffolding and Fading,

Prior to the development ofthe Collins o al., (1989) cognitive apprenticeship
modecl for lcamning, the usc of scaftolding to assist lcarning had been cxplored by many
other rescarchers. For cxample, Scardamalia & Berciter, (1985) and Scardamalia.
Bereiter & Steinbach (1984) investigated the use of physical supports in what they
deseribed as Procedural Facilitation. Palinscnr & Brown (1984) reported on the usc of
suggcestions or help in reciprocal tearking. In an carlicr study, Scardamalia & Bercitcr
(1983) discussed the usc of scaffolding to aissist lcarning as purt of n technique called
co-investigntion. Scaflolding in the Collins ct al. (1989) modcl is considered to be onc
of the three (modelling, coaching, saaffolding) core teaching stratcgics o [a cognitive
apprenticeship approach to Icarning. Collins ct al. (1989, p.482) proposcd that
scaffiolding “refers to the supports that the tcacher provides to help the student curry o ut
the tasks™.
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Findings that emerged ftom this study have suggcested 1hal
scaftolding mostly took plice concurre:nly with modclling imd conching activitics and
was observed to take many forms including:

e physical matcrials to cxpedite resolution v:f design clements or 1o stimulatc
mciacognitive design visualisntion and resolution; und

e verbal assistance from mentors, from consultant discipline expeits, or other
design office stalt, in the form of “tips uii tricks” (o boost understanding und
visualisation of problem situations and potential solutions or stratcgics for
resolving them.

The content, nature and timing of the many diflcrentscalFfolding methods
obscrved in use here was governed by mentor pereeptions of student necds as scen by
their progress with the real work design project and the level of cognitive skills they
were using 1o resolve emergent problems. This aspect of seafTolding is closcly linked to
the sequencing (Collins, ct al., 1989) of lcaming cvents so as 1o make available to
students information and procedures to keep their cognitive development ahead of
clements in the [carning situation that represent barricrs to their progress.

Findings to ecmerge here suggest that as students acquired knowledge and skills
that allowed them to work with greater autonomy at cach level of design practice,
scaffolding was gradually withdrawn by the mentors and others. Progressive fading (or
wilhdrawal) of scaflolding is an important aspect of lcarning in a cognitive
apprenticeship situation.

in this study, scafliolding took many forms, was introduccd by the mentors from
the outsct of the first student/ mentor collaborative work sessioo:s and continued
throughout the cntire study as an integral part of the culture of practice through social
intcraction and detined work practices. This approach to using scaflolding to suppoit
learning was reported by Casey, (1996), Carver, (1995), Jarvcla, (1995), Bcnyman,
(1991) and Collins, ct al., (1989), as being successlully applicd in studics conducted by
them involving cognitive apprenticeship methods.

Greenticld (1984) contended that scaffiolding closcs the gap hetween task
requirements and skill levels by creating the match between the cognitive level of the
learner and the characleristics of the instruction. Ilc also repoited that observed guided
instruction using timely scaffiolding clements was cnhanced by the tcacher/mentor being
cognisant of the student’s cognitive skill levels in order 1o provide appropriale suppoit.
An cxtensive range of materials and techniques was used by the mentors who

participated in this rescarch, to scafTold student learning. Findings here have suggested
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that mentor use of scailolding in the design ofticc situntion mostly occurred
when studcnis cncounicred difticultly with specific aspects of design and when they
necded new design sirategics o r problem solving methods in order lo progress beynnd
the level of design skills that they had already attained. 'This usc of scalTolding has its
roots in the concept of the »onc of proximal development proposied hy Vygotsky (1962},

The very naturc of the huilding design disciplinc demands multi-ficeted skills in
creative, aitistic contexts and in technical contexts. Scaffolding methods and materials
used by mentors to assist students to overcome problems that cmerged during their
resolution of n real work design project were in some instances global stimulants to
cncourage imnginative creativity and in others, specific task focussed methods for
dealing with details, design processes or replicable procedures. Numerous scaffolding
clemcnts were geared to the usual culturc of practice activitics of the design office and
occasionally methods/'itecms of a non-contextual nature, like fashion magazines were
used to encourage innovative ways of solving emergent problems.

As the students’ skills improved and they were regarded by the mentors to be
able o work with grcater autonomy, scaflolding was faded or withdrawn (s discussed
on page 108 of this thesis) as reported in other studics using cognitive apprenticeship
(Choi & Hannafin, 1996; RogofI' & Gardncr, 1984). Carcful monitoring of this proccss
by the mentors ensurced that the students remained on track with their design work. This
was achicved through ficquent design evaluation meetings organised s per the usual
practices of a design office and through qucstioning. The mentors uscd questioning with
studcents to cnsurc that they could defi:ndtheir design decisions and could demonstrate
exhaustive exploration and cvaluation of all design elcments they had incorporated in
their works. Where students were not able to justify their design decisions, the mentors
used coaching and scaffolding to introducc information and procedures with which the
students could diversify their design approach to include other perspectives, heuristic
design strategics, or solutions. This approach is similar to findings reportced by
Hennessy (1993, p. 31) who contends that the tcacher should “assist the students to
access and use their prior knowlcdge appropriately in solving problems in the new
domain under mastery*.

Onc aspect of undertaking authentic design tusks involves accountability to
design process time-lines. Part of the mentor scquencing (Casey, 1996) of tasks to have
increasing complexity, increasing diversily and the development o f global before local
knowledge and skills (Collin:. ct al., 1989) involved the usc of design office schedules.

These were used by mentors to scafloldstudent Icarning by bringing to the design
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process, structurc, timce fiames, tasks and goals. Using schedules cnabled the
students and the mentors to keep track of the design process, quickly identily problcms
presenting barriers to student progress and (o put in place scaflolding uppropriate to the
problems encountered. Schedules uscd in this manner ussistcd the mentors (umaintain
awarencss of student progres:s anl to match their development [evel in the design to new
stages of thc work (o be done, in a manner that alignetd learning experiences with
intended outcomes { llcnnessy, 1993; Simpson, 1988). For many studcits, the schedules
often provided a concept map of their progress and tasks to be addressced ancl as such
became an advance organiscr for their learning.

The difficcent methods used by the mentors in this study to assist student leaming
formed | believe part ofa cycle of learning in which modelling, coaching and
scaffolding became an integrated vehicle for knowledge transfer and the acquisition of
metacognitive skills. Figure 44 (p.299), below, shows the interdependence of these
three teaching strategics to knowledge transicr in the authentic situations used in this

rescarch.

Modelling
Knowlcige
Transfer

[ Coaching

‘p{ Scaflolding ]

Figure 44. Knowledge transfer using M odclting, Coaching and Scallolding.

The learning environment developed in the mentor supported design ofYice
situations studied here assisted the students in having control over their own learning
processes and the confidence to engage in critical analysis of their own works. Student
development of higher cognitive processes in building design in this study was born out
of cognitive activitics expcrienced by them in the social context of an authentic design
office situation and extended by their shared cognilive experiences with experts in the
domain, This has its roots in the learning theories of Vygotsky (1978) and cchoes the

model of cogiitive apprenticeshtp presented by Collins et al., (1989).
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Articulation.

Articulation and reflection arc paired by Co'lins, o ol,, (1989, p. 481) us
tcnching methods designed to help students to “focus their obscrvations of expert
problem solving and consciousaccess 1o (and control of) their own problem solving
stmicgies”. In the situntions studied here, the very focussed nature of the onc-on-one
studenVmentorcollnbomtive work scssions provided excellent opportunities for the
urticulation of personal views and problem solving strategics. Obscrvation off
studen t/mentor collaborative work sessions revealed extensive usc ol anticulation by the
mentors and the students, usually supported by sketching and ofien in conjunction with
the use of "office set" documents to confirin ideas aired, or demonstrate application of
stratcgics propesed. As the students gained confidence and acquired knowledge and
skills 10 develop their own b uilding designs, the balance of anticulation used in the work
sessions shified from mostly mentor based 10 mostly student based. This took place in
response 10 mentor questioning of students to encourage them to externalise their
thought processes as they implemented problem solving strategics using mctacognitive
design processes (sce comments by Student 13, p. 160). Solving emergent problems in
this way encouraged student lcarning throughknowledge transfer and problem solving
strategics em bedded in one context, then applying them in multiple contexts that
emerged from authentic situations embedded in complex projects rather than isolated
clemeitary situations. This approach is founded on the clements of situated cognition
(Brown et al.,1989) and as incorporated by them in their cognitive apprenticeship
modcl,

Articulation during problem solving and debricfing sessions was reported in a
study by Cashet al. (1997). In that study, the resenrchers noted the importance of
student aticulation of thcir thought processes when using problem solving strategics
and diagnostic skills 1o resolve problems emergent from authentic tasks . Evidence of
this emerged also in this rescarch study. I'n a diflicrent study that has parallcls with this
one, Scardamalin & Bereiter (1983) reporicd that student use ofarticulation and
reflective practices prompted by mentor scaffolding assisted lcarning during co-
investigation. They found that students reflected on their own knowledge and
constructed new mcanings in the context of the domain afler rellecting on design
practices articulated by the mentor. This study also supportts their findings. Here the
students were observed cxploring new approaches 1o design after reflecting on design
clements introduc ed nnd explained by the mentorsas part of their current design office

commissions.
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Casey (1996) rcported that student use of urticulatian suppor:s
students in dcmonstrating their mastery of new toolss and] knowledge. Iividence of this
emerged in dain from observed work sessions in Phasc Thri:c where open discussions
with the imentors and others in the design office provided a forum fur the expression of
personal views und design strategics. Dehate and personal contributions from others in
such n forum provided students with multiple perspectives for reflective evaluation of
their own works in the context of the donain. This also cnabled the students to compare
problem solving siratcgics or solutions ol¥icred by experts with their own methods and
to focus on difierences at a fnite level (Cascy, 1996).

The mentors studicd here modelled many heuristic design strategics for the
students (o use in resolving problems that emerged from the real work design project.
The mentors backed up their use of such siratcgics by articulating their rcasons for using
them as they did. This approach is similar to that articulated by Schocnflcld (1987) when
using rules of thumb to deal with frequently occurring problem situations, or tricks of
the trade.

The use ofarticulation emerged as a feuturc common (o all the student/mentor
collaborative work pattnerships observed in the design oflice situations studied here.
Articulation was wsed to convey individual interpretation of inforrnation and procedures
used indesign. It was also used for the expression of personal thoughts or points of
vicw pertaining to work practices and design style when reflecting on decisions taken
and pathways followed in the creation and development of authentic design solutions.
Articulation was uscd by the mentors and students to rcify personal knowledge and
procedures, derived fiom authentic design experience in the physical and social context
of the domain.

Findings from this study have suggested that student learning was enhanced by
mentor articulation of personal strategics used to resolve design problems, thus making
visible their expericnce based tacit knowledge that provided a means for knowledge

transfer to students in the context of application in the mentors’ culture of practice.

Refiection,

Reflection as a teaching strategy is described by Collins ct al. (1989, p. 456) as
the process that “underlics the ability of leamers to compare their own performance at
both micro and macro levels, to that of an expert™. They also contended that by using
reflective practices, students can develop a conceptual model o f their Icaming that can

be continually updated through fuither observation and feedback which encourages
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Icarning autonomy. Through ongoing cxploration and rcllcction on lcarning
cxperiences and methods modelled hy mcntors, students diagootse difficultics and
“incronicninlly adjust their performance” until they reach competence (Collins, ct al.,
1989, p. 456). Collins, ct al. (1989, p 473) niso contended that student use of reflective
practices cnhnnccs their “sclf monitoring and scIl dingnnsis skills* nnd this enhances
their nbility to anticulatc their rcasons for working in the manncr that they do. Through
thixs process the students gnin cont rol over their rellcctive nod metacngnitive processes
in their problem solving.

Findings from this study support these contentions and showed that reflective
practices were used by the students and the mentors throughout all phascs of the design
process. Student usc of reilcetive practices assisted their fucus on emerging design
solutions and the strategics they had applicd to resolve them. This use of rellective
practices throughout the entirc design process is similar ‘o that reported by Carver
(1995, p 208) who contends that “the key is 1o focus student reflection on all phascs of
the process, not just the final presentation™. Rellective practices used by students and
mentors led students 10 investigate fully, cmergent aspects of the design solutions being
developed and 1o reflect on practices modclling by the mentors when denling with
similar problem situntions cmergent from authentic design projects. Colins ct al. (1989)
advocated two stratcgics 1o promotcreflection. They nrc the comparison of expert and
novice perlormances on problem solving processes and students’ sclf-an:. lysis of the
process. Both of these practices occurred during the work scssions when the mentors
monitored the students’ design perforatance by comparing the students’ works with
cxemplar design solutions of the mentor’s own projccts. The mentors then provided
cxplicit instructions o the students about how to apply heuristic design strategics used
in design solutiors presented in exemplar drawings, to the students own ecmerging
design solutions by reilecting on pathways followed and idcas explored. Findings here
show that student usc of rellection, suppoited by explicit instruction by the mentor to
addrcss cmergent problems assisted student learning by helping them to resolve design
solutions. T his lcarning outcomc is similnr to lindings reported by Carver (2000, p. 5)
who contends that “short-term explicit instruction can promote student lcarning, transfer
and retention”. In this study, the mentors encouraged the students to constantly reflect
on the design pathways and solutions they had explored and 1o self assess the suitability
of'the solutions being developed for inclusion in a linal design proposal. They also
provided the students with explicit instructions nbo ut using heuristic design stratcegics to

resolve problems that ecmerged from their reflection on different aspects of the designs
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being developed . The comhinntivm of student rcilcction on the design
process and mentor insteuction in ways to address emergent problems led to student
acquisition of problcms solving stratcgics and tncit knowledge based on ticir own
desigacxpericnces when npplying the mentor’s strategics. This wspedt of their lcarning [
regard ns a vital pant of the student’s development of metacognitive design skills and the
main mcnns hy whichthey progn:ssively refined their design solutions while work ing
with grenter independence irom the mentor.

The common design toolused by most of the students and the mentors in the
design ofYicc situations of this rescarch far reflecting on pathways fisllowed inthe
development of dcsign solution:s, was the "oftice sct" of drawings. These drawings
provided richsources of infirmation and visual representation of heuristic design
stratcgics implemenicd with problem solving procedures applicd by mentors in the
context and culture of their usual design practices. The use of the "ofTice set” by
students when reflecting on the ir own work and when articulating the rcasons for design
decisions made or practices adopted, situated their lcarning {irmly in the context of
practice. [t also lacilitated reflective exploration of design elements which led to their
development of multiple perspectives of authentic situations from which domain
specific knowledge was transfizired into other settings or design applications (Choi &
Hannafin, 1996).

Findings here have suggested that usc of the "office sct” cnhanced the students’
higher order thinking skills and the development of mctacognitive design methods thus
lacilitating their transition from novice to skillizd designer, in o manner similar to that
reported by Choi & Hannafin (1996). Student development of their own "ofticc set”
drawings allowed them to reflect on and compare theirdesign ideas and solutions with
those modeclled by mentorsinauthentic commission "of fice sct” documents. T his
cnabled them to evaluate their own works and to focus on differences at a finite level
(Casey, 1996). The usc of "office set” drawings to demonstrate outcomes firom the
students’ cognitive design processes also facilitated student reflection on their own
performance when using problem solving processes. This was observed to occur when
students compared their design solutions with those modelled by the mentors. Mostly
this took the form of “replaying the performance of both expert and novice™ in the
design work sessions in which the students defended their design solutions (Collins,
Hawkins, & Carver, 1991, p. 224). In thosc sessions, the students demonstrated for the
mentor their use of he uristic design strategics nnd, in reply, the mentors modelled their

ways for applying thosc methods to the same problems. I regard the usc of rellective
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practices in this wny to have assisted studlents to ncquirc enhanced
visualisation skills and to acquirc mclacognitivc wuys to conceplualise nnd resolve
design problems. This wns possible becausc it provided u menns for students 1o
*compare their performance with that of others” in the context of expert building design
practice applicd to authentic tnsks (Collinset al,, 1991, p. 228).

Findings thnt cmerged here about the use of reflective practices by students and
mentors suggest thnt this helped in ficilitating stulent transition from simple application
of the vocabular'y nnd tools of design, 1o using mctncognilive wnys for exploring ard
retining design solutions. Student useof advancad sketching methods und rich
description of their thought processcs when reflecting on their application o £ heuristic
design strategics in work scs:sions with the mentors towards the end of their design
project was said by some of the mentors to signif’y their usc of advanced design
mcthods. It also provided evidence of their use of reftective practices as part of their
development of crealive, innovative design practices methods typical of the culturcof

practice activities nsed by expert building designers.

Exploration.

I'n the Collins ctnl. (1989, p. 481) cognitive apprenticeship learning model,
cxploration is regarded as a teaching strategy “aimed at enco uraging lcarner autonomy™.
Students, learning in a cognitive apprenticeship situation us proposed by Collins, et al.
(1989, p. 483), are “pushed into a mode of problem solving ofthcir own™. forcing them
1o explore . This, they proposed, is the naturn] culmination of the fiding of suppotts
(modelling and scaffolding) thus forcing the students to go it alonc after having fiest
acquired the basic skills to explore in thc domstin and act on what they find.

From the outset of this study, the mentors ecncouraged the st udents to explore
multiple design ideas in their quest 1o develop solutions to problems that emerged from
the r authentic design projects. This, the mentors did by first modelling ways for
assembling and evaluating a diverse range of matcrials and techniques that they used in
their everyday culture of practice activitics. Then the mentors coached the students in
the application of those resources and design methods o their design project, 1laving
established the resources and the tools necessary for the students to develop design
solutions, the mentors then encouraged the students to work in more independent ways
1o cxplorc multiple variations of polential design solutions bef ore accepting uny
clements as part of a final design prescntation. This approach was mostly implemented

using overlaid skeiches to progressively build on ideas and explore alternatives using
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the "office set” as the basis for reflecting on diflierent pathways explored an]
idcas ncccplcd or rejecied along the way. ‘The “ofTicc set” drawings provided a contex
for Icaming and facilitated knowkedgc transfer by making nvailublc concrete cxamples
of multiple interrcloted design situations (Choi & Iunnafin, 1996). By using cxplorution
in this way, the students in this study were regarded to consiruct understunding ruther
than being taught specilic knowledge (Winn, 1993) becausc their Icurning was situated
in the context of its upplication to authentic tasks.

Finding hcre show that the mentors eacouraged the studeats to cxplore design
ideas beyond their first solutions by utilising resource malcrials and problem solving
stralegics Lo address tasks of increasing levels of difficulty. In this way, the stuclcnts
were able 1o "stretch theirability to an appropriate ¢lcgrec” in orcler to meet the
challenges of the authentic design project (Brandt, ct al., 1993, p. 77). It also
encouraged students to explore multiple design variations and design elementsinthe
scarch{orthe best solution to their real work design project and thereby "explore what
strategies work lor given situations and what strategies don't work in a real world
context” (Casey, 1996, p. 79). This led students to be reflcctive in exploring ant
cvaluating their design ideas and to then explore other design concepts they visualised

and refined in metacognitive ways (Collins, et al., 1989).

Phases of learning activities observed in this study.

Findings from this study have suggested that student lcarning in this authcntic
design office situation is charactcrised by three phases that revolve around activitics and
expericnces that provided students with entry 1o the culture of practice, knowledge of
the discipline domain and ways lor ssing design strategics. The three phases arc as
follows:

o Phasc One - Entiyto thedesign ofTice situation
Involved bonding with the mentor and establishing links with others opcrating in
the domain.
e Phasc Two — Acquisition of knowlcdge and skills in the domain of practice
This phase is constructed around a three-part cycle of learning focussed
on:
(a) Culture of practice activities with the mentor and other experts in the broad

spectreof the design industiy;
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(b) Knowledge Acquisition, inclwding Declurative knowledge
(cxplicit). Procedural knowledge (design pricesses and procedurcs), 7uwit
knenvledge (experience based strntegics and understanding); and
(c) Communication: the use of Discussion, Artictdation and Skerching 10 expross

visualised design concepts using industry kmgnage and vocahubry.

e Pluise Three - Development and application of mctacognitive ways for crenting,
visualising and resolving design concepts
This phasc is constructed around a three-part cycle of lcaning focusscd
on:
(n) Develapment of Creativity and Innovation - using knowledge and design
tools; and
(b) Testing und Defending design ideas for acceplance or rejection ~ applying
cvaluation procedurcs.
(c) Exploration and Re¢flection - using mctacognitive ways 1o creale, explorc and
refine design idcns by reltecting on multiple potential solutions
The usc of modelling, coaching and scaffolding for knowledge transfer as shown
in Figure 44 (scc p. 299) applies to Phase Two and Phase Three ofthis proposed
structure. The three phases of student learning to emerge firom this study arc graphically
represented s a theoretical famework in Figure 45 (p.307) with arrow links being used

to represent the interdependence of cach of the cycles of learning that ook place.
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implementation Of Cognitive Apprenticcship Methods In A Classreom

Findings from this study have suggested thnt mentor usc of the teaching
‘stmtegics proposed by Collins, et nl., {1989) in their cognitive apprenti ceship approach
10 Icnfniﬁg provided n succcssk'ul mcans for tanching building design in the situntions
studicd here. Using authenti ¢ activities, the students developed skills during their socinl
interaction rbd_col'l'al:)qr..;xlion with expert building designers ading as mentors, in the
context and chilu’é of pradice of their usual design acivities. The combination ofthe
. crtix'l'li\;i_ly Emscd'disign domain with the tc chnically based construction and
documecntation domain makes the learning environment complex, much more so than a
TAFE classroom. Mdny aspe cts of student 1 carning with the meentors in this situation
involved overlapping adivitics, ongoing adivitics and metacognitiv ¢ processes 10
resolve problems. Students were often required to usc arcative design skills and
technical pro cedures with constru ctiondetailing methods.

Throughout the work sessions, the students were observed to gain confidence in
their use of design knowledge and fundamental problem solving procedures, then work
'in more independerit ways to apply heuristic design strategics to resolve design
prdblcfns and to defend their solutions, Many of the students were also obse1ved 1o
undergo a transition from simply using infformation and procedures to resolve design
prbblcrhs, 10 using heuristic dcsigﬁ s!raicgicé in creative, innovative ways. This is
consisient with Tindings repoitediri other studies about using a cognitive apprenticeship
approach 1o learniing and supporis the Collins.ct al. (1989) contentions about stud ents
attaining mastery of knowladge and skills modelled by experts.

‘Having first attained mastery ofthe methods used by expert designers, the
students lh’cr_i md_slly npplicd.lhcir knowledge and design skills in creative and
innovative ways o cxplore and refle ct different design id cas as theyrefined and
developed new design sol utions, with personal style clemenis. Findings here have
shown ihat usiﬁg the six teaching strategics of a cognitive apprenticeship approach to
learning provided a siccessfill means Tor learning building design when implemented
with authentic tasks in a d'cs_i'gn office sclliﬁgs. Thcy" have also indicated that student
icam'mg was enhanced through having a wd! defined Icarning situation and authentic
aclivitics struciured 16 ndd_rcs’s specific aspects of practice.

Itis my contcniion that cognil'lvc'apprchﬁcmhip methods can be used cllcctively

for classroom-based student icarning in the building design discipline. In order for
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students to operate in the manner used by expert building designers, they
nced tohave mentors who arc expestin the building design discipline to assist their
learning. Thcy must also have o learning environment that replicates the conditions und
practices typical of the commercial design of fice situations used in this rescarch. The
learning tasks used must be based on authentic projects and Ix: implemented using the
kinds of resources anJ methods that emerged from this study as typical of those used by
expert building designers in their everyday cullurc of practice activitics.

Findings about the three phases of student learning (sce Figure 44, p. 307) that
emerged from this study and the manner in which cognitive apprenticeship (Collins, et
al., 1989) teaching methods were used by the mentors suggested that a particular
structure wasneeded to optimise student learning opportunitics. It is proposed here that
student kearning in the building design discipline can be facilitated by cognitive
apprenticeship teaching metkitads in conjunction with a four part structure that
incorporates teaching activitics and authentic tasks that together replicate cveryday
desigu office culture of practice operations.

It is also proposed here that for teaching building design students in a TAFE
classroom, the six teaching strategies of 2 cognitive apprenticeship (Collins, et al., 1989)
learning approach can be effiectively implemented in sucha learning environment if
structured using the four clements outlined below. A summary list of clements
recommended for constructing the leaming environment, the learning activitics and the

learning tasks & also provided in Appendix 1,

1. The mentor.

The most vital clement in creating a cognitive apprenticeship based leaming
situation for teaching building design is the mentor. The mentor must be able (o model
cxpert practice which includes the knowledge and procedures for resolving problems
that emerge from the development of design solutions. In the classroom situation
multiple expert mentors may be required to address problems that emerge as part of the
many dilficrent aspects of design and construction that commonly occur in commercial
building design practice. For this reason & tcam-based approach in which academic stalf
with expertise in different arcas of design might work in collaboration with experts from
industty on an os needed or structured occasional basis. In this way, the teaching
strategies of a cognitive apprenticeship approach might be impleme:nted by multiple
expeits, cach of wham could contribute specific key knowledge and skills to a collective

mode] for student learning. Having multiple experts, cach of whom bring a different
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perspective and expertise to the learning situstion, may enhance student
learning by supporting a community of lcarning as suggcsted by this study's findings.

The inclusion of expert building designers, who urc cnguged in commercial
opcrations, in classroom based mentoring teams may facililulc student acquisition of up-
to-date knowlcdge of building design methods and construction practices in the manner
expericnced by the students studied here. !laving other experts contribute to student
learning by participating as consultants to the students in support of the classroom
lecturer would reflect the kinds of working situations scen to be eflective for
implementing cognilive npprenticcship teaching strategies as seen in findings that
emerged here.

I contend that the use of modelling, coaching, scaflolding, fading, reflection and
exploration by classroom lecturers working in ways like those observed being used by
the mentors in this study would providc similar learning opportunities for classroom
based students to those expericnced by the students studied here. To support this
approach (o [earning, the teaching environment, learning activities and tasks that are

arranged in ways as described next.

2. The learning environment.

The learning environment should be structured to replicate the authentic
environment typically experienced by expert practitioners in the professional discipline
targeted. Such a learning environment should include individual student work stations
equipped with all of the resources typically found in commercial design office settings,
including computing and rcprographic equipment for CAD based design practices.
Malerials such s "ofTice set” drawings, sets of codes and regulations, trade literature
and magazines, used by the mentors (o inspire innovation and scatfold learning, should
also be made readily avuilable in the students’ work environment.

To replicate a commercial design office culture of practice siluation in a
classroom setting, standards of behaviour, dress codes and language uscd in the
classroom should typify those uscd by building design practitioners in industty, Also,
the team-based working situation of a commercial design office setting should be
applied by having students working in multi-skill level tcams on various authentic
projects within the one work-space to promole peer monitoring and incidental

assistance.
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The lcarning environment should incorporute the following napects:

e aclaswoom situntion that replicates the working environment of a typical design
ofTice with individual work stntions nnd equipment arranged fisr onc-on-onc
tutoring, as well us for group inicraction;

e havcaveilable industry based consultnnt designers to suppoit the classroom teacher
on an as-noded basis to mentor, advise and asscsy the students nccording to
industry stawlards of design and prescnintion;

e provide access to experts in associnted disciplines having multiple perspectives,
design styles, working practices and allcrnative upproaches to resolving design
problems

e provide within the classroom a diverse range o fresource materials including
urchival "oltice set” documents of aut hentic commercial projects produced by
recognised expert designers, student projects, books, magazincs, technical
publications, codes and regulations, computer cquipment, telephunc/fax,
photocopicr, and other similar items as used in commercial design office scttings;

+ include in theclassroomenvironment the kinds of dress codes, behaviour, language
use, and design office facilitics and services such as music and refireshments to
replicate the social working sit uation present in mosit commercial design offices;

e crecalce atcam-bascd classroom cnvironment in which student s from different course
levels work in collaborative tcams on diffierent projects in the same general work-
space, so that peer mentoring and incidental assistance and learning may take place
in a environment that presents a broad picture of design cndcavour;

o provide “after hours™ access 1o all of the classroom facilities, including access to
cxpert advice and support fromrostered stall, or consultant experts, cither face-to-
face or via the telephone or c-mail; and

e provide ways for studentsto participate in building site visits involving cxperts from
nssociated disciplines to introduce multiple perspectives of cach design situation,
and to cxplore multiple solutiors.

3. The learning activities.

The lcarning activitics should be based on authentic problems and work
practices thatreflect the typical working methods used by expeit practitioners in the
target disciplinc arca in their cveiyday culturc of practice activitics.

Activities that encourage creative practices and support the anxicty-free
cxpression of innovative idcas by students mast be based on authertic situations that
require student explomtion of multiple design idcas and solutions. Such activities
should include mentor modelling of heuristic design strategies for resolving frequently
occurring design situations and coaching in the application of those stiategics 1o
problems emergent from authentic design tasks. Assessment of student design solutions
should be based on industiy standards as detennined by benchmarks set by expert
building designers and asscssed by industiy based practicing designers.

Projects undertaken by students in the classroom setting should be organised

around tcam-bascd methods as used in commercial practice nnd be structured 1o suppoit
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collaborative relationships betwe:en group:: and individuals operuling at
different levels or on diflereat pmjccts within the sume work-space. Design activitics
used shoukl be planned to encourage intcruction between students working in the
classroom selting in ways that make learning u journcy of discovery in which they
communicatc idcas using sketching anl disc ussion 1o urticulutc design concepts and
solutions when defending their design ideas.

The lcarning activities should include:

e (caching methods that cncourage student self conlidence nod anxicty-fice expression
ofinnovative ideas;

e modeclling nnd coaching in the usc of sketching and disc ussion methods typically
used by experts in the building desiga discipline when exploring, debating and
dcfending design idens;

e suppott for using col laborative tcam.bascd work pmctices based on explortion,
reflection, and evaluation of ideas to resolve complex desiga tnsks in the manner of
commercial desiga offlce practices;

e support for an inquisitive approach (1o design) with a sense of excitement and
inspiration;

e modelling of methods used by expert designers 1o match pattems of design problems
and solutions shown 1o occur frequently in authentic building design situations, to
clements of student design projects

e intcgrate with design practices the usc of rich descriptive articulation of personal
design idcas and problem solving methods as part of visualisation and cxp loration of
proposcd designs, along with sketching and over-sketching of firmal or CAD bascd
drawings;

e incorporaic the overlid drawing "office set” upproach into all design projects along
with detailed notes and explanatory reporting of the methods and rationale behind
design decisions and branching of design clements explored. cvaluated. and
accepted/rejected in the final presentation;

e introducce industiy standards to the assessment of design presentations by having
industiy experts cval uate student works, or contribute to benchmarks lor teacher
assessmecot oftbe students® work;

e crcatc design icams similar 1o the student mentorcollaborative teams, within the
classroom cach working on diflerent projects, but able to interact with others by
contributing to their works ns consultants,

e placec emphasis on developing collaborative relationships between student:s wvithin
groups, with other groups at diflerent development levels, and with teaching stafT;

e cncourage a commuaicative and supportive approach with all class members using
rich explanations and highly visual preseatation oftheirdesign methodsand
outcomes as developed for the authentic design tasks;

e placc the emphasis in desiga oa it being a guided journcy of discovery with cicar
communication by the students of their design development path showing (l:: .;
cexploration ofall idcas using sketching anl notes, backed up by open forum
articulation of the reasoas why they accepted or rejected the ideas presented; and

e provision of positive reinforcement of student dessign ideas throughout project
development.
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4. The learning tasks.

The learning tasks should be based on authentic discipline specific projects,
struetured for classroom delivery, sequenced to provide stnall readily achieved units that
provide knowledge and skills regarded as necessary lor professional practice in the
tacget discipline. The authentic projects used must replicate design situations
experiences by expert building designers and provide opportunities for teacher guided
application of design methods that represent as complelely as possible those used in

commercial design office culture of pradice commissions.

The lcarning tasks should be arranged to:

e uscauthentic projects that replicate broatl basedl design ofTice commissions using
design situations where teacher guided analysis of the design brief can readily define
key elements as linked to replicable design processes and proceduresthatcan be
implemented through small stnges of design development;

e implement small stnged design procetlures of incrcasing complexity and dilficulty
typical of design oflice working practices;

o address particular aspects of design or design sttuations, for which authentic
commercial design "office set” drawings arc available that show how similar
problems (o those in the student projects, were addressed by prolessional designers.
Include multiple design industry discip lines and real links to regulatory bodies and
municipal approval agencies; and

o provide sulticient challenge in their diversity nnd degree of difficulty to promote
student striving to achicve excellence in creative, innovative designsolutions.

Using cognitive apprenticeship for learning building design

The use of a lear ning situation that ircotpomtcs the working environment,
activities and tasks presented in the four-part structure outlined above, in conjunction
wilth the teaching strategics of a cognitive apprenticeship (Collins, et al,, 1989) approach
to leeming can be an effiective way 1o teach building design students. Such an appranch
is essenlially constructivist. Findings to emerge from this rescarch show that the
complex demands of the building design profession, with its need for creativity and
technical know-how, were successfillly addressed using the methods and learning
situation described here. I contend that application of a similar structure and teaching
methods to a classroom setting can potentially facilitate student learning in ways similar

tothose observed in the design office setlings of this study.

Concluslon to this Chapter

This Chapter began by addressing cach of the rescarch questions using summary
findings thatemerged fiom analysis of the studydata. Following this, the overall study
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lindings were discussed as part of the six tcaching strategics of a cognitive
apprenticeship approach to lcarning (Collins, et al., 1989) used in the conceptual
framework that uixkerpins this study.

In presenting a global view of how student learning took placc in the design
olTice situation, a model showing three phascs of development was proposed. In that
model, two phases of student development were shown as cycles of know ledge and
skills acquisition, ‘I first, at an clcmentary proccdural level and the second being used
torepresent a cycle of metacognitive ways for creating, visualising and resolving design
ideas. The discussion of student learning represented in this model was based on
findings that emerged from this study. Findings here have suggested that when students
make the transition from application of design procedures to using metacognitive ways
for design development, they move from operating at technician level, 1o operating as a
creative designer.

A proposed strategy for structuring the [carning environment, activitics and tasks
approprialc for implementing cognitive apprenticeship lcarning methods was introduced
and discussed in lerms of its possible classroom application for teaching building design
sludents.

In the next Chapter, conclasions to this study arc prescnted, along with a

discussion of the study limitations and recommendations for firther rescarch.
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CIHAPTER EIGIFI
CONCLUSION TO TIIE STUDY

This rescarch study sct out to investigate student learning inu cognitive
apprenticeship situation in a building design oflicc. Its main ,bcus was to identify
learning outcomces fur students working with expert building designers, ucting as
mentors ina commercial design office sctting. The study also sought to dctcrrninc how
students acquired knowledge and how they acquired ways fur Solving complex
problems emergent (rom tasks intcgral to authentic design projects, typical of those
faced by experts in the context and culture of their everyday practices.

The extensive body of data collected provided infornation detailing the personal
thoughts, experiences and learning outcomes for the study group. The diverse range of
data collection methods and multiple sources of data concerning the same cvents or
phenomena studied here provided rigour, reliability and validity to the investigation and
interpretation of cach clement that fortned part of the overall study situation.

This research study has revealed many aspects of student learning in design
office, mentor supported, situations that I consider as important learning clements
appropriate to a cognitive apprenticeship approach. Suggestions have been made here
about how findings from cach of these rescarch questions might be applied to classroom
teaching practices so as to replicate aspects of the design office experiences that
enhanced student learning, in ways that could closely rescmble authentic practice.

In addition to conlirming the suitability of the six main cognitive apprenticeship
teaching strategics suggested by Collins et al. (1989) as uscd in this study, a strategy for
organising the mentors, the learning situation, activities and tasks emerged from the
study findings. The main putpose of this proposed strategy is to facilitate student
learning by linking knowledge and skills acquisition to autonomous application of
higher order design and problem solving procedures in ways that replicate those of
expert building designers in authentic design oftice operations. The proposed strategy
for organising a learning situation in which to apply cognitive apprenticeship teaching
strategies for building design students utilises a group of teaching practices and study
situation conditions. When used together in the design oflicc situations studied here,
these clements provided a learning environment and support structua.. hat facilitated
studentlearning. They provided ways torstudents to link context specific domain

knowledge and skills with metacognitive ways for solving complex problems. emergent
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from authentic lasks, in the manncr used hy experts in their everyday culture
of practice activities.

Findings reported in this thesis show how students acquired knowledge and
skills used by expert building designers lo visualise, create, explore, refine, defend nnd
present complex building design solutions in the context und culture of their everyday
practices. The teaching strategicsand classroom application conditions recommended ns
part of the findings presented in this thesis can be readily applied in the classroom
setting and for design oflice in housc training methods. All of the conditions aad
strategics recommended here could fiscilitate student learning in a cognitive
apprenticeship siluation based on authentic problem solving experiences, guided by

expert practitioners within the discipline domain.

Application of the study findings

Although this study focussed on learning in the building design profession, 1
regardthat findings reported here have wider upplication in education and training in
other discipline arcas. Some aspects of what this study has shown have application to
aay prof ession where there is a demand for creativity in visualising and resolving
problem situations through the usc of replicable procedures and heuristic strategics that
may be used for dealing with multi-factor intTuenccd situations.

The dual domains of creative design and technical knowledge of construction
mcthods requited of a building designer hitve similaritics with other pro fessions such as
engineering, sutveying, cartography, dental technicians and web-page design, as some
examples. The following elements of this study can be applied to any similar discipline
using learning situations constructed around a cognilive apprenticeship approachto
leaming:

e all tasks must be authentic and true to the usual demands of the discipline;

¢ all of the participants must be willing to contribute tothe collaborative activities
required by modelling, coaching, scalfolding, articulation, reflection and
exploration;

e students necd to have at least clementary skills in the discipline in order to
commence their collaboration with a mentor ata level that does not require the
mentor’s total attentionat all times;

* mentors are best selected (as volunteers) fromexpert practitioners who have shown:
e cxecllence in their professional practices;

e have cstablished communication skills;



317
e have at Icast clementn] experience with Icaching or mentoring in the
commercial sector or lettiary institution; nnd
¢ havean awareness of the teaching strutcgics and naturc of n cognitive
npprenticcship approach (o lenming, cither fonnnlly acquired or intuitive.

e (he mentoring situation ncwds to be typical of the environment and culture in which
the expert practitioner usually operates in order (o replicale the context and culture
of thc domain of practicc; and

® the learning situation nccdds (o be fillly resourced in the same manner that the
students might encounter when entering professional practice in a commercial
setting,

Limltations Of The Swdy

This study was conducted in metropolitan Western Australia where there is only
one teaching institution that offersthe fi:ll range of building dcsign courscsas approved
by under Australian National Curriculum for building design. These meant that the 29
students in the study sample all came from a single institution population and are not
necessarily represnlative of other groups in other states.

Datu collected from the small discreet sample uscd for this study have indicated
many similaritics and some diflerences in the manner that the mentors uscd cognitive
apprenticeship teaching strategies. These datamay be interpreted differently when
analyscd by others not connected with the study situation in the manner of this
rescarcher, who has close links with the study participants nnd discipline domain. Fer
these reasons, findings that hnve emerged here may not be regarded as readily
generalisable when studying other similar situations.

The tasks undettaken by the students with the mentors were constructed around
authentic building design problems for which there were many possible design-solving
procedurcs and suitable solutions. Although this provided flexibility in the
student/ mentor collaborative work situations, it also demanded a broad view when
nssessing student learning outcomes and therefore the cffectiveness of the cognitive
apprenticeship teaching stratcgies in assisting students (o acquirc new knowledge and
skills.

FURTHER RESEARCH

This cesearch study has used a clearly defined situation (o investigate a cognitive
apprenticeship approach to learning. Findings reported her care couched in terms of the

specific situation used, but have the potential to be applied in many dilfierent domain
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contexts where there is a nced for individuals to synthesisc creative thinking

with discipline specific knowlcdge and procedures, cxccuted using metacognitive

methods.

Any disciplinc domain thut requircs high levels of cognitive thought and
conununtcation o f concepts or solutions using verbal and graphical means is well suited
to the use of a cognitive apyrenticeship approach to lcaming for its exponcnts and
should be investigated. In particular, the proposcd structurc for imple menting cognitive
opprenticcship in the classroom as suggested in this thesis (scc page 308) might well be
applied to many such disciplincs, Thts would include any professional discipline where
students must takc a *“lcap of (8ith” from simply acquiring and applying basic
knowlcdge and proccdurcs as might a technician, to synthesising concepts then
visualising new idcasthen cxploring and resolving them in metacognitive ways.

Further study to investigate how findings from this rescarch may be applicd to
tcaching in other disciplincs may improve the gencralisability of findings from this
study. Morc focussed rescarch couldd address specific issucs such as:

e application of cognitivc apprenticeship methods in learning situations created using
multimedia and Web-based Icarning materials utilising verbal and visual exchanges
between student and mentor/teacher using clectronic means between remole
locations;

e computer bascd coaching in virtual office situations with immediacy of ficedback
and rapid presentationof ideas being used to replicate the “Jook and fecl” of onc-on-
onc leaming with a mentor; and

¢ (raining for work-skills intended to address the more flexible contract facussed work
settings that have replaced the traditional “job for lif¢” approach and to address
training issues about multiple carcer changes and “on the job” or“in house” training

conducted using cognitive apprenticeship methods.

Research to determine how cognitive apprenticeship teaching strategics can be
cffectively applied along with the strategy proposed here for organising the
environment, activitics and tasks, may provide new ways to deliver education and

training in at Icast cach of the areas suggested here.
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APPENDIX A

INTERVIEW GUIDE QUESTIONS FOR ROUND ONE MENTOR INTERVIEWS
Introduction For Mentors

My aim in conducting this study is to establish how students acquircd knowledge
and skills when working on uuthentic pro jects with a building designer acting as their
mentor. Understanding how students acquire the knowledge and skillsthat expert
building designers use when solving complex design problems may assist in the
development of T AFE training courses incorporating Icaming approaches similar to
those used in industty, and in on-the- job real work project expcriences.

In this interview I am seeking to understand what took place between the
students and the mentors in the design ofTice situations of this study and how this
assisted the students to acquire design knowledge and skills. Mostly I would like to hear
your views about whattook place und how you view that as having assisted student
learning.

In order to explore some aspccts of how information was shared and how the
mentors assisted the students (o [earn to apply design methods, I will ask specific
questions that address six key teaching strategies used in a cognitive apprenticeship
approach to learning. The teaching strategies arc: modelling, coaching, scaffolding (and
fiading), articulation, reflection, and exploration.

General Themes For Interview Guide Questions

o What do students learn from working with merjor s in a design office situation using
a cognitive apprenticeship learning approach?

o How is knowled ge (declarative, procedural, tacit) transferred?

e Howare problem solving heuristic strategies used?

Begin cach interview by asking:

Could you tell me about what took place when the student first came to work with you in
the design office?

Using questionsthat stem from the mentor’s response Lo the opening question, to
explore the mentor’s views of what took place and how this may have a(fiectedstudent
learning. Focus questions on the six key teaching strategics of a cognitive apprenticeship
approach to learning as set out below.

Question themes based on Cognilive Apprenticeship Teaching Stralegics

Modelling

Please explain for me how you showed students your approach to design?
Whal did you do to facilitate student learing about your approach to design?
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Coaching

How did you go about gu:ling students to use your design mcthoulls o resolve problems
that they encountered in tte:r design project?

Could you explain how sketching nnd discussion was used in work sessions to explore
design ideas and to develop design solutions?

How did you go about assisting stutlentsto work through design problems?

Scaiffolding (and fading)

How did you keep the students on track wit:. a design task and boost their performance
to the next level of diflicul'y as they prercsesqd through the design process?

Can you tell me about any :rocesses o piwcedurcs that you used to enhance the
students’ performance or to stresmline th.ir resolution of design problems?

Arc there tips and tricks that you oscd to keep the students going'?

What kinds of resource materials, like drawing scts or CAD clements, did you use to
help the students to over:ome diflicultics that may have blocked their progress?

How did the student react when you reduced your involvement in their work, and let
themgo it alone on the tasks?

Articulation

Could you explain for me how you went about explaining to students your approach to
designand decision making in the design process?

To what extent did you use detailed explanations of your thoughts and actions when
working on a project with students?

In what ways did you encourage studentsto discuss their approach to problem solving
and their design decisions?

What role did hand sketching and drawing play in your interaction with the students?

Reflection

Can youtell me about the role of reflection in keaming design. In what ways did the
students use reflectionto revise and refine their design solutions?

In what ways did you encourage students to reflect on their experiences and learn from
them?

Exploration

In what ways did you guide the students to explore innovative or 1adical approaches to
design while working on authentic projects?

Can you tell me aboutsituations where you saw students developing crealive, original,
or innovalive approaches to design projects, based on their experiences in the design
office?
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APPENDIX B

INTERVIEW GUIDE QUESTIONS FOR ROUND ONE STUDENT INTERVIEWS
Introduction

My aim in conducting this study is to cstablish how students acquircd knowledge
and skills when working on authentic projects with a building designer acting as their
mentor Undcrstanding how students acquire the knowledge and skills that expert
building designers use when solving complex design problems muy assist in the
development of TAFE training courses incorporating learning approaches similar to
those used in industry, and in on-the- job real work project experiences.

In this interview | ain secking to understand what took place between the
students and the mentors in the design office situations of this study and how that
assisted the students to acquire design knowledge and skills. Mostly I would like to hear
your views about whal took place and how you view that assisted your learning.

Inorder to explore some aspects of how infurmation was shared and how the
menlors assisted the students to learn to apply design methods, 1 will ask specilic
questions that address sixkey teaching stralegics used in o cognitive apprenticeship
approach to learning. The teaching strategies arc: modelling, coaching, scaflolding (aod
fading), articulation, reflcction, and exploration.

Genceral Themes For Interview Questions

o What do siudents learn from working with mentors in a design office situation using
a cognitive apprenticeship learning approach?

® How is knawledge (declarative, proccdural, tacif) transferred?

o Howare problem solving heuristic strategies used?

Begin each interview by asking:

Could you tell me about what happened first when you went tlo work with your mentor
in the design office?

Using questions that stem from the student’s response to the opening question, explore

their learning experiences using other questions based on the following cognitive
apprenticeship teaching strategies.

Question themes based on Cognilive Apprenticeshlp Teaching Strategics

Madelling

In what ways did your mentor demonstrate for you the knowledge uad skills that you
needed lo acquire to do the tasks required of you in the design office?
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Can youdescribe fisr me the manncr in which your mentor used thesc to resolve
problems that emerged from your design projuict,

Coaching

Which aspects of working with your mentor were most uscfiil (o you in understanding
and resolving design problems?

Can youtell me about ways used by your mentor to help you to undcrsland and apply
design strategics and problems solving methods?

Arcthere problem solving strategics that you have secn your mentor using that you now
incorporatc into your design work?

Scaffolding (and fading)

Can you tell me about ways in which you mentor provided you with assistance in
problem solving at times when you were struggling to resolve you designs? For
cxample, tipsand tricks or other materials that were usefil in sorting out problems that
emerged during design.

As you became more confident and competent with the work you were doing, did you
have less nced lo consult your mentor in resolving design dif ficultics?

Articulation

Can you tell mc about the sorts of discussioas that took place between you and your
mentor during the sessions where you worked together in resolving design problems?
In what ways did your mentor explain the reasons lor his approach to resolving design
problems?

To whal extent do you think that your learning wascnhanced by the hearing others in
the design ofTice talking about their design methods?

Reflection

Looking back at your cxperiences working with your mentor, what do you think were
the most useful aspects of the collaboration?

Can you tell me about problem solving strategics thal you now use for design that have
resulted from your expericnces with your mentor?

Arc there aspects of your working with 2 mentor that you lfecl were not of valuc?

Exploration

In what ways have you been able to build upon the knowledge and skills gained through
your cxpericnces working with a mentor?

Can you tell me what you might now do difterently in your approach lo design as a
result of your design oflice cxperiences?
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APPENDIX C

INTERVIEW GUIDE SUPPLEMENT FOR ROUND TWO INTERVIEWS WITH
MENTORS AND STUDENTS

Gencral Themes For Interview Questions

o What dv studens learn from working with mentor s ina design office sitsation using:
a cognitive appreniiceship learning approceh?

o How is knowled ge (declarative, procedural, tacit) transferred?

o How are problem solving henristic strategies nsed?

Emcrgeat Themes To Explare

Eight themes that emerged trom analysis of data collected through the first round
of interviews are presented here as guides for questioning mentors and students in
sccond round interviews.

1 Entry to the culture of practice: acceptance by others in the affice culture

How does the mentor relate (o the students;

What status do the mentors extent to the studcuts: apprentice designer or student; and
Confirming evidence of student status e.g. language, access to mentor, access to the
office facilitics, access (o other staff,, access to olfice archives, social interaction with
others in the olfice.

2 Expectations of the collaboration by both parties

e  Whalt does the student Jook for in the mentor, a solution or guidance;
e  What does thestudent expect of themselves; and
e  What does the mentor expect of the student, and of themselves.

3 Value afforded to the collaboration by both parties

e Preparation by the student and by the mentor prior to their first meeting usan
indication o fthe commitment that cach has to the collaboration;
What does the student go away with following a session with the mentor?; and
Explore confidence building through activities and mutual respect carned by cach
party secing the commitment made by the other to the common goal.

4 Making knowled ge visible

.e Having the mentors reifying existing substantial knowledge by making it accessible
to the students through articulation, discussion, sketching. explanation building.
notes, site visits;

Observing how the mentors communicate their knowledge using such tools: ancl
Role played by articulation and sketching when used by students to explore and
communicate their design ideas,
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S Heuristlc design strategies and design procedures used in their

implementation

Usec of the "oftice set" approach by the mcntor,

Use of sketching, discussion, and articulation as communication und design tools:
Use of nominatcd us ual approaches for the type of design problems associated with
the particular type of design projed used in this study; and

Preparation and rescarch methods suggested by the mentors as tools for the students
to use in the assembling of resources and the implementation of processcs and
procedures for the resolution of the design.

6 Problem solving: becoming an expert and working forwards

Using questioning techniques (both mentors and students) to reveal, discover, and
develop knowledge, idcas, concepts. and strategics for resolving designs;
Pattemmatching experiences and solutions to the problems of the project at hand;
Multiple perspectives — presented by the mentor, by the situation, through
investigation and discovery by the students; and

Scaffolding— exemplars and numcrous other materials, resources and expert persons
(3 levels).

7 Building metacognitlon

Having to justify dcas and have them confirmed by practising designers;
Defending idcas, concepts, solutions, methods and strategics using sk ctching,
discussion, articulation, and explanatory notes; and

Evaluation practices and stratcgics for testing, accepting and rejecting of ideas
against industry standards or practices;

8 Style development

Asa synthesis and development o thnt of the mentor and personal views;
Reflective pmctices used in evolving a design and branching to alternative lines of
inquiry; and

Exploration of new and diverse design idcas from the stem of design concepls
emerging form the project bricf.
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Categories used 1o code data collected in Phasc One of this study were arranged

as lollows:

Primary Category Sccondory Categories

1.1 Groupuctiviics
1. Adivities < 12 Design excrcises
1.3 Site visils
2.] Stimutation
2. Afficct 4@-2 Frecdom indesign
3.1 Situational factors
3. Lcnming§ 32 Mentor influence
33 Input by others

4. Application ‘?4.] Evaluating ideas
4.2 Scifdevelopment
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