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ABSTRACT

The purpose of this rescarch was to develop, implement and evaluate science
investigation work based on a cognitive apprenticeship model of instruction and
linked to different assessment procedures. Data were gathered to evaluate the
cffects of the instruction and approaches to assessment on tcachers and students, and
on the development of students' investigation competency. Ycear 9 students
performed six science investigations 1n which they examined a relationship between
vanables. Groups of three students worked together to choose the independent
variable, plan their investigation, collect and analyse their data, and to evaluate their
findings. The cognitive apprenticeship model of instruction included teacher
modelling, coaching, scaffolding and fading, articulating and involving students in
self-reflective and metacognitive practices. The three classes which participated in
the study (n = 66) experienced different assessment regimes, leacher assessed and
norm referenced, teacher assessed and criterion referenced and student assessed and

criterion referenced assessment.

The study was a naturalistic inquiry and data were collected from numerous
sources including a pre and posttest pencil and paper Test of Science Investigation
Skills, pre and posttest investigations in which students were assessed from their
written responses on an Investigation Planning and Report Sheet, student
questionnaires, teacher and student group interviews, and audio and video data. The
qualitative data were summarised and interpreted as 76 assertions relating to the
themes of the research; investigation competencies, the cognitive apprenticeship
model of instruction and the assessment regimes. Sixteen general assertions which

were considered to be more general research {indings were then formulated.
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Students' investigation compelencies improved significantly as determined
by their pre and posttest performances on the Test of Science Investigation Skills,
and by their performances on the Investigation Planning and Report Sheet. In
addition to improving specific investigation competencies such as planning and
conducting investigations, processing data and cvaluating investigations, students
also perceived that they improved social and workplace skills including working
cooperatively, attending to detail, managing time and being organised. Difficultics

students experienced in performing investigations were also identified.

Based on improved students' performance, the cognitive apprenticeship
model of instruction could be deemed as effective in teaching and learning science
investigation competencies. As implemented in the study, weaknesses in the
implementation of teacher modelling were exposed and it was suggested that
modelling would be more beneficial if it were to occur in response to requests from
students rather than at the behest of the teacher as an introduction to a learning

activity.

Classes experiencing teacher assessment, both norm referenced and criterion
referenced, achieved similar gains in investigation competencies and the feedback to
students following these assessments was similar in quality and quantity. Students in
the student assessed criterion referenced class made more modest improvements in
Planning investigations and Conducting investigations. These students lacked
opportunities for high quality teacher feedback. Clearly these data need to be

interpreted with caution because other factors in the learning milieu were not controlled.

The implications arising from the research for classroom practice, addressed
factors contributing to science investigation competency, the cognitive

apprenticeship model of instruction and the assessment ol science investigations.
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CHAPTER |

INTRODUCTION

Science Investigations as a Domain of Study

The role of practical laboratory work in science has been questioned by
numerous researchers in science education (Hodson, 1990; Lynch, 1987,
Woolnough & Allsop, 1985). Woolnough and Allsop claim that one reason for the
failure of many science courses is the attempt to usc practical laboratory work for
aims to which it is ill-suited, namely the teaching of theoretical concepts, instead of
developing process and problem solving skills, and developing a 'feel’ for natural
phenomena. According to Lloyd (1992), a structured or cookbook approach 1s still
the overwhelming choice in laboratory manuals. Bryce (1994) reports that in
Western Australian s “hools teachers determine the problem to be investigated, the
apparatus (o be used and the procedure 1o be followed in 84% of laboratory
activities. Clearly these activities provide few opportunities for students to
formulate hypotheses and to design experiments or procedures. They are also
characterised by insufficient discussion concerning the limitations of the
methodology and underlying assumptions and the degree of confidence that can be
placed in the data. Therefore it is not surprising that for many students "a 'lab’
means manipulating equipment but not manipulating ideas" (Lunetta, 1998, p. 250),
and that in Western Australia research (Hackling & Garnett, 1993) indicates that
secondary students have poorly developed skills of problem analysis, planning and
carrying out controlled experiments, basing conclusions on obtained data, and

recognising the limitations in the methodologies of their investigations.

The United Kingdom has ~mbraced the notion of science investigations with

more enthusiasm than other countries. With the inception of the National Curriculum
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in the United Kingdom, an attainment target {ocusing on experimental and
investigative science has been identified which includes planning experimental
procedures, obtatning evidence, analysing evidence and drawing conclusions, and
evaluating investigations. In Australia, the Working Scientifically strand of the
national science curriculum framework (Australian Education Council, 1994a) and
accompanying profile of learning outcome statements (Australian Education Council,
1994b) reflects a similar emphasis on science investigations. Simtlarly, in Western
Australia investigating is identified as one of nine essential learning outcomes in the
draft Science Learning Area Statement (Curriculum Council of Western Australia,
1997). In the United States of America experimental and investigative science is
referred to in the National Science Education Standards as "scientific inquiry”

(National Academy of Sciences & National Research Council, 1996, p. 23).

Problem

In Western Australia, considerable interest has been generated in science
laboratory investigations and the challenge is to improve students' attainment of
investigation sk''.>. The problem is to determine how best to achieve this goal. For
investigative work to translate into successful classroom practice there 1s a need to
integrate complementary theorics of learning with instructional models and
assessment procedures. This study will evaluate the effect of a cognitive
apprenticeship model of instruction combined with various assessment procedures

on students' attainment of science investigation skills.

Rationale and Significance

The national curriculum/standards movements in the United Kingdom,
Australia and the United States of America has provided teachers with a framework

to refocus approaches to instruction and assessment in the laboratory. Traditional



closed laboratory exercises which compnse venfying a stated principle or
relationship or sceking patterns or relationships in data (Lunetta, 1998) need 1o be
uscd in conjunction with open, problem solving investigations 1o give students
opportunitics to develop science investigation skills. The cognitive apprenticeship
model of instruction was sclected because lcarning to conduct investigations has
been likened to learning a craft (Millar, 1991), and because a key aspect of
instruction is the formation of a conceptual model of the task (Collins, Brown &
Newman, 1989), a notion that is compatible with the holistic learning of
investigation competencies advocated by Hodson (1992). Different assessment
regimes were selected for the classes participating in the study because currently
norm referenced assessment procedures are being questionned and challenged by
criterion and standards referenced assessments. The study seeks to bring together
theories of leaming and models of instruction that are appropriate for the
development of science investigation skills and complement these with approprniate
assessment procedures. Research is needed to develop, implement and evaluate the
new science laboratory curriculum in terms of its impact on the roles and responses
of teachers and students, and on students' attainment of science investigation

competencies.

This study will make an onginal contribution to the literature on instruction,
assessment and learning from science investigations, and a direct contribition to

laboratory curriculum and the practice of laboratory instruction.

Purpose and Research Questions

The purposes of this study are to develop, implement and evaluate Year 9
science laboratory investigation work based on a cognitive apprenticeship model of
instruction and linked to three different assessment procedures. Data are to be

gathered to evaluate the effects of the instruction and approaches to assessment on



tcachers and students, and on the development of students' investgation

compelence. More spectfically the research addresses the following questions.

1. What science investigation competencies and understandings are developed
by students during the instructional program implemented 1n the study and

what difficulues do students experience?

2. In the teaching and leaming of science investigation competencies how
effective is the cognitive apprenticeship model of instruction?
3. What effect do different assessment procedures including teacher assessed

norm referenced, teacher assessed criterion referenced and student assessed
critenion referenced assessments have on students' learning of investigation

competencies?

Definition of Terms

The teaching strategies defined in the cognitive apprenticeship model of
instruction vary slightly in intent, meaning and application, depending on their

source. In this research the strategics are defined as {ollows.

Teacher modelling. This involves a tcacher performing a science investigation
with students observing the investigation. The teacher demonstrates the procedures

to be learned and models his/her decision-making processes.

Teacher guidance. This involves the {ollowing strategies:
(a) Coaching:  This is an impromptu response by the teacher to help students

perform an investigation skill or operation. It involves



discourse between the teacher and student and hence includes
tcacher-student interactions or expert-novice articulation.

(b) Scaffolding: This 1s a predetermined strategy or structure that is used to
facihitate, structure and support learning and is based on the
teacher's conceptual model of the task and expectations of
students' difficulties.

(c) Fading: This 1s the gradual withdrawal of modelling, coaching and

scaffolding as students become increasingly competent.

Articulating. This is the discourse between students and the teacher, and between

students as they perform the investigations.

Self-reflective and metacognitive skills are thinking skills which involve learners

reflecting on their leamning.

Investigation competencies include skills, competencies and understandings that
are required for students to perform investigations. Investigation competency also
includes personal qualities and attributes needed by students to be able to work in a

group to complete .  investigation.

An open investigation refers to one in which the student can choose a course of
action. For the investigations in this research the problem is defined for the
students, however, they are required to choose the independent variable to

investigate and their method of investigation.

Overview of the Thesis

An instructional program, grounded on the cognitive apprenticeship model of

instruction, was designed to develop students’ science investigation competencies.
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Three classes of approximately 22 students participated 1n the program of 30
lessons. The classes had different assessment regimes, teacher assessed and norm
referenced, teacher assessed and enterion referenced, and student assessed and
critenon referenced assessment. Following the hiterature review in Chapter 2, the
methadology is outlined in Chapter 3 with a description of the instructional program

and the assessment regimes.

In order to answer the research questions a variety of data gathering
procedures was used. Pre and posttest data, presented in Chapter 4, were gathered o
gauge the impact of the instruction and assessment on students' investigation
competencies. Students' responses o the instructional program and the assessment
regimes were accessed through questionnaires (Chapter 5) conducted with the whole
cohort, and interviews conducted with three groups of three students (Chapter 7).
Teachers' responses to the instruction and assessment were gathered through
interviews and are presented in Chapter 6. Audio and video data of a group of three
students from each of the classes, were used in conjunction with portfolios of
students' work to gain insights into the learning milieux in which the program

operated. These data are p:esented in Chapter 8.

Throughout Chapters 4 to 8 single event assertions are derived from different
data sources. Chapter 9 clusters the assertions into themes; investigative
competencies, the cognitive apprenticeship model of instruction and assessment. [t
also triangulates the assertions by indicating those that are supported by more than
one data source. Research findings or more general assertions are postulated from
the single event assertions and are discussed in relation to the research questions
(Chapter 10). In conclusion, Chapter 10 also presents a brief summary of the
research, the implications for teaching and the theoretical framework, and the
limitations of the research. In addition, it makes recommendations for future

research, and discusses the contribution of the research to science education.



CHAPTER 2

LITERATURE REVIEW

Overview of the Chapter

Salient factors that impact on this rescarch are indicated in Figure 1. These
include leamning theory, the cognitive apprenticeship model of instruction, the nature
of science investigations and assessment issues associated with the investigations.
The cognitive apprenticeship model of instruction includes modelling, coaching,
scaffolding, fading, articulating, and self-reflective and metacognitive skills.
Several studies that utilise these teaching strategies are discussed. Research
literature associated with the nature and purpose of science investigations, and
investigation competencies is discussed. Issues are raised such as the holistic
development of investigation compelencies, the linking of investigation
competencies with conceptual understandings, and factors affecting students'
abilities to perform investigations. Group work is also addressed because
investigations are normally conducted in small collaborative groups. Finally,
aspects of assessment are discussed and, in particular, the assessment of science

investigations is addressed.

Learning Theory

Recently the learning of science has been influenced by the constructivist
learning theory (von Glaserfeld, 1989) which proposes that students actively
construct new meaning by using their present conceptual frameworks to interpret
new information in ways that make sense to them. Driver, Asoko, Leach, Mortimer

and Scott (1994) have described how our understanding of students' learning has



been informed by the debate between the personal und social constructivist traditions
and a consideration of the nature of scientific knowledge. The personal
constructivist tradition (Cary, 1985) emphasises the learner's personal construction
of knowledge and the concepts that individuals develop about natural phenomena.
Learning is viewed as conceptual change. In comparison, the social constructivist
tradition (Edwards & Mercer, 1987) recognises science as symbolic, and socially
constructed and communicated. The social context in which learning takes place 15
crucially important if individuals are to construct scientific interpretations of the

world around them.

All cognition is situated in the context of the activity associated with the
learning, and the activity "is not separable from or ancillary to learning and
cognition. Nor is it neutral. Rather it is an integral part of what is learned" (Brown,
Collins & Duguid, 1989, p. 32). This notion of situated cognition challenges
teaching practices that implicitly assume that conceptual knowledge can be
abstracted from situations in which it is leamned and used in other contexis. By using
the teaching of reading, writing and mathematics as examples, Collins, Brown and
Newman (1989) argue that cognitive apprenticeship methods enculture students into
authentic practices through activity and social interaction. Hence, the cognitive
apprenticeship model of instruction is closely aligned with the social constructivist

tradition.
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The Cognitive Apprenticeship Model of Instruction

The tradibonal craft apprenticeship focuses closely on learning specaific
methods for carrying out tasks n a specific domain (Collins et al. 1989). The
parallel with this study is students' acquisition of competencies and methods for
carrying out science investigations, which according to Millar (1991) are more hike a
craft than the following of rules or a hierarchy of processes. In the traditional
apprenticeship, Collins ct al. (p. 456) state "the apprentice repeatedly observes the
master executing (or modelling) the target process before he or she attempts to
execute the process with guidance.” Lave (as cited in Collins et al.) contends that
apprentices learn the processes through a combination of what she calls observation,
coaching, and practice, which from the teachers’ perspective may be called
modelling, coaching and fading. The apprentice repeatedly observes the master
executing or modelling the target process. The apprentice then attempts to execute
the process with guidance. A key aspect of guidance or coaching is the provision of
scaffolding, which is the support, in the form of reminders and help, that the
apprentice requires to approximate the execution of the entire composite of skills
comprising the whole activity. Collins et al. contend that observation plays a key
role. Lave hypothesises that observations aid learners in developing a conceptual
model of the task or process, prior to attempting to execute it and that the provision
of a conceptual model is important for three related reasons. First, it provides an
advanced organiser to allow leamners to concentrate more of their attention on the
execution of the process than would otherwise be possible. Second, a conceptual
model provides an interpretive structure for making sense of the feedback, hints and
corrections during interactive coaching sessions. Third, it provides an internalised

guide for independent practice.

"Cognitive apprenticeship methods try to enculturate students into authentic

practices through activity and social interaction in a way similar to that evident - and
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evidenuy successful - in cralt apprentceship” (Brown ctal. 1989, p. 37). Brown ct
al. add that the cogmitive apprenticeship model supports learning in a domain by
cnabling students to acquire, develop and use cogmitive tools in an authentic acuvity
where the activity s central to learming. The noton of cognitive apprenticeship
implies that the skills acquired are well beyond physical skills usually associated
with craft apprenticeships and that the Kinds of cognitive skills normally associated

with conventional schooling are addresscd.

Collins et al. (1989, p. 457) contend that the transition from the traditional
craft apprenticeship to the cognitive apprenticeship has two benefits for leamning.
First, the method is aimed primarily at tcaching the processes that experts use 1o
handle complex tasks and as a result "conceptual and factual knowledge are
exemplified and situated in the context of their use." They add that the dual focus on
expert processes and situated learning help solve the educational problems of brittle
skills and inert knowledge. Second, the focus is on learning cognitive and

metacognitive skills and processes rather than physical skills and processes.

Two major differences (Collins ct al., 1989) exist between the traditional
apprenticeship and the cognitive apprenticeship. First, the tasks given to apprentice
workers arise from the demands of the workplace, while at school the tasks given to
learners arise from pedagogical concerns. Second, with schooling there is
necessarily a need to decontextualise knowledge and skills so that they can be used
in different settings. Therefore school learning needs to be situated in diverse
settings so that students learn how to apply their skills in varied contexts. In
addition, the application of knowledge and skills in different settings needs to be

articulated as fully as possible by the teacher whenever opportunities arise.

Researchers have defined slightly different teaching strategies to comprisc

the cognitive apprenticeship model of instruction and because of this the



12

interpretation of terms as applicd to this study has been presented 1n Chapter 1 (p. 4).
In a seminal paper Collins et al. (1989) 1denufied six teaching methods that
characterise the instructional model; modelling, coaching, scaffolding, aruculauon,
reflection and exploration. More recently, Hennessy (1993 descnbed the features
based on the work of Collirs et al. as modelhng, coaching, scaffolding, facing,
articulating and encouraging learners to reflect on their own problem solving
strategics through sclf-reflection and metacognition. Then, she continued to discuss

articulation, modelling, fading and scaffolding.

In these articles (Collins cu al., 1989; Hennessy, 1993) and those of other
researchers (Javela, 1996: Roth, 1995) the definitions of and distinctions between
the teaching strategies in the model become somewhat blurred. Modelling,
however, 1s consistently defined as involving "an expert carrying out a task so that
students can observe and build a conceptual model of the processes that are required
to accomplish the task" (Collins et al., 1989). According to Hennessy this involves

making tacit knowledge explicit.

Coaching is defined by Collins et al. to consist of "observing students while
they carry out a task and offering hints, scaffolding, feedback, modeling, reminders,
and new tasks aimed at bringing their performance closer to ¢xpert performance”

(p- 481). Hence coaching includes scaffolding and modelling. They add that
coaching may be used to direct a student's attention to a previously unnoticed aspect
of the task or to remind them of something that they have overlooked. The notion of
coaching is consistent with the purpose of formative assessment which is described

as "helping pupils during the process of leaming" (Radnor & Shaw, 1995, p. 132).

Scaffolding refers to "the support the teacher provides to help the student
carry out a task" (Collins et al., 1989, p. 482) and because providing support may be

construed as providing help (coaching), again the teaching strategies converge.
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According to Colhins et al., central 10 scaffolding 1s the idenufication of the student's
currcat level of skill and the provision of intermediate tasks that lead to the target
activity. Simularly, Vygotsky (1986, p. 189) has argued that 1t 1s important to
identily not just what students have achieved but what 1t 1s that students might
achieve and work to expand the limits of the leamer's confidence and competence in
the "zone of proximal development”. It is important that lcarning s facilitated by
"scalfolds" (Bruner, 1985, p. 28) and students are sct tasks within the zone of
proximal development and provided with appropriate support. Similarly, Hennessy
(1993) recognises the contribution of scaffolding to learming and says that
"subsequent interpretations and applications of the notion of apprenticeship have
without exception focused on the tutor's implicit theory of the learner as being a
crucial element of the scaffolding process” (p. 12). The notion of scaffolding has
been implemented as the provision of suggestions and help in Palinscar and Brown's
(1984) reciprocal teaching, and as cue cards in Scardamalia and Bereiter's (1985)
procedural facilitation of writing. According to Hennessy (p. 13) classroom teachers
carry out an "on-line diagnosis” of students' responses (similar to formative
assessment in the preceding paragraph) and that from such diagnoses scaffolding
follows. She adds that the essential features of scaffolding in the classroom setting
have not yet been identified. Solomon's (1988, p. 104) statement, "we know that the
pupils will not find out about scien "ic models by unaided discovery leaming,
because observation is most forcefully guided by beliefs already held,"” implies that
1t is necessary to provide directions for students' learning, particularly when existing

beliefs are to be challenged. This view is supported by Hodson (1996).

Roth (1995) places a slightly different interpretation on the teaching
strategies and merges coaching, articulating and scaffolding. He links coaching and
articulating as follows, "coaching is a more inclusive notion to describe teacher-
student interactions” (p. 243). He also links coaching and scaffolding as he adds that

"a coach also designs the tasks in such a way that students can practise their
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knowledge and skills in settings that are challenging but at a complexity appropnalte

to the student's current abtliics” (p. 243).

The contribution of practice to learming 1s not exphicitly discussed in the
studies mentioned in this literature review although the provision of repeated
opportunilics to practise decision-making on complex tasks 1s implied. Coaching
and scaffolding, followed by the withdrawal of support suggest that practice is an
element of the instructional model. The gradual reduction of levels of support given
to students is referred o as fading (Collins et al., 1989; Hennessy, 1993; Roth,

1695).

Articulation includes "any method of getting students to articulate their
knowledge, reasoning, or problem solving process in a domain” (Collins ct al. 1989,
p. 482). Collins et al. document threc methods of articulation; questioning students
to lead them to a particular conclusion, encouraging students to express their
thoughts as they carry out problem solving, and having students assume the critic
and monitor role in cooperative activities. The instructional model does not
explicitly address articulating that occurs amongst students but focuses more on
expert-novice verbal interactions that are more consistent with the notion of
apprenticeship. According to Vygotsky (1986) and Hennessy (1993) articulation is
encouraged through providing students with alternative viewpoints and counter
examples. This implies that the student's perspective is compared with that of an
expert, the teacher, and that verbal interaction results in the resolution of differences
or the strengthening of common views. Hennessy adds that "this process makes
normally hidden mental processes overt" and the "aim is to give leamers control
over their own learning processes and the confidence to engage in critical analysis"

(p. 12).



“Reflection chables students to compare their problem solving processes
with those of an expert, another student, and ulumately, an internal model of
expertise” (Collins ctal., 1989, p. 482). This may be achicved through 'replaying'
the performances ol the expert and novice for comparison, and/or by a post mortem
of a student's own problem solving process. The development of these skills is
consistent with the metacognitive skills that Australian students were encouraged to
develop in the Peel Projeet (Baird, 1986a; Baird, 1986b). In this project students
were trained to practise applying evaluative cognitive strategics durnng lessons. The
findings of the Peel Project indicate that students became more informed, purposeful

learners, exerting greater control over their learning.

Exploration, the [inal strategy in the cognitive apprenticeship model,
involves pushing students into a mode of problem solving on their own (Collins, et
al., 1989). Itinvolves the fading of supports and problem setting so that students are
given opportunities to learn how to frame questions and problems that they are

interested in researching.

Numerous researchers have used aspects of the cognitive apprenticeship
model of instructions in classroom studies. In the reciprocal teaching of reading
comprehension, Palinscar and Brown (1984) based the instruction of two groups of
seven students as well as individual students, on modelling and coaching in four
strategic reading comprehension skills; formulating questions, summarising,
clarifying and predicting. Students were engaged in a set of activities that helped
them form a new conceptual model of the reading task. They practised the reading
strategies and metacognitive skills necessary for expert reading. The teacher
modelled experi strategies in a context, and shared the strategies directly and
immediately with the students. Scaffolding was provided for the students when they
were at an impasse. These techniques proved "remarkably effective in raising

students' scores on reading comprehension tests" (Collins et al. 1989, p. 460).
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In the teaching of writing, Scardamalia and Bereiter (1985) used a
combination of modelling, coaching, scaffolding and fading to give students 4 grasp
of the complex activitics involved 1n writing. According to Collins et al. (1989)
students were able to build a new model of the wri ting process that more closely
emulated that of expert writers, and they developed an increased awarencss of the

self-reflective and metacognitive processes involved in expert writing.

To teach mathematical problem solving, Schoenfeld (1985) formulated a set
of heuristic strategies based on the problem-solving strategies of Polya (1945). He
used aspects of the cognitive apprenticeship instructional model including
modelling, coaching, scaffolding, fading and encouraging students to reflect on their
practice in a variety of activities to teach students the heuristic strategies. In
addition, he used a post mortem analysis that is described by Collins and Brown
(1988) as an abstracted replay involving the recapitulation of critical decisions and
actions. Schoenfeld's method consisted not only of applying problem solving
strategies, but also reasoning about managing probiem solving using heunstics,
control strategies associated with making decisions, and beliefs about one's own
ability. One of his aims was to enculture students into the world through a

mathematician's eyes and to provide them with the tools of a mathematician.

More recent research (Chee, 1995; Ertmer & Cennamo, 1995; Jarvela, 1996;
Johnson & Fischbach, 1992; Pieters & DeBruijn, 1992; Roth & Bowen, 1995; Volet,
1991) has also focused on aspects of the cognitivc apprenticeship instructional
model. For example, Ertmer and Cennamo used the instructional model to foster the
development of 'expert’ designers in an instructional design course that they
implemented. The instructional design course involved the following; 'think alouds'
in which the teachers analysed contexts unfamiliar to the students (modelling);

teachers meeting with students who sought clarification of design ideas (coaching);
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students comparing their ideas with those from other sources (reflection); students
verbalising their thought processes as they carned out specific design tasks
(articulating); and students broadening their perspective through role plays and
participation in casc studies (exploration). Ertmer ct al. reported that "there seems 1o
be much less re-doing, and much more understanding of what makes a good design”
(p. 56). They added that they were successful in encouraging students Lo become
more reflective in their thoughts, reactions and decisions. Problems they identified
included a perception that they had sacrificed some "breadth in terms of content
coverage”, that it was difficult to select suitable design problems, and that the design

project took a long time 1o assess.

Jarvela (1996) chose the cognitive apprentic2ship model to organise
instruction in a technologically rich learning environment in which 13 to 14 year old
boys investigated and modelled the control technology principles of an automatic
washing machine using Lego Logo ™. She analysed, in terms of scaffolding,
modelling and reflection, video recordings of four pairs of students working for nine
hours. Jarvela associated scaffolding and coaching with articulating. She reported
that teachers either scaffolded interactions with students or coached them, and that
this was a function of the stude~'s ability, the phase of the student's problem
solving, and their motivation. She defined scaffolding as "giving small hints and
stimulating statements for students' strategic approach,” and coaching as "giving
explicit advice or concrete cues" to improve a student's involvement in the task
(p. 98). Jarvela distinguished between teacher "global modeling in front of the
class" and teacher "situation-specific modeling" with a small group of students
(p. 100). She claims that situation specific modelling was experienced "more
reciprocally” and was "directed to the actual problem that the students had" (p. 101).
She contends that situation-specific modelling has the potential to promote

spontaneous, more advanced exploratory activities amaong the students. Jarvela does
p &
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not clearly define 'reflection’ and used questions that students and teachers asked as

evidence for spontancous reflection.

In a Grade 8 scicnee classroom, Roth and Bowen (1995) analysed the
processes of knowing and interacting in an open-inquiry leaming environment in
which teachers used a cognitive apprenticeship metaphor. Students were challenged
to work "like a real biologist" (p. 84) and possible behaviours and thoughts of
biologists were described (modelled) at the start of the open-inquiry in which they
were instructed to find out all they could about the biotic and abiotic factors of a
35 m2 ecozone on the school site. From the cognitive apprenticeship perspective
Roth and Bowen (p. 91) report that "students constructed increasingly complex and
interesting research problems." Support for the students faded as they became more
proficient with their inquiry. It is inferred that teacher guidance was in the form of
carefully constructed teacher questions to provoke problem solving. Roth and
Bowen (p. 91) said that "despite careful construction, teacher 'problems' were far
from unequivocal, so that students constructed unintended meanings that led them
sometimes to solve problems different from those intended.” They contend that
students did this in three ways. First, if there were no specific "correct” answer to
the teacher's question then the students appropriated the problem and solved it as
their own problem. Second, students constructed their own version of the problem
for which they perceived a "correct" solution to exist and this often led to data and
results that would differ from experts. Third, they constructed elaborate contexts to
frame the problem so that it made sense to them. The researchers also reported that
students' private knowledge was distinct from their public knowledge and that
students "(a) constructed private understandings continuously, interpreted what they
saw fit into their current understanding and raised questions when they did not
understand what they measured or observed; (b) collaborated to achieve mutual
understandiigs of problematic situations; and (c) interacted frequently with other

students in order to get the work done" (p. 110).
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Each of the preceding studies that documented specific aspects of the
cognitive apprenticeship model of instruction, reported improved student
achievement of the target attnbute; reading comprehension (Palinscar & Brown,
1984); wnting (Scardamalia & Berciter, 1985); mathematics problem solving
(Schoenfeld, 1985); instructional design processes (Ertmer & Cennamo, 1995),
design technology processes (Javela, 1996) and open science inquiry (Roth &
Bowen, 1995). They had the common objective of providing learners with strategies
to lead them from novice through competent and towards expert understandings and

processes.

Laboratory Work in Science

During the 1980s science laboratory practices in Australian schools
contributed little to students' learning. Gallagher and Tobin (1987) and Tobin and
Gallagher (1987) described students gathering data without comprehending the
meaning of their actions and without reflective thought because they reduced the
cognitive demands of the tasks to a minimal level. Ctudents went about their
laboratory work in a leisurely atmosphere and spent much of their time off-task,
socialising with their peers. Despite this Tobin (1990, p. 403) states, "Laboratory
activities promise so much in term of students being able to solve problems and

construct relevant science knowledge.”

According to Lunetta (1998), a predominant pattern in the teaching of
science has been "telling the story of science” (p. 251) and that compatible with this
pattern is laboratory work that "engaged students principally in following ritualistic
procedures to verify the story that had been told" (p. 251). The view of laboratory

work espoused by Lunetta is consistent with other researchers. Lloyd (1992) claims
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that a structured or cookbook approach overwhelmingly dominates laboratory
manuals and Bryce (1994) reports that in Western A ustialian schools teachers
determine the problem to be investigated, the apparatus to be used and the procedure
to be followed in 84% of laboratory activities. The challenge for science educators
and teachers is to move students beyond the mere following of laboratory
procedures to engaging them intellectually with meaningful laboratory experiences
in which they "construct shared understanding of scientific concepts in a community

of learners in their classroom” (Lunetia, 1998, p. 252).

Recently in Australia, the United Kingdom and the United States of America,
national science curriculum, standards and assessment documents (Australian
Education Council, 1994a, 1994b; Curriculum Council of Western Australia, 1997,
National Academy of Science & National Research Council, 1996; United Kingdom
Department of Education and Science, 1988) have been produced and refocus
attention on the role of science laboratory work. The purposes of laboratory work
have been articulated by numerous writers (Boud, Dunn & Hegarty-Hazel, 1986;
Garnett, Garnett & Hackling, 1995; Garnett & O'Loughlin, 1989; Hegarty-Hazel,
1990; Hodson, 1988; Lunetta, Hofstein & Giddings, 1981; Solomon, 1988;
Woolnough, 1991) and may be considered to develop conceptual understandings,
techniques and manipulative skills, investigation skills and competencies, and
affective outcomes. Hence, if the intent of a laboratory activity is to achieve a
particular outcome then the suitability of the activity needs to be considered in

relation to the desired outcome (Duggan & Gott, 1995).

Investigations and Investigating

The development of investigative skills and competencies have been

identified as important outcomes for students' learning in the United Kingdom

(United Kingdom Department of Education and Science, 1988) and Australia



(Australian Education Council, 1994a, 1994b). In the science profile (Australian
Education Council, 1994b) Working Scientifically includes four phases, Planning
investigations, Conducting investigations, Processing data and FEvaluating the
Sindings. Invesugations are defined as activities in which students take the initiative
in finding answers to problems (Jones, Simon, Fairbrother, Watson & Black, 1992).
Similarly, Garnett et al. (1995, p. 27) recogmise the problem solving component of
investigating and definc an investigation as, "a scientific problem which requires the
student to plan a course of action, carry out the activity and collect the necessary
data, organise and interpret the data, and reach a conclusion that 1s communicated tn
some form." In the USA scientific inquiry parallels investigating in the UK and
Australia. Itis descnbed as a multifaceted activity ranging from making
observations to the use of critical and logical thinking, and consideration of
alternative explanations. It is claimed that "The new vision (of inquiry) includes the
'processes of science’ and requires that students combine processes and scientific
knowledge as they use scientific reasoning and critical thinking to develop their
understanding of science" (National Academy of Sciences & National Rescarch

Council, 1996, p. 105).

Duggan and Gott (1995) consider the broad aims of science curricula in
terms of conceptual and procedural understandings, a view which has similarities
with science as a body of knowledge (content) and science as a method of inquiry
(process) perspective (Cheung, 1994). Duggan and Gott define procedural
knowledge in similar terms to investigating; "the ability of pupils to put together a
solution to a practical problem from their own resources of skills and concepts rather
than following a worksheet" (p. 139). They propose that procedural understandings
comprise "skills" and "concepts of evidence" where skills include enabling activities
such as using measuring devices and the construction of graphs and tables. These
skills are consistent with aspects of Conducting investigations and Processing data

described in the science profile (Australian Education Council, 1994b). On the other
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hand, they define concepts of evidence to include all the concepts that are associated
with obtaining evidence: variables and the idea of a fair test; measurement issues
such as when to measure, whal to measure and how to measure (Murphy, 1988)
together with issues of data range, interval, scale and accuracy; data representation
and interpretation; and validity and reliability. Thesc aspects relate to Planning
investigations and Evaluating the findings as described in the science profile
(Australian Education Council, 1994b). Duggan and Gott (1995) contend that
practical science should include progressively more demanding elements of

procedural and conceptual understanding.

Coles and Gott (1993) have documented specific understandings and skills
that may contribute to a student's ability to perform investigations and a listing of
examples of these skills follows;

° identifying variables as independent and dependent,

e controlling variables and the notion of a fair test,

o distinguishing between categoric, discrete and continuous variables and the
implications for different graph types,

e using equipment,

¢ understanding concepts of measurement including the accuracy of measurements
in relation to the choice of instrument, and repeatability,

e understanding concepts of sampling including sample size and vanations within
a sample, the range of data, the data interval (scale), and probability,

e using tables,

e drawing the correct type of graph,

° recognising and interpreting patterns {from reliable data,

o linking variables to what they represent,

e interpreting multivariate data, and

e understanding validity and reliability.
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Student conceptions have been reported for some of these skills and
understandings. For example, problems that students in the 12 to 14 years age group
experienced in defining and operationalising a continuous independent variable were
reported by Duggan, Johnson and Gott (1996). They stated that almost 50% of
students defined the independent vaniable 'categorically' when this was
inappropriate. They postulated that this shortcoming may be due to (a) a simple
failure of skill at the level of using the relevant instrumentation, but they added that
this was unlikely because students had the appropnate measurement skills;

(b) failure to relate the continuous nature of the variable to the reality of the physical
phenomenon it represents (eg. a force is represented by a push or pull); and (¢) a
failure to keep the whole task in mind and, as a consequence, students were unable

to value the quantitative data as part of the evidence they were seeking.

The notion that students may not believe that there is a need for
quantification is supported by Black (1990). He states that students only use
measurement in their own problems "if they have the idea that quantification is a
powerful tool and that the scientific method is powerful because it transforms
problems into quantifiable form” (p. 21). Student difficulties in this area may be due
to differences between the goals of science and everyday life. Reif and Larkin
(1991) contend that with everyday life quantification is not important because 1o be
'close’ is often good enough. In contrast, with science optimal strict and explicit

quality control is required to measure and record data.

Another area of student difficulty is graphing. Roth and McGinn (1997)
discuss three areas of science education research associated with graphing; students'
interpretations of the concepts expressed in graphs, their interpretations of graphs as
pictures of situations, and problems they have with the scaling of graph axes.

Beichner (1990, p. 804) claims students "faired poorly when asked to explain the
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concepts conveyed by the graphs," and Wavering (1989) reported that students

performed poorly when asked to scale the axes of graphs.

According to Rowell and Dawson (1984) and Ross and Robinson (1987)
effective schemes have been developed for teaching process skills and these can
contribute to students' performances in investigations. Taken in isolation it may be
argued that the skills have little if any value and that they are taught for their value
in more encompassing situations (Hodson, 1992). Process skills can be taughtina
holistic way as evident from a study by Roth and Roychoudhury (1993). They
conducted research involving 137 boys from Grades 8, 11 and 12 physics classes
and found that students developed higher order process skills through open inquiry

laboratory sessions.

Specific skills and understandings are elements of a whole investigation and
taken in isolation represent an atomistic view of the process of investigating. The
notion of holistic teaching of investigation skills is consistent with the cognitive
apprenticeship model of instruction and particularly the concept of situated
cognition where leamning is situated in the context of activity. In terms of learning to
investigate there are calls (Duggan et al. 1996; Hodson, 1992; Roth &
Roychoudhury, 1993; Woolnough, 1989, 1991; Woolnough & Toh, 1990) to adopt a
more holistic approach. Some researchers (Bryce, McCall, MacGregor, Robertson
& Weston, 1991; Germann & Aram, 1996; Lawson, 1995) have documented more
encompassing skills that relate one phase of an investigation to another. Bryce et al.
(p- 7) identify the skill to "use generalisations and observations to draw valid
conclusions from the results,” and Lawson (p. 53) identi{ies "planning and
conducting controlled experiments to test hypotheses.” Also Germann and Aram
consider that recording data, analysing data, drawing conclusions, and providing
evidence are a set of domain specific productions in which the final outcome of

drawing conclusions is hierarchically related via these skills to the starting point, the



hypothesis. Because of the need to link skills and information in order to
successlully perform investigations, 1t 1s arguable that an understanding of the whole
investigative process is more than the sum of the parts (Hodson, 1992, Woolnough,

1991).

Some rescarchers (Foulds, Gott & Feasy, 1992; Germann & Aram, 1996,
Kuhn, Amscl & O'Loughlin, 1988; Lawson, 1995) have commented specifically on
students’ abilities to connect related pieces of information. In a study involving 364
seventh grade students, Germann and Aram reported that 69% of students did not
attend to the hypothesis in drawing conclusions; and that 81% did not provide
specific evidence for their conclusions. Foulds et al. indicated that many students
fail to see the importance of evidence in drawing conclusions. More fundamentally,
students' abilities to understand the significance of their data were limited and
frequently they based their conclusions on what they thought would happen
regardless of their data and sometimes in direct conflict with their data. According
1o Foulds et al. this may point to a significant metacognitive component of science
that relates to perceptions of scientific evidence in general. Foulds et al. pursue this
issue under the guise of public and personal understandings. They state that
evidence has a function only in the public arena because it is used to influence and
shape the beliefs of other people. This perspective may have parallels with
previously mentioned findings about students not perceiving the need to quantify

data (Black, 1990; Reif & Larkin, 1991).

The ability to go beyond descriptions of the phenomena or data is attributed
by some researchers to students' cognitive abilities. For example, Lawson (1995)
claims that going beyond the phenomenological description to the testing of an
hypothetical explanation is hypothetico-deductive reasoning and that this has
parallels with Piaget's formal operational reasoning (Piaget, 1972). Kuhn et al.

(1988) found that differentiating between, and coordinating theory and hypothesis is



a difficult task for children and some adults. They say that explicitly engaging in
these science processes promoles an awarencess of the need to practise the
metacognitive skills required to successfully perform a scientific inquiry. They add
that laboratory exercises miss this opportunity when they do not ask students to usc

their results to make new predictions or formulate new hypotheses.

Kuhn et al. (1988) found for young students up to Grade 9, age affects their
ability to differentiate and coordinate theory and cvidence. Subsequently Kuhn
(1992) reported that people who had not gone to college were less able than people
who had narticipated in a college education, to distinguish between their own
explanations (theories about a phenomenon) and the evidence they had gathered.
College participants were more able to reflect on their own thinking
(metacognition), to view theory and evidence separately, and to evaluate the validity
of theones in the light of evidence. She adds that one's prior knowledge plays a
major role in generating hypotheses, designing experiments, determining what is
supporting or non-supporting evidence, as well as evaluating hypotheses and
revising hypotheses. Hence, "students are likely to interpret data in ways that are

consistent with their personal understandings" (Germann & Aram, 1996, p. 796).

The certainty and persistence of students' beliefs are likely to be contributing
influences to the ways students observe, process and interpret data and how they
relate data to theory. The certainty of peoples’ convictions is illustrated in a study by
Kuhn (1992). With a sample of 160 people ranging in age from early adolescence to
older adults, she found that "people tend to hold their theories with certainty; from
one-half to three-quarters (across a range of topics) claimed that they were sure or
very sure that their theories were correct” (p. 159). These findings are consistent
with research on students' conceptions which indicate that students' beliefs are
persistent and resilient to change (Novak, 1988; Nussbaum & Novick, 1982).

Therefore it comes as no surprise that students frequently interpret their results on



the basis of what they think will happen regardless of the data before them and

sometimes in direct contradiction to the data (Duggan & Gott, 1995).

Other factors also influence the way students attend to data. Rigano and
Ritchie (1995) report that fudging results 1s common practice. They say that
students make up results to get the right answer and to maintain academic results.
Students fudge by matching their results with text book answers; checking their
results with their peers and using the results of the peers; excluding anomalous
results; and making up results. The reasons given by students for this practice are
that they did not have enough time to complete the work, that they had prior
knowledge of the expected outcome and matched their results accordingly, and that
the equipment was poor and/or their experimental techniques were poor so their own
data were inaccurate. Fairbrother and Hackling (1997) also report pressures on
students to get the right answer and that there is a need to teach students more about
uncertainty of measurement so that they can understand why data often differs from

their expected results.

"There must be some science base to an investigation, without scientific
ideas an investigation might not be scientific,” (Coles & Gott, 1993, p. 8). This
recommendation that investigations should have a scientific basis implies the need to
link procedural understandings (processes) with concepts. Other researchers (Black,
1990; Hodson, 1992) also call for this linkage and Black (1993, p. 70) states
';concept leamning is inevitably involved in any science investigation". Coles and
Gott contend that the "methods of investigation" are a "powerful way" to develop
science knowledge and understandings (p. 8-9). They do not, however, clarify
whether they are referring to developing students' (or novices') understandings of
science; scientists' (expert) understandings of science; or, to developing the frontiers
scientific knowledge and understandings. They also acknowledge that for students,

the linking of procedural understandings with concepiual understandings is



important but add that contexts and concepts can affect the difficulty of
investigations. As a conscquence, they state (p. 8) that it is important that the
conceptual understandings be at an "appropnate level" and caution that conceptual

difficulty may act as a barrier o learning and therefore block attainment.

The notion of barriers to the attainment of investigation competencies is
approached {rom a different perspective by others (Johnstone, 1981 Johnstone &
Letion, 1990, 1991; Johnstone & Wham, 1982). Studies by Johnstone and his
colleagues reveal that a student's working memory is overloaded if they have to deal
with too much information in a laboratory class. This information overload results
in poor learning that is characterised by a recipe following approach; concentrating
on one part of the experiment and excluding the rest; busy random activity; copying
the acdons of others; and taking on the role of the recorder (Johnstone & Wham,
1982). Therefore, whilst there is a need to link students' understandings of the
procedures and methods of investigating to conceptual understandings, caution
needs to be exercised to ensure that students do not experience cognitive overload.
In terms of practical work contributing to students' learning of concepts, Hodson
(1993, p. 94) cautiously says the "empirical evidence concerning the efficacy of
practical work as a way of learning scientific knowledge is difficult to interpret and
somewhat inconclusive." However he concludes that "on balance it cannot be
argued that practical work is superior to other methods and on occasions it seems (o

be somewhat less successful."

In terms of learning to investigate, practice and explicit instruction involving
a Karplus learning cycle (Karplus, 1977), have been found to be significant factors
in improving students' performances in planning and conducting investigations over
an eight week period (Toh, 1991). Germann and Aram (1996) acknowledge the
contribution of practice by stating, "Students need ample opportunities to practise

the science processes within a variety of investigations. Together with appropriate
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feedback and modelling, students should become more proficient and independent”

(p. 775).

Gott and Duggan (1995) discuss factors affecting students’ success at
investigations. These include the science conceptual demand or difficulty; the
procedural complexity which refers to the number and type of variables; the
interaction of the concepts and procedural complexity; the age of the students;
whether the context is scientific or an everyday context: and student factors
including motivation, cxpectations, perception, gender and culture. They reported
the results of a limited study which found that "the effect of openness was not
significantly different in terms of the task score from that for the more directed,

closed tasks" (p. 60).

Within this review of literature factors rclating to a student's success at
performing investigations have been discussed. In summary, these have included
students’ prior investigation skills and competencies (procedural knowledge); their
knowledge of the relevant science concepts (conceptual understandings) . oles &
Gott, 1993; Germann & Aram, 1996); their abilities to associate different aspects of
the investigation (Hodson, 1992); and "powerful affective attributes, including
commitment and determination” (Hodson, 1992, p. 133). Factors relating to the
nature of the investigation also have a bearing on students' success including, for
example, the clarity of the task (Germann & Aram, 1996), the procedural complexity
(Coles & Gott, 1993) and difficulty of specific skills (Duggan, Johnson & Gott,
1996); contextual factors (Coles & Gott, 1993); and the potential for cognitive
overload (Johnstone, 1980; Johnstone & Letton, 1990, 1991; Johnstone & Wham,
1682).
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Group Work: A Characteristic of the Laboratory Milieu

Small group work is a feature of scicnce laboratory lessons, mainly because
of the need to share equipment (Christensen & McRobbie, 1994). In this classroom
setting, articulaang is predominantly between students and is less frequently the
expert-novice, teacher-student articulation espoused by the cognitive apprenticeship
instructional model. According to researchers (Azmitta & Perimutter, 1989; Brown
& Palinscar, 1989; Doise & Mugny, 1984) group work structures have the advantage
of providing students with opportunities to articulate their ideas and this social
interaction benefits leaming. It is claimed that group learning fosters cognitive
skills, promotes social skills and imparts workplace skills (Linn & Burbules, 1993).
In a discussion of the learning that occurs when students work in groups, Linn and
Burbules document three distinct types of group learning; cooperative, collaborative
and tutored learning. They add that these types of group learning vary in their
potential to affect the intended learning outcome. They caution that with group
learning, the instruction should be designed so that groups are able to access
feedback, engage in debate, and have their progress monitored at regular intervals.
Linn and Burbules also argue that group learning is not well suited to all tasks and
educational goals. For example, they recommend that planning is best conducted by
individuals; and carrying out plans is best achieved by a divide and conquer strategy
in cooperative group work settings. Some of their major findings are that not all
students benefit equally from group learning; that learning outcomes may not be
achieved if the group is unable to access appropriate information; and that group
learning may be unproductive for "learners who have dysfunctional views of group
interaction." (p. 114). They add that negotiated understandings and hence
collaborative learning, feature in the development of scientific understandings
because ideas are postulated, criticised, and modified, and that this process leads to
better understandings. Hence "students who come to participate in and appreciate

such processes, therefore, benefit not only by having more sound beliefs but by
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having a more accurate understanding of how scientific knowledge actually
emerges” (p. 106). In addition, Siegel (1988) contends that by participating in and
appreciating such processes students develop a more discursive mode of interaction

that is more rcasonable and open-minded.

In science, numerous rescarchers have analysed group work in which
students performed a vanety of laboratory tasks {Christensen & McRobbie, 1994;
Richmond & Striley, 1996; Roychoudhury & Roth, 1996). These studics analysed
group work in different ways. Christensen and McRobbic examined the social
skills, discourse moves, and cognitive skills of a group of students. Richmond and
Striley considered the roles that group members adopted and made links between
these roles and the ease with which students developed understandings.
Roychoudhury and Roth classified patterns of interaction in terms of the dominance
of group members. These observational studies of group work make the point that
the social and cognitive dimensions of group behaviour are "intertwined” in the
sense that the development of students’ understanding depends on "the interaction

between the two" (Richmond & Striley, 1996, p. 843).

In an Australian studv by Chnistensen and McRobbie (1994), four first year
primary teacher education students participated in practical activities to illustrate
basic science concepts and the group discourse was analysed using categories
described by Barnes and Todd (1977); social skills, discourse moves, and cognitive
strategies. Christensen and McRobbie (p. 56) stated that "students immediately
began to carry out the physical operations without any discussion about the purposes
of the activity or what it meant conceptually." They add that this did not imply that
students understood the task because later the students asked each other for
clarification, and that for two of the activities they did not understand the
significance of the task until they had finished. They also reported that most of the

questions students raised were about procedures to complete the tasks; that they



generated hypotheses only on two occasions when they were specifically called for;
that they only once used observations as evidence and that most of their evidence
was generated from their prior knowledge. The tone of the article by Christensen
and McRabbice is one of disappointment at the lack of learning that occurred,
however, the researchers conclude "students in this study believed quite strongly that

practical work was vital to their understanding of concepts” (p. 58).

Richmond and Striley (1996) observed six groups of four students in a tenth
grade class participating in a student designed experiment involving planning,
execution and interpretation. They reported that as the students became better at
developing and articulating scientific arguments their level of engagement increased,
thus illustrating the entwinement of the social and cognitive dimensions. The
interactions within groups were connected "in complex ways with the norms guiding
group behaviour” (p. 849) and different roles emerged. They claim that "the specific
roles adopted by group members were critical determinants of the ease with which
students developed such understandings” (p. 843). The roles were as follows.
Leaders were able to generate the group's action plan and they were classified to be
inclusive, passive or alienating in style. An in-depth analysis of leaders indicated
that their leadership styles were not fixed and could change. Helpers were
competent individuals acting in a cooperative fashion. Active non-contributors were
concerned primarily with getting by, engaging in more off-task behaviour than the
leader or helper and at times challenging or ridiculing the contributions of other
group members. Passive non-contributors differed from active non-contributors in

that they rarely participated in group activities and often copied work from others.

Over the duration of four lessons Richmond and Striley (1996) reported that
although students improved at identifying the relevant problem, collecting data,

stating an hypothesis, processing the data and interpreting its meaning, areas of
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difficulty were identified. The difficult areas were (a) differentiating between a
problem and hypothesis, (b) understanding the value of controls in designing
experiments (¢) distinguishing between what they observed or measured (results)
and what the observations meant (conclusions). They said most students were
principally concerned with carrying out tasks and had little concern for the
conceptual basis of the problem. They added that approximately 5 of the 24 students

were [rustrated with the other students who were task oriented, and vice versa.

Roychoudhury and Roth (1996) analysed verbal interaction patterns over a
seven week period during open-inquiry physics lessons with junior high school
students and found it impossible to establish a set of independent, non-overlapping
categories to describe their verbal interactions. They described the "prominent
features" (p. 428) of the interactions to be symmetric, in which no student
monopolised the interactions and turns shifted quickly amongst group members;
asymmetric in which the students' interactions were not equal; and shifting
asymmetric in which dominant interactions prevailed but were not fixed in that the
dominance shifted amongst students. They also stated that within the symmetnic
interactions students shared or negotiated understandings through either a
collaborative mode or an adversarial mode. When students were not able to
negotiate or reach agreed understandings the sanction of ideas come through
"majority rule” (p. 431). They report that students’ views about working in groups
were very positive, regardless of the nature of their participation in the group. They
said that most students "acknowledged the benefits of 'pooling' ideas and efforts.
Negative aspects of collaborative work, as pointed out by some students, were
minimal” (p. 440). They added that one of the students preferred to work alone
because "he was not really the group working kind of person” (p. 440). In this
study, the interactions and nature of the inquiry work conducted by the students
were presented positively. The researchers attribute the difference between their

classroom descriptions and those of Gallagher and Tobin (1987) to be due to the fact
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that in their study students had the freedom to choose the research question and to
conduct their own research; they owned their experiments and were in control of

them.

Kempa and Ayob (1995) examined written answers (o problems to gauge
students' learning from other group members following group discussion of a
science problem solving task. They concluded that there was a satisfactory level of
achievement from group work, and that a significant amount of learning occurred
from other students because students included in their written answers points of
knowledge that had been contributed by other students during discussions. Also,
they stated that a significant proportion of information appearing in students’
answers had not been mentioned in group discussions. They concluded that task
related comments and observations made by students in the course of group
discussion represent a major shared (knowledge) resource from which the students

can and do iearn.

Assessment

A focus of this study is the impact that different assessment regimes (teacher
assessed norm referenced, teacher assessed criterion referenced and student assessed
criterion referenced) have on students’ acquisition of investigation skills. The
assessment regimes are considered to be one aspect of the teaching and learning
program and as such they are situated in the context of the whole instructional

program.

A variety of terms is used to describe assessment practices. Those relating to

this study include summative, formative, norm referenced, criterion referenced,
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standards referenced, student sclf-assessed, authentic and holistic. Briel descriptions

of the meanings ol these terms [ollow.

Summative assessment 1s considered to indicate how well something has
been learned after tcaching 1s completed (Biggs & Moore, 1993). In comparison,
formative assessment "provides feedback 1o both the teacher and lcamer during the
teaching process" (Biggs & Moore, p. 380), and is used by "both tcacher and pupils,
to modity thetr work in order to make it more effectuve” (Black, 1993, p. 49). In
contrast, Gipps (1994) deemphasises the uming of these assessments and cmphasises
their purpose and effect. Consequently, her perception of formative assessment is
consistent with the purpose espoused by Black and her notion of summative
assessment is that it does not feed back into the tcaching learning process but 1s used
for grading purposes. In discussing the contribution of assessment to teaching and
learning, Torrance (1995, p. 3) says the purpose of assessment is "to establish, not so
much what students have leamned, or have not learned, but what they might learn in
the immediate future with appropriate help from a teacher or peer”. He claims
(Torrance, 1993) that formative assessment has the potential to integrate the
processes of teaching, learning and assessment but adds that at present it is by no
means clear "what it actually looks like at the classroom level - how itis
accomplished in action - and what difference it makes if any to the culture of
classroom life" (p. 341). He adds that given the claims for formative assessment in
the promotion of learning and the complexities of the classroom context in which
those claims must be realised, then descriptions are needed of "how teachers use
routine observation and questioning of pupils in assessment, how pupils respond and
how particular assessment 'incidents' or 'events' are actually accomplished through
teacher pupil interactions." Calls for further trialing of both formative and
summative assessment in practice are made by Black, and in a review of these
assessment types, he states that historically little is documented on this subject cven

though the potential of formative assessment to improve student learning has been
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well documented (Black, 1993; Brown & Ferrara, 1985; Brown, Campione, Webber
& McGilly, 1992: Tununce 1993).

[t appeass that formative assessment can looscly be interpreted as any teacher
Judgement of a stadc .:t's wark that can be used to improve the teaching and learning
process. Some writers have attempled to provide more structure to this
interpretation. Radnor and Shaw (1995, p. 132) recognise two levels of formative
assessment; "integrated formative assessment" and "structured deliberate formative
assessment." The former involves "no specific assessment instruments to disrupt the
teaching and learning flow but teachers are forming judgements about the puptl's
ability through observation and response to set tasks.” The latter involves "Teachers
and pupils together, consciously and explicitly engaging in assessment activities
with the purpose of helping the pupils to achieve the learning tasks set." They add
that structured deliberate formative assessment is guidance through a systematic
feedback structure. Harris and Bell (1994) use statements with similar meanings to
describe what they term informal and formal assessment. Similarly, in reporting the
characteristics of formative assessment, Bell and Cowie (1997) state that it involves
recognising and responding to students learning and that it may be planned or

unplanned.

Although no explicit linkage between formative assessment and the teacher
guidance/coaching aspect of the cognitive apprenticeship model of instruction has
been articulated in the literature, essentially they have the same purpose, to improve
students' learning. In the context of the cognitive apprenticeship model of
instruction, observing is the process by which teachers gather information or
feedback from students and make decisions about how best to provide teacher
guidance/coaching in the way of scaffolding, hints and reminders. With regard to
formative assessment, Torrance (1993) identifies teacher observations and

questioning as ways of gathering information about students' performances.
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Similarly the contribution of questioning to gaining understandings of students’
interpretations and conceptualisation from a formative assessment perspective has
been identified by Gipps (1994). Interestingly, both Roth (1995) and Javela (1996),
in descriptions of studies that employed the cognitive apprenticeship model, used
questions as a source of information on which 1o base coaching decisions.
Evaluations by tcachers are viewed as crucial in the sctling of tasks that are
appropriate for the learner (Bennett & Desforges, 1985), however, Gipps cautions
that these judgements may be "incomplete, fuzzy, qualitative and based on a limited

range of potential critena” (p. 130).

Lost opportunities for formative assessment and the provision of teacher
guidance are alluded to by Tobin and Gallagher (1987), and Tobin (1990) in their
observational studies of science laboratory work. Gallagher and Tobin (1987) say
that most teachers seem to be preoccupied with management in laboratory activities
and Tobin (1990, p. 414) states that students need to be provided with "opportunities
to reflect on findings, clarify understandings and misunderstandings with peers, and
consult a range of resources which include other students, the teacher, and books and

matenals.”

Norm referenced assessment is "interpreted according to the performance of
an individual in relation to others," (Biggs & Moore, 1993, p. 384) and "the simplest
method of norm referencing is a ranking." (p. 385). Biggs and Moore, state that
although the scores for many commercial tests are designed to fit a normal curve,
this is not the only distribution that may be used. A weakness of the scoring of norm
referenced assessment is that the unit of measurement bears "little logical relation to
what has been taught" (p. 390) because it is determined by the performances of
others. Also, test items on norm referenced tests must discriminate so that the scores
can be spread along a normal distribution with the consequence that items that do

not have a high discrimination index have no function and are usually excluded from



tests (Gipps, 1994). Biggs and Moore state that norm referenced assessment
involves competition and that this may contribute 1o an "affective backwash”
(p. 393), the effects of which are dependent on the achievement orientation of the

student and hence can be positive or negauve.

Following Glaser's (1963) seminal paper on criterion referenced asscssment
which served to separate educational measurement from classical psychometric
testing, every development in educational measurement has stemmed from the
criterion referenced model {Wood, 1986). Criternton-referenced assessment
determines whether individuals meet particular task requirements (Biggs & Moore,
1693; Gipps, 1994). Claims about the strengths of cniterion referenced assessment
are numerous and varied:

o [t enables teachers "to use teaching contexts that allow students to learn at their
own pace" (Biggs & Moore, 1993, p. 386).

e Knowing the outcome of what is to be tested makes it possible to work towards
the requisite level. (Biggs & Moore, 1993).

¢ [t will improve learning because the leamers and teacher are able "to judge a
particular assessment against certain criteria” (Harmis & Bell, 1994, p. 101).

» There is less need to discriminate with this type of assessment as there is with
norm referenced assessment (Gipps, 1994).

o It allows teachers to direct their teaching to the areas on which a student does not
perform well whereas with norm referenced assessment the teacher would have
to look at performance item by item in order to know where to target their

feedback (Popham, 1992).

Many of these views are supported by Hodson (1992) and although he
welcomes the shift from norm referenced to criterion referenced assessment, he adds
that this has led to demands for more precise definitions of intended learning

outcomes. This is a point that is not missed by other researchers. Black (1993,
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p. 58) cautions that if the "criteria are broad and vague, their formative value can be

lost, whereas 1f they are made too specific teachers will drown in their burgeoning

numbers." Gipps (1994, p. 87) describes this dilemma as a Catch 22 situation as 100

"looscly defined criteria limit the validity and dependability of the assessment” and

"too narrowly and ughtly defined assessment criteria lead to fragmentation and

overburdening of discrete assessment tasks.” In addition to the specificity with

which the criteria are defined, other problems have been identified with criterion

referenced assessment and these include;

» issues associated with reliability including a "lack of consensus about a range of
adequate approaches to evaluating reliability” (Gipps, 1994, p. 84); and the

* the effect of context on performance. According to Popham (1984, p. 39) if the
domain is specified then it 1s possible to achieve "functionally homogeneous,
that is, essentially interchangeable" assessments. This idea is challenged by
Gipps (1994, p. 88) as she states "research shows that context factors will
critically affect pupil performance.” She continues, "it is not possible therefore
to decontextualise test items, nor o produce specifications so precise that it is
possible to produce 'identical’ test items."

Gipps (1994) sums up criterion referenced assessment as follows, "strict criterion

referenced assessment is clearly unmanageable, and undesirable, particularly in an

educational assessment framework"” (p. 96).

Gipps (1994) refers to the move away from norm referenced assessment
without going as far as criterion referenced assessment, as standards referenced
assessment. This move is occurring in some Australian states and in the Western
Australian government schools system (Education Department of Western Australia,
1997). Targets or outcomes are described in a curriculum framework and teachers
are given explicit standards for judging student performance based on a
developmental continuum of levels of performance. Sadler (1987, p. 193) an

exponent of standards referenced assessment, claims that the quality of student work
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can best be judged only by direct qualitative human judgment. He argues that
standards referenced assessment is a feasible and credible form of assessment
because teachers' qualitative judgements can be made dependable, provided that
standards are developed and promulgated in appropriate forms and that teachers are
given the relevant conceptual tools and practical training. Although "not yet
proven" Gipps (p. 95) contends that this assessment model is neither norm

referenced nor criterion referenced.

Broadloot, James, McMeeking, Nuttall and Stierer (1990, p. 95) define self -
assessment to refer to "specific judgements or ratings made by pupils about their
achievement, often in relation to teacher designed categories.” They state that self-
assessment has three main uses. It is used to provide feedback, generally about
aspects of the instructional program. The use of the term self-assessment in this
context, however, is not necessarily consistent with the Broadfoot et al. definition in
which self-assessment is associated with student achievement. It involves students
making specific judgements to rate or estimate their achievement in relation to
previously determined critena. In addition, it is used by students in the appraisal of

their performances for diagnostic purposes.

Broadfoot et al. (1990) report that evidence they have collected highlights
three problems emerging {rom students' self-assessments; superficiality, modesty,
and the persistence of norm referencing. In addressing superficiality they say "we
have evidence that students are strongly influenced when making assessment
judgements of themselves by their perceptions of the kinds of assessments teachers
will find acceptable" (p. 96). Presumably this means that students superficially
model expected teacher assessment patterns when assessing their own work rather
than objectively examine the detail in their own answers. Under the heading
"modesty” they reveal that students "underestimate their achievements in order not

to lose face if they are subsequently down graded." They add that students' self -
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assessments tend towards norm referencing because students do not have a frame of
reference on which to base their performance and therefore make comparisons with

others in the class.

Klenowski (1995) identificd two broad types of student sclf-assessment
processes; informal and formal. In a study conducted in Australia and the UK, she
claimed that informal processes were integrated into the teaching and lcarning
practice quickly, verbally, and pragmatically. Informal self-assessment may be
associated with the self-reflective and metacognitive practices described in the
cognitive apprenticeship model of instruction although this link has not previously
been articulated in the literature. According to Klenow:ki the formal processes were
more paper based with a tangible outcome because they were used to evaluate the
student’s progress. She contends that elements of both types of self-assessment
included the use of criteria, teacher-student interactive dialogue (presumably the
provision of teacher guidance through articulating), and the assignment of grades.

In her study, intended learning outcomes for students included independence in their
learning; responsibility for decision making relating to assignments; proactivity; and
creativity in taking charge of their own work. The findings indicated that with

student's self-evaluation it was possible to sec an cmpowering impact on students.

In recent years there have been calls to assess students' science investigation
competency through teacher observations made while students are performing
investigations. The notions of authentic and holistic assessment underpin these
calls. Authentic assessment is described by Biggs and Moore (1993, p. 383) as
involving tasks that are devised in "situated contexts" that are designed to replicate
"everyday use of the knowledge in question." Holistic assessment places an
emphasis on the assessment of the whole task (Black, 1993). According to Hodson
(1992, p. 130), holistic learning and assessment are particularly important with

"doing science"” because, as previously mentioned the overall task is "more than the
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sum of its parts”. Itis likely that calls for authenuc and holistic assessment are the
result of similar calls for authentce and holistic learning expericnees. In contrast to
the advocates of the holistic assessment of laboratory tasks, Cheung (1994) claims
that whether investigative tasks should be assessed holistically or in their parts

remains a controversial issuc which needs further critical analysis.

Numerous researchers have reported that inferences about practical ability
cannot be drawn with confidence from results of written tests (Al Busaidi, Allsop &
Lock, 1992; Black, 1990; Doran & Tamir, 1992; Hargraves & Lynch, 1987; Tamir
& Doran, 1992). According to Black (1993, p. 63) the question about whether
practical tests per se, are valid measures of practical ability needs to be asked
because a "good correlation” between performances on the various component skills
that make up the practical work has not been found. Gipps (1994, p. 105) says
"generalisability is a particular problem for performance assessment" because
"performance is heavily task dependent and we cannot take performance on one task
to imply that the student could do the task in another domain." Shavelson and
Baxter (1992, p. 23) claim that if performance assessment is based on tasks, "to get
an accurate picture of individual science achievement the student must perform a
substantial number of investigations - perhaps between 10 and 20." They say that
the reason for the large number of tasks is because tasks/performances are grounded
on a specific domain of knowledge, hence they are more sensitive to p- formance
differences than more generzl process assessment. Similarly, Lock, (1989, 1990)
showed from a factor analysis of practical tests that a coherent construct could
emerge but that it was necessary to average over several tasks because of the context

dependence of students' performances.

Some laboratory assessment schemes are based on checklists of criteria and
teachers' observations of students' performances, and examinations of written

components of students' investigations to determine the extent to which specific
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criteria are met. For example, TAPS 3 (Bryce ct al., 1991) identifies 14 assessment
criteria and teachers assess whether students pass or fail on each criterion. From a
different perspective, Mincs (1995) advocates that teachers use checklists to
determine whether students have the necessary skills prior to an investigation if the
investigation is 1o be used for assessment. He recommends that teachers check that
students have the prerequisite knowledge and practical skills; and that they know
what to change and what lo measure. Mines adds that "the art of skilful questioning
appears to be crucial to achieve the balance between giving students suitable

guidance and leaving sufficient scope for them to think independently” (p. 14).

Toh and Woolnough (1990) state that in the UK there has been wide concern
about difficulties associated with practical course work assessment and, in particular,
that of whole investigations. Of prime concern is the difficulty in obtaining a valid
measure of the outcomes of investigative tasks without resorting to teacher
observations of individual students. Woolnough and Toh (1990, p. 128-129)
describe three alternative approaches to the assessment of investigations; "very tight,
very reliable, very prescribed test items which are teacher-proof” or a "series of
more general criteria which describe what it is to be good at doing investigative
science and trust the teachers in their professional developments" or "written
reports”. They developed three types of report sheets on which students wrote what
they had accomplished during an investigation. The written report sheets were
described as uncued, broadly cued and fully cued. Students' peformances were
assessed by an observer and by an analysis of the different written report sheets that
they completed. The findings were that there was a good correlation between the
observed behaviour and the written account for each type of report form. The results
for the broadly cued report sheet and the observed behaviours gave a Pearson
product-moment correlation of 0.80 and the uncued and fully cued were 0.70 and

0.67 respectively. They conclude that using a "broadly cued report sheet we have a
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(p. 130).

In Western Australia, the location of this rescarch, there have been moves to
incorporate investigations into the science curnculum (Curriculum Council, 1997)
and to assess them using standards referenced assessment called Student Outcome
Statements (Education Department of Western Australia, 1997). This assessment
considers eight levels of achievement for four phases of investigating; planning
investigations, conducting investigations, processing data and evaluating the
investigation. A copy of the standards is located in Appendix A. The assessment of

students’ investigations is discussed in more detail in Chapter 3.

Summary of the Chapter

This Chapter addressed literature associated with the constructivist
perspective of learning, the cognitive apprenticeship model of instruction, science
investigations and group work, and assessment. Several studies that involved
aspects of the cognitive apprenticeship instructional model were discussed and these
included some or all of the following teaching strategies; modelling, coaching,
scaffolding, fading, articulating and self-reflection. The skills and competencies
developed through science investigations were discussed and difficulties that
students experienced were highlighted. Research on group work in science, which is
a feature of laboratory classes was also discussed. Finally, different types of
assessment were presented and the assessment of science investigations was

addressed.
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CHAPTER 3

METHODOLOGY OF THE RESEARCH

Overview of the Chapter

This study pursues three themes; the learning of investigation competencics
through performing science investigations, the cognitive apprenticeship model of
instruction as applied to the learning of these competencies, and the assessment of
the investigations. For each of these themes research questions have been posed.
This Chapter describes the setting of the research; the instructional program
including organisational matters, the implementation of the cognitive apprenticeship
model of instruction and the assessment procedures; the design of the study; and in

conclusion, a discussion of data gathering and analysis procedures.

Setting

The study was conducted at a private school for girls in Perth, Western
Australia. It was a "naturalistic” setting because although the instructional program
was predetermined, it unfolded naturally within this real world setting (Patton, 1990,
p. 39). Using the terminologies associated with the traditions of apprenticeship
learning, the study may be described as 'authentic' research because of the natural
setting, and because the findings represent the result of 'situated cognition' on the

part of the researcher who is the Head of Science at the school.

The science facilities were of a high standard although additional equipment
such as water baths, ukuleles and enzymes was bought for the investigations. Class

sizes were relatively small (approximately 22 to 25 students) and no serious
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behavioural problems were evident. The staff were well qualified, experienced
science teachers. Two science technician were employed and they managed and
organised the equipment for the lessons and at times trialed investigations for the
researcher. The work atmosphere was pleasant and very supportive. Some, or even
all of these environmental features may be present in other schools. It is
acknowledged, however, that the findings of the research will be necessarily

“"context sensitive” (Patton, 1990, p. 39).

Students and Classes

From the Year 9 cohort three middle ability classes were selected for the
study. The students' Year 8 science results were used to identify an extension class
of high ability students and a very small class of low ability students. Both of these
classes studied a different program from the remaining three classes. Students
whose abilities were in the middle of the cohort were placed alphabetically into the
three classes. It was anticipated that these classes consisted of students with
comparable science abilities. The classes are named Class TN, Class TC and Class
SC in this thesis. The students attended five 50 minute lessons of science each week
and studied units of Biology, Physics and Chemistry each semester. The school
curriculum was determined by the teachers and a tradition of ownership of the
curriculum had been established because for each unit of work the teachers
developed the student workbooks. Students rotated through the units of five to six
weeks duration in different orders and had different teachers for some units.

Students have been assigned fictitious names for reporting the research in this thesis.

Teachers

Four teachers volunteered to participate in the research. They ranged from 30

to 45 years of age and had from 8 to 28 years of teaching experience. They were
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science graduates with additional teaching qualifications. The teachers were assigned
to classes on the basis of their science expertise and usually taught two different
classes in the same year. Fictitious names werc assigned to the teachers. Mr Brogo
and Mrs Grant taught physics. Mrs Cross and Miss Mills taught biology and

chemistry. The rotation of classes, activitier and teachers is presented 1.- Appendix B.

Instructional Program

The instructional program involved the teaching of investigation
competencies using the cognitive apprenticeship model of instruction. Students'
investigations were assessed differently in the three classes. Data about the
students’, teachers' and researcher's perceptions of students' science investigation
competencies, the cognitive apprenticeship model of instruction and the assessment
regimes were gathered. As a consequence, the research may be considered to be
"holistic" (Patton, 1990, p. 39) in its approach because a broad range of instructional

issues is considered from a range of perspectives.

Organisational Matters

Each class completed a set of 10 lessons involving investigations during
May, August and November, and therefore the instructional program comprnsed
30 lessons. The investigations students performed related to the science content that
was taught. The program comprised two worksheets, two teacher modelled
investigations and six student directed investigations. A typical lesson sequence is

located in Appendix C.

All of the investigations were of a similar type, in that students were given a

problem to investigate that required them to examine the relationship between an
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independent and dependent variable. Students worked in groups of three and different
groups chose different independent variables to investigate. Students chose their
partners and where possible the same groupings were maintained for the year. The
equipment was readily available in the laboratory and students selected what was
required. Three 50 minute lessons were allocated to each investigation and students
were advised to spend the first lesson planning and trialing, the second lesson

gathering data and the third lesson processing the data and drawing conclusions.

The investigations were conceptually linked to the intended conceptual learning
outcomes of the Biology, Chemistry and Physics units that the students studied and it
was intended that the investigations would reinforce and consolidate these outcomes.
It was considered, also, that students and teachers would perceive the investigations to
be authentic activities if linkages to the conceptual units were evident. Further, itis
purported (Collins et al., 1989) that situating activities (investigations) in the context

of their use helps to solve problems of brittle and inert knowledge.

The biology investigations included the lipase investigation and trypsin
investigation (Appendix D); the chemistry investigations included the catalyst
investigation and the Panadol investigation (Appendix E); and the physics
investigations were the ukulele investigation and the electromagnet investigation
(Appendix E). The lipase, trypsin, electromagnet and catalyst investigations were
developed from ideas presented in TAPS 3: How to Assess Open-ended Practical
Investigations in Biology, Chemistry and Physics (Bryce, McCall, MacGregor,
Robertson & Weston, 1991). The ukulele investigation was developed by Gamett,
Davies and Hackling (1996).

The lipasc investigation was used as a pretest investigation and the trypsin
investigation was the posttest. For both of these investigations students were

required to complete an Investigation Planning and Report Sheet (IPRS) and
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condensed versions of these are located in Appendix D. For the other investigations
scaffolded |PRSs were used and a condensed version is in Appendix F. The notion
of providing direction through scaffolding the IPRSs 1s consistent with the cognitive
apprenticeship model of instruction in which scaffolding is advocated to provide
help and support for students as they carry out tasks (Collins, Brown & Newman,
1989). The final IPRS was less scaffolded and this represented fading or the gradual
withdrawal of support. The IPRS whica was used for the pretest investigation

necessarily matched the posttest IPRS.

Two worksheets were used. One of these, the worksheet on terminology,
was designed to help students master the terminology and concepts associated with
investigations such as hypothesis, independent variable, dependent vanable and to
identify the factors that needed to be controlled in investigations. The other
worksheet on marking an investigation, was designed to help students reflect on how
investigations were assessed and to become aware of typical errors that Year 9
students made when writing-up investigations. Condensed versions of the
worksheets are located in Appendix G. The worksheet on terminology was
developed by the researcher and M. Hackling, and the worksheet on marking an
investigation was developed by the researcher and based on an investigation that the
preceding Year 9 students had completed. Two teacher modelled investigations
were developed by the researcher, the acid and calcium carbonate investigation and
the pitch of a closed pipe investigation (Appendix H), and were implemented before

the catalyst and ukulele student investigations respectively.

The order in which classes completed the activities is presented in
Appendix B. During May, Class TN and Class TC completed the Test of Science
Investigation Skills (TOSIS), the worksheet on terminology, the pretest (lipase)
investigation, the teacher modelled acid and carbonate investigation and the catalyst

investigation. During August the activities were the teacher modelled pitch of a
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closed pipe investigation, the ukulele investigation, the worksheet on marking an
investigation and the electromagnet investigation. During November these classes
participated in the Panadol investigation and the posttest (trypsin) investigation. The
order for Class SC was slightly different. They participated in the TOSIS, the
worksheet on terminology, the pretest (lipase) investigation, the teacher modelled
pitch of a closed pipe investigation and the ukulele investigation. Dunng August
Class SC participated in the teacher modelled acid and carbonate investigation, the
catalyst investigation the worksheet on marking an investigation and the Panadol
investigation. Finally, during November they participated in the electromagnet

investigation and the posttest (trypsin) investigation.

Implementing the Cognitive Apprenticeship Model of Instruction

The cognitive apprenticeship model of instruction wa.. used as the
instructional model to facilitate students' development of investigation
competencies. Features of the instructional model have been discussed in detail in
the Literature Review (pp. 10-19) and the interpretation of the components of the
model used in this study are presented in Chapter 1 (p. 4). Briefly, the instructional
model includes modelling investigations to make tacit knowledge explicit, providing
students with help by coaching and scaffolding in the zone of proximal development
(Vygotsky, 1986), gradually reducing or fading the level of support offered to
students, encouraging students to articulate as they learn, and encouraging students
to develop the skills of self-reflection and metacognition. Teachers received two
hours training on the instructional model during which time these features were
discussed. In addition, the teachers spent several hours trialing the investigations to

identify problems that may arise.

The teacher modelling aspect of the cognitive apprenticeship model of

instruction was achieved when students observed their teachers model two
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investigations. This interpretation of modelling 1s consistent with global modelling
(Javela, 1996). It was intended that the modelled investigations would address the
following investigation competencies; planning investigations, conducting
investigations, processing data and evaluating investigations. The modelled
investigations were situated in diverse settings (physics and chemistry) with the
intent that students would observe how investigation skills and competencies were
applied in varied contexts. It was anticipated that the emphasis on specific
competencies would vary with the domain of the investigation, and that teachers
would expose and share their knowledge, skills and competencies in different
domains. Coaching was achieved by the teachers helping students as they
participated in the investigations, although it was not undertaken during the pretest
and postiest investigations. Scaffolding was provided by scaffolded IPRSs
(Appendix F) that students were required to complete as they performed all
investigations except for the pretest and the postiest investigations. Fading was
achieved by withdrawing the modelled investigations and by using the IPRS with
less scaffolding for the posttest investigation. Articulating was achieved through
teacher-student interactions and student-student interactions. Self-reflectuon and
metacognition were encouraged when students completed the last page of the IPRS,

the worksheet on marking an investigation and the student questionnaires.

Assessment

Students received two levels of formative assessment or coaching during the
instructional program; informal and formal (Harris & Bell, 1994). The informal
formative assessment comprised teachers questioning and helping students as they
performed the investigations and was based on teachers' observations of students as
they worked, and questions that students asked the teachers. The formal formative
assessment was deliberately structured to occur after students had completed an

investigation. These assessments have the potential to improve students'
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performance on subsequent investigations (Black, 1993; Gipps, 1994). The formal
formative assessment regimes tor each of the classes differed and they are described
as follows. The researcher explained and discussed the different assessment

procedures individually with teachers before and during the program of instruction.

Teacher assessed norm-referenced assessment: Class TN

Class TN was teacher assessed and the overall grades were norm referenced.
The assessment instructions for the teachers are presented in Appendix I. The
students in this class were not provided with the assessment criteria, however they
were provided with an assessment sheet on the final page of their investigation that
was completed by their teacher. Teachers ranked the students in order of merit and
assigned an A grade for three students, a B+ grade for five students, a B grade for
eight or nine students, a C* grade for five students and a C grade for three students.
The teachers also wrote individual comments about a student's performance on her
investigation planning and report sheet. Following the assessment of the students'
investigations, the teacher devoted 20 minutes to whole-class feedback and then
students were allocated 10 minutes to make corrections or improvements to their

investigation planning and report sheets using a different coloured pen.

Teacher assessed criterion referenced assessment: Class TC

For this class the assessment was teacher assessed and criterion referenced.
Students were provided with the assessment criteria on the last page of their IPRS
prior to performing the investigation (Appendix [). Teachers assessed the
performance of the students according to each criterion and assigned an A, B or C
grade depending on whether the criterion was fully met, partially met or not met and
an NR grade was assigned when a criterion was not relevant. Teachers, at their own
discretion, wrote a comment next to each criterion. The instruction for feedback

to students after they had received their assessed investigation was similar to

Class TN.



53

Student assessed criterion referenced assessment: Class SC

For this class students assessed their own work according to the same criteria
that the teachers of Class TC used. Students were given the assessment criteria prior
to performing the investigation (Appendix [). They were instructed to compare their
performance with the researcher’s responses on a master answer sheet and to make
Jjudgements about the degree to which they satisfied each criterion. Numerous
answer sheets were prepared to cater for the different variables that the students
could choose to investigate. Students were instructed to assign grades for each
criterion in a similar way to the teachers of Class TC. Students allocated 30 minutes
to this procedure and during this time they were asked to also make corrections or

improvements to their IPRS.

Design

A qualitative research paradigm was selected as being most appropriate for
the research because it has the potential to provide "deep insights" and capture direct
quotations of personal perspective and beliefs (Patton, 1990, p. 39). The study was a
naturalistic inquiry which embraced notions of exploration, description, illustration,
realisation (in the sense that events are made real to the audiences) and the testing of
research questions (Guba & Lincoln, 1989). Clearly the research agenda was not
genuinely open because answers to research questions were sought in relation to the
themes of the research. An interpretative research methodology (Erickson, 1986)
was used to seek patterns in the data so that the data could then be related to the

research questions.

Opportunities for "personal contact and insights" were enhanced because the
researcher worked at the school where the research was conducted, however, an

"empathetic stance" was adopted in which a non-judgemental approach was



exercised (Patton, 1990, p. 39). This was an important and critical fcature of the
research. 1t was considered by the rescarcher that breeching this empathetic stance
would destroy the teacher trust on which the research was grounded and would not

serve to answer the questions at the heart of the rescarch.

Care was taken to overcome some pitfalls of qualitative research (Roberts,
1996). Roberts contends that too often researchers present case stories of
descriptions instead of case studies with findings. Procedures characteristic of
interpretive research methodologies (Erickson, 1986) were uscd to overcome this
weakness. Assertions were generated from various data sources and were numbered
and subsequently collated to develop more general assertions which represented the
findings of the research. At times, attempts to quantify the assertions were made
with the use of the words some or most, with the former referring to less than 25% of

the sample and the latter to more than 75%.

Roberts (1996) also states that there is often insufficient utilisation,
presentation, and/or discussion of appropriate conceptual frameworks. In this study
this weakness is addressed by discussing the findings in relation to the instructional
model and conceptual framework (Chapters 9 and 10). In addition, Roberts claims
that often qualitative studies fail to reach a conclusion and that this short changes the
reader and threatens "the very {ragile niche that sound qualitative research has
established" (p. 248). In this study research questions are addressed (Chapter 10)

and conclusions are drawn in relation to these questions.

Figure 2 provides an overview of the linkages between the data and
assertions. From the various data sources (pretests and posttests, student
questionnaires, teacher interviews, student group interviews, and audio and video
recordings) assertions were formulated and many of these were triangulated across

the data sources. As well, a search for disconfirming data was conducted to ensure
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that inconsistencies in the assertions generated from different sources were
identified. The assertions were clustered into the themes of the research and general
assertions or findings were formulated in responsc 1o the research questions.
Therefore, through a process of inductive analysis, the researcher became immersed
in the details and specifics of the data to discover dimensions and interrelationships
(Patton, 1990). Erickson (1986, p. 148) similarly describes the researcher looking
for "key linkages" which lead to "patterns of generalization within the case at hand,
rather than from one case or setting to another.” He cautions that in this process
"rare events are not handled well" and that "frequently occurming events can come to

be better understood than can rare events” (p. 148).

Multiple data sources and the tniangulations of data have been advocated as
ways to secure in-depth understandings of the phenomenon in question (Brewer &
Hunter, 1989). In this study viewpoints of the students, teachers and researcher were
brought to bear on particular situations. This triangulation process is not viewed as a
tool or a strategy of validation but as an alternative to validation (Denzin, 198%a,
1989b; Fielding & Fielding, 1986; Flick, 1992). Fick contends that "the
combination of multiple methods, empirical materials, perspectives and observations
in a single study is best understood, then, as a strategy that adds rigor, breadth, and
depth to any investigation" (p. 194). In this research the credibility and
trustworthiness of the data is improved by an audit trail of the assertions. This is

addressed in the data gathering and analysis section which {ollows.

Some quantitative data procedures were conducted to determine the
effectiveness of the instructional program and the assessment procedures. From a
science perspective, Black (1990, p. 21) states that "quantification is a powerful tool"
of scientific research. Within education research methodologies, there is debate about
mixing qualitative and quantitative research paradigms (Cook & Reichardt, 1979;

Fetterman, 1988; Filstead, 1970; Lincoln & Guba, 1985; Patton, 1986; 1988). Guba



and Lincoln (1988) have argued that the internal consistency and logic of cach
approach or paradigm mitigates against methodological mixing of different inquiry
modes and data collection strategies. According to Patton, (1990, p. 193) "therr
cautions are not to be dismissed lightly. Mixing parts of different approaches 1s a
matter of philosophical and methodological controversy.” Patton (1981, 1990)
concludes that the practical mandate in ¢valuation, to gather the most relevant
possible information, outweighs concerns about methodological purity based on
epistemological and philosophical arguments. Denzin (197%) and Denzin and Lincoln
(1994) support the pragmatic approach adopted by Patton and identify methodological

triangulation as the use of multiple methods to study a single probiem.

Data Gathering and Analysis

In this research written documents included students' pretests and postiests,
portfolios of worksheets and Investigation Planning and Report Sheets, and student
questionnaires. Semi-structured interviews were conducted with groups of students
and individually with teachers, and observations were made by the researcher from
audio and video tapes. This approach is consistent with Patton's (1990) ideal-typical
qualitative method strategy which comprises three parts; (1) written documents
yielding excerpts, quotations and entire passages {rom open-ended written responses
to questionnaires; (2) in-depth, open-ended interviews consisting of direct quotes of
experiences, feeling, opinions and knowledge; and (3) direct observations consisting
of detailed descriptions of students' and teachers' activities, behaviours and actions,
and the full range of interpersonal interactions and organisational processes that are

part of observable human experience.

Some of the written documentation from the pre and posttest and student

questionnaires produced quantitative data. These data were considered to be



appropriate for providing insights into the effectiveness of the instructional model
and the assessment procedures. The resulting methodological triangulation of
qualitative and quantitative data was consistent with the pragmatic approach to
research described by Denzin (1978), Denzin and Lincoln (1994), Patton (1981,
1990) and McFec (1992).

Test of Science Investigation Skills (TOSIS)

The Test of Science Investigation Skills, TOSIS, (Appendix J) was
developed by Hackling and Gamett (1993) as a pencil and paper test of science
investigation knowledge and skills. Two parallel versions of the test were
developed, one in a biology context and the other in a physics context. In this
research the biological version was used because students started and completed the
instructional program with biology investigations. The test reliability 1s reported to

be 0.77 (Hackling & Garnett, 1993).

The test comprises five open-ended questions set in a biological context and
seven multiple choice questions that are context free. A description of the skill or
concept area is shown in Figure 3, together with the question number/s and the
subtest score for each particular skill or concept area. The performances of the
classes on the TOSIS are compared on the total scores and on subtest scores

corresponding to skill and concept areas (Chapter 4).

The scoring procedures for the TOSIS, including the scoring for each
question, are presented in Appendix J. The scoring of the multiple choice questions
6 to 12 was objective and either right (one mark) or wrong (zero marks). The
scoring of question 4 and question 5 proved to be objective as students were either
right or wrong, or had omitted a response. The scoring of questions 1, 2 and 3 was

more difficult and the following procedures were adopted to ensure reliable scoring.
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Identifying variables Score = 6
Q.1 Identifics three vanables for testing from an investigation scenano.
Q.6  Identifics the independent variable from a description of an experiment.
Q.7 Identifies the dependent vanable from a description of an experiment.
Q.9 Identifies the controlled variables from a description of an experiment.
Writing an hypothesis Score = 1
Q.2 Wntes an hypothesis as a relationship between an independent and
dependent variable.
Planning an investigation Score = 8
Q.3  Plans the design of an investigation with consideration of control of
variables, how the dependent variable will be measured, and sample size.
Drawing conclusions Score =2
Q.4 Formulates an appropriate conclusion.
Recognises that the experimental design is poor and therefore conclusions
must be tentative.
Identifying methodological limitations Score = 2

Q.5 Recognises that a key variable was not controlled.
Recognises that the sample size was not adequate.

Understanding the concepts of hypothesis, theory, data and conclusions  Score = 4

Q.9 Selects a definition of an hypothesis as "a tentative explanation that can be
tested”.

Q. 10 Recognises that experimental results should be "accurate and repeatable”.

Q. 11 Selects a definition of a theory as "explanations that have been supported by
the results of many experiments”.

Q. 12 Recognises that scientific conclusions are "subject to revision”.

Figure 3. Description of investigation skill and concept areas asscssed by the TOSIS
and arranged into subtests corresponding to skill and concept areas
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For question 1 students were required to identify three variables. Most
identified at least two variables that were relatively casy to control and measure,
such as soil type, fertiliser type, the amount of fertiliser, the amount of water, pot
size, and pots or no pots. The third variable sclected by students was often one that
would make it difficult or impossible 1o conduct a rigorously controlled experiment.
Such variables included the amount of sunlight, the climate or weather, and the
position or place where the expeniments were conducted. These variables were
accepted as correct because students had not been asked to think of ways (o measure
the vanables. Unacceptable variables were the "conditions” and the "environment”

because it was believed that these were too vague.

The accepted responses to question 2 included declarative statements of a
relationship between the independent and dependent variables, such as "The more
fertiliser the more cucumbers will be produced.” Many students said that the
cucumbers would "grow better" therefore giving no indication of how the dependent
vanable would be measured. These hypotheses were accepted because the criterion
of the hypothesis being a testable statement was not required. For example "The
cucumber grows best in clay soils," was marked as an acceptable response.
Unacceptable responses included those that, (a) outlined a method such as, "Put
fertiliser in one pot and none in the other and see which cucumber grows faster”;
(b) posed a question such as "Do yellow cucumbers grow f{aster in clay or loam?"
and (c) included a theory such as "Yellow cucumbers grow better outside because
they are more exposed to the elements” and also, "The bigger the pot the larger the

root system so the bigger the plant.”

For question 2, responses were allocated four marks when students indicated
that they planned to control four variables. Although it would be most unlikely that
the variables sunlight/light and greenhouse or no greenhouse could result in

rigorously controlled experiments, these responses were accepted because students
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were not asked how to control the vanables. Three marks were allocated when
students indicated that they planned to control three variables. Students were
allocated two marks if they indicated that two variables would be kept constant or if
the conditions needed 10 be kept the same. Question 3(g} was marked quite
rigorously. Students were expected to state how they would measure the yield.
They needed to refer to the number of cucumbers and therefore a tally or count was
accepted. Responses that implied that students would record the results and/or

observe what had happened were not accepted.

The TOSIS was administered as a pretest and posttest to determine whether
students had improved their understanding of the terminology and concepts
associated with investigations. A two-way ANOVA was conducted to determine if
there were an effect for test occasion, group and/or interaction between the two.

The results of the TOSIS are presented in Chapter 4, Tables 1 and 2.

Problems associated with the validity and authenticity of pencil and paper
tests as measures of laboratory performance have been raised in the Literature
Review (p. 42) and for this reason students also performed pretest and posttest

investigations to determine the effect of the instructional program.

Investigation Planning and Report Sheet (IPRS)

An Investigation Planning and Report Sheet was designed to assess students'
science investigation skills in pretest and posttest investigations (Appendix D). The
IPRS was broadly/partially cued and similar planning and report sheets have been
found to have a Pearson product-moment correlation of 0.80 with students' actual
performances recorded on a check list by an observer (Toh & Woolnough, 1990).
Also, in a resource book prepared for the Education Department of Western

Australia, Hackling (1998) indicated the value of using partially cued worksheets to
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clicit responscs from students regarding planning and conducting investigations,
analysing data, and evaluating investigations. Teachers can make judgements about a
student’s performance from the IPRS and assign levels of achievement described in
the Student Outcome Statements (Appendix A). The data obtained from the IPRS are
authentic in that they describe a student's thinking and doing as they perform an
ivestigation in a group of three students. The results are likely to be affected by the
performances of other group members because collaboration occurs during the
planning and conducting phases of the investigation. In comparison, the TOSIS may
be more reliable in assessing individual student's pencil and paper skills and
understandings of investigations, however, it lacks authenticity because 1t is unrelated
to performance on an actual investigations. Together these data gathering procedures

are complementary in nature.

The format of the IPRS for the pretest and posttest investigations was the
same (Appendix D). The problems that students were asked to investigate were
different, but similar in many respects. The effects of task and domain specificity on
performance/practical assessment have previously been documented (Haertel 1993,
Linn, Baker & Dunbar, 1991, Shavelson & Baxter, 1992) and so efforts were made
to construct investigations that were parallel in content and structure. The pretest
and posttest investigation problems are presented in Figure 4 and a comparison of
the features of the investigations is presented in Figure 5. The features include the
science content knowledge or the conceptual context, the independent variables that
the students could choose to manipulate, the dependent variable and how it was

measured, and the type of graph that would be needed to interpret patterns in their

data.
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Pretest Lipase is an cnzyme found in the small intestine. Lipase helps to
Investigation digest food by breaking fats into fatty acids. For cxample it breaks
down the fat in milk into fatty acids. The environment in the small
intestine where the lipase works, is very slightly basic and the
temperature 1s 37 °C. The fatty acids that are produced by the action
of the lipase make the solution acidic.
(a) What variables might affect how quickly this will take place?
(b) Which variable will you investigate?
(¢) Write an hypothesis for your investigation.

Posttest Trypsin is an enzyme found in the small intestine. Trypsin helps to
Investigation digest food by breaking down protein. The environment in the
small intestinc, where the trypsin works, is very slightly basic and
the temperature is 37 °C. Trypsin for example, breaks down the
protein called gelatin. Gelatin is found on undeveloped
photographic film and when a film is put in a trypsin solution the
gelatin reacts.
(a) What vanables might affect how quickly this will take place?
(b) Which variable will you investigate?
{c) Write an hypothesis [or your investigation.

Figure 4. Pretest and posttest investigations (lipase and trypsin)

It is also acknowledged that the gencralisability of performance assessment
is influenced by the type of instruction relating to the performance. To ensure that
students were given similar directions/instruction, for both investigations, the
teachers spent approximately 10 minutes of the first lesson discussing a background
information sheet (Appendix D) relevant to the action of the enzyme that the
students were investigating; lipase on milk for the pretest and trypsin on
photographic film for the positest. Antecedent instruction was therefore guided by
the information sheet in recognition that this is an important influence on
performance assessment (Gipps, 1994). After this period of instruction, students
were advised to spend the remainder of the first lesson (40 minutes) planning the

investigation and conducting some preliminar ' trials, the second lesson collecting
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the data, and the third lesson finishing off their work and writing up the

investigation. They worked in groups of three for the two lessons that involved

planning, trialing and data collecting. During the third lesson they worked

individually to write up their IPRS. Group membership was determined by the

students and where possible remained the same for .ic duration of the program.

Teachers were instructed to not help students during the pretest and posttest

investigations.

Features of Pretest Posttest

investigation (lipase investigation) (trypsin investigation)
Conceptual Enzyme action, provided on Enzyme action, provided on
context worksheet worksheet

Independent Temperature of milk ¢ Temperature of solution ¢

varniables that
could be chosen

Dependent
variable

Measured by

Graph

Amount of lipase ¢
Amount of milk ©
Type of milk ¢

Time for the milk to become
acidic

Observation of indicator
colour change

Column or line depending on
the variable selected

Amount of trypsin ¢
Amount of film ¢
Amount of base ¢

Time for the film to become
clear

Observation of film to
become clear

Line

Figure 5. Comparison of the features of the pretest and posttest investigations

(Note. € continuous variable, 4 discrete variable)

Students' performances on the Investigation Planning and Report Sheets were

coded into standards or levels of achievement using a version of the Working

Scientifically strand of the Science Profile (Australian Education Council, 1994b)

that was revised by the Education Department of Western: Australia (1997) in a trial

of Student Outcome Statements (Appendix A: Student Outcome Stalements:

Standards for the Assessment of the Pretest and Posttest Investigations). This form

of assessment is advocated by Sadler (1987) and described by Gipps (1994) as a
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move away {rom normative assessment without going as far as criterion referenced
assessment. The performance standards represent eight levels of achievement.
According to Baker et al. (1991), specifying the cognitive demands, scoring criteria,
performance standards and context quality, ensures the compatibility of performance

assessments.

Students were assigned levels of achievement for each of the four substrands
of an investigation; Planning investigations, Conducting investigations, Processing
data and Evaluating investigations. A student's level of achievement for Planning
investigations was determined from their responses to the first three sections on the
IPRS; the Problem, Planning, and Preliminary trials. Their level of achievement for
Conducting investigations was determined from their response to the fourth section,
Collecting data. Processing data was determined from the fifth section (Processing
data) and Evaluating investigations from the student's responses to the last section of
the IPRS (Evaluating findings). For students to be assigned a particular level of
achievement they needed to exhibit competency for all aspects of the level statement
that could be exhibited by performing the task. Students who did not write
comments for sections of the IPRS that corresponded to particular substrands were

assigned a score of zero for that substrand.

To ensure that the coding of the substrands of the IPRSs into levels of
achievement was reliable, the following procedures were adopted. A sample of five
[PRSs was randomly selected and independently scored by two markers.
Discrepancies in the scores were discussed and a consensus was reached on
individual student's levels of achievement. Following this training, a sample of 15
randomly selected investigations was scored independently by the same two
markers. The proportion of judgement cases in which both markers assigned the
same level for a substrand was calculated. An inter-rater reliability of 0.82 was

achieved on the assignment of levels of achievement. These data are presented in



Appendix K. One of the markers then scored all of the pretest and posttest IPRSs.
To determine the intra-rater reliability, one week after completing this scoring, this
marker rescored 10 of the IPRSs and an intra-rater reliability of (.88 was oblained.

These data arc presented in Appendix L.

The numbers of students who achieved a particular level on the pretest and
posttest investigation were tallied for each of the phases of investigating (Table 3).
A Wilcoxon Matched-Pairs Signed-Ranks test was conducted to determine the effect
of test occasion, and following that a Kruskal-Wallis One-Way Analysis of Variance
was conducted to determine 1f there were a statistical difference between the

performance of the groups, Classes TN, TC and SC on the prelest, and on the

posttest.

Students' written responses to the pretest and posttest IPRS were examined in
detail for trends and patterns in the data. A number of assertions were generated
from these data and they are discussed and presented in Chapter 4. At the

completion of Chapter 4, the Summary of the Chapter collates the assertions.

Questionnaires

The students responded to three questionnaires at the completion of the May,
August and November sequence of lessons (Appendix M). The purpose of the
questionnaires was to gather information about students' perceptions of the
investigations, the cognitive apprenticeship model of instruction and the assessment
procedures. Some quantitative data were gathered and these are presented as
descriptive statistics (Chapter 5). Students' responses to open-ended questions were
collated and categorised, and some direct quotations are included. Assertions that
summarise the data and are presented throughout Chapter 5. A search for data that

confirmed or disconfirmed assertions grounded on previously presented data was
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made. Chapter 5 concludes with a Summary of the Chapter in which a collation of

assertions from the questionnaire data is presented.

Interviews

In-depth, semi-structured interviews were conducted by the researcher with
teachers and groups of students participating in the study. The interviews were
shaped by the tasks that the students and teachers participated in, and by the nature
of the assessment. The questions were not predetermined although the researcher
deliberately sought data about the instructional program and the assessment. Patton,
(1990, p. 280) describes this as a "general interview guide approach” in which a set
of issues that are to be explored are outlined before interviewing begins. He adds
that the 1ssues need not be taken in any order and the actual wording of the questions

is not determined in advance.

Individual teacher interviews were conducted after each set of
investigations. The purpose of the interviews was to provide the teachers’
perspective of the students' investigation competencies, the cognitive apprenticeship
model of instruction and the assessment procedures. Their responses were collated
and presented as assertions in Chapter 6. A search was made for disconfirming and
confirming data to obtain triangulation of the assertions. In Chapter 6, the Summary
of the Chapter collates the assertions and documents support for previously

generated assertions.

For the students' interviews an interactive group interviewing strategy was
used (Tikunoff & Ward, 1980). Tikunoff and Ward espouse that puiting participants
together as a team increases both the meaningfulness and the validity of the findings.
They add that the research is less intrusive and reduces the reactivity of the

participants. Participants are more cooperative and have an improved understanding
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of the research process. Group interviews are described by Fontana and Frey (1994)
as the systematic interviewing of several individuals simultancously in formal or
informal settings. They contend that the interviewer can direct the interaction and

inquiry in either a very structured or very unstructured manner.

One group of three students from cach of the three classes was interviewed
after each 10 lesson sequence. Three class teachers selected a particular group from
their class and Groups TN, TC and SC were interviewed following each of set of
investigations. All interviews were audio taped and students' responses were
collated into the themes of investigation competencies, the cognitive apprenticeship
model of instruction, and the assessment regimes. In Chapter 7 the groups’
perceptions were summarised and reported as assertions. These data were cross
referenced with previously presented assertions and consistencies and

inconsistencies recorded, and collated in the Summary of the Chapter.

Observations

The purpose of observational data is described by Patton (1990, p. 26) as "to
take the reader into the setting that was observed," and for this to occur he adds that
the data must have depth and detail to be sufficiently descriptive for the reader to
understand what occurred and how it occurred. Janesick (1994) cautions that the
analysis and interpretation of observational data should be balanced by descriptions.
This perspective echoes the balance previously cautioned by Roberts (1996) about

qualitative research producing case stories instead of case studies.

In this research direct observations of the classes were not made because the
teachers were uncomfortable with the presence of an observer. Audio and video
recordings were made of the teachers and specifically Groups TN, TC and SC.

Subsequently, the recordings were analysed by the researcher in terms of the
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cognitive apprenticeship model of instruction and the assessment procedures. They
were viewed in conjunction with students' portfolios of work. The audio and video
data arc presented as assertions in Chapter 8. A scarch was made for data that were
consistent or inconsistent with previously gencrated assertions. The Summary of the
Chapter collates the assertions that were generated and highlights confirming and

disconfirming data.

Chapter 9 collates the assertions from the various data sources under the
headings Investigation Competencies, the Cognitive Apprenticeship Model of
Instruction and Assessment. Each assertion is first identified by the data source
from where it originated and also other data sources that provide confirming
evidence. Disconfirming or contrasting assertions are presented in italics. This
triangulation and audit trail of the assertions was conducted to improve the

credibility and trustworthiness of the data.
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Summary of the Chapter

This Chapter addressed the methodology of the research. The sctting,
including students and classes, and teachers was described, and factors associated
with the implementation of the instructional program such as organisational matters,
implementing the cognitive apprenticeship model of instruction, and the assessment
procedures were addressed. Methodological issues associated with the design of the
research were discussed and these include data interpretation and tnangulation, and
the inclusion of quantitative data into a study based on a qualitative research
methods. Data gathering and analysis included pre and posttest data from the pencil
and paper Test of Science Investigation Skills and students' performances on
investigations as measured by Investigation Planning and Report Sheets. Data were
also gathered and analysed from student questionnaires, teacher interviews, student
group interviews and observational data {rom audio and viceo tapes, and these
procedures are discussed. Procedures implemented to tnangulate the data were also

addressed.
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CHAPTER 4

PRETEST AND POSTTEST MEASURES OF STUDENTS' INVESTIGATION
COMPETENCIES

Overview of the Chapter

This Chapter discusses pretest and posttest data that were gathered to monitor
the development of students' investigation competencies. From these data inferences
can be made about the effectiveness of the instructional approach and the effect of
different assessment procedures implemented in the study; teacher assessed and
norm referenced (Class TN), teacher assessed and criterion referenced (Class TC),

and student assessed and criterion referenced assessment (Class TC).

Two complementary data gathering procedures were used, the pencil and
paper Test of Science Investigation Skills (TOSIS) and practical investigation
performance as recorded on an Investigation Planning and Report Sheet (IPRS). A
copy of the TOSIS and the coding sheet are located in Appendix J, and condensed

versions of the pretest and posttest IPRS are in Appendix D.

The Chapter first compares the pretest and posttest total TOSIS scores for the
classes in the study, and the pretest and posttest scores for specific investigation skill
and concept areas comprising the TOSIS. Second, it addresses students' planning,
conducting, data analysis and evaluation of their investigations as recorded on the
IPRS. Quantitative analyses of the classes' pretest and posttest performances are
presented, and qualitative data about the nature of students' responses on the IPRS
are discussed under the headings Planning investigations, Conducting investigations,

Processing data and Evaluating investigations.
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Test of Science Investigation Skills (TOSIS)

Features of the TOSIS and the scoring procedures, as well as information
about its reliability are described in Chapter 3. Analyses of the TOSIS data were at
two levels; a comparison of the pretest and postiest total scores and comparisons of

the scores on specific skill and concept areas.

Total TOSIS Scores: A Comparison of Classes on Pretest and Posttest Scores

Descriptive statistics for the mean total TOSIS score for each class are
presented in Table 1 and Figure 6. The data indicate that gains were achieved in the
mean total test scores by each class. Using an SPSS computer program, a two-way
Analysis of Variance (ANOVA) was conducted to determine whether there was an
effect for test occasion (pretest and posttest), an effect for the group (Classes TN, TC
and SC), and/or an interaction effect between the two. The analysis revealed an
effect for test occasion, E (1, 2) = 66.68, p < .01, no effect for the group, and no
interaction effects. Therefore, it may be concluded that students' performances
improved significantly over the period of intervention that employed a cognitive
apprenticeship approach to instruction. In addition, there was no significant
difference between the classes that were exposed to the different assessment
procedures.

Table 1. Means and standard deviations for the pretest and posttest total TOSIS
scores, and the gains in the means for Classes TN, TC and SC (Maximum

score = 23)
Class Pretest Posttest Gain in
Mean Stdev Mean Stdev mean
TN (n=23) 11.30 2.87 15.43 2.52 4.13
TC (n=22) 11.23 3.02 15.45 2.97 4.22

SC(n=24) 11.13 3.42 14.29 3.88 3.16
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Figure 6. Mean total TOSIS pre and posttest scores {or the three classes

TOSIS Scores for Specific Skill and Concept Areas: A Comparison of Classes

on Pretest and Posttest Scores

The data were also analysed in terms of skill and concept areas. These
subtests corresponded to identifying variables, writing an hypothesis; planning an
investigation; drawing conclusions; identifying methodological limitations; and
understanding concepts of hypothesis, thcory, data and conclusions. The maximum
possible score for these subtests was small (eg. 1 mark for Writing an hypothesis, 8
marks for Planning an investigation), and because there was a limited number of
items contributing to the subtest scores, it was decided that furthcr statistical analysis

would be inappropriate.
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The descriptive statistics for cach sublest are presented in Table 2 and the
pretest and posttest means for cach skill and concept arca arce represented graphicaliy
in a series of figures; Figure 7 (Identifying variables), Figurc 8 (Writing an
hypothesis), Figure 9 (Planning an investigation), Figure 10 (Drawing conclusions ),
Figure 11 (Identifying methodological limitations), and Figure 12 (Understanding
the conc epts of hypothesis. theory, data and conclusions). These data need to be
interpreted with caution because some skill and concepl arcas are determined by one
test item (Table 2) and because, for some items, small gains in the mean scores
represent large a percentage increase. This is illustrated by the classes' mean gains
and percentage increases for the skill Writing an hypothesis. ldentifying
methodological limitations, also based on one test item, had a minimum increase of
76% for Class SC. The relatively small gains in Identifying variables may be

attributable to high pretest means and consequently a limited potential for gain.

In summary, although it was reported previously that there was no significant
difference in the total TOSIS scores for the classes, graphs for pretest and posttest
specific skill and concept arcas show some differences. For the skills Identifying
variables (Figure 7) and Writing an hypothesis (Figure 8) the improvements in
performance for each class were similar. In contrast, for Planning an investigation
(Figure 9) Class SC had slightly less improvement than the other classes, and for
Drawing conclusions (Figure 10), Identifying methodological limitations (Figure 11)
and Understanding the concepts of hypothesis, theory, data and conclusions (Figure 12),

the improvements for Class SC were noticeably less than for the other classes.

Following Figures 7 - 12, the Chapter addresses students' competencies at
planning investigations, conducting investigations, processing data and evaluating
investigations from their performance of an investigation and indicated by students'
written responses recorded on Investigation Planning and Report Sheets. In

addition, the nature of students' responses is discussed.
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Table 2. Mecan pre and postiest scores, gain in mean scor: and percentage increase
in mean score for skill and concept arcas on the TOSIS for Classes TN

(n=23), TC(n=22)and SC (n=249)

Skill or conceptarca  Maximum Class Pretest  Posttest Gainin  Percentage

score mean  mean  mean Increase

Identifying varnables 6 TN 4.87 5.48 0.61 13
Q. 1,6,7&8 TC 523 5.64 0.41 8

SC 4.79 5.38 0.59 12
Wrting an 1 ™ 035 0.91 0.56 160
hypothesis Q. 2 TC 032 0.91 0.59 184

sC 0.25 0.83 0.58 232
Planning an 8 TN 2.48 4.22 1.74 70
investigation Q. 3 TC 2.18 3.77 1.59 73

SC 2.42 3.75 1.33 55
Drawing conclusions 2 ™ 091 1.13 0.22 24
Q.4 TC 077 1.05 0.28 36

SC 0.87 0.92 0.05 6
Identifying 2 ™ 039 0.87 0.48 123
methodological TC 023 0.86 0.53 274
limitations Q. 5 sC 0.33 0.58 0.25 76
Understanding the 4 TN 230 28 053 23
concepts of

2

hypothesis, data TC 250 3.23 0.73 29
theory and SC 2.46 2.83 0.37 15

conclusions Q. 9-12
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Figure 8. Writing an hypothesis: Pretest and posttest TOSIS mean scores for the
three classes
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Figure 9. Planning an investigation: Pretest and posttest TOSIS mean scores for the
three classes
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Figure 10. Drawing conclusions: Pretest and posttest TOSIS mean scores for
the three classes
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Figure 11. Identifying methodological limitations: Pretest and posttest TOSIS mean
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Investigation Planning and Report Sheet (IPRS)

A Comparison of Classes on Pretest and Posttest Investigations

As previously described (Chapter 3) students' performances on the
Investigauon Planning and Report Sheets were coded into levels of achievement for
each of the four substrands of an investigation; Planning investigations, Conducling

investigations, Processing data and Evaluating investigations.

The number of students who achieved a particular level on the pretest and
posttest investigation was tallied for each of the phases of investigating (Table 3).
From these data it is evident that for each class there are improvements in students'
performances from the pretest to the posttest. Students who failed to attempt a
particular section of the [PRS are tallied as incomplete. For the pretest, these tallies
represented an overall 76% completion for Class TN, 64% for Class TC and 72% for
Class SC. Although all students completed the Planning investigations section of
the pretest, the number of students failing to respond increased for the last sections
of the IPRS. This may have been due the fact that students did not have an overview
or conceptual model of the investigation. Their IPRSs suggested that they were
disorganised and unable to finish in the allocated time, and/or that they did not
understand what was required to complete the questions. This was evident from
their IPRS which showed that many had collected insufficient or erroneous data for

analysis.
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Table 3:  Number of students in the three classes who achieved at various levels for
Planning investigations, Conducting investigations, Processing data and
Evaluating investigations on the pretest and postiest

Level Class TN Class TC Class SC
(n=21) (n=24) (n=20)
Pretest  Postiest Pretest  Postiest Pretest Postiest

Planning investigations

2 3 0 0 0 1 0
3 9 0 16 1 10 0
4 7 3 6 9 7 13
5 2 15 2 8 2 7
6 0 3 0 6 0 0
Incompleted 0 0 0 0 0
Conducting investigations
2 0 0 5 0 5
3 21 0 15 0 15 3
4 0 6 1 11 0 15
5 0 12 0 14 0 2
6 0 3 0 0 0
Incomplete 0 0 3 0 0 0
Processing data
2 5 0 4 0 0 0
3 13 1 14 0 16 1
4 0 11 0 18 0 16
5 0 9 0 5 0 3
6 0 0 0 1 0 0
Incomplete 3 0 6 0 4 0
Evaluating investigations
2 8 0 0 0 0 2
3 6 3 5 5 4 3
4 1 15 9 8 8 10
5 0 3 0 11 0 5
6 0 0 0 0 0 0
Incomplete 6 0 10 0 8 0

Note. 2 Incomplete refers to the number of students who did not completed the IPRS.
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Students' performances on the posttest investigation are also summariscd
in Table 4. This shows the pereentage of students in cach class who achieved at
Level 5. This Level 1s considered to be a benchmark for students in Year 9. s
cvident that Class SC did not perform as well as Classes TN and TC for Planning
investigations, Conducting investigations and Processing data. For Evaluating
investigations, 25% of students in Class SC performed at Level 5, compared with
46% in Class TC and 14%: in Class TN.

Table 4:  Percentage of students for the three classes who achieved the benchmark

of Level 5 on the posttest for Planning investigations, Conducting
investigations, Processing data and Evaluating investigations

Percentage of students achieving the benchmark
standard of Level 5 on the posttest

Class TN Class TC Class SC
Planning Investigations 86 58 35
Conducting Investigations 71 58 10
Processing Data 43 25 15
Evaluating Investigations 14 46 25

The Wilcoxon Matched-Pairs Signed-Ranks test was uscd to compare the
classes' pre and posttest levels of performance for the four phases of investigating.
Details of the tests are summarised in Table 5 and indicate that in all cases the
posttest levels were greater than the pretest levels, p < .01 for one tailed tests. The
test therefore supports the descriptive data (Tables 3 & 4) and indicates that the

improved performance due to test occasion was statistically significant.



Table 5. Analyses of changes from pretest to posticest score (levels) for the three

classes on the four phases of investigation, using the Wifcoxon Matched-
Pairs Signed-Ranks test

Class Phasc of  Number of changes in level Z p<.0l
investigation between the pretest and for a onc-
postiest tailed test
+ve -ve ues
changes changes

TN Planning 17 0 4 3.62 *
(n=21) Conducting 21 0 0 4.01 *
Processing 20 0 ! 3.91] *
Evaluating 19 0 2 3.82 *
TC Planning 22 0 2 4.10 *
(n=24 Conducting 24 0 4.28 *
Processing 24 0 0 4.28 *
Evaluating 21 3 0 3.77 *
SC Planning 13 0 7 3.17 *
(n =20) Conducting 17 0 3 3.62 *
Processing 19 0 1 3.82 *
Evaluating 16 1 3 3.40 *

Level 5 represents an expected benchmark for performance of Year 9

students and Tables 3 and 4 indicate that fewer students in Class SC achieved Level

Son Planning investigations, Conducting investigations and Processing data.

Therefore additional analyses were conducted to determine whether differences

between the classes performances were significant. The Kruskal-Wallis One-Way

Analysis of Variance (Table 6) was used to determine whether the three classes were

equivalent on the pretest measures of performance for the four phascs of

investigating. This test indicated that there was no significant difference (p <.01) in

the classes' performances and confirmed the equivalence of the three classes at the

pretest. However, on the posttest there was a significant difference between the
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performance of the three classes for the planming phase (H=9.76,dt =2, p < .01)
and also for the conductng phase (H = 19.36,dt = 2, p < .01). Therclorc, these
statistics confirm trends that emerged in the desenptive staustics for the {PRS
(Tables 3 & 4) that showed fewer students 1in Class SC attained the benchmark level
ol performance on the posttest than students in Classes TN and TC. Also, they arc
consistent with results from the TOSIS which showed Class SC recorded smatler
gains than the other classes for Planning an investigation (Figure 9), Drawing
conclusions (Figure 10), Identifving methodological limitations (Figure 11) and
Understanding concepts of hvpothesis, theory, data and conclusions (Figurc 12).
Reasons for the more modest performance of Class SC on Planning and Conducting
investigations arc not evident from these data or from data gathered from the
students' IPRSs. Class SC, however, expenienced student assessed cniterion
referenced assessment whereas the other classes were teacher assessed and the
poorer performance of the class may be due to the nature of feedback that students

reccived after completing their investigations.

Table 6. Comparison of classes on pre and posttest performance 1n the four phases
of investigation using the Kruskal-Wallis One-Way Analysis of Vanance

Test occasion  Phase of H corrected for df p<.0l
investigation tes

Pretest Planning 0.2869 2
Conducting 6.3920 2
Processing 1.6948 2
Evaluating 1.9046 2

Posttest Planning 9.7627 2 *
Conducting 19.3654 2 *
Processing 3.3307 2

Evaluating 2.3823

to




The Nature of Students' Responses to the IPRS

Planning investigations

During the pretest investigation 1t was intended that students would
investigate factors that affect how quickly lipase breaks down fats in milk into fatty
acids and 167 of students did this. Many students (66%.) investigated factors that
affect the acidity of mulk, and for these investigations pH was the dependent variable
instead of time. 1tis difficult to determine the reasca/s why students did this but it
may have been because they were provided with a colour chart for the pH changes
of Universal indicator. A further 18% cither did not complete the section or wrote
hypothescs that could not be tested. The independent variables selected by students

included the temperature, amount of milk, amount of lipase and type of milk.

Of the hypotheses that the students wrote on their IPR3, 42% were unlikely
to be supported by data (Assertion 1). For example, 13% of students hypothesized,
"The higher the temperature the more acidic milk becomes in the presence of
lipase.” This indicates that students applied the more general chemistry principle
that an increase in temperature causes an inerease in reaction rate and did not know
that at high temperatures enzymes will denature and become ineffective (Assertion
2). Only one student (1.5%) investigated the conversce of this hypothesis which is
likely to be supported by data. Although in science it is quite common 10 propose an
hypothesis that is ultimately not supported by data, Y car 9 students in this study
experienced difficulties when dealing with disconfirming data. The ways that
students 1ttended to the mismatch between their hypothesis and their data are

discussed later in this Chapter.

Assertion 1: Many hypotheses that students investigate are unlikely to be

supported by data.
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Assertion 2:  Many students think that an increase in temperature decreases
the time taken for all reactions (including reactions involving

biological enzymes).

It seems that the conventional wisdom 'the less you have the quicker it goes'
and its converse ‘the more you have the longer it takes lo go' are reasonable rules
that govern behaviour. However, in science these 'rules' only apply in some
instances. In chemistry they apply when reactions go to completion. The 'rules’ do
not apply when referning to rates of reaction. For example, the time taken for the
completion of a reaction between ions in concentrated solutions is longer than for
ions in dilute solutions of the same substance. In contrast, the initial rate of change
for concentrated solutions is greater than for dilute solutions. Hence, if students
formulate their hypothesis with the expectation that they are measuring the time
taken for the reaction to go to completion and actually measure the rate of the
reaction then they are likely to draw conclusions that are inconsistent with
established science. For example they may collect data for a range of concentrations
over a predetermined period of time or until they obtain a predetermined amount of
product. In these instances they will measure the rate of the reaction. Hence, if they
assume that they are measuring the completion of the reaction then they are likely to
conclude that the more concentrated solution reaches completion before the less
concentrated solution. A specific example follows and these ideas are expressed as

Assertion 3.

Some students (12%) varied the type of milk and investigated the hypothesis,
"The more fat in the milk the longer the milk takes to become acidic in the presence
of lipase." Itis likely that the students believed that with more fat in solution the
reaction would take longer to reach completion. Using the rates of reaction concept,

solutions with more fat molecules will initially react with lipase more quickly and
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the time taken for the solution to become acidic will be fess, although it will take

longer to reach completion.

Assertion 3:  Some students interpret the time taken for the reaction to mean
the time for the reaction to go to completion. This results in
difficulties when they collect their data over a fixed time period

and hence measure the rate of the reaction.

Another problem for students arose when they did not keep the volume of the
reaction constant. A number of students (17.5%) investigaied how the amount of
milk affects the acidity of the resulting solution and hypothesised, "The less mitk
(fat) the quicker it becomes acidic in the presence of lipasc." These hypotheses were
confirmed by students' data because they had not kept the reacting volum. constant
and the concentration of the enzyme was higher in a smaller volume of milk.
However, the hypothesis is unlikely to be supported if the volume of the reacting
substances is kept constant because with a more dilute solution the reaction rate is
slower. These students did not have an appreciation that \ olume must be kept

constant for a fair test {(Assertion 4).

Assertion 4:  Some students who investigate the effect of the amount of
substance in a chemical reaction on the time taken for the

reaction, do not contro! for the volume of solution.

For the pretest most students indicated that they understood the notion of a
fair test and the need to keep some factors constant and were assigned Level 3
according to the Student Outcome Statements (Appendix A; Education Department
of Westem Australia, 1997). Students found the identification of the variable to be
changed and the dep~ndent variable to be measured (Level 4) difficult in the pretest.

The dependent variable could be measured by recording the time taken for the
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Universal indicator to undergo a specific colour change in response to changes to the
independent vaniable as outlined in Figure 5. As mentioned previously, many
students investigated factors affecting the amount of fatty acids produced by milk
and they found it extremely difficult to determine how to measure the dependent
variable because there was virtually only one colour change for the Universal
indicator. Tk s procedure would be acceptable if students recorded the colour
change over a fixed period of time. However, almost all of these students showed

no evidence of timing the reaction.

For the posttest investigation 35% of students investigated hypotheses that
were unlikely to be supported by the data. Twenty three percent of students
hypothesised the higher the temperature the quicker the trypsin reacts with protein;
4.5% hypothesised the more basic the solution the faster the reaction; 3%
hypothesised the less basic the faster the reaction; and 4.5% the more solution (with

a fixed trypsin to solvent ratio) the faster the trypsin will react.

More students wrote an hypothesis and were able 1o use the hypothesis to
focus their planning. They were able to list the vanables important in the data
collection and planned to control several of them. In addition, they planned data
collection procedures, equipment and technioues to be used (Level 5). For example,
Kit hypothesised, "That the trypsin reacts slower as the range between the testing
temperature and 37 °C increases,” and her plan revealed a sound understanding of
the variables that she planned to control and how she would measure the variables.
She stated that her preliminary trials at 37 °C and 23 °C were used to see if the data
collection were feasible. However, after the investigation she realised that her
planning was not adequate because she tested over too large a range of tcmperatures
(between 10 °C and 84 °C) and the trypsin took 100 long to rcact.

Kit: (Referring to the preliminary trials) We simply umed how long it took for

the protein to react with the trypsin (for the film to go clear) at 37 °C and
23 °C. As these results seemed reasonable, we began our investigation.



However, il we had more time we would have realised that such an
extensive temperature range caused many problems (eg. took too long) and
so we may have changed our plan.

Most students used preliminary trials to observe the phenomenon being
investigated, and to organisc their data collection (Assertion 5). Most did not usc
the preliminary trials to determine the range over which they should collect data or
the intervals of data collection (Assertion 6). Typical of students' responscs arc
those by Pippa, Kelly, Kim, Emma and Tina and these comments substantiate
Asscrtions 5 and 6. They wrote how they would observe the phenomenon (Pippa)
and organise general aspects of the investigations such as the number of tnials
(Kelly); the management of time (Kim); the water bath and how 10 measure the

dependent variable (Emma); and how to organise control of the temperature (Tina).

Pippa:  We tnaled it to see how it would work.

Kelly:  We changed from doing 4 experiments to 3. We also changed the amount
of water we were going to use (in the water bath),

Kim: We decided to put a couple of test tubes into the waler bath at the same
time because doing it seperate (sic) (1 at a ime) it took too long.

Emma: By doing these trials we found that the tap water was better experimented
in a big beaker (water bath), also it was hard to be accurate with the
clearence (sic) in the proten (sic), so we waited till it was completly (sic)
clear and then stopped the timer.

Tina: Regarding the 70 °C water we attempted to try and "top up” the beaker
with more 70 °C water. It didn't keep the temperature constant but merely

slowed the rate of heat loss. We also increased our monitoring of the film
in order to get an acurate (sic) time.

Assertion 5: When planning investigations most students use preliminary
trials to observe the reaction/experiment and to organise

procedures.

Assertion 6: When planning investigations most students do not consider the
range over which the data should be collected or the data

collection interval.
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For the postiest investigation a few students achicved Level 6 because they
were able to analyse the problem; formulate a question or hypothesis for tesung; use
scientific knowledge to identily the main vanables to be considered and make
predictions; and plan for accurate measurcments. For example, Vaille proposed to
test the hypothesis, "The higher the temperature the faster the trypsin breaks down
the gelatin into protein,” and, after a highly detatled descrniption of her plan, she
outlined her preliminary tnals and the subsequent changes that she made. Vancessa
also achieved Level 6 for Planning investigations because she explained that she set
out to operationalise the measurement of the dependent variable.

Vaille:  The first preliminary trnial that we did was trying to increase the
temperature each time by 2 °C. We started from 35 °C and increased the
temperature by 2 °C up to 45 °C. This experiment did not work out
because it took a long time and there were 100 many to do (10 experiments
from 25°C t0 45 °C). We started from 35°C, 37 °C, 39 °C 10 41 °C and
we found out that 2 °C difference was not that much and we could not tell
the difference, as the time was only 2 seconds apart. As we realised that it
did not quite work out we increased the temperature and did another
preliminary trial. With the second preliminary trials, the expenment
seemed to be going pretty well. As a result of our first preliminary tnals
we changed the temperature increase each ime from 2 °Cto 5°C. Witha
difference of 5 °C each time it's not time consuming and the experiment
just turned out to be what we expected.

Vanessa: We also need to do trials to work out when the trypsin solution has broken

down the gelatin. (Later, after the trials she adds... ) We are going to
record our results from when the ilm turns completely clear.

Conducting investigations

Assessing students' abilities to conduct investigations was based on the
information presented in this section of their [PRS. From the pretest to the posttest
investigation, students improved in the amount of detail presented. As well, they
made more references to organisational factors, including group management (Rose)
and time management (Gill). This is supported by qucstionnaire data (Chapter 5) in
which they identify working cooperatively, managing time and being organised, as

investigations competencies that they have learned (Assertion 22, p. 121).
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Rose:  One way of making surc our data is accurate was o make sure everybody
did the same things and cach temperature was the same.

Gill: Working quickly we will set up four beakers ...

There was a tendency amongst some students 1o observe changes that they
thought would happen rather than changes that actually occurred. This is supported
by teacher tnterviews with Mrs Grant (p. 153) and student interviews with Group TC
{p- 176). ltis also exemplified on Marityn's IPRS and on the IPRS of other
nicmbers in her group, Dolly and Kara. At cight minutes they wanted Universal
indicator to change colour in the lipase and milk solution while at 14 minutes they
wanted the colour to stay the same. Dolly and Kara wrote simitar comments to
Marilyn.

Marilyn: 8 mins - Both (the reactions in) the water bath and normal water looked as
if they are trying to change (colour).

14 mins - Ne change except the hot bath has changed colour to darker
orange.

Assertion 7 is supported by previous rescarch findings. Researchers
(Duggan & Gott 1995; Foulds, Gott & fcasy, 1992; Germann & Aram, 1996) report
that students frequently interpret their results on the basis of what they think will
happen rather than the data beforc them. Furthermore, students' beliefs are held
with certainty (Kuhn, 1992) and arc persistent and resistant to change (Novak, 1988;

Novick & Nussbaum, 1982).

Assertion 7: Some students 'observe' changes that they think will occur in

investigations rather than changes that actually occur.

Overall, from the pretest to the posttest there seecmed o be a greater
appreciation of the need to control variables in an cffort to make surc the data were

not influenced by external factors (Level 4). In addition, students seemed to have
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developed an appreciation of the need to replicate or repeat the data collection,
average the results, and process the averaged results (Level 4). These tdeas arc

expressed in Assertion 8.

Assertion 8: Most students learn to repeat or replicate the data collection and

to average the results.

When students averaged their results, several assumed that time was a
decimal measure (Asscrtion 9). For examiple, Pearl wrote down the following times
from her stopwatch, 1 55.02; 1 59.56 and 2 10) and averaged them to arnive at 1.75
minutes instead of 1 minute 58.22 seconds. Similarly, Heather reported an average
time of 1 minute 75 seconds. In addition, it was evident that students had not
developed an appreciation of the degree of accuracy with which readings should be
made (Assertion 10) and this is exemplified by Pearl's records of the disappearance
of trypsin to pnints of a second accuracy. This could be expected because students
are typically not taught about significant figures and the uncertainty of measurement

until later high school vears.

Assertion 9: Some students treat time as a decimal measure and consider

seconds as one-hundredths of a minute.

Assertion 10: Most students do not have an appreciation of the degree of

accuracy to which measurements should be recorded.

There was some _* »rlap between Level 5, Conducting investigations and
Level 6, Planning investigations. In this study students who planned for accurate
data measurements (Level 6, Planning investigations) also conducted preliminary
trials of the experimental procedure to improve the procedure and/or measurement

techniques (Level 5, Conducting investigations). Therefore, students who achicved



Level 6 for Planning investigations also achieved Level S for Conducting
investigations. Students were unable to achieve Level 6 for Conducting
investigations because they were not provided with the opportunity to decide what
cquipment was needed and request equipment for the investigation. Some students
however, did achieve some of the pointers described by the Student Outcome
Statements such as using operational definitions to enhance the consistency of the

mcasurcment and recognising the difficulties in making accurate measurements.

Processing data

For the pretest many students gathered insufficient data to present in tables,
draw graphs and identify patterns and, as a result, they were unable to summarnse
patterns in the data (Level 3). For the posttest, all students completed all sections of
the IPRS. Students also collected more data and almost all had conducted repeated
trials and averaged their data. Most plotted line graphs where appropriate and
consequently they were able to make conclusions by summarising and explaining
patierns in the data (Level 4). Some students made conclusions that were consisient
with their data and, in addition, gave reasons for their conclusions based on
scientific knowledge (Level 5). To achieve Level 5 requires a description of patterns
in the data and an explanation of those patte ns in terms of scientific knowledge.
For this investigation students were expected to explain the phenomenon being
studied in scientific terms rather than illustrate an understaading of reaction rates
because this concept had not been studied. [n addition, Level 5 required students to
relate one phase of the investigation to another so that "Conclusions are consistent
with the data..." (Education Department of Western Australia, 1997). This ability to
relate different aspects of investigating requires hypothetico-deductive reasoning
(Lawson, 1995) or metacognition (Kuhn, Amsel & O'Loughiin, 1988) and supports
the notion that the whole investigation is greater than the sum of the parts (Hodson,
1992). More specifically Foulds et al. (1992) report that many students fail to sec

the importance of evidence in drawing conclusions. Tina's response to the
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processing data section of the investigation is typical of Level 5 achievement. She

tested the reaction rate of trypsin with gelatin at 6, 22,36, 60 and 70 "C; and stated

the following:

Tina: In conclusion our hypothesis was supported. We also concluded that the
further the temperature is away from body temp. whether it be colder or

hotter, the longer the trypsin will take to react with protein (cg. 70 °C and
6 °C took over 20 minutes longer to react than body temperature).

The Processing data scction of the IPRS was characterised by a wide range
of students' responses. [t appeared that many students had a confirmatory bias and
wanted to make a positive finding. As previously discussed, some students seemed
to unintentionally let this bias cloud their interpretations; a phenomenon previously
reported in the research hiterature (Duggan & Gott, 1995; Foulds, et al., 1992;
Germann & Aram, 1996). Other students seemed to intentionally change or modify
the hypothesis. This occurred when the hypothesis they chose was unlikely to be
supported if they 'correctly’ interpreted their data. Clearly from the students’
perspective there were two solutions to this dilemma; ecither change the hypothesis
or change the results. In science 15 is unethical to change data but it is less unethical
to change an hypothests or to finalise research questions after the research has been
conducted. [tis likely that students arc unaware ol these cthical issues. Hence, for
the student, it may be that they perceive changing the data cqually acceptable o
changing the hypothesis. Either option would provide them with a sense of 'getting
things right' and it is arguable that previous uccesses at school were based on
correct answers (Fairbrother & Hackling, 1997). The notion of "fudging”
experiments to get the "right answer" has been previously reported in the literature

(Rigano & Ritchie, 1995, p. 359).

The following discussion deals with ways that students confirmed their
hypotheses (Assertions 11, 12, 13, 14 and 15). Some students, however, obtained

confirmatory data to a scientifically correct hypothesis and their responses to the
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Processing data scction ol the IPRS arc not discussed. In addition, a few students
rejected their hypothesis (Assertion 16), and some had problems dealing with

continuous data (Assertion 17).

Some students confirmed their hypothesis with insufficient data
(Asscruon 1), For example, Chnistie, Jody and Harue hypothesised, "The more fat
in the nulk the higher the acidic rating.” They conducted a test on cach of two low
fat milk samples and one whole milk sample to discover that one of the low fat
samples and the whole sample had pH readings of between 5 and 6, and that the
second low fat mulk sample had a pH of between 6 and 7. From these hmited data,
of which one set of data was contrary to their hypothesis, they accepted the
hypothesis stang, “The more fat in the milk the more acidic the rating when passed
through the small intesstine (sic)," and added "Our test results tell us this.”
Similarly, with insufficient data Vaille, Mary and Naire accepted their hypothesis,
"The more lipase you put into the milk the more fatty acid you will gel.” Their data
collection revealed that they only conducted one test with lipase. In addition, for the
trypstn investigation Gill, Rose and Pippa confirmed their hypothesis that "Gelatin
reacts with trypsin best at 37 °C" with data at three different temperatures. none of
which was 37 °C. Their tests were conducted at "room temp (22 °C), freczing
(8 °C), oody temp (41-42 °C), and boiling (70-80 °C)." Clearly they should have

collected more data around 37 "C or maodified their hypothesis.

Assertion 11: Some students confirm their hypothesis with insufficient data.

Some students confirmed their hypothesis with highly dubious data
(Assertion 12). For example in the trypsin investigation Jo, Ed and Janet
hypothesised, "That the higher the temperature the faster the reaction will occur.”
They collected data for boiling water, tap water (24 °C) and icy water with the

temperature of the boiling water and the icy water unspecified. They averaged three
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sets of data for cach temperature to obtain times of 3.39 s (boiling waler), 11.26 ¢
(tap water) and 55.72 s (icy water). Clearly the resul? for boiling water are not
accurale as the enzyme would have denatured at high temperatures and the students
cither have fudged their results or have incorrect temperature readings. This 1s

consistent with rescarch by Rigano and Ritchie (1995).

Assertion 12: Soine students confirm their hypothesis with data from dubious

sources.

Some students confirmed their hypothesis by ignoring or rejecting data
(Assertion 13). For example in the trypsin investigation, Marion and Beth found the
average times [or the rate of reaction at specific temperatures to be 13.19 at 21 °C,
5.15at37°C,0.20 at 40 °C, and 10.22 at 62 °C. No units were stated for the time.
The students, however, confirmed their hypothesis stating, "The higher the
temperature the faster the reaction/the time taken.” Manon wrote that she arrived at
this conclusion "becausc as the temp. increased, the reaction/the time taken is
faster.” Ina similar vein, Susan and Vanessa confirmed their hypothesis, "The
larger the amount of fat in milk the slower the lipase will take to break down into
{atty acids." Their data indicated the opposite although they wrongly plotted two
points on their graph and may have reached this conclusion from the graphed results

rather than the results in the table.

A major difficulty for some students resulted from their understanding of the
relationship between temperature and reaction rate. The problem surfaced because
some students chose to investigate the effect of temperature on chemical reactions,
as in the catalyst investigation and the Panadol investigation, and [rom these
investigations they concluded, "The higher the temperature the faster the reaction
rate." When they performed the trypsin investigation some of these students decided

again to investigate the affect of temperaturc. This time they found that the reaction
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did not work at high temperatures. Many of thesc students disregarded the high
temperature results and dismissed the result saying that it didn't work. For example
the group compnising Janet, Jo and Ed dismissed the result by attnbuting the
problem to their inability to control the temperature of the walter bath. This notion
addressing the rejection of signmificant data to confirm the hypothesis 1s expressed in
Assertion 13,

Janet: When we did the boiling water we had problems Keeping the temperature

in one place so we disregarded 1t and included the water bath instecad
(40 °Cy.

Assertion 13: Some students ignore or reject data so that they can confirm

their hypothesis.

Some students rejected their hypothesis and formulated a new conclusion
based on insufficient evidence (Asscruion 14). For example, dunng the lipase
investigation Gay, Kim and Tammy imitially hypothesised, "The higher the
temperature of the water the more acidic the milk becomes in the presence of
lipase." They conducted the investigation at 4, 43 and 80 “C. They found that at
43 °C the lipase produced a milk solution of pH 5 whilc at other temperatures the
solution remained at pH 6. They 1gnored the result at 43 °C and rejected their
original hypothesis. Then they concluded that, "The temperature doesn't affect the
pH level of milk in the presence of lipase,” and added, "The results of our
investigation proves this." Clearly the students were correct in rejecting their
original hypothesis, however, the conclusion that they reached was based on
insufficient evidence. If they had used their limited data to form a conclusic.a then
they would have said that, "Milk becomes more acidic in the presence of lipase

around 43 °C."
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Assertion 14: When faced with unexpected results some students reject their
original hypothesis and formulate a new conclusion based on

inconclusive evidence,

Some students confirmed a different hypothesis from that which they
initially planned (Asscrion 15). For example, Kit and Sally hypothesised, “If the
amount of hpase 1s increased, then the rate of reaction will increase.” In one test
tube they placed 1 mL of hipasc and in the other S mL. Then, instead ol measuring
the titwe for the reaction they monitored the pH by looking for colour changes with
Universal indicator. In their conclusion they state that, "The amount of hipase docs
affect the pH valuc of the expenment once the reaction tekes place.” They made no
reference to the reaction time and did not collect any data for the time of the

reaction.

Assertion 15: Some students collect data in order to confirm a different

hypothesis from that which they originally planned to investigate.

Some students investigate an hypothesis that cannot be supported and
use their own data to reject the hypothesis (Assertion 16). This was encouraging
because from the preceding discussion, it is evident that most students 1n this study
had difficulties when dealing with unexpected or disconfirming data. Perhaps the
majority of students do not realise that it 1s scientifically acceptable to reject an
hypothesis based on disconflirming evidence. On the other hand it may be postulated
that the intellectual honesty required to deal with unexpected data is rare in Year 9
students. Encouragingly, some students (Rhyll, Simone aud Sarah) said that they
did not confirm their hypothesis. They performed a carefully planned investigation
to test the hypothesise that, "The more solvent you usc for the reaction the faster the
reaction of breaking down gelatin will be." After conducting three trials with

different volumes of solution and the same solute to solvent rauo, i students
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acknowledged that they had found virtually no difierence in the data. Simone wrote

... our hypothesis was proven wrong,” and added, "I think our conclusion was the

most appropriate for the amount of tnials that we did."

Assertion 16: Some students investigate an hypothesis that cannot be

supported and use their data to reject the hypothesis.

Some students viewed continuous data as discrete data (Assertion 17).
For example Gill, Rose and Pippa used a column graph to plot the time for the
recaction versus the amount of milk. Similarly Alice, Stephanic and Lara used a
column graph to plot pH versus the amount of milk. Nicki, Kerry and Diana failed
to use a scale on the temperature axis (horizontal axis) but did so on the time axis
(vertical axis). They effectively drew a column graph for temperatures of 6°C, 20 °C
etc. with each column approximately 2 mm apart. The nouon of presenting
temperaturc as a discrete vanable was evident in the work of other students. Some
of these students plotied column graphs with the temperature categories,
cold/freezing, warm, hot and very hot in random order on the horizontal axis. [tis
likely that some students who plotted continuous data as discrete data viewed the
data from a comparative perspective rather than as contnuting to a trend or pattern.
This was particularly evident when students did not avcrage or collate the results in
any way, but graphed each set of data as a separate incident. For example, nine
students plotted each pH reading they made during the lipase investigation. Some
used two column graphs to itlustrate 'before’ and "after' scenarios and others plotted
one column graph that showed both 'before' and 'after' columns. These findings are
consistent with students' difficulties associated with graphing previously identified

by Roth and McGinn (1997).

Assertion 17: Some students view continuous data as discrete data.
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Evaluating investigations

Many students identufied ditficulties that they experienced 1n doing the
imvestigations (Level 3). For example, Tina imphied that it was difficult 1o maintain
a constant temperature for the reaction and stated that the main source of error was,
"The testing (of trypsin and photographic film) 1n 70 °C water as we could not
stabilise the temp." At Level 4 students made general suggestions for improving the
investigation. Their comments were about needing better equipment, making more
exact measurements and doing more testing. Mary's suggestion about improving the
control of vanables typifies a Level 4 response. |

Mary:  If we were 1o do this again [ would like to divide the jobs up for each
person ( 1 person for the hot, | for the warm etc.)

To achieve Level 5, students were required 1o suggest specific changes that
would improve the techniques used or the design of the investigation. This could
involve saying how to improve the accuracy of the measurement procedure,
identifying a variable that was not kept the same across treatments and saying how
this could be achieved, or saying how the measurement procedure could have been

applied more consistently. Sarah's comments typify a Level 5 response.

Sarah:  The main errors were in taking the film out every 10 seconds. It was hard
to be exact. I think our results were wrong. Doing it again | would have
used trypsin from the same batch and kept them all the same temperature.

Few students' evaluations indicated that they were achieving Level 6. At
this level students are required to recognise inconsistencies in the data, identify the
main source of error, and to suggest improvements that would reduce the sources of
error. Students such as Penny varied the amount of trypsin between 2 mL and 8 mL
in the reaction with photographic film. The difference in the time for the reaction of
the gelatin was small so she suggested that their group should use a wider range of

amounts of trypsin. Other students who only conducted a few tests over a very wide
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range of temperatures suggested that they would repeat the ivestigation using a

smaller lemperature range.

Onc ot the dilemmas in Evaluating investigations 1s that the betler students
arc at planning and conducting investigations and processing data the less
opportunity they have to make suggestions to improve the investigation. For
example, in the preceding paragraph Penny achieved Level 6 for Evaluating
investigations because, after completing the investigation, she realised that she
should have gathered data over a wider range. In contrast, Vanessa and Susan
realised that this was important at the outset of the investigation and conducted
preliminary trials to identify the range over which they would gather their data and
although they received Level 6 for Planning investigations and Conducting
investigations they received Level 5for Evaluating investigations. This anomaly
with assigning Levels of achievement to the Evaluating investigations substrand is
exemplified by the pretest and posttest scripts of Diana and Helen. In her pretest
Diana states that she has not controlled all the variables and adds that she would be
more careful with the quantities she used. Hence, she was assigned Level 4 because
she made "ge .eral suggestions for improving the investigation.” In contrast, in her
postiest she says that she has been more accurate and, as a result, does not make
general suggestions to improve the investigation. Consequently she was not
assigned Level 4 in her posttest investigation. Similarly, Helen makes general
suggestions for improving her pretest investigation (Level 4), but does not do this
for her postiest investigation.

Diana:  (Pretest) The quantities of indicator and sodium (sic) used may have
varied however we are confident our conclusion is correct. In repeating
this experiment we would be more careful of the quantities used and we
would set ourselves more time. (Level 4)

Diana:  (Posttest) We found no main sources of error in our experiment. We are

confident that the conclutions (sic) are accurate. We would allow more
time to trial and study the experiment. (Level 3)
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Helen:  (Pretest) The main sorces (sic) of error in our experiment 1s that we forgot
to time how long it took for the milks to change colour 1n the water bath
and this should of determined our results. We are not very confident of
our conclusion although if our hipothesis (sic) was "The amount of acid 1n
different milks' (sic)" our confidence would be greater. We would time
how long 1t took for the milk to change colour and rewriwe the method.
(Level 4)

Helen:  (Posttest) Our main source of error was the accuracy of our results.
Although our hypothesis was supported by our results we could have been

more precise. We are confident that our results are supported although not
1o (sic) much detail. (Level 3)

When asked, "If you were to do this investigation again how would you
change the investigation?" common responses were that students would change the
hypothesis. Kim's comment below, is consistent with the previous discussion about
the dilemmas studen:s experience when they realise that their hypothesis is not
scientifically correct. The perception that most students believe they need to test a

scientifically accurate hypothesis is expressed in Assertion 18.

Kim: Our hypothesis was not right. ...start off with a new hypothesis.

Assertion 18: Most students perceive that it is necessary to investigate and

confirm a scientifically 'correct' hypothesis.

Some students, Carol and Simone comment that they would investigate
different vanables if they were to repeat the posttest. This may be due 1o the fact
that they were unable to confirm their hypothesis with the data that they had
collected.

Carol:  If we did it again we would probably change the temperature instead of
the amount of sodium hydroxide.

Simone: If I was to do this again [ think [ would choose another variable to
investigate that would hopefully be more consistent.
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Summary of the Chapter

This Chapter compared students’ pretest and posttest investigation
compelencies to gauge the effect ol the instructional program. Two measures of
investigation competencies were used; a pencil and paper Test of Science
Investigation Skills {TOSIS); and a pracuical investigation that students reported on
an Investigation Planning and Report Sheet (IPRS) as they performed the
investigations. In addition, qualitative data gathered from students’ responscs to the
IPRS were discussed, and 18 assertions about their investigation competencics werc

proposed.

The descriptive statistics relating to the TOSIS indicated that gains in mean
total test scores were achieved by each class; between 3.16 and 4.13 out of a total
score of 23 (Table 1). A two-way ANOVA was conducted and showed that there
was a significant effect for test occasion but no significant difference between the
classes and no interaction effect. Descriptive statistics for subtests that comprise the
TOSIS were presented (Table 2). The biggest gains in performance were for Writing
hypotheses and for Identifying methodological limitations, Gains were also recorded
for the subtests, Identifying variables, Planning an investigation, Drawing
conciusions, and Understanding the nature of hypothesis, data, theory and
conclusions. Of the three classes, Class SC had the most modest gains for Planning
an investigation, Drawing conclusions, and Understanding the nature of hypothesis,

data, theory and conclusions.

The IPRS was used to collect information about students' investigation
competencies of Planning investigations, Conducting investigations, Processing
data and Evaluating investigations. Students' performances were judged according
to standards of achievement described in the Student Outcome Statements

(Education Department of Western Australia, 1997) and students were assigned
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levels of achievement. The Wilcoxon Matched-Pairs Signed-Ranks test compared
pre and postiest levels and indicated that the postiest fevels were significantly greater
than the pretest levels for all classes, p < .01 for one-tailed tests (Table 5). The
Kruskal-Wallis One-Way Analysis of Vanance indicated that on the pretest
investigation there was no sigmficant difference between the classes, however, on
the posttest invesugation there was a sigmficant difference between classes for
Planning investigations (H = 9.76, df = 2, p < .01) and Conducting investigations (H
= 1936, dl =2, p < .01) (Tablc 6). On the posttest investigation, fewer students in
Class SC achieved the benchmark standard of Level 5 for Planning investigations
and Conducting investigations than in Classes TN and TC (Table 4). Class SC also
made more modest gains on substests of the TOSIS when compared with Classes

TN and TC.

Eighteen assertions (Figure 13) were formulated about students' investigation
competencies from the scoring of the IPRS and these have been presented under the
general themes of Planning investigations, (Assertions 1 t0 6), Conducting
investigations ( Assertions 7 10 10), Processing data, (Assertions 11 to 17) and
Evaluating investigations (Assertion 18). Four assertions associated with
Processing dala relaied to fudging data. Assertions 11, 12 and 13 focus on
fraudulent practices used to confirm the student's oniginal hypothesis. Assertion 14
relates to students rejecting their original hypothesis and deciding upon a different
conclusion, regardless of the conclusiveness of their data. These practices appear to
have been adopted by students to get the right answer, and have been previously

described by Rigano and Ritchie (1995).

The following Chapter discusses the data gathered from the student

questionnaires.
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Assertions

Planning investigations

1

~

/]

6

Many hypotheses that students investigate are unhikely to be supported by data

Many students think that an icrease in temperature decreases the time taken for all
reactions (including reactions mvolving biological enzymes).

Some students interpret the time taken for the reaction to mean the time for the
reaction to go to completion. This results in difficulties when they collect their data
over a fixed time period and hence measure the rate of the reaction.

Some students who investigate the effect of the amount of substance 1n a chemical
reaction on the time taken for the reaction, do not control for the volume of solution.

When planning investigations most students use preliminary trials to observe the
reaction‘experiment and to organise procedures.

When planning investigations most students do not consider the range over which
the data should be collected or the data collection interval.

Conducting investigations

>

10

Some students ‘observe’ changes that they think will occur in investigations rather
than changes that actually occur.

Most students learn to repeat or replicate the data collection and to average the
results.

Some students treat time as a decimal measure and consider seconds as one-
hundredths of a minute.

Most students do not have an appreciation of the degree of accuracy to which
measurements should be recorded.

Processing data

11

12

13
14

15

16

17

Some students confirm their hypothesis with insufficient data.
Some students confirm thetr hypothesis with data from dubious sources.
Some students ignore or reject data so that they can confirm their hypothesis.

When faced with unexpected results some students reject their original hypothesis
and formulate a new concluston based on inconclusive evidence.

Some students collect data in otder to conlirm a differcnt hypothesis from that which
they originally planned to investigate.

Some students investigate an hypothesis that cannot be supported and use their data
to reject the hypothesis.

Some students view continuous data as discrete data.

Evaluating investigations

18

Most students perceive that it is necessary to investigate and confirm a scientifically
‘correct’ hypothesis.

Figure 13. Summary of assertions from scoring the Investigation Planning and Report Sheet



105

CHAPTER 5

STUDENT RESPONSES TO THREE QUESTIONNAIRES

Overview of the Chapter

This Chapter discusses students’ responses 1o three questionnaires. Students
completed the questionnaires after cach of three treatments of 10 lessons during
May, August and November. The questionnaires differed on each occasion because
the investigation tasks were different, and because the classes had different
assessment regimes. The sequence of tasks was described in Chapter 3 and is
outlined in Appendix B. The investigations for Class TN were assessed by the
teacher and graded on a norm referenced scale, Class TC was tcacher assessed and
graded according to a set of criteria, and Class SC was student assessed and criterion
referenced. Condensed sample copies of the questionnaires for Class TN (May)

Class TC (August) and Class SC (November) are presented in Appendix M.

Students' perceptions of the investigation competencies, the cognitive
apprenticeship model ol .nstructicn and the assessment regimes are addressed in the
Chapter. First, in relation to developing investigation competencies, students'
perceptions of the amount of learning from different tasks in terms of science
content knowledge and procedural knowledge are presented. In addition, students’
perceptions of the investigation competencies they learned arc categorised, examples
of their responses for each category are presented, and the competencies addressed
by each investigation are highlighted. In these analyses students' responses te the

same questions were pooled across classes and over time.

Second, students' perceptions of the cognitive apprenticeship model of

instruction are addressed. This section begins with a discussion of students'
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pereeptions ol the best way to learn about doing investigations. By ranking
preferred ways of learning, comparisons can be made about the relative worth of the
following 1n terms of learning about doing investigations; students performing
investigations in a group and by themselves, articulating with the tcacher and with
their peers about investigations, tcacher modelling of investigations, and tcacher and
student marking/correcting investigations. Thesce data are used to gain insights into
specific strategies associated with the cognitive apprenticeship model of instruction
such as articulating and coaching, and eacher modelled investigations. Students'
perceptions of teacher modelled investigations are also accessed from questions in
which students identified the task that made the greatest contribution to their
learning about the phases of investigating; Planning investigations, Conducting
investiga ions, Processing data and Evaluating investigations. Students' perceptions
of their self-reflective and metacognitive skills werc accessed through their
comments about the worksheet on marking an investigation and they are briefly
addressed. In the main, the analyses in this section are from pooled data and
represent the views of the cohort, however, because Class SC performed the tasks in

a different order from Classes TN and TC somec analyses reflect this.

Third, the Chapter addresses assessment issucs associated with the
implementation of the different assessment regimes implemented in Classes TN, TC
and SC. Students' perceptions of teacher assessed norm referenced, teacher assessed
criterion referenced and student assessed critenion referenced assessment regimes are
described. These analyses are at a class level because each class differed in their

assessment regime.
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Investigation Competencies

The Amount of Learning from Different Tasks

For cach task, students were asked (Appendix M) about the amount of
science content they had learned (Question 1) and the amount that they had learned
about doing science investigations (Question 2). Sample questions are presented in
Figure 14. Question | was intended to alert students to the differcnce between
learning science content and learning about doing investigations. This distinction is
also made by Hodson (1993, p. 106), when he said it is convenient to think about
science education as having threc major aspects; (a) learning science (b) learning
about the naturc and processes of science, and (c) learning how to do science.
Students rated their learning from O to 5 with zero meaning 'nothing’ and five

meaning 'a lot’ and the results are presented in Table 7.

Tasks Questions

Worksheet 1. How much did you learn about wnting hypotheses,
working out the independent and dependent vanables,
how to control variables, etc?

2. How much did vc'i leam about doing science
investigations from the worksheet?
Lipase investigation 1. How much did you leamn about the rcaction of lipase with
milk?
2.

How much did you learn about doing science
investigations {rom this activity?

Figure 14. Sample questions relating to the tasks

In terms of learning science content knowledge, the cohort gave the
worksheet on terminology the highest average rating of 3.46 out of 5.00, followed

by the catalyst investigation (3.25), the lipase investigation (3.08), the electromagnet
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investigation (2.85) the teacher modelled inyvestigation of an acid and calcium
carbonate (2.82), the Panadol iy estigation (2.79), the ukulele investigation (2.74)
and the worksheet on marking an investigaton (2.69). In terms of learning about
doing science investigations, the lipasc iy estuigation, with a mean rating of 3.15,
was slightly ahead of the catalyst invesugation (3.12) and the worksheet on
termunology (3.12). These were followed by the ukulele investigation (3.04), the
tcacher modelled acid and calcrum carbonate investuigation (2.81) the Panadol
investigation (2.58), the clectromagnet invesugaton (2.46), the tecacher modelled
investigation of the pitch of a closed pipe (2.21) and the worksheet on marking an

tnvestigation (2.03).



Table 7. Students' mean rating of tasks i terms of how much content know ledge

they learned and how much they learned about domg investigations (n = 66)

100

[earning science

content knowledge

investigations

Tearning about doing

Tasks Class Class Cohont Class (ohon
average average average average
Worksheets
Terminology I~ 37 368
T 329 285
SC 332 282
346 32
Marking an investigation N 282 204
TC 2.55 1.89
SC 274 213
2069 203
Teacher modelled investigations
Acid and calcium carbonate ™ 3.00 2.82
TC 3.20 2.85
SC 2.59 277
232 2ol
Pitch of a closed pipe TN 25 254
TC 186 2.00
sC 1.71 209
2.06 2.2]
Student Investigations
Lipase investigation ™ 338 3.67
TC 291 3.00
SC 295 282
3.08 315
Catalyst investigation TN 3.86 3.81
TC 327 277
sC 2.62 281
325 312
Ukulele investigation TN 314 3.18
TC 246 279
SC 267 333
2.74 3.04
Electromagnet investigation TN 2.95 3.18
TC 3.08 247
SC 267 1.79
2.85 246
Panadol investigation N 3.09 291
TC 252 1.96
SC 333 2.94
279 2.58
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Note 1 The tasks were sated ona 010 5 seale where 0 was ‘nothing” and 5 s ot

2 Class TN and Class TC performed the worksheet on wrminology | the hipase investigation
the teacher modelted aaid and calaum carbonate imvestigation, the cataly st invesgistion,
the teacher modelled pitch of a closed pipe sovesugation, the ukunide investigaton, the
worksneet on markimg an invesugaton, the electromagnet mvestugation and the Panadol
wveshigation, wath the fiest four performed in May | the next four in August and the last
task in November

3 Class SC pedonned the worksheet on tenimology , the ipase imnvestigation, the teacher
modelled prich of a closed prpe imvestganion, the ukulele mvesugaton, the teacher modetled
actd and calaum carbonate investigaton, the catalyst investigation, the worksheet on
marking an ins estgation, the Panadol snvestgation, and the clectromagnet investigatton wath
the first four performed m May, the next four in August and the last sk i November

The following patterns are inferred from an analysis ol data presented in
Table 7. These data need to be interpreted with caution because students' mean ratings
of the vanous tasks are detemined {rom their responses 10 one questionnaire Hiem.
1. There was little difference between students' average rating of how much science
content they learned and how much they leamed about doing science investigations for
each task. Students may have found this distinction difficult to make. The greatest
difference was 0.66 for the worksheet on marking an investigation. This may have been
due to the fact that the worksheet did not involve any laboratory work and therefore,
students may have perceived that they learned little about doing investigations. The lcast
difference between learning science content and lcaming to do science investigations

was 0.01 for the tcacher modelled acid and calcium carbonate investigation.

2. Students rated the teacher modelled investigation, factors affecting the pitch
of a closed pipe, lowest in terms of lcarning science content knowledge and second
lowest in contributing to learning about doing science investigations. Data
presented later (Assertion 28. p. 113) suggests that students thought that they learned

more when they performed investigations in a group.

3. Students rated their perceived learning of science content higher than their
learning about doing science investigations for most tasks with the exception of the
ukulele investigation, the lipase investigation and the teacher modelled pitch of a
closed pipe investigation. For the ukulele investigation and the teacher modelled

pitch of a closed pipe investigation students had to learn specific procedures to
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collect the data. They used data Jogging soltware that was new to them, to analyse
the Irequency of a sound wave. This procedural know ledge may account o the
high rating of these tasks. The hipase inyestgation may have rated highly because it

was the fust s estugation in which the students participated.

4. Students imdicated they lcarned more about doing investigations from the
carlier investigations, the lipase investigation (3.15), the catalystinvestigation (3.12)
and the ukulele investigation (3.04) than from later investigations such as the
clectromagnet investigation (2.46) and the Panadol investigaton (2.58). This 1s
supported by qualitative data gathered 1n response to an open-cnded question that
asKed students to give examples ol their learning (Figure 15). These data illustrate
students' pereeptiens that they learn more from new tasks and this notion 1
presented as Assertion 18, Examples of students' responses are presented (o

illustrate this finding.

Nikki's comment relates to the first investgation (Lipasc tnvestigation) and
the other comments are about the last investigation (Panadol investigation). After
five investigations it is cvident that some students (Jo, Janet, Pippa and Olive)
believed that they had gained little new knowledge from the Panadol investigation.
The last comment by Anna, about this investigation, was atypical in that it indicated
that she had learned most from the final investigation.

Nikki: Since it was the first investigation we lcarnt a lot because we didn't know
how to do it & we hadn't done 1t before. (Lipase investigation)

Jo: I didn't learn much from doing this science investigation because [ had
learned all about doing science investigation in previous investigations.
(Panadol investigation)

Janet: [ already had a fair idea on what would happen in this investigation. 1
knew that the te aperature would affect the rate it took to dissolve. |
didn't learn much on how to do investigations because I'd already learnt
my mistakes from my previous ones. (Panadol investigation)

Pippa: I think by now [ have learnt what I need to know about science

investigations in the classroom, and [ didn't get much new knowledge
out of this one. (Panadol investigation)



Olive: I didn't really learn much about doing science expenments because we
had alrcady done so much of these betore, but 1 did fearn that the hotter
the iemp of water the queker the pannadol (sic) clears  (Panadol
s estigation)

Anna I think that | learnt the most 1n this experniment although | didn't do 1t
well, 1 didn’t find that we had enough tme at all. (Panadol
m estigation)

Assertion 19: Students perceive that they learn most from the first few

investigations they perform.

Students' Perceptions of the Investigation Competencies Learned

For each task, students were asked to write examples of what they had
Icarned about doing science investigations. Sample questions are shown in
Figure 15. This section presents the calegonisation of students’ responses to these
questions, tallies for cach category, and examples o students' perceptions of what
they learned about doing investigations. Some students gave quantitative responses
such as "a lot" or "not much" instead of citing examples. These were not categonsad

because ratings of students' learning were addressed in the preceding section.

Task Questions
Worksheet Write down what you lecarned about doing science
(Termirology) investigations {rom completing the worksheet and give some

examples. Be honest. [f you did not learn anything about
doing science investigations then you should say why.

Lipase investigation Write down what you learned about doing science
investigations from the [ipase investigation and give some
examples. Be honest. If you did not learn anything about
doing science investigations then you should say why.

Figure 15. A sample of the open-ended questions about the tasks students
performed
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The investigation competencies mentioned by students were similar (o the
assessment criteria that Class TC and Class SC used to evaluate their investigations
(Appendix 1). Therefore, this was used as a basis for categonising students'
pereeived competencies, however, some changes were made. These changes
included (a) minor alterations to the wording of some calegories and sub calegones;
(b) the addion of Conducting investigations sub categories, Using equipment and
Working safely ; (¢) the additon of a Processing data sub category, Averaging
resulis; (d) the inclusion of new catcgories, Writing reports and Managing time , and

(e) the deletion of the categories fvaluating investigations and Creativity.

It 1s acknowledged that some categories of competencies are not mutually
exclusive. For example, being organised is linked with students' abilities to
formulate an overall plan, to work cooperatively as a group to operationalise the
plan, and to manage time effectively. Some comments were tallied in more than one
category. For example, Pippa's response was tallied in the Working cooperatively
category and the Repeat trials sub category. Kara's response was coded in the
Working cooperatively catcgory and the Being accurate sub category.

Pippa: ...to persevere. This was the first investigation in which our group
worked well together. We did sufficient trials. (Ukulele investigation)

Kara: I knew what the outcome should be so that I learnt nothing in that respect
but this experiment proved to me how you must work as a group and be

organised. Also I found getting accurate results hard. (Catalyst
investigation)



Table 8. Number of students who indicated that they had learned various
investigation competencies for speaific tasks (n = 66)
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Tasks
Investigation Worksheets  Modelling Studentinvestgations Totl
competencies
W WAL TME TMI 1l 1 Ul I &}
AC_p
Planning investigations
writing hypotheses 26 2 0 3 2 ( I 2 ] 37
tdentifying variables 26 1 2 2 0 ( 1 2 0 34
overall planning 7 3 2 5 10 5 10 5 2 49
preliminary trialing 5 2 2 2 5 2 0 0 3 21
{refining plan) 141
Conducting investigations
using equipment 0 0 3 Il 2 1 10 0 1 28
controlling vanables 10 N 4 7 3 5 5 8 7 54
repeating trials 2 0 6 5 7 3 5 0 7 35
being accurate 2 1 12 13 10 3 6 g 53
working safely 0 0 2 0 0 2 0 0 0 4
174
Processing data
using tables 1 2 4 ! 2 ! 2 1 2 16
averaging results 0 1 0 0 1 0 6 0 2 4
ustng graphs 0 7 0 0 0 ! 4 1 4 17
drawing conclusions 1 2 0 0 1 0 0 0 0 4
41
Writing the report 0 6 0 5 1 2 3 4 2 23
Working cooperatively 0 0 0 0 2 6 0 0 2 10
Attending to detail 2 4 0 1 2 1 3 1 2 16
Managing time 0 2 0 0 2 4 0 4 6 18
Being organised 1 1 2 1 4 0 2 1 1 13

Note.  The following abbreviations have been used

Worksheets
WT
WMI

Modelling
TMIAC
TMICP

Investigations
LI
a
P
Ul
El

Worksheet on terminology
Worksheet on marking investigations

Teacher modelled investigation: Acid and calchum carbonate

Teacher modelled investigation: Pitch of a closed pipe

Lipase investigation
Catalyst investigation
Panadol investigation
Ukulele investigation
Tectrumagnet investigation
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Table 8 indicates that there were 141 responses that menuoned Planning
investigations , and Overall planning was mentioned more {requently than other sub
competencics. 1Uis not surpnsing that these competencies had a high frequency of
response because this was a new aspect of expennmental work that was being
developed through the investugauons. This is consistent with the {inding previously
presented; that perceived learning s greater from work completed early in the
program (Assertion 19). In addiuon, students acknowledged that they leamed about
writing hypotheses, identifying vanables, and preliminary trialing to improve
experimental procedures. Twenty-six students idenufied the worksheet on
terminology as contributing to their perceived lecarning about hypotheses and
variables. This is expressed as Assertion 20. The hipase and ukulele investigations

were mentioned by 10 students as contributing to developing overall planning skills.

Assertion 20: Students perceive that they learn most about writing hypotheses

and identifying variables from the worksheet on terminology.

The following comments indicate typical perceptions of learning that were
classified as Planning investigations. Kit's staticment about the worksheet on
terminology was classified in the sub category Identifying variables. Her comments
about the lipase and catalyst investigations were classified as learning about
preliminary trialing and more specifically that preliminary trials can be used to
refine experimental procedures. In addition, her comment about the catalyst
investigation was classified as learning to perform repeated trials. In contrast,
Kerry's statement about the lipase investigation revealed that she could see benefits
in developing an overall plan before starting the investigation and this comment was
classified in the Overall planning sub category. Statements by Jo, Gill and Olive are

illustrative of students' perceived learning from the worksheet on terminology.



Kit:

Kerry:

Jo:

Gill:

Olive:

16

I learnt about the dependent & independent vanables, as before | was
confused about them & not sure which was which. (Workshect on
terminology).

I lcarnt that sometimes what you planned to do had to be changed when
you actually did the experiment. (Lipasc investigation)

[ lcarnt about how useful preliminary trials are and that it is extremely
important to control vanables. About the importance of planning. The
importance of doing the experniment more than once. (Catalyst
investigation)

... and most importantly, that we had to know what we were doing
Before (sic) starting the experiment (Workshect on terminology).

I lcarnt how o write hypotheses, more correctly, how to control
variables and what the independent and dependent variables are
(Worksheet on terminology).

I alrecady knew about hypotheses. | didn't know about variables until |
completed this sheet (Worksheet on terminology).

I learnt alot in this worksheet eg. all the meanings of words, planning,
what to expect. [t was also great guide so that whenever you got
confused you could always refer back. I knew nothing about it before
but now | feel totally confident with myself. This taught mc a great deal
(Worksheet on terminology).

The data (Table 8) indicate that students most frequently mentioned

Conducting investigations (174 responses). Of these responses 54 related to

Conirolling variables and 53 to Being accurate. The following comments address

the sub competencies Using equipment (Ann), Controlling variables (Ann and

Kerry), Repeating rials (Anna), Being accurate (Anna and Penny) and Working

safely (Penny).

Ann:

Kerry:

Anna:

I learnt how to use the computers. I learnt how to get the right sound
wave also how to plan and correctly usc equipment. 1 learnt how to cope
with unusual results. [ also learnt how to do a range graph. [ also learnt
how to keep my variables constant and also how to transport ideas into
the experiment. (Ukulele investigation)

...we understood how to control vanables, how to conduct the
experiment properly, and how to watch for changes ... (Catalyst
investigation)

I learnt that you have to be very accurate and precise when doing
experiments. You have to keep all variables constant to climinate any
errors. Trials help to make results accurale and you always need to go
over your experiment method and make sure therc are no changes to be
made before doing the actual experiment. (Catalyst investigation)
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Penny: ... lo take accurate measurements and to not mess about because things
like hydrogen peroxide can burn. (Catalyst investgation)

Aspects of the investigations that related to Processing data were mentioned
41 umes with 16 students commenting about Using tables and 17 about Using
graphs. In the following comments Mary refers to learning to use tables correctly;
Pearl to averaging results; Lara, Annctte, Bron and Emma to developing graphing

skills, and Anncttc and Kim to drawing conclusions.

Mary: ... to draw the table correctly and to write headings. (Panadol
investigation)
Pearl: I learnt how to accurately collect data eg. tuke three samples and average

them. (Lipase investigation)

Lara: I learnt how to do the graph. {(Ukulele investigation)

Annette: ... not to be careless with titles on graphs. (Ukulele investigation)

Bron: I learnt that the graph must be the same as the table. (Ukulele
investigation)

Emma: I learned that the best way to do this kind of graphing was i1n a line
graph ... (Panadol investigation)

Annette: ... that to support a hypothesis | had to solve 1t, and... (Worksheet on
marking an investigation)

Kim: Make sure you always have titles, a hypothesis and a conclusion. Make

a conclusion say if the hypothesis was supported. (Worksheet on
marking an investigalion)

Interestingly, no students cited examples of learning about doing science
investigations that could be classified as Evaluating investigations. 11 was expected
that students would be aware of the importance of this aspect of investigating from
the Evaluating findings section on the Investigation Planning and Report Sheets
(IPRS) (Appendixes D & F). [t may be speculated that the lack of response was due
to students interpreting doing to mean the activity part of the investigation and
encompassing only planning and conducting. Later in the questionnaires, when

students were asked to specifically document what they had learmed about
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Evaluating investigations their responses were charactensed by a lack of detail.

Therclore, the tollowing assertion 18 made.

Assertion 21: Students do not consider Evaluating investigations as learning

about investigation competencies.

Comments that students wrote about Writing the report for an investigation

were superficial and are exemplified by Barbara, Henn and Anna.

Barbara: ... 1 learned about writing up investigations and performing practical
work. (Ukulele investigation)

Henn: [ learnt to plan and write up an experiment. (Ukulele investigation)

Anna: I already knew what the results would be but [ learnt a lot about how' to

conduct an experiment and how to write it up. (Ukulele investigation)

Several students commented on the importance of Working cooperatively as

a group.
Jan: ... that we had to all work together (my group). (Lipase investigation)
Gay: I learnt more about cooperation than how to conduct an experiment.

(Panadol investigation)

Students mentioned Aftending to detail in the experimental phase of the
investigation and in the write-up. Comments by Annette and Terri are illustrative of

this.

Annette: | learned from my mistakes that the tiniest detail can be important in the
long run even if it doesn't seem important at the time. (Ukulele
investigation)

Terri: We learned the scientific steps of expcrimentation. We learned how to
explain (in detail) our experiment & also lecarned how to display our data
visually. It taught me a very important lesson in how to write experiment
details down properly & also taught me how (o be as accurate as
possible. (Ukulele investigation)
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Students, tor example Gill and Chnistic recognised the importance of
Managing time (v complcele the investigation,
Gill: We learnt about planning out how to use the time given to us clfectively.
(Catalyst investigation)

Chrisue:  To be more efficient with the investigation. (Electromagnet
mvestigation)

Being organised scemed to be hinked with the students' abilities o work

cooperatively as a group and their abiliues to operationahise their plan.

Annette: ... and that we really did have to be organised. (Ukulele investigation)
Harue: This was the best investigation. We were organised and worked quickly.

I learnt how to conduct expeniments successfully. (Panadol
investigation)

The investigation competencies thal students perceived they learned have
been documented in this section and, in summary, the data arc presented as
Assertion 22. Many of these skills have been listed by Coles and Gott (1993). Itis
noticeable that students did not identify skills that associate one phase of an
investigation with another, such as relating the conclusion to the hypothesis. These
skills have been identified by numerous rescarchers (Bryce et al. 1991 Germann &
Aram, 1996; Lawson, 1995) and, as such they form the basis tor the justification of
an holistic approach to investigating (Duggan et al. 1996; Hodson, 1992; Roth &
Roychoudhury, 1993; Woolnough, 1989; Woolnough & Toh, 1990). The fact that
students in this study did not identify relationships betwecn the phases of an
investigation is not surprising as researchers contend that higher order thinking is
involved (Foulds et al. 1992; Kuhn et al. 1988; Lawson, 1995). It may be speculated

that students are unlikely to do this unless prompied.
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Another noticeable feature of the data is that students identified social and
organisational skills associated with group work. This supports the clarm by Linn
and Burbules (1993) that group learming fosters soctal and workplace skills as well

as cogmtn e skills.

Assertion 22: Investigation competencies that students claim to have learned
include (a) planning investigations that comprises writing
hypotheses, identifying variables, overall planning and
preliminary trialing that can result in modifications to the plan
(b) conducting investigations that comprises using equipment,
controlling variables, repeating trials, being accurate and
working safely (¢) processing data that comprises using tables,
averaging results, using graphs and drawing conclusions
(d) writing reports (e) working cooperatively (f) attending to

detail (g) managing time and (h) being organised.

Table 8 (p. 115) also reveals that different student investgations contributed
differently to students' perceived leaming of investigation competencics and this is
presented as Assertion 23 (p. 124). The following discussion about the nature of the
student investigations (the lipase, catalyst, ukulele, Panadol and clectromagnet
investigations) highlights different competencies that students thought they had
developed. These data support the notions of task and domain specificity of
learning, which have been identified as factors that need to be considered in

performance/practical assessment (Gipps, 1994, Shavelson & Baxter, 1992).

For the lipase investigation students most frequently commcented that they
learned about Being accurate (13 students), Overall planning (10 students),
Repeating trials (7 students), and Being organised (4 students) (Table 8, p. 115).

The organisational skills required for this task were greater than had been required



for previous laboratory work. The students had experienced few quanutative
laboratory exercises and the accuracy and care required to complete this task was
new. Also, 1t was their first expenence at planning an investigation and at
conducting laboratory work over an extended pertod of time. The time taken for the
lipase to break down milk fats into fatty acids (the dependent variable) was measured
when an indicator signalled the formation of an acidic solution. Although students
had uscd acid-base and starch indicators previously, the use of an indicator as a
signal for somcthing clse, such as the time taken for a recaction was a new idea. On
average, students perceived that they learned more about doing investigations from
this task than from other tasks (Table 7. p. 110). However, students’ comments need
to be interpreted with caution because they may relate to weaknesses they identified

in their performance, rather than real learning.

For the catalyst investigation students commented that they had learmned
about Being accurate (10 students), Working cooperatively (6 students), Controlling
variables (5 students), Overall planning (5 students) and Managing tirme
(4 students). The equipment in the catalyst investigation was difficult to set-up and
manage, and students needed to take care to obtain accurate results. They were
required to weigh-out the catalyst, transfer it to the recaction flask, measure the
volume of the hydrogen peroxide, pour it in the reacting vessel and quickly replace
the cork and start timing, and measure the volume of oxygen gas collected by the
downward displacement of water. Cooperative group work was needed because one
person added the catalyst to the reaction mixturc and quickly replaced the stopper;
the second held the water-filled inverted test tube to collect the oxygen gas, and the
third timed the collection of the gas. Measuring the time for the rcaction by the
oxygen produced was not simple. Students cither measured the volume of oxygen
collected in a certain time, or measured the time taken to collect a certain volume of

oxygen gas.
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Students commented thut their pereeived learning from the ukulele
investigation wus about Overall planning (10 students), Using equipment
(10 students), Contralling variables (5 students), Repealing trials (5 students) and
Using graphs (4 students). The contimbution of this investigation to learning about
planming was hikely to be high because 1t was carly in the instructional program.
Using equipment was mentioned by 10 students because, for the first ume, they were
required to use the computer o analyse the frequency of a sound wave. Graphing
skills were mentioned by four students and this may be because the computer gave a
frequency intervalirange that students recorded and graphed as a bar. Students
secmed to find this investigation casier than the others. There was no equipment to
sct up and also, once they were familiar with the computer program, the
measurement of the dependent vanable was simply a frequency interval read off the
computer screen. From Gemma's comment it s evident that the way the dependent
varnable 15 measured influences the difticulty of an investugation.
Gemma: [ lcarnt that its harder when you have to work out the way of measuring

something than already having a machine and vsing it. (Ukulele
investigation)

For the Panadol investigation students commented most about Controlling
variables (7 students), Repeating trials (7 students), Managing time (6 students) and
Being accurate (5 students). Managing time was mentioned more times than for
other investigations probably because Panadol takes a considerable ime to dissolve.
Some students found it difficult to complete the investigation because they did not
start their data collection early enough. [n this investigation students needed to
operationalise a definition of 'dissolving' because 1f they used low temperatures the
last remaining 'bits' of Panadol did not complctely dissolve. The investigation was
quite straight forward and, as a result only two students commented that it had

contributed to their lcaring about planning.



Students commented that the electromagnet investigation mainly
contributed to their learning about Controlling variables (8 students), Being
accurate (6 students) Overall planning (5 students) and Writing the report
(4 students). Some students (Tammy and Jody) found this investigation difficult
because they had to determine how best to measure the strength of the
clectromagnet. They had to operationalise their definition of magncuc strength.
Most students used the distance that a paper staple moved and this provided an

indirect measure of magnetic strength.

Tammy:  Make sure what you test i1s measurable.

Jody: We nced to find a more accurate way of measuring the distance of the
staple [rom the clectromagnet.

This discussion indicates that different investigations provide different
learning opportunities for students. These qualitative data add insights to tallies of
the number of students who reported that they learned particular competencies from
different investigations, Table 8 (p. 115). Therefore. thc notion of task and domain
specificity of learning documented by other rescarchers (Gipps, 1994; Shavelson &
Baxter, 1992) is supported by this research. Students' perceptions about the effect of
the nature of the investigation on the competencies they leamn is presented as

Assertion 23.

Assertion 23: The nature of the investigation influences the investigation

competencies that students believe they learn.
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Aspects of the Cognitive Apprenticeship Model of Instruction

This section addresses aspects of the questuonnaire that relate to students’
pereeplions of the cogmuve apprenticeship model of instruction. It commences by
ranking students' pereeptions of the best ways to learn about doing investigations.
This is followed by addinonal data about students’ pereeptions ol articulating and
coaching. Also, data are presented about teacher modelled investigations. Finally,
there 1s a brniet description of students' self-reflectve and metacogniive skills as
indicated by their responses to questions about the worksheet on marking an

tnvestigation.

The Best Way to Learn about Doing Investigations

In the November questionnaire students were asked to rank seven ways of
learning in order of how they best learn to do investigations; doing an investigation
in a group, talking with other students, watching and listening to the teacher model
an investigation, talking with the teacher, doing an investigation by yourself,
watching and listening to other student do ar investigation, and coirecting/marsing
an investigation. From this ranking, insights werc gained about the relative
contributions to learning about investigating made by (a) doing investigations, (b)
articulating, (c) watching teacher modelled investigations, and (d) the assessment of
investigations. Data about students' lcarning from teacher or student assessed
investigations are discussed in the final section of this Chapter under the heading

Assessment.

The questionnaire stated: Seven different ways of learning how to do
investigations have been listed below. Which is the best way for you to learn how
to do investigations? Rank the ways of lcarning {rom 1 (best) to 7 (worst). The

average rankings are presented in Table 9.



Table 9. Mcan cohort ranking of the way students best leirn about doing
mvestigations (n = 66)

Best way of learning Mean
ranking

Lontg an nvestigalion 1n a group 2.35
Talking with other students 3.52
Watching and histening to the tcacher model an invesugation 4.05
Talking with the tcacher 4.12
Doing an investigation by yoursell 4.43
Waiching and listening to other students do an investigation 4.71
Correcting/marking an investigation 4.91

Note. The ways of leamning were ranked from 1 (hest) to 7 (worst).

Table 9 shows that, on average, students ranked Doing an investigation in a
group as the best way to learn about investigating and this 1s expressed as

Assertion 24.

Assertion 24: Students perceive that the best way to learn about doing

investigations is by doing them with a group of students.

The perceived contribution of group work to learning is supported by this
assertion and the ranking of Doing . investigation by vourself as [ifth, Table 9.
The rankings of Talking with other students and Talking with the teacher have
implications for the teacher's role as a coach and are discussed in more detail in the
Articulating and coaching section. The ranking of Waiching and listening to the
teacher model an investigation as sixth has implications for Teacher modelled

investigations and is discussed in that section.
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Articulating and Coaching

The ranking of Tatking with other students (Table Y) indicales the pereerved
contribution that articulatng with other group members makes to lcarning about
domng investigations. Interestingly the ranking ol lcarning trom Talking with the
teacher 1s notas high. Hence, students perceinve that it s better to lecarn about doing
ivestigations from talking with other students than from talking with the teacher.
This ranking 1s supported by additional questionnaire data descnibed below that
access students' perceptions of the helpfulness of talking/aruculating 1n lcarning

about doing investigations.

Students responded quanttatively to the questions about the helpfulness of
articulating (Figure 16) following the lessons during May and November. Students'
ratings from zero (not at all) 10 five (a lot) were talhed and the means tor each class
and the cohort mean are presented in Table 10. Examples of students’ perceived

learning are also presented.

Questions
o How much did talking with other students in your group help you to lcamn
about investigations?

* Give examples of what you learnt from talking with other students in your
group.

e How much did talking with the teacher hclp you to lcarn?

» Give examples of what you lcarnt from talking with the teacher.

Figure 16. Questions during May and November about the helpfulness of learning
from articulating
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Table 10. Mcan rating of the amount of learning about investigaung from talking
with other students and from talking with the tcacher for the Classes TN
(n=20), TC(n=21) and SC (n =21}, and for the cohort (n = 62) durning
May and November

Talking with other Talking with the
students tcacher
Time Class Class Cohont Class Cohort
mean mean mean maean
May ™ 3.86 3.19
TC 3.59 3.00
SC 3.32 2.82
3.58 3.00
November TN 2.90 2.78
TC 3.22 1.61
SC 3.08 2.40
3.07 2.25

Note. The students rated ways of learning on (-5 scale where 0 was ‘notlung’ and S was ‘a lot’

An emerging trend (Table 10) during May and November, was that on
average, students perceived that they learn more from talking with students than
from talking with the teacher. Talking with other students and Talking with the
teacher were respectively 3.58 and 3.00 during May, and respcctively 3.07 and 2.25
during November. Most students werc positive about their learning from talking
with other students. Some, for example Kara and Barbara, said that there were
benefits in having different points of view because the input was greater. Lib, Gay
and Cara's comments indicate that the articulation of 1deas helps them to learn.
Emma acknowledges that fellow students explain more clearly and are able to
devote more time to explanations. The comment by Amy shows that the consensus
of others helps her to feel confident.

Kara: Talking in my group helped a lot with understanding the investigation as
you get more than one point of view.



Barbara:

Lab:

Gay:

Cana;

Emma:
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Making your options greater. They think of things you may not. The
tnput is grealer.

They helped me understand what we were doing, they helped me set up
the apparatus.

[t's casicr to do things with your group. You understand things a lot
more.

I lcarned that talking 1o another student makes it casier to do the
cxperiments because we can talk about our mistakes.

They could explatn things more clearly and understand, and conserntrate
(sic) more on you than the teacher with many other questions to think
about.

Talking with other students in your group gives you confidence in what
vou write and helps you o cooperate in organising an investigation.
They are also good to talk with about understanding results. [t helps you
learn off ecach other.

However a minority of students (Henri, May, Kath, and Jess) found working

in a group difficult because of the group dynamics. The notion that not all students

like group leamning 1s consistent with rescarch by Linn and Burbules (1993) and

Roychoudhury and Roth (1996). Linn and Burbules report that group learning may

be unproductive {or "learners who have dysfunctional views of group interaction”

(p. 114), and Roychoudhury and Roth report that two students out of 46 junior high

school physics students preferred to work alone. Roychoudhury and Roth added that

most students "acknowledged the benefits of 'pooling' 1deas and effort”. This

contrasts with the views of Pippa as she stated that pooled ignorance does not

always contribute to learning. Linn and Burbules address this perspective and state

that learning outcomes will not be achievable if students are unable to access

appropriate information.

Henri:

May:

Kath:

I learnt ihat 1t 15 often hard to agrec on matters.

It helped a bit but our group didn't work very well together so our
communication wasn't great.

One member of our group left us because she reconed (sic) what we
were doing was wrong.
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Jess: That we all have different ideas about how we think we can do 1t and
what 1s right. Talking doesn't always solve problems.

Pippa: We didn't fearn meich from cach other because we knew all the same
things.

Although some students indicated that not all groups functioned well and that
student-student interactions are not always frurtful, Assertion 25 is supported by the
following two interpretations of the questionnaire data: Students perceive that itis
better to lcam about doing an investigation from talking with students than from
talking with the teacher (Table 9); and studenis perceive that the amount of lcarning
from talking with students is greater than from talking with the teacher (Table 10).
As well, students' perceptions that the best way Lo do investigations is in a group
(Table 9, Assertion 24) may partiy be attributable to the contribution of student-

student interactions to learning.

Assertion 25: Most students perceive that they learn more about doing
investigations from talking with their peers than from talking

with their teacher.

This assertion does not indicate the sorts of learning that occur through
student-student interactions. Previous studies (Christensen & McRobbie, 1994)
indicate that the questions students asked teachers were mainly focused on the
procedures to complete the task. Assertion 25 reflects poorly on the teacher's role as
‘coach' during science investigations and raises doubts atnut the teachers' abilities to
implement informal, or unstructured formative assessment as described by Harris
and Bell (1994), and Radnor and Shaw (1995). It may be that teachers are too busy
with classroom management issues (o act as effective coaches or that they are
ineffective at gathering appropniate feedback from students from which to make

judgements about the nature and type of help they should give students.
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A sccond trend to emerge from Table 10 (p. 12¥), regardless of whether
students’ talk was with thetr peers or teacher, was that their pereeived amount of
learning from discourse was greater during May than November and this s
presented as Assertion 26. Dunng May, Talking with other students and Talking
with the teacher were respectuively 3.58 and 3.00, and during November they were
respectively 3.07 and 2.25. This supports Asscertion 19, that students perceive they

learn most from the first invesugations they pe-formed.

Assertion 26: Most students perceive that they learn more about investigations
from talking with their peers and their teacher early in the

instructional program.

For Class TC the decrease 1n students' Icarning (Table 10) from talking with
the teacher from 3.00 (May) to 1.61 (November) 1s more than for students in other
classes. It appears that Miss Mills thought the students were capable of conducting
the last investigation, the Panadol investigation, by themselves and encouraged

students to solve their own problems. Many students in this class had the same

view.

Sas: 1 didn't learn anything from the teacher because the whole point of an
investigation 1s to work something out for yourself. (November)

Olive: The teacher didn't help us with this as she wanted us to work

independently. (November)

To some extent students' responses to the instruction, "Give examples of
what you learnt from talking with the teacher,” revealed their preferences for
particular teaching characteristics and their expectations of teachers' roles
(Assertion 27). It seemed that most students expected direct answers to questions
they asked the teacher; that is, explicit responses {rom the teacher directing them
what to do or telling them the answer. When teachers helped students to think about

and find their own solutions to difficultics, instcad of merely providing answers,



some students expressed dissatisfaction. The contrasting comments about Miss
Mills and Mr Brogo by Kerry, show her preference [or Miss Mills' full explanations
rather than Mr Brogo's atlempts to get the students to work out therr own solutions.
On the other hand, Claire states that she prefers Mr Brogo's approach because he
makes her work things out for herself. Like Kerry, Phylhis prefers Miss Mills'
explanations. Clearly Phylhs prefers considerable structure and scaffolding in the
teacher's responsces to her questions.
Kerry: The teacher (Miss Mills) explained things 1n a clearer way, | learnt more
in general. It's hard to say something specific.

Kerry: Didn't ialk to the teacher because he (Mr Brogo) wouldn't give us a
suitable answer.

Claire: The teacher (Mr Brogo) helped you but made you work it out for
vourself which was good.

Phyllis The teacher (Miss Mills) showed us how o prepare for the experiment
well. She took us through the steps.

Assertion 27: Some students prefer teachers who give full explanations and
some prefer teachers who encourage and assist them to solve

their own problems.

Students gave varied examples of their learning from talking with the
teacher. Some students, for example Pam, stated specific details; others such as
Kara and Termi said that the teacher gave them a different perspective of the

investigation; and others still said that they didn't talk to the teacher at all.

Pam: How to write up experiments well. How to plan experiments etc.

Kara: Talking with the teacher helped us a lot to understand the investigations
and we could see errors we made and didn't realise.

Termi: It gave us different views of the investigation also giving us different
variables to look at.
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Teacher Modelled Investigations

Teacher modelling compared with student investigations

Table 9 (p. 126) indicates that students ranked Waiching and listening 1o the
teacher model an investigation behind Doing an investigation in @ group and
Tatking with other students 1n terms of the best way to learn about doing
investigations. Table 7 (p. 110) indicates that students rated the teacher modelled
pitch of a closed pipe investigation last {eighth) and the teacher modelled acid and
calcium carbonate investigation {ifth in terms of how much the tasks contributed to
fearning about doing science investigations. The following quotations support the
quantitative data and indicalte that, as a result of observing teacher modelled
investigations, students percerved that not a great deal of learning occurred. These
idecas are expressed in Assertion 28.
Kim: I learned not much. It was bonng, because we just watched. I didn't

know what was happening and couldn't see. (Pitch of a closed pipe)

Kath: [ didn't learn much because the teacher did all the work and didn't
envolve (si¢) the students much. (Acid and calcium carbonate)

Cara: I didn't leamn very much from this one, maybe because the teacher did 1t
and not the students. [ also learned that the higher the consentration (sic)
of acid the quicker the reaction takes place. (Acid and calcium carbonate)

Sara: I learned quite a lot about doing science investigations, although [ think |
would have learned more if | had carried out the investigation. (Acid and
calcium carbonate)

Angela: | didn't learn as much as [ think | would have if | had done it myself -
instead of watching the teacher (Acid and calcium carbonate)

Assertion 28: Students perceive that they learn less about doing investigations
from teacher modelled investigations than from student

investigations.
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Teacher modelling compared with student investigations and worksheets

for learning about the phases of investigating

Data were gathered to determine the contribution of teacher modelted
investigations (o learning about the phases ol investigating; Planning investigations,
Conducting investigations, Processing data, and Evaluating investigations. The
data were collected at the end of the instruction during May and August. [t indicated
from which task students percenyed they had learned most about the phases of
investigating; a worksheet, a teacher modelled investigation or two student
investigations. Students' responses were tallied and the percentage of students who
indicated that they had learned most from a particular task are presented 1n Tables
11, 12, 13, and 14. The May percentages are presented in Table 11 (Classes TN and
TC) and Table 12 (Class SC). The August percentages are presented in Table 13
(Classes TN and TC) and Table 14 (Class SC). Diffcrent tables are used because
Class SC did the tasks in a different scquence.
Table 11. Percentages of students in Class TN and Class TC who nominated

particular tasks as most effcctive in helping them to learn about Planning

investigations, Conducting investigations, Processing data and Evaluating
investigations during May (n = 40)

Percentage of students

Task Planning Conducting Processing E:valuating
investigations  investigations data mvestigations
Worksheet
Terminology 10 5 8 3

Modelled investigation
Acid and carbonate 12 7 13 15
Student Investigations
Lipase investigation 21 21 28 15

Catalyst investigation 57 67 51 67
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Table 12. Percentages of students in Class SC who nominated particular tasks as
most cffective in helping them to fearn about Planning investigations,
Conducting investigauons, Processing data and Evaluating investigations
dunng May (n = 19)

Percentage of students

Task Planning Conducting Processing Lvaluating
investigations investigations data mvestigations
Worksheet
Terminology 5 0 7 8

Modelled investigation
Pitch of closed pipe 5 0 7 8
Student Investigations
Lipase investigation 16 16 7 15

Ukulele investigation 74 84 79 69

Table 13. Percentages of students in Class TN and Class TC who nominated
particular tasks as most effective in helping them to learn about Planning
investigations, Conducting investigations, Processing data and Evajuating
investigations duning August (n = 45)

Percentage of students

Task Planning Conducting Processing Evaluating
investigations  investigations data investigations

Worksheet

(8}
H
Re
)

Marking an Investigation

Modelled investigation

to
iV
W
v

Pitch of closed pipe
Student Investigations
Ukulele investigation 31 57 40 44

Electromagnet investigation 64 35 47 46




135

Table 14. Percentages of students in Class SC who nominated particular tasks as
most cffective in helping them to learn about Planning investigations,
Conducting investigations, Processing data and Evaluatng investigations
duning August (n = 23)

Percentage of students

Task Planning Conducting Processing Lvaluating
mvestigations  investigations data mvestigations
Worksheet
Marking an Investigation 9 14 18 5

Modelled investigation
Acid and carbonate 17 9 9 9
Student Investigations
Catalyst investigation 22 41 55 41

Panadol investigation 52 36 18 45

From the tables it is evident that students perceived that the teacher modelled
investigations contributed less 1o their learning about Planning investigations,
Conduciing investigations, Processing data and Evaluating investigations than the
student investigations (Assertion 29). Thesce data are consistent with previously
presented data that indicated that students learned less about investigations as a
whole from teacher modelled investigations than from investigations they performed
themselves (Assertion 28). The data also tmply that worksheets are poor at
developing investigation competencies, however, this may be because they focused

on a narrow range of skills.

Assertion 29: Students perceive that teacher modelled investigations
contribute less than student investigations to their learning
about Planning investigations, Conducting investigations,

Processing data and Evaluating investigations.
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Examples of learning from teacher modeiling

Although Table 7 (p 110) indicates that from teacher modelled investigations
the amount of learmng was low, when students were asked (o give speaitic examples
ol their learnimg trom teacher modelled investigations (Table &, p. 115) their
cxamples tocused more on Conducting investigations than on other compelencies.
For the closed pipe investigation students most commonly cited the sub competency
Using equipment (11 students). Students' references to using cquipment were
sigmficant becausce, for the first ume, they used the computer to analyse the [requency
of a sound wave. For the teacher modelled acid and carbonate investigation students
perceived that they learned about Being accurate (12 students) and this competency
was an important aspect of the data collection. The teacher had 1o accurately control
vanables such as temperature, volume of acid and mass of calcium carbonate, as well
as measure the ume taken for imewater to go milky. For many students this was onc
of their first experiences in quantitative chemistry and this is likely to have
contributed to their questionnaire responsc. The notion that students learn most about
the investigation competency Conducting investigations from the tecacher modelled
investigations and that the emphasis on the sub competencies vanes with the context

of the investigation is expressed as Assertion 30

Assertion 30: Students perceive that for teacher modelled investigations the
competency they learn most about is Conducting investigations,
and for different investigations they learn different sub

competencies associated with Conducting investigations.

These data raise concerns about the teacher modelling aspect of the cognitive
apprenticeship model of instruction as implemented in this study. Modelling 1s a
crucial element of the instructional approach as it provides the basis for the
conceptual model of the target process (Collins ct al. 1989). Also, according to

Lave, in Collins et al. (1989) it provides an advanced organiser for the process, and a
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guide for independent practice. In this study 1t may be that teacher modelhing was
important in providing a coneeptual model and in guiding individual student practice

cven though students did not recogmise 1ts contribution to learning.

Self-Reflective and Metacognitive Skills

Tasks that had the potenual to develop students’ self-reflective and
metacognitive skills included the questionnaire, the scction of the IPRS that asked
students to cvaluate their investigation, the worksheet on marking an investigatuon,
and for Class SC, the self-assessment of their science investigation. Students were
not asked about the cffect of the questionnaire on their learning. With regard 1o the
evaluation section of the IPRS it has been reported previously that students do not
consider Evaluating investigations as learning about investigation competencies,
Assertion 21. Class SC's pereeptions of student assessed criterion referenced
assessment are discussed in the next scction of the Chapter. The following
discussion addresses students' perceptions of the worksheet on marking an

investigation.

The purpose of the worksheet on marking an investigation was o encourage
students to reflect on an investigation performed and writien up by other students,
and as a consequence, to develop a more rellective approach to their own work. The
worksheel required students to assess an investigation (factors affecting heart beal)
completed by previous Year 9 students. Major weaknesses in the writc-up of the
investigetion included the limited control of variables, the failure to average results
and the subsequent use of graphs for each data set, and the lack of detail in the
written report. Table 8 (p. 115) indicates that from this task students learned about
Controlling variables (5 students), Using graphs (7 students), Writing the report
(6 students) and Attending to detail (4 students). Pippa, Barbara and Annette

identified graphing as a major weakness in the investigation. Statements by Lib,
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Pippa and Barbara revealed an increased awareness ol the difficulties assocrated
with assessing work. In contrast, many students could see no pornt in the task and
this s typified by Gay's comment.

Pippa: I found thut the worksheet exercise didn't teach me much about science
investiganons, just about how difficult 1t1s to mark them. The only thing
[ learnt was to label everything and to graph averages, not every single
result.

Barbara:  In marking this sheet I learnt 1t must be hard for a teacher to mark
disorgamsed work. Therefore | now know: Graphs should show
averages not specific results, you must be able to control (test) your
hypothesis, one must utle all graphs and tables, all variables must stay
the same except the independent.

Annette:  With the investigation that we marked I found out a lot of things that the
people did wrong | oftend (sic) did wrong mysell. So I learnt that to
support a hypothesis [ had to solve it, and only to graph averages. [ also
tearnt from their mistakes.

Lib: I understand what teachers are looking for in our investigations but
generally [ thought this sheet was boring.

Gay: [ didn't see why this was important for me. (Sorry tf 1t sounds rude!) |
didn't go through it properly and therefore didn't benelit from this.

Quantitative data presented in Tables 13 and 14 compare students’ perceptions
of the worksheet on marking an investigation, the tcacher modelled investigations
and the student investigations, in terms of effectiveness in helping them to learn
about the phases of investigating. On average, students 1n all classes identified the
worksheet as more effective in helping them o learn about Processing data than the
teacher modelled investigations, and Class SC also indicated that the worksheet was
more helpful in their learning about Conditcting investigations. Students, however,
indicated that the effectiveness of learning from the student investigations was

considerably higher than the other tasks across the four phases of investigating.

It may be that students are insufficiently aware of how they learn to
recognise the benefits from self-reflective and metacognitive tasks. Itis likely that
they need explicit instruction in these thinking skills to be able to appreciate possible

benefits from them.
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Assessiment

For the third questuonnaire, depending on their class, students were asked o
compare thewr learning from either "correcting an investigation” or "marking an
imvestigaton" with other ways of Jearning to do invesugations. The other ways ol
learning about doing investigations included the following; doing an investigabon in
a group, talking with other students, watching and histening to the tcacher model an
investigation, talking with the teacher, doing an investigation by yourself, and
waltching and listening to other students do an investigation. Data were pooled
across classes in Table 9 (p. 126), 1o indicate that when asked to rank thesc ways of
fearning in order from "the best way for you to learn how to do tnvestigations” to the
worst, on average, students across classces ranked correcting and marking an
investigation last. This ranking does not necessanly indicate the :mount of learning
from the assessment of their work. The notion that students perceive that the worst
way to learn about doing investigations is {rom correcting or marking an
investigation 1s expressed as Assertion 31. Perhaps this 1s because they perceived
that the investigations had been completed and that making corrections 1s a waste of

time and/or that it serves no purposc.

Assertion 31: Students perceive that the worst way to learn about doing

investigations is by correcting or marking investigations.

At the class level students were asked to rank different aspects of learning
from assessment. This was because, as described previously in Chapter 3, dilferent
assessment procedures were used for the three classes. The investigations for
students in Classes TN and TC were teacher assessed and students were asked to
rank "correcting an investigation" becausc they were given this opportunity
following the teacher assessment of their investigation. The students in Class SC

assessed their own investigations by matching them to master answer sheets
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prepared by the rescarcher, and assigning themsclves grades for stated enteria. They

were asked o rank "marking an investigation”.

The individual class rankings are presented in Table 15, Class TN's mcan
ranking was highest and Class SC's was lowest. Rcasons for these rankings were not
explored in this study. The following suggesuons for the low ranking of Class SC
are proposed with caution. Students in Class SC may have found sclf-assessment
difficult, or borning and/or they learned hittle, and consequently they ranked it as the
worst way to learn about doing investigations. Also, they may have perceived that
their tcachers lacked interest in their progress because they had not assessed their
work and hence, they responded by a lack of interest in improving their

performance.

Table 15. Class assessment mean ranking of the best way to learn about doing

investgations
Class Assessment Mean ranking
TN Correcing an investgation 3.90
(n=21)
TC Correcting an investigation 5.19
(n=22)
SC Marking an investigation 5.95
(n=23)

Note. Ways of learning from correcting/marking investigations ranked from | (best) to 7 (worst)

Additional questions to obtain information about how students responded to
the assessment procedures are presented in Figure 17 and data were gathered after
the lessons during May and November. Students indicated how much they learmed
from their assessment regime from zero (not at all) to five (a lot). The ratings were

tallied and the class means are presented in Table 16.
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Class Questions

TN How much did the teacher's marking of the investigations help you o
lcarn”

Give examples of what you learnt from the teacher's marking of the
Investigations.

TC How much did the teacher's marking of the investigations help you to
lcamn !
Give examples of what you learnt from the teacher's marking of thc
investigations.

SC  How much did marking your own investigations help you to learn?

Give examples of what you learnt [rom assessing your own investigations.

Figure 17. Questions asked about the assessment of the Investigation Planning and
Report Sheets

Table 16. Mean rating of how much was leamned from the different assessment
procedures and the student investigations for Class TN, Class TC and
Class SC during May and November

May November
Class Assessment Student Assessment Student
investigations investigations
TN 2.60 3.74 3.00 291
TC 2.55 2.89 2.22 1.96
SC 2.15 3.08 1.73 1.79

Note. Learning from the assessment rated from O (nothing) to 5 (alot).

The data (Table 16) indicating how much was learned from the assessment
are consistent with data that ranks the best way for students to learn (Tablec 9 &
Table 15). 1n comparison with the other classcs, Class TN (Table 16) rated their

assessment procedure during May (2.60) and November (3.00) as contributing more



142

to learning about doing investigations und ranked 1t (3.90, Table 15) as a better
way to fcarn than did Classes TC and SC. Class SC rated their assessment
procedure during May (2.15) and November (1.73) as contributing [cast to their
learming (Table 16) and ranked 1t worst in terms of ways to learn about doing
investigations (5.97, Table 15). These data indicale that students from Class SC
pereeive sclf-assessment contributes less to their fcarning than students in Classes
TN and TC who had their investigations assessed by a teacher. This is presented as

Asscrtion 32.

Assertion 32: Students who assess their own investigations perceive that they
learn less from this process than students who have their

investigations assessed by teachers.

In addition, Table 16 provides a companson of students' ratings of how
much they learned about doing investigations from the assessment and from the
student investigations they performed during May and November (Table 16).
During May students rated the assessment as contributing less to their learning than
student investigations. During November, Class SC indicated that they learned
marginally less from the assessment than from the student investigations, however,
Classes TN and TC indicated that they had learned slightly more from the
assessment. The May assessment data arc consistent with previous data that
revealed students' low opinions of learning from assessment. The November data
are difficult to explain. They may merely indicate that students were disinterested in
performing the November investigations because they were at the end of the
program and because the end of the school year was approaching. This is supported
by earlier data (Assertion 19) which shows that students perceive that they leam

more from the first few investigations they perform.
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The Tollowing discussion 1s based on examples of learning that students
provided in response to the questions about assessment, Figure 17. Students in
Classes TN and TC were asked to give examples of what they learned {rom the
tcacher's marking of their investigation and students in Class SC were asked to give

examples of what they had learned from their own assessment.

The comments made by students 1n Class TN (teacher assessed norm
referenced assessment) related to the (a) lack of lcarning from the assessment
procedure, (b) the helplulness of whole-class feedback when students recerved their
assessed work and (¢) the fact that they were able to sec where they had made

mistakes.

(a) lack of learning

Dolly: I didn't learn much from her marking. (May)
I didn't really find that the teacher's marking affects me, accept (sic) that
I need to try harder next ume. (November)

May: I didn't learn much as there was no teacher comment on my mark.

Jo: Didn't learn much, except make sure you (i1l in all of the questions.

(b) whole-class feedback

Anna: She did not really write down much in our sheets but she explained a lot
in class.
May: 1t helped a bit but it was more helpful when the teacher went through it

with the class as a whole and told us what to include.

(c) identifying mistakes

Annette: I learned that they (teachers) mark your problems and help you see what
you did wrong.

Anne: We were able to see the mistakes that we had missed when we were
reviewing it. We then are able to know what to do the next ume.

Cara: [ was able to see where | went wrong.



Some students in Class TC (teacher assessed critennon referenced
assessment) made comments about the fack of lcarning from the assessment and

others sad that 1t was beneficral in helping them to sdentily mistakes.

() lack of learning
Claire: It didn't really help much. (May)
Penny: Not very much becausce 1 couldn't really understand what she meant. (May)

Susan: Nothing. (November)

(b) 1dentifying mistakes

Kit: That when you draw tables you only put the units in the heading squarces.
That [ should control vanables better. (May)

Em: [ learnt a lot from them marking it because | was reading through there
(sic) comments | understood what I had done wrong. (May)

Kerry: We understood where we went wrong and what we could do to [ix it up.
(May)

Susan: What not to do again. (May)

Claire: To expand my answers longer. (November)

Kerry: Be precise - what T did nght and wrong. (November)

Kit: It was good to see what we had done wrong and what to improve on next

time. (November)

Em: They wrote how we could make it better & explained it much more
clear. (November)

Penny: You learnt where you went wrong and why you got the mark you did.
(November)

Simone: It gave you an idea on what the teacher s looking for you write about the
investigation. (November)

In Class SC (student assessed criterion referenced assessment) some students
such as Alice said that the assessment process made no difference and others, for
example Helen, stated that it wasn't necessary because they had alrcady realised

what they had done wrong. Belinda, Rose and Beth were more positive saying that



145

they could wdenuly mistakes. A few students, Gill, Pippa and Clara recognised the

selt-retlective component of the self -assessment.

(a) lack of learming

Alice: It didn't make any difference to me. (May)

Helen: It wasn't necessary as we alrcady knew what we had done wrong and
what we had done nght. (May)

(b) identlying mustakes

Belinda:  Find out what your mistakes were. (May)

Rose: Leamnt from my mistakes. (November)

Beth: To learn from your mistakes because vour (sic) gomng through the answer
and marking it yourself. (November)

(¢) crucal analysis

Gill: To be critical of our own work. (November)

Pippa: [t was good to criticise yourself so you could improve in that area next
time. (November)

Clara: Marking your work gives you more understanding of what your teacher
wants. (November)

In summary, two assertions can be developed from the examples of fearning
that students provided in responsc to questions about what they had learned from the
assessment, Figure 17. First, the students in Class TC and Class SC did not mention
using the critena to assign grades. This was the students first science experience
with this form of assessment so it was expected that some comment would be made
about the procedure. Students' failure to acknowledge this aspect of assessment is
expressed as Assertion 33. The espoused strengths of criterion referenced
assessment are numerous (Biggs & Moore, 1993 Gipps, 1994, Harris & Bell, 1954,
Popham, 1992) so it was expected that some reference 1o the assessment would be

made.
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Assertion 33: Students do not acknowledge that criterion referenced aspects of
assessinent are helpful in providing feedback on investigation

performance.

Sccond, tor cach of the classes there was a wide range of viewpoints about
students' pereeived learming trom the assessment of their investigations. Thisidea s

presented as Assertion 34,

Assertion 34: Students' perceptions of the amount of learning resulting from

teacher and student assessment vary widely.

For the final questionnaire during November, students were asked whether
they preferred tcacher marking or student marking of their investigations. From
Table 17 it is noted that almost half the students in Class SC said that they preferred
student marking (Assertion 35). This 1s interesting in view of the previous finding
that Class SC learned least from the assessment of their work (Assertion 32). The
reasons for this are not clear, however, the low preference for student mark:ng from
Class TN and Class TC does indicate that if students are not exposed to a particular

form of assessment then they are unlikely to recognise its value.

Assertion 35: Students who have not assessed their own work are less likely to
see the value in this assessment procedure than students who
have,

Table 17. Percentages of students in Class TN, Class TC and Class SC who
indicated a preference for either teacher assessment or student assessment

Percentages of students

Class Teacher assessment Student assessment
TNm=21 90.5 9.5
TC(n=22) 86.4 13.6

SC(n=23) 52.2 47.8
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Summary of the Chapter

This Chapter addressed the results of three questionnarres that students
completed after nstruction dunng May, August und November. Both quantilatiy ¢
and qualitatve data have been presented and 16 assertions have been formulated.
The assertions (Figure 18) have been clustered according to investigation
competencics, aspects of the cognitive apprenticeship model of instruction, and the
assessment regimes, although 1tis acknowledged that the clusters are not nccessanly
mutually exclusive. This clustering provides a framework on which to report

rescarch findings and to address the research questions.

In terms of investigation competency, students idenufied 1solated skills that
they had lcarncd but did not indicate that they had acquired competencies that relate
onc phase of an investigation to another, such as relating their conclusion to the
hypothesis. In additon, they identfied social and workplace skills (Assertion 22).
Students' comments reinforced the notion of task and domain specificity and this has
implications for performance assessment as different tasks test different skills or
competencies (Assertion 23). Learning most from the first few iny estigations

indicates the impact of novel tasks on students' learming (Assertion 19).

The data presented about the cognitive apprenticeship model of instruction
raised some concemns. These concerns need to be considered in the hight of the
pretest and posttest data that showed strong gains 1n students’ investigation
competencies. Students perceived that they learned more from talking with their
peers than their teacher (Assertion 26). This raises concerns about the teachers' role
as a coach and the impact of formative assessment. Similarly the impact of teacher
modelled investigations is questioned as students indicated that they Icarned less
from teacher mndelled investigations than from doing the investigations

(Assertion 28).
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With regard to assessment, students pereeived that the worst way o learn
about dotng investigations was by correcting or marking an investigation (Assertion
>+, Students who assessed their own work, however, pereeived that they had
lcarned less from this process than students who had their stnvestigations assessed by
ther teacher (Asseruon 32). Furthermore, students did not acknowledge that

critenon referenced assessment was of benefit to them (Assertion 33).
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Asserhions

Investigation competencies
19 Students pereense that they Tearn most from the hirstlew investigation: they perorm

200 Students pereave that they learn most about wnung hy potheses and identfying vanables from
the worksheet on ternminotogy

21 Students do not conssder Fvaluating invesuganions as earning about investigation competenaes

22 Invesugation competencies that students claim to has e leamed include (a) planmng
mvestigations that comprises wrnting hypotheses identilying vanables, overall planmng and
prelinnnary tnaling that can result i modifications to the plan (b conducting investgations thit
compnscs usig cquipment, controlling vanables, repeating tnals, being accurate and working
safely (¢) processing data that comprises using tables, averagimg results, using graphs and
drawing conclusions (d) wntimg reports (¢) working cooperatively (f) attending 1o detald
() managing time and (h) bemg orgamsed

23 The nature of the mnvestigaton influences the mvestigation competencies that students belicve
they leam.

Aspects of the cognitive apprenticeship model of instruction

(a) Articulating and coaching

24 Students perceive that the best way to learn about doing mvesugations 1s by doing them with a
group of students.

19
h

Most students pereeive that they leam more about domg mvestgations from tatking with thar
peers than from talking with their eacher

26 Most students perceive that they learn more about doing investigations from talking with ther
peers and thetr teacher carly in the instructonal program

27 Some students prefer teachers who give full explanatons and some prefer teachers who
encourage and assist them to solve their own problems

(b) Teacher modelled investigations
28 Students perceive that they leam less about doing mvestigauons from teacher modelled
mvestigations than from student investigations

29 Students percerve that teacher modelled mvestigations contrtbute less than student ivestugations
to their learmng about Planning imvestigations, Conducting myestigations, Processing data and
Evaluating invesuigations.

30 Students perceive that for the teacher modelled investigatons the investgation competency they
learn most about is Conducting investigations , and for different investigations they learn different
sub competencies associated with Conducting investigations

Assessment
31 Students perceive that the worst way to learn about doing investigations is by correcting or marking
investigations.

32 Swdents who assess their own investigations perceive that they learn less from this process than
students who have their investigations assessed by leachers

33 Students do not acknowledge that criterion referenced aspects of assessment are helpful in
providing fecdback on investigation performance.

34 Students' perceptions of the amount of learning resulting from teacher and student assessment
vary widely.

35 Students who have not assessed their own work are less likely to see the value in this assessiment
procedure than students who have.

Figure 18. Summary of assertions from student questionnaires
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CHAPTER 6

TEACHER INTERVIEWS

Overview of the Chapter

This Chapter discusses data gathered from semi-structured interviews with
the teachers who participated 1n the study. The tcacher interview data relates to the
three themes assoctated with the research questions; the development of
investigation competencies, aspects of the cogmuve apprenticeship model of
instruction, and different assessment regimes.  Investigation competencies arc
considered in terms of teachers' perceptions of the pretest (lipase investigation) and
of the development of students’ investigation competencies throughout the program.
In the section on the cognitive apprenticeship model of instruction, teacher modelled
investigations are considered along with tcacher guidance, scaffolding and fading,
and sclf-reflective and metacognitive skills. Finally, teachers' perceptions of the
assessment regimes; teacher assessed norm referenced, fcacher assessed critenion

referenced, and student assessed criterion referenced assessment are considered.

The teachers were interviewed individually on two occasions during the May
investigations; after they had modelied an investigation and at the completion of the
10 lesson sequence. For the sccond and third sequence of 10 lessons dunng August
and November, teachers were interviewed at the completion of the lesson sequences.
During the interviews, the researcher made hand written scripts of the teachers'
comments. The scripts were typed into notes and shown to the teachers to ensure
they represented an accurate record. No changes to the scripts resulted from this
procedure. The teachers rotated amongst classes after the 10 lesson segments
(Appendix B) so that the students had subject specialist teachers for chemistry,

physics and biology units of work.
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Investigation Competencies

Teachers' Perceptions of Students' Investigation Competencies from the Pretest

Teachers' responses to the pretest (lipase) tnvestigation support some of the
data gathered from the pretest Investigation Planning and Report Sheets (Chapler 4).
The teachers' comments about the pretest provide a snapshot of the students’ first

attempts at investigations of the type described 1n this research (Appendixes D & E).

Teachers found the pretest lessons difficult because they were asked to not
help the students. "Letting them have free reign was difficult knowing that they
were making so many mistakes," said Miss Mills and she added, "This 1s not the
way | would normally teach.” Mrs Grant said that she "...perceived the students'
discomfort," because she believed that they felt lost and hopeless at dealing with the
task. Mrs Cross added that "It was hard to know what to tell them." The teachers
were surprised and disappointed that their students faired poorly on the pretest
investigation, however, poor performances should have been anticipated because
this was the students’ first encounter with an open investigation. [n addition, they

were uncomfortable with their role as an observer, rather than a helper or guide.

In terms of Planning investigations, tcachers said that the students were very
disorganised and that their plans lacked detail and coherence. "They were unable to
outline the procedural steps,” said Mrs Grant and she added, "Their plans were very
badly written and you couldn't use them as a recipe. They did not specify amounts
of substances that they would use, how they planned to measure the variables, or the
variables that they would control." These ideas are expressed later in Assertion 37.
These comments suggest that the students lacked an overall plan and did not attend
to necessary details. Also, they did not plan for the collection of quantitative dala, a

characteristic previously reported by Black (1990). The lack of planning associated
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with how to measure the varables 1s consistent with a study by Duggan ctal. (1996)
in which they report difficulties that 12-14 year old students expenence

operationalising continuous independent vanables.

With regard to Conducting investigations, Miss Mills highlighted that
students did not know how to measure the dependent variable. This view 1s
consistent with the analysis of their pretest [IPRSs where it was noted that students
found the idenufication of the vanables to change and to measure difficult. For
example some trned to measure the ime for the recaction by plotung pH changes of
milK rather than the ume taken for a pH change.

Miss Mills: A common problem was the failure of students to1dent:fy how 1o

measure the dependent vaniable. Some students didn't even realisc
that they had to measure 1t.

Mrs Grant added that the students did not conduct preliminary tnals and that
they did not understand how o use Universal indicator to measure the dependent
variable. Her comment that students wrote down colour changes that didn't exist
supports Assertion 7: Some students 'observe’ chanees that they think will occur in
investigations rather than changes that actually occur. Also, she said that students
did not take accurate measurements and tended to use non-standard measurements
such as, "the test tube was onc quarter-full”, which provides further support for
Black's (1990) assertion that some students don't pereeive the need for
quantification.

Mrs Grant:  Some students didn't trial (conduct preliminary trials) at all. Some
didn't understand the role of the indicator even though it had been
explained to them. They scemed to be wnting down changes in
colours that didn't exist. 1 found it hard to work out what they were

doing with the indicator. They didn't specify amounts accurately.
They said that things were a quarter-full.
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Mrs Cross siaid that students did not have a range of results and this comment
was not surprising because 1n their previous school science, students had not been
required to manipulate the independent vanable or 1o gather sets of data. In
addition, Miss Mills mentioned that students did not understand that the optimum
conditions for the enzyme were at 37 “Cin a shghtly basic solution, and that they did
not understand that they should only change one vanable.

Miss Mills:  Students didn't understand that they should be working with the
optimum conditions and just vary one condition (vartable).

In terms of Processing data \cachers commented that students did not
organise their data into tables or draw appropnalte graphs. Mrs Cross commented on
their poor graphing skills and that some students graphed pH instead of the ime
taken for the reaction. She added that they did not know what type of graph to draw,
thus providing further support for research by Roth and McGinn (1997) and
Assertion 17: Some students view continuous data as discrete data.

Mrs Cross:  Their graphing was hopeless. Some tned to graph the pH change.
They had no idea as to whether it was a line graph or a bar graph.

In summary, most of the teachers' comments about the pretest addressed
students’ abilities associated with Conducting investigations and 1o a lesser extent
Planning investig.ations and Processing data. No teacher commented on the
students’ abilities at Fvaluating investigations. This omission 1s consistent with
questionnaire data gathered from the students and presented as Assertion 21:
Students do not consider Evaluating investigations as learning about investigation
competencies. Clearly both teachers and students considered the evaluation of the
investigation of less importance than other investigation competencies. The
following weaknesses in tnvestigating competencics were stated by teachers during

the May interviews.
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Planning investigations: Most students' wiitten plans lack detl and orgamisation,
and finled 1o specily the amount of substances used.

Conducting investigations: Most students didn't conduct prehiminary tnals; they
didn't understand how 1o measure the dependent variable; they used non-standard
measures, they didn't control vanables, they didn't understand the role of optimum
conditions, and they wrote down colour changes that did not occur. This provides
further support tor Assertion 7 formulaled 1n response to students’ Investigation
Planning and Report Sheets: Some students 'observe' changes that they think will
oceur rather than changes that actually occur.

Processing data: Most students didn't have enough data to graph, and they had
problems drawing the graph and knowing what type of graph to draw. This provides

support for Assertion 17: Some students view continuous data as discrete data.

Teachers' Perceptions of Students' Development of Investigation Competencies

Al the outsel, 1t niceds to be stated that the teachers were pleased with their
students' development of investigation competencies over the duration of the 30
lesson program. The comment by Mrs Cross alter the [inal investigation,

summarises leachers' perceptions of students' development.

Mrs Cross: They (students) have become so much better at doing the
investigations but I don't think that they actually reahse 1t.

The teachers said that some students did not perceive that they were learning
a great deal from the investigations. They said that these students valued the
acquisition of content knowledge and did not perceive the acquisition or
development of skills and competencies, to be learmng science. The comments by
Mrs Cross and Mrs Grant support this view and are expressed in Assertion 36,
Mrs Cross:  Some of them think they arc we sting time. They view learning as the

gaining of factual information. This could be our fault because we
should test more science processes in our tests.
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Mrs Grant: Some students are getting sick ol 11 because they don't see it as
learning. There 1s a lot of paper work and itis repetittive. Although
some hike Kara, really uppreciate 1t. She can see the whole process
and the rationule Tor 1t, so she 1s happy.

Assertion 36: Teachers consider that some students do not perceive developing

investigation competencies to be learning science.

Although teachers' comments about students' development of investigation
competencies were associated with specific investugations, it 1s possible to wdentify
some common threads in thetr comments across the investigations, and these relatc
to the competencies of Planning investigations, Conducting investigations,
Processing data, Managing time and Being organised. Most ol comments that
teachers made, however, were about the difficulties students expenenced in

Conducting investigations.

Planning investigations

The teachers said a major weakness in students' planning was therr inability
to plan appropriately and that this resulted in poorly presented written plans. This 1s
consistent with the pretest data and may be duc to students’ difficulues in
conceptualising the investigations. Students' poor planning ability i1s cxpressed as
Assertion 37, and exemplified by Mrs Cross' comment.
Mrs Cross: A major student weakness was describing what was done. Diagrams

were not used to help in explanations. The descriptions of collecting,
data were not done in a systematic way.

Assertion 37: Most students' written plans for investigations lack sufficient

detail to describe the procedures they intend to follow.

Teachers (Mrs Cross and Mrs Grant) said that most students learned to use
preliminary trials to familiarise themselves with the experimental procedures and to

organise group work. Most students, added Mrs Cross, didn't use preliminary tnals
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1o deternune an appropriate range and/or iterval for data collection. Teachers'
views support Assertion 5: When planning investugutions most students use
prehiminary tnals to observe the reaction/experiment and to organise procedures. In
addition they support Assertion 6; When planning investigations most students do

not consider the range over which the data should be collected or the data collectuon

iterval.

Mrs Cross: Some of them don't associate tnaling with trying to improve the
cexperiment. Some don't distinguish between the tnal and the actual
measurements that they record. They just use tt as a practice run.

Mrs Grant: Mostly they did preliminary trials to see how the equipment would

work and to get themselves organised. They didn't have any idea
about working out the range of readings or anything like that.
(electromagnet investigation, November)

Conducting investigations

For some investigations, particularly the catalyst investigation and the
clectromagnet investigation, the teachers said that students found 1t difficuit to work
out what was the dependent vanable and how it should be measured. Although the
science curriculum had previously addressed the preparation of oxygen gas and the
strength of electromagnets, students' abilities to access and link this knowledge to
the investigations seemed to be critical factors influencing their understanding of
how to proceed with the investigation. [n contrast, the Panadol and ukulele
investigations were simpler in science content and in terms of operationahsing and

measuring the dependent variable.

Teachers' comments associated with the mecasurement of the dependent
variable arc presented below. Comments about the conceptually simpler
investigations {rom Mr Brogo (ukulcle investigation), Mrs Cross (Panadol
investigation) and Miss Mills (Panadol investigation), are contrasted against
comments about the conceptually complex investigations from Mrs Cross (catalyst

investigation) and Mrs Grant (electromagnet investigation). The comments
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highlight the different difficulties associated with dilferent investigations. Assertion

38 addresses these wdeas.

Mr Brogo: (Ukulele investigation) They handled 1t pretty well. Tt was casy and
strarght forward. They had learnt to do trials and 1ignore mistakes
{(musical notes that were not properly produced). They were guite
well orgamsed. No one seemed reluctant to use the computer and
there was no difficulty in using the equipment.

Mrs Cross:  (Panadol investigation) They were much betier organised. They
found it more straight forward because they were just uming how
fong the Panadol took to dissolve. They come up with some weird
ways of defining 'dissolving' because the last few specks take a long
ume to dissolve. Some were listening 1o the effervescence and were
trving o ume how long 1t took for the bubbles Lo stop popping.

Miss Mills:  (Panadol investigation) Some seemed to hike this investigation
because they knew that their data were reasonably accurate. Others
thought that 1t was beneath them and too tnvial. 1t was certainly
casier that the other investigations. [t probably should be carlier in
the sequence of the investigations.

Mrs Cross:  (Catalyst investigation, May) They had trouble trving 1o work out
how to measure the dependent vanable.
{Catalyst investigation, August) [t went well except that they had no
idca how to collect the oxygen. [ had to refer them back to when we
had collected oxygen before. They don't seem to associate thetr class
work with the investigations. They sull had trouble measuring the
dependent variable. Some chose inappropriate measurcs such as
when the first bubble appeared. Most worked out that they needed a
line on the test tube. Virtually all did (the effect of changing) the
amount of catalyst.

Mrs Grant: (Electromagnet investigation) [t was more difficult than the ukulele

investigation. Students had 1o sort out the experimental set up, the
manipulation of the equipment and the measurement side.

Assertion 38: Students' familiarity with the dependent variable, and how it is

operationalised and measured affects the difficulty of investigations.

Interestingly, the ease of manipulating the independent varniable was not
identified by teachers as a factor contributing to the difficulty of the investigation,
even though studies in the United Kingdom have shown that students find
continuous independent variables difficult to operationalise (Duggan ct al. 1996).

Teachers, however, did identify the setting up of equipment as a factor influencing
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ditheulty, Asserton 39, This is implied in previous comments by Mrs Cross about
the catalyst investigation. She said students had trouble working out how 1o
measure the dependent vanable and how to collect oxygen gas, even though they
had studied the collection of the gas a few weeks carlier. She added that the
cquipment nceded to be set-up to collect the gas and that this created a stumbling
block for some students. Mrs Grant's following comment about the electromagnet
investigation also draws atiention to the complexity of selting up cquipment.
Perhaps this additonal clement 1n conducting investigations 1s sufficient to create an
informaton overload situation for some students (Johnstone & Wham, 1982).
Mrs Grant:  The students came up with the vanables to investigate. Some of
them had bits of the investigation correct but they found it harder
than the ukulele investigation because they had to set up the circuit.

There were many more decisions to make. [ don't think that it was
oo difficult. (electromagnet investigation, November)

Assertion 39: Students find investigations that involve setting up equipment
more difficult that those that do not require equipment to be

set-up.

Assertions 38 and 39 also imply that investigations vary in their degree and
nature of difficulty. These data support notions of task and domain specificity
associated with performance tasks (Gipps, 1994) and the impact of contextual

factors on performance.

Teachers commented that from the [irst few investigations students lcamed
to repeat trials and to average results. The following comments by Mr Brogo and
Miss Mills indicate this, and arc further support for Assertion 8: Most students learn
to repeat or replicate the data collection and to average the resulls.

Mr Brogo: The trialing was a bit rushed by the students. They had Icarnt to do
trials and ignore mistakes (frequencies produced by irregular

plucking of the ukulele string). They were quite well organised.
They seemed to have grasped the basics of repeated trials. They
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scemed to understand to take about five sets of data whereas 1n the
past they would only take three sets of data. They also repeated trials
and averaged results. (ukulele imvestigation, August)

The students seemed to have got the idea about repeating tnals and
they managed to cotlect yute a lot of data. (Panadol investigation,
November)

Processing data

During May and August, tcachers commented on students' limited

competencies at processing data, parucularly their poor graphing skills. However,

by the end of the program they said that they were pleased with the students’

improvements in this arca.

Mrs Cross

They were poor at drawing tables and not all students got around to
doing the graph. They nced a bit more on graphing skills. A lot of
them don't know 1o put the independent variable on the honzontal
axis. (catalystinvestigation, May)

Managing time and being organised

At the beginning of the program teachers commented on the students' poor

organisational skills, however, they said that after a few investigations the students

realised the need to become more organised in order to complete the investigations

on time. Mrs Cross' comment below exemplifics how some groups functioned and

Mrs Grant said that some groups did not work well. All of the tcachers thought that

students had sufficient ime to complete the investigations but the students

complained that they did not. This is exemplified by Miss Mills' comment.

Mrs Cross:

Mrs Grant:

Miss Mills:

Often onc student in the group trnied to do everything at once. Later it
might be another student. For example they would try to put in the
stopper, start the timer and put the gas delivery tube in the right place.
They weren't good at shaning the organisation of tasks. (catalyst
investigation, May)

Some students (Kate and Daisy) had problems working in the group
and didn't work well. (electromagnet investigation, August)

The students felt that they didn't have enough time but I thought that
they did. They seemed to enjoy it. They said they were rushed but
they seem to say this whatever they arc doing. (catalyst investigation,
May)
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Aspects of the Cognitive Apprenticeship Model of Instruction

Teacher Modelled Investigations

The teachers were bricfed about the concept of modelling and its role in the
cognitiy ¢ apprenticeship madel of instruction. They modelled investigations to the
whole class, similar to the concept ol " global modehing” described by Javela (1996,
p. 110). Each teacher had previously tnaled aspects of the data gathering procedures

before the lesson.

Teacher modelled acid and carbonate investigation
The acid and carbonate investigation was performed by Mrs Cross
(Class TN) and Miss Mills (Class TC) during the first sequence of lessons (May)

and by Mrs Cross (Class SC) during the second sequence of lessons (August).

The general consensus of the teachers was that 1t was too difficult for
students to observe the investigation. Also, they said that they found 1t too "fiddiy"
for a demonstrauon and "too time consuming gathering the data.” They added that
they tried to present too much information and, in order to get through the work,
they talked too much. As a conscquence, students lost interest because they were
not sufficiently involved. The comments below support these interpretations.

Miss Mills:  The lesson did not involve students in sufficient activity. There was
not enough for them to do. | found it far too teacher centred and
quite frustrating. | attempted to convey too much information and it

was very time consuming. [ think the students lost interest.

Mrs Cross: I felt too rushed.

During August Mrs Cross expressed similar views to those she cxpressed
during May. However, when asked what the students lcamed from the investigation

she said that it was "good" for the revision of terminology.
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Mrs Cross: T don't reaily hike 1t because 1ts too fiddly and the students get bored
and chatty while 1018 betng setup. At low concentrations the reaction
1s oo slow. The Panadol investugation would be casier to
demonstrate. It's good tor the revision of terminology. They scemed
to have torgotten evervthing anyway. Probably its good to show the
importance of tnaling and taking repeated measurements. With the
setting up of the equipment the students ask continually how to draw
it [t would work better if 1t was casier to set up. | wanted 1o get
heaps of trials done and the graph drawn but I didn't get to the graph.
If 1t was simpler they would get more out of 1t. Not all students were
altentive. [t would be better to get them o do 1t and to go through it
with them 1n a stepwise fashion.

Teacher modelled pitch of a closed pipe investigation

The pitch of a closed pipe investigation was modclled by Mrs Grant
(Class SC) during May, and Mrs Grant (Class TN) and Mr Brogo (Class TC) dunng
August. The setl-up of the equipment for this investigation was far more simple than
for the acid and carbonalte investigation. It was only necessary to change the
independent variable, the depth of waler in & bottle, because the computer measured
the dependent variable and students read the data from the screen. This may be a
reason why these tcachers were more posttive about the value of modelled
investigations. One of the main teaching points was the use of the computer
software because students needed this information to perform the ukulele
investigation. Therefore, the teachers modelled the investigation process as well as

spectfic data collection techniques that were needed for the next investigation.

Mrs Grant acknowledged that the modelied pitch of a closed pipe
investigation had value because 1t was closely related to the ukulele investigation,
however, she stated that her first class (Class SC, May) became a little bored
because 1t took too long. She added that she thought it would be casier to
demonstrate to smaller groups because not all student could see the computer.
Mrs Grant: [ can see the value in the activity becausce it helps with the ukulele

investigation. The students got a bit bored. It took a long time and
they stopped listening. [ think that, perhaps it would be better to

model to smaller groups because 1t's hard for them to scc the
computer.
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For the second sequence ol lessons durmg August, when Mrs Grant was
asked, "How did 1t go?" she replied "Good! They stuck with it well.” She added
that 1t was dilhicult for students to see because there were too many around the
computer. Mr Brogo sand that it went "OK!™ He stated that the modelled

imvestigation prepared them well for the ukulele imvesugation thal was o follow.

Mrs Grant There were o many around the computer. Next year | will divide
the class in two so that one hall does the worksheet while the others
work on the compuler.

Mr Brogo: [t focused them quite well. Almost all groups chose length and
frequency for the ukulele mvestigation, therefore it was compatble

with the ukulele mvestigation. [t ook a fong time o get through the
work.

From the discussion about the teacher modelled acid and carbonate
mvestigation and the teacher modelled pitch of a closed pipe investigation it is
evident that the acid and carbonate investigation was more difficult to model. The
teachers commented about the length of time taken [or the investigaton, problems
that students had in observing the investigation, and that the acid and carbonate

investigation was difficult to set up. Assertion 40 has been formulated from these

data.

Assertion 40: Teachers perceive that teacher modelled investigations are
difficult to implement in whole-class settings because
(a) they are time consuming and students become off-task,
(b) sometimes not all students can observe the data collection. and

(c) setting up the equipment can be fiddly.

Modelling, from the tcacher's perspective, and observing, Itom the student's
perspective, are identified by Collins, Brown and Newman, (1989) as central 1o the

cognitive apprenticeship model of instruction. However, because of the difficulties
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assoctited with modelling investigations in whole-class settings, the teachers
behieved that it would be better for students to perform the investigation and be
provided with help from the teacher when needed. These ideas are consistent with
the cognitive apprenticeship notions of providing coaching, gmdance and
scatfolding tor the learner as they execute or practise a new skill. Also, they arce
likely to be consistent with the traditonal apprenticeship model of instrucuon in
which an apprentice would start work and request help from a master craftsman
when needed. Comments by Miss Mills and Mrs Cross support the view that 1t
would be better to provide help when necessary rather that try 1o model an enure
investigation.
Miss Mills: 1 suspect that students would learn more through dotng an
investigation with the teacher's help.

Mrs Cross: [t would be better to get them to do it (an investigation) and for us to
go over it in a stepwisc fashion.

These comments support students’ views collated from the questionnaire data
(Assertions 28 and 29). Clearly both stafl and students have indicated that
modelling an entire investigation 1s not an 1dcal (caching strategy and Assertion 41 18
bascd on teacher recommendations and student questonnaire data. The 1deas
expressed in this assertion arc consistent with "situation specific modeling”
described by Javela (1996, p. 100). She contends that situation specific modelling 1s
more directed at students’ problems; more likely to develop further student inquiry,
and more reciprocal which implies that the teacher-students interactions are more

personal.
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Assertion 41: Teacher modelling of investigation competencies may best be
implemented with small groups of students so that teacher
guidance can be
(a)  provided when needed by the group,

(by  highly focused on the difficulties encountered by the
group, and

(c)  at a personai ievel.

Teachers also expressed the view that they tried to achicve too much during
the modelled investigation. The range of investigation competencies that could be
developed include Planning investigations, Conducting investigations, Processing
data, and Evaluating investigations, as well as Writing a report, Working
cooperatively, Attending to detail, Managing time and Being organised. Therelore,
1t is suggested thatif teachers wish 1o develop students' investugation competencies
then they should select a small number of competencies and model these
competencics. Students' motvation for learning investigation competencies is likely
to be higher if they are aware that the competencies are required to perform the next
investigation. For example, the data gathening skills modelled in the pitch of a close
pipe investigation were needed for the ukulele investigation. Hence, this may have
contributed to students rating this tcacher modelled investigation above the acid and
carbonate investigation in terms of contributing to learming investigation
competencics (Table 7, p. 110). The notion of maodelling a small number of
investigation competencies at onc time is supported by comments from Mrs Grant
and summarised in Assertion 42.

Mrs Grant: [ think it would be better to identify the skills that students need to

develop, and to model smaller chunks like data collection, graphing.,
ways to measure the dependent variable and so on.

Assertion 42: The focus of teacher modelled investigations should be on

developing a small number of competencies.
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Teacher Guidance: Working in the Zone of Proximal Development

Teachers acknowledged that the iny estigations posed students many
problems. Mrs Grant and Mr Brogo said that many students didn't know how Lo
proceed when faced with a problem and that sometimes this resulted in of [-task
behaviour. As a consequence, classroom management difficultics may anse,
Asseruon 43. When laced with difficulues students adopted different behaviours;,
some asked the teacher for help, some went around the room trying to sce what the
other students were doing, and some socialised. [t may have been that the difficulty
of the investigation was inappropriate for some students because 1t was not in their
7one of proximal development (Vygotsky, 1986). Onc way to address this problem
was suggested by Mines (1995). He advocated that teachers use checklists to
determine whether students have the necessary knowledge and skills, and know
what to change and measure prior to an investigation if the investigation 1s to be
used for assessment.

Mrs Grant: Classroom management was quite difficult. There was a lot of
movement in the room. It was difficult to keep them on task. Some
students 'sit’ on the problem. They don't naturally engage in problem
solving and they stop at this point. There is a problem with what to
do with students when they encounter this problem. Some groups
rcally getinto it. They then spend more time on it than the others.
Some engaged at a lower level and had 'free’ time to wander around.
(eleclromagnet investigation, August)

Mr Brogo: I heard some kids say, "This hurts the brain, 1t's too difficult.” They
definitely have to think things out. Some kids opted out of the

problem. They started to mess around. Some wanted me to set up
the circuit for them. (clectromagnet investigation, August)

Assertion 43: Classroom management problems can arise when students find

investigations too challenging.

Teachers viewed their roles differently in helping students to solve problems
associated with the investigations. Mr Brogo tried to get student to work through

their own problems as indicated by his comment that, "Some wanted me to set up
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the crrewt tor them," and also by his comment below . I contrast, Mis Grant was

more comtortable helping students so that things tined out nght. These diffenng

views expressed by leachers are presented as Asserion 440 This assertion s

complementary to students’ pereeptions of different teachimg styles. Some students

prefer tcachers who give tull explanations und some preler teachers who encourage
and assist them to solve their own problems, Assertion 27 Maimtaming a balance

between providing suntable guidance and leaving sufticient scope for students o

think independently has previousty been identified by Mines (1995, p.14) as

dependent on skiltul quesuoning.

Mr Brogo: They don't naturally want to work through things but [ think 1ts
better 1f they work things out for themselves. (electromagnel
ivestigation, August)

Mrs Grant: Students adopted many different approaches and 1 was not sure of
how much gwdance that | should give. [ didn't help them and

wished that | had. This caused some conflict. Some ran off the rails
with therr design and [ found that distressing.

Assertion 44: Teachers have different views on how much guidance to give

students performing investigations.

Scaffolding and Fading

A scaffolded Investigation Planning and Report Sheet (Appendix F) was
provided to students for cach investigation except the pretest and postiest
investigations (Appendix D) where less scatfolding was used. The posttest
represented 'fading' and the pretest matched this format so that comparisons could be
made between the students' pretest and posttest performances. Teachers' commented
about the structure and questions on the IPRS rather than their purpose and the way
they were used. This is illustrated by the [ollowing comments. No assertions were

formulated from these data.
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Mrs Grant:  The worksheet could be structured w little differently. It seems as if
they ask the same thing on ditferent pages.

Mrs Cross: Some students planned 1t methodically and then had to change then
plan alter they had played with the equipment. Perhaps belore
planning they need to play and choose the vanables. They would then
think more about conducung the investigation. Then they could write
the plan. There 1s not enough space for the prehminary trials if they
decide o change therr plan. They then have to wnle a new
hypothesis. Maybe the hypothesis writing should be later. About five
students were messed-up with the wnite-up because they had to
change their plan. Maybe make the plan a ‘rough plan’.

Self-Reflective and Metacognitive Skills

The students participated tn three types of activities that involved self -
reflective and metacognitive practices. These were the worksheet on marking an
investigation, the questtonnaires, and the evaluation section of the Investigation
Planning and Report Sheets. The tcachers made inferences about students’ self -

reflecuve and metacognitive abilities.

The worksheet on marking an investigation {Appendix G) was designed 10
encourage students to evaluate an investigation that was performed and wnltten-up
by the preceding Year 9 students. The investigaton had specific weaknesses. These
included graphing, averaging data, sclecting an appropnalte sample size, drawing
conclusions that were consistent with the data, and controthing varnables.

Mr Brogo: The students found it very 1nteresting. A few didn't understand why
they were doing it. Ttinvolved a lot of metacognition and I think
their abilities to do that are based on their level of maturation. I think
it was good for making comparisons with their own work.

Mrs Cross: It was the first ime that they had done anything like this and at first
they didn't see the value in it | think that by the end of the lesson
most had identified mistakes that the other students had made,
particularly with the multitude of graphs. They had to think quite a
bit. They are used to accepting information and not thinking about
whether things are right or wrong.
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To complete the questionnaires and the evaluation section of the IPRS
students had to reflect on, and document what they had learned about doing the
investigations. The teachers’ comments indicated that students didn't see the valuc
in thinking about their learning and Miss Mills stated that at Yeur 9 she believed that
most of the students were insufliciently mature o think about how and whalt they
Icarned. Teachers' perceptions of students not being sufficiently mature to reflect on
their lcarning 1s expressed as Assertion 45.

Mrs Grant: ~ Generally they don't ike doing it They say, "Why do we have 1o do
this? They tend to write the same things down for all answers. Most
of them don't know what they have lcarnt. They just aren't able 1o
pinpoint arcas.

Miss Mills:  They seemed to forget what they learn very quickly. They
(questionnaires) helped to remind them about their lcarning. Some ol
them looked at their worksheets (IPRS) to answer the questions. |
think that by the last one they were a bit sick of 1t. They don't see that
this sort of thing helps them. They justseeitas  'ng something for
somcone clse. [ think that they're a bit too imma. ure to think about
how and what they learnt.

Assertion 45: Teachers believe that Year 9 students are not sufficiently mature

to reflect on their learning.

This teacher belief is not supported by rescarch findings. For example, Baird
(1986a, 1986b) conducted a six month action-rescarch study and found that when
Year 9 ana Year 11 students applicd evaluative cognitive strategies during lessons
they became more informed, purposeful lcarners and exercised greater control over
their learning. [t may be that in this study students were not provided with sufficient
opportunities to practise and develop appropriate metacognitive skills and because

of this teachers believed that the students were too immature.
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Assessment

The three classes in the study experienced ditferent assessment regimes.
Class TN had therr investigations assessed by a teacher and their performances were
ranked and graded relative 1o other students in the class. Class TC had their
ivestigations assessed by a teacher and they received a grade foi cntena relaung to
the investigation. Students in Class SC worked 1n groups 10 assess their own
tnvestigations {rom a master answer sheet and graded their work according to the

same criteria as Class TC. Details of the assessment regimes are 1n Appendix |

Teacher Assessed Norm Referenced Assessment: Class TN

The teachers of Class TN said that it was difficult 1o determine an order of
achievement and that the assessment ook a long time. These points of view have
been expressed respectively as Assertions 46 and 47. Once possible reason for the
difficulty in ranking students' performances may have been because the classes were
selected from a narrow ability range of students in the Year 9 cohort. A high ability
and a low ability class did not participate in the program and the three participating
classes comprised middie ability students. Another reason may have been because
students worked together for the planning and conducting phases of the investigation
and only completed the write-up of the investigation by themselves. Asa
consequence, they would have shared ideas before the write-up and this may have
resulted in less variation in their Investigation Planning and Report Shects.

Mrs Cross: 1 marked them in groups because it took too long to do it individually
and the groups tended to wrile the same things. [ put them inan
order and then assigned the grades. [ was not sure about the order
(rank) because they seemed to be about the same standard. Because 1
had marked them quickly and superficially I didn't give as much help
to individual groups as I would have liked. I went through cach
section with the whole class on the whitcboard. 1 felt that they were

interested in writing down the corrections. (May)

Mrs Grant: Marking was a problem. | couldn't scan their work and make a
judgement. Their work was too similar. It was impossible to
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sceparate them to norm reference them. | didn't ike the norm
reference marking. It seemed asf they weren't as bad as a C+ ora C.
I said (to them) that 1t was very hard to get an AL (August)

Mrs Cross: [t was OK. It takes a long time to sort them and sometimes 1t's hard

to order them, especially for kids 1n the middle. Afterwards | went
over quite a bit with them on the board (whiteboard). (November)

Comments about the difficulty in ranking students' achicvements to fit a
normal distribution support a documented weakness of norm referenced assessment
(Gipps, 1994). Clearly for this assessment procedure to compare students, test items
need to have a high degree of discrimination. [tis likely that the practice
investigations that were not conducted under test conditions, were not sufficiently

discriminating to achieve this process easily and quickly.

Assertion 46: Teachers found it difficult to rank students' Investigation

Planning and Report Sheets in order of achievement.

Assertion 47: Teachers found norm referenced assessment of the investigations

to be very time consuming.

Teacher Assessed Criterion Referenced Assessment: Class TC

The teachers of Class TC found the criterion referenced assessment of
students' [PRSs very time consuming. To speed up the process they sorted the
students' IPRS into the groups in which they worked. They then assigned grades to
the individuals in each group, addressing the criteria one at a time. These findings
are presented as Assertions 48 and 49 and arc supported by the comments of Miss
Mills and Mr Brogo. Sorting students' IPRS into the groups in which they worked,
prior to the assessment, was also done by Mrs Cross when she assessed the [PRSs of

Class TN.
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The marking took a long tme. Their reports were long and you had
to Thek through alot ol pages. T was wormied about the consistency ol
my marking. The groups tended to write the same thing. In the end |
sorted the students into groups and virtually group marked. [t 100k a
long ttme wriing comments. In the end [ only wrote brief comments
and then went over things with the whole class.

It was caster o mark in groups. I did not find this diffrcult. | hke
working with desceniptors and [ am famihiar with this. | made
comments on the worksheets. | think there was an improvement in
the method they used in the second investigation (clectromagnct
mvestigation), particularly in their desenption of the results. ['m not
sure what it was duc to. Students were keen to sce therr marks. They
didn'tintiate any discussion about their grades. 1 would have
expected some discrepancy between the teacher's marking and the
students’ expectations. | did go through the investigation afterwards.
Some students improved on the descriptive component.

The kids liked tallying up their As, Bs and Cs. They quite like this
marking. It gives a good indication of where toimprove but 1t
doesn't really tell them how to improve. It takes too long to write oul
explanations for all their mistakes. I think thatin terms of ume it's
better to do it in class (in a whole-class setting). The trouble 15 that
mostly they're not interested and don't hsten when vou go over it
because 1t's [1nished.

Teachers found criterion referenced assessment of the

investigations to be very time consuming.

Teachers found that with criterion referenced assessment it was

easier to assign grades for individual students group by group.

Student Assessed Criterion Referenced Assessment: Class SC

The teachers stated that they did not like this form of assessment because

they did not get sufficient fcedback on students’ performances. Hence, they belicved

that they werc unable to give appropriate guidance for future lcarning. This is

supported by Assertion 50 and the comments by Mrs Grant and Mrs Cross.

Mrs Grant:

I didn't really like it when the students marked their own work. 1
didn't know how they went. Therc was no feedback to me. | couldn't
help them afterwards because I didn't get the fecling for what they did



172

wrong. [ did help some individually though, when they asked
questions. T don't think that they got much out of 1. Most of them are
not very focused on improving their work. They just want 1o get
things done, especialty 1if marks don't count for a grade or anything.
(ukulele mmvestigaton, May)

Mrs Cross: Because students went over the assessment themselves | didn't feel
that I went over it enough. [ don't think that some of the points were
addressed sufficiently in the worked solution. (catalyst and Panadol
investigations, August)

Mrs Grant: I don't tike marking this way. I don't know how much the kids get
out of it. Not very much I think. The trouble is that | don't pick up

on what they can't do so it's hard (o help them. (electromagnet
mvestigation, November)

Assertion 50: Teachers do not like student self-assessment because they do not
get feedback on students' performances and as a consequence

they find it difficult to address students' errors.

This assertion has implications for the effectiveness of formative assessment
during laboratory investigations. Clearly, as students performed the investigations
teachers did not gather sufficient information through observation or questioning to

be able 1o make informed judgements o improve the teaching and learning program.
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Summary of the Chapter

This Chapter has addressed data gathered from teacher interviews conducted
on foui occasions. From the data 15 assertions were formulated and thesc are
presented 1o Figure 19. Four assertions relate to students’ investigation
compelencies. Assertion 37 referred to students' lack of attention o detail in their
planmng and may be duc to their failure 1o conceptuahise the whole investigation.
Asscrtions 38 and 39 relate to factors affecting the difficulty of investugations and
these support the notions of task and domain specificity associated with performance

tasks.

Six assertions related to the cognitive apprenticeship model of instruction.
Teachers' perceptions of the modelled investigations in a whole-class sctung were
not positive (Assertion 40). The need to pitch investigations 1n the zone of proximal
development was borne out by classroom management problems arising when the

tasks were too difficult (Assertion 43).

Five assertions were formulated from teachers' pereeptions of the assessment
regimes. Some were assoctated with the time taken to assess the investigations
(Assertions 47 & 48) and the problem of not getting feedback on students!

performance when students assessed their own investigations (Assertion 50).

Support for previously documented data and asseruons emerged. For
example, teachers confirmed pretest data from the [PRSs indicating that students
tried to mecasure a dependent variable that was different from that which was
intended, and also that students' graphing skills on the pretest were poor. In
addition, support for Assertions 5, 6, 7, 8 and 17 from Chapter 4 and Assertions 21,

27, 28 and 29 from Chapter 5 was 1dentified.
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Assertions

Investigation competencies
36 Teachers consider that some students do not perceive developing imvestugation
competencies to be learnine science

37 Moststudents wntten pians lor mvestigations Jack sutficient detanl wo desenbe the
procedures they intend to follow

38 Students’ familianty with the independent vanable, and how stis aperationalised and
measured affects the difficulty of investigations

39 Students find ivestigations that mvolve setting up equipment more difficult than those
that do not require equipment to be set-up

The cognitive apprenticeship model of instruction
(a) Teacher modelled investigations
40 Teachers percerve that teacher modelled investigations are difficult to implement
whole-class scttings because
() they are ime consuming and students hecome off task,
(b} sometimes not all students can observe the data collection, and
(c) setting up the equipment can be fiddly

41 Teacher modelling of investigation competencies may best be implemented with small
groups of students so that teacher guidance can be
(a) provided when needed by the group,
(b)Y hughly focused on the difficulties encountered by group, and
(c) ata personal level

42 The focus of teacher modelled mvesugations should be on developing a small number
of competencies

{b) Teacher guidance
43 Classroom management problems can arse when students find mvestigations too
challenging.

44 Teachers have different views on how much guidance to give students performing
investigations.

(¢) Self-reflective and metacognitive skills
45 Teachers believe that Year 9 students are not sufficiently mature to reflect on therr
learning.

Assessment

(a) Teacher assessed norm referenced

46  Teachers found it difficult to rank students' Investigation Planning and Report Sheets in
order of achievement.

47 Teachers found norm referenced assessment of the investigations to be very time consuming

(b) Teacher assessed criterion referenced
Teachers found critenion referenced assessment of the investigations to be very time
consuming.

49  Teachers found that with criterion referenced assessment it was casier Lo assign grades
of individual students group by group.

(¢) Student assessed criterion referenced

50 Teachers do not like student self-assessment because they do not get leedback on
students’ performances and as a consequence they {ind it difficult to address students'
CITOrS.

Figure 19. Summary of assertions aeveloped from teacher interviews
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CHAPTER 7

STUDENT INTERVIEWS

Overview of the Chapter

This Chapter addresses the pereeptions of three groups ol students about the
main themes of the research; the acquisition of 1ny estigation competencies, aspects
ol the cognitive apprenuceship model of instruction, and the diffcrent assessment
regimes implemented tn the study. Groups of three students were interviewed
within two days of fimishing the 10 lesson sequences duning May, A ugust and
November. Group TN (Kim, Tammy and Gay) was [rom Class TN; Group TC
(Jessica, Olive and Gemma) was from Class TC and Group SC (Chnste, Jody and
Harue) was from Class SC. The same groups of students were audio and video
recorded as they performed the investigations and data associated with these
recordings arc presented in the following chapter. The interviews were semi-
structured and broadly addressed the themes of the rescarch. They were of
approximately 20 minutes duration and recorded on audio and video tapes and later
transcribed. The data augment student questionnaire data (Chapter 5) and provide a
complementary perspective (o the teacher interview data (Chapter 6). Some
additional assertions have been made, and also the data confirm a number of
assertions previously generated. In addition, the data present a contrasting

perspective to onc of the assertions previously generated.

The investigation compelencies scction deals with group impressions of the
pretest and their perceptions of the competencices they developed. The discussion
about aspects of the cognitive apprenticeship model of instruction addresses teacher

modelled investigations, coaching and articulating, scaffolding and fading, and sell-
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retlective and metacogmuyve skills, Finally, the Chapter discusses students’!

pereeplions ol the assessment regimes used in their classes.

Investigation Competencies

Students' Perceptions of Investigation Competencies from the Pretest

Data from the student iterviews did not result in the formulation of any new
assertions regarding performance on the pretests, however, there was considerable
support for previous assertions. The three groups did not perform the intended
investigation, factors affecting the ume taken for lipase to react with milk, but
investigated the factors affecting the amount of fatty acids produced by milk.
Students' tendencies to investigale this alternative problem were documented
previoasly in Chapter 4, from the analyses of students' Investigation Planning and

Report Sheets, and Chapter 6, the teacher interviews.

Group TN said they investigated the "Temperature and the pH numbers,"
and on their IPRS they wrote an hypothesis that was unlikely to be supporied by data
(Asscrtion 1), "The higher the temp. of the water the more acidic milk becomes in
the presence of lipase." This indicates that they thought an increase in temperature
would increasc the reactivity of the enzyme and hence the amount of acid produced.
This assumption 1s consistent with Assertion 2, in which students related an increase
in temperature to a decrease in the time for the reaction. A description of
Group TN's IPRS was presented previously (p. 96) and it descnbes how Kim, Gay
and Tammy rejected their hypothesis and proposed a new concluston based on
insufficient evidence (Assertion 14). During the interview they commented, '‘Ours
didn't work out like everyone elsc. Ours didn't change (colour). We added more
indicator and timed for the same time (for cach test)." It was evident that there was

no pH change and that their results were their initial pH readings. Based on these
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data the students concluded that their "hypothesis was not night” because the
temperature cffect was not as they had hypothestsed.  [tis sobering to note that on

e

Tammy's questionnaire, she wrote, "Temperature doesn't affect the breaking down of
fatty acids in mulk n the presence of hipase.” From their data the group reached a
concluston that 1s not conststent with established scientific theory. Itis somewhat
heartening that they did not shape their data to support their original hypothesis, but
disheartening that Tammy's conceptual understandings are not consistent with
cstablished theory. This example shows that flawed data gatherning procedures may

result in the development of conceptual understandings that are inconsistent with

those of scientists.

Group TC proposed to investigale "the more mitk the higher the pH.” They
varied the amount of milk (2 mL, 6 mL and 10 mL) but did not control for the total
volume of the solution (Assertion 4). In cffect they diluted the enzyme (lipase) by
using more milk so their hypothesis was likely to be supported. "I didn't really
understand it," says Jessica. "Wasn't it the higher the pH the fatiier the milk?" The
group discussed this and agreed that they changed the amount of milk and tned o
measure the pH change. "It was hard trying to get the pH colours (from the chart) to
match up (with the milk). We got confused. The conclusion wasn't what we
thought. We couldn't get a good colour change. The changes were about a half of a
pH." Changes of hall a pH unit are not indicated on the pH chart and this response
supports Assertion 7: Some students ‘observe’ changes they think will happen in
reactions rather than changes that actually happen. Their interview data was then
matched with their IPRS on which they cach had written, "... and we discussed the
colour change and we got an all round decision on the colour.” Jessica and Gemma
had no data (colour changes) recorded on their IPRS and as a result did not complete
the last two sections. Olive completed the IPRS and without indicating whether the
group had controlled for time she wrote, "Sample A went from pH 6 topH 4. B

went from pH 6 to pH 5. C went from pH 6 1 pH 6 (sic)." Hence she achieved an
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increase in the final pHs from Tour to siv with dubtous colour changes that
cornesponded o aninercased yvolume of mulk. Ohve also included a bar graph fo
the pH changes ol the three nutk saumples (A, B and C), however, the vertical pH
scale on her graph was not meaninglul. She concluded the inverse of the groups'
hypothesis by recording, "The less milk the lower the pH value. From the IPRS 1t
seemed that Olive had 'contirmed’ the hypothesis, with fudged data thereby adding
support to Assertion 12: Some students confirm their hypothesis with data from
dubious sources. These findings are also consistent with previous rescarch on

students fudging data (Rigano & Ritchie, 1995).

Group SC hypothesised, "The more lat the higher the acidic rating,” and
afterwards commented, "We should have done what the worksheet (IPRS) said. |
don't think we planned 1t very well. We should have done more preliminany tnals.
We should've done better, and planned better.” They also recognised that they had
not collected their data under optimal temperature conditions and this supports Miss
Mills' comment (p. 154). We should have "done 1t (the investigation) in a hot bath.”
In addition, Group SC said that their measurements were not very accurale because,
"It was hard to get colours (colour changes). There are many colours 1n between and
things on the chart (pH chart for Universal indicator colours). Some colours didn't
relate to what we got in the milk. [t was not very accurate because we had to add
heaps of indicator o sce the colours.” Even though these students highlighted
problems in identifying the pH, according to their IPRS they managed to collect data
that supported their hypothesis and were "very" confidentin their results. When
asked how they could improve on the investigation they replied that 1t was important
to "hypothesise properly." This is likely to mean it is important 1o sclect an
hypothesis that is supported by data. They added that they needed "to follow the
instructions on the sheet," and that "they should have done more trials before getting
started." They said, "Our results matched the hypothesis but 1t was not really what

we were meant to do. We did what we set out to do but we got it wrong.” These
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responses indicate that students are attempting to achieve some preconcerved nght
answer, behaviours fostered by previous experiences with tradiional laboratory

exererses (Fairbrother & Hackling, 1997).

Each group had ditficulties determining how and when to measure the
dependent variable. With their hypotheses they could have controlied for ume and
Judged the colours after a fixed time penod or they could have controlied for
indicator colour and timed how long 1t took for the indicator 1o change o a
predetermined colour. Difficultics associated with measuring the dependent vanable
have been discussed previously in relation to the IPRS in Chapter 4, and the teacher
interviews tn Chapter 6. These findings parallel those by Duggan ct al. (1996)
indicating that students experience difficulties when delining and operationalising a
contimuous independent vanable. Although no new assertions have been formulated
from student interview data about pretest performance, confirming evidence for
discusstons in previous chaplers has been presented. In particular, students'

testimonies have supported Assertions 1, 2,4, 7, 12 and 14.

Students' Perceptions of Developing Investigation Competencies

The groups were asked what they had learned from cach investigation they
performed following the lessons during May, August and November. Their
comments and the investigation competencies they identified, were similar to the
written responses to the open-ended questions on the questionnaire (Asscrion 22).
They said they had improved at Planning investigations, Conducting investigations
including preliminary trialing, replicating or repeating trialing and controlling
variables, Processing daia including recording results 1n tables, averaging and
graphing; and had learned that when Evaluating investigations an hypothesis 1s
supported but not proven. In addition, the groups said that they had improved at

completing the IPRS, and knowing what the teacher wanted wntten on the [PRS.
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Time management continued to be a problem as indicated 1n a comment from Group
SC The following comments were made by the groups after the postiest

investigation and are associated with investigation competencies.

Group TN:  [t's been OK' Good! 1 think we've done oo many. | think about
three 1s enough. We learnt about the procedures o Tollow. We got
laster at planning, more cfficient. We got better at controlling
variables, conducting trials and making surc that we don't run out ol
time. Wc got betier at recording our results in a table and doing a
graph. We lcarnt how to do graphs with their axes and stufl. We're
better at 1t now. [ sull don't really get when Lo do bar graphs and line
graphs (Kim). We lcamnt that the hypothesis should be supported
rather than proven. We learnt that you have to answer the last page.
It's better than normal work (the usual fessons). The other prac. work
1s good, but 1t's a lot shorter. We liked cutting up the kidney. We like
doing expenments but we don't like writing them up. [t's (wniting up)
a bit boring. We like the practical side.

Group TC:  Compared with the other work it's more interesting because we did 1t
We all get different results. We don't have to learn stuff. We learnt
how to do the investigations. The preliminary trials arc a bit
repetitive. With the preliminary trials you find out what things might
affect your results. We learnt that you have 1o do three experiments
and ind an average. You can never be certain of your conclusions.
Y ou have to put units at the top of the table and use headings. We
know when to do a bar graph or a linc graph. We have improved at
setting out and knowing what the teacher wants.

Group SC:  Apart from the questionnaire the worst thing 1s the amount of time.
[t's hard to getinto it at the beginning and then at the end you're
rushing to get through it. Pcople would really benefit from a longer
lesson. 1t would be good 1f we had a double period.

Group SC's comment about requinng more tme 1s in conflict with teachers'
views which were expressed in Chapter 6. Teachers believed that students had
sufficient time but that their organisational skills could be improved. Itis also
evident from the preceding comments that there is considerable support for
Assertion 22: Investigation compelencies that students claim to have learned include
(a) planning investigations that comprises writing hypotheses, identifying variables,
overall planning and preliminary trialing that can result in modifications to the plan
(b) conducting investigations that compriscs using cquipment, controlling variables,

repeating trials, being accurate and working safely (¢) processing data that comprises
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using tables, averaging results, using graphs and drawing conclusion (d) writing
reports (¢) working cooperatively () attendig o detanl (g) managing tme and (h)
being organised. The questionnarre data indicated that students did notidenufy
Evaluating investigations as lcarning about investigation competencies (Assertion
21). Although the students who were interviewed mentioned that they had learned
some ol the finer points associated with Processing data, such as hypotheses can be
supported but not proven and that conclusions need o be made with care, they did
not suggest specilic ways to improve their results or to evaluate the iny estigation.

Therefore the interview data also support Assertion 21.

Asscrtion 38: Students' famihanty with the dependent vanable, and how 1tis
operatonalised and measured affects the difficulty of investigations, was supported
for example when Group TN commented, "It was casier to measure (the dependent

"

variable) because the computer did 1." Assertion 8 was supported when students
referred 1o the fact that they had learned to carry oult repeat tnals. For example,
Group SC said, " "Ve learnt that you had to do lots of tnals and to be as accurate as
possible with everything." Similarly Group TC said, "We did 1t about three times."
Group TN said that they found planming dilficult and this matches the teachers'
perceptions that students had poor planning skills, Assertion 37, and is consistent

with previous research findings in Western Australia (Hackling & Garnett, 1995).

During the interviews it emerged that some students were aware of
differences between their normal science lessons and science investigations, and
this is illustrated by Harue's comment. The fact that Harue believed that they were
“not doing anything" supports Assertion 36, that the teachers believed that some

students did not perceive developing investigation competencics to be learning.

Harue: Sometimes [ feel as though we're not doing anything. For the other
work we get notes to tell you what to do. For the investigations we
had o learn as we went along. We didn't have many instructions. |
prefer the other booklets (normal science) because 1've got something
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to study and 1f [ don't understand it | can go back and redo it
Whereas in this one (investigations) if [ don't understand, 1t doesn't
make any difference because | can't go buck and find the answer. |
have to do it all again.

Comments the groups made aboul their organtsatonal skills support
comments made by Mrs Cross (p. 160). She said that students did not get
themselves organised and that often once person tried to do everything. In
compartson, Group TC said, "To start with we didn't have our own jobs and we kept
running cverywhere. Next time we would have our own jobs and we need more
ume (another period). Group TN commented, "Getting organised we had 1o
cooperale 1n groups, not scream at ecach other. Some groups got mad with cach other

and didn't want 1o do things. We got quicker at getung the equipment.”

The groups preferred science investigations in which they iny esugated
problems for which they did not know the answer and this notion 1s expressed as
Assertion 51. It seemed as though they wanted to solve a science problem that was a
real problem far them. There was almost sense of disappointment and rutility
associated with the investigation when they believed that they already knew the
outcome. They perceived that the results of the Panadol investigation and the
ukulele investigation were "general knowledge." The comment by Group TN
revealed that they did not like the electromagnet investigation because Mrs Grant
had previously shown them an clectromagnet and they knew what the results would
be. Group SC said that they valued the lipase investigation more highly because
they learnt about the reaction of hpasc and milk. It was also the first investigation
that the students performed.

Group TN: We didn't like it because the teacher had already done it so we knew
what was going to happen. (The comment was made by Olive
although Gemma said that she couldn't remember doing 1t before.)

We worked better. We don't know why. We knew what the results
would be. (electromagnet investigation, August)
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Group SC: The hipase was the most valuable because we learnt everything
about 1t (the rcaction of lipase with milk). Whercas the other one
we knew what would happen. (ukulele investigation, May)

Assertion S1: Most students prefer to investigate science problems for which

they do not know tae answer/s.

Aspects of the Cognitive Apprenticeship Model of Instruction

Teacher Modelled Investigations

The students were not enthustastic about the tecacher modelled investugauons.
For the tcacher modelled pitch of a closed pipe investigation each group commented
on their fack of leaming and implied that this was because they were not directly
involved. These data support Assertion 28: Students perceive that they leamn less
about doing investigations from teacher modelled investigations than from student
investigations. In addition they support Assertion 29: Students percess ¢ that teacher
modelled investigations contribute less than student investigations o their learning
about Planning investigations, Conducting investigations, Processing data and
Evaluating investigations. With regard to the tecacher modelled investigations Group
TN said, "We didn't like it. We didn't do anvthing. It was pretty bonng. We didn't
learn anything. We learn more ii we do it ourselves.” These sentiments were also
expressed by Group TC who said, "We didn't learn much. We didn't doit," and
Group SC who said, "We d dn't actually do anything. She (Mrs Cross) did it on the
board." Group SC said that the investigation was casicr than other investigations
and implied that it was because they already understood the prior science content
knowledge. "It was easy because it's common knowicdge with sounds” they said,
referring to the relationship between length of the closed pipe and the frequency of

the note. The idea that students' familiarity with the science content knowledge
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affects the difficulty of the investigation is expressed as Assertton 52, This supports
claums by other rescarchers that prior knowledge affects students' success in
preforming mvestigations (Germann & Aram, 1990; Gout & Duggan, 1995). In
addition, Group SC acknowledged that, "We learnt that the planning 1s difficult.
Doing 1t your head 1s once thing but writing 1t down so that somceone clse can do 1t
1s totally different.” This suggests support [or Assertion 37 which states that

students' plans lack sufficient detail to adequately describe the procedures.

Assertion §2: The difficulty of investigations is influenced by students' prior

conceptual knowledge associated with the investigations.

For the teacher modelled acid and carbonate investigation Groups TN and
TC referred to becoming aware of competencies such as Being organised anc

Managing time.

Group TN:  Mrs Cross showed us that we need o set up the cquipment really well
at the start. To get organised at the start. We revised hypothesis
writing but she did not have enough time to do trials.

Group TC found it difficult to remember the investigation and added,

Did we do that? (There was a lot of hesttation.) 1 don't remember
anything. (Gradually they recalled the investigation.) You have to
get organtsed before you start. You have 1o be quick with the

stopper. (Put the stopper in the conical flask so that the carbon
dioxide does not escape.) The limewater goes milky.

Group SC agreed that they didn't learn much from the teacher modelling and
they said that they learned morc when they performed the investigations. This adds
support to Assertions 24, 28 and 29. They also stated that they learned more {rom
new tasks (Assertion 19).

Group SC: I do (learn) when it's new. I learn when [ watch but it really sticks
when I do it myself. It solidifics in my mind if I do it mysclf. (Jody)
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With [urther questions they indicated that they learned about Controlling variables

and Managing time .

Group SC: Keep everything constant and have the same person testing cach
thing. She (Mrs Cross) kept on stressing this. We wairted for the first
milkiness in the imewater. Mrs Cross was the person watching. She
said to stop tming. Someone clse wus uming. She told us that we
had to conduct more than one tnal. W . looked at the more
concentrated the acid the faster the calcium carbonate reacts. We
didn't get many results down. We got enough 1o prove the hypothesis
right. We got the graph but we didn't gquite finish the rest of 1. You
have o be quick and get onto 11, Obviously she didn't have cnough
tume to finish 1t Soif we took as long as she did then we waould take
too jong."

These data support questionnarre data (Table 7) in which students rated the
tcacher modelled acid and carbonalte investigation ahcad of the teacher modelled
pitch of a closed pipe investigation in terms of contributing to lcarning science
content knowledge and learning about doing science investigations. Overall, the
lack of enthustasm for and learning from tecacher modelled investigations,
particularly the closed pipe investigation, may be associated with teachers' perceived
difficulties in implementing the modelled investgations, Assertion 40. Suggestions
to improve the implementation of the teacher modelled investigations in this study
were made in Chapter 6 and arc summarised in Assertions 41: Teacher modelling of
investigation competencies may best be implemented with small groups of students
so that teacher guidance can be (a) provided wher needed by the group, (b) highly
focused on the difficultics encountered by the group, and (¢) at a personal level.
Assertion 42 also makes suggestions about teacher modelled investigations: The
focus of teacher madelling should be on developing a small number of
competencies. Support for implementing the modelled investigations differently is
evident from the comments of Group TN. "Just do it (the investigauon) and ask the
teacher when you need help. Let them (the students) do 1t and (have the teacher) say

that you're doing the wrong graph. We learn from doing the investigation and we

learn from our mistakes."
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Coaching and Articulating

Eight of the mine group members were positive about learning from
discussions with their peers. Groups TN and SC sid that then peers used more
appropnate language in their explanations than therr teachers. From Group TN
Gemma sand, "They (students) help you with everything,” and imphied that the
teachers' help was reserved because they "only poini you in the nght dirccuon.”
These data support questionnaire data, Assertion 25 Most students pereeive that
they fearn more about domng vestgations from talking with their peers than from
talking with their teacher. In contrast, Ohive stated that she preferred to do things by
herself rather than to discuss matters with the group because she found 1t hard to
reach consensus with the group. No new assertions were formulated from these
data.

Group TN: They (students) realise what 1s going wrong and they use vour kind of
words to explain things.

[ like talking to my friends but [ don't ke wiking to the tcacher (Gay).

Group SC: If I don't know how to do something the next person can usualiy help.
The whole group really has to do it on their own because the teacher
can't really go around helptng everyonc at once. It's really like doing 1t
on your own. After the first onc (investugation) we'd got the format.
There were things that were always the same that you could go on with.
Sometimes you don't understand what the tcacher savs. Sometimes 1t
helps i another student explains becausce their language 1s better than
the teacher's.

Group TC: Woe learn about the same from teacher and the students. It's easier to
learn if youdo things vourself than if you talk with friends and with the
teacher. The teacher knows what we should do. They can put you on
the right track (November)

Other pcople never agree with what vou think. Therefore, I prefer to do
things by mysclf. It's less frustrating. The teachers help vou but they
don'tdo it for you. (Olive)

In terms of the cognitive apprenticeship model it 1s interesting that students
did not acknowledge their teachers to be expert coaches. This may be a
consequence of a mismatch between teachers' and students' views about the amount

of guidance that should be given to students performing investgations. For

example, in Chapter 6, Mr Brogo thought students should work things out for
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themselves and Mrs Grant preferred to help students. A range of teacher opimions
about helping students 1s acknowledged in Assertion 44: Teachers have dilferent
views on how much guidance to give students performing investigations. It may be
that "discovery learning” in which students "arc invited 1o 'explore’ and to 'find out
what you can', (Hodson, 1996, p. 116), although fashionable in the 1970s sull
influcnces teachers' pereeptions of their role in investigative science classes. Also, it
may be that teachers are too busy with classroom management to effecuively coach
students. The effectiveness of formative assessment during the investigations has
previously been questioned in Chapter 6 because without the formal assessment of
students IPRS teachers perceived that they lacked feedback on students’

performances.

Scaffolding and Fading

The groups were in agreement that the scaffolded Investigation Planning and
Report Sheets were helpful in their learning. The scaffolded 1PRS (A ppendix F)
was used for all investigations except the pretest and the postiest investigations

when the IPRS with less scaffolding was used (Appendix D).

Somec students suggested improvements that could be made to the scaffolded
IPRSs such as rewording the planning section to reduce the repetition of having to
briefly outline a plan and later descnbe the plan in detail. These comments are

consistent with those of Mrs Grant and Mrs Cross in Chapter 6 (p. 168).

The following comments reveal that students found the scaffolding helpful in
their learning, and Groups TN and TC recognised that the scaffolding could be
withdrawn as the program progressed and their competencies improved,

Assertion 53.

Group TC: [t was a bit repetitive. eg the planning section. (August)
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Group TN: [t was casier when there were lots of questions o filf in. They were
helptul in showing us what to do. We had no idea what we were
domg in the hipase investigation. We can use the other sheets
(IPRSs) now. (November)

Group SC: The worksheets (scallolded 1PRSs) are good. They help you to st
things out. (November)

Group TC: The ones (scaffolded IPRSs) at the begimning were pood because
they were so detwled. They were leaching us what to do. Tt gets a
bil repetilive once you get the hang of st [t takes a long time to {1l
. It's good to get'the other ones (with less scaftolding). But we
nced more detanl at the beginning because we didn't know what we
were domg. It's hard 1o find the vanables at the beginning when you
don’t know much about the expeniment. We hated wniung up the
plan. At the beginning vou need lots of questions, lots of detail. Al
the end you can do st all by vourself. (November)

Assertion £3: Students perceive that scaffolded Investigation Planning and
Report Sheets as implemented in this study are helpful in
learning to perform investigations, and that less scaffolding is

appropriate at tlre end of the program.

Self-Reflective and Metacognitive Skills

The worksheet on marking an invesugation, the questionnaire that was
completed after cach segment of 10 lessons, and the Evaluating the Findings secuon
of the IPRS required students to exercise scll-reflective and metacognitive skills.
Students in Class SC were involved in the assessment of their investigations and this
tnvolved self-reflection also, and is discussed in the following section of the

Chapter

The students were asked about their perceptions of the workshect on marking
an investigation which required them to assess an investigation completed by a
previous Year 9 group of students (Appendix G). Group TN responded negatively

to the task. Group SC was more positive and indicated that they were able to reflect
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on their performances in relation to others. (Group TC did not do this task.) No

assertions were formulated from these data.

Group TN: Dudn'tlearn anything. We wouldn't have donc all the graphs because we
couldn't be bothered. We didn't understand what was happening.
(August)

Group SC: We learnt how you do a marking scheme and what teachers look for. In
our next onc we thought about 1t (the worksheet on marking an
mvestigation) to sce tf we had done what the tcacher sard we should do
when she went over it on the board. You can learn from people's
mistakes. I you put us up against these people we would do much
better than them. They didn't plan. The vanables aren't the same
(controlled). They did the hypothesis and the conclusions were
difterent. They did it wrong. What they found just supported 1t (their
hypothesis). (August)

I hadn't thought about how to mark before. 1 didn't think 1t was a waste
of tme. (Harue)

Each group of students said that they didn't like the questionnaires
(Appendix M). They indicated that they did not like documenting what they had
lcarned and this s illustrated in their comments.

Group TN: It's a waste of time really. We don'tlike it. There's no point to writing
down what you learn. You just lcam 1t

Group TC: We don't like the quest:onnaire. [tis silly, pointles: and doesn't help. It
doesn't do anything for us. We don't ike giving reasons. 1t's stupid and
aggravaltes us. (August)

Group SC: 1 hate it when we come to the end and we do the questionnaire. 1 can't
remember what | have lcarnt from cach expeniment. | don't realy know.
[ know what I knew at the beginning and | know what [ do know now. 1

don't really know what to say. 1 thought it was boring. I think it's bad.
It didn't help me atall. (Harue, August)

A few students stated that they did not like the last page of the IPRS
(Evaluating the findings) because they didn't know what to say and that they found 1t
pointless. This supports tecachers' perceptions that Year 9 students are not sufficiently
mature to reflect on their learning, Assertion 45. In addition, this view 1s 1n accord
with questionnaire data (Assertion 21) that indicates that "Students do not identify

Evaluating investigations as perceived lcarning about investigation competencics.”
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The fact students did not bike answenng the evaluative secton of the IPRS may also
indicate that they needed addinonal instruction on how to answer the questions and
the possible benefits of questions that direet them to think about therr learning.
Group TC: We don't like the last section. We hated the end questions. The way
scienee investigattons are carried out. [ don't care. The purposce of
the invesugations s ta learn the steps and group work and stuff We

didn't do the last few pages. We can't think of what to say. Jt's
puintless because vou don't want to do 1t you say you can't think of

anything. (August)

The small sample of Year 9 students interviewed about the worksheet, the
questionnaire, and the Evaluating the findings scction of the [PRS, conveyed that
they did not hike participating 1n scif-reflective and metacognitive pracuces.
Students' views about sclf-reflection and metacognition are complemented by the
teachers' perception that students are insufficiently mature to reflect on their learning
(Asscrtion 45). The students' lack of recognition that these practices may contribute

to learning arc cxpressed as Assertion 54.

Assertion 54: Most students do not recognise that self-reflective and

metacognitive tasks could be of benefit to their learning.

Assessment

Teacher Assessed Norm Referenced Assessment: Group TN

Group TN had their work marked by two teachers (Mrs Cross dunng May
and November, and Mrs Grant during August) and were assigned a grade based on
the distribution of the class results. They said that during August they did not learn

much from making corrections, and dunng May and November they were more
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postive. On these occasions they found it helpful when the teacher went over the
iy estigation i a whole-class seting. The value of whole-class feedback has been
cnpressed as Assertion 55, Frony the teachers' perspective, Miss Mills (p. 172)
commented that she found this an ctficient way to provide feedback although she

questioned the students’ interest because the iny estigation had been completed.

May: Itwas helpful. We found out how to improve when she went over it
in class.
August We should do more trals. We gota Bt

No! Not much. (This was thetr response o learning from making
correetions.)

November: The marking was quite helpful. We got a grade and we also gota
comment because she wrote what we did wrong. We learnt to
answer the back puge (of the IPRS). She said that we need to be
more spectfic and she wrote the question number for what we did
wrong. It was helpful when we went over itin class. We spent
about half a lesson on corrections. [t (making improvements) was
OK going back and wnting things. [ think we knew how to do it
betier.

Assertion 55: Some students believe whole-class feedback on investigation

performance is helpful in improving performance.

Teacher Assessed Criterion Referenced Assessment: Group TC

Group TC had their work marked by Miss Mills dunng May and November
and Mr Brogo during August. The teachers use the enitenion relerenced marking
sheet ( Appendix 1) and assigned 1 grade of A, B or C for cach criterion. They also
wrote comments for some critena. When specrfically asked by the rescarcher about
the enterna used for therr assessment the group revealed that they found the critera
usclul in providing feedback on their progress and this has been expressed m
Assertion 56.

May: It's good! Tt shows us what we need o mprove on. We didn't make
any correcions, [ can't remember gomng over itin cluss (Jessica).
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August: We went better on the ukulele investigation. We got only one C.
For the clectromagnet we got [ive Cs. We couldn't understand the
Lleachers" writing so 1t was hard to make corrections. We knew which
arcas we should improve.

November: Itwas useful. The teacher wrote a comment next to 1t (the grades) so
that we could go back and look at it the next time. It was helpful

because we know what o improve on next time. We know exactly
what we had done wrong.

Assertion 56: Some students believe the teacher assessed criterion referenced
assessment as implemented in this study is helpful because it

highlights investigation competencies that could be improved.

Asscrtion 56 was gencrated 1n response o a spectfic question asking students
what they thought of the criterion referenced assessment used to assess their
investigations. The assertion contradicts Assertion 33: Students do not
acknowledge that cniterton referenced assessment 1s helpful in providing feedback
on investigation performance. Assertion 33 was generated {rom questionnaire data
asking how much the student had learned from the assessment and, in particular the
follow-up open-ended question asking students to give examples of what they had
learned. No students in Class TC or Class SC ¢ knowledged the enteria. Previously
(p. 146) it was documented that this was surprising given claims (Biggs & Moore,
1993 Gipps, 1994; Harns & Bell, 1994; Popham, 1992) for numcrous strengths of
criterion referenced assessment, however, it needs o be noted that there was no

direct question about criterion referenced assessment in the questionnaire.

Student Assessed Criterion Referenced Assessment: Group SC

Group SC marked their own investigations against a master answer sheet.
They used the same criteria as students in Class TC to determine grades of A, B or C

for each criterion. During May and November they expressed uncertainty about
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Judging their performance and this is expressed as Assertion 57, Harue and Jody

commented that they would have hked the tcacher 1o contirm therr assessment.

They tended to base their grades on the degree of difficulty they encountered,

assigning themselves an Af they pereeived that they had no problems, and a Cf

they had "trouble’ with some part of the inyvestgaton.

May:

August

November:
Harue:

Christie:

Jody:

Assertion 57:

We did mect the eriternia. We could have improved at developing an
overall plan and being more organised. (They discussed what
information they used to judge the criteria.) Sometuimes we were not
sure 1f 1t should be an A or B. We gave ourselves a B for Data is
accurate becausce 1t depended on how we positioned the ukulele and
the difterent ways we strummed 1t and held 1. We had to be carcful
because otherwise we got vorees in the recording. We had to be
carciul captuning the results.

We got As because we got this onc right (Panadol). We got Bs and
Cs 1n this (catalyst investigation) because we had trouble collecing
the data. We got As for things that didn't have anything to do with
the results.

[ don't know if we liked 1t (doing our own assessment). | would
have liked the teacher to do it as well so I could see whatzhow |
should have marked 1t because 1t was kind of weird marking your
own thing because [ didn't know 1f 1t was night or wrong. Getting the
sheets helped with the marking (because the correct responses were
wrilten out).

You had (o go night through 1t and then go and do the A, B and C
stuff. The teacher would be more objective. We got harder on
ourselves as we went on through the year. | think we should do
some marking but not every ime. We don't know if it's right or
wrong.

Probably 1 Icarnt from that marking I think ... But with the teacher

vou can go and ask why you got this mark or that mark. | would like
to have the teacher coalirm that I am doing 1t nght.

Students are uncertain about judging their investigation

performance based on predetermined criteria.

The following dialoguc illustrates how students obtained feedback from the

master answer sheet. Tneir comments clearly indicate that they reduced the

cognitive demand of vorrecting their work to a minimal level. Mostly they graded
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the eniteria and added information from the master answer sheet without thought of
improvement. As a result, potential benefits from feedback opportunitics were
mintmal. Theretore, without teacher guidance it appeared that students who assess
thetr own scienee mvestigations do soan a superficial way and have reduced
opportunttics tor teacher feedback on their performance (Asseruon 58). The lack ol
mecanmingiul clarfication of students' errors from this type of assessment was raised
by teachers (Assertion 50). They stated that a major concern with student sell -
asscssment was that it was difficult to obtain information about the students’

performances and hence difficult to give them appropnate advice on how 1o

improve.

Haruc: "We are kind to ourselves. (They laugh.) We didn't hayve to word 1t
(the feedback) to ourselves. We just fitied in the boxes.

Jody: "We usually got most of 1t right. A few umes we added more in.

We didn't really think aboutit. We just copred 1t in."

Assertion 58: Students' self-assessments of their investigations are superficial

and they offer reduced opportunities for teacher feedback.
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Sunmmary of the Chapter

Three groups of students were interviewed alter cach H) fesson segment.
Erght assertions were proposed and these are summansed i Frgure 20, Two
assertrons were formulated about students' pereeptions of investigation
competencies. The notion that students preler to perform imvestigations that lead
them to the constructuion of scientilic conceptual knowledge that 1s new 1o them,

affected their pereeptions of the uscfulness and purposcfulness of investigating.

Bascd on the group nterview data, assertions were made about scalfolding
and fading (Assertion 53), and sclf-reflective and metacognitive skills

(Assertion 4).

Four assertions were made about the assessment procedures. When students
assessed their own investigations they were uncertain about assigning a grade for
their performances, they were superficial in their approach and they had reduced

opportunitics for teacher feedback on their performance.

Assertion 56 contradicted the previously generated assertion, Assertion 33:
Students do not acknowledge that criternion referenced assessment is helpful in

providing feedback on investigation performance.

The student interview data has provided supporting evidence for assertions
formulated from other data sources. The following assertions about students'
investigation competencies, grounded on the IPRS data were supported, 1, 2,4, 7, 8,
12 and 14. From the student questionnaires support for Assertions 19, 21,22, 24,
25, 28 and 29 was presented, and from the teacher interviews there was support for

Assertions 36, 37, 38, 40, 41, 42, 45 and 50.
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Assertions

Investigation competencies

51 Moststudents prefer to mvestgate scienee problems for which they do not know
the answer/s.

52 The difheulty of investigations s influenced by students' pnior conceptual
Knowledge associated with the investgations.

Aspects of the cognitive apprenticeship mode! of instruction

(a) Scaffolding and fading

53 Stwudents pereeive that scaffolded Investgation Planning and Report Sheets as
implemented in this study are nelplul in learning o perform mvestgations, and
that less scalfolding 1s appropriate at the end of the program.

{b) Self-reflective and metacognitive skills
54 Most students do not recognise that self-reflective and metacognitiv e tasks could
be of benefit to their leaming.

Assessment

(a) General
55 Some students believe whole-class feedback on investigation performance 1s
helpful in improving performance.

{b) Teacher assessed criterion referenced

56 Some students believe the teacher assessed eritenon referenced assessment as
implemented in this study 1s helplul because it highlights investigation
competencies that could be improved.

(¢) Student assessed criterion referenced

57 Students arc uncertain about judging their invesugauon performance based on
predetermined critena.

58 Students' sell-assessments of their investigations are superficial and they offer
reduced opportunitics for tcacher feedback.

Figure 20. Summary of assertions developed from group interviews with students
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CHAPTER S

AUDIO AND VIDEO DATA

Overview of the Chapter

This Chapter descnibes audio and video dala that were collected from the
three classes involved in the research and makes assertions about the cognitive
apprenticeship model of instrr ztion, and the different assessment regimes
implemented in the study. Supporting data were [ound for previously generated
assertions and no disconfirming datum was found. The data obtained from the audio
and video tapes provide rich, authentic descriptions of the classroom learning milieu
and the ways groups of students performed science investigations. Hence, they
provide an additional dimension to the study. Teacher instruction 1n 4 whole-class
setting and the work of Groups TN (Kim, Tammy and Gay), TC (Jessica, Ohve and
Gemma), and SC (Christie, Jody and Harue) from the Classes TN, TC and SC
respectively were recorded on audio and video tapes. Wntten work from the groups
(worksheets and Investigation Planning and Report Sheels) was exanined in

conjunction with the audio and video tapes.

Aspects of the cognitive apprenticeship model of instruction are addressed
under the headings teacher modelled investigations, scaffolding and fading, teacher
guidance, and articulating. Although discussions have been shaped under these
headings, the components of the cognitive apprenticeship model are not mutually
exclusive. Teacher guidance, for example, is associated with articulating and
scaffolding. Self-reflective and metacognitive skills were not evident from the audio
and video data. Finally, the Chapter attends to the impact of the assessment
regimes; teacher assessed norm referenced, teacher assessed crilenon referenced and

student assessed criterion referenced assessment. Throughout the Chapter, scenarios
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extracted from the audio and video tapes are presented. They include direct
transcriptions ol dialogue and/or deseriptions of the actisiies in which the teachers

and students were invohved.

Aspects of the Cognitive Apprenticeship Model of Instruction

Teacher Modelled Investigations

Four scenanos are presented to descnbe how the tcacher modelled
investigations were implemented by Mrs Cross, Miss Mills, Mrs Grant and

Mr Brogo. Based on these data five assertions were formulated.

Scenario 1.

Mrs Cross modelled the acid and carbonate investigation 1n a similar way on
two occasions, during May to Class TN and dunng August to Class SC. She
devoted two lessons to the modelled investigation. She maintained an efficient,
brisk, business like approach that was highly focused on students completing the
Investigation Planning and Report Sheet (IPRS). She made 1t clearly understood
that she expected students to wnite answers {or cach section of the IPRS, and then
she asked some students to read out their responscs. [n both classes there was a high
level of task engagement and this was probably because the students were required
to complete the [PRS. Mrs Cross took care to ensure that students recorded the
correct answers and at imes she dictated information such as the hypothests, and at
other times she wrote the information on the white board, such as the method and
the diagram. Occasionally she highlighted difficult parts of the investigation. For
example, she said measuring the dependent variable was quite hard and they must
think about what to measure. Shc added that if they were measuring "rate” then they
were looking at "time" and that in this instance they were measuring the rate of
production of carbon dioxide gas. She did not discuss other ways the rate could be
measured, such as the change in pH ol the solution or the change in mass of the
calcium carbonate. She briefly discussed the importance of triacng and that students
should use trials to improve their data collection and to work out what they were
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domg. She mentioned that screntists repeat trials hundreds of umes Mrs Cross
stressed the need to be organised, 1o have everything set up at the outscet, and the
need tor one person o doa speathic aspect of the data collection. She also Tocused
on the need to control vartables to ensure a fair test; the need to repeat tests to
impror ¢ accuracy s and the role that prehiminary trials play in deciding how and w hat

Lo mceasure.

For both classes, groups of students demonstrated the tnals to the class. Mrs
Cross did the uming and organised the sct-up of cach tnal. This scction of the
lesson took a long time and was quite difficult to manage because she was trying o
collect the data, and o keep the class focused on writing responses on the [PRS and
drawing their graphs. When the notse level gradually crept up, Mrs Cross called the
students back to order by asking them to write up another section of the [PRS.
During May she collected only once set of results and the next lesson she presented
them with additional data that they were asked to graph for homework. During
August she managed 10 complete both sets of trials, however, because the class was

short of time the students were asked to finish off the investigation at home.

Scenario 2.

Miss Mills devoted two half lessons and one full fesson to the tecacher
modelled acid and carbonate investigation. For the first half lesson she organised
students around the teacher's bench and conducted a 35 minute long question and
answer session during which she revised the equation for the acid and carbonate
reaction and the test for carbon dioxide. The students appeared to remember very
little and she gradually elicited information from them. In addition, she discussed
the vaniables that needed to be controlled. The next day she again organised the
students around the front bench and then conducted four tnals. [t was difficult for
the students to observe the reactions in the test wbes because they were too far away.
Miss Mills conducted two triats with 0.2 mol L-V HCI. The first trial with granules
of calcium carbonate did not produce sufficient carbon dioxide and neither did the
second with powdered calcium carbonate. She mentioned shaking the test tubes and
explained that this would need to be done for ail the tests. She then said that she
would use the 2 mol L-1 HCI with calcium carbonate granules. She demonstrated
this to the class and explained that she was still conducting the preliminary trials.
She also stressed the need to repeat trials to make sure the results were accurate, and
the difficulty in judging when to measure the dependent variable. During this time
the class became quite restless. Some students kept touching other students and then

pretended that it was not them. Miss Mills sensed their inattentivencss and
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continually told them to pay attention. Far the final 10 minutes of the lesson the
students moy ed back to therr seats and were instructed 1o Bl in the [PRS up to
question 3. Miss Mitis stood at the Tront of the class and, because the students were
unable to remember the detals, they continually rarsed thers hands 1o ask questions
as they wrote their responses. They asked a lot ol procedural questions such as how
much acid and hmew ater was used  The following day, in a whole-class sctung,
Miss Mills discussed some students' responses to the first sections of the [PRS. She
also provided them with a diagram of the expeniment to copy from the white bourd.
The students were unable to answer the questions about processing data and

evaluating the findings because isufficient data had been collected.

Scenario 3.

Mrs Grant performed ihe teacher modelled pitch of a closed pipe
investigation during May to Class SC, and during August to Class TC. Atthe
beginning she explained that as a result of the modelling she hoped they would "pick

up some tps about the way to do investigations.” Her ime management of the
modelled investigations differed markedly from May to August. During May she
devoted two lessons entirely to the modelled investigation, however dunng August
she devoted only one lesson because she spent the first Iesson revising the
terminology associated with investigations, including hypothests, independent
vanable, dependent variable and controlled vanables. She may have perceived that
the revision of the terminology would be more beneficial because 1t had been threc
months since the students' last investigation. The modelled investigation during
August was very rushed comparcd with the May invesugauon although the same

investigation procedures were addressed.

Mrs Grant used the [PRS to provide structure for the lessons. Typically. she
used question and answer lesson scgments to promote discussion. For the data
collection, students gathered around the computer and tried to catch a glimpse of the
computer screen, however, it was difficult for them to see. The students then
recorded relevant information on their [IPRS. This approach was different from that
used by Mrs Cross because Mrs Cross first asked the students to fill in their own
responses, and then followed-up with a discussion in which the ‘correct' responses to

the IPRS were given.

On both occasions Mrs Grant addressed a number of data gathering issues.
These included
(a) how to use the computer to collect data,
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(b the number of trials that should be conducted. She sad that a golden rule
was to, "Doas many trials as you need to do o get reliable or certann results
This will vary with every experiment that you do.”

() the need to control vanables by maintaiming a constant "blow™ over the top ol
the pipe. (It students blew oo hard then the second harmonic was produced
and the frequency was double the fundamenial. )

(d) ditferent ways to measure the length of the pipe,

(c) the number of different lengths of pipe that should be ested to establish &

pattern,
(O the length of ume over which the computer sampled the wave,
() the need o 1dentily and attempt to explain spunous data, and
(h) the omission of data that was known to be wrong such as errors caused by

techmical problems.

Numerous data were collected, however, Mrs Grant placed a previously
constructed data table and graph on the overhead projector for the students to
examine. At this stage the lesson concluded and she asked the students to finish up
10 question 5a for homework. At the start of the following lesson she directed
students to complete question (6 d 1) on "the way science investigations are carried
out." In response to this question she said they shouid do "as many tnals as were
needed 10 achieve a pattern in their results” and that they "should not ignore data
unless it was an impossible result that was duc to a technical error” and that they
"knew the data to be wrong."

Scenario 4.

Mr Brogo modelled the pitch of a closed pipe investigation to Class TC
during August. During the first lesson he talked about variables that would affect
the pitch of the note, the need to change only one variable for the investigation, the
need to average results to improve reliability and the fact that "we make judgements
using our senses.” He also explained that tn the past scientist had to make their own
equipment before they could conduct experiments. The students did not complete
any specific tasks during the lesson and appeared to lose interest. The question and
answer session continued for the whole lesson. During the second losson, after
reviewing the preceding lesson, Mr Brogo asked the students to write responses on
their IPRSs. About half-way through the lesson he showed them how to collect the
data from the computer. He repeated the tnals three times and as the lesson drew 1o
a close he said that he would continuc to collect data after the lesson and give the
students a copy of the data the next day. The students were instructed to finish off

as much as they could for homework. During a subscquent lesson he provided them
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with addional data and fater they subnutted thenr IPRSs tor comment Mr Brogo

responded by providing verny detaled written teedbiach

In summiary | the audio and video data tlustrated that teachers attempted ©
muodel the whole investigauon and previous ditficutties that were idenulied [rom
their intenviews (p. 161-165) were contirmed. There was hmited modelhing of
teacher thought processes, however, there was considerable guidance about what 1o
do and how to proceed. [t was contirmed that teacher modeiling was ume
consuming, students became off-task, not all students could observe the data
gathering, and that the sctung up of the equipment took a long iime (Asscrtion 40)).
The scenarios also indicate that dunng the modelled invesugations, maintaning
student engagement for a protracted period of ttme was difficult for both teachers
and students. Also, at times the equipment was difficult to manage, and 1t was
difficult for students to observe at a distance. Therelore, the data support previous
assertions that teacher modelling may best be implemented with a small group of
students, provided when needed and focused on the needs of the group, at a personal
level (Assertion 41), and himited to the development of a small number of

investigation compelencies (Assertion 42).

Students' attentiveness duning extensive question and answer lesson
segments was observed to decline, particularly dunng lessons when approximately
35 minutes was devoted to this teaching strategy (Scenarios 2 and 4). Student
attentiveness and on-task behaviours were more evident in lessons where the [PRS
was used to structure the lessons (Scenanos 1 and 3) and where students wrote their
own responses (Scenario 1) on the scaffolded IPRS prior to class discussions.
Feedback was then provided by the tcacher after a number of students were invited
to read out their responses to the class. The notion of using the IPRS to improve on-

task behaviour is expressed as Assertion 59.
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Assertion §9: During teacher modelled investigations on-task student
behaviour is maintained by requiring students to complete

Investigation Planning and Report Sheets.

The informanon that was modelled 1o the classes differed, depending on the
teacher and the nature of the investigation. For the chemistry invesugations
desenbed 1n Scenano 1, there was an emphasis on the need to repeat tnals, control
vartables by having the same person perform a specific task, and o be organised. In
Scenarnio 2, which was also a chemistry investigation, preliminary trialing and the
variables that needed to be controlled were discussed. During these investigations
the orgamisation of equipment was an important feature. In contrast, there swas more
potential to address broader aspects of data gathering in the tecacher modelled
physics investigation as exemplified in Scenano 3. The idea that different
tnvestigative tasks provide opportunitics for tcachers to model different investigation

competencies is expressed in Asserton 6().

Assertion 60: Different investigations provide opportunities fo: teachers to

model different investigation competencies.

Mrs Grant used sccond hand data to save time and to effectively model data
processing techniques (Assertion 61). She presented tables and graphs that she had
previously constructed on the overhead projector to effectively improve the pace of
the lesson and maintain student engagement. In addition, the use of the overhead
projector enabled her to supervise students as they attended to their tables and

graphs.

Assertion 61: Second hand data can be used effectively to model data

processing competencies.
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Whole-class management appeared ditheult duning the data collection phase
The ditticutties were exacerbated when students moved from then seids 1o have a
better view of the imvestigaton (Scenana 2). This provided them with opportumitics
o touch and nudge cach other. Also, management difficulties were more evident
when the data collection extended for a long pertod of ume and repeal trials were
conducted (Scenano 1), Duning the data collection the teac hers had to focus on the
management of the cquipment as well as the management of the class. These ideas

are expressed 1n Assertions 62 and 63.

Assertion 62: Moving students from their seats so that the data gathering can

be observed may result in increased off-task behaviour.

Assertion 63: Students appear to lose interest when watching repeated or

replicated trials.

Scaffolding and Fading

During the instructional program scatfolding was provided for students by
the Investigation Planning and Report Sheets and fading was achieved by reducing
the amount of scaffolding for the final investigation. The audio and video data
indicated that the IPRSs were also used by tcachers to organise instruction and to
provide a focus for student learning and this 1s expressed as Assertion 64. This was

particularly evident during the teacher modelled investigations in Scenarios 1 and 3.

Assertion 64: Teachers use the scaffolding provided by Investigation Planning
and Report Sheets to organise instruction and to provide a focus

for student learning.



205

[n addiion, the audio and video tapes indicated that students used the 1PRSs
as cheekhists to ensure that they had completed the requirements lor the
imvestigations. Groups TN, TC and SC were obsenved checking that they had
responded to the sections on the IPRS and this 1s expressed as Asscruion 65, This
assertion supports the student interview data in which students percerved that the
scaffolded IPRSs were helpful when they were learning how to perform

imvestigations (Asscrtion 53).

Assertion 65: Students use the scaffolding provided by Investigation Planning
and Report Sheets to ensure that they complete the

requirements for investigations.

Teacher Guidance

Examples of teacher guidance are portrayed in Scenatios 5Sand 6. They
illustrate that tcachers differ in the type and amount of guidance they give o
students. Mrs Cross (Scenanio 5) tended to give specific information and direct
replies 1o questions as she teld students what to do and how it was to be done. An
example of this occurred when she told students to measure the time taken for
photographic film to become clear in the trypsin reaction. She did not tell the
students everything. She did not provide so much information as to remove the
problem solving component from the investigation, however, she was not observed
trying to lead students to the answer by a series of questions. This 1s consistent with

the way that Mrs Cross conducted the teacher modelled investigations.

In contrast Miss Mills' approach was more consistent with Socratic dialogue

described by Brow n and Palinscar (1989) and the concept of scaffolding cspoused
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by Collins et al. (1989).  In Scenano 6, Miss Mills used Socratic questionimg Lo
chicit a correct response for the trypsim anyestigation. This Torm of guidance also s
similar to that used n the study by Roth and Bowen (1995) in which guidance for
students 1n open laboratory tasks was in the form of carelully constructed questions

to provoke problem solving.

Scenario S.

Mrs Cross gave clear, precise and bnsk inttizt instrucuons. Then she
advised, "Work out the problem. Work out what your group will investigate. Do
even one trial. You need to see how it (the photographic film) goes clear and how
long it takes to go clear. Get a rough idea of what you arc uming and what you arc
going to investigate.” She then moved around the class talking to each group to

check that they could get started.

During the investigation Kim said, "What if it goes clear before two minutes?
Do we stop 11? "Yes," said Mrs Cross without further explanation. Later Mrs Cross
looked at their results. "What does B mean?” she said as she looked at their table of
results. "It's the boiling water," replicd Tammy. Mrs Cross replied, "You have to be
more accurate than that. You have to record the temperature.” Kim and Gay appear

embarrassed by their omission and said the inyvestigation was stupid.

Scenario 6.

Miss Mills instructed Class TC about the trypsin investigation. She started
by telling them that at the beginning of the year they looked at lipase breaking down
fats in milk and that now they will look at trypsin breaking down protein. Initially
she did not teil students that the purpose of the photographic film was to provide a
source of protein. She ashed them to read the background information and to find
this out. She then asked for students 1o respond and developed their responses
further by asking, "Why do they have the sentence that says to do the investigation
at 37 °C?" She requested that the students "think carcfully" and allocated an

appropnate wait time before a student responded.

These scenarios suggest that teachers differ in the ways they help students to

perform science investigations and this is expressed as Assertion 66. This assertion
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complements and supports previous asserttons that teachers have different views on
how much guidance to give students perfornung imvestigaions (Assertion 44); and
that sonie students prefer teachers who give full explanauons and some prefer

teachers who encourage and assist them to solve their own problems.

Assertion 66: Teachers differ in the type and amount of guidance they give

students performing investigations.

Scenario 7 15 an example of teacher guidance which had limited success in
terms of student lcaming. The scenano portrays Group TC's interactions during the
Panadol investigation in which they investigated the ume taken for the Panadol to
dissolve in different solvents. Miss Mills resolved the Group's immediate difficulty
in determining whether to plot a line graph or a bar graph, and they successfully
plotted a bar graph. An examination of their IPRSs showed that they succeeded with
this graph. Subsequently with the trypsin investigation, they decided that a line
graph of temperature against ime was nceded but they were unable to successfully
draw the graph because they could not determine the scale for the axis. Scenario 7
highlights difficulties associated with graphing which have been previously reported
by Roth and McGinn (1997). As well, it tllustrates that the teacher did not foresee
problems that students would encounter constructing a linc graph for the trypsin
investigation. Hence, the scenario also highlights a major difficulty for teachers in

accessing siudents' beliefs and understandings.

Scenario 7.

Jessica: Soit's a bar graph?

Gay: No!

Jessica: How do you know then?

Gay: Because Pam told me. I think we're night. If it's a bar then they're

changing and if it's a line they're constant.
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Jessica I would have thaught itwould be a bar but don't sworry then
Gay: You doa bar then

Jessica then ashs Miss Nhlls and she goes 1o then bench and she says to the group,
“Well ash yoursell of the datais coninuous * Jessica guesses "Yes'™ Miss Mills
then rephies, "What's the answer then?" Jessica then acknowledges that she doces not
Know what s meant by continuous data,

Jessica Continuous” What do you mean conunuous”
Gay: Constant like.
Jessica: Yest Does that mean there's gaps init”? Oh! Doces that mean that it

gocs up ina strarght itne.

Miss Mills then used a scaltolding of questions to lcad the students o
distnguish between continuous and discrete data. She gayve examples of continuous
data and discrete data and emphasised that with continuous data it would be possible
to take measurements between the data points. Jessica enthusiastically says, "l get 1t
now," and Miss Mills leaves. Jessica and Gay then start 1o sing a song. Later they
successtully plotted a bar graph for their data (ume taken for the different solvents to

dissolve Panadol).

Subsequently, as indicated on their IPRSs for the trypsin investigation, errors
emerged with their hine graph. They divided the x axis into three equal segments
and labelled the centre of the segments 30, 37 and 45 °C respectively, as if they were
dealing with discrete data. The coordinates for temperature and time taken for the
reaction were plotted at the end of the temperature segment and connected with a
line. Itappeared that although they realised temperature was continuous data they
did not know how to construct a scale {or the temperature data. Therefore althougl.
Miss Mills helped them with their immediate problem of deciding which type of

graph to plot, she did not anticipate that they could not construct a scale for the line

graph.

This scenario highlights a major difficulty for teachers in accessing students
beliefs and understandings. Previously rescarchers have documented that teachers
can obtain feedback from students through observations (Collins ct al. 1989) and
questions (Gipps, 1994; Javela, 1996, Roth, 1995; Torrance, 1993).
Notwithstanding this feedback to the teacher, teacher judgements based on these

data sources may be "incomplete, fuzzy, quaiitative and based on a limited range of
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potential critena” (Gipps, 1994, p. 130). For teachers o access students’
understandings it appears that they need to be aware of potential dilhiculies that
students may experience and use these ditheultes as a fTramework for inquinces about
students' progress and subsequent coaching decisions. When couching, teachess do
not always gather appropriate information about students' understandings 1o form a
basis for suttable coaching or feedback to the students on therr performance. This
notion 18 expressed as Assertion 67. Even when teachers construct carcful
explanations, students form umntended meanings that are not consistent with the

tecacher's explanations 1in ways that arc outhned by Roth and Bowen (1995).

It may be arguced that coaching would be better tailored to students' needs 1f
students were able to identily deficiencies in their understandings and ask teachers
questions so that appropriate {eedback could be provided. For students to be able to
ask such questions it is postulated that well developed metacognttive skills would be
required and that students would need much greater access to the teacher 1o have

their questions answered.

Assertion 67: Teachers do not always gather appropriate information about
students' understandings to make informed decisions about ways

to coach students.

Articulating

The cognitive apprenticeship model of instruction purports that learning is
facilitated through articulation between an expert (teacher) and novice (student).
This section, however, focuses on student-student interactions. Therefore it
addresses learning from a collaborative group work perspective rather than an
expert-novice perspective. Scenarios 8, 9 and 10 describe the way the groups

completed their work and portray typical interactions between the members of
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Groups TN, TC and SC respectinedy  Folloswimg the seenanos emerging themes

regarding wrticulauon are addressed and thiee assertions ure presented

Scenario 8.

Group TN comprised Kim, Tummy and Gay. Tummy was the motyator and
the group organiser. Kim contrnibuted sound ideas and Gay was quite negative and
did as httle as possible. Gay spenta lot of ume adding grattit to her worksheets and
files, and during onc tesson she did this for 25 minutes. Typicatly, Tummy and Kim
arnved 1t the bench and collected the cquipment struight away. Gay was always late
because she engaged in social discourse with other groups before armving at the
beneh. For the postiest investigation she armived 13 minutes alter Kim and Tammy.
Notwithstanding this they appeared to be the most etficient and capable of the three
groups studied. Kim and Tammy got things done because they worked
cooperatively. Tammy was most often the group teader with Kim willing o follow
and contribute. Gay, on the other hand, complained about everything and was quick
1o grab the other girls' worksheets and [PRSs so that she could copy their work.
They were not overtly olf-task because they worked comfortably within the bounds
of classroom behaviour. Their discussions about the mvestigations were about the
procedures required to complete the task at hand. They didn't discuss 1ssues of
accuracy or ways to improve the investigation. They were not observed engaging in
discussions that could be deemed capable of contributing to the development of
procedural understandings. They seemed to make statements rather than discuss or

resolve issues. An example of this lollows.

Kim: Do the | mL {(mcasurements) {irst.

Tammy: No! Do 1 mL then 3 mL then S mL, and then I mL then 3 mL then
5 mL, and then 1 mL then 3 mL then 5 mL.. Becausce if we do not
have time to finish the last tnal ... (Tammy's sentence 1s left
unfinished however her idea 1s accepted.)

The following dialogue, during the Panadol investigation portrays how Kim
and Tammy disagreed about the number of trials they should conduct. It scemed
that Kim wanted 1o count the preliminary trials as the actual trials. Eventually, the

issue was resolved when Gay sided with Tammy that they needed more trials.

Tammy announced, "We need 1o do six more botlings (tnals).” Kim replied,
"No! We only need to do four more (in total)." Tammy walked off annoyed,
seemingly becausc they had reached an impassc. If they repeated the investigation
twice then they would have a total of six tnals to conduct. Kim didn't want to repeat



the two prehmunary trials. She wanted to use them in her data collecuion. Gay
hadn'tarmived at the bench yet and Ko called her. Fifteen minutes later Tammy
revealed that she had not surrendered her positson on the number of tnals. "Why
don't we do two trnals while we are waing?" she sard. To this Kim rephied, "I've
done them all. I've got them finished.” Tammy then stated, "But we've not done
them all!™ At . s stage Gay interrupted, "We need to do a borthng and room
teraperature.” Tammy then swid, "That's what | sard. Then we would have done

cach tnal three umes. Yeah, thal's tor certain.” At this stage Tammy departed to sct

up the additional trials.

In some ways this group functioned like groups in previously reported
studies of laboratory work. For example, using the classification of roles described
by Richmond and Striley (1996, p. 849) Tammy was the "leader”, Kim most
frequently the "helper" although she occasionally took a teadership role, and Gay
vacillated between an "active contributor” and "passive non-contributor”. The group
focused on the procedures required o complete the task in a similar way to that
reported by Christensen and McRobbie (1994), and they used "majonty rute” to

resolve difficulties (Roychoudhury & Roth, 1996, p. 431).

Scenario 9.

The entire investigation-related dialogue that occurred over 35 minutes 1s
presented for Group TC. Their discussion focused predominantly on ways to
complete the investigation and appcared unlikely to contribute to improved science

conceptual understandings or investigalion compelencies.

Of the three groups, Group TC functioned the lcast effectuvely and least
efficiently. They did not have an established leader and they had difficulty deciding
what to do and how to do it. Olive appeared the most academically able, however,
she tended to 'do her own thing' possibly because the other students had difficulties
in completing tasks. For example, in the trypsin investigation she set up her own
trials and stayed in the class on her own for the 20 minute recess period to complete
the trialing. In contrast, Gemma and Jessica muddled through their tnals not
knowing the temperature at which Olive had collected her data. In the end, Olive
collected data at two temperatures while Gemma and Jessica jointly performed one
trial. Olive was respected by the others for her academic ability although at times
she was aloof and did not relate well to them. This is supported by an interview
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comment (p. 187) that she made about the difficulues m geting the group to agree
with her. The mabihity of the group to organise themselves and to develop an
overall plan s exemphified by the following dialogue. On (wo occasions when they
did not know how to proceed they chatted socially. An example of parallel draloguc
emerged when Olive decided to test her hypothesis and Gemma thought they were
lesting the hypothesis that she and Jessica discussed. Interestingly no one scems o
take much notice of Gemma's ideas. She was overpowered by Jessica's scatty,

enthustastic but undirected approuch.

Jessica: Olive, What's vour hypothesis”
Olive: Body temp. works best.
Gemma: No! No! The change of lemperature changes the tme 1t akes to react.

(Gemma and Jessica wnte this down.)

Olive: Guys whal temperatures shall we do? (She 1ignores Gemma's
comment.) | think we should do 30, 37 and 45 degrees. 261s very
humid (sic).

Gemma: We're meant to do a lower one.

Olive: Y cah, 30! (Olive has not histened to Gemma's hypothesis. She has
selected temperatures almost evenly distnbuted around 37 °C)

Gemma: 30,37 and 45. (Gemma wntes this down.) | burnt my fingers in
PVE (Personal and vocational education lessons).

They then discuss social issues for a considerable perniod of tme. Much later they
return to the task.

Olive: Guys, if we're sticking the film in water, then when does the trypsin
acid come into 1t? Guys we have to work out when to put the trypsin
acid in!

Jessica: What's the trypsin acid? What s that?

Gemma: That's the whole test swectic pic. (Gemma rubs Jessica on the head.)

Jessica: [ know, but do we put that in before the [itm or after the film.

Gemma: [ don't get this.

Jessica reads out the instructions. Olive reads them to herself. Olive then
disappears to ask another student and Gemma also disappears to ask the tcacher.

Jessica: We don't need anything guys.

Jessica looks up from her rcading but the others have gone and there is no one to tell
what she has found out. She talks to another student about the security at her housc.
Two minutes later, after checking w hat students in other groups arc doing, Olive
arrives back at the bench with enthusiasm.



Olive: OK guvs. We stick the trypsin in the test tube. We stk the ilm
in...

Olive writes this down in her method section. Jessica doesn't histen. She 1s alking
about a social event.

Jessica: What?

Jessica looks at Olive and sces that she 1s busy writing down something and then
turns away o continue talking to her friend. Olive collects some equipment and four
minutes later Gemma arnves back at the bench after checking with Miss Mills.
Gemma: Guys, we're dotng this wrong!

Jessica: Are we? | thought this was nght. OK. Let's read this guys.

Jessica starts reading the background information sheet from the beginning for the
second time.

Gemma: What do we need the film for? (Miss Mills had asked them this in
the introduction and they have beer, working on the task for 30
minutes, Scenario 6, p. 207.)

Jessica: ‘Cos trypsenen (sic) reacts with, against, with, the stuff that's in the
film.

Gemma doesn't listen. She's already moved off. They all move off and talk to other
students in the class. Eventually Olive comes back with more equipment.

Jessica: So what are you doing now?

Olive: A preliminary trial o just sce...

Gemma: Don't we need to time 1t?

Olive: No, not just yet. We stick it in the water bath.

They disappear to the water bath and four minutes later Jessica arrives back with
Gemma.

Gemma: We don't need any water in the test tube do we?

Jessica No. We've got to change that (o trypsin. (They have written 'water’
on their worksheet.) She laughs, I mean enzyme.

Gemma: Yeah, 4 mL trypsin.
Jessica: No, it's enzyme!
Gemma: Well, that's the same then.

Jessica has not realised that the enzyme is trypsin. She thinks that they are different
things.

Jessica: What did I say? Enzyme, yeah! [ meant trypsin.
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After the lesson has progressed for 35 minutes Olive arnives al the beneh with the
prehminary trial completed and announces, "That's what 1t's supposed 1o ook Jike
guyvs”

Jessica We need to get some beakers to do 30 degrees and the other temps.

Olive: No! We geta beaker of 30 degrees und put all the test tubes in -
otherwise it takes oo Jong and we time them all together. Who wants
todo.. ' do 45

Jessica: I'tE do 30 and Gemma you do 37

They did not follow Jessica's istruction because Ohive tnaled at tw o temperatures
and Jessica and Gemma only performed one tnal together.

Members of this group appeared not 1o have specific roles as reported in the
Richmond and Striley study (1996). They were the lcast orgamsed of the groups
studied. Similar to the Christensen and McRobbic study (1994), w ork-related
conversation was predominantly focused on how to complete the investigation,
although most of their conversation was about social 1ssues and not documented

here.

Scenario 10.

Group SC comprised Jody (the leader). Harue and Chnsue. Jody virtually
harangued Harue and Christie (o think about and complete the work. Harue made
thoughtful contributions, although at times she seemed to be 1n her own world.
Christie was less academically able than the others and she opted out of
conversations that involved difficult concepts and engaged 1n social discourse with
other students. She appeared most happy and comfortable when doing the Panadol
investigation, possibly bccause this was the most straight forward investigation. The
following conversation reveals Jody's organising ability and the willingness of the

others to comply with her leadership. [t also reveals Chnstie's tendencey 10 opt out of

difficult concepts.

Jody: Guys, let's all concentrale this time.
Christie: I'm trying to work out something.
Jody: What?

Christie replies "Nothing," and she adds in a pathetic voice almost as 1f abrogating
herself of any further responsibility, "I don't understand.” She then turns to talk toa
student from another group.



Harue: What vanables shall we look at? Its aaidity and the amount of
temiperature arce the only ones 1 can think of. We can vary the
temperature. The basic solution (in which the trypsin reacts), we
could make 1t acidie.

Jody: We don't have the maltenials to make 1t acidic or basic.

Harue: She (the teacher) said we had hydrochlorie acid.

Jody: Oh, did she! The amount of trypsin, but [ don't think we should do
that.

Harue: Well, do you want to do the temperature?

Jody: Y cah, we'll do that. Guys, concentrale please!

Christie is sull :alking to the other student and has not participated in the decision
made by Jody and Harue. She says, "I'm just trying to work something out." To
which Jody replies, "What?" Christie then repeats for the second time, "I don't
understand.”" Jody and Harue continue to discuss the temperature.

Jody: Well, 1t (the change in temperature from the optimal conditions)
would be just as bad cither way because it's got to be close to 37
degrees doesn't it? 36 and 38, it will be equally bad either way.

Harue: But we've got 1o say 1t will be betier if 1t's hotter or colder.

Jody: We'll need to keep it close (to 37 °C) to show that it's that onc (the
optimal temperature).

They ask Mrs Grant and she says that she wants them to work 1t out
themselves. Jody starts to write up the method. "Hey, hey!" says Harue. Let's get
the hypothesis first." Jody replics, "Well, we'll work down through 1t (the IPRS)."
Jody starts to dictate, "The further the temperature get. from 37 the longer it takes.
But we have to improve on the wording." They read from the instructions that the
optimum conditions are with 4 mL of trypsin and | mL of sodium hydroxide. They
think they need some water, however, they are not sure what to do with it. They list
what they need and decide to gather data at temperatures of 36, 37 and 38 °C. They
decide to do nine trials, three for each temperature. Harue persists, "Why do we
need any water?" Jody replies, "Well. to put it in a bath." They continuc writing an
equipment list and Jody says, "OK, let's go through it and sce if we've got what we
need." They add safety glasses and gloves. As the bell goes Jody says "OK guys,

just think about it so that when we come back we've got ideas and everything.”

The next lesson commences and Jody says, "l think we should change to the
amount of trypsin (instead of investigating the effect of temperature on the reaction).
It would be a lot easier." Chnistie and Harue both respond "OK." They check with
the group on the next bench and they are also doing the amount of trypsin. "Ycah,"
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says Jody, "otherwise we wiil be fiddhing around with the amount of ice all the tme

tying to get the nght temp. This will be alot casier.” Christie prumbies, "Now |
have o change eservthing.” To which Jody responds, "That's why [ do mine i
penatl.” They then deaide to ume untl halt of the lim becomes clear. Jody sends
them off to collect the equipment. She stands at the bench and checks that they
return with evervthing. Then, while the others are not present she says o the
camera, "FHove bossing people uround.” Harue comes buck and says, "OK guys,
fet's getstarted.” Jody sayvs, "No, do the table first.” But this ume Harue wins out
and they do the prehiminary tnal. They tnal with 2 mi. of trypsin and discover that
they don't really know what they are measuring. They ask Mrs Grant and she says,
"What 1s the reacton?” and "How can vou tell when it's reacted”” Harue answers
both quesuons correctly and Jody 1s peeved that she couldn't answer. [ hate 1t when
[ don't know what I'm supposed to be doing, and no one else knows, and they all
start telling me different things, and [ keep doing 1t wrong, and then everyvone
blames me for 1t." she says. "We're not blaming you." savs Harue. The bell goes

and they finish off the investigation during the next lesson.

The roles of group members ahign with Richmond and Striley's (1996, p.
849) classification with Jody the "lecader”, Harue the "helper” and Chnistic a "passive
non-contributor”. Although the group's decision to change from investigating
temperature to the amount of trypsin was based on the relative case of the
procedures, Harue and Jody engaged 1n productiy ¢ dialogue about the vanables to
investigate and optimal conditions. In contrast, Christic made very little

contribution to the group.

In summary, cach group engaged in a considerable amount of socal
discussion. At times these discussions appeared to be triggered when there was
some doubt about how to proceed with the investigation. This tendency was
particularly evident with Scenano 9 and with Christie in Scenario 10, These ideas

are expressed as Assertion 68.
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Assertion 68: During investigations students engage in discussions about social
issues, especially when they encounter difficulties with the

investigations.

Group discussions about luboratory investigations predominantly focused on
ways 1o accomplish the sk and this notion is expressed as Assertion 69, From the
audio and video data, there was hittle evidence of dialogue that might contnbuic o
the development of improved conceptual understanding and investigation
competencies (Assertion 70). This finding appears to be tn conflict with an carlier
assertion (Assertion 25) that "Most students pereeive that they learn more about
doing investigations from talking with their peers than from talking with their
teacher.” Bascd on the audio and video data, however, an appropriate interpretation
would be that students lrarned how to complete the investigation from their peers
but they were unlikely 1o improve their conceptual understandings or investigation
competencies from the interactions with their peers. This has parallels with the work
of Christensen and McRobbie (1994) who describe laboratory work in which
students' main focus was on the physical operations of the task, without discussion
of the purposes ol the task or its conceptual meanming. Surprisingly they found thal
students "believed quite strongly that practical work was vital to their understanding
of concepts” (p. 58). In the Christensen and McRobbic study, and also with this
rescarch, the mechanisms by which practical work contributes to learning are not
clear. Students in this research perceived that [earning occurred and gains in
investigation competencies measured by pretest and posttest data confirm this
perception. Kempa and Ayob (1995) contend that task related comments and
observations made by students during group discussion represent a major shared
knowledge resource from which students fearn. They also contend that a significant
portion of information appearing in students’ written responscs to questions was
neither prior knowledge nor part of the shared knowledge. They make no claims

about how students' information/understanding was constructed. Hence, while the



observational data suggest superficial and fow level learnig, it may be that
observations per se are oo superfical o access and measure relesant information

about how understandings are generated 1in group scttings.

Assertion 69: Group discussions about investigations are mostly concerned

with how to complete the investigation.

Assertion 70: Few group discussions appear to have the potential to improve
students' understandings of concepts or to develop investigation

competencies.

Assessment

Three scenarios are presented which describe the implementation of teacher
assessed norm referenced, teacher assessed critenion referenced and student assessed
criterion referenced assessment in Classes TN, TC and SC respectively. Similanitics
and differences in the implementation of these regimes are discussed and a number

of assertions are made.

Teacher Assessed Norm Referenced Assessment

Scenario 11.

Following the assessment of their investigations, Class TN recerved verbal
feedback from their teachers for approximately 20 minutes. With the Panadol
investigation, Mrs Cross went through the IPRS and advised students of the correct
answers and highlighted common errors on the white board. She was business like
in her approach and did not engage in drawn out explanations. She mentioned that
the graph was poorly done because the scale was not accurately drawn, and said that
it was not appropriate to say the temperature was hot or cold when a thermometer
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was provided. She also mentioned that preliminary tnals should be used to see how
much water to use: to practise the procedures: to find out what temperatures worked
best; to cheek the tmung: and o dehine what 'dissolve’ meant. Mrs Cross said that
the sample size of three was tiny and because of this students should not be very

conhidentin their findings.

Alter cach investigation the students paid Littie attention to the teacher's
verbal feedback. This s exemphified by the actions of Kim, Gay and Tammy with
the Panadol iny estgation feedback. Gay spent the entire ime drawing on her hile
and Kim started to 11l in the [PRS for the following invesugation. Tammy spent
some ume making correcttons, and then together she and Kim wrote up the next

imvestigation.

In terms of the written feedback on the students' IPRS, Mrs Cross assigned
cach member of the group an overall B grade for the Panadol investigation. She
wrote specific comments throughout the students' reports such as, "Graph needs a
title,” and more general comments at the end of the reports, for example, "You
haven't completed a lot of the secuons in enough detail. For example, there s no
diagram or plan. Evaluating the lindings was poorly done. [tis important to include
all these sections in vour investigation.” [tis interesting to note that for this
investigation the group plotted temperature as a discrete vanable (ice, room
temperature, water bath and boiling) albeit, during the lesson, the teacher had told

them to be more accurate and to record the actual temperatures (Scenario 5, p. 208).

The students’ acknowledgment of the tcachers' (Mrs Cross and Mrs Grant)
written and verbal comments was minimal. For the target group the only evidence
of students making corrections in response o feedback was Tammy's IPRS for the
Panadol investigation. When Mrs Cross provided verbal feedback in class, Tammy
added some information to the planning section of her report, such as how to change
and measure the variables and the need to include a diagram.  All of the IPRSs for
the class were examined and only a few additions or alterations were made as a
result of the feedback.
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Teacher Assessed Criterion Referenced Assessment

Scenario 1 2.

Teachers of Class TC devoted approvimately 20 minutes o verbal feedbuack
in the whole-class setung and then allowed students 10 minutes o make corrections
In the feedback provided by Mr Broga (clectromagnet investigation) he said that the
students had improved in their desceriptions of the investugation and mentioned other
arcas where they could improve, including table headings and relating the
conclusion to the hypothesis. He added that they were overly conlidentin their
findings. He talked about errors ansing from the measurement ol the dependent
vanable (the attraction of the paper clip to the clectromagnet), the fact that the
resistance of the solenotd tnereased as 1t became hot, and thut they should attempt o
explain anomalous results. He added that, "with real science yvou are working in the
dark because you don't know what the result will be," and explained thatin carlier
umes scientists made the equipment before they could collect the data. During the
lesson many students were 1nattentine. For example, Mr Brogo asked students to
raise their hands 1l they had a constant reading for the dependent vanable after
changing the independent vanable. Only one out of a possible six students raised
her hand. He then complained to the students that they were not histening. The
audio and video recording showed several students quictly talking and some were

touching each other with a ruler.

When Group TC received their assessed [PRSs they first talhed the number
of A, B and C grades that they had been allocated. After an mittal flurry of interest
they rapidly became oft-task. Their behaviour was within the bounds ol accepted
and appropriate school classroom behaviour so they were able to escape the teacher's
attention, however, the audio and video recording captured their perfunctory
responses. Jessica, for example, spent the whole session discussing her teeth. She
showed everyone the "scparators” 1n her mouth and said that she was soon getung

braces.

Evidence for Group TC's minimal responsc (o the feedback 1s also captured
throughout their worksheets and IPRSs. For three out of four investigations,
teachers had wnitten that they had not adequately stated how to measure the
dependent variable. This omission was repeated in their postiest investigation,
clearly indicating that they had not acted on the fcedback. Also, for cach table of
results the students drew, their teachers commented that they had omitted
information (a title and reference to the dependent varnable) and for their posttest
investigation they also omitted this information. As well, they treated seconds as
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decimal places ol a minute o obtwm an average of 15 minutes and 67 seconds,

which provides further support for Assertion 9.

Another consistent and uniesolved ditficulty for Group TC was dealing with
continuous data. For the ukulele inyvesugauon they should have plotted the
frequency ot the note against the length of the stning, however, they rendered therr
independent vanable discrete by plottng the fret number. Hence, the longest string
was fret 1 and the shortest was fret T Their graph showed odd numbered frets, Fret
l. Fret 3, Fret S and so on, evenly spaced on the horizontal axis. For their graph Mr
Brogo wrote, "[t would have been better to plot string length." For the
clectromagnet investigation, their horizontal axis was correct and this may have been
due to th.c good fortune that they had increased the voltage uniformly by 2 volts cach
tume from an initial reading of 2 volts to 12 volts. Therefore, the axis went up
evenly. Scenario 7 descnibed their posttest graph in which they made errors
determining the axis for continuous data. Problems that student experience in
viewing continuous data as discrete data were also evident from the [PRS data and

were expressed as Assertton 17.

Student Assessed Criterion Referenced Assessment

Scenario 13.

Class SC was allocated 30 minutes to conduct the assessment and make
corrections to their [PRSs. Group SC applied a consistent procedure in which Jody
took control. They turned to the beginning of their [PRS and Jody read out the
answers from the master answer sheet. She said, "Yeah, we got that,” for most of
their responses. Christie and Harue didn't look at the master sheet. Harue followed
Jody's instructions. For some investigations Christic did not assess her work.
Mostly Jody and Harue ticked their responses; they occasionally added extra
information and they scldom crossed out their responses. There was very hittle
discussion. They then turned to the page on which the critena were listed and
assigned grades for each criterion. For most of their work they graded themselves A
and when they had experienced problems doing some aspect of the investigation
they assigned a B grade. Often, however, they had solved their problems by the end
of the investigation and could have been more gencrous in delermining a summative
grade. For those criteria where they had insufficient data they assigned themselves a
C or NR grade. They finished the task and spent about 15 minutes discussing sport
and the school camp arrangements. They talked quictly and did not attract the
teacher's attention.
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Similarities and Differences between the Assessiment Regimes

The intended implementation of the assessment regimes s desenbed
previousty in Chapter 3. Instructions given to teachers about the assessment
procedures are presented i Appendix [ The actual implementation was consistent
with the intended implementation and 1s summanscd as follows.

» For Class TN, tcachers wrote comments throughout the [PRSs and a final
comment on the last page where the overall grade was assigned. To determine
the grades teachers ranked the 1PRSs and allocated grades as described in
Appendix 1. Teachers spent approximately 20 minutes gorng over students’
weaknesses 1n a whole-class setung. Following this students were allocated 10
minutes to make corrections based on the teacher's feedback.

»  For Class TC tcachers wrote comments throughout the IPRS and brief
comments for the criteria. They assigned grades for cach critenon. The
teachers spent approximately 20 minutes going over students’ weaknesses on the
IPRS in a whole-class sctting. Following this students were allocated 10 minutes
to make corrections based on the teacher's feedback.

e In Class SC the students were allocated 30 minutes to check their IPRS with a
master answer sheet. They assigned a grade for each critenon and made

corrections to their work.

The implementation of the two tcacher asscssment regimes was very similar
(Assertion 71) and the student assessment regime was different. For Class TN and
Class TC there was no observable difference in the quantity and quality of the verbal
feedback. The only difference between Classes TN and TC was the form of the
written feedback: Class TN had an overall comment and Class TC had comments
that addressed the criteria. In effect, there was no real difference because the
teachers of Class TN used the IPRS to provide the structure for their comments. For

example, Mrs Grant listed the question numbers for the arcas where improvements



could be made, and Mrs Cross wrote generul comments about planning

investigations, conducting ivestigation, processing dala and evaluating the findings.

Hence, they addressed the same information that was addressed.

Assertion 71:  The implementations of teacher assessed norm referenced

assessment and teacher assessed criterion referenced assessment

were very similar.

For Class TN and Class TC teachers provided written feedback throughout

the IPRS by identifying areas of weakness. They did this by

(a)

(b)

(c)

(d

crossing out incorrect words and writing the correct word over the top. For
example they wrote the 'number’ of pins instead of 'amount' of pins.
requesting explanations based on scientific language or understandings. For
example when students were asked to write why they could draw a
conclusion their response was, "because each time we uped the vaults (sic)
more paper clips were picked up, proving that the magnetic field had gotten
wider, could cover a greater distance.” To this the teacher responded "Does
not explain why volts gives us a stronger magnetic ficld." Another example
occurred when the student wrote "so that the data could be deadly accurate,”
and the teacher responded that she should not used terms like deadly because
they were not scientific.

identifying omitted information. For example they wrote, "What are these
values?" or a question mark for tables that lacked a heading.

requesting students to expand on their responses by asking for more
information. For example teachers wrote, "Far more detail is needed. Think
a little harder regarding the possible limits of the experiment." Also when a
students wrote that an error in their investigation arose because the "power

magnet did not work properly," the teacher replied by saying that she was not
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sure what was meant by the statement and asked the student to explain in

more detatl.

(©) wdentlying trelevant information by crossing 1t out and stating that 1t was not
needed.
O praising or teking correctinformation.

The Group TN and Group TC, (Sceranos 11 and 12), paid hittle atiention o
the teacher feedback on their investigation performance. This notion has been
expressed as Assertion 72, Further an examination of their IPRSs showed that most
students did not make any wntten corrections to thetr work (Assertion 72) duning the

ten minutes allocated for them to make corrections.

Assertion 72: When receiving verbal teacher feedback about investigation
performance, most students are inattentive in whole-class

settings.

Assertion 73: Following teacher feedback about investigation performance,
most students do not make written cor-ections to their

Investigation Planning and Report Sheets.

The implementation of the student assessed critenion referenced assessment
differed from the teacher assessments. Although the students' involvement in the
task was necessarily greater than for the assessment procedures in the other classes,
it was superficial. When Jody, Harue and Christic assessed their work (Scenario 13)
it seemed as though they focused on confirming their answers rather than identifying
ways to improve their performance. It was evident, also, that they lacked
opportunities for high quality feedback that could be obtained from their teachers
and this supports Assertion 58. A number ol difficultics that students experienced

with this assessment are discussed.
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Onc problem that arose was due to the nusmalch between the students'
scienee vocabulary and that of the teacher. Jody, the leader said, "Let's go through it
(the master answer sheet on the electromagnet investigation) and look at it all and
then do our A, B and Cs and things.” They matched up their answers with those on
the master shect and ticked or crossed as they proceeded. In their hst of vanabies
they crossed out their responscs, the size of the iron bar und the amount of iron
bar because the master answer sheel said the amount of core in the solenoid.
"Gee! We got totally different stuff," said Jody. "Well, we did (conducted) 1t right!”
she added emphatically. Clearly, if the teacher had assessed their investigauon then

they would have accepled the students’ responses. This 1s expressed 1n Assertion 74.

Assertion 74: Some students using student assessed criterion referenced
assessment, assume their responses to questions are incorrect
because their language differs from that on master answer

sheets.

A second problem arose because students were unable to access the teachers'
responses because of inadequate science content knowledge (Assertien 75). For
example, in the list of vanables the master answer sheet mentioned the variable
"temperature” because at low temperatures the current would be greater and hence
the magnetic effect would be greater. "I don't think that has anything to do with i,"
said Christie. "It's got (on the master answer sheet) use a switch so the circuit
doesn't get 100 hot," she added in a puzzled tone. They ignored this information
because they did not have the science background knowledge to make meaning from
the information. (In contrast Mr Brogo addressed this point in the fcedback that he

gave to Class TC, Scenario 12.)



2260

Assertion 75: Some students using student assessed criterion referenced
assessment, are unable to access information on master answer
sheets because they lack adequate science background

knowledge.

A third problem was the failure of students to recognise all the relevant
feedback cues (Assertion 76). As a result, they did not consistently identify all the
arcas where improvements could be made even though the information was
presented to them on the master answer sheets. For example, for cach results table
they drew, Group SC did not include a heading for the measurement of the
dependent vanable even though this was present on the master answer sheet.  In
contrast some feedback was acknowledged. For example, when they read the master
answer sheet for the electromagnet investigation, they realised that they had not
considered the {riction between the paper staple and the slightly uneven bench top as

a source of error.

Assertion 76: Some students using student assessed criterion referenced
assessment fail to identify all the relevant feedback on master

answer sheets.

Summary of the Chapter

This Chapter has discussed the audio and video data collected throughout the
instructional program. wclve assertions have been presented about the cognitive
apprenticeship model of instruction and six have been prescnted about the different
assessment regimes (Figure 21). Of the assertions about the cognitive

apprenticeship model of instruction, five were associated with teacher modelling,



277

two with scaftolding and fading, two with teacher gurdance, and three with

articulating.

It was found that the implementaon of the teacher assessed norm referenced
asscssment and the teacher assessed crilenon referenced assessment were very
sinular. Therefore three asserttons refer to both of these assessment regimes. Three

assertions are associated with the student assessed criternion referenced assessment.

In this Chapter, previously established Assertions (9, 17, 40, 41, 42, 44, 53
and 58) were supported by the audio and video data. Assertion 25 which was
generated from student questionnaire data: Most students pereeive that they learned
more about doing investigations from talking with their peers than from talking with
the teacher, contrasts with Asscrtions 68, 69 and 70 generated from the audio and
video data. These assertions (68, 69 and 70) suggest that student discussions are
largely social, that they focus on how to complete the investigation, and that there is
little discourse that might develop science conceptual understandings or
investigation competencics. These assertions need also to be considered 1n light of
pre and posttest data that indicates significant gains in students' investigative
competencies (Chapter 4). One interpretation is that observational data 1s a poor
indicator of students' leaming. Another is that students interpreted the phrase 'doing
investigations' on the questionnaires at a very superficial level and associated 1t with
'‘completing the task'. [f this were the case then Assertion 69: Most group
discussions that address science investigations, focus on the procedures required to

complete the task, may be seen as supporting Assertion 25.



Asserons

Aspects of the cognitive apprenticeship model of instruction

(a) Teacher modelled investigations

39 Dunng teacher modelted investgations on task student behiaviour 1s nuntaned by requinng
students to complete Investgation Planming and Report Sheets

60 Differentinyestigations provide opportumuties tor teachers to moded different invesugation
compelencies

61 Second hand dita can be used effecuvely o model data processing competencies

62 Moving students from their seats so that the data gathenng can be observed may resultin
increased off-task behaviour

63 Students appear to lose interest when watching repeated or replicated tnials

(b} Scaffolding and fading
64 Teachers use the scaffolding provided by Investuganon Planning and Report Sheets to orgamse
instruction and to provide a focus for student learmng.

65  Students use the scaffolding provided by Investigation Planmng and Repornt Sheets to ensure that
they complete the requirements for investigations

(c) Teacher guidance
66 Teachers differ in the ty pe and amount of guidance they give students performing investigations

67 Teachers do not always gather appropriate informauon about students’ understandings o make
informed decisions about ways to coach students

(d) Articulating
68 During investugations students engage in discussions ahout social issues, especially when they
encounter difficulties with the investigations

69 Group discussions about investigauons are mosthy concemed with how 10 complete the
investigation.

70 Few group discussions appear to have the potential 1o improve students’ understandings of
concepts or lo develop investigation competencies

Assessment

(a) Teacher assessment

71 The implementations of teacher assessed norm referenced assessment and teacher assessed
criterion referenced assessment were very similar.

72  When receiving verbal teacher feedback about investigation performance, most students are
inattentive in whole-class settings.

73 Following teacher feedback about investigaton performance, most students do not imake written
corrections to their Investigation Planning and Report Sheets.

(b) Student assessed criterion referenced assessment
74 Some students using student assessed cnterion referenced assessment, assume their responsces 1o
questions arc incorrect because their language differs from that on master answer sheels.

75 Some students using student asscssed criterion referenced assessment, are unable to access
information on master answer shects because they lack adequate science background knowledge.

76 Some students using student assessed criterion referenced assessment fail to identify all the
relevant feedback on master answer sheets.

Figure 21. Summary of the assertions developed from audio and video data



CHAPTER 9

DISCUSSION AND GENERALISATIONS

Overview of the Chapter

The Chapter draws together data presented previously in Chapter 4, (the Test
of Science Investigation Skills, TOSIS, and Investigation Planning and Report
Sheets, IPRS), Chapter 5 (student questionnaires), Chapter 6 (teacher interviews),
Chapter 7 (student interviews), and Chapter 8 (audio and video recordings).
Consistent with the earlier chapters, assertions generated from the data are clustered
into the three themes that underpin the research; investigation competencies, the

cognitive apprenticeship model of instruction, and assessment.

Schematically the clustering of assertions is presented in Figure 22, and this
represents an extension of Figure 2. The assertions are coded according to the data
source from where they originated with the Investigation Planning and Report sheet
coded 'T'; student questionnaires coded 'Q'; student interviews coded 'S'; teacher
interviews coded T'; and the researcher's interpretations of the audio and video data
coded 'V'. Assertions that are triangulated from different data sources have codes,
representing the various data sources, with the first mentioned code referring to the
data source from where the assertion was generated. The process of triangulating
data is considered in Chapter 3 to be an alternative to data validation (Denzin,
19892, 1989b; Fielding & Fielding, 1986; Flick, 1992). This does not imply that
data that are not triangulated are not valid, but implies that this method of analvtical

induction does not handle rare events well (Erickson, 1986).
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From the clusters of assertions "key hnkages" and "patterns of generalisation
within the case at hand” are used to formulate general assertions (Fnckson, 1980,
p. 148). The general assertons are designated with the letters of the alphabet
(Frgure 22) and the assertions on which they are grounded are numbered. In
addition, some general assertions were based on quanttative data gathered from pre
and postests (General Asseruons M, N, and O} and one was based on the
rescarcher's interpretations of the conventions and procedures of scienufic inquiry

(General Asscruon E).
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Investigation Competencies

Previous!y presented pretest and postiest data for the TOSIS and IPRS
(Chapter 4) revealed staustically sigmificant improvements 1n students' investigation
skills and competencies resulung (rom the mstructional program. From the pencil
and paper TOSIS, a two-way Analysis of Vanance (ANOVA) of students' total
scores indicated an cffect for test occasion of F (1, 2) = 66.68, p < .0]. Descripuve
statistics for the total score arc presented 1n Table 1 and in Figure 6. Descniplive
statistics {or specific skills or concept arcas assessed by the TOSIS demonstrated
students' improvements in Identifving variables, Writing an hypothesis, Planning an
investigation, Drawing conclusions, ldentifving methodological limitations, and
Understanding the concepts of hvpothesis, theory, data and conclusions. These are

pre~cnted 2 Table 2 and Figures 7 to 12.

The [PRS assessed students' performance of a science investigation 1n a more
holtstic and authentic manner than the TOSIS. The Wilcoxon Matched-Pairs
Signed-Ranks test indicated that for cach of the three groups/classes, the posttest
levels of performance were significantly greater than the pretest levels (p < .01) for
Planning investigations, Conducting investigations, Processing data and Evaluating

investigations.

Through questionnaires and interviews, students reported on the
competencies they perceived they had learned and these are expressed as Assertion
22: Investigation competencies that students claim to have learned include (a)
planning investigations thal comprises writing hypotheses, identifying vanables,
overall planing and preliminary tnaling that can result in modifications to the plan
(b) conducting investigations that comprises using cquipment, controlling variables,

repeating trials, being accurate and working safely (c¢) processing data that
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comprises using tables, averaging results, using graphs and drawing conclusions
(d) wrniting reports (¢) working cooperatively (1) attending o detnl (g) managing
tume and (h) being orgamsed. In the main they reported that they had learned
solated process skills rather than assoctated or linked skills such as developing
conclustons based closely on the data and related to the hypothesis. In addition,
they reported learning several competencies which are usually considered 1o be
social and workplace skills which are acquired through group learming (Linn &
Burbules, 1993) such as Working cooperatively, Managing time and Being
organised. As wecll, they recognised the quanutative nature of investigations and

satd that Being accurate and Atiending 1o detail were learned.

The assertions associated with investigation competencies that were
generated from the iPRS, student questionnaires, teacher and student group
interviews and audio and video data are loosely grouped under the headings,
plunning investigations, conducting investigations, processing data, evaluating
tnvestigations, and other assertions in Figure 23. Many of the assertions are
concerned with difficulties that students expenenced when performing
investigations. Six general asscrtions (A o F) are proposed from these data

(Figure 22) and are addressed in the ensuing discussion.
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Asseruons

Planning investigations

o]

6

Many hypotheses that students investigate are unhikely to be supported by data 15

Many studeat thaink that an increase in temperature decreases the tune taken for all
reactions (ncluding reactions myvolving biological enzymes)y 15

Many students interpret the ime taken for the reaction to mean the time 1or the reaction to
go to completion. This results in difficulties when they collect therr data over a fixed ume
peniod and hence measure the rate of the reaction !

Some students who investigate the effect of the amount of substance 1n a chemical reaction
on the time taken for the reaction, do not control for the volume of solution IS

When planning investigations most students use preliminary tnals to observe the
reaction experiment and to organise procedures 11

When planning investigations most students do not consider the range over which the data
should be collected or the data collection mterval 1

Most students’ written plans for investigations lack sufficient detail to describe the
procedures they intend to follow. 1.3

Conducting investigations

7

39

Some students 'observe' changes that they think will occur in investigations rather than
changes that actually occur. I T3

Most students learn to repeat or replicate the data coliection and to average the
results, LTS

Some students treat ime as a decimal measure and consider seconds as one-hundredths of
a minute. 1%

Most students do not have an appreciation of the degree of accuracy to which
measurements should be recorded. !

Students' familiarity with the dependent vanable, and how it 1s operationalised and
measured affects the difficulty of investigations. 1.5

Students find investigations that involve setting up equipment more difficult that those that
do not require equipment to be sct-up. T

Processing data

11

12

13
14

Some students confirm their hypothesis with insufficient data. !
Some students confirm their hypothesis with data from dubious sources, 8
Some students ignore or reject data so that they can confirm their hypothesis. !

When faced with unexpected results some students reject their original hypothesis and
formulate a new conclusion based on inconclusive evidence. I8
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Some students collect data i order to confirm a different hypothesis from that which they
originally planned o mvestigate !

Some students investgate an hy pothesis that cannot be supported and use their data to
reject the hypothesis !

Some students view continuous data as discrete data HEY

Evaluating investigations

18

21

Most students percerve that it is necessary to imvestigate and confirm a scientifically
‘correct’ hypothesis !

Students do not consider Fvaluanng investigations as learning about investigation
competencies Q1.8

Other assertions

19

20

M

23

36

51

Students perceive that they learn most from the first few investigations that they perform. @ S

Students perceive that they learn most about writing hypotheses and identfying variables
from the worksheet on terminology. @

Investigation competencics that students claim to have learned include (a) planning
investigations that comprises writing hypotheses, identifying variables, overall planning
and prchmmar} tnialing that can result in modifications to the plan (b) conducting
investigations that comprises using equipment, controlling vanables, repeating tnals, being
accurate and working safely {c) processing data that compnises using lables, averaging
results, using graphs and drawing conclusions (d) writing reports {(¢) working

cooperatively (f) attending to detail (g) managing time and (h) being organised. @ 5

The nature of the ivestigation influences the investigation competencies that students
believe they learn. @

Teachers consider that some students do not percerve developing investigation
competencies to be learning science. T8

Most students prefer to investigate science problems for which they do not know the
answer’s. S

The difficulty of investigations is influenced by students' prior conceptual knowledge
associated with the investigations. S

Figure 23. Assertions about the development of investigation competencies

Note: I = Investigation Planning and Report Sheet, S = student interviews, Q = student

questionnaires, T = teacher interviews, and V = audio and video data
The code first mentioned indicates the source of the assertion. Subsequent codes
indicate tnangulation of the data from other sources.
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Ditticulties experienced by some students appeared 1o anise from therr
mabihiies (o form & conceptual model of the investigation in the plianmng phasc
These students Tacked a sense of direction in the investigation and they were unable
to wdentity and focus on important relevant detals. For some students the
consequence was that they did not complete the investigation. The lack ol direction
was particularly evident from the pretest where 24 out of 65 students (37 %) did not
complete the Fvaluating investigaiions section of the IPRS (Table 3). Lack of
atlention to relevant detasts 1s evident from the lollowing assertions; Assertion 37:
Most students' wntten plans for investigatuons lack sulficient detail to describe the
procedures they intended to follow; and Assertion 6: When planning investigations
most students do not consider the range over which the data should be collected or

the data collection interval.

The importance ol forming a conceptual model of the process to be learned 15
documented by Lave in Collins, Brown and Newman (1989). Lave contends that a
conceptual model serves three purposes. First, 1t provides an advanced organiser to
allow learners to concentrate more of their attention on the execution of the process
than would othenwise be possible. Sccond, 1t provides an interpretative structure for
making sense of the feedback, hints and corrections dunng intcractive coaching
sessions, and third it provides an internalised guide for independent practice.  Most
relevant to this discussion is the purpose of enabhing the learner 10 concentrate more on
the execution of the task. Hence, implicit in this notion is that when students have
formed a conceptual model of an investigation they are more likely to attend to relevant
details. A secure conceptual model may serve to reduce information overload and
behaviours such as concentrating on one part ol the experiment and cxcluding the rest,
and busy random activity (Johnstone & Wham, 1982) may not be as prevalent when
students have a conceptual modecl of an investigation. This notion is supported by
research (Chi, Feltovich, & Glaser, 1981; Hackling & Garnett, 1995) that highlights

domain specific schema knowledge as an influence in successful problem solving.
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Without this schema, Year 7 students perforning science investigations lacked
direction and did not focus on detals (Hackhing & Garnett, 1995), similur (6 students in
this study. In companson, expert research scientists work from a schema, exhibit high
levels of metaplanning (Hackling & Garnett, 1995, Hayes-Roth & Hayes-Roth, 1979),

and are able to focus on detals. Thesce ideas are presented as follows.

General Assertion A: When students do not have an appropriate
conceptual model of science investigations they lack direction, they de not pay

attention to relevant details and/or they often do not complete the investigation.

Several assertions are associlated with science conceptual knowledge. For
example, Assertion 2 (the relationship between temperature and ume for an enzyme-
catalysed reaction) shaped students' expectations of the experimental results. Many
students expected the enzyme activity to increase with temperature and obtained
confirming data even though this is contrary to established science. Assertion 3 (the
difference in meaning between the rate of reaction and time for reaction to go to
completion) is a complex issue and possibly bevond the understanding of many Year
9 students. The difference betwe °n these concepts led o difficulties in identfying
an appropriate measure of the dependent vanable. These assertions indicate that
limited science conceptual knowledge can affect success at performing
investigations. The science conceptual knowledge that underpins the task, and
students’ understandings of this conceptual knowledge affects students’ success at
investigating (Coles & Gott, 1993; Germann & Aram, 1996; Gott & Duggan, 1995).
Care must be exercised, therefore, to ensure that the difficulty of the investigation is

at an appropnate level.

During interviews, teachers said that some students did not perceive
performing investigations to be leamning science (Assertion 36) and implied that

learning about the way science is conducted is perceived by students to be of less
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value than tearning about science concepts. This 1s supported by the Tact that most
students preferred to imvestigate problems for which they did not know the answers
(Assertion S1) presumably so that they could develop conceptual understandings.
They commented that the Panadol and ukulele investigations were "general
knowledge" because they were familiar with the relationships being invesugaled.
These mvestigations were pereeived to be casier than the others and Assertion 52 s
based on the premise that the difficulty of an investigation is influenced by a
student's prior conceptual knowledge about the investuigation. These assertions
affirm the need to hink invesugations with science conceptual Knowledge, 4 point

that 1s made by Coles and Gott (1993).

Students' knowledge and application of procedural skills also influences
investigation performance (Coles & Gott, 1993; Germann & Aram, 199€¢). In this
research the following assertions about procedural knowledge were generated;
Assertion 4 (controlling vanables), Asscrtion 6 (data range and interval), Assertion 9
(recording time), Assertion 10 (accuracy of measurement), and Assertion 17
(continuous and discrete data). Difficulues associated with graphing discrete and
continuous data have been descrnibed previously by researchers, Beichner (1990),

Roth and McGinn (1997), and Wavering (1989).

Another shortcoming with some students' performances was that they did not
quantify their data in circumstances where quantification was appropnate.
Examples were evident when students indicated that their test tube was "one quarter
full"; when Tammy said the temperature was "boiling"; when Group TC indicated
the length of the ukulele string by the fret number; and when Jo, Janet and Ed
indicated that their temperatures werc icy, room temperature and boiling. Black
(1990, p. 21) believes that students only quantify information if they perceive that
quantification is a "powerful tool" in science. Reil and Larkin (1991) state that

accurate quantification is a difference between science and everyday life becausce in
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day to day hie students do not have to be extremely accurate and it s hkely thal

previousty students may not have needed o make accurate measurements.

The preceding discussion and the clustering of seyeral assertions leads to the
generation of w more general rescarch hinding. The fact that students’ science
conceptual knowledge, and their knowledge and application of skills and procedures
influence thetr abthues w perform investgations 1s express. J as General

Asscertion B.

General Assertion B: Students' abilities to perform investigations are
influenced by their understanding of the science content knowledge that
underpins the investigation, and their knowledge and understanding of

investigation skills and procedures.

In addition to students’ prior understanding of science content knowledge and
skills and procedures, factors associatcd with the nature of the task also influence
their abilities to perform investigations and the notion that different investigations
develop different investigation competencies 1 expressed as Assertion 23.
Difficulties students experience in this study are associated with operationalising
and measuring the dependent vanable (Asscrtion 38) and with the complexity of
setting up the equipment (Assertion 39). Sometimes the particular vanable that
students chose to investigalte affected the difficulty of the investigation. For
example, temperature was more difficult to control and monitor than the amount of
catalyst (Scenario 10). Also, the independent variable which was selected
determined whether a linc or a bar graph was required, and students found line
graphs more difficult than bar graphs because they need to determine a scale for the
independent variable (Scenario 7). For example, when temperature is the
independent varnable a line graph is necded to display the results, however, when the

nature of the solvent is selected a bar graph is required. Findings about how the
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naturc of the task alfects the difficulty of an investigation are presented 1n General

Assertion C.

The findings of this rescarch about the nature of the investigation affecting
its difficulty arc supported by other rescarch. The following factors have been
identified as intluences in students’ success at performing investigations; whether the
context s an everyday context or a science context (Gott & Duggan, 1995); the
clarity of the task (Germann & Aram, 1996); the complexity of the task including
the number and type of vanables (Coles & Gott 1993; Gott & Duggan, 1995); the
potential fér the task to result in information overload (Johnstone, 1980; Johnstone
& Letion, 1990, 1991 Johnstone & Wham, 1982) and the interaction of the science
concepts and the procedural complexity (Gott & Duggan, 1995). In addition,
student attributes have been the focus of other research which reports the following
influences on students' abilities to perform investigations; the age of the students
(Gott & Duggan, 1995), their commitment and determination (Gott & Duggan,
1995; Hodson, 1992), and their abilities (o associate different aspects of the

investigation, such as the conclusion to the hypothesis (Hodson, 1992).

General Assertion C: The difficulty of an investigation is influenced by
factors associated with the nature of the task such as the complexity of setting
up the equipment, the type of variables (whether they are discrete or

continuous) and way the variables are measured and controlled.

Often students were unable to view data objectively and several assertions
were concerned with the ways students confirmed existing beliefs. These
assertions appeared to emerge as a consequence of students proposing hypotheses
that were not supported by data (Assertion 1). The result was that students attended

to their data in such ways as to confirm their hypotheses (Assertions 7, 11, 12 and
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13). The tendency of some stud-nts 1o seck confirmatory evidence and their fatlure
to acknowledge disconfirming data may indicate that they are certarn that their
beliels (original hypotheses) are correet and that these behiefs are resistant to change.

This finding is expressed in General Assertion D.

This linding has parallels with rescarch conducted by Kuhn (1992), Novak
(1988), and Nussbaum and Novick (1982). Kuhn noted that people across a range
of ages tend to hold theories with certainty and that from one half to three quarters
of a sample of 160 people claimed that they were surc or very surc that their theorics
were correct. From studies of students' conceptions, Novak, and Nussbaum and
Novick contend that students' beliefs are firmly held and resistant to change. As
well as students' existing beliefs influencing perceptions and interpretations of data,
some researchers (Fairbrother & Hackling, 1997; Rigano & Ritchie, 1995) report
that students deliberately 'fudge' data to obtain what they perceive to be the correct

ANSWeEr.

General Assertion D: Many students do not reject an hypothesis even
when their data indicate that this would be a logical conclusion. Instead they

modify or attend to their data in such a way that their hypothesis is supported.

In considering ways students address investigations, it appears that there are
aspects of scientific inquiry that are not explicitly attended to during instruction.
They relate to the following; the concepl of 'proof” in science; the practice of
disconfirming an hypothesis when it is not supported by data; the notion that support
for an hypothesis does not necessarily imply support outside the data range; and the
practice of ignoring erroneous data. Hence, while these aspects of scientific inquiry
remain part of teachers' tacit knowledge they are likely to appear idiosyncratic or

inconsistent to students. These aspects of investigating are discussed in more detail.
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(@) The concept of proof 15 domain specific. The notion that "Science faws
cannot be proved but they can be tested, " (Mackeith, 1989, p. 64) 15 in conflict with
the concept of 'proof’ in other domains. Everyday use of the word 'prool” 1s accepted
as "evidence sufficing or helping to estabhish a fact" (Fowler & Fowler, 1964,

p. 980). In other disciplines, evidence leads (o proof such as in mathematics and
law, appropriate evidence leads respectively to the proof of a thcorem and to the

proof of guilt.

(b) The notion that 1t is acceptable to reject an hypothesis. This may appear
idiosyncratic to students because 1t 1s likely to be contradictory to students' previous
experiences at school where correct guesses, predictions and hypotheses are valued
and rewarded. In scientific practice, based on Popper's falsification principle
(Mackeith, 1989), it is acceptable to propose an hypothesis that may not be
supported by data, so long as the data are collected accurately and the processed data
and conclusions indicale that the hypothesis 1s not supported. [t needs to be added
that learning about the practice of science (procedural knowledge) may not always
lead students to accepted understandings of science concepts. Poor experimental
work where errors are due to poor equipment, poor control of vanables,
unrepresentative samples, and to measurement error may result in unrehable data
being used to confirm an incorrect hypothesis or reject a correct hypothesis. An
example of learning unacceptable views of science occurred with Tammy. She
hypothesised "The higher the temperature of the water the more acidic the milk
becomes in the presence of lipase,"” and because her data did not support the
hypothesis she later wrote on her questionnaire response that she learned
“Temperature doesn't affect the breaking down of fatty acids in the presence of

lipase" (Group TN).
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(©) Finding support for an hypothesis does not mean that the hypothesis s
supporied beyond the range of data. For example the hypothesis, "The higher the
temperature the slower the rate that lipase will react with milk", 1s likely to be
supported with temperatures approaching 70 10 80 °C. After gathering data which
supported this hypothesis, some students claimed suppont for the following
hypothesis, "The lower the temperature the faster the reaction rate.” The latter
hypothesis is most unlikely to be supported and highlights the need for students to

be cautious when extrapolating their findings beyond the range of data.

(d) It is acceptable 10 1gnore some data and not other data. For example dunng
the ukulele investigation and the teacher modelled pitch of a closed pipe
investigation students were encouraged Lo ignore the frequencies of musical notes
that sounded different and resulted in an irregular wave pattern. The rationale for
this decision was based on the premise that the ‘attack’ of the musical note had been
poorly executed and that the resulting note contained too many irregular harmonics
that interfered with the wave analysis. The rejection of data when flaws are
identified in the collection process, is an accepted scientific practice. In contrast, it
would be erroneous for students to ignore data in the trypsin and lipase
investigations that showed that the reaction did not work at high and low
temperatures. It is proposed that Year 9 students have difficulty in making
appropriate judgements about when it is acceptable to ignore data and when this

practice contributes to the rejection of valid and reliable data.

These four aspects of scientific inquiry caused difficulties for some students
and were not identified by the teachers or researcher at the start of the instructional
program. Consequently, they were not explicitly addressed during the instructional

program. The following general assertion addresses these aspects of inquiry.
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General Assertion E: Students lack understandings of the conventions
and procedures of scientific inquiry, specifically the concept of 'proof’ in
science, the acceptability of rejecting an hypothesis based on reliable data, the
notion that confirming an hypothesis does not imply that the hypothesis is
supported beyond the range over which the data were collected, and the notion
that data can be ignored when errors are identified in the data gathering

process.

Students perceived that they learned more from the first few investigations
they performed (Asscrtion 19) and that they preferred investigations in which they
investigated a science problem for which they did not know the answer
(Assertion 51). Their teachers said that some students perceived that developing
investigation competencies was not learning science and this 1dea is expressed in
Assertion 36. From these assertions two idecas emerge. First, the contribution of
novel tasks to learning should not be under emphasised and second, the value that
student place on developing conceptual understandings (learning science) needs to
be recognised. Thus iearning from investigating is more fruitful and purposeful
when students engage in new or different tasks from which they develop science
understandings that are new to them (General Assertion F). The need to link
investigations to scientific understandings is expressed by Coles and Gott (1993) and

Hodson (1992). They state, that with out this link the tnvestigations are not science.

General Assertion F: Learning from science investigations is perceived to
be more fruitful and purposeful when students engage in novel learning

experiences the! develop their conceptual understandings of science.
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Aspects of the Cognitive Apprenticeship Model of Instruction

Asscrtions associated with the cogmuve apprenticeship model have been
grouped as follows; tcacher modelhing, coaching, scaffolding and fading,
articulating, and sclf-reflective and metacognitive skills (Figure 24). The following
discussion contributes to understanding the effectivencss of the cognitive

apprenticeship model of instruction as implemented 1n this study.

Teacher modelled investigations

Assertions 28 and 29 raise concerns about the effectiveness of tecacher
modelled investigations as a way for students o acquire investigalion competency.
This is supported by quantitative questionnaire data in which students rated, on
average, the tcacher modelled investigations {ifth (the pitch of a closed pipe
investigation) and eighth (the acid and carbonate investigation) out of eight tasks in
terms of their contribution to learning about doing investigations. In addition,
classroom management became problematic because modelled investigations were
difficult to execute in whole-class settings (Asscrtions 40, 62 and 63). These

assertions are collated more generally as follows.

General Assertion G: When learning to perform science investigations,
the teacher modelied investigations implemented in this study are not as

effective as student investigations.
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Assertions

Teacher modelling

28

-1

63

Students perceive that they learn less about doing ivestigations from teacher modelled
investigattons than from student investigations @ 1.8

Students perceive that teacher modelled investigations contribute less than student
investigations to their learning about Plunning investigations, Conducting
investigations, Processing data and Evaluating investigations. 3-1.3

Students perceive that for the teacher modelled investigations the investigation
competency they learn most about 1s Conducting investigations, and f{or different
investigations they learn different sub competencies associated with Conducting
investigations. Q

Teachers perceive that teacher modelled investigations are difficuit to implement in
whole-class settings because

(a) they are time consuming and the students become off task,

(b) sometimes not all students can observe the data collection, and

(c) sctting up the equipment can be fiddly. T. 5.V

‘Teacher modelling of investigation competencics may best be implemented with small
groups of students so that teacher guidance can be

(a) provided when needed by the group,

(b) highly focused on the difficulties being encountered by the group, and

(c) ata personal level 7.5V

The focus of teacher modelled investigations should be on developing a small number
of competencies. T-5.V

During teacher modelled investigations on-task student behaviour 1s maintsined by
requiring students to complete Investigation Planning and Report Sheets. v

Different investigations provide opportunitics for teachers to model different
investigation competencies. ¥

Second hand data can be used effectively to model data processing competencies. v

Moving students from their seats so that the data gathering can be observed may result
in increased off-task behaviour. v

Students appear to lose interest when watching repeated or replicated trials. Vv

Coaching

27

Some students prefer teachers who give full explinations and some prefer teacheis who
encourage and assist them 10 solve their own problems. @ T

43 Classroom management problems can arise when students find investigations too

challenging. T

44 Teachers have different views on how much guidance to give students performing

investigations. T.S.V
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66 Teachers differ i the type and amount of gusdance they give students performing
investigations. v

67 Teachers do not always gather appropriate information about students' understandings
to make mlormed decistons about ways to coach students Y

Scaffolding and fading

33 Students percerve that the scaffolded Investigaton Planning and Report Sheets as
implemented 1n this study are helpful in fearning to perform investigations, and that less
scaffolding is appropriate at the end of the program. 5.V

64 ‘Teachers used the scaffolding provided by Investigation Planning and Repont Sheets to
organise instruction and to provide a focus for student learning. v

65 Students usc the scaffolding provided by Investigation Planning and Report Sheets to
ensure that they complete the requirements for investigations. v

Articulating

24 Students perceive that the best way to learn about doing investigations 1s by doing them
with a groups of students. @ S

Lt
V]

Most students perceive that they learn more about doing investigations from talking with
their peers than from talking with their teacher. @S

26 Most students perceive that they learn more about doing investigations from talking with
their peers and their teacher carly in the instructional program. @

68 During investigations students engage n discussions about social issues, especially
when they encounter difficulties with the investgations. ¥

69 Group discussions about investigations are mostly concerned with how to complete the
task. v

70 Few group discussions appear to have the potential to improve students' understandings
of concepts or to develop investigation competencies. ¥

Self-reflective and metacognitive skills

45 Teachers believe that Year 9 students are not sufficiently mature to reflect on their
leaning. T 8

54 Most students do not recognise that self-reflective and metacognitive tasks could be of
benefit to their learning. S

Figure 24. Assertions about the cognitive apprenticeship modcl of instruction

Note: [ = Investigation Planning and Report Sheet, § = student interviews, Q = student
questionnaires, T = teacher interviews, and V = audio and video data
The code first mentioned indicates the source of the assertion. Subsequent codes indicate
triangulation of the data from other sources.



These data contradict the eriicul role that some rescarchers (Colhins et al.
1989) attribute to teacher maodelling 1n the instructional process. Exponents of the
cognitive apprenticeship instructional model would argue that one strength of
tcacher modelling is that the modelled acuvity represents authentic practice of the
whole target process and that it provides opportunities for sttuated cognition,

thereby reducing the problems of brittle skills and inert knowiedge.

Suggested improvements to teacher modelling of science investigations
{Assertions 41 and 42) shilt the emphasis from modelling the whole invesugaton at
the start of an instructional sequence, to modelling parts of an investigation wien
needed by groups of students. Hence, the assertions indicate a paradigm shift where
modelling becomes one aspect of coaching; of the hints, reminders and focusing of
attention on previously unnoticed aspects of the task. Modelling smaller portions of
the task also reduces the possibility for information overload. Javela (1996) made
the distinction between teacher global modelling in front of the whole-class and
situation specific modelling to small groups of students. She claimed the latter had
the potential to be more directed at the problems the students were experiencing and
to promote more advanced exploratory activity. These notions contrast with Lave's
perspective of the function of modelling (in Collins et al., 1989). She beheves that
through observation a conceptual model of the process is provided and that this
contributes to the success of teaching complex skills and obviates the need for
lengthy practice of isolated sub-skills. In this study, it may be argued that the
conceptual model of the whole task was provided for students by the scaffolded
worksheets and that observation of the whole task was not needed to provide a
conceptual model. This could also be achieved by providing students with
schematic diagrams which show them how the parts of the investigation process
form a coherent whole (Mines, 1995; Hackling & Fairbrother, 1996). Hence, only

specifically targeted sub competencies need 1o be modelled, such as measuring the
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dependent variable and constructing a table o record data. These ideas are

summarised n the following general asseruon.

General Assertion H: Teacher modelling should be one of several
strategies used to provide guidance for students' learning to perform science
investigations; particularly when groups of students need to develop specific

competencies.

The data from this study indicate that tcacher modelling faired poorly as an
instructional strategy and a perusal of different instructional models sheds light on
possible reasons. Many instructional models consider activities of the learner to be
the focus of instruction and they start with experiences (Renner, 1982), exploration
(Karplus, 1977), exposing alternative frameworks (Nussbaum & Novick, 1982)
experiential manoeuvres (Erickson, 1979); and orientation and elicitation of ideas
(Dnver & Oldham, 1986). Thesc behaviours arc learner-centred because they
describe students' behaviours and/or students' lcarning expeniences. Furthermore,
they are perhaps more representative of the constructivist perspective in that they are
more focused on the learners' prior understandings, and on identifying and
establishing a starting point for instruction. [n contrast, the starting point for
instruction in the cognitive apprenticeship model is the activity in which the teacher

is engaged.

[t may be argued that the modelling aspect of the apprenticeship paradigm 1s
better suited to the explication of specific process skills rather than cognitive
functious or general procedures from which learners are expected to generalise to
other tasks. Hence modelling is likely to be more successful where it is exactly the
same as the target process. The medical school adage "see one, do one, teach one”
reflects an apprenticeship approach to training doctors. The closeness of a modelled

operation with the target process is obvious, and the ensuing "teach one" represents
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articulation, and self-reflection and metacognition that s espoused 1n the cognitive
apprenticeship model. Further, a medical student (8. Garnett, personal
communication, September 28, 1997) sard that observations can be made at two
levels of engagement, "You can watch in a detached way or your can think ol
yourself as doing the operation. For me, [ actually put mysclf in the place of the
doctor otherwise [ don't get anything out of observing. 1 supposc its (observing)
better than nothing but you really don't know how 1o do things unul you've tried

them (operations and procedures) yourself."

Coaching

Teachers' perceptions of their role as coach seemed 10 depend on the purpose
and nature of the activity in which the students were engaged, and their perception
of how much help they should give and how much students should be expected o
work out for themselves. When performing science investigations students are
cxpected to think about and grapple with ideas before they arc provided with hints
and advice. In response to students' questions some teachers told students the
answers (Mrs Cross, p. 205); some gve indirect responses in that they structured
subsequent questions and discussion o Icad the students to appropriate solutions
(Miss Mills, p. 206); and some expected students to find out answers for themselves
and to make their own discoveries and connections (Mr Brogo, p. 168). The latter
perspective is consistent with discovery learning that was espoused in the 1970s
(Hodson, 1996). These different approaches were expressed in Assertions 44 and
66. As could be expected, students differed in their preferences for the approaches

(Assertion 27). These ideas are summarised more generally as [ollows.

General Assertion I: Teachers differ in the amount and type of coaching
they offer to students peiforming investigations, and students have different

preferences regarding teacher coaching.



This finding 1s supported by research by Sharp and Green (1975). They
reported that teachers' beliels about their teaching role during investgations
influenced their practice. For example, those who believed that invesugations werc
about allowing students to discover things for themselves adopted an extreme non -
interventionist role acting only as a manager and provider of resources. Mines
(1995, p. 14) claims that "the art of skitful questionming appears to be crucial to
achieve the balance between giving students suitable guidance and leaving sufficient

scope for them to think independently.”

Collins et al. (1989, p. 481) stated that leacher observations are the
foundation on which decisions about coaching are made; "Coaching consists of
observing students while they carry out a task”, and 1t subsequently involves
“"offering hints, scaffolding, fecdback, modeling, reminders, and new tasks aimed at
bringing their performance closer to expert performance.” While observations may
provide a basis for decisions to be made about a students’ investigation
competencies, it is unlikely that observations alone will provide sufficient
information about a student's cognition to be acted on by a coach. More recent
studies (Roth, 1995; Javela, 1996) identify verbal interactions as a source of
information for coaching, and asking studenlts questions 1s a quick way to get
information and likely to be more effective. While the concept of providing
feedback and guidance on students' performance is addressed in the instructional
model, the way teachers obtain information on which to base feedback and guidance
is sketchy and still evolving. Solely using observations as the basis for making
coaching decisions during science investigation lessons is likely to yield incomplete,
superficial information even when students are observed [or relatively long periods
of time. Richer data may be gathered when teachers use their knowledge of
students' understandings of science concepts and investigation competencies,

together with their knowledge about the nature of the task, to question students
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about investigations. From students' responsces to these questions teachers will then

be able to coach students in the zone of proximal development (Vygolsky, 1986).

Scaffolding and Fading

Students percerved that the scaffolded 1PRSs used ir. the study were helpful
in leaming to perform investigations (Asscrtton 53) and they used them to confirm
that they had completed the requirements for the investigation (Assertion 65). The
IPRSs provided students with a conceptual framework for the investigations. The
provision of a conceptual model 1s important because it provides the learner with an
advanced organiser, a guide for practice, and a structure for making sense of the

feedback (Collins et al. 1989).

Teachers used the scaffolded IPRSs 10 organise instruction and to provide a
focus for students' learning (Assertion 64). Also, they were used o organise
instruction during the teacher modelled tnvestigations, and to structure feedback
after the students had completed the investigations. With the teacher modelied
investigations, Mrs Cross used the IPRSs 1o keep students on task (Assertion 59).
Therefore, in terms of the cognitive apprenticeship model of instruction this research
has recognised that scaffolded worksheels can be useful for teachers as well as for

students. These ideas are expressed as {ollows.

General Assertion J: Scaffolded Investigation Planning and Report
Sheets provide a conceptual model for investigations and are useful for teaching

and learning, assessment, and classroom management.

As implemented in this study, scaffolding was a strength of the instructional
model. The interpretation of scaffolding in this research differed slightly from other

studies. In this study it was defined as "A predetermined strategy or structure used
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to facilitate learning that was based on the teacher's conceptual model of the task.”
In other studies (Collins, et al. 1989; Hennessy, 1993) scaffolding apphies to an
impromptu structure that the teacher applies in response to the needs of the learner.
"Subscquent interpretations and applications of the noton of apprenticeship have
without exception focused on the tutor's implicit theory of the learner as being a
cructal element of the scaftfolding process” (Hennessy, 1993, p. 12). Thercfore the
teacher must display sensitivity to the "learner's current needs, knowledge structure
and performance charactenistics” and this necds to interact with the "tutor's theory of
the task or problem” (p. 12). These developments of the model acknowledge that
the needs and chaiacteristics of the learner play a central role 1n informing

scaffolded instruction.

Articulating

An inconsistency in the data was the different perceptions that students and
the researcher formed about students’ Icarning from discussions with other students.
Most students perceived that they learned more about doing investigations from
tatking with their peers than from talking with their tcacher (Assertion 25) and this
may have influenced their belief that the best way to learn about doing investigations
was in a group selting (Assertion 24). The audio and video tapes captured students
engaging in social discourse, particularly when they encountered difficulties with the
investigation (Assertion 68). Also, students' discussions relating to the investigation
centred on how they would accomplish the task (Assertion 69) as this was likely to
be their primary goal. Discussions that had the potential to improve conceptual
understandings or 1o develop investigation compeltencies were rarely observed
(Assertion 70) as they were likely to be secondary goals for students. These ideas

are expressed as {ollows.



254

General Assertion K: Students' on-task discussion is mainly associated
with how to complete the investigation and students perceive they learn more

about doing investigations from talking with their peers than their teacher.

Studies of school science laboratories (Chnistensen & McRaobbie, 1994
Gallagher & Tobin, 1987, Krmpa & Ayob, 1995, Tobin, 1990, Roychoudhury &
Roth, 1996) report vaned {indings about students® lcarning from group work and, by
inference, learning from articulation amongst students. The findings by Christensen
and McRobbic, have parallels with this study because they similarly report that the
rescarchers and students had different perceptions of the learmng that occurred.
They describe laboratory lessons in which on-task behaviours focused on the
procedures to complete the task, however, despite this “students believed quite
strongly that practical work was vital to their understanding of concepts” (p. 58).
Roychoudhury and Roth, and Kempa and Avob report more posttive outcomes.
Roychoudhury and Roth say that by far the majority of students viewed group work
positively, and that most perceived that there were benefits in pooling 1deas. These
findings are also consistent with students' perceptions of group work in this study.
Roychoudhury and Roth, and Linn and Burbules (1993) both report that group
learning is not liked by all students and again this 1s consistent with this study
because one of the students, Olive, stated that she preferred to do things by herself
rather than by discussing matters with the group because the group had difficulties
reaching a consensus (p. 187). From pencil and paper tests Kempa and Ayob report
that there was a satisfactory level of achievement from group work and that a
significant amount of learning occurred from other students through shared
knowledge. In this study, although large gains were recorded 1n the pencil and paper
TOSIS, and in students' investigation competencies as mcasured by investigations
(IPRS) it is not possible to apportion contributions from different aspects of the

instructional model.
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The notion of collaborative group work is not a feature of the cognitive
apprenticeship instructional model, although 1t is a [eature of instruction n science
laboratory lessons. The articulation described in the instructional model represents
an expert-novice perspective where it is scaffolded and constructed by the expert to
bring the novice's behaviour and skills closer to that of the expert. In contrast,
within classroom settings much of the articulation is between students.
Consequently, it may be argued that applying the cognitive apprenticeship model 1n
situations where expert-novice interactions and articulation are but one form of

interaction is an extension or modification of the original model.

Self-Reflective and Metacognitive Skills

Students participated in three metacognitive exercises; the student
questionnaires, the last section of the IPRSs, and the worksheet on marking an
investigation. In addition, Class SC assessed their own investigations. The data
from teacher and student interviews indicate that teachers believe students were not
sufficiently mature to reflect on their learning (Assertion 45) and students were
reserved in their perceptions of the benefits from this activity (Assertion 54).

Coliectively these ideas are expressed as follows.

General Assertion L: Most students have poor metacognitive skills and

do not recognise the value of these skills.

Collins et al. (1989) advocated two strategies to promote reflection; the
comparison of expert and novice performances on problem solving processes, and
students' self-analysis of the process. In this study both strategies were applied.
Opportunities for the former were created when students' investigations were
assessed either by the teachers (Class TN and Class TC) or by the students (Class

SC). In both instances students compared their investigation performances with



their teacher's expectations; erther during teacher feedback to the whole-class
(Classes TN and TC) or against a prepared master answer sheet (Class SC). Hence
students matched their perfonnance with that of an expert. Self-analysis was
achieved when students completed the Tast section of the [PRS (Appendix F) in
which they were asked to reflect on their performance, and when they completed the
questionnaires and were asked about their lcarming. Although these opportunities
were afforded to students it appeared that they could see no purpose 1n, or benefit
from them. Clearly students need to perecive that self-reflective and metacognitive
practices lead to improved lcarning before they are prepared to engage in these

practices.



Assessment

The study involved different assessment regimes for the three participating
classes. For Class TN students' investigations were teacher assessed and norm
referenced; Class TC investigations were teacher assessed and criterion referenced
and Class SC investigations were student assessed and criterion referenced. The
statistical analysis, two-way ANOVA, of the pencil and paper TOSIS that mecasures
a total score for investigation skills and concept areas, indicated that there was no
significant difference between the performances of the classes on the pretest or on
the posttest. There was, however, an effect for test occasion because the classes
improved their performances from the pre o posttest, F (1,2 ) = 66.68 p < .01, and

no interaction effects. These findings are expressed as General Assertion M.

General Assertion M: For students experiencing teacher assessed norm
referenced assessment, teacher assessed criterion referenced assessment and
student assessed criterion referenced assessment there is no significant
aifference in investigation competency as measured by the students' total score

on the pencil and paper Test of Science Investigation Skills.

The descriptive statistics for the total TOSIS score (Table 1 and Figure 6)
showed slightly more modest gains for Class SC than for the other classes.
Similarly the descriptive statistics for the fotlowing specific skill and concept arcas
indicated that the gains for Class SC were more modest than for Classes TN and TC;
Planning an investigation, Drawing conclusions, Identifying methodological
limitations, and Understanding the concepls of hypothesis, theory, data and

conclusions (Table 2 and Figures 9 to 12).
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Asseriions

Teacher assessed norm referenced

46 Teachers found 1t difficult to rank students' Investigation Planning and Report
Sheets in order of achievement. 'V

47 Teachers tound norm referenced assessment of the investigations to be very time
consuming. !

71 The implementations of teacher assessed norm referenced assessment and
teacher assessed critenon referenced assessment were very simijar. ¥

Teacher assessed criterion referenced

33 Students do not acknowledge that criterion referenced aspects of assessment are
helpful in providing feedback on investigation performance. ¢

48 Teachers found cniterion referenced assessment of the investigations to be very
time consuming. T

49 Teachers found that with criterion referenced assessment it was casier o assign
the grades of individual students group by group. T

56 Some students believe the teacher assessed criterion referenced assessment as
implemented in this study is helpful because it highlights investigation
competencies that could be improved.

Student assessed criterion referenced

32 Students who assess their own investigations perceive that they learn less from
this process than students who have their investigations assessed by teachers. <

35 Students who have not assessed their own work are less likely to see the value in
this assessment procedure than students who have. Q

50 Teachers do not like student self-asscssment because they do not get feedback on
students' performances and as a consequence they find it difficult to address

students' errors. T» S

57 Students are uncertain about judging their investigation performance based on
predetermined criteria. S

58 Students' self-assessments of their investigations are superficial and they offer
reduced opportunities for teacher feedback.S v

74 Some students using student assessed criterion referenced assessment, assume
their responses to questions are incorrect because their language differs from that
on master answer sheets. ¥

75 Some students using student assessed criterion referenced assessment are unable to
access information on master answer sheets because they lack adequate science
background knowledge. v
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76 Some students using student assessed enterion referenced assessment fail 1o
tdenufy all the relevant feedback on master answer sheets, v

Other assertions
31 Students perecive that the worst way o learn about doing investigations s by
carrecting or marking investigations,

34 Students' pereeptions of the amount of lcarming resulting from tcacher and student
assessment vary widely. @

55 Some studenis believe whole-class feedbuck on investigation performance is
helpful in improving performance. S

72 When receiving verbal teacher [~edback about investigation performance, mosi
students are inattentive in whole-class settings. v

73 Following teacher feedback about investigation performance, mosi students do
not make written corrections 1o their investigation Planning and Report Sheets. 'V

Figure 25.  Assertions about the three assessment regimes
Noter 1. Assertions in italics contamn contradictory elements and are deleted from further
discussion.
2. I = Investugation Planning and Report Sheet, S = student interviews, Q = student
questuonnaires, T = teacher interviews, and V' = audio and video data
The code first mentioned indicates the source of the assertion. Subsequent codes

indicate triangulation of the data from other sources
3. Assertions presented in italics are not supported by the tnangulation of data.

The TOSIS and IPRS measured different aspects of investugating. The
TOSIS provides a total test score and also scores on spectfic skills and concept arcas
from a pencil and paper test. The IPRS provides more holistic and authentic
assessments on a practical task. Therefore, although these measures are

complementary it is reasonable to expect that some differences may emerge.

The classes’ pretest and posttest performances on an investigation, as
indicated by the IPRSs, were analysed by the Kruskal-Watlis Onc-Way Analysis of
Variance. There was no significant difference between the classes before the
instructional program (p <.01), however, following the instructional program there
was a significant difference in the classes' performance for some skills; for the

planning phase (H = 9.76, df = 2, p < .01) and also for the conducting phase
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(H=1936,dl' =2, p <.0l). Descriptive statisties from the [PRS (Tables 3 & 4) and
from the TOSIS (Table 2 and Figures 9 - 12) suggest Class SC's performance was
lower than the other two classes in planning and conducting imvestigations. This

findings s expressed as General Assertion N.

General Assertion N: Students participating in self-assessed criterion
referenced assessment of science investigations made more modest
improvements than students who had their investigations assessed by their
teachers for Planning and Conducting investigations as measured by
performance on the Investigation Planning and Report Sheet; and for Planning
an investigation, Drawing conclusions, Identifying methodological limitations and
Understanding the concepts of hypothesis, theory, data and conclusions as

measured by the pencil and paper Test of Science Investigation Skills.

The qualitative data previously interpreted and summansed as assertions, are
clustered under the headings; teacher assessed norm referenced, teacher assessed
criterion referenced, student assessed criternon referenced, and general assertions
about assessment in Figure 25. The triangulation of these data indicates that some
assertions arc contradictory and these are presented initalics. For example,
Assertion 55: Some students believe that whole-class feedback on investigation
performance 1s helpful in improving performance, appears inconsistent with the
observations made from the audio and video data and expressed as Assertion 72:
When receiving verbal teacher feedback about investigation performance, most
students are inattentive in whole-class settings. In addition, the observation that
most did not make corrections to their IPRS when they were warranted (Assertion
73) raises doubts about the helpfulness of whole-class feedback in improving
performance as was postulated in Assertion 55: Some students belicve whole-class
feedback on investigation performance is helpful in improving performance.

Similarly, Assertion 56: Some students believe the teacher assessed criterion
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referenced assessment as implemented 1n this study 1s helpful because 1t highlights
mvestigation competencies that could be improved, 1s inconsistent with Assertion
33: Students do not acknowledge that criterion referenced aspects of assessment arce
helplul in providing leedback oninvestugation performance. As a conscquence,
consideration needs to be given to the nature of the data sources. Assertons 55 and
56, that present positive perspectives, were formulated from student interview data.
Assecrtions 71 and 72 whick were generated from the audio and video data, and
Asserton 33 from student quesiionnaires, arce less positive. Although 1s not possible
to establish which of the data sources has the greatest credibility, onc explanation
postulated with caution is that the students who were interviewed were more
positive in their responses because they may have wished to please the researcher.
Another explanation 1s that it is difficult to interpret the amount and quahty of
learning from observational data. Assertions which appeared to be contradictory are

omitted from the [ollowing discussions.

The assertions about teacher assessed norm referenced and teacher assessed
criterion referenced assessment are similar and hence support quantitative data that
indicates that there is no difference in the learning outcomes for Class TN and Class
TC. Both assessment procedures were time consuming (Assertions 47 and 48) and
more importantly, the assessment fecdback procedures as described in detail from
the audio and video data were similarly implemented (Assertion 71). Therefore it
may be postulated that in terms of improving investigation competencies, teachers'
assessment procedures including norm referenced assessment and criterion
referenced assessment, did not differentially impact on students’ achicvement of

investigation competency. These ideas are expressed as follows.

General Assertion O: The development of students’ investigation
competencies is not influenced differentially by teacher norm referenced and

teacher criterion referenced assessment as implemented in this study.
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In contrast with teacher assessment, students who assessed their own
mvestigations, Class SC, made more modest gains than Classes TN and TC for
Planning investigations and Conducting investigations, as indicated by the pre and
posttest IPRS. In examiming the asserttons, however, 1s comes as no surprisc that
Class SC did not perform as well as the other classes on some aspects of
investigating. On average they rated their learning less positively than students
whose work was teacher assessed (Assertion 32). Although some students in Class
SC perceived that they were able to look more critically at their work, this was not
an overall trend in the data. Evidence of an "empowerning impact” on students was
not observed as it was in the Klenowski study (1995, p. 20). Indeed, shortcomings
in the student assessment procedure were identified and it 1s possible that the
potential to improve metacognitive skills was offset by the lack of opportunity that
students had for high quality feedback from therr teachers (Assertion 58). The lack
of teacher guidance afforded by this type of assessment is evident from Assertions
74, 75 and 76. Respectively, thesc asscrtions refer to students assuming that their
responses were incorrect when in fact they were correct; students' inabilities 1o
comprehend teacher responses on the master answer sheet; and toadentify all the
relevant feedback from the master answer sheet. The corollary to these assertions 18
that teachers recognised that they did not receive sufficient feedback on the students’
performance and, as a result, they found it difficult to address students' errors
(Assertion 50). Itis also likely that students perceived that the teachers were less
interested in their performance because the teachers did not take the time to assess
their work. As a result, students' motivation to learn may have been less than for
students in other classes. These ideas are summarised in the following general

assertion.
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General Assertion P: Students who participate in criterion referenced
self-assessment of investigations lack opportunities for high quality teacher
feedback. In addition, teachers obtain less feedback on students' performance

and as a consequence the potential for teacher guidance is affected.

Summary of the Chapter

This Chapter collated and discussed data gathered {rom muluple data
sources; from the pretests and posttests (the Test of Science Investigation Skills and
the [nvestigation Planning and Report Sheets); student questionnaires; teacher and
student group interviews, and from audio and video recordings. Assertions
generated from these data sources were presented about the themes of the rescarch,
investigation competencies (Figure 23), the cognitive apprenticeship model of
instruction (Figure 24) and assessment (Figure 25). From these data 16 general
assertions were formulated. Schematically the generation of these general assertions

is presented in Figure 22 and they are presented in Figure 26.
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General Assertions

Investigation competencies
A When students do not have an appropriate conceptual model of science investigations they lack direction,
they do not pay attention 10 relevant details and/or they often do not complete the mvestigation

B Students’ abilities to perform ivestugations are influenced by their understanding of the science content
knowledge that underpins the investigation, and their knowledge and understanding of investigation
skills and procedures.

¢ The difficulty of an investigation is influenced by factors associated with the nature of the task such as
the complexity of setting up the equipment, the type of variables (whether they are discrete or
continuous) and way the variables are measured and controlled.

DD Many students do not reject an hypothesis even when their data indicate that tas would be a logical
conclusion. Instead they modify or attend to their data in such a way that their hypothesis 1s supported

E  Students lack understandings of the conventions and procedures of scientific inquiry, specifically the concept

of 'proof” in science, the acceptability of rejecting an hypothesis based on reliable data, the notion that
confirming an hypothesis does not imply that the hypothesis is supported beyond the range over which the
data were collected, and the notion that data can be ignored when crrors are identified in the data gathenng
process.

F Leaming from science investigations is perceived to be more fruitful and purposeful when students
engage in novel learning experiences that develop their conceptual understandings of science.

The cognitive apprenticeship model of instruction
G When learning (o perform science investigations, the teacher modelled investugations
implemented in this study are not as effective as student investigations.

H Teacher modelling should be one of several strategies used to provide guidance for students' learning to
perform science investigations; particularly when groups of students need to develop specific
compelencies.

I Teachers differ in the amount and type of coaching they offer to students performing investigations, and
students have different preferences regarding teacher coaching.

J  Scaffolded Investigation Planning and Report Sheets provide a conceptual model for investigations and
are useful for teaching and learning, assessment, and classroom management.

K Students' on-task discussion is mainly associated with how to complete the investigation and students
perceive they learn more about doing investigations from talking with their peers than their teacher.

L Most students have poor metacognitive skills and do not recognise the value of these skills.

Assessment

M For students experiencing teacher assessed norm referenced assessment, teacher assessed critenion
referenced assessment and student assessed criterion referenced assessment there is no significant
difference in investigation competency as measured by the students’ total score on the pencil and paper
Test of Science Investigation Skills.

N Students participating in self-assessed criterion referenced assessment of science investigations made
more modest improvements than students who had their investigations assessed by their teachers for
Planning and Conducting investigations as measured by perfformance on the Investigation Planning and
Report Sheet; and for Planning an investigation, Drawing conclusions, Identifving methodological
limitations and Understanding the concepis of hypothesis, theory, data and conclusions as measured by
the pencil and paper Test of Science Investigation Skills.

O The development of students' investigation competencies is not influenced differentially by teacher norm
referenced and teacher criterion referenced assessment as implemented in this study.

P Swdents who participate in criterion referenced self-assessment of investigations lack opportunities for
high quality teacher feedback. In addition, teachers aobtain less feedback on students' perfonmance and as
a consequence the potential for teacher guidance is affected.

Figure 26. General assertions formulated from the research
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CHAPTER 10

CONCLUSIONS

Overview of the Chapter

This Chapter presents a summary of the research in which the major findings
are presented and implications for teaching and the theoretical framework are
addressed. The limitations of the research are discussed, recommendations for
future research are made and the contribution of the research to teaching and

learning is outlined.

Summary and Findings of the Research

The purpose of this study was to develop, implement and evaluate a Year 9
science laboratory investigations program which included open investigations and
was based on the cognitive apprenticeship model of instruction and linked to three
assessment procedures. The study was conducted at an all girls school in Perth,
Western Australia over a seven month period of time. Three classes of students
(n = 66) with similar academic abilitics were selected from the Year 9 cohort.
Students participated in three, 10 lesson segments, comprising two worksheets, two
teacher modelled investigations and six investigations. The investigations involved
students, working in groups of three, conducting laboratory work to determine
relationships between variables and students chose the independent variable they
would examine. The students planned and conducted their own investigation,
processed the data and evaluated the findings of the investigation. The three classes
had their investigations assessed differently; teacher assessed norm referenced,

teacher assessed criterion referenced and student assessed criterion referenced.



266

Difterent data sources were used 1o gain multiple perspectives of the learning
mihicu. Students completed the pencil and paper Test of Science Investigation Skills
(TOSIS) as a pretest and postlest, and they also performed similar pretest and
posttest investigations which invoived the completion of Investigation Planning and
Report Sheets (IPRSs) which were assessed using Student Outcome Statements
(Educauion Department of Western Australia, 1997). Students' investgation
competencies were determined from these tests. Students also completed
questionnaires after each 10 lesson sequence. Groups of three students were
interviewed after the 10 lesson sequences and these students were also audio and
video recorded as they performed investigations. The teachers were interviewed
after cach lesson sequence, and they were audio and video recorded as they
conducted the modelled investigation and when feedback was provided after the

investigations of Classes TN and TC had been assessed.

The following research questions were addressed and the findings are

presented.

Research Question 1
What science investigation competencies and understandings are
developed by students during the instructional program implemented in

the study and what difficulties do students experience?

Statistically significant improvements were recorded in students' knowledge
and understandings of skills and concept areas as measured by the total TOSIS
score. A two-way Analysis of Variance (ANOVA) indicated an effect for pre and
post test occasion of F(1, 2) = 66.68, p < .0l. Descriptive statistics indicated the
development of the following specific skill and concept arcas; Identifying variables,

Writing an hypothesis, Planning an investigation, Drawing conclusions, Identifying
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methodological limitations, and Understanding the concepts of hypothesis, theory,
data and conclusions.  Complementary data gathenng procedures based on students'
investigation performances and assessed using IPRSs indicated that students
improved at Planning investigations, Conducting investigations, Processing data
and Evaluating investigations. The Wilcoxon Matched-Pairs Signed-Ranks test was
used to compare the pre and posttest levels of performance for the classes and for all
phases of 1nvestigating the postiest levels were significantly higher than the pretest
levels, at the p< 0.01 level for one tailed tests. In addition, student questionnaires
and student group interview data indicated that students perceived that they devclop
not only these skills but also the skills of Working cooperatively, Attending 10 detail,

Managing time and Being organised.

Six general assertions (A to F) were generated about students' investigation
competencies from 29 specific assertions and they primanly focused on difficulties

in learning to perform investigations.

A When students do not have an appropriate conceptual model of science
investigations they lack direction, they do not pay attention to relevant details

and/or they often do not complete the investigation.

B Students' abilities to perform investigations are influenced by their
understanding of the science content Knewledge that underpins the
investigation, and their knowledge and understanding of investigation skills

and procedures.

C The difficulty of an investigation is influenced by factors assoctated with the
nature of the task such as the complexity of setting up the cquipmeny, the
type of variables (whether they are discrete or continuous) and way the

variables are measured and controlled.
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D Many students do not reject an hypothesis even when therr data indicate that
this would be a logical conclusion. Instead they modify or attend o therr

data in such a way that their hypothesis 1s supported.

E Students lack understandings of the conventions and procedures of scientific
inquiry, specifically the concept of 'proof” in science, the acceptability of
rejecting an hypothesis based on reliable data, the notion that confirming an
hypothesis does not imply that the hypothesis 1s supported beyond the range
overwhich the data were collected, and the notion that data can be ignored

when errors are identified in the data gathering.

F Learning from science investigations is perceived to be more fruiiful and
purposeful when students engage in novel learning expenences that develop

their conceptual understandings of science.

Research Question 2
In the teaching and learning of science investigation competencies how

effective is the cognitive apprenticeship model of instruction?

The cognitive apprenticeship model of instruction is effective in the teaching
and learning of science investigation competencics. Improvements in students'

investigation competencies were addressed by Rescarch Question 1.

The instructional model as implemented in the study, comprised modelling,
coaching, scaffolding and fading, articulating, and self-reflection and metacognition.
A holistic approach to the teaching and learning program was adopted and these
teaching strategies were not implemented in isolation but mutually shaped the

instructional program.
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The teacher modelling of two science mvestigations was perceived Lo be less
cffective than other structional strategies for learning investigation competencics.
Classroom management issues alfected the success of the modelied investigations
and students indicated that they would prefer to do the investigations 1n a group and
obtain help from the teacher when nceded. Based on student and teacher opinion it
was proposed that teacher modelling could be more effective 1f it were implemented
as a coaching strategy to illustrate specific aspects of an investigation. Two general

assertions summarisc these findings.

G Teacher modclled investigations, as implemented in this study, are not as
effective as other teaching strategies for lcarning about performing science

investigations.

H Teacher modelling should be one of several strategies used o provide
guidance for students' learning to perform science investigations; particularly

when groups of students need to develop specific competencies.

Teacher coaching compnised helping students to perform investigations.
Class SC experienced teacher coaching during the investigations but did not receive
coaching after the investigations. Classes TC and TN received coaching during and
after the investigations, and following the assessment of their investigations teachers
spent approximate!y 20 minutes addressing crrors that students had made on the
investigation. Although all classes significantly improved at performing
investigations as demonstrated by the Wilcoxon Matched-Pairs Signed-Ranks test,
the results of a Kruskal-Wallis One-Way Analysis of Variance indicated that the
classes did not all perform equally well on the posttest for Planning investigations
(H=9.79, df = 2, p<.01) and Conducting investigations (H = 19.36, df = 2,
p <.01). The descriptive statistics from the TOSIS and the IPRSs indicatc that

Class SC did not perform as well as Classes TN and TC on some skills and
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competencies. These lindings suggest that teacher coaching received during and
after the investugations had a more positive mfluence on students’ investigation
competencey than coaching only received dunng the investigations. These
interpretations arc proposed with caution because, although the classes were of
similar abilities, the study unfolded in a naturalistic setting without control of

interferming variables.

The nature of the assistance that teachers offered students appeared to be
dependent on the teacher’s perception of their role during instruction and learning.

This is expressed as follows.

i Teachers differ in the amount and type of coaching they offer to students
performing investigations, and students have different preferences regarding

teacher coaching.

Scaffolding and fading were perceived as effective instructional strategies,
when implemented in this study. Scalfolding was interpreted as a predetermined
strategy or structure based on the tcacher's conceptual model of the task and used to
shape and facilitate learning. Scaffolded Investigation Planning and Report Sheets
(IPRSs) were used to provide a conceptual maodel for the investigations. Fading was
the withdrawal of scaflolding as students became more familiar and increasingly
compelent at investigating. Teachers found the scaffolded IPRSs uscful for
providing a focus for student learning and for organising instruction. Students found
the scaffolded IPRS useful in assisting their learning and in ensuring that they had

met the requirements of the task. Thesc findings have been summarised a follows.

J Scaffolded Investigation Planning and Report Sheets provide a conceptual
model for investigations and are useful for teaching and learning, assessment,

and classroom management.
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Articulation occurred between students, and between teachers and students.
The cogmitive apprenticeship model does not address student-student articulation
although 1t 1s a feature of collaborative group work in science laboratory classes. In
this study the effectiveness of learning from other students was not explicitly
rescarched, however, students perceived that the best way to learn about doing
science investigations was by working in a group of students. In contrast, the audio
and video data revealed that students' on-task articulation focused on how they
would complete the task, and few discussions that could contribute to the
improvement of students' understandings of science concepts or the development of
investigation competencies were observed. Nonetheless significant gains were
recorded in students' investigation competencies. Teacher-student interactions are
representative of an expert-novice learning milieu that characterises the notion of
apprenticeship and are consistent with the notion of coaching. The following

general assertion summarises the {indings about articulating.

K Students' on-task discussion is mainly associated with how to complete the
investigation and students perceive they lecarn more about doing

investigations {rom talking with their peers than their teacher.

Seif-reflection and metacognitive skills were not perceived to be of value
by the students, and teachers thought that students' skills were poor. Although the
instructional model documents the importance of these skills it docs not address

ways of helping students to appreciate their importance .

L Most Year 9 students have poor metacognitive skills and do not recognise the

value of these skills.
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Research Question 3
What effect do different assessment procedures including teacher
assessed norm referenced, teacher assessed criterion referenced 2i.d
student assessed criterion referenced assessments have on students'

learning of investigation competencies?

The investigations that the classes comg'eted were assessed differently;
Class TN was teacher assessed and norm referenced, Class TC was teacher assessed
and criterion referenced and Class SC was student assessed and criterion referenced.
Students' total scores on the pencil and paper Test of Science [nvestigation Skills
(TOSIS) were used to measure achievement of specific skills and concept arcas
associated with investigating. A two-way Analysis of Variance indicated that on the

prc and on the posttest there was no significant difference for class.

M For students experiencing teacher assessed norm referenced assessment,
teacher assessed criterton referenced assessment and student assessed
criterion referenced assessment there is no significant difference in
investigation compelency as mecasured by the students' total score on the

pencil and paper Test of Science Investigation Skills.

The descriptive statistics for specific skills and concept areas measured by
the TOSIS (Table 2 and Figures 9 1o 12) showed that Class SC achieved smaller
gains than Classes TN and TC for Planning an investigation, Drawing conclusions,
Identifying methodological limitations, and Understanding the concepts of
hypothesis, theory, data and conclusions. These data are supported by analyses of
pre and posttest performances on the IPRS. Although the Kruskal-Wallis One-Way
Analysis of Variance indicated that therc was no significant difference between the
classes before the instructional program on the IPRS, at the p < 0.01 level, there was

a significant difference between the ~tasses on the posttest for Planning
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Investigations (H =9.76,d0 =2, p <.0l) and Conducting Investigations (H = 19.36,
di = 2, p<.01). Fewer students in Class SC atinned the benchmark of Level 5
performance for Planning investigations and Conducting investigations on the
posttest than students in Classes TN and TC (Table 4). The TOSIS data also
indicates that Class SC scored more maodest gains than the other classes for some

skill and concept arcas. These data are summansed as follows.

N Students participating in sclf-assessed criterion referenced assessment of
science investigations made more modest improvements than students who
had therr investigations assessed by their teachers for Planning and
Conducting investigations as measured by performance on an Investigation
Planning and Report Sheet; and for Planning an investigation, Drawing
conclusions, Identifving methodological limitations and Understanding the
concepts of hypothesis, theory, daia and conclusions as measured by the

pencil and paper Test of Science Investigation Skills.

Clearly the data are equivocal in that the total TOSIS score indicated that
there was no significant difference between the classes, while some TOSIS subtest
scores and the IPRS results indicated that Class SC made more modest
improvements than Classes TN and TC on some investigation competencics.
Qualitative data based on student questionnaires, tcacher and student group
interviews, and audio and video data augmented these findings and it was observed
that Class SC lacked opportunitics for high quality feedback from their teachers.

The following general assertions were postulated.

O The development of students’ investigation competencies is not influenced
differentially by teacher norm referenced and teacher criterion referenced

assessment as implemented in this study.
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P Students who participate in criterion referenced self-assessment of
imvestigations fack opportunities tor high quality tcacher leedback. In
addition, teachers obtain less feedback on students' performance and as a

consequence the potential for teacher guidance 1s affected.

Implications for Teaching

The implications for tcaching, curriculum development and science
cducation ansing from this rescarch are associated with developing understandings
of the lactors contributing to investigation competency and understandings of
difficulties that students experience when learning to investigate, the strengths and
weaknesses of the cognitive apprenticeship instructional model, and different

assessment regimes.

An understanding of factors that contribule to science investigation
competency is needed by teachers, curnculum developers and scicnce educators so
that they are able to plan, sclect and/or design lcarning experiences that develop the
range of skills and competencies nceded for successtul scientific inquiry. For
example, factors which affect the difficulty of investigations need to be considered,
and investigations need Lo be selected with care so that students work 1n their zone
of proximal development (Vygotsky, 1986). Investigations should be linked to the
development of science concepts because students then regard them as being more
purposeful. Teachers, science educators and curriculum developers need to be
aware of the influence and persistence of students' prior beliefs in shaping the ways
that students interpret data, and aware of students' confirmatory bias because they

medify and/or interpret data so that it confirms existing belicfs.
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Teachers should use scaltolded and guided learning experiences (o improve
investigation performance. Scatfolded Investigation Planning and Report Sheets
provide students with a conceptual model of investigations and arc uscful for
structuring teaching and learning, assessment and classroom management. Tcachers
need to consider that modelling may be more effective with small groups when 1ts
nceded by the group, highly focused and at a personal level. Concept arcas that need
addressing during instruction include aspects of scientific inquiry such as the
concept of scientific prool; the notion that 1t 1s acceptable to reject an hypothesis; the
notion that supporting an hypothests does not mean that the hypothesis 1s supported
beyond the data range; and that it 1s acceplable o 1gnore some data and not other
data. Students should be provided with opportunitics to engage 1n sclf-reflective and
metacognitive practices and the benefits of developing these skills need to be

realised through practice and tnstruction.

The findings indicate that teachers should play a more active role in informal
formative assessment during scicnee investigations. The effectiveness of current
informal formative assessment practice necds to be examined becausc students
perceive they lecarn more about doing investigations (rom talking with their peers
than from their teachers, and because when teachers do not formally assess students’
investigations (Class SC) students lack quahty fecdback on their performances.
During investigations teachers nced (o explore ways of obtaining information about
students' understandings of the investigation. It1s unlikely that observations of
group work are sufficient 1o yield appropriate information on which teachers can
base coaching decisions. Therefore teachers need to ask students questions as they

perform investigations so that appropniate guidance may be given.
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Implications for the Theoretical Framework

The study was based on the contructivist perspective of lcarning and the

instructional methodology was grounded on the notion of cognitive apprenticeship.

Learning was cvident from a companson of pretest and postiest investigation
competencies. Notions about learners' constructing their own understandings
emerged from a varniety of students' responses 1o the IPRSs, particularly when
students’ beliefs were inconsistent with established scientific theory. The impact of
students' prior beliefs on shaping subscquent learning expenences was evident when
they maodified or atiended to their data so that existing beliefs were confirmed,
instcad of acknowledging and attending to data that could challenge these beliefs.
This supports previous findings about the conviction with which people hold

established beliefs (Kuhn, 1992; Novak, 1988; Nussbaum & Novick, 1982).

The cognitive apprenticeship instructional model represents an expert-novice
perspective of learning in which the novice engages in authentic practice. In this
research, investigating represents the practice of scientific rescarch. The teacher
modelling aspect of the instructional model may be better suited to lcaming skills in
a tightly defined domain where a high expert-novice ratio 1s possible. In such
situations the expert may be able to determine more easily the novices' prior
knowledge and scaffold instruction appropniately. The strength of the instructional
model, as implemented in this study, was in the notion of providing guidance for

learning, in the form of scaffolding and coaching.

Limitations of the Research

Several limitations of the study are identificd. Thesc are associated with the

data gathering, data analysis and interpretation, and gencralisability of the findings.
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Limitations of the Data Gathering

Sampling mitations resulted from the nature of the rescarch and the setung
in which the rescarch was conducted. Approximately 66 middle ability students,
comprising three classes {rom the Year 9 cohort at an all girls' school partucipated n
the study. The consequences of this were that data were not obtained for high and
low ability students and that data related to a small number of girls from a high
socio-economic group. Four teachers implemented the cognitive apprenticeship
model of instruction in three classes so that tcachers’ pereeptions and beliefs were
based on a small sample of well qualified and expenenced science teachers with
both science and education qualificauons. Although students completed the
questionnaires and answered questions about the instructional model, their
perceptions were grounded on the work of onc or two teachers who implemented the
instructional approach within their class. Only one class participated 1n each of the
three assessment regimes, teacher assessed norm referenced assessment, teacher
assessed criterion referenced assessment and student assessed criterion referenced

asscssment.

The study was naturalistic in that 1t unfolded in a real world seting. Because
of this, the learning milicu was not controlled and different influences may have
impacted on students’ achievement of investigation competencies. For example,
other programs of study in the school may also have contributed to students’
improved investigation competencics, and in addition, improvements may have been
due to maturation factors because the research took place over a seven month penod.
Different teachers implemented the programs 1n the three classes and although there
was some rotation of teachers amongst classes, tcachers may have affected the
achievement of the classes differently. The classes, however, were sclected on the

basis of Y ear 8 test results and structured to be of similar academic ability.
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With the performance assessment of students' IPRS, itis recognised that the
assessment 1s heavily dependent on the nature of the tasks and on antecedent
instruction (Gipps, 1994). Numerous rescarchers (Haertel, 1993, Linn, Baker &
Dunbar, 1991; Shavelson & Baxier, 1992) state that even in ughily constrained
situations tn which paratlel tasks are kept stmilar, 1t is difficult to make two tasks
function the same way. In this rescarch, parallels were drawn between the pretest
and posttest investigations, Chapter 3. There was, however, a gencral perception
amongst the tcachers and the rescarcher that the trypsin postiest investigation was
casier than the hipase pretest investigation because students found the dependent
variable casier 1o measure. As a consequence, pre Lo post test gains in students’
investigation competencies would have been greater than if a more difficult postiest

investigation had been used.

Limitations of the Data Analysis and Interpretation

A range of data gathering procedures was used including pre and posttests,
observation of audio and video data, student and teacher interviews and students'
questionnaires. From these data, asscrtions and subsequently gencral
assertions/findings were made. The generation of assertions required a search for
patterns and links in the data. As a consequence, the process dealt with frequent
events well, and addressed infrequent events less well because emergent paltterns

were not evident (Erickson, 1986).

The data analysis was conducied several months after the data collection.
This resulted in missed opportunities for the rescarcher to usc the analysis to shape
and focus subsequent student and teacher interview questicns in order to extract
richer information. As a result, reasons and explanations for students' perceptions

emerging in Assertions 28-30 and 36 have not been developed.
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The rescarch questions were wide ranging in focus and addressed students!
investigation competencies, the cogmuve apprenticeship model of instruction and
assessment procedures. This holistic approach to the teaching of and learning about
science tnvestigations, mitigates against highly detarled and narrowly defined data.
In tying the threads of the rescarch together, fine gramed data tends to be overlooked
in the search for big issues and findings, and the lindings themselves are at nsk of

becoming so general that they lack utihity.

Generalisability of the findings

The degree to which the findings of this study can be gencralised to other
settings depends on the extent to which the audience can identfy with the

environment 1n which the research was conducted.

Recommendations for Future Research

The study was implemented using an holistic approach to the teaching and
learning of science investigation competencies and the data were numerous in source
and wide ranging in scope. While similar studies would improve the generalisability
of the findings more focused research could address specific 1ssues such as:

(a) the effectiveness of different instructional models on students' learning of
investigation competencics, particularly models which have as their
starting point activities in which the student 1s more actively engaged in
exploration (Karplus, 1977), or in orientation and clicitation of 1deas
(Driver & Oldham, 1986);

(b) ways to develop students' abilities to consider cvidence in drawing

conclusions, and relating conclusions to the hypothesis;
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(¢) ways science investigations can be managed and monitored by teachers
so that formative assessment/teacher coaching are morc effective, such as
using checklists or predefined sets of questions;

(d) teachers' pereeptions of their role in the teaching of invesugations,
particularly in relation to the balance between tecacher guidance and
developing students' independent thinking;

(¢, the effect of a combination of teacher assessment and student self -
assessment on the development of students' investigation competencies;

() explanations {or students' perceptions of their learning from
investigations, particularly with regard to Assertions 28-30 and 36; and

(g) the impact on students' investigation performance of tcachers' behiefs
about providing help for students to perform investigations (Assertion
44) and teachers' beliefs about students' abilities to reflect on their

learning (Asseition 45).

Contribution of the Research

This research makes major contributions to the knowledge and understanding
of students' science investigation compelencies, the cognitive apprenticeship model
of instruction as applied (o the teacl.ing and learning of science investigations, and
the assessment of science investigations. Because a range of data sources were used
the findings are credible, and as a result of the tnangulauon procedures they are

trustworthy.

In terms of investigation competency numcrous skills were identified as
being learned including social and workplace skills such as Working cooperatively,
Attending to detail, Managing time and Being organised. The rescarch shows that

students improve specific investigation competencies when they arce situated in the
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context of a science investigation, as distinct [rom the learning of skills and

processes in isolation,

Difficulties that students encountered while performing investigations were
documented. In particular, the way students attended o data that did not support
therr investigation hypothesis parallels decision making processes in other domains
(Kuhn, 1992). An awareness and knowledge of potential arcas of difficultics may
result in improved struction and curriculum resources. This will contribute to

improved tecaching and learning.

The implementation of the cognitive apprenticeship instructional model in
a whole-class laboratory setting also contributes to our understanding of teaching
and learning. Modelling whole investigations was not perceived to be an effecuve
teaching strategy to introduce science investigations because leamers often did not
engage in the modelled task. Coaching, scaffolding and fading, and articulating
between students contributed holistically to students’ learning. Coaching and
scaffolding were viewed as powerful ways to improve students' investigation
competescies. Students' poor self-reflective and metacognitive skills implied that

explicit instruction may be needed to develop skills in this arca.

Finally, this research has contributed to our understanding of the assessmert of
investigations. The finding that students perceived that they leamed more from talking
with their peers about doing investigations than from their teachers, indicated that
teachers did not play a major role in informal formative assessment during the
investigations. For the formal formative assessment at the completion of investigations,
classes experiencing student self-assessment made more modest improvements on some
skills and competencies than classes that expenenced teacher assessed investigations.
This finding, supported by observational data, highlighted the role that formalised

feedback plays in improving students' investigation competencies.
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STUDENT OUTCOME STATEMENTS: STANDARDS FOR THE
ASSESSMENT OF THE PRETEST AND POSTTEST INVESTIGATIONS

| Evatusting the_ luv‘t—n—!;-u'o; T

Lavel Planning 1 !ﬂ!uom TConduﬂlaLm igations ]Pmmmldlu e

FOS Tha student anaw of, expl P ds to objects and events In thew environment usng thess senses Is able to make chowces hased on |
they expenence |
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SOS Focuses on problem and tespends to Carnes out activities invohang o small | Students share observabons Not spplicable
teachers suggeshons and questons numbex of steps Obsesves and

descnbes . .. e iemee 4

Pointers | Tells about thew own expenences of a | Collects matenals (ollowang teacher Tells what they observed Not spplcable ,
phencmenon durections Acts out what they did ot what
Conunbutes 10 8 bist of what the clasa | Cames out en mvealigation invobvng | happened
members know about a topic a smell numnber of steps. Draws what happensd. i
Responds to teacher questions sbout | Tells whal they have done and !
“What woukd we like to know?”, observed !
“How can we find out?” R

2 The student, when gven a focus queston 1 s farnik b ;| tary idess sbout vanebles end procedures, collects snd makes bmuted records of
dats and can say whether what happened was expected .

SOS Caven a focus question m a famahar Observes, classifies, describes, makes | Makes o ms between object C is on what happened end can |
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Pointers Cmmhmww‘.stmnwaf Umsunphnmmndnd Comperes events eg the marble rolled | C on what happ ]
vaziables that could be d further on the steeper slope Canuywhdhawtmhxppcmdwu :
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focus of the investgaton. record observations. enunals in the bush than .n the park, Says that the outcome was dufferent |
Says how information will be gathered | Places objects into groups. from the predicoon i
about the variable. |
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w&gmplctab’a.mpm.dmgxmmmuofobmm Idamﬁcammfunmmdpmamm&wdnxmddmnﬁamﬁcumammmdmwndm i
the 1 tion. )
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5 The student enalyues a problem snd formmulates a plausible relationship to imvestigate using experimental techniques ncluding the control of several variables and
the use of prefiminary trisls to improve the procedure of measurement technigues. Develops scientific explanations that are consistent with the data and makes

. sons foc i i the investiot

508 Analyees problem, formulates a Chooses equipmnent that is appropriate | Conclusions are consistent with the Suggests gpecific changes that would
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Level Planniag Investigatioas [ Conducting investigations | Proceaslng dats [ Evatuatiog the lovestigation _j
[ Tho student uses scientific knowledge to analyse a problem, idenufy vanabies and formulate questions for nvestigation Develops methods that prow i accurate i
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TEACHING ROSTER: CLASSES AND ACTIVITIES

Starting Class TN Clas i TC ~ Class 5C
Date
May Mrs Cross Miss Mills Mrs Grant
TOSIS TOSIS TOSIS
Worksheet Worksheet Worksheet
on terminology on terminology on terminology
Pretest Pretest Pretest
Lipase investigation Lipase investigation Lipase investigation
Teacher modelled Teacher modelled Teacher modelled
acid and carbonate acid and carbonate pitch of a closed pipe
investigation investigation investigation
Cataly <t investigation Catalyst investigation Ukulele investigation
August Mrs Grant Mr Brogo Mrs Cross
Teacher modelled Teacher modelled ‘Teacher modelled
pitch of a closed pipe pitch of a closed pire acid and carbonate
investigation investigation investigation
Ukulele investigation Ukulele investigation Catalyst investigation
Worksheet Worksheet Worksheet
on marking an on marking an on marking an
investigation investigation investigation
Electromagnet Electromagnet Panadol
investigation investigation investigation
November Mrs Cross Miss wlills Mrs Grant
Panadol Panadol Electromagnet
investigation ivestigation mvestigation
Posttest Posttest Posttest

Trypsin investigation

Trypsin investigation

Trypsin investigation




APPENDIX C
TYPICAL LESSON SEQUENCE

Dates and lesson sequence for Class SC

Lesson sequence

Lesson 1 Pretest
Tue, May 2nd Test of Science Investigation Skills (TOSIS)
Lesson 2 Worksheet 1: Terminology of investigations
Wed, May 3rd
Lesson 3 Pretest Investigation: Lipase investigation
Thurs, May 4th Planning and trialing
Lesson 4 Lipase investigation continued
Fri, May 5th Conducting the investigation (data gathering)
Lesson 5 Lipase investigation continued
Mon, May 8th Processing data and writing up the investigation
Lesson 6 Assessment feedback: Lipase investigation
Tue, May 9th Teacher modelled investigation:

Pitch of a closed pipe
Lesson 7 Teacher modelled investigation continued
Wed, May 10th
Lesson 8 Ukulele investigation
Thurs, May 11th Planning and tnaling
Lesson 9 Ukulele investigation continued
Fri, May 12th Conducting the investigation (data gathering®
Lesson 10 Ukulele investigation continued
Mon, May 15th Processing data and writing up the investigation
Lesson 11 Assessment feedback: Ukulele investigation

Tue, May 16th

205
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APPENDIX D
INVESTIGATION PLANNING AND REPORT SHEETS
(CONDENSED VERSIONS)

Pretest Investigation: Lipase Investigation

Date: Name:

Other members in the group:

Problem
Lipase is an enzyme found in the small intestine. Lipase helps to digest food by
breaking down fats into fatty acids. For example it breaks down the fat in milk into
fatty acids. The environment in the small intestine, where the lipase works, is very
slightly basic and the temperature is 37 @C. The fatty acids that are produced by the
action of lipase make the solutior. acidic.

What variables might affect how quickly this will take place?

Which variables will you investigate?

Write an hypothesis for your investigation.

Planning
Describe your plan for the investigation.

Preliminary Trials
Describe any trials you did before starting to collect your data.
Describe any changes that you made to your plan as a result of your
preliminary trials.

Collecting Data
Describe how you made sure that your data were accurate.
Record your data in a table.

Processing Data
If appropriate draw a graph of your data.
What conclusion(s) can you make from your results?
Explain why you can make that conclusion.

Evaiuating the Findings
What are the main sources of error in your experiment?
How confident are you about the conclusion(s)?
If you were to do this again how would you change the investigation?
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Background Information for the Pretest Investigation: Lipase Investigation

Safety: Wear safety glasses and disposable gloves. Take care with hot water.
Procedure

Measure 2.5 mL of full cream milk 1nto a test-tube (labelled A)

Prepare yvour other samples of milk. What you use depends on your investgation.
2% lipase solution is provided. Mcasure 4 mL of this solution into test tube A.
What is added to the other tubes will depend on your investigation but you should
add 4 mL of liquid to cach test tube.

Add a small amount of Universal indicator solution to cach test tube, shake gently to
mixX and observe the colour in each test tube. 1 mL 1s approximately 20 drops.

Unless you are investigating how temperature affects the reaction place the test tubes

in warm water (at approximately 37 ©C), during the investigation. Make your
observations every 2 minutes.

Equipment

for each group placed in nine trays which can be kept for several lessons

o 6 test tube, and test tube rack ° 2 x 100 mL beakers, one for lipase
o 150 mL of 2% lipase solution and one for milk
e Universal indicator * rubber gloves
e glass rod e distilled water
* thermometer * stopclock
e 10 mL syringe to measure milk e 4 hot water baths set at 37 °C. Do
* 10 mL syringe to measure lipase not change the temp setting of the
e full cream milk. Put your name waler baths once the experiment
on the milk sample because it will has commenced.
need to be returned to the fridge. o marker for writing on test tubes
o sticky labels o safety glasses

*  graph paper
Depending on what you decide to investigate you may need the following

for groups investigating the amount of fat in the milk

» different milk samples such as buttermilk, full cream milk, Hilo milk and
powdered skim milk that is made up. (Do not use fresh skim milk as it may have
non-milk fat added and will produce misleading results.)

for groups measuring the temperature of the reaction

o large beakers for water baths e very hot water from the urn
e jce (85°Q)
° hot water from the hot water tap
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Posttest Investigation: Trypsin Investigation

Date: Name:

Other members in the group:

The Problem
Trypsin is an enzyme found in the small intestine. Trypsin helps to digest food by
breaking down protein. The environment in the small intestine, where the trypsin
works, is very slightly basic and the temperature is 37 9C. Trypsin, for example,
breaks down the protein called gelatin. Gelatin is found on undeveloped
photographic film and when a film is put in a trypsin solution the gelatin reacts.
What vanables might affect how quickly this reaction will take place?
Which vanables will you investigate?
Write an hypothesis for your investigation.

Planning
Describe your plan for the investigation.

Preliminary Trials
Describe any trials you did before starting to collect your data.
Describe any changes that you made to your plan as a result of your
preliminary trials.

Collecting Data
Describe how you made sure that your data were accurate.
Record your data in a table.

Processing Data
If appropriate draw a graph of your data.
What conclusion(s) can you make from your results?
Explain why you can make that conclusion.

Evaluating the Findings
What are the main sources of error in your expenment?
How confident are you about the conclusion(s)?
If you were to do this again how would you change the investigation?
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Background Information for the Posttest Investigation: Trypsin Investigation

Safety: Wear safety glasses and disposable gloves. Take care with hot water.

Background information

Trypsin 1s an enzyme that reacts with proicin. A photographic film 1s used as the
source of protein. Photographic films are coated with a protein called gelatin. When
the protein 1s broken down by trypsin the film becomes clear. Remember that the
temperature of the human body 1s 37 ¢C.

You will only be allowed 12 pieces of photographic
film. Use forceps to hook these onto plastic covered
wires.

As a starting point use a syninge o measure 4 mL of trypsin solution and into a test
tube. Then use another syninge to measure 1 mL of sodium hydroxide solution into
the test tube.

The reaction will start when you add the film to the liquid. Immediately place the
test tube into a water bath at 37 °C. Makc observations every 2 minutes.

What you do now depends on what your group has decided to investigate.

It 1s important to remember that the trypsin is extremely expensive and because of
this you will only be allowed a total of S0 mL. This means that you should never
use more than 5 mL in any one tnal. Most groups will use 4 mL of trypsin and 1
mL of sodium hydroxide cach time.

Eguipment

for each group placed in 9 trays which can be kept for several lessons

o Gtest tubes in a test tube rack o 6 wires and 12 pieces of

e 50mL 2 % trypsinina 100 mL photographic film
beaker, labelled e permanent marker pen

¢« 50 mL 0.1 M sodium hydroxide e access to water bath at 37 °oC
solution in a 100 mL labelled o thermometer
beaker, » stopclock
2 syringes o forceps

° graph paper

for groups investigating the amount of trypsin

o asabove

for groups investigating temperature

° 4 large beakers for water baths o waler from the urn at
ice approximately 85 °C

e water from the hot water tap

for groups investigating the solvent in which trypsin works

0.01 M and 0.2 M NaCH concentration
0.1 M HCI solution
s NaCl solution
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APPENDIX E
THE INVESTIGATIONS

The Panadol Investigation
Medicines need to be dissolved so that they can be absorbed into the blood stream.
Tablets that dissolve quickly have the potential to be absorbed more rapidly and will
start to have an eflect sooner than those that take a long time to dissolve. Y ou will

investigate what might affect the rate at which Panadol Clear dissolves?

The Catalyst Investigation
Some contact lenses are sterilised with hydrogen peroxide. A metal disc acts as a
catalyst to speed up the process. The metal disc catalyst decomposes the hydrogen
peroxide into waler and oxygen gas. When the contact lens wearer inserts the clean
lens into their eye there is no hydrogen peroxide left. Some metal compounds can
also be used to speed up the rate at which hydrogen peroxide decomposes. You will
investigate one factor which might affect the rate at which the hydrogen

peroxide reacts to form oxygen gas and water?

The Ukulele Investigation
All musical instruments need to be tuned. Stringed instruments such as guitars and
violins always need tuning before they are played. This ensures that the pitch,
which is the highness or lowness of a note is correct. You will investigate what

might affect the pitch of a stringed instrument.

The Electromagnet Investigation

Electromagnets are used to separate scrap iron and other magnetic metals from
rubbish yards and tips. You will investigate what might affect the strength of an

electromagnet.
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APPENDIX F

SCAFFOLDED INVESTIGATION PLLANNING AND REPORT SHEET
(CONDENSED VERSION)

The Problem
Statement of the problem to be investigated (sce Appendix D)

In this space write down anything that you already know about this topic.
List the vanables that could be investigated. A vanable can be changed or kept
constant. Varnables need to be measured.

Planning

Decide what you will investigate and write an hypothesis. An hypothesis should
state the relationship between the independent and dependent variables.

The independent vanable is ...

The dependent variable is ...

Complete the table for this investigation.

Vanable/s Units How the vanable will be
measured

Independent

Dependent

Factors kept constant
(controlled variables)

Briefly outline what you plan to do 1o test the hypothesis. Remember that you may
need to modify your plan after your preliminary tnals. You will be required to write
a full description of your method later.

Preliminary trials

Conduct some preliminary trials to try out your plan.

Describe what you learned from these initial trials and describe modifications you
made to your initial plan.

Collecting data

In detail, describe how you conducted the expenment. This description should be
sufficiently detailed for someone else to follow and obtain similar results. It should
include a diagram drawn in pencil.

Record the data in a table

NB  Most novice investigators take an insufficient number of readings when compared with

C@ET‘tS.
Independent Dependent variable (units)
variable (units) Tnal 1 Trial 2 Tnal 3 Average

TITLE:
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Processing data

Draw a graph on the graph paper or a chart to find if there 1s a pattern 1n the results.
Note: Plot the independent variabie on the horizontal axis.

What is the relationship between the variables that you have invesugale?

What conclusion(s) can you make from the results? Was the hypothesis supported?

Evaluating the findings
What werc the main sources of error? (sumple size and selection, measurement eror,
control of variables)
How confident are you about the conclusion(s)?
If you were to do this again how would you improve the design of your
investigation?
What have you learncd from your investigation about:

the problem/phenomenon

the way science investigations are carried out

how ideas in science develop
What parts of the investigation did you find casy and what parts were hard?
Did your group work well together? If not then say how the group could work
better.
Have you any other comments to make about the investigation.

Paste your graph here
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APPENDIX G
THE WORKSHEETS (CONDENSED VERSIONS)
Worksheet on Terminology
In this worksheet you will revise some of the ideas about investigations that you
studied in Year 8 Do you remember the terms hypothesis, variable, independent
variable and dependent vanable?
Worked example

Sarah is making an apple pie. The raw apples she puts into the pic are quite firm.
She wonders "What happens to apples when they arc cooked for a long time?”

Hypothesis: The longer the apple 1s heated | the solter it will become.
Independent variable Dependent variable
healing time softness of apple

Notice how the hypothesis refers to both the independent and dependent variables.

Independent variable: This is the time that the apple is heated. This can be
measured with a clock. Remember that this is the variable that you deliberately change.

Dependent variable: This is the softness of the apple. This is the variable that
changes in response to the independent vanable.
Can you suggest a way to judge the softness of the apple?

Controlled variables: These must be kept constant because they might affect the
dependent variable. They include thc method of heating, temperature, type of
apple, size of the apples.

How will you heat the apple? In boiling in water. in an electric oven, in a
microwave oven etc. This needs to be controlled for all experiments. Why?

To what temperature do you heat the apple? This needs to be controlled? Why?
The apples need to be of the same type. Why?

The apple pieces need to be the same size. Why?

Example 1: The bread investigation

Kate wanted to see if bread tasted better with more salt in it. She decided to bake
four loaves of bread with different amounts of salt in them. Kate baked the bread in
the same oven, for the same time in the same baking tins. She also used the same
amount of the other ingredients in each loaf. Kate recorded her results in

the following way:

Table 1: The effect of salt content on the taste of bread

LOAF SALT (g) TASTE
1 5 bad
2 10 all right
3 15 good
4 20 great
What is Kate's hypothesis?

What are the variables in this experiment?
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‘The independent variable is the variable that you change. It changes in the dependent variable.
What is the independent yanable 1n Kate's expenment?

‘The dependent variable changes in response to the independent variable.

What is the dependent vanable in the bread experiment?

Controlled variables are the variables that are Kgpt constant to make the test fair.

What vanables docs Kate keep the same (controlled) in her experniment?

Example 2: Alcohol and urine output

Alcohol affects the body in many ways. Onc of the effects 1s that it makes people
pass more water as urine than they normally would. An investigator set up an
experiment to test the effect of alcohol on the amount of urine passed out of the
body. A large number of people were involved in the experiment. Each person
drank enough alcohol to reach the blood alcohol readings listed. Their rate of urine
loss was then measured. The experiment was performed a number of times with
each person. An average was then calculated.

Table 2: Effect of blood alcohol on the rate of passing urine from the body

Alcohol reading in blood Rate of urine passed out of the body
(parts alcohol per million parts of blood) (millilitres of urine each hour)
0 20
0.2 35
0.5 50
0.8 100

Example 3: The reaction hydrochloric acid with a metal

Acids can be harmful because they react quickly and are corrosive. With many
metals hydrochloric acid reacts to release bubbles of hydrogen gas. A Year 9
student set up an experiment to see how the concentration of hydrochloric acid
affects its rate of reaction with magnesium metal. A large number of tests were
conducted for each different concentration of acid. In each test 1.5 grams of
magnesium metal was used. The time taken for all the magnesium to react was
recorded. Tests were carried out a number of times at each different acid
concentration. An average was then calculate.

Table 3: Effect of hydrochloric acid concentration on reaction rate with

magnesium
Concentration of acid Rate of reaction of magnesium metal
(moles of acid per litre) (minutes taken for all the metal o react )
2.0 4
3.0 3
4.0 2
3.0 1

In this experiment:

The hypothesis being tested is
The independent variable is:
The dependent variable is:

Which variables should have been controlled?



Example 4: Drying clothes

A student noticed that when she went (o collect her washing off the clothesline, her
black tee shirt was always dry and her hight coloured clothes were often damp. This
obscrvation intrigued her and she decided to investigate.

In her experiment:

An hypothesis she could test 1s:

The independent variable would be:

The dependent variable would be:

Which variables should have been controlled?

Example 5: The effects of moisturiser on skin

Cross-linked elastin is an expensive moisturiser and a cosmetic company claims that
the more of it you use the fewer wrinkles you get. You doubt the claims of the
cosmetic company and decide to do your own investigation to test its "magical”
properties.

In your experiment:

The hypothesis being tested is:

The independent vanable is:

The dependent variable is:

Which variables should have been controlled?
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Worksheet on Marking an Investigation (Condensed version)

Y our tcacher is il and away from school. The marks for the reports arc due n and
you have been asked to help out by marking some science investigations. Your task
is to work out a marking plan for the investigations. To do this you first need 1o
work out what things should be included in the students' investigations and then how
you will allocate the marks. Using the headings Planning, Prehminary Trals,
Collecting Data, Processing Data and Evaluating the Findings, wnte down

the things that you will be looking for, and your marks allocation.

You will notice that there is another column, called "Actual Mark”. This column s
for you to use when you mark the investigation that follows.

PLANNING: Marks Actual
Things that may be included allocation Mark

ELIMINARY TRIALS:

TOTAL MARK:

Note: Four graphs are omitted from the students’ report that follows. They drew
bar graphs for each set of data to obtain pre and post exercise graphs for both
the asthmatics and non asthmatics. Each subject was plotted as a bar.
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Use the marking plan and to mark the invesugation and write comments on the
performance of the students.

The following investigation was performed by a group of four students. The students'
investigation has been typed although they presented the investigation as a poster.
Your task is to mark the investigation using the marking sheet that you have
designed and to write some comments. Enter the marks in the column called
"Actual Marks™ and write your comments in the box allocated.

Investigation into Heart Beat by Jasmine, Nicole , Katherine & Scrah
ke problem My group consisting of Jasmine, Nicole and Katherine and myself are investigating
the different pulse rates between asthmatics and non-asthmatics. 'We are investigating if
exercise has any affect on the pulse rate. We will do this by measuring the pulse rate for two
exercises.

The hypothesis Asthmatics will fiave a higher pulse rate after exercise than non- asthmatics.

Thie independent variable: Whethier students were asthmatic or non-asthmatics.

The dependent variable The pulse rate.

Factors Kept constant The clock with which we measured the time, the time of the day, all results
were done in Period 6. The same exercises, the same thermometer. We went in pairs so the same

person recorded the same subject.
Use of equisment stairs, clock, thermometer and the floor

Pulse rates betn'een asthmatics aad non asthmatics

Ex 1 Ex2
B A Change B A Change
Melissa A 80 120 40 80 140 60
Katie A 84 152 68 92 113 24
Davina A 60 118 58 90 146 56
Average change = 55.3 Average change = 46.6
B A Change 3 A Change
Jasmine NA 82 148 66 88 108 20
Meg NA 80 114 34 90 112 22
Angie NA 74 138 64
Karlia NA 80 110 30 70 120 50
Jane NA 56 130 74 92 114 52
Libby NA 90 94 4 78 62 -16
Claire NA 80 95 15 70 112 42
Judy NA 94 94 0 68 98 30
Trisha NA 64 100 36
Harriot NA 94 130 36 86 130 44
Ricki NA 60 70 10 48 62 140
Average change = 33.54 Average change = 28.6

Qim with the investigation

The difficulties with our investigation were people being absent and miscalculations.

Our results sfiow that astfimatic students fave a much Righer pulse rate than non asthmatics.
The average change in pulse for an asthmatic was 55.3 and for the non-asthmatics 33.5

We Learnt from our investigation that our fiypothesis was true.
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APPENDIX H
TEACHER MODELLED INVESTIGATIONS

Teacher Modelled Acid and Carbonate Investigation

Marble statues and limestone bulldings consist of the chemical compound calcium
carbonate. Acid solutions react with calcium carbonate to produce carbon dioxide
gas. We will investigatc what might affect the rate at which calcium carbonate

reacts with acid solutions?

Teacher modelled pitch of a closed pipe investigation
Some musical instruments use pipes to create sounds of different pitch or frequency.
They are called wind instruments because the musician blows nto them. We will

investigate what factors might affect the pitch of wind instruments.
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APPENDIX |
ASSESSMENT OF THE INVESTIGA /' TONS

Instructions for Teachers

Class TN

The assessment of this class 1s teacher assessed and norm referenced. Rank the
students' work in order of the quality of their report.

Allocate

A grade for three students

B+ grade for five students

B grade for eight or nine students
C+ grade for five students

C grade for three students

Add a comment.

Students in the same group may receive different grades depending on the quality of
the reports. Try to get the marked work back as soon as possible and go over class
weaknesses on the whiteboard. When you give the work, back spend 20 minutes
addressing problems either in a whole class setting or in a group setting, what ever
you feel like. Allow students 10 minutes to write corrections in a different
coloured pen on their work and fill in the Improvements section.

Class TC

The assessment of this class is teacher assessed and criterion referenced.
Students have a copy of the marking criteria with their report sheets. Mark the
students' investigations using the criterion referenced marking sheet and grade the
work (A, B, C or NR) and give an overall comment. Presumably all students in a
group will receive the same grade unless they submit different quality reports and
obviously do not make the same contribution. Tryv to get the marked work back as
soon as possible and go over class weaknesses on the whiteboard. When you give
the work back spend 20 minutes addressing problems either in a whole class setting
or in a group setting, what ever you feel like. Allow students {0 minutes to write
corrections in a different coloured pen on their work and fill in the Improvements
section.

Class SC

The assessment of this class is student assessed and criterion referenced.
Students have a copy of the marking criteria with their report sheets. Hand out the
master answer sheet and ask students to compare their responses with the master
investigation. They should then assess their work and fill in the Student
Assessment section. Students should determine a grade (A, B, C or NR) for each
criterion. Presumably the students in a group will allocate themselves similar grades
unless their reports differ.  Allow 30 minutes for the assessment.
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Teacher Assessed Norm Referenced Assessment Sheet for Class TN

Grade: A B+ B C+ C C-

Comments : (strengths and areas for improvement)

Improvements:

Write your corrections and/or improvements on your report in a different coloured
pen.

Use this space to write comments that would help you to improve your performance
on the next investigation.
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Teacher Assessed Criterion Referenced Assessment Sheet, Class TC, and

Student Assessed Criterion Referenced Assessment Sheet, Class SC

Grade A if the criterion is fully met, B if partially met, and C 1f the criterion is not met and NR if the

criterion is not relevant.

Marking criteria

(strengths and areas for improvement)

Planning

states hypothestis
identifies variables

develops an overall plan

when needed modifies plan
in response to trials

Collecting data

describes method

controls vaniables

enters data in appropriate tables
gathers enough data

data is accurate

Processing data

presents data in an appropniate form
relates conclusion to hypothesis

conclusion is appropriate for data

Evaluating the findings
identifies sources of error

suggests appropriate changes

L]

Comments:

Improvements: Write your corrections and/or improvements on your report in a different
coloured pen. Use space on the graph page to write comments that would help you to improve your
performance on the next investigation.
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APPENDIX J
TEST OF SCIENCE INVESTIGATION SKILLS AND CODING SHEET

Test of Science Investigation Skills

Introduction

Plant breeders in the coul south-west region of Western Australia developed a new
yellow cucumber which had an excellent flavour.

Consumer tests showed that people were so impressed with the yellow cucumber that
they were prepared to pay twice as much for the new cucumber as they would pay for
normal green cucumbers. Market gardeners were keen to grow the new cucumker as it
would be highly profitable.

A horticulturist was employed to investigate the conditions under which the yellow
cucumber plants would produce a large number of cucumbera. The horticulturist had a
greenhouse, plant pots, three soil types (sand, loam and clay) and six different
types of fertiliser that could be used in the investigation.

P = L L B

sand  loam clm\\B p lant j-m'f':ll'sm
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The horticulturist was trying to answer the question: "What factors affect the number
of cucumbexs produced by the new yellow cucumber plantsz?*

TOSIS:V2b
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Q1. Name three factore that the horticulturist could investigate?

Q2. Write one hypothesis that the horticulturist could test in the investigation?




The horticulturist had the following fertilisers that could be uoed in the

314

experimentsa.
Table 1
Percentage of Nutrients in Different Fertilisers
Fertiliser Percentage of nutrient; ]
Nitrate Phoephate Potaseium
1 20 8 3
2 15 8 ]
3 15 8 9
4 10 8 6
5 8 8 6
6 5 4 3
Q3. Using the materials shown in the diagram on page 1 and the fertilisers listed

above, plan an experiment to test the effect of nitrate concentration on the
number of cucumberg produced by each plant.

Describe in detail the plan of your experiment.

the above fertilisers you would use in your experiment.

State in your plan which of
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The horticulturist had the following fertilisers that could be used 1n the
expariments.

Table |}

Percentage of Hutriente in Different Fertilisere

[reccilioer | percentage of nutr.enta |
7 Nxtr;;; Phosp;a£e Potaseium

M“;““ PPN SR 20 —t . . . —e .

2 15 8

3 15 8 9

4 10 8 6

5 8 8 6

-] S 4 3

The horticulturist did an experiment to test the effect of potassium concentration on
the number of cucumbers produced by each plant.

All cucumbers were grown in a standard soil mix, one plant per por with
30 g of fertiliser added to the soil. One plant was grown in each of fertilisers 1,
2 and 3. The number of cucumbers produced by each plant was recorded.

The horticulturist’'s results are presented in Table 2 below.

Table 2

Number of Cucumbere Produced by Plants
Grown in Fertilisers Containing Different Potassium Concentrations

Fertiliser Number of cucumbers
produced per plant

1 3

2 &

3 12
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Q4. what ‘'concluesions can you draw from these resulte about ghg_g{£~_§,giﬂggsg§_L__

Q5. Identify any aspect of the horticulturist's experiment that might contribute to
inaccurate or misleading results and conclusions.
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Questions 6 - 8 are based on thig description of an experiment on mice.

A cancer researcher was testing the effect of radiation on bone marrow tissue. One
group of mice was exposed to radiation for two hours while a second group was not
exposed to radiation. Both groups of mice were fed the same diet and housed in
similar cages under laboratory conditions. Both groups were tested for damage to
bone marrow tiessue.

6. The independent (manipulated) variable ia

A. amount of radiation.
B. diet.

C. type of cage.

D. bone marrow damage.

7. The dependent {(responding) variable {s

A. amount of radiation.
B. diet.

(o time.

D. bone marrow damage.

8. A controlled variable is ...

A. amount of radiation.
B. diet.
c. time.
D. bone marrow damage.

9. A hypothesis ...

A. can be proven to be true.

B. is a conclusion that cannot be disproved.

c. is a tentative explanation which can be tested.

D. is a theory that has been verified by other scientists.

10. Experimental results (data) ...

A. should be accurate and repeatable.

B. should be tentative {not certain) and subject to change.
C. should be recorded only in the laboratory.

D. should be recorded only ocutside the laboratory.

11. wWhich of the following is the best description of a theory?

A. Scientists opeak of the “"theory of evolution" because a theory does not
have much merit.

B. A theory is & hypothesis that needs further testing.

c. Theories are hypotheses that were not supported by the results of
experiments.

D. Theories are explanations that have been supported by the resulte of many
experiments.

12. Scientific conclusions are ...

A. never amended or changed.
B. subjact to revision.
c. usually unfounded.

D. accapted by everyone.
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Test of Science Investigation Skills Coding Sheet

The total number of marks for cach question are adjacent to the question number. Part
marks allocated for the question are in brackets in the description of the correct answer

Question 1. Three marks
ldentifies one( mark), two (2 marks), or three (3 marks) relevant independent variables
for testing. Acceptable variables are the soil type, fertiliser type, amount of fertiliser,
amount of water, pot size, greenhouse/field, space between plants, climate, growth
period, place, temperature and light.

Question 2: One mark
Writes an hypothesis as a relationship between an independent variable and the
dependent vanable yicldinumber of cucumbers (1 mark).

Question 3: Light marks
The plan controls for phosphate and potassium, that is uses fertiliser 2, 4 and 5 (I mark
for phosphate and | mark for potassium).
The plﬂn controls for amount of fertiliser (1 mark). The plan controls for sotl type
(1 mark).
The plan controls for sunlight (1 mark).
The plan controls {or water (1 mark)
Plans to grow plants "under the same conditions” (. marks).
The plan specifies how the dependent variable yield will be measured (1 mark).
The plan specifies an adequate sample size , that is more than one plant in each
treatment (1 mark).

Question 4: Two marks
Recognises that the experimental design is poor and therefore conclusions must be
tentative (1 mark).
Increased potassium concentration appears to increase yield (1 mark).

Question 3: Two marks
Recognised that nitrate concentration is not controlled (1 mark).
Recognises the sample size is inadequate (1 mark).

Question 6: One mark
Distracter (a). Identifies an independent variable from a description of an experiment
(1 mark).

Question 7: One mark
Distracter (d). Identifies the dependent variable from the description of the experiment
(1 mark).

Question 8: One mark
Distracter (b). Identifies a controlled variable from a description of an experiment
(1 mark) .

Question 9: One mark
Distracter (c). Selects a defimtion of an hypothesis as "a tentative explanation that can
be tested" (1 mark).

Question 10: One mark
Distracter (a) Recognised that experimental results should be "accurate and repeatable”
(1 mark).

Question 11: One mark
Distracter (d) Selects a definition of a theory as an "explanations that have been
supported by the result of many experiments" (1 mark).

Question 12: One mark
Distracter (b) Recognises that scientific conclusions are subject to revision" (1 mark).
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APPENDIX K
INTER-RATER RELIABILITY FOR THE
INVESTIGATION PLANNING AND REPORT SHEET
Levels of achievement for Planning investigations, Conducting investigations,

Processing data and Evaluating investigations assigned to a sample of students by
two independent markers.

Student Planning Conducting Processing Evaluating
investigations  investigations data investigations
1 3 3 3 3
2 5(4) 3 3 3(4)
3 5(4) 3 3 0
4 4 3 0 0
5 3 0 0 0
6 6 5 4 4
7 5 45) 3(4) 3
8 5 4 4 4
9 5 4(3) 4 5
10 4 5 4 43)
11 5 3 3 0
12 4 4 3 5
13 5 4 5(4) 3(2)
14 5(4) 5 5 5
15 5(4) 0 0 0

Note I:  Where the levels of achievement differed between markers the second
markers' assigned level appears in brackets.

Note 2: Levels of achievement were assigned according to the standards in
Appendix C. Students who failed to complete the sections of the
Investigation Report Sheet were assigned a score of zero.

Note3: The inter-rater reliability was 0.82.
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APPENDIX L

INTRA-RATER RELIABILITY FOR
THE INVESTIGATION PLANNING AND REPORT SHEET

Levels of achievement for Planning investigations, Conducling investigations,
Processing data and Evaluating the investigation assigned to a sample of students by
two independent markers.

Student Planning Conducting Processing Evaiuating
investigations  investigations data investigations
1 5 4 4 4
2 5 4 5 3
3 A«5) 4 4 3
4 5 5 5(4) 5
5 4 4 4 5
6 3(4) 3 2(3) 2
7 3(4) 3 0 0
8 4 3 3 4
9 3 0 0 0
10 4 3 3 3
Note 1:  Where the levels dilfered between the [irst scoring and the second scoring

Note 2:

Note 3:

the second scoring appears in brackets.

Levels of achievement were assigned according to the criteria in
Appendix C. Students who failed to com_lete the sections of the
Investigation Report Sheet were assigned a score of zero.

The intra-rater reliability was 0.88.
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APPENDIX M
STUDENT QUESTIONNAIRES (CONDENSED VERSIONS)

Class TN: May
1. Look at the worksheet on the terms and words used In investigations.
Clircle the number
nothing alo

How much did you learn about writing

hypotheses, working out the 0 1
independent and dependent vanables,

how to control variables etc?

to
W
FaN
9]

How much did you leam about nothing alotl
doing science investigations from
the worksheet? 0 ] 2 3 4 5

Write down what you learned about doing science investigations from completing
the Worksheet and give some examples. Be honest. If you did not learn anything
about doing science investigations then you should say why.

2. Look at the lipase investigation.
Circle the number
nothing alot
How much did you learn about
the reaction of lipase with milk? 0 1 2 3 4 5
How much did you learn about nothing alot

doing science investigations?
0 1 2 3 4 5

Write down what you learned about doing science investigations from the
Lipase Investigation and give some examples. Be honest. If you did not learn
anything about doing science investigations then you should say why.

3. Look at the teacher modelled acid with calcium carbonate investigation
Circle the number

) nothing alot
How much did you learn about
the reaction of acid and calcium 0 1 2 3 4 5
carbonate?
How much did you learn about nothing alot
doing science investigations from
this activity? 0 1 2 3 4 5

Write down what you learned about doing science investigations from the
modelling of the acid and calcium carbonate investigation and give some examples.
Be honest, If you did not learn anything about doing science investigations then you
should say why.
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4. Look at the hydrogen peroxide and catalyst investigation.

Cucle the number
nothing alot
How much did you learn about
the reaction of hydrogen peroxide 0 l
with a catalyst?

to
w
H
]

How much did you learn about nothing a lot
doing science investigations {rom
this activity? 0 1 2 3 4 5

Write down what you learned about deing science investigations from the hydrogen
peroxide and catalyst investigation and give examples of what you learned. Be honest.
If you did not learn anything about doing science investigations then you should say why.

S. The following questicns are about four activities in which you were involved.
1. The worksheet
2. The lipase investigation
3. The demonstration of acid and calcium carbonate
4. The hydrogen peroxide and catalyst investigation

Look under the heading Planning of an investigation.
Now think about each activity and look at them if you need.

From which activity did you learn most about planning investigations?
‘Write the number of the activity in the square.

Write what you have learnt about planning investigations in this space and give
some examples.

Look under the heading Collecting data of an investigation.
Now think about each activity and look at them if you need.

From which activity did you learn most about collecting the data?
Write the number of the activity in the square.

Write what you have learnt about collecting the data for investigations in this
space and give some examples.

Look under the heading Processing data an investigation.
investigation. Now think about each activity and look at them if you need.

From which activity did you learn most abou processing data
Write what you have learnt about processing the data for investigations in this

space.

Look under the heading Evaluating the findings on the hydrogen peroxide and
catalyst investigation. Now think about each activity and look at them if you need.

From which activity did you learn most about evaluating the findings
Write what you learnt about evaluating the dindings of investigations in this space.
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6. These questions are about the way you learned to do investigations.
Do not use your f{ile to answer these questions.

Circle the number
not at at] alot
How much did talking with other
students in your group help you to 0 1
learn about investigations?

5

8]
W
H

Give examples of what you learnt from talking with other students in your group.

Circle the number
not at all alot
How much did talking with the
teacher help you to learn? 0 1 2 3 4 5

Give examples of what you learnt from talking with the teacher.

Circle the number
not at all alot
How much did the teacher's
marking of the hydrogen 0 1
peroxide and catalyst investigation
help you to learn?

t9
w
H
(%,

Give examples of what you learnt from the teacher's marking of this investigation.
p y g g

Circle the number
not at al} alot
How much did making the
corrections to the hydrogen 0 1
peroxide and catalyst investigation
help you to learn?

]
w
B
W

Give examples of what you learnt from making the corrections to this investigation.



Class TC: August

I. Look at the teacher modelled frequencies of musical notes in bottles
investigations.

Circle the number
. nothing alot
How much did you learn about

the frequencies of musical notes 0 ] 2 3 4 S
in bottles?

How much did you leam about nothing a lot
doing science investigations from

this activity? 0 ] 2 3 4 5

Write down what you learned about doing science investigations from the

teacher modelled frequencies of musical notes in botties investigation and give some
examples. Be honest. If you did not learn anything about doing science investigations
then you should say why.

2. Look at the investigation of the frequencies of musical notes from the
ukulele.
Circle the number
nothing alot
How much did you learn about
the frequenctes of musical notes 0 1 2 3 4 5
from the ukulele?

How much did you learn about nothing alot
doing science investigations from
this activity? 0 1 2 3 4 5

Write down what you learned about doing science investigations from the
investigation of the frequencies of musical notes from the ukulele and give some
examples. Be honest. If you did not learn anything about doing science
investigations then you should say why.

3. Look at the worksheet on marking investigations.
Circle the number

nothing alot
How much did you learn about
writing up investigations from 0 1 2 3 4 5
the worksheet.
How much did you learn about nothing alot
doing science investigations from
the worksheet? 0 1 2 3 4 5

Write down what you leamed about doing science investigations from completing
the worksheet and give some examples. Be honest. If you did not learn anything
about doing science investigations then you should say why.



4. Look at the electromagnet investigation.
Crele the number

nothing alot
How much did you Icarn about
clectromagnets? 0 I 2 3 4 5
How much did you lcarn about nothing alot
doing science investigations?

0 1 2 3 4 5

Write down what you leamed about deing science investigations from the
electromagnet investigation and give some examples. Be honest. If you did not learn
anything about doing science ivestigations then you should say why.

s The following questions are about four activities in which you were involved.
1. The teacher modelled frequencices of musical notes in bottles.
2. The investigation of the frequencies of musical notes from the ukulele.
3. The worksheet on marking investigations
4. The electromagnet investigation

Look under the heading Planning on your investigations.
Now think about each activity and look at them if you need.

From which acuvity did you learn most about planning investigations?
Write the number of the activity in the square.

Write what you have learnt about planning investigations in this space and give
some examples.

Look under the heading Collecting data on your investigations.
Now think about each activity and look at them if you need.

From which activity did you learn most about collecting the data ?
Write the number of the activity in the square.
Write what you have learnt about collecting the data for investigations in this space?

Look under the heading Processing data investigation.
Now think about each activity and look at them if you need.

From which activity did you learn most about processing data?
Write the number of the activity in the square.
Write what you have learnt about processing the data for investigations in this space.

Look under the heading Evaluating the findings on the investigation.
Now think about each activity and look at them if you need.

From which activity did you learn most about evaluating the findings ?
Write the number of the activity in the square.
Write what you learnt about evaluating the findings of investigations in this space.
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6. These questions are about the way you learned to do investigations.
Do not usc your file to answer these questions.

Chrcle the number
not at all alot
How much did talking with other
students in your group help you to 0 1
learn about investigations?

38}
W
=N

5

Give examples of what you learnt from talking with other students in your group.

Clircle the number
not at ajl alot
How much did talking with the
teacher help you to learn? 0 1 2 3 4 5

Give examples of what you learnt from talking with the teacher.

Circle the number
not at all alot
How much did the teacher's
marking of the investigations 0 1
help you to learn?

3]
8]
S
%))

Give examples of what you learnt from the teacher's marking of this investigation.

Circle the number
notatall alot
How much did making
corrections to the investigations 0 1
help you to learn?

b
w
F=N
9}

Give examples of what you learnt from making the corrections to the investigations.



Class SC: November

1. Look at the electromagnet investigation.
Carcle the number

nothing 4 lol
How much did you lcarn about
clectromagnets? 0 ! 2 3 4 5
How much did you lcarn about nothing alot
doing science investigations’

0 | 2 3 4 5

Wrnite down what you leamed about doing science investigations from the
electromagnet investgation and give some examples. Be honest. If you did not
learn anything about doing science investigations then you should say why.

2. The following questions are about the electromagnet investigation .

Look under the heading Planning on the electromagnet investigation. Write
what vou have learnt about planning investigations.

Look under the heading Collecting data on the electromagnet investigation
Write what you have learnt about collecting the data.

Look under the heading Processing data on the clectromagnet investigation.
Write what you have learnt about processing the data.

Look under the heading Evaluating the findings on the electromagnet investigation.
Write what you learnt about evaluating the findings .

3. These questions are about the way you learned to do investigations.

Circle the number
not at all alot
How much did talking with other
students in your group help you to 0 1
learn about investigations?

)
[S8]
2N
%))

Give examples of what you learnt from talking with other students in your group.

Circle the number
not at all alot
How much did talking with the
teacher help you to learn? 0 1 2 3 4 5

Give examples of what you learnt from talking with the teacher.



Circle the number
) not at all a ol
How much did marking

your own investigation 0 I 2 3 4 5
help you to learn?
Give examples of what you learnt from your marking of the investigation.
Circle the number
) not at all alot
How much did making the
corrections (o the investigations 0 ] 2 3 4 5

help you to learn?

Give examples of what you lcarnt from making the corrections to the investigations.

4. These questions are about all of the investigations.
You will need to go back to your file to refresh your memory.

Circle the number
not at all very
helpful helpful
How effective were the sheets

on investigations in helping you 0 1 2 3 4 5
learn to do investigations?
Give examples of what you learnt from completing the sheets on investigations.
Circle the number
not at ajl alot
How much do you think that you
have improved at doing 0 1 2 3 4 5
investigations?
Give examples of improvements you have made.
Circle the number
) noi at all alot
How much do you think that you
have improved at marking 0 1 2 3 4 5

your own investigations.

Give examples of what you learnt from marking your investigations.
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5. Scven different ways of learning how to do investigations have been listed
below. Which is the best way for you to learn how to do investigations?
Rank the ways of leaming from | to 7 with number | the best and number 7
the worst.
number from 1 to7

watching and hstening to the tcacher model an investigation

watching and listening other students do an investigation

talking with the teacher

talking with other students

doing an investigation by yourself

doing an investigation in a group

marking the investigation

6. In all of your investigations your group marked their own work.
Circle which you prefer.
group marking  or teacher marking

Give reasons for your answer.

7. Write any other comments that you would like to make about the
investigations here.
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