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ABSTRACT

Effective and efficient training is a key factor in detennining the success of
end user computing (EUC) in organisations. This study examines the influences of
two application interfaces, namely icons and menus, on training outcomes. The
training outcomes are measured in terms of effectiveness, efficiency and perceived
case of use. Effectiveness includes the keystrokes used to accomplish tasks, the
accuracy of correct keystrokes, backtracks and errors committed, Efficiency includes
the time taken to accomplish the given tasks. Perceived ease of use rates the ease of
the training environment including training materials, operating system, application

software and associated resources provided to users.

In order to facilitate measurement, users were asked to nominate one of two
approaches to training, instruction training and exploration training that focussed on
two categories of users, basic and advanced. User .catcgory was determined based on
two questionnaires that tested participants’ level of knowledge and experience.
Learning style preference was also included in the study. For example, to overcome
the criticisms of prior studies, this study allowed users to nominate their preferred

interfaces and training approaches soon after the training and prior to the experiment.

To measure training outcomes, an experiment was conducted with 159 users,
Training materials were produced and five questionnaires developed to meet the
requirements of the training design. All fhe materials were peer reviewed and pilot
tested in order to eliminate any subjective bias. All questionnaires were tested for
statistical validity to ensure the applicability of instruments. Further, for
measurement purposes, all keystrokes and time information such as start time and end
time of tasks were extracted using automated tools, Prior to data analysis, any

‘outliers” were eliminated to ensure that the data were of good quality.

This study found that icon interfaces were effective for end user training for
trivial tasks. This study also found that menu interfaces were easy to use in the given
training environment. In terms of training approaches, exploration training was found

to be effective. The user categorisation alone did not have any significant influence



on training outcomes in this study. However, the combination of basic users and
instruction training approach was found to be efficien and the combination of basic
users and exploration training approach was .fo.und to be effective. This study also
found out that learning style preference was significant in terms of effectiveness but

not efficiency.

The results of the study indicates that intérfaces play a significant role in
determining training outcomes and hence the need for training designers to treat
application interfaces differently when addressing training accuracy and time
constraints.  Similarly, this study supports previous studies in that learning style
preferences influence training outcomes. Therefore, training designers should
consider users’ learning style preferences in order to provide effective training, While
categories of user did not show any significant influence on the outcomes of this
study, the interaction between training approaches and categories of users was
significant indicating that different categories of users respond to different training
approaches. Therefore, training designers should consider the possibility of treating
differently those with and without experience in EUC applications. For example, one

possible approach to training design would be to hold separate training sessions.

In summary, this study has found that interfaces, learning styles and the
combination of training approaches and cétegorics of users have varying significant
impact on training outcomes. Thus the results reported in this study should help
training designers to design training programs that would be effective, efficient and

easy to use,



| CHAPTER 1 - INTRODUCTION

Fora business organisations to operate successfully, the Information
Technology (IT) potential of an organisation needs to be examined, which includes |
software fcsources, hardware resources, the capability of users in developing IT
applicﬁlions, the capability of Information System (IS) development, vendor off-the
shelf applications used in organisations and applications developed by outsource
companies (Shah & Lawrence, 1996). The examination of software resources
typically involves the operating system platforms used in the organisation, the number
of users using these systems, the software development capability available within the
organisation, and now-a-days the World Wide Web (WWW) platform and access,
resources associated with Internet and Intranet applications (Beekman & Rathswohl,
1999). An examination of hardware resources consists of type of computer hardware
including memory, hard disks and other peripheral resources, and the network
capability (Williams et al,, 1995). An examination of vendor off-the shelf
applications and outsourcing includes the appropriateness of software applications
procured from external sources and issues associated with integration of these
applicalion.s with the existing systems and training needed to integrate user operations
arising from these new systems with existing systems (Beekman & Rathswohl, 1999;
Shayoetal., 1999). |

The capability of an orgariisation to cxploil the above hardware and software
resources is dependent on the capabilities of Information Systems (IS) profcssionals
following traditional approaches and development performed by users who may not
have professional knowledge in developing computing applications (Shajo etal.,
1999). Among these, the capability of users without professional computing
background developing systems is usually known as ‘End User Computing’ (Blili et
al., 1998). This End User Comphling (EUC) domain has emerged strongly as one of
the organisa'tional success factors because of its contribution to the use of IS in

organisations (Compeau, 2002).

The proliferation of EUC in organisations has been widely reported in the past

two decades (Jawahar & Elango, 2001). A survey of senior Information Systems



professionals has found that organisational learning and use of Information
Technology (IT) by users rank fifth in a list of the top 20 critical management issucs
(Chaney & Wills, 1995). Aggarwal (1998) and Finley (1996) highlighted the need and
high priority in preparing the workforce to use IT productively in an organisation by
referring to the increase in IT training budgets. Bowman ct al. (1994) rcpbrtcd the
escalating groWlh in computer literacy requirements for clerical and support staff.
Olsten (1993) reported the necessity for acquiring computer fiteracy for middle and
senior management in organisations. Bostrom et al. (1990) and Rivard & Huff

{1988) reported the success or failure of EUC within an organisation,

It appears that the lack of skills possessed by end users is a major restriction in
the development of end user applications (Compeau, 2002). This lack of development
skills prompted the creation of training programs and encouraged human resources
departments (o focus on end user training issues such as what is the best method to
train users (Shah & Lawrence, 1996). Furthermore, it si suggested that basic and
advanced tzaining should be integral elements of any strategy designed to enhance end
uscr efficiency and effectiveness (Tang & Cheung, 1996). It is estimated that the
cost to train an end user is about Australian $ 2,000 per year and the cost to maintain

an end user in an organisation varies from $ 7,000 to $12,000 (Ridge, 1999).

User training has been identified as one of the key factors re.sponsible'for
ensuring the success of EUC and this has resulted in EUC training becoming an
important phenomenon in organizations (Sein et al., 1999), Researchers have -
continually sought to improve the delivery of training programs by employing new
methods or by improving existing mclhdds. Through the improvement in design and
conduct, for example, Aggarwal (1998}, Blili et al. (1998) and Bohlen & Femat
(1997) have endeavored to make training more effective and efficient. Improvement
in training ensures that end users interact more effectively with software programs
and applications. In endeavouring to measure the efficiency and effectiveness of
training programs, EUC studies have focused on aspcéls such as user skills (Davis &
Bostrom, 1993), user satisfuction (Olfman & Mandviwalla, 1995), use of application
interfaces in order to quickly complete a given task (Sein et al., 1993}, training
. materials (Carrol & Rosson, 1995), motivational factors on computer usage (Barker,
1995), performance aud job satisfaction (Blili et al., 1998) and quality of end user
developed applications (Cheney et al., 1986).



Studies in EUC that have measured aspects of user skills investigated how
users transform their knowledge acquired during training to accomplish a given task
in a specified settings. _Studics'that have measured user salisfacli'on_ invesl.igatcd
factors determining user satisfaction in a given training environment, Studies that |
have considered interfaces have examined how a spcéiﬁc type of interface is superior
to another type in accomplishing tasks. Issues associated with training materials such
as task complexity have been examined in studies that have investigated aépccls of
training materials. Motivational factors leading to the use of application software

were investigated in EUC studies.

In spite of'prcviuus research there is still little agreement about how to design
end user training programs that would yicld efficiency and effectiveness. The |
literature indicates that problems associated with EUC training remain such as over-
extending expericnce gained in manual systems that are not suitable for computer
systems (Moran, 1981}, inability in recalling and using application command synfax
(Scin et al., 1993), difficulty in applying software packages to specific tasks (Carrol
& Rosson, 1995), unstructured training materials and hence negative influences on the
user (Gustafson & Branch, 1997), and confusion about how to recover from errors

(Offman & Mandviwalla, 1995).

While attention has correctly been focussed on training program design, an
important factor is the computer interface itself. Interfaces (specifically the usage
aspeet) can spell the difference between systems that are comprehensive and easy to
i_Jsc and systems that are frustrating, confusing and in the end may not be used at all.
Bostrom et al. (1920) related the cognitive aspects underlying computer usé with the
cl'fcctivcﬁcss of computer interfaces. The cognitive makings of end users in addition
to the design of training programmes therefore need Lo be investigated in EUC

research.

End user training programs can be addressed in a variety of ways. For
example, Nelson et al. (1995) distinguished between how quickly an end user can
cdmplclc a given task and how accurate the completion is. In other words, the time
component and the accuracy component are considered critical for successful training.
The time component is referred as efficiency and the accuracy component is identified
through allocation of some po.ims gained in accomplishing tasks, similar to practical

examination score. In addition, studies have investigated the ease of the training



environment (Bohlen & Ferrat, 1997) and the motivational factors (Olfman &
- Mandviwalla, 1995; Sein et al,, 1999) which influence end us_eré in choosing software
' appIicatidns.'and_ continuing io‘_ﬁsc them. These issues have pfdvided_ the impetus for
this. studY- : - | A |
Therefore this study was 'commencéd in order to dctémiine_ the influences of
the usage of spééiﬁc typeé df interfaces and training approaches lon categories of end
users in terms of traiﬁing outcomes efficiency, _éffe'_ct.i.vc:nes's and perceived :asé of
use. With fhis_scdpe in mind, this c_hapter :gives an'intrbductior_i to this study by
providirig an overview to EUC studies conducted since 1980. The étarting point was
chosen as '1980_ because this is when thc. term EUC was generally accepted by the
information systems community (Mayer, .'1981). This introdﬁction then Ieéds to
research objectives followed by significance of the study. Then an initial research
framework to meet the research objecti ves is provided. The chapter conél udes with

an outline of the thesis.
Research objectives

The objectives of this study can be encapsulated in the following five points: -

I It can be seen frdm the previous paragraphs that while EUC studies have
provided information regarding the usage of interfacés, little information is
available as to the suitability of interfaces for varying Ievéls of knowledge and
experience. Theféforc, there is a need to-determine the most appropriate -
interface usage for different categories of end users to lca_rh application

software packages.

2. _ EUC studies have provided details of training approaches as a result of -
investi gatioﬁ'into instructional design elements. Whil_e training approaches
have been dealt with in EUC studies, the relevance of these training
approaches on different categories of users is not fuily established in EUC.
Furiher; how these training approaches influence user’s ability to use an
interface for lhe.purprése of communication with ap_plicalions is not fully
understood. Therefore, there is a need to determine the most _s;iilablé training

approach and interface combinations for various levels of end users.



3. EUC li'terature provides limited information on classifying users based on both
' thelr knowledge and skllls Some studies have classnﬁed users based on their
~ skills and some olhers have done so based on knowledge However there are
_ reference_s in the Ilterat_ure that both knowledge and expenence help users to
inderstand the given information in a specific context and that this .knowle_d'ge
~and experience combination helps the user to proce"ss i.ﬁfonnation in novel
: 's:tuatlons Thls is espec1ally true when users are given a cholce of mterfaces
| with whlch to accompltsh tasks. Certain lnterfaces are easier tc use than other
- mterfaces Therefore, there is a need to determme the most suitable
appl ication software 1nterface to facnlatate efﬁcmnt and effectl ve trammg

outcomes based on varymg skills and expenence

4, Tramm g outcomes depend upon the combination of interface usage and
training'.approaches While certain training approaches such as thez.instruction o
approach are better suited to certain groups of users, other iraining approaches
such as exploration provide freedom to explore and learn on a trial and error
basis. Therefore, there is a need to investi gate the intcraction between the
training approlaches and _interface combination in determining training

outcomes.

5. Finally, prior EUC studies have hi ghli ghted the n__eed to' consider the role of
individual differences in' training programs because user learoing pré:ferences
_ and othcr traits such as motivation influence training outcomes While pnor _
studnes have prowded details of motivational aspects, there is hmlted _ |
mformatlon available on Iearnmg styles and their mﬂuences on EUC training
outcomes, Therefore, there is a need to determme the role of mdmdual user

differences in determmmg training outcomes,
~ Significance of the study

The slgmﬁcance of the study lles in its ab111ty to remedy some of the
weaknesses found in previous EUC training research This can be ach:eved bjr
addressing five unresolved issues (l) apphcauon mterfaces, (2) varying levels of
users, (3) differences in terms of users’ learning and cogmtzon, C)) the de51gn of

training including training matenal development such as the conslderatlon of tasks



and (5) approaches to outcome measurement. In addition, development in the field of -
Human Computer Interacllon (HCI) has seen changes in the way mlerfaces are

desi gned and used In the EUC domain, users apply knowledge obtamed from
 training to use these interfaces. Howcver, how the gr ven information is processcd
using a specific interface based on the trammg provrded is not fullyr sludled in EUC.
The concepts of learmng style and cognitive style will play an lmportant role in '
understanding how mformatron is processed using mterfaces, and how users mteract
with applications via 1_nterfaces. Such information is vital in order to foster
development in HCL. Tt is essential to know how these interfaces are used, what are
the influences on trainihg oulcomes and how the a_chi'rcd knowledge is utilised |
(based on the training provided) in tenﬁs' of recalling a partic.ular intcrface wherl
completing a given task. Thus, any knowledge gamed from this study would a551st

the development of EUC training.

The result of this study will be presented in terms of the suilability of type.s of
interfaces on varying levels of users’ skills and experlehce because there is little
evidence available in EUC to determine the suitability of interfaces for particular
categories of users based on their skills and experience. Further the interaction of -
interfaces and training approaches will also be discussed in this thesis as users learn to
operate application software based on the training provided and in the current climate
these operations are performed using application interfaces. The outcomes of this
study would enable organisations to determine the approach taken in training' their_'

employees.'

Another d1 mensron to the sludy is the pIanned rigorous framework in -
designing the training matenals There isa general view that past training matenals
and the tasks have been subjectlve in nature and that trammg aspects and evaluation
~ aspects have not been strongly supponed by theoretlcal frameworks The framework
developed for this study wrll not only provide a ngorous training design but will also
incorporate some recent methodologies from the instructional design domain which -

address principles of quality.

As an additional benefit, this stad_y will help in addressing t_h'e skills shortage
" in Australia. According to Ridge (1999) the IT _skills shortage in Australia can be

1 HCI is another broad area of study and only relevant issues from HCI are covered in this thesis.



temporarily resolved by prowdmg IT trarmng to users in order for them to become

~ skilful. The tlme and cost factors are cruc:al in the rapldly changing IT env1ronment
and to produce IT professnonals that meet the i mcreasmg demand, trammg programs . o
| should address efficiency and effectrveness criteria, That i is, the tralnmg programs
should concentrate on factors that influence outcomes such as how users mteract w1th '
appltcatlons ‘the composition of training materials, measurements of outcomes, users’
learning prefcrcnces and the desi gn of training to minimise resources and max:mlse
outcomes. The outcomes of this study will prov:de valuab]e information to people

involved in desr gning and conductin g trammg programs

- Research framework

The discussion provided so far indicates that a study in EUC training requires
further investi gation. This includes consideration of interfaces, users and their
individual differences, training approaches including training materials, and -
measurement aspects. The objectives of the study are presented in an earlier section,
and essentially aim to determine the effects of interface usage, the training apf.iroaches |
adopted and the effects of_ different groups of users on the outcomes of the training
itself, The'factors interact with each other and have an impact on training o'utcomes
which this study aims to discover. The factors and interactions are presented in
Figure 1.1 below whlch is followed by a brief discussion for each of the factors '

_concerned. An elaborate dlscussxon on these factors and thelr mteractlon is prowded

in a later chapter.

INTEREACE USAGE

* TRAINING ENDUSER WM ¢ \1eGoRips OF
. OUTCOMES TRAINING 'ENQ USERS

TRAINING
APPROACH

Figure 1. 1 Conceptual Framework



Bostrom et al. (1990), for example, found that command-based interfaces are
dependent upon typmg command strm gs usm g an editor and any typographlo errors o
commrtted by users result in erroneous commands This led to user frustranon and

hence 1mpacts trammg outcomes Icons, the plctonal representatron of commands on-

the other hand appear to be restnotlve in theu' representattons and hence the user may -

not be able to represent all user commands in plctonal forms 'I‘hrs restncts the tasks
that can be accomplrshed usmg only icons. Menus are test strmgs and easy o
understand by users as they represent user commands ina natural language form. It
therefore appears that menus could reduce the load placed on cognitive dimensions
while processmg 1nformatlon thereby increasing the likelihood of successful training
outcomes (Shneiderman, 1982) -Previous studles in EUC that have examined the
impact of interface usage on trammg outcomes stated that due to the limitations on
icons in representm g various actions facnlltated by computer systems, menus appear to

be a natural choice for users who want to navigate the system to perform novel tasks.

Only a few stu_dies in EUC have i_d_entiﬁed different categorisauon of users
(examp]es are Carrol (1.984),' Ol'fman & M_a_dviwalla (199_5)). However, it is evident
from research in the education domain that user experience plays a crucial role in |
comprehendmg the information provided durmg trammg successfully (Riding, 1991;
Sadler-Smith, 1996; S_chmeck,. 1988). Ausubel & Robinson (1968) argued that pnor '
: knowledge and experience have a role to play when new information is processed _
Accordmg to Davis & Bostrom (1993) EUC studies have been questloned for treating
users as if they have the same level of knowledge and this has been seen as one of the
~ reasons for thelr contradrctory training outcomes. The need to study the 1mpact of

user mdmdual dlfferences such as leamning styles on trammg outcomes has been
stressed by Bostrorn et al (1990), Davns & Bostrom (1993) and Bohien & Ferrat
(1997). Therefore, th1s study consrders two categones of users, basrc and __
expenenced based on tho1r knowledge and expenence and assomated learmn g style B

issues.

Training appraaches cover aspects such as how to mtroduce users toa gwen
apphcatton software and how to structure tasks to meet specific Db_]CCllVCS (Carrol & |
Rosson, 1995) ‘While accompllshmg glven tasks, users behave drfferently, for '
instance, certain users understand given 1ra1nmg matenals easlly and certain users

take more time (Sein et al., 1999). A distinction in training approach can be made by
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identifying instruction and exploration approaches (Davies et al., 1989; Davis, 1985'
Davis & Bostrom, 1993; Sein etal, 1993) ‘The former is the exccutton of tratnmg
materials in a sequentral step-by—step manner where users are provtded with little
freedom The eproratron approach on the other hand provrdes skeleton trammg

matenal wrth thc Optlon for users to explore freely the gtven software appltcatton

The 1rnpact of mterface usage, categones of end users and trammg approach 1s' o

rneasured and referred to as trammg outcomes in this study The measurement
compnses of quantrtatwc and subjective outcomes, The first component quantrtatlve, o
consrsts of effectiveness and efﬁclency parameters The quantttatwe outcomes _
capture trainin g actwmes such as how many keystrokes have been used in performmg '
a task (Davis & Bostrom, 1993) Effectiveness is a measure of score and the
efficiency is a measure of time. Effecttveness and efﬁcrency measures are derived
from hands-on expenment conducled. 'The next component, subjectlve, is a measure .
of perceived ease of use. Perceiued ease of use is measured'through an.opin.ion '
survey. The subjectwe outcomes measure users opml onofa glven tratmng
environment and measure aspects such as the level of perceived ease of usmg the

training environment (Olfman & Mandvnwalla, 1995)

Based on the three main variables — interfaces,_ end users and training -
approaches — the rcsearch framework in this'study will eaamine the effects of training
approaches on the types of mtcrfaces most commonly used by the categones of end |
users. The investi gatton will detenmne whlch combination of lntcrfaces, tralmng
approaches and categortes of end users w111 achleve the maxnmlsatton of trammg
outcomes Such outcomes will be measured in terms of efﬁcnency, effectweness and h
ease of use. A detatled discussion of the rc_se_a_rch_ framcwo_rk will be pr_ovrded Chapter
3. _ _ _ _

 Need to study EUC Train_i'ng o

The need to study EUC trammg can be hlghh ghted by the exrstmg and
contlnumg unresolved research issues found in the fi eld of EUC and the escalatmg _ |
costs in prov1dtng EUC training. These unresolved research i issues can be categonsed
into five broad areas, ‘These are (1) application 1r_|terfaces, (2)_ varying levels of users,

(3) differences in terms of users’ learning and cognition, (4) the design of training
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including training material development, such as the conslderatron of tasks and (5)

approaches to outcome measurement

| A study that focuses on these areas would contnbute new knowledge about the
1mpact of varymg levels of user sk1 lls and their preferences for mterfaces and trammg .
_ approaches To 1dent1fy these, one should desi, gn and develop a suttable framework |
It appears that the mstructronal design domam can offer solutrons to exlsung 1ssues m . "
- EUC. So, EUC trammg supported with 1nstruct10nal desi gn domain pnncrples would o
_ prov1de a rigorous training desi gn framework in terms of the 1dent1ficatxon of tasks
- the cons:deratton of complexity levels, the evaluation of tratmng materials and the
: successful 1n1plen1entatton of these training matenals for knowledge acqutstuon _
- From an academic pomt of view, the outcomes of such a framework would add to the
existing body of knowledge. From a management pornt of view, this would minimise
the cost of training by providing insights into elements that need to be controlled The

essential components of such a framework are discussed below.

-lnterfaces

Computer interfaces facﬂltate 1nteractlon between humans and computers
(Gentner & N ielson, 1996). Previous studres in EUC have con51dered command-
based mterfaces and Direct Mampulatlon Interfaces (Davres et al 1989 Bostrom et
al., 1990). Command—based mterfaces facrlrtate users to enter Enghsh -like commands
using text edttors to actrvate a command (Bostrom et al 1990). If errors are -
commrtted whrle entenng these commands a computer system will not understand the : :
command. Therefore, users need o re- enter the command stnng Studres that have B
investi gated the effect of command-based 1nterfaces have asserted their supenonty
over Drrect Manrpulatton Interfaces (DMI) in determmmg trammg outcomes (Davrs
& Bostrom, 1993) - S -

Direct Mampulatron Interfaces facrlltate mteractlon between users and

' computers drrectly wrth objects (Gentner & Nrelson. 1996) These objects are

usually graphlcal symbols representrng an actron For example, ‘floppy dlskette
symbol ona computer screen may represent a savmg action of data from the
computer memory to the drskette These graphlcal symbols are collecttvely known as
Graphical User Interfaces or GUI (Neesham, 1990)
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| In computer applications, these GUIs are represented in the form of icons,
menus, dialogue boxes, pointers and other optionai buttons (Neesham, 1.990_). Users
use their mouse keys to operete dir__ectlj; these GUISs to perform an action and hence
the term Direct Manipulation Interfaces (DMI). Previous studies have hi ghligbted the
effectlveness of DMI when there are a small number of Ob_]CCtS to represent actions
(Sein et al 1993). As the number of acnons increase, so do the number of objeets
and DMI qulckly becomes difficult to manage (Gentner & Nlelson, 1996). The down_
side of direct manipulation is that users have to directly mampulate every action using
objects and hence are restricted in actions that can be performed otherwnse, as it is
possnble with command—based 1nterfaces (Goonetllleke et al, 2001) Another problem
with direct manlpulatlon is that users may not be able to group a related serles of basic
actions into one higher-level action (Nielsen, 1990) In command-level this can be
achieved using a simple scripting ianguage. Further, the precision of eye and hand
coordination is also mentioned in previous studies in the area of DMI (Gentner &
Nielson, 1996). Another problem found with DMI is that users need to be involved in
every action but sometimes the user may not be aware of wbat needs to be r.l_one next
(Geniner & Nielson, 1996). This is particularly true when the applications become
more complex and users with limited knowledge may find operations with DMI to be
difficult. | -

- Inthe EUC domain, icons and menus can be considered as components of
DMI because these two interfaces represent actions directly perfor_med by users with
mouse keys. While dialogue boxes and optionaI buttons also enable.users to perform
actions, these tools are predominantly used to interact wi.th users to understan_d their
scope of choices and not necessarily'actions | Men.u based interfaces group En glish;
like commands and presents them to users through a hlerarchlcal sequence of |
mterclependent levels (Gentner & Nlelson, 1996) while icon based mterfaces
represent vanous commands in a pictorial form The hierarchical levels found in the
‘menu 1_nterfaces are not usuaily found in icon interfaces (Bevan, 200_1). In today s
WindoWs applications, the menus and icons are bundled on the toolbar of the

apphcatlon usually found on the top layer of the application as in Mlcrosoft Word

_ Whlle the role of interface usage in detemunmg trammg outcomes was studred
extensively in the late 80’s and early 90’s (Bostrom et al., 1990; Davies et al., 1989;

Davis & Bostrom, 1993), not man'y studies have taken place subsequently. This is
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despite fundamental changes to the configuration of operating systems and application
software packages, where most of the interaction with the applications is facilitated by
mtcrfaces This issue is significant because end user apply interfaces while |
performing activities in their datly tasks. How they use interfaces and Whlch )
interfaces yleld significant 1mprovement in determmmg trammg outcomes would o

provnde 1mportant 1n51ghts into trammg desl gn.
End users
- '.'EU_C litersturcl provides detai'lls_of user cl'as_si'ﬁc'att;on based on users Icv'el'o__f o

interaction With technology For instance, McLean's'. ('19'79).er1d user categoris'atioo E

resulted i in Dﬂta Processing Professmnals, DP Users, DP Amateurs and non-DP
| trained users. The Rockart & Flannery s (1983) categorisation of end users resulted in
8ix categones namely non-programmmg users, command level users, end-user |
programmers, functional support personnel auc_l DP programmers. Cotterman & -
Kumnar (1989) specified a fram_ework for defining and classifying end users arid
provide taxonomy based on functiohs performed such as opcrstion, development and

control. This taxonomy is referred to as the ‘User Cube’. A further discussion on

these categories is provided later in the thesis in Chapter 2.

The suitability of EUC categorisation for the mo_dem environment needs to be
assessed according to skill comp.lcxity in the job (Barker, 19'95'). Given that there are
increasing levels of complexity of EUC activity, end users would expeﬁ_ence_ _different
expectations of job outcomes due to the use of more skills, greater task identity, |
greater task 51gn1ficance and more autonomy (Barker, 1995) Therefore, there is a

necessny for due consideration requlred of the various act1v1tlcs performed by users in

detem'tmm g classnﬁcattons and hence trammg outcomes (Sem et al., 1993) However, o

many EUC training studies have arbltranly selected users and thelr categonsatlon and
this ncghgence has caused contradtctory results in reportmg EUC trainin g outcomes '
(Davns & Bostrom, 1993)

Froma practlcal_pcrspective, itis apparent 't_ha_t comp_uter trainin g books are
 targeted at varying levels of users, -Mo'reovc_.r, t]_tc'software_ lea'rrﬁng tools also have
recognised the impoﬁanCc of varyi'ng levels in user activities such_ as simple word
processing and complex repott_ generation ariSiug from databases. They have begun

releasing software to accommodate a range of skill levels in their help files and
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software manuals. Therefore, the categorisation of users for determining training
- outcomes in EUC studies should be considered carefully and reflect today’s

apphcatlon requrrements
User differences

Literature from the field of education has established that the learning habits
are unique and mdwrduals follow their own styles (Rldmg, 1997). Thrs is also true
for using 1nterfaces to accomplrsh a task: Whlle certain users prefer a specific.
mterface such as icons, others may prefer other interfaces, such as menus. In addltlon
to this, users can understand information’ given during tralmng in dlfferent ways
(Schmeck et al., 1977) "‘hrs understandmg will enable them to make their own |
mental models of the software appllcatlon structures which are often necessary for

the successful complenou of tasks. Therefore, studies in EUC recommend extracting

individual differences.

With the advent of new applications, the way information is accessed and
widerstood has chan ged. The accessibility of information in an online environment
varies but many users notv have experience with some computing technology User
expenence or existing knowledge about a partlcular operatmg platform, their
acquired knowledge during training, and these cognitive skills play a cruci al role m
determining outcomes. Therefore, there is a need to study the individual differences

associated wrth mfonnatron processin g by creating categones of end users.

Tr_aini_ng design

Prevrous studxes in EUC trammg have mvesugated a number of issues inthe -
trammg design area and provided useful suggestions. For mstance, Gurmaraes & |
' Igbana (1996) establlshed the specrﬁc nnportance of management support and control
in EUC training. Nelson et al (1995) stressed the need for a coherent strategy to lmk
various training elernents in order to achieve success in BUC tralmng Moad (1995)
evaluated the benefits of training investment and stressed the need to involve users m '

the development of tramlng goals and trammg programs Harp (1995), while echom g

2 In this study, MS Project application is used which is a good example of today s appllcauon
software,
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similar thoughts, recommended a comprehensive needs assessment to establish skill
deficiencies in critical areas before training programs are designed. Barron (1996)
highlighted the importance of evaluatron of trammg programs in order to venfy the

objectlves set pnor to training were bemg achleved

A re- occumn g cntlclsm that has emerged from past EUC trammg stuches is
the lack of rigor used when evaluating the effeclweness of tra_mmg desi gn (Da\_ns & |
Bostrom, 1993; Filipczak_ & Picard, 1996; Sein et al., 1987). The training settings,
mateﬁals to support the training, tasks incorporated in training materials, ohjeciives :
set for measurement purposes and other associated elements appear to have been
- arbitrary and subjectwe in EUC studies (Wlebe etal, 1993 ‘Webster, 1996) Thls has
_ resu]ted in researchers struggling to explain why a partrcular result has been oblamed |

In the current ciimate, this has been interpreted as a failure to meet the objectives.
Possible insights .im'o_ these problems may be 'gained by the study of the instructiorial_

design in terms of setting up a training fra'mework.

In the scope of thls study, trammg design will focus on the 1rnpact of trammg
approaches to delermme trammg outcomes. For instance, choice of an appropnate B
training approach, the appropnatene_ss of t_asks, time allocation etc. will be c_onsl_dered'
to avoid some of the criticisms found i"n previous' studies. The training design will
follow gurdelmes provrded in the mslructronal design ﬁeld Therefore this study wrl]
investi gate some of the material avallable in the mslructlonal domam to establlsh a

more ri gorous research framework to fac1htate training,
Outcome measurement

Due 1o cons:derable dlff' cult1es in the methodology of prewous research 1t is -
di fﬁcult to rely upon the results of EUC avarlable to hand Therefore, one needs to

| establish a systematlc mechanism for seIectmg parameters to accurately measure EUC. h

trammg outcomes. This study intends to do thls Prior studles will be exammed in

terms of thelr outcome measurements in order to arrive at an outcome parameter _ |

which will determme EUC training outcomes more accurately This will then conf" irm.

or reject the outcomes of prevrous studies.

3 The term effectlveness isused as a general term here. Thls should not be confusecl wnh
Yeffectiveness” oulcome measurement used in this study. .
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Finally, this study will overcome the pfoblems noted in previous studies by
considering an appropriate instrument to categorise users’ leaming styles; itwill

| follow umform definitions in descnbmg lasks and their complexlly. it will overcome

problems of deﬁmng levels of users by assessmg thelr skllls by a mlldatecl _

- mstrumem and it will conmder appropnate approaches to dellver lrammg pnor to the o

measurement of outcomes. This combmauon of fealures will add to the exlstmg body

of knowledge in EUC trammg

Essentlally, the need for the present study has been encapsulated mlo a

number of lhemes These 1nclude

lhe conmderauon of modem appllcallon mterfaces lhal were nol avzulable in EUC .'

ten years ago;

e the development of lramlng materials lakmg into account suggesuons frawn from :

mslrucnonal desi gn 1heory,

. the accurate detenmnatlon of individual learning dlfferences m order to explain

' tralnmg outcomes;

. the categorisation of end users deCd on their prior knowledge and expenence

which is essentml to analyse mformanon processmg behaviours;

¢ the measurement of lrammg outcomes in terms of eff" c1ency, effecnveness and

ease of use. and

. '. the _use of theoretical frameworks from the ﬁe_ld.of education to explain why

certain training outcoroes will be obtained.
. ou'uine of the _thasis_

Chapter 2 of this lhcsns presenls a lllerature rewew. Thls chapter traces
developmem in EUC trainin g in detail. It covers the vanous lrends in EUC trammg
'studles, the models followed, how the research framework has developed and the
outcoroes h_ave___bee_n obtamed. Th:s section prov__ldes a synlhe_sns of salient features
derived. from pre_\?io_us_.stu.die's in order._to.de\_fel_op the epeciﬁc fescal-ch methodology :
f.Ol'.ll‘l.c pfesent study. The litel‘alure review comﬁrises i ght sections. The first section
provides deﬁoltions of End User Computing and End Users, The second section

recaps the focus areas emerging from the literature. The third section provides details
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of training outcomes and includes details on quantitative and qualitative approaches
used to measure trai ni ng outcomes. The fourth section provides details of training
materiais and tasks. The fifth section provides information on individual differences
and includes' Iearning styles and cognitive styles.' “The sixth section fowse._s'._on '
' application interfaces.. This includes the design of interfaces, theirt.reatm'cnt in
prewous EUC studies and the results obtamed and problems encountered wuh thelr :
- use. The seventh secuon in this chapter addresscs end user typologtes and the
categonsatlon of users in EUC. The last section deals wrth EUC studtes that have

- investigated managemem aspects of trdmmg

The research melhodology is presented in Chapter 3. The ﬁrst SCCllOI‘I covers'
the refinement of lhe initial framework depicted in this chapler Thls is followed by
the research quest_l_o_ns and a discussion of research variables. The chapter includes
the hyp_otheses posi ted for this studjr. In addition, the chapter includes sections on

research method;the development of instruments and the experimental procedure.

The analysrs of the quantitative and qualltatwe information is presented in
Chaptcr 4, Essentlally this section will describe how the research design was
developed, how the training materials were developed, how the expenment was
con_ducte.d_, the orocedure followed to collect data and how the data entry was
organised. This chapter will describe the types of analysis conducted to verify the
accuracy of data and the various statistical anal yses 10 test hypo_theses. The chapter
includes sections on reliability estimates, descn'pti_ve data analysis and hypothesis

testing.

Chapter 5 provides a discussion of the statistical data analysis. The outcomes
of the study are explamed with supportmg matenals and the shortfalls of the study are

also outlmed Thts chapler is concluded with a summary of mgmﬁcaml fi ndmgs

Chapter 6 presents the hmltatlons of the study and future dll‘CC[lOl’lS The
ltmllatlons are dlscussed in terms of instrument limitations and operatlonal _
limitations. Chapter 6 concludes w1th a dlscussmn on fulure dlrectlons in EUC
research, ) '

“Appendixes 1 through 9 'inc'l ude SPS_S_ outputs, questionnaires used in_t_he
study, samples trainin g'.materials a._n'd visu_al'basi'c code used to e_xtractlearning' style )

preferences.
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CHAPTER 2 - REVIEW OF LITERATURE

'I’hls chapter revxews the Inerature avallable in the end user computmg (EUC) h
field since 1980 because lh]S is when the term EUC gmned popularity: The purpose
of such a hlerature review is to provide an overall und_erslanc_lmg of events’ thal__hav_e
taken pfaee in EUC research, This is essential becauee_ of the ezc't'ensi ve range of
components of EUC such es_i_nlerf_ace usage, meaéurefnenr approaches, training.
materials, task cd'mfsiexity, motivational aspects, leaming' styles, outcome.
measurements, trainin g approaches aﬁd other mahagement issu_es. The li_téfatu're
review will therefore prm)ide a general framework to enable uﬁderstanding ofa
number of issees discussed in Chapter 1. The reVieW in lhis chapter will then lead to

the research methodology in Chapter 3.

Preliminary definitions

End User Computing

Eﬁd User Computing has been defined in a number of ways which reflect the
extensive nature of EUC activities. Davis (1985) defines EUC as the ability of users
to have control over their own computing needs. The concept of control is also used
by Hackathom (1988) who sees EUC as an information ﬁfocessing activity in which
users have pefsonal control over the technology. Barker ( 1995) extends this
‘definition by inc]uding access 1o computer fesources, data and support services. This
can be compared to Cronan & Douglas’ (1990) broad definition which includes
dcvelopﬁae_nt,f interaction and the dlilizatiqn of application systems, The definition
proVided by Brancheau & Wetherbe (1985) includes the optional .de'velopment' of
compuler apphcauons and modcls by personnel oulmde the- Management Informatlon
Systems (MIS) depanment whlle Benjamm (1982) def“ ines EUC to include all
applications developed outside the data processing or the formal Information Systems
(IS) department. The deﬁnilien pro_vided.by Hulc'hinso'n & Sawyer (1996) refers to
EUC as an end'use;’s decision to adopt the s_oftWare, _l_h_efr extent of usage and
subsequent effeci veness in usin g'thc seftwere which is dependent uﬁbn factors such
as availabl_e Iin_lerfaces, tfajning,_readability of training niate’n'als. moti#ation, _

~ organizational support and management,
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End User .

- Theterm “end user” has been deﬁned ina number of ways The defmmon '
provrded by Benjamm (1982) deﬁnes an end user as '

A person wtthout much techmcal knowledge of computers but who uses computers to perform -

: professronal or personal tasks, enhance leammg, or have fun, The end user is not necessanly

- a computer expert and may nevcr need to become one, Most compames, for example, prefer

10 train their employees in the spectﬁc computer uses appltcable to their job and these

~ applications may never requlre the user to have much technical knowledge (p 12)
Hutchinson & Sawyer s ( 1996) defmttton refers to end users as people

. not usvally techmcally trained computer profcssmnals such as computer programmers or -
operators Rather, they are non-techmcally oriented people who gain some beneﬁt from usmg
computers in lhetr personal work or lives {p. 26).. '

While both definitions refer to training, Benjamm 5 def nition is specrf" icto
employmenl related tramtn g Thls type of tramlng has its focus on sktlls development
and is dependent upon spccrﬁc mdustry settings. Hutchmson & Sawyer s defi mtlon
on the other hand, refers to the genenc use of computers Therefore, Hutchmson &
Sawyer’s defi nltlon is “Ultable for thts study because thts study examlnes the:
influences of appltcatlon mterfaces training approaches and prior knowledge of non-
computi ng personnel in determmmg trammg outcomes '

Background Theory on EUC Trammg and Aspects of Learmng Relatmg
- to EUC Training .

Encompassed under the mvesttgatton of EUC have been a range of studtes,
such as those mvestl gatm g the desrgn of tratmng programs (Seln et al 1993), '
' guarantee for success (Davrs & Bostrom, 1993), speelt” C outcomes and the -
medsurement of thes_e outco_mes (Bostrom et_al._, -1990), how to classify end users' g
(Rockart -& Flannery, 1 983) Other studies have invcs'ti.gated tra'inin'g meteri als
(Carrol 1984 Carrol & Mazur 1986 OIfman & Bostrom, 1991 Olfman &
' Manduwalla, 1994). where the focus has been on the sequencin g, complexuy, levcl
of difficulty, content, mformatton cue_s_and the cognitive dem_and of these maten_als._ :
Further research hes been:' dire_cte_r_l atusers’ preferred leami'ng and cognitive st'yles
and the way they process ihfoonhti_ori'j(Bbstron:t et al., 1990; Sein & Bostrom', 1989_).
Yet others have studied 'management and controls in EUC inciuding costs, fetun on

investment, need for corporate participation, achievement of objectives and resolving’
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issues ansmg out of i mcornpetence (Filipczak & Picard, 1996 Frtzgerald & Cater
~ Steel, 1995; I-larp, 1995) '

An mmal exammalwn of prevrous studres 1nd1cates that itis posslble to ﬁt
EUC studies into one of the three broad categones based on the issues mvestrgated
and memloned 1n Chapter L, These three broad categtroes are (1) end users and thelr .
general problems with EUC trammg, (11) problems assoc1ated with trammg des: gn,
training approaches. outcome measurement and controls exercrsed durmg tramlng,
and (iii) the leammg and cognitive aSpects of information processmg assocratecl with -

end users,

As faras the general problems associated with end users are concered, EUC

- studies indicate that EUC trainlng suffers from weaknesses because of users’ relative
inexperience in making critical decisions when using applications (Barron, 1996;
Douglas & Moran, 1982); users’ inability to recall and ._use command.syntax |
(Borgman, 1986; Davis & Bostrom, 1993; Fitzgerald & Cater S_t'eel, ._1995; M'ic_hard,
1982); users’ difl"rculties in applying.software packages to speciﬁc'tasks (Bowman et

al., 1994 Carrol, 1984 Fnllpczak & Picard, 1996; Nelson et al., 1995); understandmg

how to classify users ‘based on their abrhty to perform a _]ub (Rockart & Flannery,

- 1983) and user’s inability in understandmg trammg materials because of techmcal :
complexity and confusion about how to recover from errors (Can'ol & Mazur, 1986;
Chaney & Wllls, 1995)

Studies that have examined user levels mdrcate thal relatrve inexperience often
prompts users to take mappropnate actlons when using applreattons (Carrol &
Mazur, 1986 Olfman &Mandwwalla, 1995) For example, mexpenenced users in"
spreadsheet applications may not be aware that when a column or row ina -
 spreadsheet is deleted by accident, the reference to another cell in the spreadsheet can

also disappear without waming and this can _ generate Erroneous data at a later p_omt.

_ Further, studies by Davis & Bostrom (1993) and Sein et al. (1993) have also

found that users are not alway.s capable of reca!ling and using eommanrl_syntax' and
_ highli ght the need to unde_rStand_user characteristics. These studies point_oul that

~ users prefer to see information in different forms such as images and text st:in.gs' and

hence ins&uction_s and training materials should reflect these differences. Other

studies (Mayer et al., 1995; Olfman & Bostrom, 1991) have also pointed out that the
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inherent complexities of applrcanons and associated trammg 1nstruct10ns result in

users not beln g able to recover from errors.

As far as the problems assocnated with trammg desn gn are concemed research

' mdlcates that EUC trainin g suffers from a lack of con31derat10n given to trammg
design (Carrol 1984; Cralg & Beck 1993 Fitzgerald & Cater Steel 1995), alack of
front-end analysns needed m establlshmg training needs which subsequently leads to

i mappropnate needs assessment (Mars1ck 1988; Nelson et al., 1995 Webster, 1996), _
improper use of tasks and complexlty of tasks (Carrol & Rosson, _1995 Crai g &

| Beck, 1993; Mayer, 198 1); problems with inappropriate evaluatlon methods (Barron

_ 1996; Black, 1993; Cheney et al., 1986); and the suitability of measurements used in

_ deterrnlnmg trammg outcomes (Brancheau & Wethe:be, 1990 Chrisman & Beccue

1990; Lee et al,, 1995), ' '

It can be inferred that these studies have examined sufficient aspects of
training'design to indicate that the area of training design in EUC needs m_bré work
and these studies have fennd that there is a need to develop a frontéend analysis to _
determine training needs accurately. This detennination would then e'stablish training |

" objectives. T he trainin g quec__t_ives would lead to training evaluation. In b'e.twe'en |
training objectives and ev'alilation, is_s_ue's relating to instructions, tasks, complexity of
tasks, how to sequence'these taslcs and how to deliver these tasks' Shbuld be |
considered. Finally, the producuon of tralnmg matenals should involve the
combination of acllVltleS mentioned. Thus, prior studtes have recogmzed the
1mportance of activities and have concluded that these actwltles influence trammg
outcomes. In other words, ‘tralmng demgn plays a major role i m determmmg trammg '
outcomes. '

~ While user problems and EUC training desi gn problems have been endorsed
by a number of studies in EUC (Fltzgerald & Cater Steel 1995; Gmmaraes & |
Igbaria, 1996; Holton" & Bailey, 1995), the problems assocnated with learnmg and
cognition have been identified only in certaln EUC studles (Davxs & Bostrom, 1993
Holton & Bailey, 1995; Mayer, 1981 Olfman & Mandvrwalla, 1995  Sefton, 1993
Seinetal., 1993) These studres hlghh ght the need to categonse end users based on’
their learning style prefercnces (Davis & Bostrom, 1_993), the need to unde_rstand how
end users process information as a result of their c'egnit'ive_tra_its (Mayer, 1981;

Olfman & Mandviwalla, .1.995.); the need t0 recognise cognitive traits in order to
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understand motwatlon, satisfaction and ease of use (Sein et aI 1993), and the
importance of leammg style preferences for information processmg sequences and the
development of assocnaled mental models to understand the software (I-Iolton &
Bailey, 1995) Information denved from mvestlgatmg aspects of Iearmng and
cogmtlon in EUC stud1es may be useful in the production of trammg tasks, tralmng
rnatenals, sequencmg of tasks and other aspects related to tralnlng desngn In addltlon _ i ._ |
general understandmg of how information is processed whnle accomphshmg tasks
would assist EUC tramlng in terms of structunng the trammg design. Hence the need '

to study learning style preferences

‘Overall, due to the fact that only few EUC studies have mvestlgated aspects of
learning and cognition, it appears that EUC r_esearch has not gwen_ full attention to
aspects ol learning and cognition. While certain studies _ha'\”re stressed the need to
study learning and cognition, the vast majority of research has failed to pay any
attention to these two aspects, Studies that have taken leaming and/or cognit'ion. into
account have emphasised the need for aceommodating user style prcferences and .their
influence on information processmg Evrdence can also be found of some studles that
have consndened cogmtwe aspects of mformatlon processmg to explain their outcomes

(See Davns & Bostrom (1993) fora dlscussmn on thlS)

There_fore, it can be inferred from a brief overview of the literature that fotur_e
research in EUC should also focus on the role of learning and cognition in deliverin g
efficiency and effectiveness outcomes where the effectiveness factor should capture
users’ ability to understand an_d correctly apply the information proyided during -
training when completing s'peciﬁ'c'tasks, whereas, the efﬁciency factor .should capture
users® ability to accomplish tasks in a given time span as a result of available skills or
knowledge. For instan'ce,' Sein & Bostrom (1989) argue for the proper analysis of |
- user characteristics such as individual leammg preferences, before commencement of
training, in order to construct attamable objectives that can lead to effectiveness and

efficiency.

Further, most prevnous studies such as Davis (1985) have focused on one type
-of end user, namely begmners However studles (Cotterman & Kumar, 1989
Davies et al., 1989) have mdlcated the need for categorising users based on thelr job
functions. Further, Some of the assumptions made in previous EUC studies were '

based on the training model of the 1960s where paper and pencil were used as tools _
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whereas the current classroom approach involved interaction with the mstructor. On
the other hand, when computers are used as a tool for learmng, the mtcractlon is with
the interfaces available in the appllcatlon. in addltlon to'the 1nstructor and the aspects B
of cornputer 1nterfaces and their usage assume 1mportance m current EUC studies.
Therefore, it can be assumed that the val ldlty of EUC tralmng research based on the

trammg models of 1960s is quest:onab]e in the current clrmate. :

While prevrous studies have prov:ded valuable mformatton on how to train
end users, little 1nformatlon is provrded on the combmed mﬂuences of rnterfaces,
training approaches, training materials and learning preferences. This has led to the
criticism that the outcomes reported by some prior studies are not concluswe because
of lack of detail. This has resulted in Barron (1996) stressmg the need for the
accurate identification and definition of training needs and scope for designin g

tramlng programs to achieve success.

Therefore, it appears that previous studies in EUC trarnmg have not addressed
in depth the form in which dtfferent levels of users recogmse information, how
mformatron is processed whrle completmg a task how techmcal mformatlon is
comprehended while trammg, and how the learmng is utilised after trammg While
studies such as Sein et al. (1993) and Olfman & Mandviwalla (1995) have highlighted
the need to investi gate the education domain to understand the leammg and cognitive
aspects of EUC tramm g, very little evrdence can be found to ascertain that research i in
this area has actually done so. Therefore there is a nieed to understand how end users -
use mterfaces while accompllshmg tasks, how the mterfar'es assrst users to complete a
gwen task how training materials can help users to understand and to remember '
various operatronal sequences and finally how ail these can be achreved in an efﬁment

and effective manner.

While a range of actwlttes are consrdered in EUC the scope of th1s Ltudy is
restncted to training outcomes ansmg from the use of training matenals onan.
application software by end users. This is bec_ause end users ‘learn by dorng _m the -

sense that software applications are mastemd by end users b'y actually_ performing

see Ruble & Stout (1993) questtonmg of the statistical slgmﬁcance of the Bostrom etal. (1990)
framework and Bohlen & Ferrat (1997) suggesting that the framework used by Davies etal. (1989) and
Davis & Bostrom (1993) were unrealtsttc with respect to their trammg methods. _

5 The concept ‘Ieam by domg has been bneﬂy introduced i in Chaptcr 1. Hutchinson’s deﬁnmon also
indicates this. _
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activities using them (Kirto'n, 1974). Hutchfnson & Sawyer’s definition provided |
earlier, mentions this as people who garn some beneﬁt from usmg computers” End
USETS typlcally undergo trammg to understand how to use computers and assocrated
software apphcatlons Trammg helps them to understand the commands and
operatrons of software applrcatlons and the mterfaces help them’ to mteract wrth
applrcatrons In other words, the mteractron between the apphcatron software and the
users is facllltated via the 1nterfaces avallable in the software Thrs combmatlon S
lnterfaces tralnmg and users knowledge, either acqulrcd through trammg or through
prior experience determine outcomes. The literature is further reviewed with this

scope in mind. -
Categories of End Users

Despite the growth of EUC, opinions_still diverge as to the eonstructs used to
describe categori_es of end users.  There are few :typologie:s a_vailable to eategonse end
users. McLean's (1979) classification is based-on user’s data processin g 'activ.ities;
Rockart & Flannery's (1983) typology 1dent1ﬁes end users based on the actwrty
sophtstlcatron Thts typology is based on the type of actw:ty, such as wordproeessmg, ;_
performed by users. Davis' (1985) typology 1denttﬁes users based on thetr usage -
sophlstlcatlon “This typology is based on reasons for the use of computer system i.e. _
for wordprocessmg purposes wrthout specific attentron pald to apphcattons Rward &
Huff's (1988) typotogy categonses users based on thelr applrcatlon sophrsncatlon
Cotterman & Kumar's (1989} typology categonses users. based on therr mteracuon )
with computer based information systerns in three di mensrons_resultmg in a user cube.‘
A brief discussion is 'prov.ided below to introduce these typologies. Once these '
typologtes are mtroduced the conslderatron of users in EUC trammg studtes is

dtscussed

McLean s Classnficatron

McLean s (1979) broader classrﬁcanon of end users, based on the mformatlon
provi ded, consrsted of four categones, data processmg professronals (DPP), data -
processing users (DPU), data processmg amateurs (DPA), non-data process1ng tramed' e
users (NTU), The Dpp wrote prograrnrrung code for others use DP Users were |
further dlvrded into DPA and NTU based on the programrmng code was used The
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DPA wrote programmrng code for their own use. NTU used programming code
wntten by others;’ Accordmg to Cotterman & Kumar (1989), McLean introduced the

_ concept of DP producers who produce mformatron for the purpose of 1nteract10n w1th |
the system The classrﬁcatlon ‘may not apply to the current chmate because end users o

now perform a vanety of funcuons such as wntrng macros avarlable in apphcatrons

Rockart and Flan_r'_re_rp’s typology
While McLean introduced the concept of user classification based on |
information produced by users, the categories developed by Rockart & Flannery -
(1983) appear to be the first attempt in defining end users based on their activities._-_ |
This categorisation defines six levels of end 'users. 'Non-pragramming_ end users
utilise icon or menu-based applications developed by others. Typic.ally. they use
application software in their normal daily activities. These end users_ are not
conversant with various'f_or'ms of dialogue and pseudo-programmin g lan guages such
as 3GLs or 4GLs. Command level end users can man_ip'_ulate available intonnation
with the help of non-procedural query languages The reference to non-procedural ' _
query languages is important as thls hi ghli ghts the Iack of dismpime followed by these :
users in terms of languages. These users use these query languages to produce '
reports. They may have functional knowledge of report generators, however, such
knowledge is generally limited, End user pragrammers are conversant with _
programmm g languages They develop applrcatrons for thelr own use or for other cnd
users’ use _The main drfference between end user programmers and 1nformatron o
.systems (IS) programmers is the concept of a structured team The end user _' o
'programmers develop applrcatrons without followrng the pnncrples of “developm g a
system” Most often these programmers develop ad-hoc systems and systems auditors _
may not audit these systems Funcnanat supporr end users develop applrcatrons in _
therr funcuonal area They drffer from end user programmers because of their - _
| knowledge in the domam area where they are workmg They are sophrstlcated in
their access to resources and are usually involved in decision makmg ‘They develop
applrcatrons to support the vanous functronal elements of therr domam area, o
. Infonnanon centre support end users are computmg professronals from the IS area
but are allocated to an end user support role "For example they may provrde trammg

to other users. Usually these end users are allocated to an adnumstratwe departrnent

26



to provide a range of support to users in that department Data processing
programmers use fourth generation languages to develop tools for other end users. .
They follow the tradltlonal development methodology and develop systems for other
users. However, while such systems are developed they wrlI employ fourth -
generation languages because the systems will be maintained later by the end user _
programmers The mamtenance component in a system s life Cycle forces thern to use

fourth generatxon languages Whlch are easy for others to understand

Davzs’ typolo gy
| Davrs (1985) typology is based on usage sophrstrcatron Thrs typology

categorises end users into three categories. -Indtrect users act as mtermed1anes to
applications developed by others. They have comprehensrve functional knowledge
but possess no apphcatron development techmques So, they act as human
“interfaces” in explamm g the problem while applications are developed. These users
have derived their knowledge by workin gin the domai_n area. Direct users use the
online and offline applications deveIOped by others. Thmugh thei.r usage they gain
comprehenslve knowledge of worlong versions of the applrcatrons in their workmg
domain, although they may not possess functional knowledge Autonomous users
develop appllcanons for thﬂrr personal use or for group use They act 1ndependently

in thelr development

Rivard & Huff’s typology -

The typology developed by Rlvard & Huff ( 1988) is based on appllcatlon B
sophrstrcatron in an orgamsatlonal setting. The three categones created 1nclude .
opportumty seekers, staff analysts and mrcro-IS department Opportumty seekers
develop applrcatrons usin g “macros and other tools avallable for their own use in an
applrcatlons environment. These users are fam111ar with software apphcatlon concepts
and they are able to perform * what if analysis” using applrcatlon_s such as
spreadsheets. However, these end users do not test their applicatio'ns an_d the

component modules developed by them may not be reliable, Staff analysts develop

® Functional knowledge refers to knowledge of system functions while conducting a task, This
knowledge involves knowledge of files for processing, control sequences, startup functions of specific
modules etc. On the other hand, working knowledge involves how a specific task is conducted
manually, for example how a financial report was generated using a spreadsheet software and how
computer reporis are processed for manual cross checking ete.
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modules to solve organisational problems using a techmque called prototypmg or
they provrde mformatlon to other users. Once the problem is solved, the modules are
| dlscarded or developed usmg formal development methodologles These users |
provrde documentatlon for others to use the apphcatron but in most cases, there.rs no

documentatlon generated as the module i 1s developed to solve a specrﬁc user prob]em

rather than an orgamsatronal problem Most often these users have hmrted access to S

'orgamsatlonal data. Mrcro—IS deparrmenr end users have extenswe computlng Skllls -
They develop apphcatlons for. others in‘their departments and hold specral posrtlons 1n'
their departments because of therr expertlse These users have a good level of access .

and control over the department s data and other resources.

Cotterman & Kumar’s User Cube

Cotterman & Kumar (1989) classified users based on therr 1nteractron w1th the
computer-based mformatron systems as a consumer or producer of mformatlon The
classification by Cotterman & Kumar (1989) produced a user cube wrth operatlon, K
development and control as three axes Operahon in the user cube mcluded systems
operatlons including initiation, termmatlon, momtormg and the executron of manual
tasks necessary for the operatrons ofa computer based mformatlon systems '
Development in the user cube refers to the performance of tasks during the systems
development process The development includes vanous phases of the systems
development such as requtrements, deslgn and 1mplementatlon Control in the cube
refers to the act1v1t1es needed to develop and operate the computer based mformatron

systems.

Cotterman & Kumar (1989) used a umt cube concept to map the end users
with other typologles found in the EUC llterature of their tlme For mstance, they
: mapped the 1nd1rect end users sof a Codasyl categonsatron wrth thelr cube concept at
node (0,0,0). Srmrlarly mappmg of end users from other classd‘ catlons such as

Mcl_ean could also be found in Cotterman &_l(_umar s (1989) user cube. _

Barker’s Classnficatmn :

Barker (1995) dlscussed end user classrﬂcatlon based on job ¢ charactenstrcs
such as expenenced meanmgfulness of work responsrblllt)r for work outcomes and

knowledge of work results. The charactenstlcs, accordmg to Barker (1995) anse from _
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five specific faetors of a job, namely, skill variety, task identity, task significance,
autonomy in the job and feedback about result from work efforts Skill vanety is the
degree to which the job requires different talents from users. Task identity is the
degree to whrch the _]Ob requires the comp]etron of a whole plece of work from start to -‘
finish. Task srgnrﬁcance refers to the degree to which the job has an 1mpact on others
"in the workplace or outsrde the organrsatron Autonomy is the degree of freedom
given to the user to exercrse control on the _|ob Feedback is the amount of
information the job provrdes abot.t work effectlveness Barker (1995) argues that
these ﬁye factors enable end users to experience hrgher degree of job outcomes |
including motivation and satisfaction. | | o

" A further loose classification can be extracted from EUC literature. This
classification is based on experience and includes basic end users, inteonediate end
users and advanced end users (Carrol & Maz_ur, l986)t_ Few studies in EUC have
referred to this categorisation {(Bostrom et al., 1990; Carro! & JMazur, 1986; Davis &
Bostrom, 1993; Sein et al., 1987). This classification is generally ascertained by
administering a reliable instrument to extract users’ level of ex.perience and prior
knowledge. Itis argued that users’ prior knowledge aids in understanding an
application and helps in developing a mental model. These studies further argue that
prior knowledge helps users to so]ve tasks in novel situations. However, it should be
noted that this classification of users has often been based on self-reported

information which means that the categorisation is not necessanly reliable.

- In generai, despite the availability of EUC classification typologies, there o
appears to be no uniform guidelines for the selection of subjects in EUC training
~ studies.. For .instance. Davis & Bostrom (1993) considered users who reported that
they had no knowledge of operating system commands and were selected on the basis
of having had little o no previous experience with personal computers. In the study
conducted by Barki et al, (1993), users were selected based on the fact that they had
had either hands-on experience with compu'ters.or had made use of some output
produced by a eomputer systemﬂ The: users ranged from managers to secretaries. The
study by Blili et al. (1998) considered users who were involved with EUC actrvrtres
These were non—programmmg end users, command level end users and programmers
who were categorized based on their computing utlilisation and hence the variety of -

end users,
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Olfman & Mandviwalla (1995) used students from a tertiary background for
~ his study They were enrolled in an 1nformatron systems course and all had prevrous
: cornputmg expenence, rangmg from some basic cornmands to sophrstrcated
programmrng The students self—reported their average computmg expenence
Marcolm etal; (1997) 1nvolved users who had coIlege trammg, held elther a techmcal - _'
or a professional posrtlon and used computers at least once a day These users were 'Z
drawn from the general operanons, accountlng, marketlng, human resources and

engmeermg sectlons of an orgamzatlon

_ Bohlen & Ferrat (1997) used tertlary students who had llttle or no prev:ous
expenence with word processmg software apphcatrons, which were the focus of the
expenment Bostrom etal's (1990) study involved tertlary students. These students
were first year introductory computmg students ina busmess course and had basrc

knowledge of an operatmg system (V AX), but were not hi ghly expenenced

_ ‘Brancheau & Wetherbe (1990) recru1ted users familiar W1th spreadsheet
concepts in their study. They 1ncluded managers supervrsors, techmcrans, '
professionals, clerks and secretanes in a num‘ ~ of organlzatrons in the US.
However, there is no ev1dence that these users tormed a homogeneous group in terms '.

of their qualtﬁcauons or expenence '

Sem etal. (1993) used students from the mtroductory computrng course of a

Busmess program for his study These students had acquired fundamental computmg o

concepts in thelr course but prior to enrolment they did not possess any computmg

expenence

- T herefore, whxle typologles to classrfy users exnst it appears that studles in :
EUC training have seldom consrdered these typologtes One reason appears to be that
these typologles are apphcable to orgamsatronal settmgs and not to study
measurement of training outcomes However that selection of users could
mcorporate some aspects of these typolog:es For instance, Rockart & Flannery's
non-programmmg end users are comparable to users in many EUC trammg studies.
But, desplte this acc1dental s1n‘ular1ty, some of the studies in EUC tralnmg have
. selected users based on their knowledge alone and have 1gnored the fact that
knowledge is dependent upon experience (Bohlen & Ferrat, 1997 Bostrom et al.,
1990; Sein et al 1993) While these studies have argued that prior knowledge (as a
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result of expenence) is essential in problem solvmg in novel situations, in respect of

the studies revrewed in the thesis, studres in EUC appear to have omitted to include

~ the expenence component whlle categonsm gend users. Ftnally, the users selected in-
EUC studres do not form a homogenous group and hence the results reported by these

_ 'studles were not always comparable This study will aim to allevnate this prob!em by

_ .properly classrfymg users based on both knowledge and expenence

_ Key Issues in EUC Trammg 3
~Inthe past decade, key issues in EUC tralnmg cemered on trammg and its

outcomes and studies have dealt with issues such as interfacq usage (Bostrom et al.,

1990; Davis & Bostrom,- 1993); training approaches (Carrol & Rosson, 1995; Olfman -~

&_Bostrom, 1991); learning styles (Davis & Bostrom, 1993; Sein et al., 1993);
motlvational aspects (Simon et al., 1996) and learning success (Nelson et al., 1995).
These'aspects include i'nvestigation such as the consiruction of training materials
(Olfman & Mandvrwalla 1995), the construction of tasks (Campbell, 1991);
sequencmg of tasks and rncorporatmg these tasks in dtfferent training approaches
(Mayer, 1981); motivational aspects such as why a specrt“ ic software application is
found to be easy (Carrol et al., 1987); control and management of training programs
(Fitzgerald & Cater Steel, 1995); and to some extent how information is processed in.

order to accomplish given tasks (Davis & B'ostrom, 1993); :

These studtes have measured tratmng outcomes in terms of number of

keystrokes used to complete agi ven task; percentage of errors; scores allocated to

: tasks, accuracy; time taken to complete given tasks; satlsfactton and ease of use.. Past '_
research in EUC tratnmg can therefore be classified into studies that have o
quantltatwely measured trammg outcomes where scoring schemes and/or
measurement of time components have been used and studies that have sub]ectwely
measured training outcomes where opmlon surveys have been used to extract user

_ opmlons These two types are referred to as quantltatlve measurement and sub]ectt ve

measurement in this thes:s

7 Studies reviewed prowded llmlled mfonnanon as to how the ¢ expertence component is consrdered
while considering subjects for training and expertment
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Quantitative measurement of training outcomes and problems assoclated wrth

this measurement in prevlous EUC studies

EUC studles that have measured tramlng outcomes quantltatlvely have
presented thelr results in terms of scores. accuracy, and errors (Barker. 1995 Olfman
& Mandvi walla, 1995) For mstance scores are tradntlonally measured in terms of
| keystrokes while usmg apphcatlon software packages {Davis' & Bostrom, 1993)
Accuracy is measured as a composrte total of keystrokes and the errors (Bohlen &
Ferrat 1997) : ' ' '
Score _ _

Various EUC studxes have used quantltatr ve measures of outcomes to evaluate
hands-on training exercnses For instance, training outcomes have been measured in |
terms of scores allocated to the various steps involved in completmg a set of hands-on
tasks based o the users’ understanding of training instructions (Davies et al., 1989).
Bostrom et al. ( 1990) expanded the study by Davies et al. to include the

: cha_racteristics of target system, training approaches and characteristics of trainees in
order to measure users’ interaction with the system. Scores were allocated for users’
success in a hands_-_on experiment conducted ina laboratory setting. A further similar
study is that of Davis & Bostrom (1993) which measu're'd the outcome of two '.types of
training (instruction and 'exploration) but 'omi tted the trainee charactcriStics included

‘in the Bostrom etal.’s study Davis retamed the nomber of tasks but modified the
larget system component to include an additional mterface dlrect manipulation to
reflect the operatmg system fi unctl ons at that tlme The operatm g system in use was |
based on either the Apple Macmtosh or the DOS. Use of the Apple Maemtosh system
is facrhtated by 1eons representm g the mterface However, not all functions are
represented by icons, so users need to type in commands usmg a keyboard entry and
hence the mclusmn of two types of mterfaee in the study Thus whlle Bostrom et al.
evaluated trai mng outcomes basecl on scores alone, Dav1s 1ncluded an accuracy

component whlch is di scussed later,

~ While Bostrom et al s (1990) study concluded that mterfaces play a cruc:al
role in determmmg trammg outcomes Davns & Bostrom (1993) reported that one
~ specific type of interface - direct mampulatron mterface - ylelded better performanc'e
for novice users. Addltlonally. Daws & Bostrom reported that tralnlng approaches -_

were not si gmﬁcant in deterrmmng trammg outcomes
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Sein et al. (1993) measured subjects’ understanding through interactions with
the system usmg software apphcatrons such as electronlc mail (ematl), _ _

_ wordprocessmg and spreadsheet under two tramln g types analoglcal and abstract
The analoglcal tralmn g represented the computer system in terms of another system |
and lhe abstract tralmng is the synthetlc representatlon of the computer system ‘For
mstance m the analoglcal trtunrng type a ﬁhng cablnet and its Operauons are used to
represent file operatlons such as move, trash and copy ina computmg envrronment
Both ana_loglcal and ab_stract systems help_to: develop mental models of the compute_r |

system.

Sein et al. reported integrated fin_din gs from five studies® measu_ring users’
knowledge of software. T'_he first study involved two sessions of training with an e-
mail application using training manuals followed by a hands-on cxperiment:to
measure user’s ability to manipulate email messages stored in the system and a
comprehension task to test users’ understanding of the system. Each user’s
interaction in the hands-on tasks was recorded using an online log. However, Sein et
al, felt that this study was not well organised and expanded it in order to generate.
more robust results This resulted in a second study conducted in the same year and
consrstmg of eleven training sessions where the earlier comprehensnon test was
modifi ed to mclude questions asking subjects to determine the system 8 response to a |

series of commands

The thlrd study con51sted of a ﬁnancral planmng software appllcatron and
' subjects were prov1ded wrth trammg to solve a practice task The maln dlfference in
- this study was the absence of tralmng matenals The software was demonstrated and
instructions were di splayed via examples usin ga overhead proyector ‘The
measurement 1nvolved a practrcal budget bulldm g exercnse recorded usi ng on-lme
logs, to assess correctness and completeness followed by a comprehensxon test.

thtle evrdence is avalIab]e regardmg the nature of the comprehensron questlons

| The fourth study consrsted of a Lotus 1 -2-3 apphcatron and 12 trammg
sessions were provrded to managerlal staff in order to develop users’ ablllty 1n

performlng hands-on tasks Users were then asked to develop a financial budget

¥ The five studies were reported i m one Joumal article but there is ltmtted mformatlon av. flable on Just
when each study was carried out. It is reported that results from one study were used to refine the next.
study and the term mlegrated findings of five studies’ is used by Sein etal. when dlscussmg this
research,
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using the spreadsheet application and the measurement of the training outcomes
involving the correct identification of variables, relationships between variables,
formulae and syntactic accuracy. A solution template 'was prepared for this purpose

and the users’ responses were matched with this template in order to'arriye at a score.

“Sein et al.’s last and fifth study involved measuring users’ ability to
understand the Apple Macintosh and DOS operating systems fdr which trainin g
materials and necessary instructions were supplied. The assessment consisted of
tasks that involved the manipulation of files and directories. This was followed by a
comprehension test which cohsistgd df four two-part problems. Part one 6f_ each
problem asked users to examine a series of commands and then supply the output that
would resuit from them and part two asked each user to explain each command in the
series. As in the previous cases, a solution template was developed to deterrﬁine

SCOres.

As a result of these five studi.es, Sein et al. reported that interfaces and
conceptual models play a determinant role in training outcomes. While user
interactions with the systém were not statistically significant in the integrated study,
Sein et al. noted that there is support for the role played by interfaces in determining
learning outcomes. He also found that direct mantpulation interfaces were superior to
command interfaces in terms of performance because of the more comprehensible

representation of the system provided by these interfaces.

Olfman & Bostrom (1991) measured training outcomes via a scoring scheme
which was based on hands-on tasks completed using pencil and paper’ to demonstrate
understanding of Lotus 1-2-3 Spreadsheet application software, The rationale for the
pencil-and-paper model was based on comments received when subjects expressed
their inability to complete the tasks using computers during a pilot study.
Understanding was measured in terms of language understanding and problem
understanding. The measurement of language understanding includes knowledge of
syntax and functions of the software which were measured using quiz scores. The

quiz consisted of short answer questions that were designed to test knowledge of

% This aspect is mentioned here to denote the ways in which hands-on tasks are handled in EUC studies.
However, this study will use a computer for this purpose, as discussed in the Research Methodology
chapter. : '
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software architecture, syntax and functions as covered in the training. The quiz had

no time limit,

Problem understanding involved measuring users’ knowledge of how to utilize
the software to solve a particular problem and was mea#urcd using taSk scores, Each
task consisted of one short problem designed to test simple mode) building in a |
spreadsheet environment which was szdved onto a floppy diskette. Olfman & Bostrom |
(1991) concluded that previous experience helped subjects to understand tasks better

and also resulted in better performance.

A second study conducted by Olfman & Mandviwalla (1994) examined the
training outcomes resulting from two different software training manuals using a
groupware software package. Olfman & Madviwalla measured subjects’
understanding of the software using wriltcn'questions and established that training
manuals should consist of task sequencing, appropriate choice of tasks and associated
text elaboration to properly introduce conceptual information in software training. .
Olfman & Mandviwalla (1994) found little to no support for the previously held belief
that rich conceptualisation and usage information would positively affect
understanding of software applications. While Olfman & Mandviwalla measured
subject's' understanding of the software using a scoring scheme, it appears that partial
credit was given for some answers. However, there was no explanation as to how this
partial credit was determined and hence appears to not be uniform. In other words,
when a subject could have scored a partial credit for an incomplete answer, there is no
guarantee that another subject would also have scored partial credit for a similar
answer. Scores were also reported in terms of percentages and this made it difficult to

follow how subjects’ were allocated with raw scores.

The trainin gloutcome measurement used in Bohlen & Ferrat (1997) research
consisted of test scores, practicum scores and assignment scores. Subjects included
110 voluntary tertiary students enrolled in an introductory computing course. A word
prbcessin g environment (WordPerfect 5.1) was simulated by another software
application in order to determine the accuracy of user actions in accomplishing tasks.-

Subjects were given training sessions to complete the tasks and the potential range of
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this score was measured by a special software program called the “Judd Test”'". The
study found that method of instruction (practicum or lecture) has an impact on

training outcomes.

Accuracy S
In addition to scores, EUC studies have used the notion of accuracy to

determine the success of training outcomes. A combination of score and errors
determined accuracy. For instance, in Carrol & Mazur's (1986) study, accuracy was |
measured in terms of errors committed in word processing tasks and the error
taxonomy included mechanical errors, manual errors, menu errors and typing errors.
Users' actions were compared using a solution template to compute the number of

CITOIS.

Bostrom et al.'s (1990) study, on the other hand, measured accuracy by
manually analysing the solution provided by users. Sein et al. (1993) in their
integrated study of five experiments measured accuracy by manually matching users’
actions with a solution template for correctness. Bohlen & Ferrat (1997) measured
training outcomes in terms of accuracy using the “Judd Test”, which simulated a word
processing environment. The Judd Test measures the accuracy of software skills

demonstrated by users while using a software application.

Many EUC studies have used a time component to measure training outcomes.
Two approaches — the self-reported survey and the automated computing log — have
been used. While the automated logs have been accepted as reliable, self-reported
surveys have Hbeen used as an altemnative when there was difficulty in implementing

automated logs.

In calculating the time taken by users to interact with the system, Bostrom et
al. (1990) used a computer log showing time recordings. Sein et al. (1993) useda
similar computer generated session log for certain tasks in a hands-on exercise task.

The subjects in Sein et al.’s study were asked to perform one task at a time so that this

19 Judd Test is a computer program to measure subject’s knowledge in using WordPerfect software
application. This program was designed based on the US federal guidelines in measuring
understanding of a given task.
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measurement could be isolated for each task, compared to the combined time noted by

Bostrom et al.

Davis & Bostrom (1993)"", on the other hand, asked subjects o notify them
when they had completed the hands-on exercise for which a maximum of 30 minutes
was allowed. While Davis & Bostrom did not place any restriction on the time limit
for individual tasks, Sein et al. limited these tasks to 3 minutes. Blili et al. (1998)
used a time component to assess user computer usage which was reported in number

of hours per day.

~Carrol & Mazur (1986) used a 20 minute limit for subjects to boot the system
using éystem diskettes, load application diskettes to perform tasks and to get to the
typing area and to recover from any errors while doing these tasks. This approach
facilitated to distinguish between the ‘system state’ and the ‘training state’. Carrol &
Mazur followed this approach in order to study only training related information and
not how users behaved while starting a system because this was not part of the
training provided by Carrol & Mazur. However, Carrol & Mazur considered the
influence of initi al preparedness on the experiment and mental state of subjects and
hence provided this 30 seconds limit to recover from any errors committed by users.
This exercise has led to an error taxonomy developed by Carrol & Mazur which |
included a list of the common errors committed by users and the amount of time to
recover from errors while starting a system in 2a DOS environment which was used for
the study. This error taxonomy was not found in other studies and appears to be

unique in end user studies.

Self-reported time was included as an outcome measure by Olfman &
Mandviwaila (1994), however, Olfman & Mandviwalla do menti.on the possibility of
inaccuracies because of manual errors in the reporting process, While using a -
computer to capture ‘time’ information, it is possible to accurately measure the time
because of the computer clock. However, when users report time, they may not be
precise and this may introduce inaccuracies in the reporting process. Further, if it is a
computer clock based time recording, it is possible to revise the log to ascertain the

accuracy, which is not possible in a self-reported time report. Nonetheless, Olfman &

"' Tt is worth noting that the hands-on tasks consisted of individual sub-tasks. While Davis measured
time for the total hands-on tasks, Sein et al. measured time for individual sub-tasks, '
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Mandviwalla used the method of self-reported time because it was the best alternative

available at that time for machine-based methods.

Bohlen & Ferrat (1997) used se]f—repo.rted time for assignments and.the Judd
test for pra'cticu'm tasks to obtain the time taken to complete tasks. -For example, |
subject’s recorded their working time to complete the five ta_Sks in the assignment on
a papcr form. The Judd Test was used to defermine the time taken to complete each

task for the practicum component in the study.

The training outcomes studied by Cronan & Douglas (1990) were expressed in
terms of users’ self-reported times. While Cronan & Douglas’s study provides little
information about the nature of tasks involved in the experiment, the study indicates
that the time component was applied to the development of applications rather than to
the time taken to complete a given task. In the proposed study, the time component
will be used to measure only given tasks and not the development activity because
development includes analysis, design, programming, testing and irﬁplcmentation as
end users are not usually involved in these traditional computer science development

cycle,

It can be seen from the above review that while some studies have used time
measurements on the total experiments {where individual tasks are not distinguished),
other studies ha_Vc used a time component with individual tasks clearly distinguished
within the experiment. Individual tasks have been distinguished in order to avoid
measurement of the time spent in switching from one task to another, so as to arrive at
a more accurate measure of time. Some studies have used both self-reported surveys
and automated lbgs for capturing the time component in the same experiment, One
study'has used a composite of minimum of strokes and time, to derive a measure of
efficiency, and, as such, two completely different factors have been integrated to
determine efficiency (Bohlen & Ferrat, 1997). This is not entirely desirable. For
instance, if somebody reports the sum of height and weight to represent an outcome of
a person’s characteristic, despite the acceptable mathematical operation, the result
would be meaningleés. -Bohlen & Ferrat’s study, for example has used a composite of
minimum keystrokes and time in measuring outcomes which is of questionable

reliability,
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Validity of quantitative measures used in previous studies

The quantitative outcome measurements outlined above include a range of
methods for EUC skiils assessment. However, the measurement schemes folldwed in
Davies et al. (1989), Bostrom et al. (1990) and Davis & Bostrom (1993) are flawed
for tWo reasons. First, the scores allocated to users’ work were open to subjectivity.
Thus, while these studies reveal that independent rcﬁewem assessed users’ work and
allocated scores they were not guided by a solution template. The second flaw was
in the allocation of partial scores. While the studies mention that the scores were
allocated partially, the circumstances for this are not fully described. Again, there is
some risk of subjectivity, Additionally, users were provided with instructions
developed in an ad-hoc fashion i.e., without any structured approach. For instance,
the instructions developed to perform similar tasks were not closely matched in these
studies. Thus, while Davis & Bostrom used instructions such as *“Select a file by
clicking on it once”, Bostrom et al. used different instructions for a similar task.
Additionally, the tasks varied in their complexity. These shdrlcomings have aiso been
identified by Ruble & Stout (1993).

While Sein et al, (1993) produced a solution template to evaluate users’
interaction with the system, they failed to control the experiments uniformly. For
instance, training manuals were provided for only certain components of the
experiment. While justiﬁcation'for' this approach was the use of the same subjects,
there was possibility of bias as subjects learn the software functions when moving
from one study to another. Another aspect is the use of online logs to avoid the
subjective bias introduced in the allocation of scores and the determination of errors.
It should also be noted that Sein et al. were careful in using an online log and not a
‘floppy diskette’ to track users’ interaction with the system as online logs record most
printable actions compared with w_riting to a diskette. Olfman & Mandviwalla (1994)

followed a similar approach by using an online log and called the log an “audit file”,

While Olfman & Mandviwalla's (1994) study included explicit tasks, the
scoring scheme for the quiz was problematic. O.lfman & Mandviwala assi gned 9.5
points for 9 questions and provided no details about the allocation of these points.
Additionally, the scoring was arbitrary with the allocation of scores across the six
basic tasks which were not clearly defined. Another problem was the allocation of

additional bonus points. The circumstances in which these were allocated are not
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given in the study. Further, the study mentions that the instructors assessed the tasks
for problem understanding giving an impression that there was no independent |
assessment, .. The same flaw was encountered in Bohlen & Ferrat (1997) study in
_te.rm.s of assignment scores. However, the use of a coniputer—based programlz Wbi.lld

have generated valid results for practicum scores in Bohlen & Ferrat’s study.

The studies. reviewed have a common pfoblem, that is, where training
outcomes were assessed without any valid assessment guidelines, subjectivity could
have been introduced. It seems that this sﬁbjectivity cornpdncnt has not been taken .'
into account. The failure to provide any guidelines could mean disparity in the
allocation of scores, introducing a general flaw in the scoring scheme. While it is not
possible to completely eliminate subjectivity, it is possible to minimise it.

Assessment scoring schemes and other measurement schemes by peers can do this. In
addition, there are guidelines available in instructional design on how evaluations can
be conducted in assessing skills and by following these guidelines, subjectivity can be

minimised.

12 This study will follow this approach of using a computer based tool in recording the operations
performed by subjects to determine scores and errors,
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Subjective measurement of training outcomes and problems assoclated with this

measurement in prevrous EUC studies

“BUC studies have measured training outcomes subjectively in terms of
attitudes and moti.vation for using a systern a'fter't'r'aining Wh'ile attitudes 'ﬁrovide an
oplmon mottvatlon prov1des reasons. for actlons based upon such an opmlon (Se:n et
al. 1999) For example, a user may have the atmude ‘I don't llke thls software
package the motlvatlon behmd such an attrtude may be the system is dlff" cultto
use’. Both attltude and motivation outcomes are tradmonally measured using an
opinion survey ora quesllonnaire For example, Bostrom et al. (1990) measured
‘users’ attltudes towards a system with a five point leert scale. Asa consequence,
Bostrom et al. suggested that positive attitudes enhanced understandmg and hence use
of the system, Barki et al. (1993) measured user atutudes using a questlonnalre that
consrsted of ‘yes’ or’ no type responses Olfman & Mandvnwalla (1994) used a
seven-pomt Likert scale to measure user attitudes towards a computer system
However. while measunng users’ altltudes. the mstruments extracted only general

opmlons about lhe system.

On th_e o_ther hand, EUC studies have considered motivation' in terms of ease
of use, satisfac_tion,_inv'o_lvernent and usefulness. _Instrumerits have 'rneaSured |
componenls of motivation, such as satisfaction. While measuring such motivational
aspects, users were 'aslted to fill in a survey form or a ques_tionnaire to _ex_._press their
opinions_x_uith respect' to a specific motivational item, such as satiSfaction._-_'as_ a result
of the training provided. Davis & Bostrom (1993) measured the perceived ease of
using a system with a five point Likert scale, with regard to'_the learning..of a specific
software package and to users’ expectations in terms of beco_ming skillful in its use.
Davis & Bostrom (1993) found that perceived ease 'o_f use is positively correlated with
training outcomes. Training outcomes have been measured via a motivational score
in Olfman & Mandviwalla's (1995) study, which consistzd of perceived usefulness,
ease of use and intention to use the software. While perceived usefulness and ease of
use consisted of fouf—question items on a seven-point L_ikert scale, intent_ion'was _

measured with two items on the seven-point Likert scale. The items were averaged in
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order to report a standardised score®, Olfman & Mandviwalla (1995) did not find
- any si gmﬁcant drfference in percerved usefulness before or after tralmng in usmg
spreadsheet software But ease of use and mtentlon were posrtwely correlated wrth

the use of software

End user mvolvement was deten'nmed by measurmg the degree of perccr ved
nsk, and the degree of pleasure mcurred m usmg the software by Barki et al, (1993)
with a questrormarre where users were asked to respond about their expected
partrcrpatron in information systems. Users answered yes or no rather than
respondmg to a Likert scale because they had either partrcrpated in an actwrty or not.
Barki et al (1993) found support for the hypothesrs that user mvolvement is posrtwely

correlated to motr vational aspects in usmg software applrcanons

Success was measured in terms of satlsfactron by Blili et al. (1998) because
they felt that it was difficult to measure success with existing instruments. While Blili
etal’s study provides det:alled informatiori about the type of statistical tests _
performed, the study combmed drfferent quesuons belonglng to the sarne construct in
order to estabhsh relrabrlrty -For mstance, while measurmg competence, usage
frequcney and usage duratron have been combmed This i is not desnrable as frequency

. and usage represent two drfferent unrts of measurement

- EUC training outcomes have also been evaluated usmg a questronnatre by

' Cronan & Douglas (1990).. These consrsted of questmrrs on usefulness and user
satrsfactron as a measure of success of trainin g While most of the other studres drd
not perform tests of valtdtty on questronnarres, Cronan & Douglas statrstrcally tested
questlonnarres before results were analysed Cronan & Douglas (1990) reported a-

posi trve correlatron between usefulness and satrsfactron

Valldlty ot' subjectwe measures used in prevrous studles

Desprte all these measures and procedures it appears that subjectrve
measurement of training outcomes lacks consrster_tcy in EUC s_tudles. For instance,
while certain studies have used yes/no type questions to measure usage, other studies

have used a frequency scale. Therefore, it can be concluded.that_whi_le EUC'st'udies‘

13 This appears to be 2 common practice in most of the studies. This study will also follow this -
approach. Thisis dtscussed in the Research Mclhodology chapl.er
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have subjectively measured training outcomes, some of the approaches taken to

measure these outcomes have not been unlforrn

| Further, certam studtes have statlstrcally valrdated the data obtamed from
users and others have not. Thls lack of vahdatron questtons the rehabrhty of the '

' questlonnatre 1tems and the 1nter-rela'10nsh1ps between questlons in the survey or.

| questlonnarre Therefore, there isa need to carefully consrder the way 1n whtch these .

survey or questronnalre rnstruments are developed and vahdated

_ In addrtlon to thrs, some studles have asked a range of questrons and have -
simply summed up user responses to arrive at an average Thls average has then been :
used in statlstlcal tests The method of averagtng dlfferent elements ina questlonnalre'

or survey does not provrde useful gu1dance in terms of what is belng measured

Training materlals and tasks

Tralmng matenals typlcally reflect tratmn g approaches and mstructtons are
provrded in order to leam gtven software appllcanons Training matenals in EUC
| have been orgamzed in terms of tasks that need to be accompllshed in order to _
understand applrcatron software packages These tasks are 1n turn provrded to users in
'the form of mstructlons EUC StlldJeS have dea]t with tasks m terms of task sequences_'-
and task complexrty Instructlons are dealt with in terms of text elaboratrons, tralmng

_ approaches and desi gn of i mstructxons

_ Trammg matenals in EUC studres have focused on practlcal tasks such as the '
acuvntres involved in usrng a word processor These studres have recogmsed the need _ "
to involve users and hence the tasks are targeted at gettmg hands-on expenence For
example, in the trarmng rnaterrals developed by Carrol et al. (1987) Ieammg
objectives were broken down mto a number of tasks and labeled for users to referto -
them qurckly Each task mcluded open-ended exercises to enabIe learners to plan and

carry out certam actrvrtres to address the learmn g Ob]CCtIVCS

3 Carol 8 study also recogmsed that users commrt errors whlle learnmg and
: therefore mcluded error recovery detarls o assrst users Carrol et al (1987) found that _
' commercral manuals (at that nme) drd not mclude error recovery Trammg materrals
have since been constructed m such a way that potentral EITorS are 1dent1ﬁed well 1n
X advance and mstructlons are glven to users to avord these errors, for example, when '_

" users are asked to check the avatlabxlrty of a fileina ﬂoppy diskette. Before such a
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check is conducted, users are 'reminded that the floppy diskette Should be available in
a specrﬁed dnve Thls has been done by properly coordmatm g system resources such -

as 1dent1fymg the correct hardware dnve for operatlons and then sequcncmg the tasks

Task complexlty lS also dealt w1th in EUC trammg matenals Malhotra (1982)
. has Studled the charactenstlcs of task complexlty and has 1dent1ﬁed it as an . .

| 1ndcpendent vanable whlch is affected by time pressure, mcreases in data . -
mformatlon overload and user uncertamty Payne (1976), Olshavsky (1979), and

' Corcoran (1986) support the hypothesns that task complexrty mcreases demands on
the users mformaaon processr ng ablhty and affects trammg outcomes. Mayer (1981)
has Justlﬁcd the 1mportance of task complcxlty by d1st1ngulsh1ng tasks into near-
 transfer tasks, Whlch need | j ust recalling information from short-term memory and far-
| transfer tasks, whlch need mformatlon accessed from both short- term memory and
long—terrn memory, and he subsequently establlshed their 1nfluence on information
processmg There is support for the argument that task itself aeeds to be clearly
det"mcd and there is a need to take into account the processes by wh1ch users
aSSlmllﬂtc information via tasks (McGulre, 1985) Tanner (1987) states that a

: descnptlon of the nature of the task and an understandlng of how its charactenstrcs _ |
influence cognmve strategles should be mcluded in any investigation of task :

complexrty

Wood (1986) developed a theoretlcal model of tasks and task complexlty This’
modcl dcscnbes three components of tasks: products (i.e. thc measurable results of
acts), acts (1 e, thc pattem of goal -directed behavnours), and mformatlon cues (i.e. the :
stlmuh that can be processed to make Judgments) Task complexlty, accordmg o
Wood, represents the relatlonshlp between task mputs and helps determme _
performance by the demands it places on the knowledge, skills, and resources of the
dec:sron-maker Wood's model of task complexity includes three types of complexlty _
component coordmatwe and dynamlc complexlty Component complexlty refers to
the number of distinct acts that need to be carried out and the number of information
cues presented Coordlnatlve complexlty descnbes the form and strcngth of the
relatlonshtps betwcen task inputs’ and 'octween 1nputs and, task products Dynamic
complexlty mcludes vanatlons ln these relatronshlps such as sudden change,

contmuous chan ge, and predrctable or unpredrctable chan ge



- Campbell's ( 1988) model of task complexlty relates directly to task attributes
whlch increase the mformatton load, drverslty, or rate of change. Campbell descnbes
“task attnbutes as ] multtple potenttal paths to desired outcomes, (ii) as multlple
desired outcomes to be attarned (111) as confhctlng mterdependence among paths to
_ multlple outcomes, and (w) as uncertain or probablllstrc links among paths and
outcomes Campbell (1991) further orgamsed these task attnbutes into three groups |
identified as "how to- get there" (path) tasks "wh:ch to choose“ (chorce) tasks, and -

predlctlon" Qudgment) tasks. Accordmg to this typology, complexrty is determmed
by the degree to thCh a task includes each attribute and by the total number of

attributes contamed in the task,

Both Wood's and Campbell‘s models are llmrted to the characteristics relevant
to what Markus & Zajonc (1985) descnbe as the tmmedl ate processing act, that is, the
cues or 1nformatxon taken into account whrle processm g and whlch may be consrdered
as the content of the mformatron—proeessmg task. In trammg, the effects of the
| surroundmg milien and prior knowledge play a significant rol_e in the declslon-making :

process.

Whlle task complexlty is charactensed as the number of attnbutes or
dtmensmns to be conmdered other charactenstrcs include number, uncertamty (or
ambi guity), conflrct and change Task has been investi gated m instructional theory in
terms of five charactensncs number. irrelevance, amb1 gulty, conflrct and change
'(chk & Carey, 1990 Edmonds etal., 1994) Number is the total amount of
mformatlon (e.g., cues) in the content component of the task or the number of
vanables (e g., family members) in the context of the task Trme pressure isa
specialized example of number where a decreased amount of time is avarlable to
make dCCISIOI'IS Irrelevance is information in the content of the task that is not
pertment to the decision making, or that dwerts attentlon away from the task at hand
Ambi gulty 1s lack of clarity, obscunty, unrellable evrdence 1ncomplete mfonnatlon, L
vagueness, or the pDSSlbl]lty of assi gmng multiple 1nterpretatxons or meanmgs to data,
Conflict is the mutual mterference of opposmg forces or information. Change is '.
_drfference fluctuation, or variation in form, quality or state Accordtng to Edmonds
et al ( 1994) task complexity plays a cruclal role in tralmng and trammg matenals
should contarn tasks which users can easily understand. A task that is well desi gned
would allow the smooth transmon of acqurred knowledge mto darly practrce
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Trammg matenals in Olfman & Mandvrwalla (1995) explore the relatronshlps
among components of skrll leamtng in software tramlng through three types of |
1nstructron sets', The first set con51sts of rich procedure based 1nstmctrons (referred o
. as nch-P manuals). This set contarn mstructrons to support procedure elaboratlons in
terms of tasks but contam sparse couceptual and usage elaboratlons The procedure
elaboratrons describe the procedures needed to perform an operatron in the software
environment. For instance, the descnptlon of a MOVE command is limited to
- procedures explammg how to move a number from onecellina spreadsheet to
another cell. The second set consrsts of procedures and concepts and is referred to as
rich P-C set. This set includes rich procedural and conceptual elaborations to
hlghhght how tasks are conducted a_nd the underlying concepts to facilitate
understanding but sparse usage elaborations In this manual, the MOVE command’s
concept in the environment is detailed along with the procedures. The thlrd set of
1nstructlons include procedural conceptual and usage instructions and called the P-C-
U. This set of 1nstructlons consists of rich procedural conceptual and usage
elaborations to demonstrate how tasks are handled the under ylng concepts and therr
usage in a given environment. The MOVE command and its variations are elaborated
in this lnstructlon set. The inclusion of rich procedure based manuals stem from
Reder et al (1986) who estabhshed that these procedures increased the 1n1t1a1 leammg
* of command-based operating system software as compared with the sparse |
elaboration. While Reder et al. did not separate conc_eptual and usage co_ncepts,ﬁ

Olfman & Mandviwalaa considered these in their study" '

‘Davis & Bostrom (1993) reported on two types of tratnlng approaches -
rnstructlon and exploratron The mstructron-onented approach consrsts trainin g
mstrucuons that are hi ghly programmed and allows users little dlgressmn from the
materials gn_ren {0 them. They mus_t follow the sequen_ces provided and are required
to deduct information from previous sequences in order to understand instructions,
Instructton material is feature focused because the trammg is provrded to understand

particular features of the product

Exploratlon tramm g materials, on the other hand, constst of instructions that

- follow an inductive approach where users leamn by tnal and error methods by

" In this case it is Lotus 1-2-3 spreadsheet 'e'nrironment. o
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explorm gthe product Hence, httle control is placed on the users and they can freely _
explore the product ina Way that is not possrble wrth task- based trammg These : '_
trammg materlals are orgarnsed based on the notlon that the sequence of leamm g is:

not 1mportant

Further studres have exammed the 1nfluences of two types of mstructrons ; - B |
featured in EUC tramlng process features and structural features (Black 1995; Carrol .
& Rosson 1995 Davrs & Bostrom, 1993). Process features descnbe the mechamsms_ :
by Wthh mdwrduals carry out leamm,gr 1nstructrons and structural features refer to the -

'organlsatton of trarmng mstructlons. h

Olfman & Mandwwallas (1994) study exammed the effectweness of trammg )
materlals in EUC tralnmg specrfically looklng at the envrronment in whtch tramlng rs -
offered and use of the system, based on the tramrng mstructlons prowded In this .
study, concept -based trarmng mstructrons and procedure—based trammg mstructIOns
were produced The concept based trammg emphastsed software syntax and
encompassed a set of mstructrons to descnbe and def" ine the functrons of objects. such
as rcons found in the appllcatron software. To mtroduce the concept-based tramm g
the tasks were sequenced using a task h1erarchy in order to move from ba31c tasks to
.comp!ex tasks. Procedure-based trammg, on the other hand focused on the -
connectron of h1 gh Ievel tasks and. actions encompassm gaset of mstructrons and
syntax ‘The procedure—based trammg provrded mstructlons to constmct complex

tasks from srmple tasks

Wlebe et al, (1993) dlscussed trammg matenals m terms of the sequence and
order of i mstructlons and the need for 1nstructrons to match tasks Wrebe et al.

' hrghhght three ma_lor aspects in any trammg materrals based on tasks, i e steps, key
pomts and comments, and argues that these help users to avord any potentral errors. .
Wrebe et al’s study emphaslsed the need to define the steps mvolved in accompllshmg. -
a task the need to eltmr nate user mterpretatlons. and the necessrty to easrly modify-
and update rnaten als In addrtron, the study explored the need for presentrng readable |

training matenals

Craig & Beck (1993) hrghllght the need to deﬁne learnmg objectrves before ' _
the producnon of training matenals and Nelson etal. (1995) also support this COncept .

Studres from the mstructtonal deslgn, sueh as Drck & Carey ( 1990), argue strongly
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for this"approach' as instructi onal designers should be able to specify what nieeds to be -
' measured once the. mstructlons have been glven to sub_|ects Dtck (1990) has provrded'_ |
a sequence of steps for desr gnmg mstructtons for short tratnmg programs whlch
begms with deft nmons of learmng objectwes and concludes wrth formattve and

'summatlve evaluatlons

The studres reported in thls sectlon have conmdered aspects of tramtn g
maten als for mstructlons to be 1mparted for leamm g purposes Whlle some studles
have Just focused on how to present mstructlons to perform a task, others have
concentrated on the type of trai ni ng approaches Some studres have also focused on
the features of trammg lnstructrons Whtle the tr‘nnmg materlals in EUC have -
predommantl y focused on mstructlons to handle tasks inan apphcatlon studtes m
1nstructronal dest gn have mvestl gated vanous aspects of tasks themselves Thrs _
investi gatton has mcluded task characteri stics such as eomplexr ty Therefore, to '_
prepare mstructlons for EUC trat nin g, in addi tlon to what is reported in EUC studtes,

one should also consider mstructlonal desrgn elements.

lndmdual dlfferences '

_ Whrle leammg, 1nd1v1duals react dlfferently For mstance some- 1nd1v1duals
leam qmckly and some others slowly Thrs 1s because of the 1nﬂuences of learmng
styles and assocrated cogmtlve styles on the process of learmng Whrle leammg
_ eonsrsts of othcr factors, it is beheved that these factors learnmg styles and
- cogmtwe styles - 1nfluence the way in. WhICh mdwrduals process gwen mformatron

in order to understand and hence leam Thrs rs dtscussed below

Learmng styles ' _ o \
Honey & Mumford (1992 p 1) deﬁnes leammg as follows '_

dn our view on'e l_'tas_feamed somethfrtg whcn 'et'n‘rer'or both of the following

descriptions appf ye

i. He knows sorncthmg he did not know earher. and can show n

ii. Heis able to do somethmg he was not able to do before

" The term lcamrng is tradmonally v1ewed as bemg medtated both socrally and -

cogmtwcly and in classroom setttngs (Sadler-Smlth 1996) where pedagogtcal
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practices and learners’ characteristics meet. The interaction between students and

teachers also 1nfluences learnm g outcomes

Typically leammg 1nvolves ﬁve major components leammg preference (Dunn'-
& Dunn 1989) leammg strategy (Emest 1995), learnlng style (Keefe & Monk
1986), cogmtwe strategy (Riding & Cheema, 1991) and cognmve style (Cuny,
| 1991).- Learning preferences are mdwiduals preferred modes of leammg and include
the type of teaehmg. surroundmgs, materials and the dellvery modes. Leammg
strategies réfer to the actions which enable an 1ndlv1duai to acquire the knowledge or
skills through lradrtlonal education or traimng module The di slmctive and habitval
manner with which one acquires knowledge is referred to as Leammg style, 1t '
involves individuals' attitudes to the learning process which are developed through a
combination of acquired knowledge and experience. This component deals with
preferred styles of leaming such as collaborative learning, type of interaction and
other styles of communication. In addition, the way in which information is
organised and processed reeults from Cognirive strategy. This_cognitive strategy .
refers to the way the human brain perceives information in various forms, allocates it
to various components in the brain such as short-term a_nd long-term mem_ory'.
modules, and executes tesks usin g.this information when stored on inemory r_nodules._
Cognitive style refers to influences which affect cognitive proceesi_n g such as focus of
attention, approaches to problems, developnient of conceptual. re.lationshipe, and. '

information processnng

The above five componenls differ in lerms of the degree to which each may be |
observed and descnbed Whlle leammg preferences are readily observed, other B
conslructs such as cognitive style may need some form of psychometnc test for

observation (Sadler—Smith '1996). A fundamentai feature is “mdivrdual dlfference
‘which consists of unique learning styles and eogmlive styles and whlch have been
identified as two important aspects for the accurate measurement of learning -
outdomes. | ' ' | ' -

During the process of leaming, individuals construct rneaning from what is
presented to them in a vanely of ways, Some people prefer to learn by active
experimentation, others prefer to leam by interpreting theoretlcal concepts and yet :

others learn by inductive reasoning. However it is genera_lly accepted that a learner
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uses all these styles in the process of learning (Ernest, 1995; Philips, 1995; Prawat,
1992) o o . -

B Entwnstle s (1979) work on learnmg styles is centred on levels of learnmg _
' reﬂected elther as surface or deep engagement wnth a task. These concepts are also
discussed by Ausubel & Robmson (1968)"° who 1dent1ﬁed two main types of
contrasts in leammg rote-meamngful learmng and passive-acti ve- learmng The rote o
learning i lS surface learning because leamers Just recall mformalxon from memory :
without understandmg why such information is used. On the other hand, meanin gful
learning is deep because leamers can connect 1nfonnatlon from vanous parts of
memory to create a meamngful context, Slmllarly. in passwe learnmg, leamers
process given mfon_natlon without really engaging in a task. In active learning,

Jearners engage themselves in the task and understand the context.

EntWhistle linked instructional preferences to informatioh processing and
developed a model of learmn g styles which consisted of four aspects: meaning
orientation, reproducmg orientation, achrevmg onentatlon and hol1st1c onentatlon He'
also developed an integrated concept of the learning process which links learner |
actions to specific leamning strategies. For example, a learner who is engaged in
: reproductiye learning will adopt a surfsce approach and will achieve a leaming'
outcome with surface level understandm g Entwhtstle s model was further refi ned to
incorporate learner onentatxon and specific styles of Iearnmg mto the learmng
interface. Biggs (1985) extended Entwhistle's work to develop a new measure of
lcarnm g incorporating the motivational elements underlymg learmng Curry (1987)

_ subsequentl y descnbed Bigg’s work as incorporating motlve-strategy dlmensmns

mvolvmg surface, deep and achlevm g onentatlons

Schmeck etal. (19‘77) proposed a theory of learnmg based upon the nouon of’
quallty m thmkmg Schmeck et al argued that quality of thlnkm g affects the
dlstlnctl veness, transferablhty and durabtllty of memories that result from the leammg
event. “This work was further developed to produce a style construct, which conmsted
of four subscales compnsmg synthesxs—analysns elaborative processmg, fact retention

~and study methods.

13 The work of Ausubel & Rabinson is discussed in a later chapter
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Curry ('1991) and Gri gerenko & Stemberg (1995) have both commented on .
the close srmllanty between thls model and the work of Entwistle (1979) in terms of -
style constructs. For mstance, it can be seen that the synthesw—analysns dllTlCIlS]Oﬂ I
similar to meanm g onentatlon m Entwhlstle 8 work Srmrlarly, fact retentton is - |

similar to the reproducm g onentatlon in Entwh1stle work

-Reinert (1976) study almed at 1dcnt1fymg an mdtvndual s natural penceptual '
- modality in learnmg The study conmsted of 50 onc-word items whlch were used to' .. _
* characterise a respondent s reaction on four possnble Tevels: (i) vnsualtzatton or |
crcatlon of a mental picture, (ii) alphabetlcal letters in written form (iii) sound, and
(iv) actwnty as an emottonal or physncal feelm g about the word The purpose of thls o
experlment was to provide teachers with information to ascertam a student's strcngths

or preferred learning stimuli.

Gregorc (1982) argued that an 'indivi'dual learns through' concrete experience o
and abstraction either randomly or sequentlally Gregorc 5 Style Delmeator is a self- _
reporting measure made up of 40 words whlch the respondent is asked to rank to

describe thelr self—perceptton as a thinker and leamer The measure indicates the

position an mdmdual occuples in the bl d1mensnonal channels of learmng preferences' o

for making sense of the world through the perceptlon and orderm g of i 1ncom1ng
information. The Sty]e Delineator 1den_t1fied fou_r types of leamers. i) concrete .
sequential learners who prefer direct, step'-by-step, orderly and sensory based '
Jearning; (ii) concrete random learners who rely upon trial and error, mtultlve and
.mdependent approaches to learmng, (111) abstract sequenttal learners who adopt an
analytlc, loglcal approach to leammg and prefer verbal instruction; and (iv) abstract
'~ random leamers who approach learmng holistically, v1sually and prefer to learn

1nformatton in an unstructured expenenttal way.

The Iearnin g style construct deﬁned by Keefe & Monk (1986) described 24 _
- key _e_leinents related to learning styles which are grouped together into three areas:
first, cognitivo skills, which e_mhrace information processing acti_vity;' second,
perceptual responses Which encompass perceptual responses to data; and third, study
and mstructlonal preferences which refer to motivational and environmental elements
of style. The construct and the ratlonale for the construct’s operatlonaltsatlon were
based upon the premlse that cogmnve skill development isa prereqursnte for effective _

learning. In this respect the approach was very much concerned with cogmttve skllls '-
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with a'def' nite ‘leaming to learn’ dimension. Keefe argued that if an indiuidual o
cannot process mformatlon effectwely, ineffective learnmg would take place, thereby o

" mlmmlsmg the effect of a posrtlve leammg envrronment

Kolb's (1976) learnmg style mventory (LSI) is the most wrdely uscd
instrument for 1dent1fy1ng leammg style preferences in the area of educatron (Bohlen '
& Ferrat 1997). In LS, learmng embodies a four—stage cycle 1nvolvrng four adaptrve
| learnmg modes concrete experrence, reﬂectwe observatron, abstract
conceptualrsatron and actlve experimentation. A learner is provrded wrth some
concrete expenence, whrch is followed by some reflectrve observation on that
cxpenence. Then the learner forms some abstract concepts (or theones) whlch are
tested through actlve experimentation. Kolb states that concrete expenence and
abstract conceptualisation form the opposue ends of a continuim of Ieammg and that
active experimentation and reflective observation form another continuum, Kolb |
asserts that Ieamer_s will have a preference for leamrng on each of the two contmua
or axes. Kolb’ s LSI ls designed_to “me_asure a learner 5 preference for leammg on’
each of these two continua and the learner is then placed mto one of the quadrants :

- Bach quadrant reﬂects apartrcular leammg style: convergent dlvergent assrrmlatron

and accommodatrve

_ Those with canvergenr learmng styles convergers, mclude those leamers that
prefer abstract conceptualrsatlon and active expenmentatlon The strengths of these
_ learners are 1n problem solvin; g, declsron-makmg and the practlcal apphcatron of _ :
_ 1deas They prefer dealmg with techmcal tasks and problems rather than social and
1nterpersonal issues. Those with dwergem learnm g styles, dlvergers, reflect those _
learners who have strengths opposrte to the convergers. They prefer concrete
expenence and reflective observanon ‘The greatest stnength of these learners is therr
| imaginative ability and thelr awareness of meamn gand values These leamers tend to
perforrn better in situations that caIl for the generatlon of alternatrve 1deas such as
“brainstorming’". Those with assrmdarron leammg styles, assimilators, prefer abstract '
conceptualisation _and reﬂect_lve observation, - Their strengths lie in inductive | ) |
reasoning and the ability to ereate theoretical models' They are rnore concerned with
ideas and abstract concepts It is more 1rnportant for them that the theory be logrcally
sound and precise, than for it to have practlcal applrcatron Those with o

' accommodarrve learmng styles accommodators, have the opposite strengths to o
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- assimilators. They respond to concrete experience and active experimentation. Their
strengths lie in doing things, in carrying out plans and tasks and getting involved in’ o
new experiences ' Accommodatt)rs tend to solve 'probl'ems.in” an intuitiye trial-and4' ..

_' error manner, relymg heavxly on other people for mformatron rather than on thelr own ._

| :analytrcal ablllty

Honey & Mumford (1986) modlﬁed Kolb's approach into a leammg cycle In . .
this model the leamners are classrﬁed accordmg to thelr strengths and weaknesses
rather than their preferences ‘The model suggests four contrastrng stages of a learmng :
cycle. They are activist, reﬂector, theonst and pragmatlst The model portrays R
activists as people who 1nvolve themselves in new experiences, tackhng problems by '
' brarns_tormmg and moving from one task to the next as the excrtement fades, The
activists would respond unfavourably'to a tutorial coaching situation; they would'
dislike the passrve element The activists welcome any novel expenence The -

learmng response of acthsts would be unllkely to be effectwe in ordmary s1tuat10ns

The reflectors are cautlous and thoughtful They would l.ke to consnder all _
pos51b1lmes before malong any decisions. Their acttons are based on observations _.
_and reﬂectlons Reflectors produce carefully cons1dered analyses They welcome '
~questions in response to their actnons, but like to have sufﬁcrent nottce to get |

'orgamsed Reﬂectors may not requlre a let of help beforehand

Theonsts are people who mtegrate their observatlons into logwal models C
- based on analysis and objectlvny They apprecrate the theory behmd action leamm g
Theonsts mlght feel that conditions are ambrguous, uncertam and drff“ cult to work
with.’ They respond wel] to coachm g that Tespects thelr mtellect ‘In novel sltuatlons,

: they perform well, even if unprepared

The pragmatrsts are pracncal people. These people llke to apply new 1deas -.
1mmed1ately They get 1mpat1ent with any over emphasrs on reflection. They would
happily participate in exchanging ideas with others and usually bul_ld on__ and i 1n_1prove
on what is being offered. Pragmatists would welcome opportun_ities and make |
effective use of them. They would be. unhappy if they were not consul_ted when ideas _

are conceived.

In summary, while many studies have provided useful in'fo'rmation on learning

styles, of particular note for EUC training was the learning style analysis by Keefe
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(1986) that included three components ~ references to information processing, -

references to data and references to mstructlonal preferences These three elements o

- play si gmﬁcant roles in determmm 8 the mfluence of apphcatton mterfaces on
training. Therefore it is possible to hypothesnse that dlfferent users w1ll have varymg 3
: preferences in leammg, and that this variation will have a bearmg on trammg -
outcomes. Hence it IS possnble to provrde new knowledge that is not currently
ava1lab1e in EUC ) ' o

It can be_ seen from the above studies that experieoee__and theory have been -
considered as two distinct dimensions. While Kolb’s LST is mentioned as the
dominant instrument, the applicability of this instrament is questioned by Ruble &
Stout (1993) with regard to EUC training in Bostrom et al.'s (1990) study in
particular. In response, Bostrom et al. have replied that while the sta.ti'stical validity
is questionable-, there is no doubt about the face valiclity (or what is generally known
as content validity) of Kolb’s instrument when apphed to short trammg programs
Honey and Mumfords's Learmng Cycle, on the other hand is widely used in EBurope
for the design of short training programs and overcomes the problem of statls_t:cal '

validity.

Cogmtwe styles

Miller (1991) and Riding (1994) define the term cognltwe style as a person’s
typical or habitual mode of problem solving, thinkin g, percewmg and remembenng
In general, a cognitive style is perceived as the way in which informationis
interpreted. Vernon (1963) provided an early critique of cognitive style, tracmg its
development from work carried out by German .Gestalt psycliologis.ts. Vemon |
explained that sobsequent work on style flowed from a considerable number of -
experiments devoted to studﬁn’g individual differettces in perc'ept_ion._

Riding (1991) proposed two dimensions of cognitive style: the .Wholist-l
Analytic and the Verba]i_ser-hna_ger. First, with a wholistic-analyticstyle, people
process irifortnation and either 't'ake the Whole t'iew or see thin gs in parts Wlth the |
verbaliser-imager style, people represent information or thinkin g elther in plctures or

in words.

Wrtkm & Goodenough (1988) focused their study initially on perceptron,
individuals identified differences when locatin gan upnght object i in space Witkin &
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Goodenough’s work reflected earlier research into perception carried over by the
Gestalt school of German psychology. Further experiments by Witkin &
Goodenough led to the discovery of field-independent and ﬁeld—dependcnt perceptual
styles through the discrimination of shapes (Witkin & Goodenough, 1988), and
involved a range of functions relating to psychological differentiation reported by
Kagan et al. (1964). Field independent children were found to have a greater
capacity than field dependent children for “active analysis” and perceptual
“differentiation”, They were inorg likely to prefer independent activity, to have self-
defined goals, to respond to intrinsic reinforcement and to prefer to structure or
restructure their own learning. They were also more likely to develop their own
learning strategies. Field-dependent children, on the other hand, were fouhd to have a
preference for leai-ning in groups. They interacted more frequently with peers or with
the teacher, needed higher levels of extrinsic reinforcement and direction, stated
performance goa.ls or established structure in an activity. Riding (1991) reports that
later cognitive studies have focused on field dependency and learning, as these studies

were based on “tasks”,

The Impulsivity-Reflectivity dimension was originally introduced by Kagan et
al. (1964) and is measured by the “Matching Familiar Figures Test” (MFFT). This
cognitive dimension was derived from earlier work investigating conceptual tempo, or
the rate at which an individual makes decisions under conditions of uncertainty.
Learners were divided into two grdups. The first were those who reached a decision
quickly after a brief review of options and were labelled “cognitively impulsive". The
second were those who would deliberate before making a respdnsc, carefully
considering all options, and were labeled “cognitively reflective”. Riding (1991,

1994) notes that this aspect of cognitive functioning relates to tasks involved in both

academic and non-academic learning.

Guildford (1967) proposed the Convergent-Divergent dimension of cognitive
style to explain the thinking and associated strategies required for problem solving., A
learner will follow either an open-ended exploratory or a closed-end focused approach
to problem solving. The problem is usually divided into small tasks. Hudson (1968)
further developed this theory and its implications for the process of teaching and

learning.
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Pask (1976) introduced a Holist-Serialist label to describe two competencies
which reflected an individual’s tendency to respond to a leamning task either with a
holist strategy, which is “hypothesis-led” or with a focused strategy whichis
characterised by a step-by-step process and is “data-led”. This work by Pask led to
the development of “conversational theory” which cmphasiscd the facility of the
learner to “teach-back” learned material (Clapp, 1993; Taylor, 1994; Van Der Molen,
1994).

Kirton (1976) argued that cognitive style relates to the preferred cognitive
strategies involved in personal response to change, creativity, problem solving and
decision-making. A second key assumption made by Kirton was that these strategies
are related to aspects of one’s personality that appear early in life and which are
particularly stable, such as cognitive style. The dimension developed by Kirton is
called Adaption-Innovation (A-I Theory), and is understood to exist early in an
individual's cognitive development and to be stable over both time and incident. The
adaptor, represents a preferéncc for doing things better, while the innovator represents
a tendency for doing things differently. Kirton developed an assessment instrument to
measure his adaptor-innovator continuum. This is called the Kirton Adaptor-
Innovator Inventory (KAI). It is a self-reporting inventory originally designed for
adults with work place and life experience. Kirton.also provided evidence to support
the reliability and validity of the instrument which is also corroborated by others such
as Jonassen & Grabowski (1993). The KAI produces a score which. Kirton claims,
represents an indi vidual's preferred cognitive style either as an adaptor or an

innovator.

Kaufmann's (1989) work stemmed from an interest in problem solving and
creativity. He identified two groups of problem-solvers: assimilators and explorers,
and extrapolated an A-E theory of cognitive style to apply to problem-solving
behaviour. Kaufmann’s Assimilator-Explorer (A-E) Inventory, contains a 32-item
forced choice self-reporting questionnaire, in which items describe dispositions
towards cognitive “novelty-seeking against familiarity-seeking”, Explorers reflected
a higher score on the bi-polar continuum. The A-E instrument was organised to
reflect three factors: novelty against structure seeking, high against low ideational

productivity and opposition against preference for structure. Martinsen (1994) has
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continued work in this area, specifically on the relationship between cognitive style,

insight and motivation in the process of problem solving,

The cognitive style index (CSI) developed by Allihson & Hayes (1996) is
aimed at the "... generic intuition-analysis dimension of cognitive style”, Allinson &
Hayes have argued'that this instrumnent is essential for the operationalisation of
cognitive style in a professional context. CSI has been designed to reséarch cognitive
style in management practices. It focuses on a dimension which reflects the duality of
human consciousness, that is, either intuitive or analytic. The CSI is a self-reporting
questionnaire. It is relatively short and produces a score that reflects an individual's
pos_iticm on an analytic-intuitive continuum, which the authors argue, reflects the
super-ordinate di mension of cognitive style. The construction of the questionnaire is
described in some detail by Allinson & Hayes (1996), in an attempt to identify a
unitary construct of cognitive style and to operationalise that same construct in the

professional context of business management.

It can be seen from the literature, therefore that the study of cognitive styles
involves investigating an individual’s habitual problem solving processes. One aspect
which emerges from this literature is the lack of consideration given to cognitive
styles in EUC studies. While some EUC studies have considered the impact of
different cognitive styles, they have often been criticised for the choice of instruments
to measure this impact (Ruble & Stout, 1993) and which have prompted conflicting
explanations in training outcomes. Bostrom et al. (1990) have sugge'sted considering
varying cognitive styles in EUC training in order to explain varying training
outcomes. Mayer (1981) support this concept by explaining the nature of information

processing and its relevance to tasks in training materials,

Another relevant aspect in EUC is how users see information. In computing,
users are introduced to information by the way of interfaces represented aé icons or
text strings and different cognitive styles will respond to images or text differently.
Further, different cognitive styles will see information either as a whole or as a set of
component parts. These “views” can influence information processing. So, when a
training framework is postulated, these aspects need to be considered very carefully.
This can only be done once individual learning preferences and cognitive styles have

been established.
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General Discussion on Interface Design

In modern desktop environments, users communicate with applications by
accessing elements such as menus, short-cut keys, dialogue boxes, forms and icons.
These access mechanisms, often called interfaces, play a crucial role in the way in

which users complete a given task (Tang, 2001).

Among studies on int.erfaces are there that concern the design of interfaces,
which includes, for example, the principles behind designing interfaces. Their main
purpose is to establish how the human brain understands the shapes and symbols used
to represent these interfaces and how this understanding is transformed and facilitated
during information proccssiﬁg. Details of these studies are mainly found in the area
of Human Computer Interaction (HCI). Interface design is broadly covered in this
thesis to provide an understanding of the development of ‘interfaces’ that are used by
end users. In the EUC domain, the focus has been on the usage of these interfac.es to
highlight how one particular type of interface is superior to another in a given setting.

This aspect is the main focus of this thesis with the setting being end user training.

The Nature of Interface Design

Interfaces are designed and developed for the purpose of interaction (Shih &
Goonetilleke, 1998). Interfaces, when designed effectively, generate positive feelings
of success, competence and clarity in the user and also create an environment in
which tasks are carried out almost effortlessly (Tang, 2001). There appears to be
three major stages of development in the area of interface desi gn. The first stage
focussed on design principles and studies prior to 1990 appear to have concentrated
on issues associated with design principles. The second stage of interface design,
between 1990 and 1998, appears to have focussed on multimedia capabilities. The
current development appears to be involving intelligent agents and how interfaces can
be bundled with intelligent software modules in order to perform user tasks. This
development appears to focus on web-based applications. With this scope in mind,

interface design is discussed in the following sections.

Interface desipn principles and considerations

There are five main interface desi gn considerations in the development of

interfaces (Gentner & Nielson, 1996; Shneiderman, 1982). These are consistency,
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provision for feedback, minimising error possibilities, providing error recovery and

accommodating multiple skills,

A consistent interface is one in which the conceptual model, functionality,
sequencing and hardware bindings are uniform and follow simple rules (Gentner &
Nielson, 1996). Consistency allows users to employ generalised knowledge about
one aspect of the interface when using other aspects. .Feedback is essential to
establish proper dialogue with users. Each user action needs .to be matched with
appropriate feedback (Neesham, 1990). In addition to this, when the interfaces
enable interaction with certain hardware devices, feedback should be given to indicate
the status of the hardware devices and the status of tasks being processed. Feedback
can be grouped into two categories: problem domain feedback and control domain
feedback. Problem domain feedback concerns the actual objects being manipulated
such as the object’s appearance, position and existence. Control domain feedback
concems the mechanisms for controlling the interfaces such as status, current and

default values.

Errors need to be minimised to realise other goals of interface design and to
avoid any side effects such as users committing further mistakes or applications
behaving unexpectedly (Shih & Goonetilleke, 1998). Side effects are results that the
user has not been led to expect and generally arise from poor interface design (Shih
& Alessi, 1994). Error recovery allows users to freely explore unlearned system
facilities without fear of failure (Shneiderman, 1982). Essentially this freedom is
provided to encourage exploratory learning. Recovery should also be provided for

errors committed by users while accessing operating system functions.

Multiple skill levels need to be accommodated when designing interface styles
in order to accommodate variods user levels (Lewis, 1998). New users feel
comfortable with menus, forms, and other dialogue styles that provide considerable
prompting. These prompts tell ihem what to do and facilitate learning, More
experienced users, however, place more value on speed of use. This requires function

keys and keyboard short cuts, which are also called accelerators.

Schiff (1980} argues that interface design should consider users’ fear of
making mistakes which leads to embarrassment or feelings of incapability. By

providing well-designed interfaces, mistakes can be prevented or at least minimised.
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According to Schiff (1980), this is an important interface design consideration.
Preece et al. (1994) suggested that interfaces are capable of providing rich instruction
to users while interﬂcting_ with input and output devices of a computer. Hence, they
are of the opinion that the term human computer dialogue should be extended to
incorporate the richness of potential instruction giving activity and hence the term
‘human computer interaction’ to include a wide range of and interface components of
different styles. Preece et al, (1994) discuss command entry interfaces, menus,

question and answer formats, form filling interfaces and natural language dialogues'®,

Benyon et al. (1999) state that users should be accounted for in interface
design because user’s conceptual model can be reinforced by using different interface
techniques. For example, Norman (1993) provides a discussion of one such technique
called metaphors, which is based on an analogy, and is constructed based on previous
knowledge, allowing users to transfer this knowledge to the interfaces. In another
interface designing technitjue, called ‘user driven interface’, the task is analysed and
then interfaces are built which mimic manual processes, such as the transferral of

paper-based processes to computer applications.

In EUC training, Bostrom et al, (1990) argue that successful interface design
should accommodate individual user differences. In other words, human diversity
needs to be considered. To'include thesc differences, interface designers should
understand the varied cognitive and perceptual abilities of users. The cognitive
aspects of information processing include shori-term niemory, long-term memory and
time perception. Riding (1997) argues that the ability to search and scan these
cognitive aspects is essential to be suceessful in understandin g and interpreting given
information. Ramsden (1979) highlights the necessity to understand and incorporate
personality differences'’ while discussing cognitive aspects, Personality is often
correlated with learning style. Hence, learning styles and learning preferences must

also be considered when interfaces are designed (Witkin & Goodenough, 1988).

Jonassen & Grabowski (1993) assert that users move from the beginning

stage to an expert stage. They investigated to find out how smooth this transition is.

1® These interface types are discussed later.

1" Unfortunately, there is no simple instrument available to measure user personality accurately
(Riding, 1997) and has therefore not been considered in this study.
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They recommend that interfaces be designed in order to accommodate different levels
of expertise. There is support for this argument from other studies (Camevale &
Camevale, 1994; Chaney & Wills, 1995; Mayer, 1981). '

Dix et al. (1998) state that when designing uaer.interfaces, it is important to
first decide the appropriate style to suit user task and characteristics. Johnson & :
Nemetz (1998), while discussing principles for the design and evaluation of
multimedia systems state that the while there is si gni.ﬂcant growth in multimedia
systems, the interface desi gn principles td address this growth hasn’t developed yet.
While discuSsing multimedia intcrfélce design principlé's, they state that the design
principles should address naturalness, media allocation, redundancy, exploration and

quality of information representation.

Key desipgn goals
Shih & Goonetilleke (1998), Shneiderman (1982) and Lewis (1998) state that

the key goals in interface design are increase in speed of learning, increase in speed of
use, reduction in error rate, encouragement of rapid recall of interface features, and an
increase in attractiveness to users. These five goals are measured using the time taken
to learn interfaces, speed of p_erform_ance of ﬁsing interfaces, rate of errors committed
by users while using interfaces, subjective satisfaction and retention of meaning of
interfaces over time (Laurel, 1990). In EUC studies, Davis (1985), Bostrom et al.
(1990) and Sein et al. (1993) mention that measurable objectives' need to be
established at the training design stage because of the role played by individual

differences'® in determining the role of interfaces in EUC training.

"The speed of learning concerns how long a new user takes to achieve a given
level of proficiency with a system. The speed is associated with time and sometimes
denoted as time to learn, The time to learn is affected if the interface is complex and
more time is taken to learn the interface and hence to complete a task. Subjective
satisfaction is the level of satisfaction with a particular interface and it appears that
when errors are minimised, users are satisfied with the system, Usually, this is

ascertained by interviews or written surveys that include satisfaction scales and space

'® While human factors encompass activities such as how information is presented, shape, size, position
etc, individual differences specifically define the cognitive aspccts of human activities.

'* The following paragraphs provide addition information on the five goals mentioned in the previous
paragraphs in the author’s own terms.
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for comments. Retention over time refers (o how well users maintain their knowledge
after a specified time bIock for inStance one hour, one day or one month. Retenlion is
closely linked to time lo leamn, frcqucncy of use and lhe cogmtwe aspects of '

lnformatlon processmg mcludmg retrieval.

Specd of ¢ use concems how long an expenenced user takes to perform some

_ spcmﬁc task within a system Usually usage is measured and denoted in terms of -
performance. Therefore, speed of perj"om:ame deals wnh the time takcn to complete:
a task comparcd to an ideal condition liwt has already been benchmarked Durmg
tasks, mlerfdces 1ntemcl with other syslcm resources, lherefore, mlernal _
commumcauon aspects are also studled whlle measurmg this aspect Thls is crmcal

whcn a person is to use thc syslem repealedly fora mgmf‘ cant amount of time.

The error rate measures the number of user errors per interaction. Rate of
errors refers o how many and what Kind of errors are made in 'czirryi_ng out the
benchmark set of tasks. Although time to make and correct errors might be
incorporated into the speed of performance, error making is a critical component of
systern usage. Interface designers consider that the communication aspects of
interfaces are not clear when errors are made. Further, this leads to frustration and, as
a result, motivation to use an interface dec'rea_lscs. This affects b_oth the speed of
leuming and the sbecd of use. If it is easy to make mistakes with the system then
learning takes longcr and speed of use is reduced because the user must correct any
mistakes. Rapid recall concerns how quickly users remember the interface functions
- when returning from an absence from using the system. Attractiveness of the

interface concerns dCSlhﬁlIC aspects such as how the mterface is presented to users.

From the ab_ovc, it-can be in_fcrred lhal the key interface design goals are
dcvclopéd for ‘inlcrface usagc‘ Prior to a discussion oh interface usage in EUC
studics, a discussion i is necessary o hlghllgh{ the types of interfaces used by end
users, ‘This is prov1dt.d below.

Varying interfuces design have led to the identification of types of interfaces.
They include metaphors, direct manipulation, Sce-and-poim, What You See Is What
You Get or WYSIWYG (Gentner & Nielson, 1996); menu interfaces (Shih' &

Goonetillcke, 1998); graphical USe__r interfuces or generally referred to as GUI (Lewis,
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1998); Windows, Icons, Menus and Prompts (WIMP), natu;_-al languagc dialogue
(Niclsen, 1990). These types of interfaces are referred as graphical user interfaces
(Ni ecsh.:m, 1990). Recent devclopmenl in mterface types mcludes ‘intelligent -

mlerf aces’.

_ Non-graphlcal user lnlcrfaces are usually command-stnngs enlﬂrerl usmg
edllors These are also termed command -type. These lnterfaces were in use pnor to
the mlroducllon of Wmdows Operalmg Systems (CamJl et al., 1987) Whlle the
tradmonal interface style in carlier systcms is bascd on command languagc, thcrc are
‘problems dssocmled with this type (Davns & Boslrom, 1993) For 1nstance, learmng_
time is a major liability and ervors are more likely due to mcorrect lypmg or recallmg. '
However, command languages can accommodate large sclectlon_ sets, and are easy to

extend. They are fast for experienced users and for users who can type.

Melaphors arcll'Jsed to convey vérbal instructions usin g an ahﬁlogy (Gentner |
& Nielson, 1996). One of the popular examples of the melaphbrs is the M_é.cintosh’
rcpresenl'ali on of trash can on desklop to denote any unwantcd conllp'uler documents
can be dropped on to this trash can in order to be trashed. It may not be possn ible to
provide analogy to all user suuatlons and lhlS is conmdercd to bc a weakness of the .

' metaphor interface type (Gentner & Nielson, 1996).

A direct manipulation interface is one in which the objects, attributes or
relations are represented visually. Operalions are invoked by actions pei'fonned on
the visual representations, typically. by using a mouse. That is, commands arenot
invoked explicitly by such traditional means as menu selection or keyboardmg but are.
implicit in the action on the visual rcpresentanon This reprcsentauon may bea texl
string, name of an object or an icon. Dlrccl mampulatlon is somehmcs prescnted as
 being the best user interface style (Shnelderm.m 1982). It is qullc powerful and casy

to learn.

‘The see-and-point interf.xce type facilitates users to interact with the cor'n'puler"

by pointing at the objecls they can see on the screen (Gentner & Nlelson, 1996). ‘The

_ mterface types use hard devices such as mousc to fulfil user actions. User commands

are accomplished by using m_ousc buttons by fac_llualmg an expx_‘essn ive language. The
real expressive power of the interface language comes into effect by the formalii:jn of

structure of the ‘pointing’ conditions. For example, in Microsoft Word applications,
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the ‘pointer’ changes direction or shape indicating the functions that can be
accomplished. | | ' _

WYSIWYG is fundamental to interactive graphics (Shneiderman, 1982). The
reprcsentatlon with whlch the user interacts in a WYSIWYG interface is essennally |
the same as the 1mage ultlmately created by the apphcatlons. Most current

| applxcallons consrst of WYSIWYG mlerface features (Nielsen, 1990). One of the _

main advanlages of WYSIWYG mterfaces is that there is no need for the users to

translale their mental | 1magcs into lhe appilcanon s functlons. For cxample inanon- . .

o WYSIW YG system. users have to write certain control codes to translate thelr mental.

lmagcs, for example when makmg a selected text bold The influence of the control _
code is not visible until the cod_c is processed. WYSIWYG interfaces, on the other

hand, show the influence of an action as soon as it is performed.

Menu interfaces pi'ovide the op'_tion_of grouping command sets in a
hierarchical order either vertically or horizontally. Menus pro'vide text-strings and
hence facilitate easier understanding of commands. Due this reason, meﬁus are
considered to reduce the load placed on memory iﬁ recalling the meaning of the

interfuce type. This interface type discussed in detail later.

Windows, Icons, Menus and Prompls (WIMP) interface styles facilitate
interface design by combining different types of interface techniques. Advantages of -

this type include reduced memory load and increased ease of use (Nielsen, 1990).

Natural fanguage interface style is often proposed as the ultimate objective for
interaction (Nielsen, 1990). The rationale behind such an argument is that if
computers can understand our commands, typed or spoken in everyday language, then
everyone will be able to use them. It is time consuming to trgin computér sysienis 10
understand one's voice. in addition, it is very difficult to package a command ina
natural lan guage that a t_:dni puter system can understand as the command can be
expressed in many forms. These may lead to poor performance by computers and

frustration at the users’ end.

One example of a natural language mlerface is the Question Answer dlalogue
mlerf ace style. But, invariably the user responses are constrained by a set of ex pected
answers. In many cases, a dialogue box may provnde the range of expccted answers

and this can reduce errors. One major problem with this interface style is that it is



difficult for the users to go back and carrect errors as thls mvolves sequentral

o backtrackrng

Another form of 1nterface, called the mtellr gent 1nterface is defined by
Eberts (1994) as the 1nterfaces that utrlrse knowledge bases Eberts provrdes an early
'example of this mterface used by refemng to the MYCIN progam of Shortlrffe
_ (1984), whrch enabled users to questron an expert system as to how a specrﬁc
.' diagnosis was made. Heﬂey & Murray s (1993) suggestron that the agent based
interaction can be used to delegate specific tasks for the user can be 1nterpreted asa
reference to the development of lntelllgent 1nterface The comment made by Maes e
(1994) that the agent is not necessarily an mterface between the computer and the user |
is notewonhy because the agent assist users by hiding complexrty of a task performed '
by the user. It is the agent software that monitors events and procedures rather than
the user, Traditional interfaces, while accomplrs_hmg user tasks, do_ not address these

complexities.

Icons v

Icons and menus are generally available in end user applications and hence are
the focus of this study. The distinction between other interfaces, such as di alogue
boxes, and menus and icons, is that the former extracts us.er preferences before -
accomplishing tasks whereas menus and icons usually accomplish tasks on the click
of the mouse button. Further, menus and icons also represent a command set in the |
form of visual representations. In end user applications, both icons and menus
represent certain actions, for example such as ‘save’, and hence itis possrble to

establish the impact of these mterfaces on trainin g outcomes

~ Anicon is a pictorial representalion of an object, an action, a property or some
other concept (Gentner & Nielson, 1996) Interface desr gners often have the chorce
of usmg icons or words to represent such concepts. Icons satisfy three major goals
- recogmuon, remembenng and discrimination (Dix et al., 1998) Icons that represent
objects can be designed easi ly but i icons can also represent actions. One icon desrgn
strategy is to include the status of an object before and after execution (Dix et al., _
1998). Arbitrary icons are difficult to recognise. Further, it has been proven that

icons may either be poorly used or not used at all (Goonetilleke et al., 2001), -
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Icons come under the category of direct mampulatlon interfaces. Due to the
pictorial representatton of icons, the term direct manipulation graphical mterfaces
(DMGI) is also found to represent icons (Fumas, 1991). Bevan (2001) reports that
- studies also have grouped i icon mterfaces into object icons, pomter icons, control - |
icons, tool icons and action icons. Bevan (2001) refers to the ISO/IEC 11581 stand_ard
specification for these i_c_ons and 'prorid_es a .lis.t of uaﬁous shapes an_d reprcsentation_s_
of these icons. For instance, Beuan states that there are about 20'icon's in the 1SO/IEC
11581 standards spectﬁcatton for object icons and n‘:fers to their functional aspects In
addttton to these commonly used mterfaces, Bevan also mentrons that the ISO

standard specifies multimedia control and navi gatron icons, media selection and
combination icons and domain specific multimedia intcrfac_es_ -

Icons provide visibility of the objcct ot‘ interest, rapid, reversible, incremental
actions, and replace complex actions by simplc_object of interest (Eberts, 1994). '
_Well-designed icons can provide enthusiasm and elicit enjoyment fronttheir users,
According to Shneiderman (1982) this is due to the factors such as ease of learning by
novrces. rapld usage by experienced users, retentlon of Operatronal concepts by users,
provisions to 1mmedtatcly notify users of thelr action and confidence and mastery
gained by users because the action initi ated provides immediate response in addttron
to predicted system response. However, one major problem with icons is that not sll _
tasks can be descnbed by comrete ob_]ects and not all actions can be perfonned |
directly (E'berts, 1994)

Menus are used wndely in both graphlc and non-gmphtc applrcattons Tang
(2001) prov:des a thorough anal y31s of menu mterfaces and lists the following |

charactenstlcs

®  Menu interfaces usually provide a list of options of commands in a hierarchical
manner and these commands can be accesszd either by pointing (and then

clicking) the mouse pomter or by using the associated short-cut kcy (tf avatlabic)

"o Menus can be pull- down pop-up or cascadin g These 0peratlona] styles provide

menus the visual momentum.

¢ Menus reduce the burden placed on the user memory because tekt_strings are not

cryptic and based on English like languages. As the text-strings readily provid'e'
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the meaning of the command menus reduce memory load in recalling the

meanrng of the text-stnngs.

. _Menus are also categOnsed in terms of 1tems ot‘ 1mportance to facllrtate easy
navi gation by users. This categonsatron helps users to quickly navigate certam

- components of the menu structure and identify the command set that they need

e Menus provrde wrder usage optrons than command entry by prowdmg text-stnngs -_

that can be pomted and clrcked usin g a mouse and by provrdmg short-cut keys

_ The fundamental advantage of menus is that the user can work with what is
called recogmtlon memory, where vrsual images are assocrated with already famlhar
words and | meanln gs (Shih- & Goonetrlleke 1998). This | is chfferent from recall
memory where the user must recall a command or concept in order to enter
information (Mayer, 1981), Menus reduce the memory load for users, and hence are |
especially attractive to novices as they allow c.urrent selections to be indicated _
visually (Shlh & Alessi, 1994), However, menus must be hmr ted as to the number of

altematlves for selection because of screen size (Gentner & Nlelsom 1996)

In summary, the desr gn of interfaces deals with the prmcrples underlymg
interaction with appllcatlons It addresses i issues of speed and : accuracy aimingat
greater speed and fewer errors during such interactions. In addruon to these, studle's |
have prov:ded measurable objectives i in order to establlsh supenor interface desrgn
Interface design also plays a crucial role i 1n the formatlon of conceptual models of

applrcatrons

 Interface Usage in EUC Studies

| The usage of mterfaces in EUC tra'.nmg is detemnned by the charactenstrcs of
this envrronment This mcludcs giving consrderatlons to the users the system they
are lrkely to be usin g, the ease with which they are able to leamn new apphcatron
software, and so on. To take the above into account it appears that two major types of
interfaces are popular in the ECU domarn They are command-based and drrect B

mampulatlon (Davrs & Bostrom, 1993)

Command-based interfaces use a conversatronal metaphor to facrhtate users :
to enter and read Engllsh hke commands (Davrs & Bostrom, 1993) DOS based

systems and Unix-based systems are examples of command based mterfaces The:
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computer system understands a command by matching it with a list of available
commands When an error is committed, the computer interacts with the user by . |
statrng the natire of the error The user must then rectlfy the error and re-enter the
command Once the right command i is prov1ded the system will execute the '
command Commands can either be unary such as stup" or bmary such as "find

file” or prowded w1th a set of parameters such as “find file a*, com" where “a*.com”
isa parameter mstructmg the computer to fi nd all ﬁles starting wrth the character “a”

and with extensron “com” ﬁle extensron

_ Dlrect mampulatlon mterfaces (DMI) allow users to pomt and clickon
symbols. The graphtc symbols such as GUI represent a speclﬁc type of command
that i is actwated under certain predeﬁned condmons For example to save an actwe
file the user may chck ona symbol in the fonn of a floppy disk on the toolbar The
symbol 1nd1cates that the active file will be stored ina speclﬁed locatton The click
action would then be interpreted by the computer as havmg to perform a set of actions

based on the glven conditions.

Another form of DMI the.menu based interface, requires users to select a.
command from a set of text string optlons packaged into a list. The list is usually
presentcd in the form of a pull- down menu, where the selectron is actt vated either by
the mouse or by pressmg a short-cut key. This action then opens further menu optrons
through Wthh users can navngate The mouse provndes random selection of menu
choices while the keyboard arrows navi gation through menu items one by one.
Thcrefore these 1nterface types present a model of the computer system (Davrs &
Bostrom, 1993) _ _

Accdrding to Dacis & Bostrom (1993), EUC studies have compared the DMI .
with command based mterfaces m order to estabhsh the superiority of these mterfaces _
in terms of theu' ease of learnin g, performance or 1mpact on user perceptton of
computer systems Davrs cites Chm (1984), Fryer ( 1991) and Walkenbach (1992)
and states that dtrect mampulatton mterfaces (DMD are more effectlve 1n terms of -
learmng outcomes. He also cites Carrol & Mazur (1986) and Dumars & Jones
(1985) to state that interface show no beneﬁt in leamm g. It should be noted that the
studies (cnted by Daws) have been crmmsed for their lack of theory (Hutchms etal.,
1986) and asa result their fi ndtngs tend to be unclear and contradlctory Whlle these

68



studies provide useful information regarding the relative effects of DMI versus

command-based interfaces, they offer little justification for their results.

Sein et al. (1999) argues that interfaces play a crucial role in determining
performance outcomes. This argument arises perhaps from Shneiderman's (1982)
view that the knowlcdge content of a software applicalion consists of the syntax and
semantics of the commands used in its application. According to Sein et al. (1999)
without knowledge of the commands available in an application, users caﬁnot recover
from errors or traﬁsfer their knowledge from one System to another. Thus EUC

training frequently focuses on command-based knowledge.

Bostrom et al. (1990) stu.dy treated interfaces in terms of mapping via usage.
He asserts that a novice forms a mental model of the system in three different ways —
mapping via usage, .mappin g via anélogy and mapping via training. Following the
mapping via usage path, application interfaces play a crucial role in developing an

accurate mental model by providing the intemnal representation of the system.

This approach is supported by other studies (Davis & Bostrom, 1993; Olfman
& Mandviwalla, 1994; Sein et al., 1993) which argue that the interfaces are
representative of the system itself. It appears that interfaces can provide a model of a
computer system by presenting a manipulable equivalent of the conceptual model, as
in icon-based direct manipulation systems, or by presenting an implicit model through

the functions provided by a command based language or menu system,

Sein et al. (1993) provide details of a link between visualisation ability and the
use of computer interfaces which stems from (Gomez et al., 1986). Studies of line-
based text editors (Gomez et al., 1986) and hierarchical file systems (Sein &
Bostrom, 1989) indicate that novice hscrs with high visualisation ability perform
significantly better than those with low ability. Thus, with gfaphic interfaces such as
icons, these users should be better equipped to deal with the cognitive demands of
these systems. Gomez et al. (1986) modified the appearance of various interfaces to
examine under what conditions users with high visualization ability performed better
in transforming mental images of a system. They replaced certain text comimands
with visual interfaces and reported that the modification resulted in significant
performance improvements for that population, i.e. the cnes with high visualization

ability.
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Similarly, in non-computer domains, it has been reported that subjects
. provided with high visual aids recalled their neighbourhood better than those subjects
with low visual aids. These high visual aids also enhanced accuracy in carrying out

specific tasks.

Sein et al. (1993) conclude that interface studies suggest two things. Firstly,
there is a close relationship between the representation of the system or application by |
| the computer interfaces and the demands placed on the users to form their own
internal representations of the state of the system. In the absence of an explicit
interface representation, users must rely on their abilities to internally visualise the
dynamics of system functioning and the resulting system states, Individuals who have
been provided with strong visual interface tools therefore perform better than those
who have not, Secondly, interfaces can be modified to increase the users’
understanding and performance, either by making the representation more explicit or

by presenting it in a form that is more familiar.

In summary, while the development in the interface design has grown in the
past decade to include multimedia interfaces and intelligent interfaces, only few EUC
studies have included how these interfaces are used in accomplishing given tasks.
While these previous studies in EUC have measured the utilisation of interfaces and
associated details, most of them have failed to explain why such outcomes were
realised in their research environment, Simon et al. (1996) attributed the variation in
- EUC results to the failure of proper theoretical underpinnings. The research
presented in this thesis aims to provide a theoretical foundation for explaining

outcomes in terms of interfaces and their influences on EUC training.

Studies that have investigated the management aspects of training

Prior studies in EUC have investigated various management aspects of
lraining.. For instance, Filipczak' et al. (1996) highlighted the importance of
inanagement controls in end user training. They report that about US$7,500 is spent
on support costs (in Government organisations) per end user per year on average and
that this cost is not measured or managed in many organisations. This high cost has

placed training managers under pressure and these managers constantly seek ways to
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reduce cost and improve performance. One such way is to offer training programs

that are efficient and effective in order to justify the training investment.

Another trend reported by Black (1995) was the option of outsourcing some
trainin g functions. Black asserts that while larger organisations might outsource their
generic training functions, specific training would still be conducted by the
organisation. The rationale behind this approach is not one of cost saving, but to
ensure that the right type of training is provided to employees. Organisations are keen

to provide the right type of training to increase the productivity of their employees.

A study conducted by Guimaraes & Igbaria (1996) assessed user-computing
effectiveness in terms of a number of factors such as systcm. utilisation, job
effectiveness, attitudes, support given to end users, anxiety and experience. The
purpose of the study was to explore how these factors influence the management of
EUC. The study concluded that support given to end-users by management is critical
to the success of EUC. The study established that management support. and control

play a vital role in EUC.

Nelson et al. (1995) investigated the relationship between users, tasks and
organisational elements with respect to EUC training. They developed a nine-cell
matrix to explore the linkages between these three elements. The study, which was
conducted in a single large organization, concluded that there was a need for a
coherent strategy to link these three elements in order to achieve success in EUC

training. The role of management in defining these links is highlighted by Nelson.

Moad {1995), while evaluating the benefits of training investment, stresses the
need to involve users in the development of training goals and courses. He adds that
management control is an essential component in realising the benefits of training.
Harp (1995), while echoing similar thoughts, suggests that training should be linked
to the corporate mission to realise maximum potential. Harp claims that such a link
will ensure that employees are competent in performing their jobs as a result of the
training provided. Harp also recommends a comprehensive needs assessment to

establish skill deficiencies in critical areas before training programs are designed,

Barron (1996), while advising on the availability of training dollars to training
departments, suggests that trainers need to link every training initiative to a

company'’s strategic agenda. Barron highlights the importance of evaluation of
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training programs in order to verify the objectives set prior to training. He states that
this is essential to maintain the quality of the training efforts. Barron also concludes
that it is important to keep the essential training function in-house and certain other
tasks can be outsourced, and moreover, that management must provide direction in

this regard.

In summary, the management aspects of training are concerned with the
involvement and control of training programs in an organisation and have no direct

relevance to the proposed study.

Conclusion

It can be seen from the review that previous studies in EUC trainihg have used -
two types of measurement approaches: quantitative and subjective. The quantitative
measurement involved two components. The first component, score, depended on the
number of steps involved in performing a task. Certain studies have allocated partial
scores while other studies have included penalty scores for wrong answers. The
scores were found to be dependent upon the number of steps involved in completing a
given task. Additionally, accuracy is also measured in conjunction with score while
performing a given task. Accuracy has been méﬂsured in terms of correctness of
responses for a given task, the number of errors committed and the percentage of
errors committed. The second éomponent, the time involved in completing a given
task, has been measured using self-reported forms or automated clocks. In subjective

measurement, usually a questionnaire was given to obtain self-reported data,

Despite the different ways in allocating scores and time required to perform a
task, most studies have agreed that these components are essential in determining
training outcomes. The score component is generally used to determine the
effectiveness of training outcomes and the time component is used to determine the
efficiency of the training outcomes. According to Carrol & Rosson (1995), these two
components may be combined to determine the overall performance of users after

training,.

Some studies have insisted that quantitative measurement alone in EUC
training studies is not sufficient. These studies contend that this measurement should

be complemented with subjective measurement to capture the users’ perception of
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ease of use with a specific software application. The rationale for this is that ease of
use (a subjéctive measure) plays a crucial role in motivating learners to use a software
application. Studies that have taken this approach have established a positive
correlation between ease of use and motivation to use a software application. Thus,
based on the above discussion, it 'seem_s likely that the training outcomes need to be

measured in terms of both quantitative and subjective measures.

EUC studies have also investigated the integration of existing knowledge with
previous knowledge to derive new knowlcdgc These training materials have
advocated a discovery and active learning approach and have focused on the main
issues in order to keep the learner from becoming frustrated. They have also tried to
make the learners use the software as soon as possible. It was also found that rich text
elaborations in training materials influence understanding and that text elaborations
played a crucial role when learners are oriented towards a general learning orientation
and not specific goals. The literature reviewed in the education domain reveals that
learning can depend on whether information is either in the form of text or in the form
of images. Therefore, when training materials are considered for the purpose of

information processing, elaborations should be given in both image and verbal forms.
Previous studies have established that this style dimension increases the training
 outcomes of novice users. Despite these findings, however, there is no common
agreement among researchers regarding the development of training materials and the
applicability of associated training approaches appropriate to training. A few studies
in the early 1990s have suggested that learning takes place either by exploring the
features of application software or by following instructions given in a step-by-step
manner. However, the literature clearly indicates that the issue of suitability of

different approaches for EUC training is yet to be resolved.

The reviewed literature also indicates that training materials should be based
on the features of the application software itself. These training material features may
be classified under two categories: process features and structural features. These two
features need consideration in terms of instructional development in order to study
EUC training outcomes accurately. The need for the proper construction of training

materials using process and structural features is highlighted in several studies.

In terms of interfaces, studies in EUC have taken a “usage” perspective

examining how users navigate the system functions based on the interfaces.
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Researchers have attempted to extract information on how users understand the
functional aspects of the interfaces available in application software packages and
how they apply them in performing tasks, for example, functional aspects have been

examined by providing a task sheet to users with a number of disjoi_nted tasks. -

Another interesting aspect emerging from the literature of EUC is the close
relationship between studies that have focused on design and those that have focused
on uSage. The design studies have emphasised factors such as speed of learning, error
rate and speed of use and the studies on uSage have measured accuracy and time

factors,

Studies that have measured the influence of application interfaces have
incorporated cognitive dimensions to explain why specific results have been obtained.
The inclusion of cognitive aspects was a direct result of Shneiderman's (1982)
assertion that the knowledge content of interfaces consists of both semantic and
syntactic details, which are processed by individuals in different ways. It is generally

agreed that EUC training covers the semantic aspects of interfaces.

Another aspect that has emerged is the ability of novices to perform better
when the interfaces are understood thoroughly. It is argued that interfaces with visual
impact, such as icons or menus, better equip novices to deal with the cognitive
demands placed upon them by computer systems both in EUC and non-EUC domains.
While some EUC research has reported that the ease of use of interfaces is not a major
factor in determining training outcomes, studies in the cognitive domain suggested
that the ease of use is a determinant factor. It has been suggested that, the
assimilation of new knowledge is enhanced and improved by the provision of direct
representations facilitated by visual interfaces such as icons. Thus, visual interfaces
have distinct advantages over traditional interface styles such as command-based

interfaces.

Menu assists users in activating “recognition memory” where visual images of
commands are stored. Studies in the cognitive domain suggest that menus reduce the
load of remembering command syntax and are therefore attractive to novice users,
However, one criticism of menu interfaces is that there are limits to the choices they

provide, but the same thing can be said about iconic interfaces.
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‘Many previous studies in EUC have failed to consider the classification of
users in their experiments, despite the existence of such classifications, For example,
Carrol & Mazur (1986) provided informatioﬁ on hér. categories of users, 'but other
studies have tended to treat all users as having the same level of knowledge. This
anomaly may have caused the propensity for contradicting results in much of the
research, Despite the availability of various typologie_s in EUC, it'appeairs that these
typologies are not strictly followed while categd_r_ising us'ers_ in BUC training studies,
In the past three or four years new end user categories such as application-based users
and construct- based users, and those users with a varying degree of previous
knowledge and experience such as beginners, intermediate and advanced have started -
emerging. These user types need to be considered in EUC studies to accurately

categorise end users.

Few studies have highlighted the importance of leaming styles and cognitive
styles in EUC training even though these concepts have been widely used to
investigate individual differences in learning in education. The dominant instrument
used to classify learning styles in educationi appears to be Kolb’s leaming style |
inventory, which has been criticised for its face validity. Therefore, any new study
should ensure the applicability of learning style instruments. In conclusion, Chapter 2
has providéd a review of EUC literature and educational literature to provide a basis

for the proposed study. Chapter 3 will describe the research methodology.
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CHAPTER 3 - RESEARCH METHODOLOGY

This chapter defines the rescarch methodology for the study. It includes
refinement of the initial research framework identified in Chapter 1. This is followed
by the rescarch questions, discussion of the variables identified and operationalisation
of these variubles. The trairing outcome measures are then discussed and elaborated

to facilitate the design of the experimental procedure.
Refinement to initial framework

The framework identified in Chapter | provided only the main variables -
interfaces, training approaches and categories of end users. With regard to the first
variable - interfaces — the majority of previous studies in EUC have considered only
icons and command based interfaces and not the treatment of menu interfaces. But the
literature review indicates that menus could reduce the load placed on cognitive
dimensions while processing information (Johnson & Nemetz, 1998). Thercfore, it is
possible to assume that menus would yield better performance results. Further, due to
the limitations on icons in representing various actions facilitmed by computer
systems, menus appedr to be a natural choice for users who want to navigate the
system to perform novel tasks. Therefore, both menu and icon interfaces are

considered in this model.

The sccond variable — categorics of end users — consists of basic users and
advanced users. While some studies have identified these variables (Carrol & Mazur,
1986; Olfman & Mandviwalla, 1995), the majority of studics in the EUC training
environment have not considered categorising users. However, it is evident from
rescarch in the education domain (Riding & Cheema, 1991; Sadier-Smith, 1996;
Schmeck, 1988), especially in learning and cognitive styles, that user experience plays
a crucial role in comprehending the information provided via training materials.
Assimilation Theory (Ausubel & Robinson, 1968) has successfully proposed that
existing knowledge is integrated with new knowledge in order to process information.
‘This indicates that prior knowledge and experience have a role (o play when new

information is processed. Further, previous studies have also been questioned for
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treating users as if they have the same level of knowledge and this has been seen as
one of the reasons for their contradictory outcomes. Therefore, this study considers
two categories of users — basic and experienced — based on their knowlédgc and
experience. These categories will have an impact on the production of training

materials and the consideration of tasks, which is discussed later.

The third variable — training approaches — is derived from the previous studies
(Bostrom et al., 1990; Davies et al., 1989; Duavis & Bostrom, 1993} and consists of an
instruction and an exploration approach. This variable is used 1o test the cffect of
instructions on training oulcomeé. In this study, this variable has been modified to
include the construction of training materials and the testing of the impact of training
instructions based on instruction and exploration approaches. While previous studies
have used arbitrarily constructed training instructions, training design in this study
follows the guidelines provided by instructional designers such as Dick & Carey
(1990). These guidelines include assessing the experience and level of users prior to
the instructional development, and the setting objectives, and also includes
introducing task complexity parameters and evaluating training outcomes in a

syslematic minner.

The model includes a dependent variable — training outcomes, which is made
up of a quantitative outcome component and & subjective outcome component. The
lirst component, quantitative, consists of eflectiveness and efficiency parameters.
Effectiveness is a measure of score and the efficiency is a measure of time. -
Effectiveness and efficiency measures are derived from the hands-on experiment
conducted. The next component, subjective, is a measure of perceived case of use.

Perceived case of use is measured through an opinion survey.

The refined training framework is shown in Figure 3.1.
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Selection of Application Domain

In this study, the Microsoft Project Management application is considered for
a number of reasons. The first reason being that the subjects considered for the study
have no exposure to this application. The second reason being, the project
management concepts are new to subjects. The relative newness of the application
eliminates any bias that can be introduced at the time of experiment. Thirdly, the
interfaces available in the project management applications are quite different from
that of wordprocessing and spreadsheet applications. The project management
applications are not usually found in home applications and hence the exposure to this

application from end user point of view is almost not heard of.

As mentioned earlier, it is generally accepted that project management
applications are radically different from wordprocessing or spreadsheet applications
because of the nature of the concepts involved (Hutchinson & Sawyer, 1996). While
wordprocessing and spreadsheet applications etc. can be used without thorough
planning, project management applications need proper planning in terms of the
allocation of resources. For example, one concept in project management is
‘milestones’, which is the anticipulibn of task completion based on the resources
available. When multiple variables are involved in a project, estimation of milestone
becomes critical for tracking the project schedule. Users have to understand how this
is done and how this is implemented in the computer application. Wordprocessing
and spreadsheet applications do not have this level of difficulty because the cohcept

of linking various elements of an application is not crucial in these environments.

Additionally, the interfuces in a typical end user application, such as
wordprocessing, are readily understood because of familiarity. In a modem desktop
environment, many of these interfaces are used on a daily basis by end users,
Interfuces in project management software, on the other hand, are less familiar arid
difficult to comprehend by end users because of their specific meanings and it is
expected that users in this study will need to learn the meaning of these interfaces in
order to complete tasks successfully. Therefore, this study uses a project management

software application 1o test the impact of interfaces when leaming.
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It is possible to execute some operations of project management using
spreadsheets. However, when it comes to tracking a project, s'preadshéets do not
provide all the functions that are needed in a project management environment.
Further, instructions provided through spreadsheets for project managément are quite
different from those of the project management software itself. Therefore, to avoid
uny bias from prior knowledge, ‘Microsoft Project’20 has been chosen for this study

rather than spreadsheet software such as ‘Excel’.

Furthermore, this study was conducted in a tertiary setting where Microsoft
Project is available to students in computer laboratories, and where training could be
conducted with minimal administrative overheads. Therefore, this application was
chosen for the experiment purposes. This is reflected in the following research

guestions.

Research questions

The literature review and refined research framework suggest that EUC
training outcomes are influenced by interfaces, training approaches and categories of

end users. The following research questions are therefore raised:

How do different types of interfaces affect training outcomes for project

management applications?

Studies in EUC have found that interfaces play a crucial role in determining
training outcomes. As mentioned previously, while icon interfaces have been
investigated, little information is found in EUC studies regarding menu interfaces.
Moreover, conflicting results have been demonstrated with regard to the advantages
of icon interfaces. While studies in education have successfully established that icon
interfaces have a positive impact on learning outcomes because they can portray the
computer system in a manner which users can comprehend, they have also indicated
that menus reduce the cognitive demand placed on the users. In this research, the |
usage of two interfaces ~ icons and menus — will be examined in a project

management software environment. In this study, users will be asked to nominate

% in this study, Microsoft Project version 98 was be used under Windows 98 operating system.
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their interface preference based on the training provided in order to accomplish tasks

to determine the influences of interfaces on training outcomes.

How do different approaches to training affect training outcomes for

project management applications?

Studies in EUC have established that different training approaches have an
influence on training outcomes (Bohlen & Ferrat, 1997; Bostrom et al., 1990; Davis
& Bostrom, 1993). Howéver, there is no firm agreement as to the best approach for
EBUC training, This study will investigate the impact of two training approache's. -
instruction and exploration — on users’ learning outcomes using training materials

prepared for project management software application learning.

Prior studies (Bohlen & Ferrat, 1997; Bostrom et al., 1990; Davies et al.,
1989; Davis & Bostrom, 1993) have allocated users to particular interface types and
instructibn_s have been prepared in advance to suit these interfaces. As mentioned in
the previous chapter, this has resulted in conflicting training outcomes. One reason
appears to be the forced interface type on subjects. Users conduct tasks using
interfaces such as icons and menus and develop a preference. Similarly, users
develop a preference for conducting tasks in an orderly step-by-step fashion or taking
short cuts or by exploring application functions (especially in novel situations).
Therefore, users who were forced to follow an interface treatment irrespective of their
preference might behave inconsistently. To avoid this effect, this research questioh
will examine the influences of training outcomes while allowing subjects to nominate
their preference for a training approach suitable to them based on the training

provided.

What is the influence of prior knowledge and experience of users on

training outcomes for project management applications?

Many EUC studies have been criticised for their poor population selection or
sampling procedures (Ruble & Stout, 1993; Simon et al., 1996). Users’ prior
knowledge and experience have often not been taken into consideration and as a result
experimental research?! in this area has not been well organised (Sein & Bostrom,

1989). While EUC studies have recognised the fact that prior knowledge is essential

2! The experimental research method is discussed later in Research Method section in this chapter.
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to process the information given to reach advanced stage of training (Carrol et al.,
1987), very few attempts have been made to test this aspect. This study tests the
influence of prior knowledge and experience on training outcomes. Therefore, users
have been categorised into basic and experienced users. This catégorisation was

determined by a set of self-reported questionnaires.

How do different learning styles affect training outcomes for project

management applications?

Previous studies have indicated that learning preferences have an influence on
training outcomes. Others have recommended that future EUC studies ascertain
learning style preferences prior to the commencement of experiments as these styles
serve as predictors of training outcomes (Chin, 1984; Fryer, 1991). Studies in the
education domain also support this concept. To incorporate the consideration of
different learning styles, Honey & Mumford's (1992) instrument has been used to
ascertain user learning preferences. The choice of this instrument was based on its
widespread use in training environments and its statistical validity. Further, Honey &
Mumford have provided an algorithm for determining respondents’ relative strengths
in order to determine their learning style preference and this algorithm is well tested

and accepted by training communities in Europe.

This study does not attempt to see the influences of leaming styles at various
points of training and experiment. The treatment of learning style preferences is
restricted in order to measure only the influences of learning styles on training
outcomes because there is research to support the claim that the learning style of an
individual can change during the course of learning. However, these findings arise
from education and not from short training programs. This study will aim to verify
the claim made by previous studies that learning style is a predicfor of training
outcome in short training programs by using Honey & Mumford’s instrument because

this instrument has been proved to be valid in training environment.

Discussion of research variables and hypoth’eées

The research model defines the target system based on two types of computer
interfaces (i.e. icons and menus), two different training approaches (i.e. instruction

and exploration) and two categories of end users (i.e. basic and experienced).
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Training outcomes in this'study will include quantitati ve? outcomes (effectiveness
and efficiency) and sub_]ectlve outcomes (percelved ease of usc) These vanables are

i dlscussed in detall in the followmg sectlons

Trammg Outcomes

While the literature has prowded mformatxon ona number of ways outcomes
are determmed in EUC sludres it appears that there are two major categones -
_quantitative and subjective. The quantltatlve methods use a measurement scheme of
_ nu_men_c values and in EUC studies scores for accuracy and tlm_e components have
been common quantitative measures. User opinions have been extracted using
subjecti ve approaches. Inslfument_s' such as sun_;ey forms and q'uesfioﬂnaire_s have -
been used to obtain user opinions. EUC studi ea have provided a very clear distinction

between these two approaches.

- In thls study, the quant itative approach is used to determine the training
outcomes effectweness and efﬁc1ency Effecti veness is measured in terms of scores
obtained in completmg a given task. Some studies in EUC have calculated scores
based only on keystrokes (Davles et al., 1989 Davis & Bostron, 1993) and some
others have calculated based on errors commltted as well (Olfman & Bostrom, 1991;
Sein & Bostrom, 1989). However, the scores calculated in these studies anOlve a
manual process and due to thns Sllb_]cctl ve bias could have been introduced.
Therefore, to arrive at an accurate score, the subjective bias needs to be mini mlsed or
eliminated. This study will aim for the elimination of subjective bias at the tlm_e of

capturing keystrokes. |

In additi_o'n, in order to arrive at an accurale score, aspects such as the number
of errors committed, the number of times a user has reverted back to a previous step |
either becaose an eror was committed or because the user was not sure whether a

correct action had been taken need to considered. | This study will incorporate a |
| scoring scheme that will iﬁclude aspects of errors, backtracks ete in order to determi ne

accurate scores.

2 Quantitative outcomes measure responses such as keystrokes, errors efc based on an experiment
conducted; sub_]ectwe outcomes measure perceived ease of Use via a survey questionmaire where users
provide their opinion for questions on a Likert scale.
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Training outcome efficiency was calculated based on the time taken in
performing:' the give.n task. Prior studies (Olfman & Mandviwalia, 1995; Sein et al.,
1993) have used various metheds such as asking users to estimate time spent in
complctmg tasks, usmg manual clocks, using automated logs etc. Only few studles -
(Bohlen & Ferrat, 1997; Carrol & Mazur, 1986) haVe used computer clockto
automatlcall ylog the ttme spent on the experiment. ThlS study w1ll 1ncorporate a
procedure that will enable capturing the time component using a computer clockto

determme the time factor for eff1c1ency

Thc subjectlve component in thls study measures ease of use. Thts
motwatlonal factor is measured using a questlonnalre Prevnous studtcs (Dawes et al .
1989; Davxs & Bostrom, 1993) have recommended that this ease of use measure
component be determined to fully study the effects of effectiveness and ef_ﬁcnency
because training will be effective only if the users f’ound the system to be easy to use.
This study accepts the recommendation that ease of use be considered and uses

instruments used in prior studies with some modification to suit this study.

Computer interfaces

Interfaces can present a model of a computer system et ither directly or
indirectly (Daws & Bostrom, 1993) With direct ropresentauon the fonn of objects
such as icons to be mampulat_ed is understood immediately. For example, a printer
icon represents a printer and users can derive the meaning without any ambiguity. If
the interface assumes an indirect form, such as Page Setup, then users activate the .

_ interface to perform a command, Usually the indirect form is provided by a menu
interface. This study focuses on icons and mens because they lreprcsent directand
indirect forms of interfaces and are predominan_tly available :in end user applicatio'n_s o

these days.,

One would expect icons to facilitate more meaningful learning than__menus
because icons can portray the meaning of interfaces easily. The fact that icons
provide anchoring concepts® and give users the opportunity to work directly with

those concepts suggests that icons have a unique capacity to reinforce and clarify the

B Icons facilitate understanding concepts based on their visual representation, Users store these visual
images in their cognitive system and retrieve the concepts whenever the images are seen. Further,
anything similar to the visual represematton helps the user to retrieve the concepts. Hence the term
‘anchoring’,
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relationships between pre-existing knowledge in long-term memory and knowledge of
a new applrcatlon software package (Benyon et al,, 199). ‘The expectatron is that. '
1cons would be more effectr ve in performing basic tasks. However, some studres
suggest that menus are more effective in novel tasks because they help the user to’
navigate the system to its depth by usmg hlerarchlcal features (Tang, 2001) ThIS
would help users to realise situations that are not directly represenled by interfaces.

In addrtron menus can represent more functions of a system whereas icons cannot
pr0v1de more functions because of their lrmltatlons in representmg these functlons v1a' :
a symbol It is also difficult to argue which mterface type is supenor in terms of
performance. Furthermore, the operations of these two interface types are r_adtcally
different from each other (Shih & Alessi, '1:994.). Icons have a poiut-and-eli_ck type
operation and menus have selections from a set of options with provision for '
navigation. These two interface designs demonstrate different ways that users interact
with systems ('_I‘ang,. 2001). Although some comparisons had been made of icons and
command-languages (Davis & Bostrom, 1993), surprisingly little attention has been |
paid on the use of menus or the impact of different interfaces on learning outcomes in
EUC training studies. This outcome is stated in null form in hypothesis H1.

Hl: There will be no -difference in quanti_hativ'e training
outcomes between the subjects who preferred icons and.

those who preferred menus.

Davieset al. (1989) suggest that the acceptanee of information technology
and its ultimate use are influenced in part by how' easy to use the technology, To
determi_ne the _long-term success of an apolieation,'_ factors that affec_t 'ease of use may
be of particular interest. Given that factors such as interfaces can contribute to the.
ease of use, intr’oduc'ing systems'with icons and 'menus may be one way to enhance
this perceptlon (Dix et al 1998) Icons prowde a means to work wrth the appllcauons
directly and some users may perceive icons as supenor in terms of ease of use.
Conversel Y, users who are familiar thh systems may percetve menus supenor in-

terms of ease of use, Hypothesls H2 states this outcome in null form.

% Menus are based on hierarchical structures, For example, users have to access the ‘file’ menu to -
reach feateres such as *save’. This is referred as a hierarchical feature.
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H2: There will be no dlfference in subjective training
outcomes between the subj ects who preferred icons and.

those who preferred menus

Training approaches

Ewdence can be drawn from previous studles in EUC that exploratlon tramm g _
* is more effective than instruction training in facilitating the integration of existing _
knowledge with new__khowicd_ge (Davis &_'Bestrom; 1993). This study compares the
impact of ex_ploration and instruction approaches .on trainiﬂg outcomes. | |
To facilitate the s_Uccessful.intcgration of k.how'ledge',- learners Sho_uld be
allowed to use the training materials in different ways (Olfman ._& Mandviwalla,
1995). While instruction learning facilitates a step-by-step approach, exploratien
learning faéilitatee’ a trial-and-error approach. Users who are ﬁot familiar with |
specific aspects of applicatioe Socha:e would most likely prefer an instruction
approach. However, users wh.o posséss the *hands on’ quel ities would most likely

prefer an exploration approach.

- Fufthef, due to cognitive differences, it may not be possible to assume that
users will understand tr'afning materials unifomly (Olfrﬂan & MandviWalla, 1995),
Depending upoh their information preceesing capabilities, certain users will benefit
from an instruction 'epp'roach and ceftain othef users.'will benefit ffom an exploration
approach as thcy llke to explore the functions of a glven system to develop their

understandmg

However it may also be dlff“ cult to accommodate every aspect of training mto_
tralmng matcnal Users may encounter a 51tuat10n for whlch it may be dlfﬁcult to
.pl'OVIdC mstructlons and for which the_y have to integrate th_e_lr existing knowledge and
knowledge acquired during training to solve some problem, ‘Therefore, it is difficult

to p_redict which trai n'mg approach would benefit users with certain tasks.

The proposmcms of Asmmliatlon Theory®® (Ausibel & Robinson, 1968)

would enable one to pred:ct that the paruclpants with exploranon training would

% Assimilation theory has been discussed in Chapter 2 - Literature Review,
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perform better in far-transfer tasks®® than those who receive mstrucnon based
training, On the other hand 1nstrucuon-based tramlng would be expected to y:eld :
better results in a situation where partlm panls snmply need to retain.the mstmctlons_

presented durmg a lrammg sessmn

In this study, users are allowed to use both sets of tralnmg matermls -
instruction and exploranon. Once u'axmng is compleled users nominate lhelr 8
preference to lrammg dpproach Thls approach is recorded as users’ preferred
training approach for the experi r_nent and users are subsequently classified as
ins’tructionébased subjects and exploration-based subjects in order to'dlffefentia'le '
training outcomes. These outcomes are expressed in the form of null hypotheses in H3
and H4 to address the second research question,

H3 : There will he no difference in quant:.tat:.ve ‘outcomes
between the instruction- based subjects and the

exploration- -based subjects.

H4: There will be no difference 1n subjectlve outcome
between the 1nstruct10n based subjects and the

exploration-based subjects,

Calegories of end usei‘s- '

The lltermure clzums that end users’ prior knowledge has an impact on
Ieammg outcomes (Canol & Mazur, 1986 Edmonds et al., 1994) However,
substantive ev1dence is not avmlable in EUC trmmng to justify lh:s claim because
| very little expenmemal resedrch has been done to discover whether end user tmlnmg
_oulcomes can be correlated with users prior knowledge Clearly, if lrammg
outcomes are affected by pnor knowledge. then this shouid bc consndered when

trmmng cnd users

Some prior sludles (Carrol & Mazur, 1986 Mayer, 1981) in EUC have _
classified USers as- basic, mlermedmte and advanced based on euher knowledge or.

experience, out not both, Education studies have assened.that knowledge and

% The term ‘far transfer’ is used to mdlca(e that users need to dig the:r memory to retrieve inl‘ormnuon
. that is not readily available in short-term memory. The information stored in the long-term memory is
trunsferred to short-term memory and then this information is used in processing tasks. '
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experience are positively linked. Therefore, it is essential to consider users based on- N
both knowledge and experience and this is eSpec.iaIl'y true in IT applications Where
theoretncal knowledge is applled to appllcanons to complete a glven task whxch
constitutes one’s expenence w1th a parttcular apphcanon or system In thts study, |
users will gain some understandi ng of pl‘O]eCl management through trammg, and this-
conceptual knowledge will then be 1mplemented while performmg trammg tasks o |
using Microsoft Project. While perfonmng tasks, their pnor knowledge and
expenence in the general field of computi ng or IT will facilitate them to apply those
generic concepts in a project management environment which is relatxvely new.to -

them.

While it is possible to distinguish basic users from advanced users based on
the type of operation ﬁ_erforined uéing an application, it is difficult to classify
intenhedi_ate users beoausethe speciﬁcation used .in EUC research appears to overlap
both basic and advanced in terms of functions performed by these users (Hutehi_nso'n
& Sawyer, 1996). Therefore, this study uses only tWo_ types of ueers based on both
knowledge and prior experience. These are basic and advanced. However, due to the
relative newneSS of the project ntanagement_appl ication that will be used in this study,
it is difficult to predict whether advanced users will have any distinct advantages over -
basic users when their only knoWledgeﬁ and exp_eri_ence is gained through a limited
training program®’. DeSpi te the claim by Assimilation Theory that prior knowledge
helps in iotegrating new cohc_epts, the time taken to ir.ltegrat'e'an'd then asSimilate such
knowledgc in EUC is not yet well understood and rn'ay-'depe'nd. upo'n'the individual
user qualitie's.__ Ttis, therefore, difﬁcolt to state whether a specific type of user would
perform better in a situation which is radically new to him/her. To address the third
rcsea'rch'question, the foliowing null forot of hypothesis is generated a.nd statedin
Hypotheses HS and H6. . - -

H5: 'I_‘heré w_ili be oo difference in quantitative
measurement. of training outcotné_s between basic level

subjects and advanced level subjects.

7 This study considered trainin 8 programs of 45 minute durauon only and th:s is discussed later in this.
chapter.
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H6: There will be no difference in subjective measurement
of tra:l.nlng outcomes bet:ween bas:l.c: 1evel Subjects and

_advanced level subjects

Learnmg Style Preferences

Some prior studles in EUC indicate that learnmg style preference isa
consrstent predrctor of tralmng outcomes (Bostrom etal;, 1990 Sein & Bostrom
1989). Whlle Sein & Bostrem (1989) have established the 1mp0rtance of mdmdual
differences, Bostrom et al. (1_990) have established the importance of Ieammg styles
asa component of lndividual elifference in _end user training. _ Bostrom et al. (1990)

mention the following in suppot of this construct in end user training studies:

A very consistent pattern of fi ndmgs suggests that a case can be made for the
learning style construct.as a 31gmf cant factor that influences the Iearmng of EUC
' software (p. 10?). '

While iearning 'style prer'e_rence is i'r.westigated' I_:o' some extent iﬁ EUC training,
there is o conclusil'e e'\ridence_'as to which _preference leads to better p_erformence
(Sein et al., 1993). Further, the number of studies that have investigated learning
styles in EUC are very limited and thus the assernons made by these stuches cannot be _

conmdered concluswe

One major proble_m to emerge from studles that have investigated learning,
style preferen_ces in EUC is tlle use of Kolb's Learning Style Inlie_nt_eljr_(LSI) which . |
has been criticised for its lack of applicability in BUC training (Ruble & Stout, 1993).
Th'erefere, there isa heceesity to rep]icate what has been done in prior studies, in
terms of learnin g styles, using instruments that are appropriate and surtable to

ascertain leammg style preferences

: Further, prior studles (Olfr_nan & Bostrom, 1991; Si.men et al., 1996) that have |
investigeted ]earhin g stYles have used traiﬁing programs spanning a few hours. The
applicability of their impact in short training prograrr]s'_lastiﬁ'g about 45 minutes®®,
which is the_lime devOted to train users in this study; is yet to be determined. While
EUC training studies (Bostrom et al., 1990; Davies et al., 1989; Sein & Bestrom, B |

2 In this study, training is provided for 45 minutes only and this is covered in research design section.
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1989) clearly indicate the availability of four learning styles — activist, theorist,
pragmatists and reflectors ~ it can be said that the impact of these four styles on
lmining outcomes is not fully conclusive. Asa result, this study introduces a lzaming |
style variable in order to measure its effect on EUC training outcomes. Due to
inconclusive evidence from previous studies, it is difficult to predict which learning
style preference would become a predictor of training outcomes yielding better
results. Thus, it is difficult to set the direction while stating the hypothesis,
Therefore, to address the fourth research question, the following null form hypotheses
were formulated.

H7: There will be no difference in quantitative
measurement of training outcomes due to learning style

preferences,

HB: There will be no difference in subjective measurement

of training outcomes due to learning style preferences.

Interactions between interfaces and training approaches

The exploration trainin g approach requires users to learn by trial and error
with problem-solving tasks (Davis & Bostrom, 1993), This is contrasted with the
instructional training approach where users are given step-by-step instructions, The
two interfaces, graphic icons and menus respectively, provide the user with different
information on the structure of an application. Menus demonstrate the hierarchical
structure of an application and proﬁide for progression and regression through layers
of this structure. This enables errors to be more easily reversed. With menus,

. decisions need to be made on the appropriateness of one selection over another. With
icons, on the other hand, users simply click to directly operalionalise a function, so

their understanding of the application will not be the same as with the use of menus,

It is possible that the trial and error tasks required by the exploration training
approach are facilitated more by menu interfaces than by icon interfaces because they
provide the user with a greater understanding of the hierarchical structure and allow
for progression and regression through this hierarchy. Conversely, the instruction

approach may be enhanced by the use of icons which simplify the step-by-step tasks
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by eliminating the choices inherent in menu selection. The possibility of these
interactions are addressed in the following null hypothesis:

H9: There will be no difference between icon-based
subjects 0p'ting__exploration training and other
interface/training subje{:ts in terms of guantitative

measurements of training outcomes.

It is also possible that the qualitative measure, ease-of-use, be affected by an
interaction between training approach and interface. Some users might find icon
interfaces easy to use because of the absence of choices and their apparent meaning,
whereas other users might consider menus easier to use because they can move
backwards and forwards through the application and utilising its deep navigational
facilities. Users' own leaming style preferences may determine these perceptions.
Moreover, menu interfaces may be considered easier to use for the trial and error
tasks of the exploration training approach because they provide deeper understanding
and more flexibility. Whereas icon interfaces might be considered easier to use with
step-by-step tasks of the instruction training approach because the direct
operationalisation of the function simplifies the procedure further for the user, The
effect of the possible interaction between interface and training approach on the
qualitative measure ease-of-use is expressed in the following null hypothesis:

H10: There will be no difference between icon-based
subjects opting exploration training and other
interface/training subjects in terms of subjective

measurements of training outcomes.

Interactions between interfaces and categories of users

The combination of computer interfaces and categories of users may have an
influence on training outcomes because users with prior knowledge of how to use
interfaces may apply this knowledge to use them better in a relatively new situation
(Carrol & Mdzur, 1986; Sein et al., 1993). In this case, the prior knowledge of the
advanced category may result in greater skill with and greater preference for menu
interfaces. That is, advanced users may be able to obtain better training outcomes
because of a deeper understanding of the application, or one that is provided by menu

interfaces, Basic users, on the other hand, may perform better using icons as their
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limited prior knowledge may not equip them with the skills or confidence to make
menu selections. They may also prefer the icon interface because choices are
eliminated. These poss:bllmes are accommodated in the followmg null hypotheses:
H11l: There will be no difference between the icon-based
subjects having basic level of knowledge and cther
interface/level subject in terms of qi:anti tative

‘measurements of training outcomes.

H12: There will be no diff_erence between icon-based
subjects having basic level of knowledge and other
interface/training subjects in terms of subjective

measurement of training outcomes.

Interactions between training approaches and categories of users

Qutcomes may also be influenced by the interaction between training
approaches and categories of users (Olfman & Mandviwalla, 1994). That is, the
interaction with tasks based upon a training approach is partly determined by users’
prior knowledge. This is because advanced users with prior knowledge may respond
more favourably to challenging tasks using the exploration training approach as they
are capable of manipulating novel situations based on their prior knowledge, which is
in turn further facilitated by the exploration approach. The basic category, however,
may respond better to the step-by-step instructions of the instruction training approach
as it does not require the level of ability that problem-solving tasks do. In addition,
when basic users are confronted with novel tasks, depending upon the training
approach, they may be able to show improvement. For instance, a basic user having
opted for an exploration approach, may be able to explore the application to complete
a given task. The exploration approach may be considered easy by advanced group
because this combination provides ways in which the application can be explored

when compared to the basic users and instruction combination in novel tasks.

However, due to lack of informatien in prior studies about the interaction
between training approaches and level of knowledge of users, it is difficult to set the
direction to ascertain which combination is superior, While previous studies have

established that level of knowledge play a significant role in determining training
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outcomes, contradictor_y results have been obtained in these studies (Carvol & Mazur,
1986). This can be attributed to the non-uniform categorisation of users based on
their knowledge. Based on the above, two hypotheses address the possibility of these
effects in null form in H13 and H14. '

H13: There will be no difference between instruction-
based training to partic ipahts in the basic category and
other training/level subjects in terms of quantitative

measurements of training outcomes,

H14: There will be no difference between instruction-
based training to participants in the basic category and
other training/level subjects in terms of subjective

measurement of training outcomes.

Based on the above, the refined research framework can be redrawn to map

the hypotheses as depicted in Figure 3.2,
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Research Method

Research in information systems (IS) can be broadly classified into studies
based on positivism and interpretivism (Remenyi et al., 1998). Positivist research
studies typically use quantitative measures and interpretivist use qualitative methods.
In order to select a research method, Neuran (1991) suggésts thai it is essential to
classify research activities into component stages to identify the research framework
and hence the methods needed to conduct the research. Taking this into account, this
study classified various activities into component stages such as selection of subjects,

preparation of training materials, pilot study and experiment.

Another dimension to research is the ‘purpose’ dimension. Babbie (1989)
and Neuman (1991) argue that research can be described as exploratory, descriptive
or explanatory depending on its purpose. Among these three, explanatory research
attempts to answer the question of why things happen and usually employs methods
that allow for a very high level of control such as experimentation and the use of
scientific methods (Remenyi et al., 1998). These experiments are usually conducted in
a laboratory and are intrinsically positive in nature (Remenyi et al., 1998).
Experiments generally rely on observations which will be reduced to numbers and
which will be structured in such a way that they can be replicated. However, this is
an “illusory” concept because participants of an experiment are rarely availéble when
the experiments are repeated. Experiment is designed to answer specific questions.
Laboratory experiments use quantitative techniques of evidence analysis to deliver

answers to highly structured research questions.

The literature review indicates that EUC studies have predominantly used an
experimental approach with hands-on tasks. For instance, studies conducted by
Bohlen & Ferrat (1997), Davies et al. (1989), Davis & Bostrom {1993), Sein et al.
(1993} and Olfman & Mandviwalla (1994) have used an experiment to find the causal
relationship of variables. These experiments were conducted in laboratory settings
where subjects used computers to perform hands-on tasks. An exception to this was
Olfman & Mandviwalla (1994) who used a paper-and-pencil method to test subject’s
skills because his pilot subjects expressed concern about the time factor when

completing the tasks using computers.
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In addition to the quantitative methods, this study employs subjective
methods. This has been done to ascertain the level of satisfaction and ease of use and
was as expressed by users using a survey/questionnaire instrument. Previous studies
(Davis, 1985; Davis & Bostrom, 1993) have emphasi_sed the fact that users who are
satisfied with a training environment will consider it easy to use. Therefore, ease of
use would provide an i'mpctus to users to use the application and hence enable the
measurement of this motivational factor, This study, therefore, has evalﬁated user

opinions in terms of ease of use using a questionnaire.

Based on the above, this study will employ an experimental approach to
measure the objective outcomes — effectiveness and efficiency, and a survey approach

to measure the subjective outcome — perceived ease of use.

The outcomes efficiency, effectiveness and ease of use are dependent upon
interfaces, training approaches and categories of users. Therefore, the training
outcomes are referred in the study as dependent variables and interfaces, training
approaches and categories of users are referred as independent variables. The

variables used in this study are shown in the foliowing table:

Table 3.1 Table of study variables

Variables {Qperational Measure
Dependent Variable™
Effectiveness Funciion of (total strokes, icon access, menu access,

dialogue box intercation, errors, backtracks)

Efficiency Function of {lime, cotrect sirokes)

Easc of use Questionnaire using a Likert Scale (Disagree to Agree)
Instrument based on Davies et al. (1989)

End User Satisfaction Questionnaire using a Likert Scale (Disagree to Agree)

Instrument based on Igbaria (1990)

Independent Variables

Imerface type (user preference, selected |Icon (coded "1")
by users after training prior to Menu (coded "2")
experiment)

 page 118 provides more details
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End user category (knowledge & Basic (coded “1")

Experience determined by two Advanced (coded "2")

questionnaires) Instrument based on Bohlen & Ferrat (1997} and Doll &
Xia (1996) for knowledge and Alloway & Quillard {1983)
and Igbaria (1990} for experience

Learning style preference (determined  [Activist {coded "1')

by a questionnaire, coded using a Reflector (coded "2")

Visual Basic Program) Theorists (coded "3")

Pragmatists (coded "4")

Instrument based on Honey & Mumford (1992)

Training type (user preference, selected |Instruction (coded "1")
by users after training prior to {Exploration {coded "2")
experiment)

It should be noted that both laboratory experiments and survey methods have
advantages and disadvantages. Experiments provide a basis for isolating causal
factors and control conditions in order to control one or more variables for hypothesis
testing. Laboratory experiments rely on highly structured research questions. A
requirement with experiments is the rigor needed to execute the experiment schedule
and the associated controls.  Further, while the survey method is easy to execute
(when compared to an experiment), sampling is a critical issue (Zikmund, 1994). If
samples are not selected properly, bias will be introduced in responses. Further,
‘respondent error’ will be introduced if the responses are not truthful (Remenyi et al.,
1998). Based on the above points, in this study, every action has been taken to
validate the survey instruments in terms of their suitability, appropriateness and
usefulness. The adverse influences of these approaches are discussed in the

Limitations Chapter.

Development of Instruments

The development of instruments in this study consisted of a number of phases.
Initially the study identified suitable instruments such as questionnaires and survey
forms from previous studies. Once these were identified, the suitability of these
instruments was assessed. For example, to assess the prior knowledge of subjects,
Questionnaire 1 was derived from suggestion given in a previous study (Bohlen &
Ferrat, 1997). However, when the questionnaire was assessed for suitability, it was
found that certain questions were not appropriate to this study and these questions

were eliminated, Additional questions on project management were alse added to
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accurately determine the level of knowledge in this questionnaire, Once these were
incorporated, the instruments were sent for peer review, Experts in questionnaire
design and others who have experience in EUC training conducted peer review of
instruments used in this study. Upon satisfactory peer review, ethical clearance was
obtained. Then a pilot study was conducted to assess the validity of these
instruments, their applicability and the time needed to complete them etc. Finally,
experiment was scheduled. These procedures were introduced to ensure that there is
no subjective bias in the study and the experiment could be executed as per a

predefined plan. This is explained in the following paragraphs.

To conduct the study, five questionnaires and a set of training materials were
developed. The first two questionnaires were used to classify users, the third
questionnaire to ascertain learning style preferences and the remaining two
questionnaires to measure satisfaction and ease of use respectively, after training.
Other training outcomes, effectiveness and efficiency, were measured using online log
of subjects’ work, which is discussed under the section ‘Pilot Study’ in this chapter.

The following sections detail the development of these instruments.

I, Preparation of questionnaires

Questionnaire | - Familiarity of Computer Terns

This questionnaire obtained information from the subjects about their
familiarity with computing terms. Bohlen & Ferrat (1997) claim that familiarity with
computing terms is one indication of knowledge and they used a questionnaire to
ascertain this. This study used Bohlen & Ferrat 's (1997) suggestions as a basis for
the first questionnaire. The questionnaire items were derived from Doll & Xia
(1996). The original questionnaire items (12 items) tested subjects computing
knowledge in a specific application such as spreadsheets. The original questionnaire
items tested subjects’ knowledge in the application such as merging cells. Further,
the original questionnaire was statistically validated prior to the averaging process™.
In this study, the original questionnaire items were reviewed and then modified to
reflect the nature of this study. For instance, to reflect the total training environment,
items on Windows operating systems and Project Management were introduced in the

modified questionnaire. This has resulted in the original questions being modified to

% Opinions expressed by subjects were averaged for the purpose of data analysis. Statistical validity is
discussed later in pages starting from 124,
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include 14 questions in order to determine participant’s familiarity and exposure to
these particular concepts. The first questionnaire consisted of 14 questions and the
subjects filled in a Likert-type scale, ranging from 1 (know nothing) to 5 (know a lot).
The modified questionnaire items were distributed among peers and students {who did
not participate in the experiment) to assess the validity and appropriateness of the
questions. According to Amoli & Farhoomand (1996), the process of adding
additional items to an existing instrument and then validating the same for
appropriateness and relevance is an accepted process. This study has followed such a

process.

The first questionnaire tested the familiarity of computer terms by users to
identify their familiarity with computer software and hardware related terms®'. The
questions focused on three specific areas of familiarity: Operating systems and
operations, application software, and generic operations. The questions were chosen
after appropriate peer-review” to ensure that questions in fact measure users’
familiarity of computing terms. Subjects who are not familiar with certain terms such
as Windows 95 and Internet Browsers were considered to be computer illiterate and

eliminated from the study, The Questionnaire is included as Appendix 2,

Questionnaire 2 - End User Computing Sophistication

This questionnaire was based on Simon et al. (1996) who argued that, in order
to determine the experience level of end users, it is important to extract their level of
computing sophistication in addition to their knowledge. Prior studies in EUC have
determined level of computing sophistication from application usage, operational
usage, intensity of use and their purposes of use. To extract the level of usage
sophistication, this study considered four major criteria: (i) type of application usage,
(ii) mode of operation, (iii) intensity of usage and (iv) usage purposes. A new
questionnaire was developed based on one by Alloway & Quillard (1983) for the first
three criteria and on Igbaria (1990) for the last criterion. The questionnaire used
different scales to ascertain user knowledge. The first criteria, type of application,

used a percentage scale to determine percentages of activities performed by users.

* The items on the questionnaire were averaged for data analysis purposes.

32 The peer review process is further explained in page 102.
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The sccond criteria, mode of operation, used an optional box where users placed a ‘v’
ora ‘X’ to indicate their options. The third criteria, intensity of use, used a scale
similar to that of mode of operation. The fourth criteria, usage purposes, used a

Likert-type scale ranging from 1 (No extent) to 5 (Large extent).

For the data entry purposes, The questionnaire items were assigned with
numerical values ranging from @ to 5 for the vsage frequency items. The usage
purpose questionnaire items were based on a 5-point Likert scale from ‘No extent’ to
‘Large extent’. These items were averaged to arrive 2t a single value, As mentioned

earlier, any value over 3.5 is considered as advanced level,

According to Guimaraes & Igbaria (1996), previous studies in EUC have
measured system utilisation based on actual daily use of the system and application
areas. Studies in EUC have measured daily usage of the system by asking users to
indicate the amount of time spent on the system per day (Lee, 1986). This study also
follows similar approaches. Further, the questionnaire was peer-reviewed by students

and colleagues in a tertiary setting for relevance and appropriateness.

In the context of this study, one might question the appropriateness of using
this instrument on both basic and advanced level users because basic level users may
not have the necessary computing exposure, especially in an industry or work setting.
The subjects in this study comprise of both commencing students and mature age
students enrolled in a computing award. While certain subjects might be experienced
in computing, their usage level needs to be ascertained because this is also akey
element (in addition to knowledge) in determining their category such as basic or
advanced. This is because one of the proposition in the thesis is that both knowledge
and experience of end users help to attain better training outcomes. The first
component of the questionnaire determines the level of sophistication and the
subsequent components determine the level of usage to determine total experience.
While commencing students in tertiary institutions might be limited by constraints,
mature-age students (who were also employed in local industries) would be able to

fill-in many components of the questionnaire.

Further, the questionnaire was peer-reviewed for its appropriateness and
suitability by experienced staff in the academic sector and the statistical significance

of the pilot-test established the content-validity of the questionnaire. This has
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provided the legitimacy to the use of the questionnaire in this study. The

questionnaire is included as Appendix 3.

Questionnaire 3 - The Learning Style Questionnaire _

This study used the Learning Style Questionnaire developed by Honey &
Mumford (1986) to extract four learning style preferences. The questionnaire
consisted of 80 statements and users either agreed to a statement in the questionnaire
by placing a tick or disagreed by placing a cross. There was no right or wrong answer
and responses to the stutements indicated the preferred learning style. This

questionnaire is included as Appendix 4.

Cuestionnaire 4 - End User Satisfaction

The *End User Satisfaction’ questionnaire was adapted from Igbaria (1990)
and consisted of 12 questions based on a Likert type scale, ranging from 1 (Strongly
disagree) to 5 {Strongly agree). The questions addressed the training environment,
information presented in the training materials and the accuracy of the information.
The questionnaire was modified by changing terms in the original questionnaire to

reflect this particular study®. Questionnaire 4 is included as Appendix 5.

Questionnaire 5 - Ease af Use

The questionnaire to measure ease of use was adapted from Davies et al.
(1989). The original questionnaire which consisted of only 4 questions, was
expanded to include 28 questions over five sections: (i) learning to use computers (5
questions), (ii) becoming skilful in using computers (5 questions), (iii) getting work
out of computers (5 questions), (iv) operating computers (5 questions) and (v} using
training matesials (8 questions). The expansion includes new questions to capture
information about the overall training environment in addition to specific issues of
project nanagement. The questions aimed to capture the perceived ease of use of the
operating system, the project management software application and the training
material. Users responded to the statements using a Likert type scale ranging from 1

(disagree) to S (agree). The questionnaire items were averaged for data analysis.

This questionnaire measured the perceived ease of using a system based on the

training provided. A number of studies have used this measure to assess the attitudes

¥ This questionnaire was discarded later as the details measured only the trzining environment and not
the variables of tha study,
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such as ease of use (Bohlen & Ferrat, 1997; Davis, 1985; Davis & Bostrom, 1993:
Guimaraes & Igbaria, 1996). The purposc of using the qucSlionnairc in this study
was (o dclcrminé the ‘degrae to which a person believes that using a particular system
would be free of effort {p.71)’ (Davis & Bostrom, 1993). While the first four
components ~ learning to use computers, becoming skilful at using computers, getting
work out of computers and operating ch computers — resulted from the suggestions
provided by Davis & Bostrom (1993), the fifth item - using the training materials ~
was a direct result from the suggestions provided by Guimaraes & Igharia (1996),
who stated that the casc of use experienced in using a computer system based on
computer training provided would influence users’ subsequent behaviour towards it.
The specific reason for meusuring the perceived ease of use in this study was to
determine the extent of the relationships between case of use, interface and training
combinations in the given training covironment™. As in previous questionnaires, the
items were peer-reviewed for relevance and app aprise® sess, The questionnuire is

included as Appendix 6.

Once the questionnaires were prepared, they were sent for peer review™, Two
independent rescarchers reviewed the questionnaire to ensure the validity and
appropriateness of the question items. The purpose of this peer review was to
climinate any bias intreduced by the researcher. Further, guidelines in instructional
design (Dick & Carey, 1990; Edmonds et al., 1994) suggest that it is important to
establish appropriateness of instruments that measure outcomes using summative or
formative evaluation methods prior to the commencement of preparation of training
materials. In this study, questionnaire 4 (satisfaction) and questionnaire 5 (case of
use) subjectively evaluate the (raining outcomes and hence peer review process was

employed to establish their appropriateness.

* 1t needs 10 be remembered that Questionnaire 5 was applied after the training had been completed
and afier the subjects underiook tasks (“hands on lasks") in using the Project Management software
application for which they had been trained. The first 4 sets of questionnaire items measure the
“training environment” itself (eg. use of computers, gering work out of computers including interface
usage). The 5" set of items measure the ease of use of the traini ng materials itself, All 5 sets of items
were used to reflect the “ease of use™ factor impacting the end user training in the given setting.

% This is only a peer review on the questionmaires. Pilot study is discussed later under the section
*Pilot Swdy” in this chapter.

102



As mentioned in the previous paragraph, the peer review was conducted by
two independent researchers™ who commented on the appropriateness, suitability and
applicability of questionnaires to the study. The reviewers questioned the use of
certain terms such as ‘It was easy to learn the mouse operations’ because they felt that
question is very open and did not reflect the current context. The reviewers suggested
that the questions in Questionnaire 5 be modified into I find it easy to learn the
mouse operations’ to reflect the current context. These comments were taken into
account and the training materials were modified to address the concern. Further,
certain scales were initially from ‘low’ to ‘high’ and these scales were modified to

‘Disagree’ to *Agree’ to reflect the comments provided by the peer reviewers.
2. Preparation of training materials

Construction of tratning material in this study consisted of two phases. The
first phase examined generic issues such as tasks, their complexity and their level of
appropriateness, The second phase consisted of articulating these tasks to instruction

or exploration approaches.

Examples of Project Management were developed using the suggestions
provided by Campbell (1991), Mayer (1981) and Wood et al. (1990) and were
presented in the form of tutorials as suggested by Carrol & Rosson (1995} and Olfman
& Mandviwalla (1995). The concepts of the Microseft Project application were
explained in both sets and elaborated as and when necessary. Further, both materials
set consists of information on how to recover when things go wrong for both training

approaches.

Examples in both the instruction materials and exploration materials consisted
of tasks which were made up of sequences of operations. Guidelines given by Wood
et al. (1990) and Campbell (1991) were used in preparing tasks for the training
materials. Examples on Project Management such as how to create a project schedule
were delivered using sequences of training instructions to conduct operations and cties
were provided to help learning. For examiple, users were alerted to the change in the
task bar of the Microsoft Praject Screen when certain changes were taking place.

Further, various screen dumps showing graphical representations of Microsoft Project

% These two independent researchers have considerable experience in End User Computing. One has
over 20 years of tertiary teaching experience in Computing and the other has over 15 years of teaching
experience in teaching end users. Both have published a number of refereed papers in the area of EUC,
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for a task were provided to help participants understand the effect of icons or menus
and enabled them to leam either or both of the interface types. Both training materials
set consisted of commands that could be activated usin g either interface. Due to the
complexity of the commands and their sequences, both the training materials set also

~ provided graphic representations of the actions and responses, where possible.

Further, care was exercised to avoid any ambi puity in the use of terms by
consulting staff at Edith Cowan University who had ‘education’ background and -
‘Project Management’ teaching experience. Irrelevant information was checked by
these ‘so called experts’ for and subsequently removed from the training materials. In
both material sets, tasks were broken down into simple sequences of training
instructions. The combination of these tasks led to complex tasks. This approach was
taken to enable subjects to understand the mechanics of executin g tasks and then to

build upon their knowledge to carry out complex tasks.

It is important that the preparation of training materials should address any
bias that can be introduced in the construction of tasks, task complexity and
evaluatioﬁ. While the instructional design domain provides guidelines on how to
prepare tasks, there is no instrument available to measure task complexity. Wood
(1986) has suggested that task complexity is one element that influences training
outcomes. Mayer (1981) also has studied this in EUC studies and has wamed
researchers to consider task complexity prior to the commencement of experiments,
Dick (1990), Kirkpatrick (1983) and Edmonds et al. (1994) have given guidelines for
evaluation of tasks to ascertain their appropriateness to studies. These have been

taken into account in this study in the preparation of tasks in the training materials.

Each task included the five characteristics mentioned in the task complexity
model developed by (Wood et al., 1990): number, irrelevance, ambiguity, conflict,
and change. Number refers to the total amount of information (e.g., cues) given to
the subjects in the content component of the task, This (number) was verified for
adequacy. In the context of the situation, an increase in number might mean a
decrease in the time available to make decisions because subjccts’ need to process the
instruction before taking decisions. In this study, the balance between number and
time was verified by testing the training materials within a specified time with basic

users (who were not involved in the experiment) during preparation.
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Irrelevance is information in the content of the task which is not pertinent to
the decision making. Irrelevance also refers to factors in the context of the task which
divert attention away from the task at hand. Training materials were checked to
ensure that this was avoided, Ambiguity is a lack of clarity, obscurity, unreliable
evidence, incomplete information, vagueness or the possibility of assigning multiple
interpretations or meanings to data. Training materials were again checked by the
‘education experts’ to remove ambiguity. Where it was not possible to remove the
ambiguity in certain technical terms, additional information was provided as

clarification.

Conflict is the mutual interference of opposing forces or information.
Training materials were checked to see whether there was any conflict in the
information provided. For instance, during the initial versions of the training
materials, the screen shots referred to a staff computer where the settings were
different and this resulted in a conflict in the information provided and the
information available on subjects’ computers. By using an identical setting to that of

the subjects’ computers, the conflict was avoided.

Change is a difference, fluctuation or variation in form, quality or state. Due
to the various settings in the computer laboratories, there were minor variations in the
way in which students saw the hardware settings. This was resolved by removing any
dependencies on the hardware materials (such as printers). Once the training
materials were ready’, they were given to three sets of people for preliminary testing
purposes. The first group consisted of 3 Computer Science lecturers who had project
management knowledge and they tested the materials for appropriateness, relevance
etc. The second consisted of 6 postgraduate students for time and operational

sequences. The third set consisted of pilot group, which is discussed later.

The training materia! set developed for this study included two training

approaches, instruction based training and exploration based training. Both sets of

materials contained examples different from the tasks used in the experiment.

17 Both sets of training materials were in print and only the print form was given to participants. The
print form included screen dumps to highlight the context.
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The instruction training material consisted of step-by-step instructions in order -
to explain the functional elements of Microsoft Project. This material defined and
controlled almost all aspects of learning, including specific items to be learned, the
sequence of items and the manner in which the instructions were presented.
Information was provided fof the learner to read and work through step by step,
therefore, this material was complete in the sense that learners did not need to look for
information outside this material. The focus of this material was on specific features
of the application and instructions to assist users to perform simple and complex
operations. Learners were not allowed to creaté their own examples while using this
material and were provided with little opportunity to digress from the given material,
This material encouraged learners to discover general rules by working through

specific examples,

Exploration:based fal
The second set of training materials, the exploration materials, provided
instructions only for a general framework. The focus of this material was on broad
outcomes. This material did not use specific examples and users were allowed to
create their own examples to understand the application. This material was left
incomplete, i.e. not all aspects of the general framework were given, and learners
were encouraged to explore the application in order to comprehend its functions,
With these materials learners were encouraged to reason from general rules to specific
examples. Therefore, these materizls transferred much of the control of learning

process to the leamner.

While the instruction approach provided information cues to match step-by-
step instructions, the éxploration approaches provided information cues as and when
necessary. Certain information cues were deliberately left out in the exploration
materials to facilitate exploration. To assist users in remembering icon and menu
actions, screen shots of icon and menu information of the application were also

provided.

A sample screen dump”® used in the training materials and associated

instructions are given below to illustrate its purpose. It can be seen from the screen

* It was mentioned during the training that subjects are allowed to use both types of interfaces and they
will be asked to nominate their preference (based on the experience pained) at the end of the training,
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dump that the training materials consist of both step-by-step instruction and screen-
shots of MS-Project. The purpose was to facilitate both instruction and exploration
approach to subjects and then allow them to choose their preferred approach. While it
is possible to ai‘g’ue that training materials consist of both types of interfaces and - |
hence there is possibility that subjects would learn both types of interfaces, in this
study, subjects were asked to nominate their preferred choice of interfaces and
training approaches to suit their learning style. This is referred in some sections as
“the preferred ..” in the thesis later. The choice of selection of interface and training
approach was made prior to the experiment (not during training) and the experiment
was controlled at that point. This is done to avoid criticism found in 'prcvious' studies
that subjects were forced to use certain types of interfaces or trammg approaches and

this forced nature could have impacted training outcomes.

This nominated interface was recorded into the database and was subsequently used in the experiment
{hands on tasks).
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Go to View menu
Ensure the Gantt Chart tab is checked
Click on Print Preview icon

When the schedule is big, the print preview
would span more than one page. MS Project
provides provisions to contain the GANTT view into one page. To do this:

Go to Page Setup
option

Select the Page tab

Ensure Fit to tab is
checked with 1 page

wide by I page tall 2 _' it o el Ak 5 S
Click OK [l A g
ghclf on Print &l r_j";W& ;[‘1_‘3__.? bR 5

review 1con AR AR D I T S R B W B e e

Viewing GANTT Chart

Go to File menu

Once viewed, CLOSE Print Preview

Care was exercised in constructing operational sequences that are as similar as

possible for both training approaches. In addition, with a training approach, users

were provided with sequences of operations that can be performed using both icons

and menus., Screen dumps in graphic forms have been provided in order to enhance

learning. Following is a list of topics that were covered in both the training materials:

1. What is project Management?

This topic introduced subjects to some basic concepts of project management.
The topic covered aspects of project management, the need for it to be used in

industries etc.
2. What are the advantages of using project management software?

This topic introduced the concept of project management software and why

such a software should be used as opposed to some other applications.
3. What are the project management scheduling techniques?

This topic elaborated on the scheduling techniques used in a project

management environment and their importance in that environment.
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4. How to enter data in MS Project?

This topic covered specific aspects of Microsoft Project for the purpose of
entering data, Aspects of entcrmg data are covered using step—by step
procedures as well as pictures showing how the computer screen will look at

various instances of data entry.
5. Opening, saving and closing files

This topic covered aspects of file management in Microsoft Project. Shortcut
keys, menu commands and details pertaining to file management are covered

in this topic.
6. How to create a new project?

This topic covered points relating to how to create a new project, This
involves how to enter schedule events in Microsoft Project, how to enter time

and resources, how to govern milestones etc.
7. How to view a GANTT Chart?

This topic provided instructions using Microsoft Project on how to view a
GANTT Chart in order to see how the project is developing, Various views of
GANTT chart are discussed in this topic. | -

8. Exercise on creating a simple task schedule

This topic covered simple exercises for the subjects to reinforce the concepts

covered in the previous topics.-
3. Peer review of training materials

To avoid the criticism encountered in previous studies on the arbitrary nature
of training material development, this study employed a rigorous peer review progess.
Two colleagues at Edith Cowan University reviewed the materials based on the five
characteristics of tasks - number, irfelavance, ambiguity, conflict and change. In
addition, six students, who were not involved with the experiment, tested the t_raining
materials and instruments for accuracy, appropriateness, relevance and readability.
For example, the term “link” has a special meaning in project management compared
to the term “linking” in other computing environments. This type of ambiguity was

identified and explained during training.
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The colleagues who reviewed the training materials made a number of

comments, Some of which are given below:

» Many of the worksheets and answer sheets could be improved wi_th some

minor forinatting changes as shown on the following pages.
¢ Examples of GANTT charts were needed.
e Screen dumps were needed for certain actions,

These comments were subsequently incorporated into the training materials.

The final version of the training materials is included as Appendix 7.
4. Ethical Clearance

According to Edith Cowan University guidelines, students and staff engaged
in research work should obtain ethical clearance before commencement of any
experiment. In this study, students were used as surrogates and hence ‘openness’ of
the information provided was crucial. Subjects were exactly told what is going to
happen in the study and were made aware that the participation is voluntary, The
participants were also informed that the information provided for the purpose of the
study will be kept confidential and has no bearing on their education. In addition, the
survey forms, training materials and other associated materials such as covering
letters given to subjects, introductory letters given to subjects (explaining the purpose
of research) were all ‘quality assured’ in order to remove any unintended bias
introduced, The procedures were ddcumented and accepted by a committee at Edith

Cowan University as acceptable practices.
5. Pilot study

The next step in the process involved conducting a pilot study to assess the
suitability of the material for the experiment, In order to facilitate the pilot test, 15
subjects were chosen who were not involved in the c'xperiment. They were drawn
from a population with comparable characteristics. The pilot study was organised
into three sessions, The first session included a briefing session and completion of the
first three questionnaires to ascertain level of knowledge, experience and learning
style preferences. The second session was training. The third session involved

hands-on tasks (the experiment) and filling in the last two questionnaires.
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During the second session of this pilot study, the training session, the following
problems were noted:

o Questionnaire 1 and 2 contained typographical errors.

e Questionnaire 3 was difficult to read due to the background colour put on

alternate questions.

e The training materials contained of references that were not set as standard

options in the laboratories. This created confusion.

o The operating system settings were different from that of the machine with
which the training materials were prepared. Therefore, certain steps were not

executed as per the instructions in the training materials.

e The application software version was different from that in the laboratories |

and resulted in certain operations of the training materials not being used.

e Students were not able to remember the steps they executed during training

while performing hands-on tasks.

The training materials and survey forms were modified and tested again by the
same six students, These students then confirmed that the problems reported earlier
had been addressed and eliminated in the refined training materials. The lraining
materials included as Appendix 7 is the final versions. The modified materials were

again sent to the ECU Ethical Clearance Committee for approval.

One of the problems that emerged during the pilot study was filling in the
responses to the hands-on tasks of the experimental phase such as time taken, correct
strokes, etc. The pilot subjects had dlfﬁculty in filling in the answer sheet used to
record their responses because they were not able to remember their responses
afterwards They recommended that an automated tool be used to record the act1ons.
This resulted in the installation of a software application called the Lotus
ScreenCAM.

Due to the decision to install screen cameras to capture activities conducted
during the experiment, various models were examined. The two products that met the
specifications were Lotus ScreenCam and Microsoft's CamCorder. It was initially
decided that Microsoft CamCorder would be installed in the laboratories because this

was covered under Microsoft site licenses. However, due to different versions of
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processors, the CamCorder did not run on al! the computers. This then prompted the
installation of Lotus ScreenCam which ran successfully on different processors. |
Lotus agreed to an installation of ScreenCam on the University Iabofatoﬁes for two
sessions per software purchase. Lotus also insisted that students should NOT copy the

software.

The pilot subjects were then dlstnbuted with a 1esponse sheet to record thelr
operations by replaying the ScreenCAM or Camcorder files. This requxred the pllot
subjects to fill in number of keystrokes, the number of accesses to menu 1tems the
number of accesses to 1c0ns, the number of errors commltted the number of -
backtracks performed and the ov erall time taken to complete the exermse However,
when the initial batch of sul:g_ects replayed the data recorded, it took over two hours to
transpose the responses of 45 minutes work. As the.d.a_ta capture session went beyond
the stipulated time of maximum two hours, it was decided that the files will be saved

and the data such as keystrokes will be captured externaily later.
Experimental procedure

In order to test the research hypotheses, an experiment was designed for a

laboratory setting. The following sections explain the experimental procedure.
I Bﬁéﬁngs to subjects

Once the training materials and survey forms were finalised, students were
approached to participate in the study. Initially, 65 vol'uhteers were chosen to fill in
the first three questtonnalres to validate them. The results of the validity of the
questionnaires are discussed in the Data Analysis chapter Other subjects who
expressed an interest to participate in the study were allocated to various sessions of
the experiment in order to m_inimise any disruption to their regular tertiary studies.
They were asked to assemble at various computing laboratories in order to start the

experiment.
2. Questionnaires 1 and 2

About 200 students (stratified samples, including the 65 mentioned above)
filled in qoestionnaires 1 and 2. Students who had experience with project

management applications were again reminded not to participate in the study to avoid
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any bias, Tne students, under the supervision of their respective lecturers, filled in the

first two questionnaires. Students were allocated a token number to ensure
anonymity. ' |
3. Screening of Subjects

The fi st two questlonnatres were used to determme the smtablhty of SI.lb_]CCtS
for [hlS study. The students ranged from 19 years to 55 years of age, belon ged to both -

genders and possessed a vanety of skills in applications software

~ Inaddition to sub_;ects who were familiar with Mtcrosoft Project twelve
students who mdlcated later that they were famthar with the concepts of Pl‘O_]BCl R |
.Management were also eliminated from the study.. Subjects who had indicated that

they knew a ot about questions 6 and 14 (questtons on pI‘O_}CC[ management) of

Questionnaire 1 were also eliminated from partlt:tpatlon.

Details of the remaining 183 students were entered into a database with their
token number and their family name, given name, the university instructor or
lecturer's name for maintenance and follow-up purposes. For confidentiality reasons,
details such as course, student identification number and other course details were not _

recorded into the database,

The grouping of subjects into the two user categories was decided in an
arbitrary manner. Any subject who scored an average of 3.5 and over, out of 5, would' :
be considered an advanced user. The average was calculated for the two
| questionnaires 1 and 2. To be an advanced subject, an average of 3.5 and over in each

questionnaire was required,
4. Questionnaire 3

A week later, subjects were given the third questionnaire. Subjects were
instructed to answer either with a tick (implying “agreement” to the statement in the
questionnaire) or a cross (implying “disagreement™). Subjects were asked not to leave
any responses blank.

As expected, this questionnaire required about 30 minutes to complete. Six

subjects expressed their mablllty to parucnpate in the survey at this point of time due

to other work or academtc commitments bringing the total subjects number down to
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176. Once the data was collected, an algorithm™ given by Honey & Mumford (1992)
was used to cétégorise subjects into their preferred learning style. The following
*able provldcs the dlslnbunon of subjects in terms of their level of knowledge and

~ learning style preferences.

Table 3.1 Frequency distribution of level and leorning s”tyle prefei’ences_ .

Learning I | - [Total .
istyle - .

|Activist  [Reflector [Theorist - [Pragmatist

level [Basic 72) D1 23 17 83

[Advance 16 27 16 17 76
Total 38 48 39 34 1159

Note: The table is extracted from the statistical analysis of data and includes incomplete subjects and
outliers. Hence 159 in total column instead of 176 as mentioned,

4. Installation of software applications

As mentioned previously Lotus granted permission for the installation of their
software application ScreenCam for two sessions per purchase of a licence. So, it was
decided that the ScreenCam would run in conjunction with Microsoft Project, in a
Windows 95 environment, urider the Novel neiwork. In one campus, it was not
~ possible to use any other laboratories due’ to hea\?y bookings Therefore, it was
decnded that Microsoft Camcorder, whlch was comparable, would be used for the
purpose of data recordmg Because this campus was a regional campus, about 200 -
km from the main campus, it was agreed to conduct thc cxpenment ona dlfferent

schedule from that of the metropolltan campuses,
_ For the i_nstallation of software applicatio_n Microsoft Project, a special disk_ -
- volume was created to enable collection of data confidentially. Only two staff .

‘members had read access to this disk volume. Students were allocated a special -

¥ The algorithni was written in Visual Basic and enclosed as Appehdix 9.

“ The table accounts for only 159 students because certain students dld not save thelr files properly and
the data for these students were not included in the ﬁnal data analysis. Thisis explamod inalater
section.
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password that allowed only write access to this disk volume. This access was to
enable students to save their work during the hands-on tasks of the experimental

phase. This arrangement facilitated the data collection in a short time.
5, Training

Once the necessary software apphcanons were 1nstalled and lcsted lrammg

was prowded As planned the trammg was prov1ded a weck later Al mumng session . .

of 45 minutes was mmally allocated. Students were allocated to any of thc 10
sessions of training provnded The trammg commenccd on 26 April 1999 and
concluded on 2 May 1999. Due to various academlc WOy k pressures, afew etudems

did not attend the training,

A total of 176 subjects attended the lralmng and they were briefed about the
two trmmng approaches. During training, subjects were asked to work on both sels
of training materials. They were allowed a total of 45 mmutes per set. This u_me
excluded any housekeepiog such as logging into the network. Subjects were aliowed
to ask questions and they were provided with answers. In addition to this, once the
training was completed, subjects were asked to nominate their choice of inlcrfa.c.c —
icon or menu, and training approach - instruction or exploration, Subjects were |
instructed that once they nominate their preference for interfaces and training
approach, they must use only the nominated approach. The subj'ect_s were also
informed of the procedures of recording their actions to highlight the importance of
using only the nominated types of interfaces and training approaches. Subjects were
also informed of the marking key used to extract effectiveness factors and that using a '
wrong interface type may be considered as a wrong action. The nominated preference
of interface type and training ﬁpproach was recorded into their database. Once the
training was 'compleled, subjects were asked to return the sets of lrziining materials to
the instructor. Subjects were not given access to lrairiing resources after their |

respective training sessions.

At the end of the training session, subjects were categorized based on _lheir
level of knowledge and subjects had nominated their interface choice and training
approach choice. The following figure (Figure 3.3) provides the distribution of

subjects to each group:
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Basic

26 suhiects

\

Icon

Menu

Figure 3.3 Groupings

Instruction- . :
\b _ AdVaﬁced o 15 snhiects -
/ Basic 3 snhiects’
Exploration
\i  Advanced [ 27 sithiects |
/ Basic 31 subiects
Instruction
\-b . Advanced 17 suhiecis
/ Basic 13 qithiects
Exploration.
\5 Advanced 17 subiecis
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6. Hands-on tasks testing

Once the training component was completed Lotus ScreenCam was lnstalled y
in all the laboratorics where trammg had been prowded Ten sub_lecls pamcrpated in’
the first hands -on task lestmg Subjecls were gwen an mtroductron to the overall '

operdtrons how to save the data and where to save the data They were also told

“about their password and the dlSk volume where the data could be stored They were o

told how to use the Lotus ScreenCam software and the operatrons of thls apphcatron.-

Thts study. used a time frame of 45 mlnutes for the hands—on expenment
component because prev10us studies i in EUC trammg have employed a duration of
about 45 minutes for the purpose of tramlng (Blili et al., 1998_, Boh_len & Ferrat,_ :
1997; Davis & Bostrom, 1993; Sein & Bostrom, 1989). In addition, this time period
also coincided with the laboratory bookings and release to other lecturers at Edith |
- Cowan University. Once the tasks were completed, subjects .tttere asked to store 'their.
file at a specified disk volume. As indicated in an earlier section, in order to avoid the
lime consumed in capturing the data, it was decided that subjects would jtlst save the
Lotus ScreenCam version of the data and the repley would be performed at 5 Iater :
point. A total of twelve sessions were pIanned to accommodate the subjects at
metropolitan campuses. A total of 159 subjects completed the hands-on tasks
exercises. The data were also backed onto six high volume diskettes in compressed _

form for data entry and subsequent analysis.
7. Measurement of training outcomes

Outcomes in this 'study were asseSsed using three measures — eff" ciencjr,-'
cffectweness and cuse of use. Subjects mvolved in the study were pr0v1ded with |
hands-on exercises consisting of twelve tasks where tasks need to be completed ina
sequence. ‘Completion of each task involved lndmdttal_steps. A_ step is deﬁ_ned as an_
information entry or an action taken in the applic'at'ion In this study, Subjects' who
nominated icon interfaces to accomplish tasks were instructed to use only 1cons m
accomplishing the tasks Use of menus to accompllsh tasks is consrdered a wrong

step.

The first measurement was the effectiveness. This measure was dependent
upon score. As parhcrpants completed each step in the given task rt was recorded

using the Lotus screen camera. Whlle completing a gwen task, a partwrpant would
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enter data in a cell, or interact with an icon, menu item or backtrack to a previous step
or commit an error. Therefore, the measure effectiveness was calculated in terms of

every action performed by participants.

To obtain meanin gful measures, a unit score of one was allocated to each key
action in conducting a task. A key action included entering data in a cell, Other
actions included an icon activation, menu access or'interaclioh with a dialogue box..
Unit weights were allocated to cell data entry, as the infohnation—processing load is
crucial at this step. Users need to understand what needs to be entered, how to enter
the data, what formats needed to be chosen and so on. This study allocated half the
unit scores to every step performed using icons or menus or dialogue boxes as these
interfaces convey the same meaning for the users and the information load is
straightforward. Errors and backtracks were allocated a negative unit weight in order
to determine the accuracy of steps involved in completing a given task. The outcome
effectiveness was computed from a combination of these actions. In this study
subjects were already exposed to a different software environment such as Microsoft
Word and Excel and hence the information processing abilities were treated equal for

every activity undertaken by the users.

Based on these allocations, it was possible to define the factors effectiveness.
Effectiveness was defined in terms of the “score” gained by the number of steps used
to conduct a task; number of errors committed and the number of backtracks
performed in completing a step. To be effective, users would use steps with
precision. In other words, to be effective, users would use the correct keystrokes in
the correct sequence in order to arrive at completion of a task. The effectiveness was

verbalised as:

Effectiveness = function (total strokes, icon access, menu access, dialogue box

interaction, errors, backtracks)
This is shown mathematically shown as
Effectiveness = f(TS, IA, MA, BTRK, ERR)

This effectiveness formula resulted in the correct strokes, where correct

strokes = TS + 0.5 IA + 0.5 MA - BTRK - ERR.
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For efficiency, time is measured. In this study, to measure time a computer
clock was used. Participants were asked to store their work in a specific location on a
computer network and the time of completion is recorded from the file details. Thc_
starting ti me was recorded manually. For calculation purposes, thc raw time in
minutes was converted to a unit, where an hour was interpreted as 100 portions.

Efficiency was measured in “time” and was defined as:
Efficiency = function (time, correct strokeé)
Efficiency = time / Correct 5trokes
This is shown mathenialically as

Efficiency = f(T, CS)
Efficiency =T /CS

The third outcome ease of use was measured using an opinion survey. The
survey instrument consisted of 28 questions over § sections. Subjects answered to
these questions by denoting their opinion on a 5-point Likert scale where the scale

vanged from 1 (disagree) to 5 (agree).
8. Questionnaire 4 & 5

Due to time constraints; this study was not able to measure satisfaction and
ease of use immediately after the experiment. There was a one week delay in
measuring these two aspects. During the week beginning 24 May 1999, subjects who
had completed the hands-on testing (experiment) were asked to complete the next two
questionnaires. The fourth questionnaire extracted levels of satisfaction and the fifth
questionnaire extracted the perceived ease of use. As expected, the time taken was

about 30 minutes for both the questionnaires.

9. Data entry

It was essential to enter the data into a software application in order for
analysis. Microsoft Excel, Version 97 was éhosen for this purpose. The choice was
determined by the availability of this application at various departments and research
centers at Edith Cowan University. Further, it was possible to write some | |
programming codes using Visual Basic in Excel to extract subjects’ level of

knowledge.
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To maintain accuracy, it was also decided to conduct a double data entry
procedure and then compare files. This procedure would help to identify anomalies-
and then 'coﬁection of data. However, for the p_urpdse of data entry, a coding schemé
needed to be devised. This study used a numeric code 1 for basic level users and 2 for
advanced level users. Similarly, a numeric code 1 was used for instruction training
approach and 2 for exploration training approaéh. For learnin g style preferences, this
study used numeric code 1 for users _categorised as activist, 2 for users c'atcgdrised as
reflectors, 3 for users categorised as theorists and 4 for users categorised as

pragmatists.

Questionnaire 3, the learning style preference questionnaire, was entered and,
by comparing the files all the type errors were eliminated. Then, a Visual Basic
program was used to extract the preferred learning style of subjects. This program
was based on the guidelines given by Honey & Mumford (1992). The Visual Basic
code is included as Appendix 9. Data were then checked for any potential mistakes.
The Visual Basic code was checked and the computation was also checked for any

potential errors.
Conclusion

This chapter has provided information on how the instruments were chosen,
how these instruments were peer reviewed for ambiguity and how the training
materials were developed. Previous studies have been criticised for their ‘subjective’
nature in instrument developmental procedures and this study has exercised care to
avoid any ‘subjective; bias introduced by performing peer reviews at various points.
All instruments used in this study, training materials and other documents were
reviewed by experts and peers in order to avoid any compounding effects that could
be introduced by ignorance. Further, while a majority of previous studies used a
manual process to track keystrokes and other time component involved in the
determination of training outcomes, this study has used an automated procedure to
track all the steps performed by the subjects. The advantage of using an automated
procedure is accuracy. In addition, the tool used in this study, namely Lotus
ScreenCAM, captured all sequences of action and hence it was possible to review the

files at a later point of time for any clarification. This also has helped to accurately
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determine the number of keystrokes, errors committed, backtracks and time

components.

Further, the overall experiment was divided into a number of co'mpo_n'en'ts and
these compoenents were of manageable sizes. Executing these components ina
predefined sequence ensured that the experimént: W_as cdndﬂcte_d as per schedule. In _
addition, the peer-review and pilot-study. helped to alleviate a number of p:obléfiis -
prior to the experiment and these two procedures helped to refine the ov_erall.quality
of the experiment. In summary, the collective procedures — peer review of
instruments, pilot study, inclusion of automated tools to capture data — héve

guaranteed that the experiment was executed as planned.

The next chapter presents data analyses, which include the verification of data,
preliminary data analysis and hypothesis testing, The various statistical techniques

used to verify the data and test the hypotheses are provided in the next chapter.

121



CHAPTER 4 - DATA ANALYSIS

In this chapter, the data analysis procedures are discussed in terms of data
entry procedures, deécriplive measures and multivariate analysis. The data entry
procedures highlight the steps taken to ensure the manual data was accurately
transformed into computer files, Once this was completed, procedures were followed
to ensure the validity and reliability of the questionnaires used in this study, The
descriptive measures highlight how the data were checked for integrity to facilitate
hypotheses testing. Then multivariate analysis was carried out in order to ascertain
acceptance or rejection of the hypotheses. The chapter concludes with a summary of

findings from the statistical analyses peiformed.
Data entry procedures

In order for the data to be analysed, the manual data captured from the five
questionnaires needed to be transformed into computer files. This conversion
involved the data filled-in by subjects in the five questionnaires, namely, prior
knowledge (Questionnaire 1), prior experience (Questionnaire 2), learnin g style
preference (Questionnaire 3), satisfaction (Questionnaire 4} and ease of use
(Questionnaire 5). In addition to this, the Lotus ScreenCAM files were also played -
back to record details such as number of | keystrokes used, number of times icons
accessed, number of times menus were accessed and nuniber of times errors were
committed. These were also for transformed into computer files. The following

paragraphs detail these procedures,

When raw data are converted from existing paper formats into computer data
files, accuracy needs to be guaranteed to avoid any typographical errors. Gilbert
(1989) states that one such inaccuracy may be any subjective bias introduced by the
researcher and this inaccuracy needs to be eliminated during data collection and entry

procedures. Bowman et al. (1994) proposes that a double entry*' procedure is an

1 Double Entry refers to entering data by two independent people. Usually an electronic form is
created for the purpose and two different people enter the same data on two computer files based on the
form.
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efficient way of converting manuai data into an electronic form in order to avoid any
typographical errors. The data processing industry also follows this approach.
Therefore, it was decided that two research _assistahts wguld_be used for the _dc)ublé

entry procedure to eliminate any bias or typographical errors.

The manual respohé_ies .to the questionnaires were recorded in an Excel spreadsheet by
the two research assigtahts. A file comparator.rmethod“2 was used to identify _any_
discrepancies and these were resolved by referring back to the original source. In the
case of ScreenCAM files, details of user actions needed to be summarised on phper
prior to conversion to computer files because it was difficult to perform data entry
while simultaneously replaying ScreenCAM files. To enable data entry, the research

assistants captured the following details while playing the ScreenCAM files:
¢ number of times icons were accessed;
e number of times menu items were accessed;
e number of times steps backtracked or rcvisited;
¢ number of times errors were made;
» the start time of the hands-on task (noted from the system clock); aﬁd

e the end time when the application was closed (noted using the time

recorded by the system at the Windows folder level),

For instance, fhe research assistants recorded on paper the number of
keystrokes performed by a user while replaying the ScreenCAM file in the paper form :
provided. Once this was accomplished,' the reséarcli assistants providéd a summary of
all actions on paper. The summary responses were checked and exceptional cases |

identified and rectified by playing back the ScreenCAM files again,

The double data entry procedure was used again to convert the ScreenCAM
summary of actions to an Excel computer file form. The files were again compared
using the file comparator technique. The research assistants _eliminated errors by

referring to the paper form. This completed the data entry procedures.

2 This method compares two computer files created from the same source data and provides details of
anomalies. o '

123



Qlies_tionnaire reliability and validity tests

Zikmund (1994) states that reliability and validity are two important criteria to -
ensure that the instrument used suchasa questionﬁaire 1s aﬁpropri ate for a specific -
study. The reliability is a necessary condition for' validify'. _In' this studjf instruments |
were statistically tested fof reliability anci Validity pﬁor' to daté analysis to ensure that
they were appropriate in addition to the peer—rewew and pilot- testmg camccl out

before data collection, as discussed in the previous chapter.

Reliabili

The reliability of an instrurnent is defined as the degree to which its measures
are free from error and therefore yfeld consistent results (Zikmund, 1994). When
instruments are tested for reliability, two aspects — repeatability and i.nternal
consistency are tested (Simon et al., 1996). Performing a test-retest method using a
statistical application ensures repeatabflity. Internal consistency is ensured usin g.
procedures such as Lhe.Split-half method (Lee et al., 1995). This study follows the
approach® used by Simon et al. (1996) to ensure the reliability of the instruments

used. The actual results arising from rellablhty tests are reported in the next section.

Validity

Validity addresses the problem of whether a measure (for example, an attitude
measure) measures what it is supposed to 1neasure (Zikmund, _1'994). Accofd_ing fo |
Zikmund,.the validity of an instrument, in this case a questio'n'nai_re is, usu_zilly

assessed using three basic approaches. They are:

I. content validity;
2. criterion validity; and
3. construct validity.

Content validity refers to the subjective agreement that a scale logically
appears to accurately reflect what it purports to measure (Zikmund, 1994), Criterion
validity is an attempt to find out the correlation of one measure with other measures in

a construct (Zikmund, 1994). Construct validity is the ability of a measure to confirm

%3 Simon et al (1996) conducted a number of tests to ensure that data were ready for statistical analysis.
Ruble and Stout have criticised EUC studies for not following such reliability tests prlor to data
analysis, Hence, the decision was made (o to follow Simon’s approach.
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a network of related hypotheses generated from a theory based on ihe concepts
(Zikmund, 1994). The following section reports the outcome of reliability and
validity tests. '

Reliability tests

This study used five questionnaires. They tested for prior knowledge
(Questtonnaire 1), prior experience (Quéstionnaire 2), learning styie preférence
{Questionnaire 3), satisfaction (Questionnaire 4) and ease of use (Questionnaire S). of
these five questionnaires, the first questionnaire was based on the guidelines given by.
Bohlen & Ferrat (1997) and modified to suit this study. This questionnaire was
tested fbr internal consistency using split-half method. The second and third
questionnairés were adOpted'from Sirnon et al, (1996) and Honey & Mumf_ord (1992)
respectively and used without any changes. These two questionnaires had alrcady
been tested for reliability in those studies. Questionnaire 4 — Satisfaction was adopted
from Igbaria (1990) and minor modifications were incorporated to existing quéstions
to suit this study Therefore, only standard rellablhty tests such as split-half method

were perfonned on this questionnaire.

The last questionnaire, Questionnaire 5 ~ Ease of use (adopted from (Davies et
al., 1989)) — was specifically modified to suit this study. With regard to
Questionnaire 5, the original instrument consisted of only 4 questions and did not |
include questions on aspects such as training environment. This questionnaire was |
modified extensively to include 28 questions over 5 sections and hence this |
questioﬁnaire Was considered new. Igban'a (1990) states that it is a custornary
practice to assess modified questionna.ires'in each néw study'to'f' nd out how reliable
the constructs are in order to arrive at an accurate measure, Wlth this in mi nd the
reliability of questlonnalre 5 used in this study was tested. Further. this
questionnaire was used in determining one of three training outcomes and hence was
tested for test-repeatability to ensure that a reliable instrument was used to determine

the ‘ease of use’ training outcome.

Questionnaire 5 was tested first on the pilot group. The questidnnaire items
were averaged and the average satisfaction for the pllot group was 3.31 out of 5 when
the questionnaire was tested soon after their training. When questionnaire 5 (ease of

use) was again tested on the same pilot group for repeatability after the hands-on tasks
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(experiment), the average ease of use for the entire population was found to be 3 43
Zlkmund (1994) states that this level is an acccptabie level for venfymg repeatabnhty
for a questlonnmre that has undergone extensive modxﬁcanon Thereforc, the ..

: repeatablllty was assured with this instrument. When the questionnaire was tested on

the study populatlon, a score of 3.51 was obtamed mchcatmg repeatablhty

The internal consistency was tested (after hands-on tasks) using the s_.plit'fhalf |
method. Questionnaires 1; 4 and 5 were tested for this aépec_t. For 'que.stionnai're_'l éa '
value of 0.8792 was obtained using the Spearman-Brown method. Using the Guttman |
Split-half method, a value of 0.8736 was obtained. For questionnaire 4 -a valué of
0.9127 was obtained using the Spearman-Brown method. Using the Guttman Split-
half method, a value of 0.9124 was obtained. For questionnaire 5 — using the
Spearman-Brown method, a value of 0.8823 was obtained. Using the Guttman Split-
half method, a value of 0.8793 was obtained, Simon et al. (1996) state that a high
value (i.e. values over 0.8) is proof that the instruments are consistent. In this study', :
qﬁestionnaires 1, 4 and 5 attained a value of over 0.8. Theref_orc, it can be argued '
(after (Simon et al., 1996)) that Questionnaires 1, 4 and 5 were reliable in tenﬁs of

internal consistency.

In addition to the above tests, a number of generic tests were conducted. The
parallel estimated reliability of scale test retuned a value of 0.9259 for questionnaire
1, 0.9369 for questionnai.re 4 and 0.9632 for questionnaire 5 respectively. The
unbiased estimate of reliability returned a value of 0.9267 for ques_tiohnairé 1,0.9376
for questionnaire 4 and 0.9637 for questionnaire 5. When a strict es_timated reliability
of scale test was performed, a value of 0.8649 for questionnaire 1, 0.9351 for '
questionnaire 4 and 0.9562 for questionnaire 5 was retumed. When a strict unbiased
estimate of reliability was used, it returned a value of 0.8672 for questionnaire 1,
0.9362 for questionnaire 4 and 0.9570 for questionnaire 5. As thc_valueé returned by
these tests were over 0.8, it can be assumed that this was an indication of the
reliability of the instruments used in this study (Zikmund, 1994). This is p'_resented in
the following table (Table 4.1). |

In addition, questidnnaire 5 was tested individually on the five sections of the
questionnaire. This reliability test was conducted to find the extent to which the items

used to assess a construct reflect a true common score for the construct. The internal

consistency reliability for the 28-items was calculated in two different ways. First,

126



correlation between each item under the five categories - learning to use computers,
becoming skilful at using computers, getting work out of computers, operating the
computers and usin g the trammg materials — were calculatecl Second, the alpha

values were calculated

Table 4.1 Reliability Test Results

Test Questionnaire Reliability Test “Type/Value
Questionnaire 1 Gutmann Split-Half 10.8736
Questionnaire 4 Spearman-Brown 0.9127
Questionnaire 5 Gutman Split-Half 0.8793
Questionnaire 1 Parallel Estimate 0.9259
Questionnaire 4 Parallel Estimate 0.9369
Questionnaire 5 Parallcl Estimate 0.9632
Questionnaire 1 ‘Strict Estimate 0.8649
Questionnaire 4 Strict Estimate 0.9351
Questionnaire 5 Strict Estimate 0.9562
Questionnaire 1 Strict Unbiased Estimate - | 0.8672
Questionnaire 4 Steict Unbiased Estimate | 0.9362
‘Questionnaire 5 Strict Unbiased Estimate 0.9570

The first test — corelation — was performed to ascertain homogeneity. The
second test - Cronbach alpha — was performed to ascertain inter-item reliability. The
questionnaire was found to be correlating with values over 0.70 for all items
indicating that questionnaire items were stron gly correlated. Further, the Cronbaich_’s
alpha method of reliability produced a value of 0.9109 indicating the reliability of |
items in the five categories. The correlations and the alpha value provided evidence
that questionnaire 5 was reliable. This indicated that the instmmci;_t used was free

from error and would yield consistent results.
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Content Valldrty

Content vahdrty, also known as face valrdrty, is evrdent in an mstrument such- _
asa questronnarre, when it appears that the measure provrdes adequate coverage of

the concept (Srmon et al., 1996) The content valldrty of all the fi ve questronnalres

used in ‘this study refers to the representatrveness and comprehensrveness of the items "~ '

} used Several exrstrng (and vahd) measures of user partrcrpatron and satrsfacnon were - '
used in thrs study In addition, all the uuestronnarres were peer revrewed for surtabr]rty.
of content Further, three questronnarres (questronnarre 2, 3 and 4 were adopted from o
previous studies without much rnodrfrcatron and the other two were modlﬁed to suit
this study. In addition, all the quesuonnarres were tested and approved in terms of
their content and appropriateness by peers and mdependent subjects, who were not
sub]ects in this study. Hence it can be argued that the contenit validity of 1nstrume_nts

was retained in this study.

In generatin g_the_ additional_ items for Questionnaire § (Base of use), this study
considered 28 questions. The ori gmal questionnaire which consisted of o_nly4
questions, was expanded to i'ncl'ude_th_ese 28 qUes_tions over ﬁve sections: (i) learning
to use computers (5 que_stions), (ii) becoming skilful in using comp_uters (5 questions),
(iii) getting work out of computers (5 questions), (iv) operatin g computers_(S
questions) and (v} using tr'aining materials (8 questions). The expa'nsion included new
questrons to extract mformatlon on the overall tralnmg environment in addrt;on to
specrfic issues of project management. The questrons aimed to capture the percerved -
ease of use of the operaun g system; the pro_|ect ‘management software appllcatron and
the irainin g material. Users responded to the statements using a Likert type scale
rangmg from 1 (drsagree) 05 (agree) This has ensured that a comprehensrve B
conceptualrsatron was employed as suggested by Bohlen & Ferrat (1997), which
included direcy and indirect forms of ‘participation, and formal and informal activities.
For 1nstance, quesnons such as “The computer system was easy to use” evaluated
users’ responses on direct partrcrpatron and questrons such as “’I'he training materials
demonstrated techmques for the trarnees to follow in an easy manner” to evaluate |
users' responses in an indirect form of partlcrpauon This was done to ensure |
completeness of the questronnalre as recommended by B1111 et al. (1998) Together,
these procedures enabled a representative and comprehensrve sampling of user

knowledge and experience, their Ieammg style preferences, their satisfaction wrth the '
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environment, and the ease of use of operating under given settings, as well as

prov1d1 ng evidence of content validity,

Criterion Validity

'Criterion validity is the ability of some measure to con'elate with other -
measures of the same construct. Establishing cntenon validity for questionnaire 5
(ease of use) would provide necessary assurance that the new measures were valid.
This study employed predictive validity using correlations on questionnaire 5 — — ease

of use.

It can be seen from Table 4.1 that using Pearson’s correlation tests, the first
four bategories of Questionnaire 5 — learning to use computers, becoming skilful in
using computers, getting work out of computers and operating corﬁputcrs have strong
correlations. The last category of Questionnaire 5 — using training materials — was .
positively correlated with other groups. Other correlation tests were performed to

ensure that the correlations were positive and strong.

To confirm that the correlation was significant between test elements, a test
for significance was also performed. A significance level of u.nder 0.01 was obtained
for all elements in the questionnaire, This established the fact that the correlation was
positive and strong. This is evidence for the claim that criterion validity is retained in

the questionnaire.

An additional test was performed with the ‘training material’ section in
Questlonnalrc 5 as a controlling elemcnt to verify that therc was 1o adverse effect on
other elements of this questionnaire — ease of use. A partial correlation coeffi cient
was computed using SPSS for this purpose. The results of this test established that
the elements correlated strongly. The significance leve] of under 0.01 was obtained_

for all elements.
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Table 4.2 Correlation Coefficients - Control for training material variable

Controlling for Training

lPAFITIAL CORRELATION COEFFICIENCTS
Material '

_ ' Beﬁd_nﬁng
Learning to |skillful in
use . fusing

computers |computters

[Learning to use
{computers

Get_tinQ
work out of

Opsrating '
computers lcomputers

Becoming skillful in
using computers

1.00

0.81

1.00

Gaetting worl out of
lcomputers

0.70

0.81

1.001

Operating computers

0.74

- 0.85

0.88

_-1.00]
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- Construct Valldlty

_ Construct valldrty looks at the level to whlch a scale measures a theoretxcal
vanable of i 1nterest (Cronbach 197?) Wh en consrdenn g construct valldlty, |
| convergent valxdlty and dtscnrnmant valldrty are establlshed Accordtng to Ztkrnund
(1994) m applred research such as this study, it may be posslble to 1gnore |
dtscnmmant wvalidity because the quesnonnatres are 1nstruments from prevrous studles N
and hence lherr valldlty has been prevrously establrshed Convergent valldlty is the

ablllt y of some measures in a construct to correlate w;th other measures

In this study, the ease of use sub-scales might be consrdered as five di ffeﬁnt |
measures of users’ perception_s. Thus, the con‘eletion among the sub-scales can be
considered evidence of convergcnt validity. In this stud_y, the five sub 'scal.e_s -
learning to use cornputers, becoming skilful at using computers, getting work out of
computers, operatlng the computers and u.si_ng' the training 'materi'als — were measured,
The SPSS statistical analysis using reliability tests (using correfations) showed that
correlations rangecl between 0,734 and 0.852 (with a p-value <0 01), which shows .
that the instruments were complytng with convergent validity, Srmon et al, (1996)
used a srmllar appr oach and stated that such correlatrons and srgnlflcance levels

provrde evidence for convergent validity.
Reliability Estimates

Ongce the reliability and validity of questlonnaires was aSsured, reliability
estimates were performed on the’factors used to measure training outcomes. The
reliability analysis was performed on correct strokes, icon access, menu access,
dialogue box interaction, and backtrackin g, because these factors are uSedto
determine effectiveness. It was found that these items correlated si g'niﬁcéntljf p<
0.01) with each other, and the alpha value was 0,72, Simon et al. (1996) states that
such an alpha v’alue is within an acceptable range. This shows that the factors

considered are relevant for the determination of training outcomes.
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Descriptive Data Analysis

It is customary practice to consider the descriptive analysis of data to
determine its suitability for analysis of variance. Descriptive analysis is performed on
raw data to enhance understanding and interpretation. The process of descriptive
analysis typically involves the calculation of averages, frequency distributions and
percentage distributions in summary form., It is generally recommended that this is the

first form of data analysis (Zikmund, 1994),

Distribution of responses

The descriptive analysis was performed by initially describing the responses in
tabulated form. In this study, there are three major variables - Interface, Training
approaches and Categories of users. An additional variable, Learning style, was also
introduced to predict effect of the training outcomes. These four variables are
referred to as independent-variables. The three outcomes, efficiency, effectiveness
and the ease of use are dependent upon these four independent variables and are

referred to as the dependent variables in this study.

To perform the descriptive analysis, the Excel data spreadsheet was converted
to an SPSS file. A frequency distribution was conducted on the threc outcome
measures or dependent variables - efficiency, effectiveness and ease of use. When
this was done, six responses were found to be beyond the normal distribution range of
the samples. Many studies choose to ignore such responses, usually called ‘outliers’,
during the analysis of data because they may distort the analysis (Zikmund, 1994).

Similarly, these responses were eliminated from the data set in this study.

In statistics, it is common to perform fundamental checks to ensure the data
are normally distributed prior to descriptive analysis. In this study, the data were
checked for normality. A normal plot was produced for this purpose and the normal

curve indicated normal distribution of the data. The plot is enclosed as Appendix 8.

Then the Empirical Rule was applied to ensure that the data was fitted with a

bell-shaped curve, which is an indication that the data is normally distributed

# Usually referred to as Normal Curve.
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(Zikmund, 1994). According to Aczel (1993) the Empirical Rule stipulates that for a
symmetrical, bell-shaped frcquchcy distribution, approximately 68% of the
observations will lie within plus or minus one standard deviation of the mean; about
95% of the observations lie within plus or minus two standard deviations of the mean;
and practically all (99.7%) will lie within plus or minus three standard deviations of
the mean. For instance, from the table below (Table 4.2), it can be seen that for the
training outcome efficiency, the mean was 38.71 and the standard deviation was
13.86. Using the Empirical Rule, it can be seen that 38 4+-3* 13 =77
(approximately). The maximum value of the observation was 76.80, which is close to
77. Therefore, 99% of the observations arc covered within three standard deviations
from the mean. This indicates normality of the data. Using this rule, it can be seen
from the distribution (provided in table 4.2) that for the three outcomes variables,
almost 99.9% of the observations lie within plus or minus three standard deviation of

the mean. Therefore, normality was assured.

In addition to this, the data was tested for Skewness and Kurtosis in order to
find any aberrations. The Skewness and Kurtosis lay between acceptable limits (-1.00
to +1.00) indicating the normality of the data (see table 4.2, under Skewness Statistics

and Kurtosis Statistics).
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Table 4.3 Descriptive Statistics (Kurtosis and Skewness)

Descript |

Mnimumd__ Maximum Mean| Std. Deviation| Skewness]

Stefistic|  Statistic]  Satistic|  Stafigtic]  Statistic] Std. Emon
efficioncy 11.7818) 768000 887123  138667] 05339  0.1925)
effocti 1100000 930000 459371 169286] 05134 01925
‘case of use 13050 5.00000 35488 07186l -0.3618] 0.1

In this study, the data were derived from 5 questionnaires, hands-on tasks
scoring scheme and the computer clock. The first questionnaire measured users’
knowledge on a 5-point Likert scale and the data were averaged to determine the
knowledge level. The second questionnaire consisted of multiple scales such as
percentage of reporting, daily usage hours, frequency etc. The questionnaire items
were statistically validated using correlations and found to be reliable. Then, the
questionnaire items were provided with numerical values ranging from 0 to 5, and
these values were averaged to determine experience level. Questionnaire 3 was
validated for reliability and an algorithm provided by Honey & Mumford (1992} was
used to determine the learning style. Questionnaire 4 and 5 were validated for
reliability using correlations and then the questionnaire items were averaged for data

analysis.

Efficiency

Efficiency was measured in “time” and was defined as Efficiency = function
(Time, Correct strokes). Thus efficiency was represented mathematically in the
previous chapter as Efficiency = Time / Correct Strokes. In this study, the minimum
time taken to complete tasks indicates efficiency. With this in mind, the dependent
variable efficiency was studied in relation to the independent variables interface,

training approach, categories of users and learning styles.

It was mentioned in the previous chapter that subjects were given a hands-on
experiment comprising of 12 interrelated tasks. These tasks were done using menus
or icons. In this study, subjects expressed their preference for the choice of interfaces
—icon or menu — based on the training given. It has already been mentioned that the
time was calculated from the computer clock and there was no manual intervention in
calculating the time. Similarly, the number of correct strokes was extracted from the

ScreenCAM files by the research assistants and this was explained in the previous
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chapter. Subjects who preferred the icon interface scored a mean time of 37.10
minutes® to accomplish the set of 12 given tasks compared to 40.38 minutes scored
by subjects who preferred menu interfaces. Similarly, subjects were asked to
nominate their preferred training approach. Subjects who préferred the instruction
training approach scored a mean time of 38.36 minutes compared with those who
preferred the exploration training approach with @ mean time of 39.15 minutes. User
category — basic or advanced — was determined (not a preference as was the case in
interface or training approach) based on subjects’ responses to two questionnaires.
The basic subjects scored a mean time of 36.75 minutes to complete the given tasks
compared to the advanced users who scored a mean time of 40.84 minutes. Similarly,
the learning style preference was determined based on the responses provided by
subjects in the Learning Style Preference questionnaire, Subjects who were classified
as theorists scored a mean time of 36.46 minutes compared with subjects who were
classified as activists with a mean time of 38.97, reflectors with a mean time of 40.82

minutes and pragmatists with a mean time of 38.01 minutes.

Mason & Lind (1996 state that “The mean is a very useful measure of
comparing two or more population (p.78)". Therefore, the mean value can be used to
compare the performance of subjects who preferred one interface type with subjects
of another interface type. For example, it can be seen from the mean values that
subjects who preferred icon interfaces have performed better in terms of efficiency
compared with subjects who preferred menu interfaces in terms of interfaces because -
they took less time to complete the given set of tasks. Similarly, subjects who
preferred the instruction training approach have.performed better compared with
subjects who preferred exploration approach in terms of efficiency for the variable
training approaches. Subjects who were classified as basic subjects were more
efficient compared with users who were classified as advanced users in terms of
category of user and subjects who were determined as the theorist learning style was
more efficient compared with users classified into other learning styles in terms of

learning style preferences.

The data were further studied for the combined effort of interface and training

on efficiency. The icon interface and exploration combinations scored a mean time of

* The time measurement was the average calculated for the group.
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36.94 minutes to complete the set of 12 given tasks compared with the icon and
instruction combination {(mean: 37.25 minutes), menu and instruction (mean: 39.30
minutes) and menu and exploration (mean: 42.10 .minutes). The data were also
studied for the combined effort of interface and level of users. It was found that the
icon interface and basic user combination yielded a mean time of 34.99 minutes to
complete the given set of tasks compared with icon and advanced users (mean: 39.06
minutes), menu and basic users (mean: 38.32 minutes) and menu and advanced users
(mean: 43.05 minutes). Similarly the combination of preference to training approach
and level of users was studied. This analysis provided a mean time of 35.56 minutes
to complete the given set of tasks for the instruction and basic user combination
compared with instruction and advanced users (mean: 43.33 minutes), exploration and
basic uses (mean: 39.36 minutes) and exploration and advanced users {mean: 39.03

minutes),

Therefore, it can be seen from the descriptive analysis (using mean values)
that in terms of interfaces, subjects who preferred icon interf'aces performed more
efficiently. Similarly, in terms of training approaches, the subjects who preferred
instruction approach performed more efficiently. In terms of categories of users,
basic users performed more efficiently and in terms of learning style 7 references,
users deemed to be theorists performed more efficiently. Further the combination of
icon interfaces and choice of exploration training approach combination performed
more efficiently than other combinations. Similarly, icon interfaces and basic users
performed more efficiently in terms of the interface and level of user combination.
For the preference of training approach and categories of users combination, the data
support the choice of instruction approach and basic users performing more efficiently

because they took less time to complete the set of experimental tasks.

The following table summarises the independent variables for the cutcome

efficiency
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Tal’ : 4.4 Summary for Efficiency on training outcomes

Dependent Variable Variable Mean (time | Deviation
Combination in minutes) | (timein

minutes)
Interface Icon 37.10 13.72
Training Approach Instruction 38.36 14.31
Catepory of users Basic 36.75 11,27
Leaming style preference Theorist 36.46 14.66
Interface x Training approach Icon x Exploration | 36.94 12.40
Interface x level of user Icon x Basic 34.99 10.17
Training approach x Category of Instruction x Basic | 35.56 11.26
users

It can be inferred from the above tabie that icon interface appears to have a
major influence on efficiency outcome based on mean value, This can be seen
whereby subjects who preferred icon interface are a recurring component in efficiency
results. Similarly, the theorist leaming style also appears to have promoted the
greatest efficiency. To determine the significance of these, still analysis of variance

needs to be conducted.

Effectiveness

Effectiveness was defined as a function of correct strokes, icon access, menu
access, dialogue box interaction, errors and backtracks. This was shown in the
previous chapter as Effectiveness = f(CS, IA, MA, BTRK, ERR). Thus, effectiveness
was calculated in terms of number of keystrokes resulting in scores and a higher mean
score indicates greater effectiveness. When the dependent variable effectiveness was
studied in terms of interfaces, the performance of subjects who preferred icon
interfaces were found to be effective with a mean value of 53.86 to complete the
given set of tasks compared to the subjects who preferred menu interfaces with a
mean value of 37.70. Similarly, for the variable choice of training approach, subjects
who preferred exploration approach performed more effectively with a mean value of
48.31 compared with the subjects who preferred instruction approach with a mean

value of 44.06. Subjects who were categorised as advanced users performed more
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effectively with a mean value of 47.27 compared with the basic users, who scored a
mean value of 44.7.. Similarly, with regard to training styles, subjects who were
classified as activists séored a maximum score of 47.86 indicating greater |
effectiveness compared with reflectors (mean: 47.64), theorists (mean: 45.33) and

pragmatists (mean: 42.05).

When the interface and training approach combination was studied, it was
found from the mean values that the icon and exploration combination performed
effectively with a mean value of 53.95 to complete the given hands-on tasks
compared with the icon and instruction combination (mean: 53.78), menu and
instruction (mean: 35.77) and menu and exploration {mean: 40.80). The data was
analysed further for the interface and category of user combination. This analysis
revealed that subjects who preferred icon interface and categorised as basic users were
more effective with a mean value of 55,12 compared with subjects who preferred icon
interfaces and who were categorised as advanced users (mean: 52'.69), menus and
basic users {mean: 35.47) and menus and advanced users (mean: 40.58). The data
appear to indicate that subjects who preferred icon interfaces were a dominant factor
in determining the trainin g outcome effectiveness, When the choice of training
approach and level of user combination was studied, the exploration approach and
basic user combination was more effective with a mean value of 51.96, followed by
the instruction approach and advanced level user combination (méan: 48.81}, the
exploration approach and advanced level user combination (mean: 46.15) and the

instruction approach and basic level user combination {(mean: 41.40).

The following table summarises the mean and deviation of independent
variables in order to interpret emerging determinants of training outcomes in terms of

effectiveness.
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Table 4.5 Summary for Effectiveness on training outcomes

Dependent Variable | Variable Mean Deviation
Combination x ' ' L : :
Interface . fIeon 53.86 - 17.88
Training Approach Exploration 4831 1570
Level of user | Advance 4727 | 16.08
Leamning style preference Activist ' 47.86 16.26
Interface x Training approach Icon x Exploration | 53.95 16.79.
Interface X level of user Icon x Basic 55.12 17.26
Training approach x level of user Exploration x 51,96 17.46
Basic '

It can be inferred from the above table that the icon interface appears to be a
major influence of training outcomes in terms of effectiveness because of its
occurrence in various combinations. Similarly, the exploration training approach also "

appears to be a good predictor of effectiveness.

Ease of use

The dependent variable ease of use was used (o determine the perceived gase
of the overall training environment. The ease of use was determined bya |
questionnaire that consisted of 28 questions grouped under 5 categories®, Users rated
the ease of the overall training environment on a 5-point Likert scale (1-Disagree to 5-

Agree).

Out of the five categories, the last category Usmg the trammg materials — |
was used to ascertain the level of difficulty of the training materials. This is becausc
subjects used this training materials to understand the software application and
associated bpcraling systems commands in which the application was implemented.
Therefore, this category was used te determine the overall easé of the tréining
environment at the time of validating the questionnairei This has béen discussed

earlier.

* The Questionnaire and its validity to this study has been discussed in Chapier 3, research
Methodology, under section “Preparation of Questionnaires™.
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‘The other four categories of the ease of questionnaire have direct impact on’
interface types, trammg approaches and pnorl nowledge and expenence For
example, the ﬁrst category ‘learmng to use computers asks subjects to rate the .

- 'Operatmg system commands, meaning of the mterfaces etc. Thls section tested
whether users found the underlymg hardwaxe envrronment easy to use. Questlons in.
this section mcluded short cut keys, apphcatron software commands and meamng of
computer mterfaces The second set of questlons rated the ease of becoming skilful at
using computers as a result of the training provrded The questrons tested SLijCCtS
opinion in using the application software, operatmg systems and keyboard as a result
of training provided. Simi larly the other two sections tested the subjects’ opinion in
executing various commands as a direct result of the trai_ning and performing these
operations easily. Users recorded their opinion using ‘Disagree’ or ‘Agree’ type of
scale. These individual categorles were used to validate the questionnaire items and

this was explained earlier in this Chapter.

The purpose of the questionnaire in this study was to ascertain the overall ease
of using the operating environment arising out of trainin.g. Hence, the questionnaire
items were added and averaged. This has been a common practice in EUC training
studies as 2 number of studies have followed this practice (Bohlen & Ferrat, 1997,
Davis & Bostrom, 1993 Olfman & Mandviwalla, 1995; Sein et al., 1993 Simon et
al. 1996)

Further Davis (1985) has used smular questronnalre items in hlS study to
measure ease of usmg a system and Bostrom et al. (1990), Davis & Bostrom ( 1993)
and Bohlen & Ferrat (1997) have followed srmllar approaches The appropnateness
of the quesnon 1tems in the ease of use questionnaire has been validated usm g peer-
reviews, pilot groups and other correlation techniques as ‘mentioned in the mrtral

sections of the chapter.

While performing descriptive analysis, it was found that users t}vho preferred
menu interfaces rated menus to be casy to use in the given training environment with
amean value of 3.71 on the 5 point scale compared with the users who preferred icon
interfaces with mean value of 3,39, Simil_arly, for the in'dep.endent variable training
approaches, users who preferred the exploration training approach rated this approach
margmally better in terms of ease of use wrth a mean value of 3.57 compared with

users who preferred the 1nstructlon training approach, who scored a mean value of
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3.52. Advanced users found the training environment marginally more easy to use
with a mean value of 3.56 compared with the basic level users with a mean value of
3. 53 When the mdependent variable learnmg style preference was analysed for ease
'of use, those with an activist leammg style found the trmnmg env1ronment to be easier
with a mean rating of 3.66. Reﬂectors rated at a mean value of 3.49, theonsts ata

mean value of 3.63 and pragmatlsts at a mean value of 3.39.

-When the 1nterface and trammg approach combmatlon was enalysed users
who preferred the menu interface and the exploratlon training approach rated greater
ease of use with this combmatxon with 2 mean valuc of 3.72 on the 5-point scale, Of
the other preferred combinations, the icon interface and instruction approach - yielded
a mean value of 3.31, the mean value for the icon interface and exploration approach
combination was 3.47 and the mean value for menu interface and instruction approach
was 3.70. | |

When the preferred interface and determined categories of user combination
was analysed, basic users who preferrecl'a menu interface rated the ease of use of the
environment with a mean value of 3.76 on the S-point scale. Basic users who
preferred the icon interface rated the ease of use with a mean value of 3.27.

Advanced users who preferred the icon interface recorded the training environment
easy to use with a meaﬁ value of 3.50, while advanced users who preferred the menu
interface rated the ease of use of the environnient' exactly as the basic users who

preferred menus, with a mean value of 3.76,

Finally, the data was analysed for the 'preferr.ed training approach and
categories of user combination, Advanced users who piefe&ed the explbratioﬁ
approach rated the environment easy to use with a mean value of 3.58. This was
slightly higher than fhat of the instruction approach and basic level user combination
(mean: 3.51), the instruction approach and advance level user combination (mean:

3.53) and the exploration approach and basic level user combination (mean: 3.57).

The following table is 2 summary of variables yielding superior mean for the

outcome ease of use.
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Table 4.6 Summary for Ease of use on training outc_m_t_ies -

Dependent Variable | Variable Mean - ' . |Deviation
Combination - B ' L
Interface [ Menu - 3.71 1073
Training Approach Exploration 3.57 0.63
Level of user Advance 3.56 0.59
Learning style preference Activist 3.66 0.73
Interface x Training approach Menu x 372 0.65

' Exploration '
Interface x level of user _| Menu x Basic 3.76 0.84
Training approach x level of user - | Exploration x 3.58 0.61

Advance

The above table indicates that the menu interface was a major determinant of

the ease of use outcome as seen in its influence on a number of dependent variables.

Exploration training approach also appears to have had an influence on the ease of use

factor in this training environment.
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Residual

In addmon to Lhese tests, the data were tested for residuals to ensure that they
were correlated in tem:s of variables. The SPSS was used to compute resnduals and

the followmg plot provndes the graphlcal representauon of res1duals

‘Dependent Variable: efficie"ncy "
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Figure 4.1 Efficiency Residual Plot

The top right cell and tﬁe bottom left cell of the nine-celi matrix provide the
residual. The strﬁi ght diagc.mal.line indicates that the data is nonﬁal_l_y distributed.
The Iine indicates that the i'elationship between the dependent variables and the
independent variables is linear. In addition, it is possible to assume that the
differences between the actual values and the estimated values are normally
distributed. The line also indicates that the corrslation is positive between the

variables,

The following SPSS residual plot was cbmputed for the outcome effectiveness.
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Figure 4.2 Effectiveness Residual Plot

The plot shows that the correlation is positive and linear. However, it is not as

strong as for the efficiency outcome. This can be seen from the breadth of the points

plotted. Instead of getting a tightly clustered line, the SPSS has produced a set of

lines as the diagonal. This indicates that the correlation is le

be concluded that the correlation is moderate.

55 strong. It can therefore
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Dependent Variable: ease of use
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Figure 4.3 Ease of Use Residual Plot

The tightly correlated diagonal line indicates that the data for the outcome eﬂse
of use are normally distributed. The line also indicates that the relationship between
the dependent variables and the independent variables is linear, In addition, it is
possible to assume that the differences between the actual values and the estimated
values are normally distributed. The line also indicates that the correlation is positive

between the variables,

In summary, the data were analysed for validity, correlation, normal
distribution and convergence. The tests indicated that the data were normally
distributed and ready for analysis of variance for hypothesis testing, This is discussed

in the next section.
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Hypotheses Testing

The previous sections indicate jﬁstiﬁcation for performing Analysis of
Variance on the data for hypothesis testing. Aczel (1993) suggests two assumptions
required of Analysis of Variance: (i} independent random sampling and (ii) normal
distribution of data. With regard to the samples being independent, a discussion was
provided in Chapter 3 as to the selection of the subjects. The normal distributions of
the data were illustrated in the previous chapter. Thus, the assumptions were valid

and hence the data can be tested using Analysis of Variance,

Zikmund (1994) states that when more than one independent variable is used,
analysis of variance (ANOVA) is not preferred. Further, Aczel (1993) asserts that
multivariate analysis of variance (MANOVA) is used to test for differences among
populations with respect to more than one variable. In this study, the four
independent variables ~ interfaces, training approaches, categories of users and
learning styles — are interrelated, that is, they have an inﬂuehce on each other. For
instance, training approaches influence the preference for interfaces, and these
preferences are, to some extent, influenced by prior experience. Therefore, for the
purposes of Analysis of Variance, multivariate analysis was used in order to
determine the effects of these independent variables in testing the hypotheses. When
reporting the results of MANOVA, it is a general practice to use a concept called the

p-value (Simon et al., 1996). Aczel (1993) defines the p-value as

“The p-value is the smallest value of significance, o, at which a nulil

hypothesis may be rejected using the obtained value for the test statistic (p. 269)".

In order to perform MANOVA a significance level needs to be identified. For
studies of this kind it is a customary practice to select a significance level of 0.05
(Aczel, 1993). This significance level is known as the alpha. In this study the alpha
level was fixed at 0.05. When the p-value provided by MANOVA is less than the

confidence interval (alpha), the null hypothesis is rejected.

The data for MANOVA consisted of subjects’ interface preference, leaming
style preference, training approach preference, categories, efficiency scores,
effectivencss scores and the ease of use opinion scores. Using this data, a full

factorial model was prepared using SPSS to study the effects of the main variables
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and associated interaction between the variables so as to facilitate analysis of the
interaction between interfaces and training approaches, interfaces and categories of
- users, training approaches and categories of users. The following sections provide the

results of hypothesis testing using multivariate analysis.

Results of Multivariate Analysis (MANOVA)

H btheseé land2 -
INTERFACES

o There will be no difference in quantitative (efficiency and effectiveness) training
outcomes between icon-based subjects and menu-based subjects.
o There will be no difference in the subjective (ease of use) outcome between icon-

based subjects and menu-based subjects.

This set of hypotheses tests the effect of interfaces in determining the three
dependent variables — efficiency, effectiveness and ease of use, The fwo interfaces
considered were icon interfaces and menu interfaces. SPSS was used to build a full
factorial model using MANOVA, The results of the MANOVA indicate that the
computer interface effect was significant in determining effectiveness (p = 0,000 and
F =40.778 for effcclivenéss). Therefore, only the hypothesis that there will be no
difference in quantitative (effectiveness) training outcomes between icon-based
subjects and menu-based subjects is rejected. The second hypothesis that there will
be no difference in the qualitative (ease of use) outcome between icon-based subjects
and menu-based subjects did not show any significance (p =0.22],F=1.5 1.4) and

hence was not rejected.

To determine which interface was superior, data were analysed again with

interface as the main factor. The following table resulted from such an analysis.
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Table 4.7 Analysis of data ~ Interface

interface Minimum| Maximum Mean] Std. Deviation
iconl efficiency 11,78 76.8() 37.10 13.72
effectivenes 15.00 93.00 53.86 17.88;

ease of use 1.31 5.00 3.39 0.66

meny  efficiency] 17.16 76.32] 40.3§ 13.90
effectiveness| 11.0D 64.00 37.700 . 10,99

ease of use] 1.74 4.96 3.71 073

As efficiency was calculated in terms of time and effectiveness was calculated
in terms of score, a minimum value for efficiency indicates superiority while a
maximum value for effectiveness indicates superiority., It can be seen from the above
data that the icon interface group was more effective (see the mean values). When it
comes lo ease of use, the icon interface was only slightly better than the menu

interface,

Hypotheses 3 and 4
TRAINING APPROACH

o There will be no difference in quantitative (efficiency and effectiveness) outcomes

between the instruction-based subjects and the exploration-based subjects.

© There will be no difference in subjective (ease of use) outcome between the

instruction-based subjects and the exploration-based subjects.

This set of hypotheses tests the effect of training approach on training
outcomes. Participants were asked to nominate their preference for hands-on tasks in
the éxperi ment phase based on either the instruction or exploration training approach.
The results of MANOVA indicate that there was no significance with respect to this
independent variable in determining training outcomes. The MANOVA resulted in p
=0.943, F = 0.005 for efficiency, p = 0.668, F = 0.185 for effectiveness and p = 0.995
and F =0.000 for ease of use. Therefore both the hypotheses (3 and 4) were not
rejected, It is a customary practice not to perform further analysis on data when
statistical significance was not established (Zikmund, 1994). Therefore, no further

analysis was performed due to insignificance of these hypotheses.
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Hypotheses set 5 and 6

CATEGORIES OF END USERS

o There will be no difference in quantitative measurement (efficiency and

effectiveness) between basic level subjects and advanced level subjects.

o There will be no difference in subjective measurement (ease of use) between basic

level subjects and advanced level subjects.

This set of hypotheses examines tﬁ'e effect of categories of end users. The two
categories of users, basic and advanced; were baséd on subjects’ prior knowledge and
experience. The MANOVA results indicate that this variable was not significant in
determining training outcomes. The MANOVA results were p = 0.530, F = 0.396 for
efficiency, p=0.126, F = 2,373 for effectiveness and 0.392, F = 0.738 for ease of use
respectively. Because the p-values were higher than the significance level fixed, the
hypotheses were not rejected. The data were not examined again because these '

hypotheses were not rejected.

Hypotheses 7 and 8
LEARNING STYLE PREF ERENCES

o There will be no difference in quantitative measurement {efficiency and

effectiveness) due to learning style preferences.

0 There will be no difference in subjective measurement (ease of use) due to learning

style preferences.

These two hypotheses examine the effect of Jearning style preferences on
training outcomes. Participants were allocated one of four learning styles based on
their responses to a questionnaire. The MANOV A results indicate that effectiveness
is significant at 0.05 alpha-level with p = 0.035, F =2.961. Therefore this part of the
hypothesis 7 was rejected. Efficiency and ease of use outcomes did not show
significance {p = 0.611, F = 0.607 for efficiency and p = 0,191, F = 1.606 for ease of
use). Hypotheses reflecting these components were not rejected. The data was
further analysed to examine the effect of this variable with respect to effectiveness

training outcome.
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Table 4.8 Analysis of data — Learning style preference

Istyle Minimum| - Maximurw Mean . Std,

. ‘Deviation|

Activist] effectiveness =~ 11.00 85.0 47.86 16.26
Reflecton effectiveness 15000  93.00 476 18.15
Theoris{ effectiveness| 15,00 9300 4533 16.277
Pragmatist] effectiveness| 17.00 8100 42058 1661

Due to statistical significance in effectiveness outcome, a Post Hoc test was
conducted to determine which leamning style preference was superior. However, the
test did not yield significance for learning style preference between groups for
effectiveness. One reason could the unequal and small group sizes. A maximum
value for effectiveness indicates superiority and it can be seen from the above table
that users determined as having an activist learning style is most effective, closély
followed by users determined as having refiector learning style. Users determined as.

having the theorist learning style were the least effective. -

Hypothesis 9 and 10

INTERACTION: INTERFACE x TRAINING APPROACH

o There will be no difference between icon-based subjects given exploration training
and other interfaceftraining subjects in terms of quantitative measurements (efficiency

and effectiveness).

o There will be no difference between icon-based subjects given exploration training
and other interface/training subjects in terms of subjective measurements (ease of

use).

This set of hypotheses examines the combined effect of interface and trainin g
combination on training outcomes . The MANOVA results returned p=0.491,F=
0.477 for efficiency, p = 0.603, F = 0.269 for effectiveness and p =0.997,F=0.000
for ease of use respectively. Therefore, these hypotheses were not rejected. The data

were not analysed further for descriptive statistics.

Hypothesis 11 and 12
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INTERACTION: INTERFACE x CATEGORIES OF END USERS

o There will be no difference between the reon-based subjects with basnc level of
knowledge and other interface/Ievel subject in terms of quan(:tatwe measurements

{efficiency and effecnveness)

‘0 There will be no difference between lcon-basecl subjecls with basic level of
knowledge and other interface/training subjects in terms of subjectwe measurement' .

(ease of use).

This set of hypotheses examined the interaction effect of interfaces (icon and
menu) and categories of end users. The two interface types did interact with either
category of end user in determining training' outcomes. The MANOVA resulted in p
=0.539, F = 0.379 for efficiency, p = 0.163, F = 1.971 for effectiveness and p =
0.165, F = 1.954 for ease of use. The hypotheses were therefore not rejected.

Hvpothesis 13 and 14
INTERACTION: TRAINING APPROACH x CATEGORIES OF_ _END USERS

o There will be no difference between instruction based training to participants in the
basic category and other training/level subjects in terms of quantitative measurements

(efficiency and effectiveness).

o There will be no difference between instruction based training to participants in the
basic category and other training/level subjects in terms of subjective measurement

(ease of use).

The above set of hypotheses examines the interacti_oﬁ effect between training
approaches and categories of end users. The two training approaches (instruction and
exploration) interacted with two categories of end users to determine traiﬁing
outcomes efficiency, effectiveness and ease of use, The MANOVA results indicate
thatp= 0.088, F=2.949 for efficiency and p=0.044,F =4, 138 for effectiveness
indicating significance, Therefore, hypothesis 13 that there will be no difference
between instruction based training to participants in the basic category and other
training/level subjects in terms of quantitative measurements {effectiveness) was
rejected. _For the training outcome ease of use, p = 0.688, F = 0.162 indicate lack of
significance and hence hypothesis 14 was not rejected. When the descriptive statistics
were computed to examine the effects of efficiency and effectiveness, the.following '

table was generated.

151



Table 4.9 Analysis of data — Training appreach x Level of user

. Mean|

- Std,

trainin level Minimum 'Maximﬁm' ' :
' : R B N E . R Dcv1at10n_ .
Instruct Basic] - efficienc 14.98 “67.68 0 . 3556 1126
: | effectivenesd 11.00 . 81.00 . 4140 16.90
Advancd  efficiency] 1178 7680 4333 1768
[ effectivenesy ~ 19.00) 93.00  48.81 18.33|"
Explord  Basid  efficiency 16.49 5082 3936 11.06
| effectivenessy  24.00 93.000 5196 1746
Advancd  efficiency]  13.03 76.32 3903 1466
effectiveness) = 15.00) 80.00 46.15 14.33

It can be seen from the above table that the instruction = basic combination

was superior in terms of efficiency (35.56) but the exploration — basic combination

was Supt}rior in terms of effectiveness (51.59). The exploration - basic combination

was superior in ease of use.

The following table prov1des a summary of thc hypotheqes testmg and

decisions based on the multivariate’ analyms
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Table 4.10 Rejection/Acceptance of Hypotheses

Hypothesis

Efficiency

Elfectiveness

2y
d
B

INTERFACES

There will be no difference in quantitative training
cutcomes (efficiency and effectiveness} of icon-based
subjects and menu-based subjects.

0.063 /do
not reject

0.000/reject

There will be no difference in the qualitative outcome
(perceived ease of use} of icon-based subjects and
menu-based subjects.

0.221/do not
reject

TRAINING APPROACH

There will be no difference in quantitative outcomes
{efficiency and effectiveness) between the instruction-
based subjects and exploration-based subjects.

0.943/do not
reject

0.668/do not
reject

There will be no difference in qualitative outcome
(perceived ease of use) between the instruction-based
subjects and the exploration-based subjects.

0.995/do not
reject

CATEGORIES OF END USERS

There will be no difference in quanittative outcomes
(effectiveness and efficiency) between basic level
subjects and advanced level subjects.

0.530/do not
reject

0.126/do not
reject

There will be no difference tn qualitative ontcomes
(ease of use) between basic level subjects and
advanced level subjects.

0.392/do not
reject

LEARNING STYLE PREFERENCES
There will be no difference in quantitative
measurement (effectiveness and efficiency) due to
leurning style preferences,

0.611/do not
reject

0.035/refect

There will be no difference in qualitative measurement
(perceived ease of use) due to learning style
preferences.

0.191/do not
reject
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INTERACTION: INTERFACE x TRAINING
APPROACH

There will be no difference between icon-based
subjects given exploration training and other
interface/training subjects in terms of quantitative
measurements (effectiveness and efficiency)

0.491/do not
refect

(.605/do not
reject

There will be no difference between icon-based
subjects given exploration training and other
interface/tratning subjects in terms of qualitative
measurements (ease of use}

0.997/do not
reject

INTERACTION: INTERFACE x
CATEGORIES OF END USERS

There will be no difference between icon-based
subjects given basic level of knowledge and other
interfaceflevel subjects in terms of quantitative
measurements (effectiveness and efficiency)

0.539/do not
reject

0.163/do nat
reject

There will be no difference between icon-based
subjects given basic level of knowledge and other
interfaceflevel subjects in terms of qualitative
measurements (zase of use)

0.165/do not
reject

INTERACTION: TRAINING APPROACH x
CATEGORIES OF END USERS

There will be no difference between instruction based
training to participants in the basic category and
training/level subjects in terms of quantitative
measurements (effectiveness and efficiency)

0.088/do not
reject

0.044/reject

There will be no difference between instruction based
training to participanis in the basic category and other
trainingflevel subjects in terms of qualitative
measurements (ease of use)

0.688/do not
reject
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Summary of Hypotheses Testing

Main Effects

Interface _

The rejection of hypothesis that there will be no difference in quantitative
(effectiveness) training outcomes between icon-based subjects and menu-based
subjects asserts that interfaces play a crucial role in determining training outcomes
efficiency and efféctiveness. The initial proposition, that interface.é play a
determinant role in deciding training outcomes, is established by this study. The
efficiency outcome was not significant (p = 0.063) and effectiveness was significant
at p=0.000. The outcome ease of use was not significant in this study (p = 0.221).

This study provides evidence that the menu interface is efficient and effective.

Training Approach
This study did not provide any evidence to reject the hypotheses that there

would be no difference in quantitative (efficiency and effectiveness) outcomes
between the instruction-based subjects and the exploration-based subjects; that there
will be no difference in qualitative {ease of use) outcome between the instruction-

based subjects and the exploration-based subjects,

Categories of end users
This study did not provide evidence to reject any of the null hypotheses to

determine whether prior knowledge and experience play any role in determining
training outcomes. Statistical significance was not established to refute the
hypotheses. However, the result was somewhat misleading. The efficiency achieved
by basic users cannot be taken as conclusive because most of them were not able to

- complete the full range of tasks because of lack of knowledge. On the other hand,
there is clear evidence to conclude that advanced users were effective. This is
because, effectiveness was based on the number of keystrokes performed irrespective
of whether a task was completed or not. The number of keystrokes established the
actions taken in completing a given task. When it comes to efficiency, it is not clear
whether the advanced users paused and used more time because of information

processing sequences or were affected by lack of knowledge. Therefore, it can be
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concluded that advanced users were relatively effective and reasonably efficient.

These users also found the software application easy to use.

Leamning style preferences

The hypothesis on the effectiveness of learning style in determining training
outcomes shows si gnificance in this study. The other null hypotheses, concerning

efficiency and ease of use, could not be rejected due to insufficient evidence.

Interaction Effects

Interface x Training approach
This study was not able to reject any of the hypotheses for the interaction
effect between interfaces and training approaches because the MANOVA did not

show any significance,

Interface x Categories of end users
This study was not able to reject any of the hypotheses for the interaction

effect between interfaces and categories of end users because the MANOVA did not

show any significance.

Training approach x Categories of end users

The hypothesis in terms of effectiveness (p = 0.044) was signiﬁcant for this
combination. However, efficiency (p = 0.088) was not significant. Therefore, the
hypothesis in terms of effectiveness was rejected. HoWevcr, there was no evidence to
reject the hypothesis on ease of use (p = 0.688). The combination of instruction
approach and the basic users generated the minimum overall time and hence was
more efficient. The combination of eXp]oration and baéic users generated the
maximum score for effectiveness and hence was more effective than any other
interaction group. When the main effect training approaches were analysed, the
instruction approach yielded greater efficiency and the exploration approach yielded
greater effectiveness. This pattern appears to have repeated in the interaction

combinations.
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Conclusion

In this chapter, the data was verified for reliability and validity. Reliability
tests such as split-half method were performed to ensure data reliability in order to
conduct hypotheses testing, Due to the interdependence of independant variables,
MANOVA was used in this study to ahalysc data for hypotheses testing. The results -
of hypotheses testing were reviewed with the descriptive data again to identify the
superiorily of the variables used in the study. Chapter 5 will provide a detailed

discussion to the possible causes for the results presented in this chapter.
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CHAPTER 5 - DISCUSSION AND CONCLUSION

In the previous chapter, it was concluded that interfaces play a significant role
in determining the efficiency and effectiveness training outcomes but not the ease of
use training outcome. Similarly, the interaction effect between training approaches
and categories of end users also plays a significant role in determining training
outcomes efficiency and effectiveness. Furthermore, learning style preferences play a
significant role in determining training outcome effectiveness. In this chapter,
discussion is provided to explain the results of the data analysis. The chapter is
organized in terms of the main effects and interaction effects of the independent

variables.
Interfaces

Efficiency and effectiveness

The results of statistical tests provided strong evidence to support the
hypotheses that interfaces play a crucial role in determining the trainin g. outcome
effectiveness. There is no statistical evidence that efficiency factor is significant in
determining training outcomes in terms of interfaces. Users who preferred icons were
shown to improve in effectiveness compared with the users who preferred menu
interfaces and this benefit was also significant in statistical terms. These findings are
in agreement with other studies such as Chin (1984), Fryer (1991), Shneiderman
{1982) and Walkenbach (1992} which have established that direct manipulation
interfaces such as icons enhances user performance. However, it should be noted that
these studies have established the superiority of icon interfaces in an operating system
environment and not in an application environment. This difference is worth noting
because in an operating system environment tasks are handled on a component basis
such as moving a file to a recycle bin. In an application environment, as used in this
study operations need to be in a sequential order to accomplish a given task and hence
continuity between operations is essential. Nonetheless, this study found that using
icon interfaces enhanced performance better than using menu interfaces in the same

way as Chin (1984) and others found in an operating system environment.
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In EUC literature, the three studies that found such direct manipulation
interfaces superior were criticised for their lack of theory in explaining why such an
outcome was realised (Dumais & Jones, 1985; Micﬁard, 1982; Rohr, 1984), The
superiority of icon interfaces in this study can be explainéd using Assimilation
Theory. The proposition of Assimilation Theory (Ausubel & Rbbinson, 1968) is that,
in order to achieve meaningful learning, an individual must integrate new knowledge
with existing knowledge availabie in long-term memory. In order to achieve this
integration, however, the individual must first possess an appropriate assimilative
context. This context, in tumn, provides a basis for thinking about and reasoning with
the new knowledge. In this study, the icon interfaces provided the appropriate
assimilative context by presenting subjects with an on-screen conceptual model of the
system. For example, certain tasks of the pfoject management application such as
‘linking sub-tasks’ are provided by the icon interfaces readily available on screen,
Subjects who preferred icon interfaces easily understood the nieaning' of these
interfaces and this understanding led to greater effectiveness. Menus did not provide
this same understanding, as users needed to interpret the menu commands to arrive at

some form of understanding,

Bostrom et al. (1990) states that application interfaces play a crucial role in
developing mental models by providing an internal representation of the system and,
in this study, icons portray functions of Microsoft Project better than menus, In other
words, icon interfaces provide conceptual models of the functions of Microsoft
Project by providing the meaning of the interface language on screen. Further, users
following the ‘mapping via training’®’ path use these icon interfaces to easily form a
contceptual model of various functions of the application. The advantages of using
conceptual models for learning computer skills has been confirmed in a number of
studies (Borgman, 1986; Davis & Bostrom, 1993, Mayer, 1981; Sein & Bostrom,
1989).

A significant additional advantage of icon interfaces over menu interfaces is
that they allow users to work directly with on-screen representations and to draw
strong analogies with concrete objects such as recycle bins and diskettes. For

instance, to save a file, icon interfaces in a Windows environment provide an icon

7 *Mapping via training’ was discussed in the literature review in relation to Bostrom et al.’s model, It
relates to mental model of a computer system formed by users as a result of training,

159



representing a floppy diskette. Users immediately understand the meaning of such
icons which enables them to readily understand and undertake a task. Hutchins et al.
(1986) suggests that this can lead to a substantial reduction in a user's cognitive
processing load and Shneiderman (1982) s.tates .lhat this can reduce the cognitive load
placed on information processing.  This reduction could have yielded better resullé

for uscrs who preferred icon interfaces,

According to Davies et al. (1989), support for icons over menus can be found
in terms of two key factors: semantic distance and articulatory dislance. Semahti_c
distance refers to the relationship between a user's conceplualisalioh of an operation
and the mechanism that the interface provides for carrying it out. When an interface
closely matches with the user’s conceptualisation, it is said to be semantically direct.
The icons in this study were semantically direct because they allowed subjects to
perform tasks in ways that they would naturally experience them. For exampie, when
subjects who preferred icon interfaces wanted to link tasks (this was represented as a
picture of a *chain’ in Microsoft Project), which was one of the activities in the hands-
on exercise, they performed a simple operation using icons: they selected the tasks to
be linked using the mouse, then they clicked on the link icon available in the software
application. Menu based subjects, on the other hand, had to translate this intention
into a sequence of steps that matched the conventions of the interface language: first
they had to ascertain the location of the menu item, select the menu option using the
mousce, navigate the menu to select the correct sub-operation, click on that operation,
dispose of the menu, and then verify that the operation was complete, In other words,
when subjects used menus, they had the burden of translating their intentions into a
process that the application recognised. For icon subjects, the interface did most of

the work. This was clearly demonstrated in the effectiveness factor.

In terms of efficiency outcome, due to the newness of the MS Project
applications, subjects nceded to translate their intentions into actions. Irrespective of
the availability of interfaces, the translation process was time consuming and equally
complicated 1o subjects. It can be assumed that the relative newness of the
application domain (MS Project) provided no distinctive advaniage to users with their
previous knowledge and experience. This perhaps has contributed to the lack of

significance in efficiency. Therefore, the hypothesis that both subjects (icons and
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menus) would be equal in efficiency factor was not showing any statistical

significance and hence was not rejected.

Similarly, in order to interpret output, subjects who preferred icon interfaces
needed to do less transiation than menu subjects. For instance, when the files were
saved, subjects using icons saved the file onto the desktop. The Windows operating
system provided a readily visible representation of the file with its name on the
desktop to indicate that the file has been successfully saved. Gn the other hand, when
using menus, subjects in thi.s study had to choose an appropriate folder where they
had write permission, provide the correct extension and then save the file. It was
observed while replaying the ScreenCAM files that, some subjects were confused by
the 'save’ menu option and the ‘save as’ menu option as both of these menu options
represented similar functions with subtle differences. Morcover, these two menu
aptions are sijtuated next to each other in Microsoft Project File menu, creating a
possibility for the wrong choice by users. Further, while using the ‘save’ option in
Microsoft Project, subjects who preferred menus had to comply with certain
requirements enforced by Microsoft Project such as the *baseline’ option in order to
save the project as a specific version, These requirements were not found by icon
interfaces because the interface language incorporates these options and reduces the
burden placed on the uéers. The complexity of the operation with menus resulted in
subjects carrying out wrong actions, Further, to verify that the file had been saved
properly, they had to use operating system commands and explore the folder and
ensure that the file was available, This increased the number of operations performed
to carry out a task and hence created an increase in semantic distance. This was
obviously refiected in the effectiveness outcome for users who preferred menu
interfaces. While the number of keystrokes using icons is significantly different, the
same can’t be said for the time. The time Lo translaie their intentions into actions is

almost equal and this is reflected in the efficiency outcome.

The second factor, articulatory distance, refers to the relationship between the
meaning of an expression in the interface language and its form. Interfaces that
provide non-arbitrary relationships between their representation and their meaning are
more direct and therefore have less articulatory distance than interfaces that do not
(Davies et al., 1989), One way to provide such directness is to base operations on

users’ intentions. Icon interfaces enable this with operations such as drag and drop to
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move tasks and rearrange them. For example, if users want to rearrange the position
of tasks in a project, then the'y can select the task that needs rearran'gemcnt, dragitto
a new cell in the application and drop the task in the new position. These mimic the
user’s intention to move things from one place to another, The interface language
takes the respbnsibility of re-numbering the.tasks to rcﬂeci their correct order and
thereby reduces the burden placed on the users. - Therefore, there is relatively litde
articulatory distance employed in the process. Menu interfaces, however, are not as
direct because they use fairly.arbitrary rélalionships te link expressionsand
commands. For example, in Microsoft Project, to move a task to a new position using
menus, users first need to ‘cut’ the task using the correct menu option, insert an empty
cell by executing the appropriate menu selection and then paste the task into the new

position in the project environment.

Similarly, the menu option ‘timescale’ is provided to alter the working time -
weeks, months, days or hours. Users need to know the location and position of the
menu command in the application’s menu bar to conduct a task that involves the time
schedule. Once the menu command is found, the default settings need to be altered
to reflect the correct option, such as week. Subjects have to understand how the
menu items are grouped, the hierarchy of the menu items as well as how to alter the
settings in order 1o successfully carry out the task. This lack of directness was noted
in this study when many subjects exhibited frustration at not being able to find the
correct command strings for performing some components of the hands-on tasks.
This resulted in a poor relationship between the user’s intention and the form of the
interface language which supports such intentions, Therefore, users who were not
able to manipulate menus because of insufficient knowledge in the first place were
not helped by close articulatory distance to support their intentions. Icons provided

this,

Another advantage of using icon interfaces is that they enhance recall of
simple operations (Davis & Bostrom, 1993; Sein et al., 1993). For example, once
subjects were able to successfully link two tasks, they could easily remember the
‘link” icon lo perform this operation to link other tasks when required. Due to the
smaller semantic and articulatory distance of icons, subjects were able to transiate
their meaning into operations easily. This in tumn enébled them to recall functions

portrayed by icons more easily than those who chose the menu commands, Users
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who performed the link operations using menu commands were not always able to
remember the sequence of steps involved in the operation. In other words, the

articulatory distance was more direct when icons were used in performing a task.

The findings of this study differ from those of Carrol & Rosson (1995) who
found menus to generate better outcomes than command types. This study found
icons to be superior. One possible explanation is the platform on which Carrol & '
Rosson’s training was provided. Carrol & Rosson (1995} used a DQOS platform
where commands were entered in the form of text strings using a text editor or _
commands were selected using a menu system. Users in the Carrol & Rosson’s study
found menus to be better because users found menus easy to use. Further, menus
were found to be superior because there is no provision for typographical errors while
selecting commands.  On the other hand, this study used a Windows platform. In
this study commands can be chosen from a limited set of options using icons in a
Windows environment. These icons provide a visual representation of functional
aspects of commands, providing better articulatory distance than menus. Any

limitation®® in accessing menus would have biased the results of this study.

Ease of use

Despite this study supporting the superiority of icon interfaces in
effectiveness, there is no evidence to support the superiority of icon interfaces in
terms of ease of use, In fact, subjects who preferred menu interfaces were deemed to
be better compared to subjects who preferred icon interfaces in the qualitative ease of
use outcome. Therefore, it can be assumed that subjects who preferred icon interfaces
did not find them easy to use. This can be explained by the difficulties encountered in
applying icon interfaces to certain complex situations where users had to perfforma
combination of steps rather than a single icon click. For instance, when time scales
needed adjustment, icon subjects had the option to move the timescale by the ‘drag
and drop’ method. On the other hand, to arrive at a precise time scale, tcon users
needed to make necessary modifications to the time scale presented on screen by
Microsoft Project. But, despite the on-screen facilitation of time-scale adjustments, it
was noted while replaying ScreenCAM files (hat, users who preferred icons were not

fully conversant with the various details of time-scale adjustments, such as changing

“ This is further elaborated in Chapter 6.
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the project schedule from month to week, found icon interfaces difficult to use with
respect to this method. In these cases, subjects who preferred icon mtcrfaces would
not have found these interfaces easy to use. Subjects who, prefem:d menu mterfaces,
duc_to information cues provided by the application, would have found the application

easy to use under these circumstances,

) Novel situations require manipulation plans and these in ium "requirc searching
both short-term memory and lon g-term memory for mformatlon to match with the
mformanon available on hand (Ausubel & Robinson, 1968) Infonnatlon searching
in novel situations needs to be dlscxplmed and logical. Menu interfaces prov1de
assistance in searching for commands based on hierarchical grouping, which icon
interfaces do not. Therefore, users Who_prefcr menu interfaces might judge the
application to be easier to use. The project management software application was a
novel situation for the users in this study and menus may have provided a better way
of exploring the command strings required to perform a task. Further, the command
strings found in menu options may have enabled users to understand the context in
order to explore further. So, subjects who preferred menu interfaces found greater
*ease of use’. This is in spite of establishing icon interfaces to be quantitatively more
efficient and effective. Thus, in this study, it was observed while replaying the
ScreenCAM files that, whenever subjects who preferred icon interfaces found the
interface to fail to provide apparent and trivial solutions attempted to use menus
despite their preference for icons and subsequently found menus easy to use in novel

situations. This is further highlighted in the next chapter.

Another reason for menus being considered easy to use was the language.
Menus were made up of English text strings and, in_fhis novel situation, aséisted
subjects to assimilate meaning. The text strings, which provide the rheaning of the
interface language in the menu options helped subjects to translate a given situation
into an operation. The menus helped subjects to derive the meaning of an interface
language by linking their existing knowledge to the context. So, while the interface
language provided by icons was deemed to be more useful in trivial tasks, int_erfaée
language provided by menus were easier to use in complex tasks. This is because of

the inability of icons to actually represent interface language.

The difference between the findings of this study and the study by Dumais &

Jones (1985) that has established the superiority of ‘ease of use’ of icon interfaces
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may be due to the fact that subjects in Dumais & Jones’ study were not categoﬁsed
based on expcﬁence or knowledge and these subjects simply retrieved uniformly
shaped objects similar to icons. The réin'cvél involved j.ust recallin g shapes arid’&id
not in_\}ol_ve ¢0rﬁplicated operations leading to meaningful leaming. By contrast,.
subjects in this s_tud.y. manipulatéd a raﬁge of different icons on a computer screen
instead of uniform 3-dimension 6bject's. For example, in Micfoéoft Prbject, icons -
rangc from a coMonly available shape such as a floppy diskette jcon to an
uncommot shape suéh as a link icon. Similaﬂy, t.he difference between the ﬁndings of
this study and the study by Davis & Bostrom (1993) that has established the
superiority of icons in terms of ease of use may be due to the fact that in the Davis &
Bostrom's ( 1993) study, gubjects performed short, discrete sequences of operationé
using icons. These short operatiqlis involved simply recalling pieces of information
and, again, did not lead to a cohesive set of operations, leading in turn to meaningful
operations. By contrast, subjects in this study performed relatively complicated
operations that required them to formulate and execute manipulation plans. Menus
appear to.fa_cilitate these complicated operations in a better way than icons in the
application environment of this study. These would have enabled the subje;:ts in this

study to rate menu interfaces easier to use.

It has been argued that in novel situations users integrate new knowledge with
existing knowledge to complete a given task (Sein & Bdslrom, 1989). This is the
premise of Assimilation Theory which states that to arrive at meaningful learning, a
learner should be able to integrate existihg knowledge to new situations by
understanding the relationship between the new and the existing kn’oWchgc. In novel
situations, tasks often involve the application of problem solving skills to delermine
which information is relevant and how to use it to achieve desired results. Usually,
this involves a series of basic commands. In this study, while subjects who opted for
icon interfaces scored better quantitatively, these subjects have found icon interfaces
less easy in subjective terms. One reason appears to be the difficulties in tfanslating
users’ intentions with icons alone. Despite the fact the subjects who preferred icon
interfaces would also have been able to integrate their existing kﬁowledge with new
knowledge, the interface language was not adequate to accomplish the tasks due to the
limited interface languagc presented by the icons on the screen. While replaying

ScreenCAM files, it was noted that when users approached novel tasks using icons,
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due to the limited representation with the icons, they were not able to successfull y
accomplish the tasks. Subjects who preferred menu interfaces used their existing
knowledge and integrated the knowledge gained from the available menu options in
the application to derive new knoWledgé in order t_o. accomplish novel tasks. This was
because menus provided more informative options to users and hence they responded

that menus were easier to use.

Based on the above pafagraphs,' it can be asserted that users who preferred
icons scored better quantitative results than users who preferred menus because of the
assimilation of context through the representation of the icons. However, this study
also indicates that when the tasks become complicated, icons are limited in
representing this complexity and menus appear to be providing better solutions for
tasks accomplishments. This is reflected in the subjective ‘ease of use’ survey where

users rated menus to be better compared with icons.
Training Approach

The results of statistical tests provide evidence that there is no difference
between training approaches in determining training outcomes efficiency,
effectiveness and ease of use. The sfatistical tests on the training approaches variable
indicates that the results of the three ti*aining outcomes for both the preferences -
(instruction and exploration) were similar, This study is therefore not able to confirm

the superiority of either approaches in determining training outcomes.

The results of data analysis show that subjects who preferred the exploration
approach scored better in effectiveness (48.31 vs 44.06). These subjects also foﬁnd '
the exploration approach to be marginally easier to use. But when it comesto
efficiency, both training approach groups showed similar results (38.36 and 39.15 for
instruction and cxploration respectively). However, the results were not statistically

significant for the three outcomes — efficiency, effectiveness and ease of use,

Efficiency and effectiveness

A previous study by Davis & Bostrom (1993) established that the instruction
approach was superior in effectiveness to the exploration approach in EUC training.

But two other studies have established that the exploration approach was actually
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superior in effectiveness (Carrol & Mazur, 1986; Olfman & Mandviwalla, 1994). It
has also been found in EUC training that when the complexity of tasks increases, the
superiority of the exploration approach appeared to be approaching statistical
significance (Davis & Bostrom, 1993). However, this study did not find support for
any of these findings.

The lack of statistical significance concerning the training outcomes
effectiveness and efficiency for the variable training approaches may be due to the
fact that the training materials were produced to be as close as possible in terms of
their tasks and complexity, Further, while the materials featured ample hands-on use
and problem solving exercises, neither training approach focused on teaching the
syntax of the application software, Subjects used the training materials to understand
the operations of the application. To facilitate this, the training materials provided
general rules and specific examples of how to handle a specific situation within the
scope of the application software. Therefore, it can be assumed that the level of
understanding of the functional operations of the application software resulting from
the training materials would be the same. This could have impacted on the training
outcomes and hence the lack of significance indicating ‘no difference’ between

training approaches in determining training outcomes.

Another possible explanation for the lack of significance is the application
domain. While previous studies have considered operating systems (Davis &
Bostrom, 1993), spreadsheets (Carrol & Mazur, 1986) and other application domains
(Olfman & Mandviwalla, 1994), this study considered a project management
application. Project management applications are inherently complex. Subjects need
to understand the basic concepts of project management and then to understand the
meaning of the functional elements of the software to successfully perform an
operation. This is not the case in a spreadsheet application.because the concepts at the
basic levels are reasonably straightforward in that environment. Due to the complex
nature of tasks found in project management applications, it is not always possible to
readily convey the meaning of the tasks through training materials. In this study,
training materials provided information regarding the operational sequences of tasks
and not their meaning. While subjects were inducted in the meaning of some icons
and menu commands, the complete meaning of how a specific icon works in a given

situation was not explained in the training materials. Therefore, subjects in this study
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needed to determine independently whether a menu command or icon was available
and suitable to carry out a task. This could have resulted in some form of
‘deduction’ and subjects who preferred exploration training could have gained some
advantage compared with subjects who preferred instruction training. This is
reflected in the average scores for effectiveness where subjects who preferred
exploration training have scored marginally better than those who preferred

instruction Lraining.

Previous studies have found exploration training to be superior over
instruction training for meaningful leaming (Carrol & Mazur, 1986; Sein &
Bostrom, 1989). According to Assimilation Theory, for meaningful learning to occur,
individuals must search long-term memory to retrieve appropriate anchoring ideas or
contexts. But, siudies conducted by Gentner & Gentner (1983), Gick & Holyoak
(1983) and Davis & Bostrom (1993) suggest that, unless leamers are provided with
cues to help them retrieve appropriate concepts, they will often be unable to do so.
Therefore, it is possible to assume that subjects with a preference for instruction
training would have encountered difficulties in retrieving information during the
hands-on task experiment because of want of information cues. On the other hand,
subjects with exploration training would have generated necessary information cues
on their own due to the very nature of exploration through the trial and error options
provided to them. This is particularly true of learners, such as beginners, who have no
prior experience in the given learning domain because the trial and error would have
helped them to explore and then understand aspects of the application. In this study,
subjects were given with an option to nominate their preference for either of the
training approaches. Subjects nominated their preference after the training session.
Despite the preference to a training approach, this study did not exercise any control
over whether subjects actually used their preferred training approach in the
experimental phase. In other words, there was no control over subjects to verify
whether the nominated approach, indeed, was actually used while accomplishing tasks
during the experiment. Therefore, it is possible that subjects mixed the training
approaches while accomplishing the tasks. The results of this study should be
interpreted with this point in mind. This is again reflected in the average scores for
efficiency where subjects who preferred exploration training have scored marginally

better than those who preferred instruction training, hewever not significantly so.
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The lack of significance effect for the variable training approach contradicts
the findings of Carrol et al. (1987) who hﬁve asserted that training approaches are
significant in EUC training. Bohlen & Ferrat (1997) have also claimed this.
Therefore, specific study related factors might have been responsible for the outcomes
reported here. One such factor may have been the background of subjects. All of the
subjects in this study were tertiary students in the Science discipline. It is highly
likely that most of them were accustomed to an on-going structured learning
environment. As a result, they may have been less comfortable with the short training
that was provided in this study. Douglas & Moran (1982)* also note this as a

reason for the Jack of significance for training approaches in their study.

In the previous studies that have found exploration training superior, the
professional and work backgrounds of the subjects may have prepared them for the
more intensive and unstructured learning and problem solving environments that were
representative of the exploration learning conditions (Carrol & Mazur, 1986). In this
study, despite categorising users based on their knowledge and experience, there was
no statistical significance. However, one would expect exploration learning to yield
significance based on Carrol & Mazur (1986) Study, The reason may be the
subjects’ background. Subjects who participated in this study did not have a project
management background and hence it is possible to argue that both training
approaches failed to have an impact on themn. This is important because it suggests
that simply providing users with opportunities to work with concepts may not bring
out necessary results. For some subjects, trainers may need to provide learning

environments that impose greater control,

Another possible explanation is that the advantages of exploration training
may be realised when individuals are given longer periods of time to use the system.
It was observed on the Lotus ScreenCAM files that , as the time increased, the
complexity of tasks began to increase and exploration-training subjects found it
relatively easy to accomplish these tasks. This may be one reason why the subjects
who preferred exploration training showed marginally better resuits for the training
outcome effectiveness. Carrol & Rosson (1995) has indicated support for this

argument by establishing that that exploration training is superior. However, another

* Douglas et al (1982) conducted their research with students enrolled in biology.
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study by Davis & Bostrom (1993) has shown that instruction approach is superior.
One reason for such conflicting outcomes may be due to the fact that these studies
were conducted under tight time constraints, say about 45 minutes of experiment.
Therefore, future research needs to examine the effect of training time for both

instructional and exploration approaches™.

A further explanation for the lack of significant impact for training approach
may be that certain trainee characteristics, which were unaccounted for, cancelled out
any effects for training method. Sein & Bostrom (1989), for example, found that
trainees who had a natural affinity towards ‘imnages’ tended to perform better in
accomplishing tasks than those with an affinity towards ‘text’, regardless of the
training method. Similar evidence is provided in this study. When the data was
analysed for the combined effect of interface and training, it was found that subjects
who preferred icon interface were more effective irrespective of the training method
provided. Therefore subjects who preferred icons would have been aided in deriving
the meaning of the interface language. But, despite the fact that icon interfaces
convey the meaning of the interface language in a pictorial way, more subjects
preferring a menu interface rated the application easy to use, As explained earlier, the
only pessible argument for this trend is that, as time and difficulty increased, subjects
who preferred icons were restricted in the types of operations that they could perform
and subjects who preferred menus had a better choice of options for this complex
application, Therefore, trainee characteristic of affinity for images might have caused

some bias in the results for the effect of training approach.

The lack of significance for training found in this study is supported by
Olfman & Bostrom (1991) who conducted a study of exploration and instruction-
based training using the Lotus 1-2-3 spreadshect package. Olfman & Bostrom (1991)
also found that learning groups exhibited little difference in their outcomes with these
two training approaches. One reason suggested by Davis & Bostrom (1993), who
reviewed Olfman & Bostrom’s methodology, was that the tasks were not fully
categorised on the basis of task complexity. In this study, despite the fact that the
tasks were generated after careful consideration given to their complexity and

sequence, the categorisation of tasks, such as near-transfer and far-transfer tasks, was

% Further details provided in the Limitations Chapter.
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not done prior to the hands-on experimentation because of time constraints
experienced by the researcher, Further, the researcher is not qualified in instructional
design and hence was not able to assure that sufficient expertisé was available for this
purpose. Such a categorisation would have provided valuable information regarding
how tasks were conducted, especially, near and far transfer tasks and this may have

influenced the outcomes for the variable training approaches.

Another possible explanation for the lack of significance for the training
approach variable may be self-training available to end-users. The current
technological ‘climate has seen considerable adaptation of computers to end users’
needs and skills enabling users to train themselves. Evidence for this argument is the
plethora of books to be found in bookstores which enable users to become familiar
with instructions and which prepare them to explore software applications. This
coincides with a marked increase in PC owners who have become familiar with a
range of applications. Therefore the combination of user experience, the advent of PC
applications and familiarity with PC functions might have biased the results of this

study for the variabie training approaches.

Ease of use

The average scores for the training outcome ease of use for the variable
training approach were similar. This was despite the fact that the correlations for this
element in the questionnaire were positive and strong when validated for reliability.
In fact, it should be noted that while the other factors such as ‘using the system’ in the
ease of use questionnaire were scored highly , the ‘using training materials’
component scored relatively low correlations. The correlation was statistically
significant at p =0.000. This is perhaps the result of complexity of the application
rather than the training material itself. For example, when specific tasks were given
to the subjects in a radically different environment such as project management, they
appeared to struggle, despite their familiarity with various computing terms and
operations. This was observed when playing back the ScreenCAM files. This is
supported by Olfman & Mandviwalla (1994) who has suggested that rich text based
conceptual elaborations, as in the exploration training, do not always assist users, and
other studies (Davis & Bostrom, 1993; Sein & Bostrom, 1989) have indicated that

subjects’ existing knowledge is essential to handle complex tasks, as suggested by the
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Assimilation Theory. Therefore, the step-by-step inductive processing facilitated by
the instruction training was not adequate for building the concrete mental models
required to understand the application. On the other hand, subjects who preferred
exploration training may appear to have benefited from some form of concrete mental
mode! because of the trial-and-error deductive processing facilitated by the

exploration approach.

Thus, for the variable training approach, this study was not able to assert the
superiority of either of the training approaches. While subjects who preferred the
exploration training was more effective, the outcomes for efficiency and ease of use
were similar for all subjects. When the ScreenCAM files were reviewed, it appears
that as the duration and complexity increased, subjects who preferred the exploration

approach, appeared to be better able to accomplish the given tasks,
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Categories of users

The results of statistical tests provide evidence that there is no difference
between categories of user in determining training outcomes efficiency, effectiveness
“and ease of use.  This study is therefore not able to confirm the superiority of either
category in determining training outcomes. Therefore none of the three outcomes

effectiveness, efficiency and ease of use were statistically significant.

However, the descriptive analysis showed that basic users were somewhat
more efficient (36.75 for basic vs 40.84 for advanced) and advanced users were
somewhat more effective (47.24 for advanced vs 44.71 for basic). The ease of use

training outcome was almost equal (3.53 for basic vs 3.56 for advanced).

Efficiency and effectiveness

Previous EUC studies have not considered the combination of efficiency and
user category and hence it is not possible to- compare these outcomes with other
studies, However, the results in terms of effectiveness are partially supported by
previous studies in EUC such as Carrol & Mazur (1986), who found advanced users
to be effective and Olfman & Mandviwalla (1994), who found experience to play a
significant role in determining effectiveness, One major difference between this study
and other similar studies in EUC is the method of categorisation of users. While
Carrol considered only experience for categorisation purposes, Olfman &
Mandviwalla considered only prior knowledge for categorisation. In contrast, this
study considered both of these (experience and knowledge) in order 10 asrive at the

two categorizations, basic and advanced.

This study shows that while basic users were efficient, they were not effective,
that is, while they achieved good time scores, they did make more errors than the
advanced users. Advanced users scored better in terms of effectiveness and this may
be due to their ability to utilise concepts in long-term memory. However, after a
review of previous studies in EUC, one would anticipate that if basic users were
efficient, then they would also be effective, because greater efficiency implies
completing a task in a shorter span of time and this needs the correct decisions to be

made to accomplish the tasks. This is particularly so in this study because the hands-
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on tasks were accomplished via a sequence of continuous, short operations.  But this
was not the case, While basic users were efficient, they were not effective. From
playing back the ScreenCAM files, it was noted that as the task complexily increased,
basic users were not able to arrive at the correct operational sequences. This has
translated into incomplete tasks which were in tumn reflected in the shorter time
(efficiency) score but resulted in their not being effective because of a lesser number
.of keystrokes. However, there is no statistical data to support this argument. This
argument has becomes evident again with the data for the interaction between
categories of user and interfuce combination, which provided no statisticat
significance. While the interfaces were effective and efficient individually, the
in.2raction with the categories of users yiclded no significance. So, the variable user

category should be driving these results.

While the basic and advanced users who preferred icon interfaces showed
similar scores for efficiency and effectivencss, basic and advanced users preferring
menus showed different scores for efficiency and effectiveness advanced users who
prefermed menu interfaces performed better in terms of efficiency and effectiveness.
Therefore, it can be speculated that experience plays some sort of role in determining
training outcomes and this may be because they are able to understand the ‘menu’

interface language. Such a result has not been suggested by previous studies in EUC.

Assimilation Theory may provides a justification for the above finding. For
instance, when Mayer (1981) compared users who were provided with conceplual
modcls with users who were not, he found that the former group performed better in
complicated tasks that necded access to long-term memory. Despite the fact that the
application domain was radically different in this study, the play back of ScreenCAM
files indicated (by the delay in mouse or keyboard movement) that advanced users
appear to recall information from their fong-term memory to accomplish tasks
accurately. This suggests that the advanced users had constructed a mental model
with the help of their prior knowledge and experience and that this mental model
enhanced their task performance. On the other hund, basic users appear not to have
been helped with their understanding of certain complicated tasks because the mental
models constructed by them would have been limited through luck of experience and

associated knowledge.
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One key difference between this study and earlier research that have tested the
link between prior knowledge and training outcomes is that earlier studies have used a
DOS environment where users entered commands at the operating system prompt
level. In this mode, commands are entered as individual entities and hence it is
difficult to establish the links between various command sequences. Therefore, the
lack of links between command sequences may have hindered the forming of mental
models because mental models need sequential, logical steps (Sein & Bostrom,
1989). In contrast, in this study, subjects selected commands from a given set of
menu options in a Windows environment, Therefore, it is possible to suggest that
interfaces in conjunction with knowledge and experience in a Windows environment

facilitated meaningful learning. This was reflected in the statistical data analysis.

The data analysis indicates that both basic and advanced useis who preferred
icon interfaces performed equally well on tasks that could be accomplished using
icons alone. However, from the replay of ScreenCAM files, it appears that, when
there was a necessity to integrate new knowledge with existing knowledge to arrive at
the more meaningful learning required for complex tasks, basic users were struggling.
One reason could be that icons, while providing meaning for certain operations, were
not helpful in facilitating the integration of this meaning with existing knowledge
which was essential to complete a task which required a set of actions, Therciore, as
the complexity increased, advanced users appeared to be more effective thza basic

LISCTS,

Ease of use

It should be noted that the ease of use measurement in this study shows no
significance between the levels of users. One might argue that if users were able to
form meaningful mental models, then they should have found the system to be easy to
use because an understanding of the interface language is essential to construct a
mental model. This study is not able to provide any support in this regard and hence

it should be assumed that the results in terms of ‘ease of use’ are inconclusive.

Overall, the categorisation of users did not have any significant impact on the
ouicomes measured in this study. However, there appears to be some support for the
hypotheses that prior knowledge plays a role in determining training outcomes. This

is because when tasks became complex, prior knowledge appeared to have assisted
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advanced users in deriving sufficient new knowledge to achieve the tasks. However,

this cannot be supported statistically.
Learning Styles

The resuits of statistical tests provided strong evidence to support the
hypotheses that learning styles play a crucial role in determining training outcome
effectiveness. However, there was no statistical significance for the hypotheses that
learning styles are a major determinant for the training outcomes efficiency and ezse

of use.

Efficiency and effectiveness

The findings of this study in terms of effectiveness are in agreement with two
other studies in EUC training (Bohlen & Ferrat, 1997, Sein & Bostrom, 1989).
While Sein & Bostrom's (1989) study measured performances in terms of ‘scores’
calculated manually in given hands-on tasks and Bohlen & Ferrat calculated ‘scores’
in assignments and practicum, this study used automated tools to extract the score
information and then showed statistical significance for differences in effectiveness
due to [earning styles. This is a major difference between the two studies mentioned

and this study.

In addition to this, while both Sein & Bostrom and Bohlen & Ferrat based
their instrument on Kolb’s Leaming Style Inventory (LSI), this study based its
instrument on Honey & Mumford’s Leaming Cycle (LC). Further, Kolb’s instrument
has been questioned for its validity’' in short-training studies, whereas Honey &
Mumford’s instrument has been widely accepted for short-training programs. Despite
these differences, this study is in agreement with Sein & Bostrom that there is a

difference in training outcome effectiveness due to learning styles.

In both Kolb’s model and Honey & Mumiord’s model, an activist learning
style refers to users who are able to put the concepts into practice. According to these
models, the (raining enables activists to generate new concrete experiences,

According to Assimilation Theory, to generate new knowledge, one must integrate

5! This was discussed in the Literature Review where Ruble and Stout have established the non
applicability of Kolb's instrument in Bostrom et al.’s study,
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existing knowledge with knowledge acquired during learning. Thus, in this study,
users who were determined as having an activist learning style had high scores for
effectiveness suggesting that during training they were able to assimilate the
conceptual knowledge and then apply it to accomplish the given tasks. Further, the
activists have also rated the overall training environment easy to use, further

supporting the suggestion that they understood the applications software.

The other hypotheses, relating learning style preferences to efficiency could
not be rejected due to lack of statistical significance. In terms of efficiency, this study
differs from Bohlen & Ferrat's claim that learning styles are significant for training

outcome efficiency.

The findings concerning the variable learning style preferences can be
explained as follows. Of the four learning style preferences, possibly, individuals
with an abstract learning mode, such as theorists with the best efficiency scores, have
the ability to discover the rules and structures inherent in a new domain such as the
project management application. These individuals take an analytical and conceptual
approach to learning, relying heavily on logical thinking and rational evaluation. At
the opposite end of the spectrum are individuals with a concrete learning mode such
as activists. They take an experience-based approach to leamning, one that draws
heavily on prior knowledge and experience, Learning a new application may prove to
be time consuming for them simply because they have little or no prior referent
experiences to draw upon and this is reflected in the efficiency outcomes, that is tasks
took them longer. According to Honey & Mumford’s model, activists are people who
involve themselves in new experiences and respond to novel situations. Therefore, in
a non-traditional application such as a project management environment, the activists
were better able to accomplish tasks as shown in their higher effectiveness scores.
According to Honey & Mumford (1992) learning style can change with training time
because subjects can change their preferences based on experience gained while
learning **, however, this study would have not captured change in learning style due

to its limited duration.

It is almost axiomatic that learning how to use an application can be

accomplished best through actually using it. Previous studies (Bostrom et al., 1990;

52 This is further discussed in Chapter 6.
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Brancheau et al., 1985; Olfman & Mandviwalla, 1994) have stressed the need for
letting novices experiment with the system which suggests that an active
experimentation mode seems more suitable to learning an application than a reflective
observation mode. It appears that in this study, activists were facilitated by
experimenting with the application software and that this engagement has resulted in
their higher effectiveness score. However, due to the relative newness of the
application, these users seem to have needed more time to integrate new knowledge
with existing knowledge, resulting in a higher time (efficiency score) than some of the
other learning style preferences. This is evident from the statistical significance for

the outcome effectiveness but not efficiency.

Ease of use

This study is not able to assert that there will be a difference in training

outcome ease of use due to learning style preferences.

Therefore, as a resuit of the above discussion, this study could only partly
support previous research on learning style preferences. But while previous studies
have asserted that learning style is a consistent predictor in determining training
outcomes, this study was not able to assert the statistical significance of this
independent variable in terms of the three training outcomes, effectiveness, efficiency

and ease of use.

Interaction Effects

In this study, the interaction effects were tested statistically for significance to
determine whether the combined effect between the variables had any impact on the
training outcomes. For instance, in the Data Analysis Chapter, it was shown that
while the individual variables training approaches and categories of users were not
statistically significant, the interaction between these variables provided statistiéal
significance in terms of efficiency and effectiveness. Therefore, a discussion is

provided here as to the possible reasons of such effects.
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Interface x Training approach

The results of the statistical tests provided little evidence to support the
hypotheses that the interaction between interface and training approach played a
crucial role in determining training outcomes efficiency, effectiveness and ease of
use. This study supports the outcomes of Davis & Bostrom (1993), Olfman &
Bostrom (1991) and Sein et al. (1987) that the interaction between interface
preference and training approach are not statistically significant in determining
training ontcomes. Therefore, it can only be said that the evidence was not sufficient
to reject the hypotheses and that there was no difference between interaction groups in

terms of training outcomes.

One possible explanation can be the use of project management application,
which was relatively new to subjects. Therefore, despite attaining statistical
significance in the independent variable interfaces, this study was not able to attain
significant differences when this variable was combined with training approaches. It
appears that training approaches negated the impact of interfaces on training

outcomes,

In this study subjects chose their preferred interface and training approach,
rather than being allocated to these training approaches and interfaces without any
consultation. Further, this study examined subjects’ prior knowledge and experience
based on responses to a questionnaire, The subjects in this study were also putin a
structured learning environment and this was not found in other studies such as
Bohlen & Ferrat (1997). As aresult, these factors could have influenced the

outcomes of this study.

Interface x Category of End Users

This study did not find sufficient evidence to support the hypotheses that there
would be a difference in training outcomes due to the interaction between interface
and categories of end users. The statistical analysis shows that the categorisation of
subjects plays an insignificant role in the overall interaction effect. However, when
the data was examined, it was found that the results were not consistent. For example,
advanced level users who preferred icon interfaces found the training environment
easier to use than basic users. However, earlier it was reported that the combination

of menus and advanced users was likely to find the overall environment easy to use
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compared with the combination of icon and advanced users. Despite this fact that
advanced user rated icon interface easy to use (from table 6.7), and that advanced user
X icon users scored the second best score for ease of use, the combination of basic
users and users with preference for menu interfaces actually resulted in a greater ease
of use score. This is not consistent. Therefore, the only possible argument is that this

is an indication that the interaction has some effect on training outcomes,

It appears that the choice of interface plays a crucial role in determining the
impact of this interaction. From the data analysis, it was evident that basic and
advanced users who preferred icon interfaces scored better in terms of efficiency and
effectiveness irrespective of their level of knowledge. When it comes to ease of use,
more subjects who preferred menu interfaces found the overall environment easy to
use and again the category of users does not appear to have any influence. Therefore,
it appears that both groups of users combined their existing skills with knowledge
acquired during training and this enabled them to manipulate the interfaces during
hands-on experiment. However, these users appear to find the interface language
provided by the icons inadequate for more complex lasks, So fewer of them rated this
interface less easy to use. Therefore, it appears that user category did not play a

major role in the interaction effect.

Another explanation is that this study categorised users on the basis of
knowledge and experience while Carrol et al. (1987) categorised users based on their
experience alone. While experience helps users to understand an application, when it
comes to novel situations, conceptual knowledge is also needed to accomplish tasks
(Mayer, 1981). This study, based on the suggestions provided by Mayer (1981),
considered both experience and knowledge to arrive al the user categories of basic
and advanced. Therefore, the knowledge and experience would have also enabled
advanced users to use menus when needed as menus provide some facility to integrate
new knowledge with existing knowledge. Therefore, we would expect these
advanced users to have the knowledge and experience to translate the interface
language provided by icons to perform the trivial functions in the application, by
navigating menus. They would have also been able to accomplish complex functions
in the application. Hence, the two factors (interface type and category) may have

contributed to the results found in this study.
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The key difference between this study and that of Davis & Bostrom (1993)
who found this iﬁtefaction_combination to be significant, is the c’ategorisa_tion of users.
Davis did not categorise users according to their knowledge and experience,
considering them all to be novices. The failure to categorise uscif_s based on their
knowledge and 'experiencc'may have biased the results of pre’vibus studieé in EUC.
Further, 1t should be noted that while studies such as Davis & Bostrom (1993)
considered relatwely stralghtforward tasks such as movmg flles from onie dlrectory to
another dlrectory at the opcratm g system level, this study requlred more complex -
project management tasks. So subjects needed to understand the pnncnples of project
management first and then implement them using the application. Henf:e, itis
possible that prior expeﬁence combined with training provided would have influenced

this interaction (interface and category).

Despite the fact that more advaﬁced users who preferred icon interfaces found
the training environment easy to use than basic users with ihe same préfcrence for
icons, they were not as efficient nor as effective as the latter group. Basic us'elj_s who
preferred icons scored the best results for the training outcomeé efficiency and
effectiveness. So, to some extent, advanced users who strictly used icons mil'ght also

have been inhibited by the limitations of icons.

Training Approach x Categories of End Users

- The outcome measure effectiveness was significant for the interaction effect of
training approach and categories of end users. The outcome measures efficiency and

ease of use were not si gmflcant

Whlle previous studies (Carrol & Mazur, 1986; Olfman & Mandwwalla
1995) have asse_rted that the categorisation c_:f users based on thelr expenence is -
essential, these studies did not investigate the effect of prefefence for a particular
traini ng approach on such categories of users. While Olfman & Mandviw_alla (1994)
investigated the issue of training material for their applicébility and Carrol _&"Mazur
(1986) investigated the suitability of training materials for the amount of information
provided, this study investi géted the effect of prior knowledge and experience on
training preferences and found this even though it was not significant indep_éndentl'y.

This is a new finding and a key difference from other studies.

181



According to Olfman & Mandviwalla (1995), the success of exploration styie
training is dependem on the reasoni ng process needed to exccutc tasks. Another study
provides support for the supenomy of exploration training ov er mstruchon training _
for meaningful learning (Carrol & Rosson, 1995). Accordmg to Assimilation
Theory. for meaningful Ieammg to oceur, individuals must search Iong-tenn memory
to rctneve appropriate anchoring ideas or conlcxts But studies conducted by Gentner
& Gentner (1983) Gick & Holyoak (1983) and Davis & Bostrom (1993) suggest

 that unless I_gamers are provided with cues to help them ret_nevc the appropriate ideas,
they will often be unable to _do so. Thisis panicularlly true of learners, such as |
beginners, who have no prior experience in a give_ﬁ learning domain. There iS support
for the above argument in this s't_udy. For instance, basic subjects who preferred
exploration training have done well in ferm_s of effectiveness. Basic subjects who

pfefenrcd the instruction approach have performed better in terms of efficiency.

When specific tasks were given to users in a radically different environment
such as projeét management, they appeared to struggle with the reasoning processes.
It was noticed while playing back the ScreenCAM files that advanced users appeared
to manage the reasoning process befter (ascertaihed from mouse movements, sclectidn
of menus etc) than basic users and that this was reflected in effectiveness claiming
significance, |

The combination of training approach and categories of users in this study
rated the-lfaining environment to be the same the outcome eése of use (around 3.5).
Therefore, it can be concluded that this combination did not find the training
envifonment to be different in obtaining the outcomes. This establishes the fact that
the training environnient_was equally approp_riate to subjects. Therefore, the rich
conceptual elaborations provided in the exploration training materials did not assist
users in this study. This supports research by Olfman & Bostrom (1991) which
'suggesfs'lhat rich conceptual elaborations need not always assist users, This Was

reflected in the ease of use score.

Interaction of Learning Style Preferences with other variables in the study

The results concéming individual differences for this study coincide with the
study conducted by Olfman & Mandviwalla (1994). While Bostrom et al. (1990)

suggested that learning styles have an influence in information processing abilities,
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Olfman & Mandviwalla (1995) found that 'they were not significant. In this study,
desp1te usm g a tested instrument to extract learning style preferences, the combmcd
_effect of trainin g and learning style was not si gmf’ icant, Slmllarly. the tmdmgs of this
- study in terms of the interaction effect_between Ieamln_g _stylc prefcrenccs ‘with other
variables, especially trainihg-approaéhes" isin agrec'ment.with Bohlen & Ferrat (1997)
who also established that Ieammg styles have no significant effect on trammg |

outcomes.
Conclusion
This study raised four research questions (page 80 and 81 ~ Chapter 3 - -
Research Questions section). They were:
1. How do different types of interfaces affect training outcomes?

2. How do different approaches to training affect training outcomes?

3. What is the influence of prlor knowledge and experience of users on

trammg outcomes?
4. How do different learning styles affect training outcomes?

In response to the first research question, this study has been able to assert that
icon interfaces are the most efficient interfaces in terms of efficient and effective
training outcomes. There is no evidence to suggest that either of the interfaces are

superior in terms of ease of use.

In response to the second research question, this study has been able assert that
cxplo_ration training is superior in terms of eff_et:tivéness_ and ease of irse. None of the
training approaches is superior in terms of efficiency.

In response to the third research question, this study has been able to assert
that users with basic knowledge and experience are efficient and users with prior

knowledge and experience are effective. Both users rated the training environment to

be equally easy to use.

In response to the fourth research queStion, this study has been able to assert

that users who have a theorists learning style are efficient and users who have an
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activists learning style are effective. Users who had an activists learning style found

the trainting environment easy to use.

Ih addition to this, this study has been able to assert that the’interaction
combina'tion'of menu iriterfaces _and explmation trai_riing promotes efﬁéicncy and the
interaction corﬁbination of icon interfaccs and explbration tfaining promotes '
effectlveness Slmllarly, for the interaction combmatlon of tramlng approach and
category, the basic users who prefer an instruction training approach are more
 efficient and basic users who prefer an exploration training approach are more

effective,

Therefore, this study has been able to conclude that icon interfaces are most
suitable to train end users. When users are trained in novel tasks, an exploration
approach is most suitable. When users need to be trained in limited time, those .with a

-theorist 1eaming style will benefit the most. When users need_ to score better as a
result of training, an activist learning style will respond better. This study has also
been able to conclude that the combination of menu interfaces and exp_loration -
training is suitable under tight time coﬁstraints fo'r training. Similarly, this study has
been able to conclude that when training basw users, elther training approaches yleld.

superior results in terms of scores.

The next chapter will discuss the limitations of this study and future research

directions.
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CHAPTER 6 - LIMITATATIONS AND FUTURE RESEARCH

Prevrous chapter ot' this thesis prowded dlSCl.lSSlOn on the data analysrs _

performed and concluded the results of the data analysis. This chapter will listthe |
 limitation of this study. Followirig the li.mit_a.tion, directions for future research is
provided in this chapter. | -
Limitations

‘The limitations of this study can be classified into two categories: instrument
limitation and process limitation. Five instrurﬁents were used in this stttdy to extract
various details of subjects. These instruments were either used from previous studies
or modified to suit this study. Despite the statistical tests performed to ensure the
validity of these instruments, it is difficult to establish the accuracy of information”

provided by subjects via these instruments.

One issue that needs to be avoided in future studies is the procedure of
‘averaging’ opi.nions expressed to various elements in these instruments to arrive at a
measure. For instance, in the first instrument, subjects answered to 12 items ranging
from their computing knowledge to projeet management knowledge. Despite the
correlations and applicability of questionnaire items, the avera'ge score may not
exactly reveal the knowledge of a subject in a particular component_, for example,
project management This appears to be a problem in majority of the studies
reviewed and no practlcal solutions were found yet. ThlS isa llmltatlon with the

instruments used i in this study

The 'second limitation of the study is the instrument tlsed to dete'rrhine feamin g
styIc preferences Thls study used Honey & Mumford (1992) mst:rument o
categonse subjects into one of the four learning styles While the questtonnalre is
va]rdated in terms of statrsttcal terms, due to the limited number of subjects in each of
. the learnmg styles, the results of this study for this interaction vartable cannot be
considered concluswe Due to the class1flcat10ns, it may so happen that the combmed
interaction effect of mterface style, training type, categories and Iearnmg style - |
- preference may yield fewer than 4 subjects and this sample size is not aceeptable in
statistical terms for hypothesis testmg To alleviate any potentlal problems due to

sample sizes, alternative statistical tests appllcable to small sample sizes need to be '
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conducted. This may be a limitation. Therefore, there is a need to repllcate this

researeh for the Ieammg style vanable wrth abi gger sample

In this study, trammg matenals were prepared by the author and peer rewewed
for appropnateness and apphcabrllty ‘The examples were denved from a book _

: pubhshed by Mlcrosoft Desptte the efforts taken to ensure that the matenals are
apprOpnate and sultable, rigorous procedures of rnstructlonal demgn were not apphed_'-
in the preparatlon of trammg matenals While this study followed the gu1de11nes _'
given by chk & Carey (1990) in the overall training design, the instruction-materials
and the exploratlon-matenals did not undergo i gorous quality checking usually
followed in the domain of instructional design. Any futuré research should
incorporate rigorous quality control procedures in training desi gn. and. traihing

materials in order to alleviate any bias introduced by individual researchers,

The study process-utas operationally limited due to a number of factors such as
the time duration. In this study, subjects were provid_ed' with lim_ited time for training
and subsequent hands-on tasks experiment. While previous studies have used a time
limit of 30-minutes to 8-hours, there are no guldelmes avarlable as to the nght amount
of time needed to study the effects of hands-on tasks. Based on the suggestions
provided by Davies et al. (1989), Sein & Bostrom_(1989) and Davis & Bostrom -
(1993), this study used a 45-minute pen'od for training and expe_riment respectively.
While repIaying the ScreenCAM ﬁles,' it was noted that when subjects crossed the 30-
minute period, they were tired and the Speed of operan ons slowed down In fact 2
‘subj Jects discontinued the expenment as result of exhaustion. The allocatron of time
appears to be a major limitation. Perhaps this could be overcome by havmg multlple

sessions of 30 minutes each

Another operational limitation was the time slot aI]ocated for the booking of
computer laboratones in the University where the study was conducted The
computer laboratories can be booked only for a 2-hour block and sub_]ects felt this
fime was not sufficient for tramlng for a radicaily new concept such as’ Mrcrosoft
Project. Further certain aspects such as satisfaction and ease of use were measured
after one week from the completton- of the experiment due to this constraint. This
time del'ay would have impacted in subjects forgetting some specific issues associated
with the ease of use and satisfaction. This is seen as a limita_tion'-and future studies

should allocate more time for training, experiment and immediate measurement.
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~ The next operatronal dlff culty stems from the fact that categories of Sl.lb_]BCtS
were determmed in this study based on an mstmment and not on hands -on
examination. Desprte the responses to the ﬁrst two questlonnarres to extract
knowledge and expenence, whrch was used to determrne the subject categones basrc |
“and advanced this stud‘«r was not able to venfy whether these questronnarres actually
reflected the two levels There are no umform guldelmes avarlable to drstrngursh
subjects 1nto these two categorles and only recently the Australlan Government
started introducin g competency stand_ard to categorise subjects into dlff_erent levels.

This limitation is even encountered by education institutions.

This study captnred users’ responses for ease of use and satisfaction after -
about a week and this can be considered as a limitation because users’ could have

forgotten some critical aspects of the applicatio'n provided.

This study recorded the subjects responses using two independent research
assistants. Despite file comparison methods employed to remove any errors, this
study will not be able to guarantee an error free recording of sub_;ects responses. If
an automated tool wer~ used, perhaps some of the errors could have been minimised.
While a number of automated tools such as ‘key log’ programs were considered for
this study, none of them were implemented because these tools were.not capturing
various actions of users while accomplishing tasks. Therefore, it should be assumed
that errors could have penetrated and hence the results of this study should be
interpreted accordingly. Future studies should consider the use of automated tools in

order to avoid any manual errors.

Another limitation of the study was the use of preferred training ap'proach
during hands-on experiment by subjects. Despite the fact that snhjects have opted for
either instruction training or exploration training, this study was not able to track
whether subjects actually applied the preferred trarnmg-approach at hands-on tasks
tune The ScreenCAM only captured keystrokes and not training approaehcs (.
appears that there is no automated instrument available to track the application of a
given tra.ining approach. Therefore, future studies should ascertain that subjects have
used their preferred approach in 'the'experiment to avoid any compounding effects that

can be introduced by the training approaches,

187



Directions for Future Research

This study compared two interface types, two training approaches and two
categories of users on training outcomes. In many respects, this study was a first
attempt to ask questions that, up to this point, have not bee asked. This is especially
true of the combination of categories of users and interfaces, The study has resulted
in two important benefits. First, it provides information on the nature and extent of
the influence of these factors on short computer training programmes. Second it

raises a number of important issues for future research.

This study evaluated the impact of training at only one point in time, namely,
immediately after the training. Only a few reported studies have examined the effects
of training methods over longer periods (Carrol & Mazur, 1986; Olfman, 1987; Sein
et al,, 1993). None, however, have examined the long-term learning effects of the
interface in a training environment. One way to test the effects of interfaces on
training outcomes is to examine the effects after a certain time period such as one
month after training. Another approach could be to use longitudinal studies to
observe how individuals’ use and perceptions of the training environment change over

time.

Another issue deals with the experience of users. As users learn applications,
their knowledge and experience grow. It is interesting to find out how their
perceptions change in accordance with the gained knowledge and experience.
Further, there is a concept that learning style preferences change during the course of
learning. Itis difficult to determine these changes in short training programs.
However, when longitudinal impacts are studied, it may be possible to study the
changing nature of learning styies. This information may provide some valuable

information in EUC training.

The third issue relates to more detailed ana!ysis-of training approaches, The
training approaches used in this study were operationalised using the guidelines
provided by the literature. There is no way of knowing whether these approaches
were implemented in the best possible way. Therefore, there is a necessity to explore
best practices in implementing these training approaches, This may include how to
write better and effective training manuals. For example, it may be better to know

whether counter-examples have any effects on leaming. Further, as mentioned in the
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limitations section, use of automated tools to track the use of training approaches will
bring out new knowledge about how these training approaches are used. This may

have an impact on the preparation of training manuals,

This study used only tertiary students involved in a science discipline. Future
studies should consider subjects from other areas of study in order to determine the
effects of the variables considered in this study on training outcomes. In addition,
Honey & Mumford (1992) suggest that leamning styles are dependent upon the type of
study area such as science, business and engineering. The results of this study should

be applied on other disciplines to derive new knowledge,

The results of this study is restricted to input-training-output model. The
processes applicable to this study in terms of research methods were verified, but the
actual ‘learning’ processes haven't been verified. There is a need to verify whether
there is actually any transfer of knowledge due to training, and if so, how did the
transfer occur. This study used ScreenCAM to caplure the on-screen movements of
mouse strokes and keyboard actions, However, this study did not capture how
subjects transferred their mental model into a computer model in order to solve the
given tasks. Perhaps, by asking subject what they are thinking as they are
accomplishing tasks may bring out new information that is not captured so far, A
video camera or a computer camera can be used to capture such details. This
approach should lead to a more thorough knowledge of how users conceive of and

leamn to use computer systems based on the information presented,

Another aspect that needs to be considered in EUC studies is the transition
between basic and advanced types. Due to operational difficulties, this study
considered only basic and advanced users. However, it appears that there is an
‘intermediate’ category available as a number of textbooks and training materials
have emerged in the past three years with this category. Therefore, it is possible to
derive interesting results by considering this category also in EUC research, One
complication that researchers may encounter is the uniform definition of these
categories. Various computer societies are trying to define levels to determine

competency and hopefully these levels can be sorted out soon,

Finally, the questions examined in this study should be extended to different

operating systems. It is commonly believed that end users are familiar with either a
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PC or MAC system. Recent invasion of Linux and other operating systems have
provided new interfaces to users to consider. In addition to the application interfaces,
systems are driven by voice-activated interfaces also. A number of new training
methods involving multimedia technology have also started appearing in the
computing training domain, These new issues have opened up new challenges.
Therefore, it is necessary to test other applications and interfaces with new training
methods to determine the boundaries of the conclusions presented in this study. The
range of new issues represents an extremely challenging, fruitful and interesting line

research for those who are inclined to pursue them.
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Descriptive Statistics

APPENDIX 1 - SPSS OUTPUT
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Theorisi 44.6667] 15.0853 g
Pragmatis{ 50,1429 23.6885 7
Total 51.3077] 16.9370 28
Explorel  Activist 61.6667f 10.5987 3
Reflecton  73.80000 17.3118 5
Theorisf 55.6667] 12.4231 3
Pragmatis{  47.50000  7.7783 2
Total 62.7692 15.8701 13
Total  Aclivisf 56.6250) 8.8952 B
Reflector) 62.7692] 18.6599) 13
Theorisl] 48.3333 14.5344] 9
Pragmatistt 49.5556f 20.7311 9
Total 55.12820 17.2650 39
meny  Instruc Aclivisf  32.30001 13.8728 10}
Reflector]  33.00000 11.6619 &
Theorisi 37.2857] 13.5365 7
Pragmatisty 30.5000 8.053 8
Total 33.0968 11.7597 3
Explorgd  Aglivistf 5050000 12.0692
Reflector]  36.5000) 7.7782 2
Theorist  37.1429 9.6855 7
Total 41.1538] 11.4225 13
Tota Aclivisti  37.5000f 15.4808 14
Reflecton 33.87500 10.4120) 8
Theorist  37.2143 11.3081 14
Pragmatisf 30.5000  8.053 g
Tota] 35.4773 12.112§ 44
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Total Instruc]  Activis 39.40000 15.7017] 15
Reflectoy]  46.0714]  18.5328 14
Theoris] 40.6923 14.1856 13
Pragmatisi _ 39.6667] _ 19.3858 15

Total 41.4035 16.9082] 57]

Explorel  Activisy 55.2857] 12.0791 7
Reflector 63.1429 23.2625 7l
Theoris§ 4270001 13.3004 10
Pragmatisy 47.50000  7.7782 2
Total 51.9615 17.4642 2§

Total  Activis{ 44.4545 16.2297 22
Reflectol  51.7619 21.2877 21

Theoris{ 41.5652 13.53390 23
Pragmatis 40.5882 18.4223 17]

Total 44.7108 17.8777 83

Advance icon|  Instruct Activisi  85.0000 ) 1
Reflector]  66.00000  14.9332 3

Theoris| 59.5000 23.1495 a
Pragmatist  46.2000 23.6474 5
Total 58.0667] 22.3494) 15

Explorel  Activis{ 55.7778 14.7036 9
Reflecto]  48.0000 18.134 g
Theoris] 43.8333 17.4289 8
Pragmatist 48.25000 10.8743 4

Total 49.7037] 15.7817 27

Total  Activisf 58.70000 16.6603 10
Reflecto] 52.9091 18.5874 11

Theorist 51.6667] 21,1803 12
Pragmatis __47.1111__ 18.0308 a9

Total 52.6905 18.572§ 42

menuy  Instruct]  Activisf 43.0000 3.4641 3
Reflectorr  38.0000 9.2496 10

Theorist  41.0000 ) 1
Pragmatis{ 47.0000  2.0000 3
Total 40.6471 7.9447 17

Explorel  Aclivisf 41.6667%  7.7675 3
Reflector]  39.6667 8.7725 6
Theoris 50.3333 10.0664 3
Pragmatis{ 35.0000 11.0227] 5

Total 40.5284]  9.6444] 17

Tota Activis] 42,3333 5.4283 [
Reflecto]  38.6250 8.2047 16

Theoris]  48.00000  9.4515 4
Pragmatis 39.5000 10.4471 8
Total  40.5882 8.7008 34
Total Instruc]  Activis{ 53.5000 21.18965 4
Reflectod] 44.4615 15.8777] 13

Theoris] 56.8571] 22.2593 7
Pragmatisf 46.50000 17.9125 5

Total 48.8125 18.334§ 39

Explorel  Aclivist 52.2500 14.4545 12
Reflectorr 44.4286 14.5956 14
Theoris] 46.0000 15,0250 9
Pragmatisi  40.8889  12.4041 9

Total 46.1591f 14.3396 4

Tota Activis]  52.5625 15,5890 16
Reflecto] 44.4444) 14.9289 27

Theoris{ 50.75000 18.5958 16
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Pragmatisf  43.5294 15.0213 17
Total 47.2763 16.0803 76
Total iconi Wnstruc  Activisf 58,8333 14.3446 =
Reflecto] 58,6364 16.3112 11
Theoris] 52.0833  20.1786 12
Pragmatis] 48.5000 22.6615 12
Total 53.7805 19.1043 41
Explorel  Activisy 57.25000 13,5923 12
Reflector]l  57.9231)  21.5037] 13
Theoris] 47.7778  16.2310 9
Pragmatist 48.0000 9.1214 a
Total 53.95000 16.7913 40
Total  Activis{ 57.7778  13.4407 18
Reflectorl  58.25000 18.8962 2
Theoris{  50,2381] 18.2781 21
Pragmatist  48.3333  18.888 18
Total 53.86421 17.8870 81
mend Instrucl  Activisf 34.7692] 12.9753 13
Reflector]  36.12500 10.1448 16
Theoris|  37.75000  12.6010) g
Pragmatis{ 35.0000_ 10.2752 11
Total 35.7708] 11.0839 45
Explore  Activis] 46.7143 10.7349 7]
Reaflector]  38.8750 6.5995 8
Theoris] 471.10000  11.209§ 10
Pragmatis __35.0000 _11.0227 g
Total 40.80000 10.2668 30
Total  Activisf 38,9508 13,3001
Reflecton]  37.0417 9.0625 2
Theoris] 39.6111 11.6121 1
Pragmatisi 35.0000 _10.1390 16
Total 37.7061)  10.9948 78
Tota Instrucl  Activis]  42.3684] 17.3628 1
Reflecto]  45.2963 16.9928 27
Theoris]  46.35000 18.6047] 20
Pragmatist 42.0435 18.7701 23
Total 44.0687 17.6955 89
Explore]  Activisf 53.3684] 13.3633 19
Reiflector)  50.6667] 19.5585 21
Theoris] 44.26320 13.8437 19
Pragmatisf 42.0909 11.6744 ik
Total 48.3143 15.7043 70
Tota Activisf  47.868 16.2666 38
Reflecton  47.6458 18.1594 48
Theoris§ 45,3333 16.2777] 39
Pragmatisi 42.0588 16.618 34
Total  45.9371]  16.928 159
ease of use Basic icon| Instruc  Activist 3.5280 .8686 5
Rsilecto 3.2656 .6539
Theorist 2.8458 9830
Pragmatis]  3.4036 6590
Tota 3.2563 J741 28
Explorel  Activis 3.4283 7033 3
Reflecto 3.3850 7237 5
Theorist  3.4800 .0000 3
Pragmatistf 27175 1520 2
Tota 3.3142 5749 13
Total  Activis 3.4906 Vi =
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Reflecto]  3.3115 6539 13

Theoris|  3.0572 .8394] g
Pragmatisf  3.2511 6482 9

Tota 3.2756 7067 39

menut  Instruc{  Activis 3.6760 9622 10
Reflector, 3.4567] 9565 g
Theoris 4.2664 6641 7
Pragmatis|{ _ 3.5519 .9903 =

Total 3.7348 9158 AN

Explore]  Activisf  3.7900 8412 4
Reflector 3.9800 8627 2
Theorist 3.8193 6703 7

Tota 3.8350 6840 13

Tota Activis 3.7086 .8584| 14
Reilector] 3.5875 9047 B
Theorist 4.0429 6817 14
Pragmatisf  3.5519  .9903 8

Total  3.7644 .B473 44

Tota Instrucl  Activist 3.6267 9033 15
Railecto 3.3479 7692 14

Theoris{  3.6108  1.0801% 13
Pragmatist 3.4827 .8261 19

Tola 3.5166 .8802 57

Explorel  Activist 3.6350) 7457 7
Reflectod 3.5550 7467 7
Theorist 3.7175 5713 10)
Pragmatisf  2.7175 1520 2

Tota 3.5746 .6736 25

Tota Activist 3.6293 8384 22
Reflecton _ 3.4167] 74965 21|

Theoris]  3.6572 8791 23
Pragmatis]  3.3925 8143 17

Tota 3.5348 8174 83

Advance fcond  Instruct]  Activist 4.5850 ] 1
Reflector] 3.5617] 9.438E-02 3

Theoris 3.5717] 4993 =
Pragmatist 2.9290 J08 5

Tota 3.4230 .6544 158

Explore]  Activisf  3.6211 5659 9
Reflectof ~ 3.3469 7504 )
Theoris{  3.5067] 6134 g
Pragmatisf  3.8300) 4383 4
Tota 3.54 5096 27]

Total Activist 3.7175 65145 10)
Reflecto 3.4055 6372 11

Theoris{  3.5392 5343 12
Pragmatisf 3.3204 7374 9
Tota 3.5017] 6208 42

menu  Instruc Activisy 4,0467] 1549 <
Reflectol  3.7090 .3845 10
Theoris{  2.9500 | 1
Pragmatisf 3.2450 .7595 3
Total 3.6421 5012 17

Explorel  Activis{  3.3933 7989 3
Reflecto]  3.5633 .7238 6
Theaorist 4.1083 3770 3
Pragmatisf  3.6020) 8170 g

Total 3.6409 5416 17




Total  Activisf  3.7200 5269 6
Reflecto]  3.6544] .5183 1§

Theorisf  3.8188 .6559 4
Pragmatisi  3.4681 .6453 8
Tota 3.6415 5669 34

Total Instructf  Activisf 4.1813 2974 4
Reflecto  3.6750) 3414 13
Theorisi  3.4829 5128 7]
Pragmatist 3.0475 6877 8
Tota 3.53%9 5791 32

Explor Activist  3.5642 .5997] 12
Reflectoy  3.4396 Nalll 14
Theoris{  3.7072 .6010) 9
Pragmatis{ __ 3.7033 5261 9
Total  3.5823 6165 44

Tota Activisf  3.718 .5980) 16
Reflecto  3.5530 5716 27

Theorist 3.6091 5577 1
Pragmatis]  3.3947 6776 17

Total  3.5642 597 76

Tota icon| _ Instruc{  Activis{  3.7042 .8887] 6
Reflectorl  3.3464) .b658 11}

Theorisf  3.2087 .8344 12
Pragmatist 3.2058 6897 12)
Totaf  3.3173 7287 41

Explorel  Activisf  3.5729 5749 12
Reflectol  3.3615 709 13
Theorist 3.4978 .4851 9
Pragmatis] 3.4592 6707, g
Tota 3.4703 8012 40

Tota Activistf  3.6167 6710 18
Reflector 3.35460 5340 24
Theoris{  3.332§ .7061 21|
Pragmatisf _ 3.2903 8747 1
Total  3.3928 .6691 81

manyd  Instruct Activisf  3.7615 8513 13
Reflectorl  3.6144] 6400 19

Theorist 4,1019 A712 8
Pragmatisf 3.4689 .9069 11

Total  3.7020 7892 48

Explor Activisi  3.6200, .7820 7
Reflectol  3.6675 7195 8

Theoris{  3.8060 5921 10
Pragmatist  3.6020 8170 §

Total 3.7250 .6560 30

Total  Aclivist 3.7120 .8097 2
Reflector 3.6321 6522 2
Theoris|{  3.9931 6637 18
Pragmatist  3.5100 .808 16

Total 3.7108 .7365 78

Tota Instrucl  Activisi 3.7434] .8386 1
Reflectorl  3.5052 6144 27

Theoris]  3.5660 8078 20
Pragmatisi  3.3313 7935 23

Tota 3.5248 7818 89

Explore Activis]  3.5903 8375 19
Reflecto  3.4781 7117 21

Theoris]  3.7126 .5690 19
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Pragmatis]  3.5241] 6187 11
Total  3.5794) .6335
Total  Activist 3.666 7988 35
Reflecto]  3.493 .6515 45
Theoris|  3.637 .7558 3
Pragmatis __ 3.393 7378 34
Total  3.5488 .7186 159
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Multivariate Tests

Effect Valugl FHypotheslij Error Sig,
Intercept Pillai* 970 1381.687 3.0000 126.000 000
Tracel
Wilks 030 1381.687] 3.000 126,000 .000
Lambda
Hotelling' 32.897 1381.687, 3.000 126.000 000
Trac
F{oy‘j 32,897 1381.687 3.000 126.000 000
Largas
Roo
LEVEL PiIIai‘j .025 1,057 3.000 126.000 J70
Trac
Wilks 975 1.057 3.000 126.000 370
Lambd
Hotelling' .025 1.057 3.000 126.000 370
Trac
Roy" 025 1.057 3.000 126.000 370
Largesj
Roo
INTERFAC Pillai‘j 274 15,844 3.000 126.000 000
Trac
Wilks] 726 15.846' 3.000 126.000 .000
Lambdal
Hotslling' 377 15.846‘ 3.000 126,000 .000
Trac
Roy' 377 15.84 3.000 126.000 .000
Largesj
Roo
TRAINING[  Pillal’ .002 .064| 3.000 126.000 979
Trac
Wilks .99(1 .064] 3.000 126.000 979
Lambd )
Hotslling' .002 .064' 3.000 126.000 979
Trac
Roy' 002 .064] 3.000 126.000 979
Larges
Roo
LSTYL Pillai'j .106] 1.567 9.0000 384.000 123
Trac
Wilks! .89g 1,587 9.000 306.801 114
Lambda
Hotelling' 15 1,599 8.0000 374,000 .1141
Trac
Hoy' 099 4,210 3.000 128.000 007,
Larges
Roo
LEVEL ¥ Pillai'j 035 1,529 3.000 126.000 210
INTERFAC] Trac
Wilks .965 1.5291 3.0000 126.000 210
Lambd
Hotelling' .036 1.529 3.000 126.000 210
Trac
Roy" 034 1.529 3.000 126.000 210
Largesj
Roo
LEVEL ¥ Pillal's| .053 2.335 3.0000  126.000 077
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TRAINING Trace
Wilks 947, 2.335 3.000 126.000 077
Lambdal
Hotslling’ 056 2.335 3.000 126.000 077
Trac
Hoy‘:g 056 2.335 3.0000 128.000 077
Larges
Roo
INTERFAC Piliai" 0 235 3.000 126.000 872
4 Trac 07
TRAINING
Wilksj .994| .235 3.000 126.000. .872
Lambd
Hotelling' .006 235 3.000 126.000 .B72
Trac
Roy" 005 .234 3.000 126.000 872
Largasj
Hoo
LEVEL " Pillai* 06 2.958 3.000 126.000 035
INTERFAC Trac
THRAINING
Wilks 9 2,958 3.0000 126.000 034
Lambd
Hotelling' 070 2.958 3.000 126.000 .035
Trac
Roy" 070 2.958 3.000 1286.000 .035
Larges
Roo
LEVEL Pillai'j .052 .74ﬂ 9.000 384.000 .666
LSTYL Trac
Wilks 949 746 9.0000 306.801 666
Lambd
Hotelling' 054 748 9.000 374.000 667
Trac
Roy' .048 2,060 3.000 128.000 109
lLarges
Roo
INTERFACH Pillai‘j 077 1,124 9.0000 384.000 344
* LSTYL Trac
Wilks .9241 1.118 9.0000 306.801 349
Lamhd
Hotelling' .080 1.110 9.0000 374.000 .355
Trac
Hoy‘? 049 2101 3.000 128.000 103
Larges
Roo
LEVeL " Pillai' 063 914 9.000 384.000 513
INTERFAC Trac
*LSTYL
Wilks .938 915 9.0000 306.801 512
Lambd
Hotelling" 066 .91q 9.000 374.000 511
Trac
Hoy? 058 2.476 3.000 128.000 .0641
Larges
Roo
TRAINING; Pillai‘j .031 489 8.000 384.000 875
* LSTYU Trac
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Wilks 966 495 9.000 306.801 876
Lamb '
Hotelling' 035 .491 9.0000 374.000 881
Trac
Roy' .02 1.115 3.0000 128.000 .346
Larges 1
Roo
LEVEL " Pillai'j .103 1.510 9,000  384.000 142
TRAINING Trac
*LSTYL :
Wikks 898 1.545 9.0000 306.801 .131
Lambda
Hotelling' .11ﬂ 1.57 9.000 374.000 121
Trag
Roy's J12 4,764 3.00x 128.000 004
Largest
Root
INTERFACQ Pillai's] 065 .950 5.0000 384.000 482
" Trace
TRAININ
*LSTYU
Wilks 934 95 9.0000 306.801 ATY
Lambdal 4|
Hotelling' .069 9561 9.000 374.000 479
Trag
Roy' 063 2.673 3.000  128.000 050
Larges :
Roo '
LEVEL ¥ Pitlai' 053 1,154 6.000 254.000 33
INTERFAC Trac
TRAINING
* LSTYY
Wilksj 945 1.147 6.000 252.000 .33
Lambd
Holelling‘j .055 1.138 6.0000 250.000 341
Trag
Roy' 029 1,233 3.000 127.000 298
Larges
Roo

a Exact statistic

b The statistic is an upper bound on F that yields a lower bound on the significance level.

¢ Design: Intercept+LEVEL+INTERFAC+TRAINING+LSTYL+LEVEL * INTERFAC+LEVEL ™

TRAINING+INTERFAC * TRAINING+LEVEL * INTERFAC * TRAINING+LEVEL *

LSTYL+INTERFAC * LSTYL+LEVEL * INTERFAC * LSTYL+TRAINING * LSTYL+LEVEL *
TRAINING * LSTYL+INTERFAC * TRAINING * LSTYL+LEVEL * INTERFAC * TRAINING *

LSTYL

Tests of Betwaan-Subjects Effects

Sourcd Dependen| Type II:I ol Meaj F Sig.
Variablgd Sumo Squar
Squares|
Corrected efficiency] 4816.531 30 160.551 .80 7521
Moede 4’
effectivenass| 18648.481 30 6216168  2.98§ .000
ease of usel  16.626 30 554 1.092 357
Intercepli efficiency; 160774.60 1/160774.60 804.994] .000
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eﬂectivenesﬂ 239068.2j 1 239068.2j | 149.osel .000
ease of usel 1340,100 1| 1340.100 2640.264) .000
LEVEL “efficiencyl  79.06 1 79.064 395 .530
effectiveness] 493,794 1 493,795 2.373 126
gase of usel .37 1 37 738 392
INTERFAC efficienc 701.271 11 701.271 3.511 063
effectiveness| B484.06 1| 8484.06 40,778 000
gase of us 768 1 .768 1.514 221
TRAINING efficienc 1.014 1 1.014 .005 943
offectiveness]  38.469 i 38.469 ,185 .665
ease of use 2.274E-05 1l 2.274E-05 000 L9095
LSTYL efficiencyl 363.969 3 121.323 607 611
effectiveness| 1848.182 3 616.061 2,961 035
pase of usg 2.448 3 .815 1.60 191
LEVEL * efficiency]  75.637 1 75.637 37 53
INTERFAG
effectiveness] 410.028 11 410.026 1.971 .163
ease of us 992 1 992 1,95 .165
LEVEL * efficiency] 589.056 il 589.05 2.949 0as
TRAINING|
effectivenass|  860.844) 1] 860.844] 4,138 .044|
ease of use 8.241E-02 1| 8.241E-02 162 .688
INTERFAC 1 efficiency  95.214 1 95.214 A77 431
TRAINING
effectiveness  55.891 1 55.891 .269 605
gase of usel 5.171E-0 1| 5.171E-06 .000) .997]
LEVEL % afficlency| 450.920 W 450.920 2.258 135
INTERFAC "
TRAINING
effectiveness] 1133.539 1 1133.53 5.448 021
ease of us 625 1 625 1.232 26
LEVEL " efficiency| 632.698 3 210.899 1.056 370
LSTYL
‘| effectiveness 497.707] 3 165.802 797 497
ease of use 57y 3 Rkl 376 770
INTERFAC * efficiency] 705.268 3 235.089 1.177 321
LSTYL
offectiveness|  337.580 3 312.527 1.502 217
ease of us 1.059 3 .366{ 722 541
LEVEL * efficiency 49,283 3 16.428 082 870
INTERFAC
LSTYL
effectiveness| 1275.877] 3 425,292 2.044 A11
easa of usg 1.289 X 430 .846| 471
TRAINING 4 efficiency 38.509 3 12.83g .064f 979
LSTYL
effectivaness| 237.670 3 78.223 .381 767
egase of Us 1.675 3 - .65 1.100 .352]
LEVEL 4 efficiencyy 102.028 3 84.005 170 Keals
TRAINING "
LSTYY
effectiveness] 1210.,253 3 403.418 1,539 127
ease of usel 4.552) 3 1.517] 2.990 .03
INTERFAC * effiiencyl 319.815 3 106.605 .53 .660
TRAINING *
LSTYH
effectivanesy 1160.908 3 386.969 1.860) 140
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0ase of usd .882 3 294 579 630
LEVEL ¥ efficiencyl 642.994 2 321,497 1.610 204
INTERFAC
TRAINING
LSTYL
effectiveness)  81.419 2 40.709 98 .82
gase of usgl 1.788 2 .89 1.761 A7
Errof efficiencyl 25564.35 128 199722
effectiveness| 26630.890 128  208.05
gase of usg 64.968 126 508
Total efficiency| 268665.30 159
[
effectiveness| 380804.00 159
0
ease of usel 2084.078 159
Corrected efficiency| 30380.885 158
Total
effectiveness| 45279.371 158
gase of usel  81,504| 15

a R Squared = .159 (Adjusted R Squared = -.039)
b R Squared = .412 (Adjusted R Squared = .274)
¢ R Squared =.204 (Adjusted R Squared = .017)
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Descriptive Statistics for the variable intexrface

RangeMinimunﬂMaximum Mear* Std [VariancelSkewness Kurtosi
Deviation
interface Statisti] Statistic] Statistic|{Statistiq  Std.] Statistig Statistiq Statistic| Std.Statistic] Std.
Erro Erro Erron
icon  efficiency] 65.02 11.7 76.8037.1014 1.5245| 13.7205] 188.253 4220 267 1471 .529
effectiveness| 78.00) 15.00 93.00053.8642) 1.9874] 17.8870] 319.944] 089 267 -.465) .529
ease of usef 3.70) 1.31 5.000 3.39287.434E .6691 448 -433 267 .3?41 529
02
Valid
{listwise)
menu  efficiency 59.16 17.16 76.32440.3852, 1.5747| 13.9070) 193.405 669 272 -.182 .53
effectivenesy 53.00 11.00 04.00037.7051] 1.2449 10,9948 120,886 =271 .272) 164 .53
ease of us 3,27 1.74 496, 3.71088.339E 736 542 -48Q 27% 137 .53
02|
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Descriptive Statistics for the variable training approach

Range{MinimumMaximum{ Mean Std [Variance{Skewness] ll{urtosisi
Deviation
trainin Statistic| Statistic] StatisticStatistiq = Std] Statistic| Statistic] Statisti] Stc.|Statistiq Std.
31 Erron Error] Error]

Instructf  efficiency] 65.02) 1.7 76.8038.3608 1.5178 14.3192 205.039 690 255  .166 .504
effectivenesy 82.00) 11.008 93.00144.0674] 1.8757] 17.6955 313,132 598 255 .09]] .506

ease of uset  3.624 1.31 4,93 3.5248/8.287E .7818 611 -545 255 004 .504
02

Valid N
{listwise} .
Explore]  efficiency] 63.29) 13.03 76.32539.1593 1.5966/ 13.3582{ 178.441 15| .287] -.117] .566
effectivenesg  78.00) 15.00 93.0048.3143 1.87700 15.7043 246.624) 526 287 438 .560)
case of use 2,53 2.4S| 5.00 3.5?94]7.5715 6335 401 165 287 -.68]] .566

02
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Descriptive Statistics for the variable category

RangéMinimunﬂMaxim Meany Std VariancelSkewness 'Kurtosisl
Deviation
category Statisti Statistic] Statistic|{Statistiq  Std) Statistic| Statistic} Statistiq Sud Statistiq Std,
Errot Erro Erro

Basiq efficiency 5270  14.9 67.6836.7565 1.237q 11.2749 127,123 3700 .2 031 .523
effectivenesy 82.000 11000 93.0044.7108 1.9404 17.6777 312.501 5200 .264) 087 .523
ease of usgd  3.66 1.31 496 353488 972E] 817 .669;1 =325 2064  -.336.523

02

Valid N
(listwise)
|advance] efficiency] 65.02 1.7 76.8040.8483 1.8397] 16.0385) 257.234 J88 276 -.517].545
effectivenesd  78.00|  15.00  93.0047.2763 1.8445| 16.0803 258.57¢ 576 .276 281 .54
case of usel  3.20 1.80 5.000 3.56426.854E 597580 35 -3700.27& 085 548
02
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Descriptive Statistics for the variable learning style

RanggMinimumMaximum Mean Std|Variance{Skewness{  {Kurtosis|
Deviation
Istylg Statisti Statisticq StatisticiStatistiq  Std.| Statistid Statistiq Statistic] Std]Statistic| Std,
Errof] Error Error|
Activis)  efficiency] 60.22 14.98 75.2038.9732 2.1770) 13.4200 180.096 286,383 .063] .750
effectiveness 74.00 11.00 85.0047.8684) 2.6388] 16.2666 264,604 -042 383  .545) 750
easeof usg 291 2.05 496 3.6668 .1199] 7388  .546  -.317.383 -.4900.750
Reflector] efficiency] 52.07]  24.2§  76.3240.8265) 1.7861] 12.3743 153.124 089 .343 414 .674
effectiveness] 78.00 15.00 93.0047.6458 2.6211] 18.1594 329.764 609 .343  .129] .674)
ease of usgy  3.11 1.90 5.000 3.49339.404E- 6515 A2 -047(.343] -.084] .674|
02
Theoris{ _efficiency]l 63.77]  13.03]  76.80(36.467% 2.3488 14.6681| 215.152, 571,378 097 .741
effectiveness, 78.00  15.000  93.0045.3333 2.6065] 16.2777] 264.965 721|378 1064 741
ease of usg  3.62 1.3] 493 3.6374 L1210 7553 571  -716.378 1.13]) .741
Pragmatis] _ efficiency] 60.22) 1178  72,00138.0105 2.6559 15.4865| 239,830 601] 403 -201) 788
effectiveness) 64.00 17.00  81.0042.058% 2.8501| 16.5186/276.178 758 403 .041].788]
case of usg  2.94 1.74 4.68 3.3937 .1265] 7376 .544]  -477.403 -.307.788
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Deseriptive Statistics for interface and training approach combination

RangeMinimumMaximum| Mean Sld.VarianceSkewness’ ll(urtosis’
Deviation

interface lraining’ Statistic Slatisliﬂ Statistic{Statistic S[dj Statistij Statistiqy Statisticf Std.Statistic] Std,
Emo Erro Errgx
iconlnstruc  efficiency] 65.02) 11,78  76.80037.2508 2.3504) 15.0499 226.499 7250369 51,724
effectivenesg  73.0 20,00  93.0053.7804 2.983¢ 19,1043 364.576 .105; 369 -.955).724

ease of used  3.28 1.31 4.59, 3.3173] .113 J287 531 -767[ 369 249,724

Explorg]  efficiency] 44.57  13.03  57.60836,9483 19609 12,4019 153.800  -.147|.374] -.854] .733
effectiveness) 78.000  15.000  93.00053.95001 2.6549] 16.7913 281.946 074 374 .393) 733

easeof usel 2,53 24 5.000 3.47039.506E{ .6012 3ol 339 .3741 -371(.733

02

menyInstruct _ efficiency] 58.04 17.1 75.2039.3089 1.9851] 13,7530 189.146 726 .343]  -.054] .67
effectiveness) 48.000  11.00  59.0035.7708 1.6013] 11,0039 123.074)  -.56(.343] -298 .674

ease of usgl 3.1 1.74 4,93 3.70200 .113 7892 623 -00% 343 -.049 .674

Explore] efficiency] 53.01 23.3] 76.3242.1073 2.5948 14.2124 201.99] 622 427 -.177 .833
effectiveness] 42.000 22,00 64.0040.8000 1.8745] 10.2668 105.407 ALl 427 .007] .833

ease of usd  2.40 2.51 4,96 372501 .1198  .656 43 -104 427 -.709.833
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Descriptive Statistics for interface and category combination

RangeiMinimumMaximum{ Meany Std[VariancelSkewnesg  [Kertosig
Deviation!
interfacel  level Smtisic Statisticd  StatistioStatistid  Std.| Statistic| Statistic|] Statisti StdStatistiq Std.
Error] Erron Error]

icol Basid efficiency] 45.50( 1498  60.4834.9907] 1.6291) 10.1740) 103,510 1720 378 660 .741
effectivenesy  73.000 20,000  93.0055.1282) 2.7653] 17.2690) 298,220 201(.378] -.350{.741
gase of use  3.10 1.31 4.41] 3.275¢ .1132] 7067 499 -5360.378 044 741
Advance  efficiency] 6502 117 76.80139.0613 2.5034| 16.2239 263.214 2406 365 -.540 717
effectivenesy 78.000 15000 93.0052.6005 2.8659 18.5728 344.951 038365 -.529 717
ease of use  3.20 1.80 5.00 3.50179.579E1 6208 385 -.1891.365 .589.717
02
menu] Basid efficiency] 5052 17.1¢(  67.6838.3216 1.8192 12.0670 145.613 3801357 -.420 .70
effectiveness  53.000  11.000  64.0035.4773) 1.8261| 12.1128| 146.720 052,357 .061{.702
ease of usg 3,22 174 496 3.7644] .1277] 8473 718  -.547].357] -.339 702
Advancel efficiencyl 53.01)  23.31 76.32443.0558] 2.7036 15.7643| 248.514 661] 403]  -.667].788
effectiveness] 42.000  19.000  61.0040.5882 1.4922] 8.7008 75704) -519.403 .622 788
ease of use|  2.10) 2.42 452 3.64150.722E4 5669 321 -.617].403 -.444] .?88|
02
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Descriptive Statistics for Category and training approach combination

RangdMinimumMaximon]  Mea Std[Variance{Skewness] Kurtosis
Deviation

catcgorytrainin% Statistic] Statistic] Statistic{Statistiq ~ Std| Statistic] Statistic] Statistic] Std, Statistic| Std|
Error] Errml Brron

BasigInstrucy __ efficiency] 52700 14.9 67.6835.5657) 1.4919 11.2634) 126.864] 5071 .31 .468[.623
effectivenesy 70.000 11.00  81.00:41.4035 2.2395( 16.9082] 285.88 472/ 314 -.106/ 623

ease of usef  3.62 1.31 493 35166 .11660 ,.B802 75 -442 319  -476 623

Explorg]  efficiency] 43,32 16.49 59.8239.3670 2.1703 11.0666 122.470 140 456 -.403( .887
effectiveriesst  69.000  24.00 93.0051.9615] 3.4250) 17.4642] 304.99§ 747 456 242 387

ease of us 2.43 2.53 496 3.5748 .1321 6736 A54 AS4 456 602 88

Advance{Instruct]  efficiency] 65.02 11.78 76.8043,3394 3.1271] 17.6894 312,923 2931 41 -.801| .809
effectiveness;  74.00 19.00 93.0048.8125! 3.2411] 18.3346 336,157 J76 414 059 .80

ease of useg 2,79 1.80% 4.59 3.5394 .i102 ST9IL 3350 -9750 414) 1553 8

Explorg  efficiency]  63.29 13.03 76.32:39.0366 2.2110 14.6660/215.091 366 .357]  -.208] 702
effectivencsy 65.000 15.000  80.00M6.1591] 2.1618 14.3396 205.625 .145.357]  -.034) .702

easeof use  2.53 2.48 5.00f 3.5823P.294E{ .6165| .380,  -.038 357 -.677 .702

02
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Tests of Between-Subjects Effects

Source; Dependentf Type Il df Mea K Sig.
Variableg  Sum of] Square;
Squares]
Correcte efficiency] 4816.531 30 160.551 8 752
Modell
effectiveness 18648481 30 621614 2988 000
ease of usg  16.620 30 .55 1.092 357
Intercep efficiency] 160774.60 11160774.60 804.994 000
2
effectiveness] 239068.2 1/239068.2 1149.06% 000
ease of use] 1340.1 1| 1340,1 2640.2 000
LEVEL efficienc 79.0 1  79.0 .39 530
effectiveness) 493,795 1| 493.79§ 2.373 126
ease of us 37 | 374 738 392
INTERFAC efficiencyy 701.271 1y 701.271 3.511 063
effectiveness 8484.064] 1] 8484.0 40.77 000
ease of use 768 1 768 1.514] 221
TRAINING efficiency] 1.01 1 1.01 005 043
effectiveness  38.469) 1 38.469 .185 .66
ease of vse} 2.274E-05 11 2.274E-03 . .99
LSTYL, efficiency] 363.969 3 121.323 607 611
effectiveness) 1848.18 3 616061 2.961 035
ease of usel 2.440 K 815 1.606 191
LEVEL ¥ efficiency]  75.637 I 75.637 379 539
INTERFAQC
effectiveness  410.026 1| 410,026 1,971 163
ease of use] 992 | 992 1.95 165
LEVEL ¥ efficiency] 589.056 N 580.056 2.940 .088
TRAINING
effectiveness  860.844 1] 860,844} 4.138 044
ease of use{ §.24 1E-02] 1} 8.241E-02] .16 688
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INTERFAC * TRAINING efficiency] 05214 1] 95.214] .477491
effectivenesy 55.891] 1| 55.891] .269.603
ease of usel 5.171E-068 1| 5.171E{ .000.997
06
LEVEL * INTERFAC * TRAINING| efficiencyt  450.920, 1| 450.9202.258135
effectiveness] 1133.539 1] 1133.5395.448.021
ease of use 625 1 .625]1.232.269
LEVEL * LSTYL] efficiency] 632.696 3] 210.8991.056.370
effectiveness)  457.707] 3 165.902) 7971497
ease of use] 573 3 191 .376.770
INTERFAC * LSTYL] efficiency] 705.268 3 235.0891.177.321
effectiveness 9375800 3| 312.5271.502).217
ease of usej 1.099 3 366 7221541
LEVEL * INTERFAC * LSTYL) efficiency] 49283 3 16.428 .082.970
effectiveness| 1275.877 3 425.2922.044.111
gase of use 1289 3 430 .846.471
TRAINING * LSTYL] efficiency| 38.509 3| 12.83& .064.979
effectivenesy)  237.6700 3|  79.223 .381,.767
ease of use] 1.675 3 5581.100.352
LEVEL * TRAINING * LSTYL] efficiency] 102.028 3 34.009 .170.916
effectiveness  1210.253) 3| 403.418/1.939.127
ease of use 4552 3 1.51712.990.03
INTERFAC * TRAINING * LSTYL{ ~‘-iciency] _ 319.815 3 106.605 534,660
effectiveness) 1160.908] 31 386.9691.860) 14(X
ease of use] 882 3 2945 .579.630
LEVEL * INTERFAC * TRAINING ¥ efficiency] 642.994 2| 321.497]1.610.204
LSTYL]
effectivenes 81419 2 40.709 .196.823
ease of use 1.788] 2 .89411.761/.176
Errory efficiency] 25564.354{128 199.722
effectivencsy 26630.8001128 208.054
ease of use 64.968|128 508
Totall efficiency268665.308159
effectiveness380804.000/1 59
ease of use{ 2084.078159
Corrected Total]  efficiency| 30380.885]158
effectivenesg 45279.371{158
ease of use]  81.594[158

a R Squared =.15% (Adjusted R Squared = -.039)

b R Squared = .412 (Adjusted R Squared =

.274)

¢ R Squared = .204 (Adjusted R Squared = .017)
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APPENDIX 2 - QUESTIONNAIRE 1

Pre-test Questionnaire

Name:

You will be allocated with a unique number for identification purposes during this
study. The number will be allocated after assessing your suitability for the study. You

will be asked to refer to the number later.

Please fill in the questionnaire by placing a circle on the appropriate number for each
item as shown below. Uss either a pen or a pencil. Circle only one number per item.

Example:
The following is a set of computer terms. Please circle the appropriate number:

Know Nothing  Know

alot
!'Iat(Ilo'plll"”'lllillo‘;l"l’.rtlI"llll"l,"l"J'tl-ll'l’ld"" b A A AT Ay
4
y 1. Cache Memory 1 4 5
i
v SCSI Card _ X 5

The following is a set of computer terms. Please circle the appropriate number to
indicate your level of familiarity. Circle only one number per item.

Know Nothing  Knowa

lot

'-'I"' TR R TES T ST BT EEETEEEETS BT ETTTTTETEETEEZESPTEEETSTREETSTEEETETETEEEy

l Wmdows?ﬁ . t 2 3 4 3

Y] 3 WOI’d p'rocesmng-aﬁplrléalmns o " | l .. 2 ’ F3 . 4 | 5 .

c\'u-‘.-h

.- Project management apphcatlons :
. Copying files from one area 10 another
;- Internet browsers -
. Installation and use ¢ of m de‘ s
0. Costomizing applicatio It
. e-mail programs

12: Writing computer program
3. Changing print settings
14. MS Project software aP_pllcanon 1 2 3 4

LE P IRl R W T LTS LA HET A AT BT TG TS N0 d

Source: Bohlen & Ferrat, 1996; Doll & Xia, 1996

\-D"oo--:l’.

i—-Q

..-.—.._H

LA ARRA R R ARRATR AR LR T LR AR R RN

LS TN
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APPENDIX 3 - QUESTIONNAIRE 2

End User Computing Sophistication

End users are defined as the users who use computer systems and application software
packages to obtain information without being concerned with the underlying
processes and procedures of creating the systems and applications (Capron, 1998).
Please indicate your percentage of the following activities performed in end user
applications domain on a daily basis by you,
Type of Application
Based upon your experience, indicate the percentage breakdown to which the
following end user activities are performed on a daily basis:
Producing standard reports: applications that monitor daily activity producing
standard reports on a fixed schedule

%
Processing non standard reports: Exception: applications that process detail activity
reports where the definition of exception conditions is fixed (e.g. budget variances)

%
Performing various queries: applications that provide a database with flexible
inquiry capability, enabling users to design and change their own monitoring and
exception reports

%
Performing analysis on available data: applications that provide powerful data
analysis capabilities (modeling, simulation etc) and the appropriate database to

support user's decision making
%

TOTAL 100
%
Mode of operation
Indicate among the following statements those which apply to your use of end user
applications. Please place a v  ora X in the box provided.
D Iuse printed reports generated by a central computer
o Iuse astand-alone PC
o Iuse a PC linked to a local area network
Q@ Tuse a PC with to the Internet
o Iuse a PC linked to the central computer
Usage Intensity
On an average working day that you use a computer, how much time do you spend on
the system?
D Almost never
Less ¥2 hour
From Y2 hour to 1 hour
I - 2 hours
2 -3 hours

opao
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0 More than 3 hours

On the average, how frequently do you use a computer?
Less than once a month

Once a month

A few times a month

A few times a week

About once a day

Several times a day

DOoOOO0OODO

Usage purposes
In regard to the requirements of your task, indicate the extent to which you use a

computer to accomplish the following activities:

No extent Large
extent

YA TA YR BAE TS E LG TETT TR ML FEBEAR LT LNR G EETETEEYE A A A A A A 4"-""'1;

*1__ITransfermfonnaluontoothers } _ 1 2 3 4 54

i -,.':,_DCGISIOII ‘making " G
Produce letters and memos

Source; A]loway and Quﬂlard 1983 Igbana, 1990 I
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APPENDIX 4 - QUESTIONNAIRE 3

THE LEARNING STYLES QUESTIONNAIRE

This questionnaire is to find out your preferred learning style(s). There is no
time limit to fill in this questionnaire. It will probably take you about 15 minutes to
fill in the questionnaire. There are no right or wrong answers. The accuracy of the
answers depends on your preferences.

If you agree with a statement, then place a v If you disagree, then place a X. Be

sure to mark each item. Please mark items in the list provided:

1 I have strong beliefs about what is right and wrong, good and bad.

2. | Toftén “throw caution to the winds":

3 |1 tend to solve problems using a step-by-step approach, avoiding any
' ‘flights-of-fancy’.

4| Thelieve that formal procedures and policies Gramp people’s Siyle. .~

5 I have a reputation for having a no-nonsense, call a spade a spade Style

6: | Ioften:find that-actions, based' '
- |-thought and analysis." ="

7 I like to do the sort of work where I have time to ‘leave no stone
unturned’,

8 - '+ Tregularly question people:about their basi¢ assimptions:

9 | What matters most is whether something works in practice.

10 - T actively seek out new:experiences:

1| When I hear about a new idea or approach I immediately start working
1 out how to apply 1t m pracncc

: Z-‘cxerclse, Stlckmg__o a fixed routine, etc:.

I take pnde in domg a thorough job. -

pontaneous, ‘irrational” pcople o

I | I take care over the interpretation of data available to me and avoid
5 [ jumping to conclusions.

16| Tlike to reach’adecision carefully after:weighing Op many alternatives:

17_| I'm attracted more to novel, unusual ideas than to practical ones.

-18' "} Tdon’t like *loose-ends" and prefer.to fit things into a’coherent pattem

1| I'accept and stick to laid down procedures and policies so long as I regard
them as an efficient way of getting the job done.

20 |- T like torelate my actions tosa general principle:

230




21 | In discussions I like to get straight to the point.
22 -] Itend to have distant, rather formal relationships with people at work. ...~ .-~ . [
23 | I'thrive on the challenge of tackling something new and dlfferent
24 | I enjoy fun-loving, spontaneous people. ' : - -
25 | I pay meticulous attention to detail before coming to a conclusmn
26 | I find it difficult to come up with wild, off-the-top-of-the-head ideas. "
27 | 1don’t believe in wasting time by ‘beating around the bush’
28 | I am careful not to jump to conclusions too quickly.: Ry
29 | I prefer to have as many sources of information as possible — the more data to
mull over the better,
30 | Flippant people who don’t take things seriously enough usually irritate me.
31 | Ilisten to other people’s point of view before putting my own forward.
32 | I tend to be open about how I’'m feeling, - :
33 | In discussions I enjoy watching the manoeuvering of the other pamctpants
34 | I prefer to respond to events on a spontaneous, flexible basns rather than plan o
things out in advance. = .
35 | I'tend to be attracted to techniques such as network analysis, flow charts
branching programmes, contingency planning, eic.
36 | It worries me if I have to rush out a piece of work to meet a tight deadline, - .. = -|. -
37 | I'tend to judge people’s ideas on their practical merits,
38 | Quiet, thoughtful people tend to make me feel uneasy. :
39 | Ioften get irritated by people who want to rush headlong into thtngs
40 | It is more important to enjoy the present moment than to thmk ahout the past or: .
| future. : G
41 | Tthink that decisions based on a thorough analysns of all the mformatlon are
sounder than those based on intuition,
42 [ I'tend to be a perfectionist. o paT = :
43 | In discussions I usually pitch in with lots of off the top-of—the head 1deas
44 | In meetings I put forward practical realistic ideas, . :
45 | More often than not, rules are there (o be broken.
46 | I prefer to stand back from a situation and consider all the perspectives.
47 |1 can often see inconsistencies and weaknesses in other people ) arguments
48 | On balance, I talk more than I listen, : :
49 | I can often see better, more practical ways to get things done.
50 ] I think written reports should be short, punchy and to the point.
31 | I'believe that rational, logical thinking should win the day.
52 | Itend to discuss specific things with people rather than engaging in ‘small talk’. - - -
53 | Ilike people who have both feet firmly on the ground.
54 | In discussions I get impatient with irrelevancies and ‘red herrings’.
55 | If T'have a report o write I tend to produce lost of drafts before settling on the
final version.
56 | I am keen to try things out to see if they work in practice. .. = -
57 | I am keen to reach answers via a loglcal approach
58 - | I enjoy being the one that talks a lot, L DR T
59 | In discussions I often find I am the reallst I-.eepmg people to the pomt and
avoiding ‘cloud nine’ speculations,
60 | 1 like to ponder many alternatives before making up my mind,’ o
61 | In discussions with people I often find I am the most dlspassmnate and objectlve.
62 | In discussions I'm more likely to adopt a ‘low profile’ than to take'the lead-and - |-
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o 'do most of the talking, © 7050 AL

63

Ilike to be ale to relate currcnt actlons toa longer term b gger plcture

:64 | When things go wrong I am happy to shrug it off and ‘put it down to experience’. [
65 | Itend to reject wild, off-the-top- of-the head ldeas as be _meracllcal
66 | It’s best to ‘look before you leap’, : PR Bt
67 | On balance I do the listening rather than the talkmg
68 | I'tend to be tough on people who find it difficult to adopt a logical approach.. ;>4
69 | Most times I believe the end justifies the means.
70 - | Tdon't mind hurting people’s feelings so as the job gets done.s =572
71 | I find the formality of having specific Ob_]eCtIVBS and plans stlﬂmg
72 | I'm usually the ‘life and soul’ of the party. - A
73 | Ido whatever is expedient to get the job donc
74 | I quickly get bored with methodical, detailed work.- - SR
75 | I am keen on exploring the basic assumptions, pI‘lI'lClp]CS and theones
underpinning things and events.
76 | I'm always interested to find out what other people thmk i
77 | Ilike meetings to be run on methodlcal lines, stlckmg to lald down agenda, etc
78 | Lsteer clear of subjective or ambiguous topics.. == : : S R
79 [Ienjoy the drama and excitement of a crisis situation.
80 | People often find me insensitive to their feglings. <. w70 2 R T T Y

Source: Honey & Mumford, 1982
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APPENDIX 5 - QUESTIONNAIRE 4

‘End User Satisfaction” Questionnaire
Please fill in the questionnaire by placing a circle on the appropriate number for each
item as shown below. Use either a pen or a pencil. Circle only one number per item.

— EXampie:
The following is a set of terms with respect to end user training environment. Please
circle the appropriate number to denote your level of agreement/disagreement:

Disagree
Agree

‘1. The training program is enjayable _ o 6 ‘ 5 E
‘2 - The training manual is easy to understand * 8 5.8

Disagree
Agree
1. The training environment provided the precise 1 2 3 4 5

information I needed
* 2. The training environment is user friendly . 1
3. The training material provided met the needs of 1
learning
‘The information was presented in a timely manner .~ 1. 2
The system is accurate
“The information content met my needs for leaming .
The training materials was presented in a useful
-8, The information was presented clearly ‘
9. The training materials provided sufficient 1 2 3 4 5
. information
*"710. The computer system was easy to use . p
- 11, I was satisfied with the accuracy of the 1nf0rm 'on
12 The training en\uronment prov1ded up-toJ -date:
~information

‘I’I‘I’"l’l J”I’ll!’f”l’ll‘ A‘t”ll'””l"’l

Source: Igbaria, 1990

NNNY
L0

.

rd_'.a\:.u‘ 'y

AL A A AR AR R AR A AR L L AR AR R LR AR R L R L wR R
: I o Lo P Ak
I A o T ] ]

X
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Appendix 6 — Questionnaire 5

Based on the training provided to you in the last session and based on the experiment
provided to you in this session, please indicate your level of agreement/disagreement
on the following items by placing a circle on the number as shown in the example.

Example:
The following is a set of terms with respect to end user training environment. Please
circle the appropriate number to denote your level of agreement/disagreement:

Disagree

Agree .,
y 1. Thetramlngprogram1sen_1ayable 1 N2 3 4 _ 5 E
¢ . 2. ‘The training manual is easy to understand . e 23@ -5, %

[P T T T2 LTI ATl Fary. o Jr g e e ST '."J’t””’l”l”””l"’””"’"”,””””

Disagree
Agree
/ Learnmg to use computers
-' a) I find it easy to learn the operatmg systems commands o 1 2 3 4
‘ ¢ b) Ifind it easy to learn the mouse operations - SO R RIS Ut A RN
; c) Ifindit easy to learn the keyboard operatlons 1 2
v rd) Ifind it easy to learn the Apphcatlon Software commands” 1.2

,1 e) Ifind it easy to learn the meaning of computer interfaces
Becoming Skillful at using computers

L

': a) It is easy for me to become skillful at using the operating 1 2 3 4 5
4 D). Tt is easy for me to become skillful at. usmg themouse' " "1 237470
s ¢} Itis easy for me to become skillful at using _the keyboard 12 3 4 35
E d) Itiseasy for me to become sklllful ,at using. the_apphcatlon R S

» - software -

5 e) It is easy for me to become skxllful at using lhe appllcatlon

»' interfaces

/ ¢ Getting work out of computers

¢ a) Ifind it casy to execute various operating systems commandsto 1 2 3 4 3§

‘get my work done

b) I find it easy to execute vanous mouse. options t6- get my work -
done - S L

c) I find 1£ easy to execute vanous keyslrokes to get my work done 12 3

d) I{ind it easy to execute.various: avallable optmns in’ the ERII AR EEN R
" application to get my work done o S e T T e

e) I find it easy to execute various appllcatlon mlerfaces to get my 1 2 3 4 35
work done

Operating the Computers

a) Ifindit easy to use the operating systems commands

' b)- Ifind it easy to'use the mouse operations , o

s ¢) Ifind it easy to use the keyboard operations _

‘. d) 1 find it easy to use the Application Software commands; . . °'1

¢ e) Ifind it easy to use the application interfaces

2 R AL E i e R L L L LR RN L LR R L L TR T R R S SRR R e

ATAEAR A LT AR R LR LR R Y ‘l-‘\\“l&\\

el .3 Cren \-_-_'E L \..\5

’I llI"III"I’IYII"’I"'llPP"’"'I"l’”’lI'"’l‘“IJ"\."I'JIII'l’l”'l"”l”l’lc"l’l’
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A A A AT AT A A AN ETEETET S I’l’"’l’I’ll-"’l’J"f’ll"l"’-"“ll"”i!"’-""

7 Using the Training Materials
} a) _T he trammg materials were easy 0 read

S

‘ The trammg matenals were easy to understand
d)’ 'The training materials consisted of tasks that were easy.to use :
e) The training materials lead me through examples, provided
answers to by doubts, and solved problems in an easy manner o
+ The training materials demonstrated techmques for the. trmnees R U
to follow in an easy manner E LI
The training materials answered my questlons when necessary, I
in an easy way -
The training approaches prowded me step by-step mslrucuons, . 1;5,_:- U3
‘which were easy to understand - L o

=

e e

AR LR AR AL RRA R LT R R L LA R R R W RN
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APPENDIX 7 - SAMPLE TRAINING MATERIAL

TRAINING MATERIAL
Introduction:
This materinl presents the basics of project management such as scheduling using MS
PROJECT. The material is targeted at both beginners and experienced end users, who
have very limited project management software knowledge. The material will expose
project management concepts by creating a simple project. Necessary theoretical
concepts and information aids will be presented to help the overall learning process.
Topic(s):
1. What is project management?
2. What are the advantages of using project management software?
3. What are the project management scheduling techniques?
Objectives:
The learning objectives of this training material are:
¢ To understand the concepts of project management
¢ To appreciate the advantages of a project management software
¢ To understand the functional elements of a project management software
¢ To create a simple project
Contents:
What is Project Management?
The term Project management refers to managing the activities that lead to the
successful completion of a project. Project management is the application of
management principles to plan, organize, staff, control, and direct resources of an
organization or individual in pursuit of 2 temporary or one-time specific goal.
The person who is responsible of the project, called project manager, will plan the
various actions or tasks that will achieve the project objectives. While achieving the
project objectives, the project manager will organize the available resources to carry
out the plan,
What are the advantages of using project management software?
Project management software can be a helpful tool in managing a project with the
following advantages:

Develop a better plan

Calculate easier and reliable projections

Detect inconsistencies and problems in the plan

Communicate the plan to others

¢ Track progress and detect potential difficulties

What are the project management scheduling techniques?

Project management software applications use a number of scheduling techniques
when scheduling tasks and resources. Gaining an overview of these techniques can be
useful to coordinaie a praject. The following are some of the most used techniques:

* & &

The Critical Path Method (CPM)
This is the fundamental scheduling method used in project management. To use the
CPM method, one must identify all the tasks that need to be completed, stipulate how
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long does that take for each task (the duration of the task), and define all sequencing
requirements that govern when one can schedule work on the task. A sequencing
requirement refers to a requirement that a task cannat begin until another task is
completed or at least has already begun.

The CPM method takes into account all the task data, and calculates the overall
duration of the project by calculating the combined duration of the tasks when ail
tasks are chained together in the required sequences.

The tasks can be conducted in a linear or concurrent fashion, or in a parallel fashion,
The critical tasks are the ones, which determines the completion of the project. All
the critical tasks need to be finished in order for a project to arrive completion. A
sequence of critical tasks is called a critical path.

Certain tasks may contain delay terms in completion. This is cailed the slack. When
a task consists of slack, it cannot be critical. If the project needs to be completed on
schedule, then critical tasks cannot assume slack.

Resource Driven Scheduling

Resource driven scheduling is scheduling a task based on available resources. Certain
tasks, no matter what the resource allocation is, will not be completed before the
specified duration, On the other hand, allocating additional resources will complete
certain other tasks. In other words, these tasks will change in terms of duration, while
additional resources are allocated. Such tasks scheduling are called resource driven.
Basics of Microsoft PROJECT

The training material will provide skills to understand:

1. How to interpret and navigate the screen display;

2. How to use the menu (and icon) commands; and

3. How to select tasks, resources, or individual task fields.

To start Microsoft Project program:
1. Goto START tab on Windows 95
2. Select Programs

3, Select Microsoft

4, Select Microsoft Project

OR

1. Go to Windows 95 desktop
2. Double click on MS Project icon

The Menu Bar
The Project menu bar is similar to menu bars of
other Microsoft applications such as Word, Excel and PowerPoint. The following is a

.& Miciasolt Project - Pro]ectl

_ zzﬁ

partial screen dump of the menu bar:



The Tool Bar
The MS Project toolbar consists of buttons that can be activated with the mouse to

provide shortcuts to frequently used menu choices or special functions.

Bt Acion - I Y
] Qpens a ngw projectfle, ﬂ Uniitks thd selactad taske.
= Dlsplays the Open dialog hox s0 thatyou ¢an open an exsting project fle, E Inifiates the spifting of a kesk. The peinter becomes 3 ‘Q'.Wﬂl youbhan
posttion onihe task baryou want ko spit Drag the ask bartothe right s
m Saves changes macde io the activa prajsci Az, spiithe fask.
I Prinls the atiive view of the cumeni project E Displays task o rasource inform atian thal you can edi.
Y Displays each page ofthe ackiva view as itwilt Iook when printad. The Xy Displays the Notes tab In the Information dialog bowof the fask o
- sfalus bar at the botiom of the scraen shows he current page number 1asource, whiara you tan weite W notk relevant [o e task or resoures.
and lhe total number of pages in the selecled view, " Displays the Resourre Assignman diaiog box, whera you tan atd,
Checks the spelling of words In your project. - change, and romove rasource assignmens.
oy Deleles the selettion and places i ontha Clipboard. m hows a smaller bme increment on ihe timescale,
R Coplos the geloction and placas iton tha Siipboard, K  Showsalargertie incremanton he tmestale.
Pastes the contenls of the Clipboard to the Insertion paini thtm:w the 2raa on the Gantt Char contalning the bt for the selacted
2 a9
Egile;msfnmalﬂnu of the selecled flelds and applies i lo 1he fiefds you Goples te selecled information as an gbjecl
@ Reverses the lasi command you chose, If possible, or deletes the last N tarts the OantCharhWizard 50 thalyou tan custimizs the appearante of
prilry you tvped. the Ganit Charl The GankCharWizard quides you through 2 serias of
dialoghies, and hen medies the G antt Chart according Io your
The Entry Bar answers,
| Displys tha Offce Assislant
The entry bar is on the line below the

toolbars. The entry bar performs the following
functions:

1. The left end displays progress messages to let you know when Microsoft Project
is engaged in calculating, opening and saving files.

IwkE -c,ﬁ?ﬂ‘uﬂ'—-" N O e T s e 3
s;gg oE[E e
= | Gl
| | Ll R R NN
\ Left end of \— Center of
entrv har entrv har

2. The center of the entry bar contains an area where data entry and editing takes
place.

How to enter data in MS Project?
To enter data in MS Project, follow these steps:

1. Choose the field where you want the data to appear by using keyboard or mouse
and begin typing

2. In the entry area make any needed changes to data before you place the data in the
field

3. Toenter data, press "ENTER", choose "ENTER BOX" to  f& : Ar e
the left of the entry area OR use the mouse to select
another field

4. To cancel an entry while typing, press "ESC" key or CANCEL BOX
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Openi aving and Closing Files

crasull Prupect P

Opening an existing ===
file ez
1. GotoFile

2. Select Open (to
display dialogue
box)

3. Locate the file b
navigating
tolders

4. Double Click o
the file to ofen ; ) -
button T i Yl

Creating a New

Project (Opening a New File)

1. Choose File from menu options
2. Select New

3. OK

Closing a File
1. Choose File
2. Select Close

Using the File Open Dialogue Box to Search for a File

The file open dialogue box provides advanced search features to locate a file.
This feature comes handy when a user doesn't remember the file name. Users can
search files by name, by type, by location or by the date the files were created or last
saved. Alternatively, if information is entered in the property dialogue box, then this
information can be used to locate a file.

The advanced option in the open dialogue box provides advanced features to
locate a file. Once a file is located, users have the option to place the mouse pointer
on the located file, RIGHT CLICK the mouse to execute various options such as print,
rename and view the properties,
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Advanced hind

? F@m‘ﬁ'ﬁ;ﬂi;&i gy Projct (*.mpp)

SRR e 0 T sovy S | Yoo SRR}

Saving a file

When a work is saved in Project, it is initially
saved as a baseline. This option is provided to track
certain changes in the future. To save your work, follow
these steps:

1. GotoFile
Select Save

3. Check "CANCEL" button in the Planning Wizard
which appears at this point of time

4. Provide a suitable name in the File Name box
5. Click Save ’

Examples

Planning Wizard

ould you like to save a baseline for
‘Project1? A baselina is a snapshot of
your schedule as it Is now, Itis useful
because you can compare it with later
versions of yaur schedule to ses what
changes have bean made,

--------------------------- -

@ Save ‘Project!’ without a baseling.

@ Save 'Project!’ with a baseline.

@ Learn mare about this subject,
(Help)

I~1 Dan't tell me about this again,

(@ Cancel |

The following examples will provide functional knowledge about MS

PROJECT.

How to create a new project
To create a new project

1. GotoFile
2. Select New OR CTRLA+N or click on
3. Click OK in the dialogue box

Audt Planning-

Preliminary Analysis

Prepare Trial Balance

Test of Transactions

Ratio Analysis
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How to enter data in the project form
Entry of task names

1. Select the cell beneath task name

2. Enter the text “Audit Planning”

3. Press ENTER Key OR move MOUSE to
next cell down or click

L

4, Enter the details as shown in the screen Audt Plenning
dump Preliminary Analysis
Prepara Trlal Balance Jdays
Test of Transactions Jdays
Ratio Analysis 2 days

Entry of Duration
1. Go to the first cell beneath the duration tab

2. Double click on the cell to enter a value “2"

3. Press ENTER key or select next cell down by mouse click or PRESS DOWN
ARROW KEY

4, Fill in the cells as shown

Changing Date Formats
1. Goto Tools

2. Click on Options

3. Select the required date format

Creating tasks in the Gantt Chait

Enter a task name by following the steps mentioned in "Entry of task names
above

OR

1. Select a cell in the task name column
2. Type the task name using a combination of keyboard characters and spaces

3. Complete the cell entry by pressing the ENTER Key, or by clicking the ENTER
BUTTON in the entry bar {green color v' symbol), or by selecting another cell.

Note: Task name can be a maximum of 255 characters including spaces

Entering Task Duration
1. Go to Duration column

2. Type the duration in numbers
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T N I SR

Use the following abbreviation for the time
units:

¢ M or em for minutes

+ H oreh for hours

fr-l:c;mplete Tasks

Late!Overbudiet Tacks Assiined T0,,. 55

Milestones
Reso:.lrce Group..,

¢ D ored for days
¢ Worewfor weeks_

Complete the entry by pressing the ENTER Key or
by selecting another cell

Entering Milestones
Open project if not opened already

Choose View, Gantt Chart

Choose Milestones from the filters drop down list on the format toolbar (as

shown)

Choose View, Zoom

Check Entire Project option button
Choose OK

Entering Resources
Select the task for which resources need to be entered

Click on the resource assignment button [m
Type in the resource name

Type in the unit in terms of 0, 50 or 100%
Click Assign tab

Ensure a v' mark is placed next to the resource
assigned

Click close tab

A E

&4 pad 50%%,
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Viewing GANTT Chart

. Go to View menu

. Click on Print Preview icon

O T e

. Ensure the Gantt Chart tab is checked

. When the schedule is big, the print preview would

span more than one page. MS Project provides
provisions to contain the GANTT view into one

page. To do this:
5. Go to File menu

6. Go to Page Setup
option

7. Select the Page
tab

8. Ensure Fit to tab
is checked with 1
page wide by 1
page tall

9, Click OK
19. Click on Print

Preview icon

11. Once viewed, CLOSE Print Preview

How to Link Tagks
1. Select the tasks you want to link

2. Use SHIFT Key to select multiple tasks by clicking the first task, depressing the -
shift key and then selecting the last task

NOTE: When the tasks are linked, you would notice a

symbol like this near the left side of the main task. In the

LAl s’

L

@1%| | @ Raj's Phd Schedule for 1998 - 1| 12days| Fri 71088 Mon 12140
H28 & Theory Development 36 deys|  Fri7HM0/8]  Fri8126/98
AR Learning & Training 19days’  Fri7/10/8| Wed 8/5/98
G| B Previous Studies 15deys| MonBNDSB|  Frie2eme3

5f B Research Design 29deys| Mon 9783 Thu 1unsm43Lz
HeR, (= Classification of Subjects | 15days]  Mon97/8|  Fri9;25m8
| = Needs identification & Analy| 10 days|  Fri10/2i6| Thu 10/5R8(5

predecessor column, the task priority will be displayed.
END OF TRAINING SESSION
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Exercise

Create the following schedule using Microsoft Project:

Task Name Duration Resources

Survey Forms 3 days Smith (100%)

Survey Admin 8 days Smith, Jones (50 % each)
Data Entry 3 days Sarah (100 %)

Milestone

Analysis 2 days Smith, Garter (50 % each)
Report 2 days Garter (100 %)

Milestone

Produce the schedule in such a way that a GANTT chart with milestones is
shown.

Solution to Exercise (Not given to participants)

Open MS Project
I. Go to START tab on Windows 95
2. Select Programs (a score of ¥2 unit)
3. Select MS Project (a score of ¥2 unit)

OR

. Go to Windows 95 desklop
2. Double click MS Project icon (a score of I unit)

Enter Task Details_
1. Select the cell beneath task name (a score of 1 unit)
2. Enter the text “Audit Planning” (a score of 1 unit)

3. Press ENTER Key OR move MOUSE to next cell down or click (a score of 2
unit)

5. Gotothe first cell of beneath the duration tab (a score of 1 unit)
6. Double click on the cell to enter a value ((a score of ¥z unit))

7. Press ENTER key or select next cell down by mouse click or PRESS DOWN
ARROW KEY
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Enter Resource Details
Select the task for which resources need to be entered (a score of ¥ unit)
Click on the resource assignment button (a score of 1 unit)
Type in the resource name (a score of 1 unit)

Type in the unit in terms of 0, 50 or 100% or use the pull-down scrollbar (a score
of 1 unit)

5. Click Assign tab (a score of 1 unit)

6. Ensure a v' mark is placed next to the resource assigned (a score of ¥2 unit)

7. Click close tab (a score of 1 unit)
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Hand-On Tasks 1

Create a task schedule as shown in the diagram. Once the task is created,

display the task in the form of a GANTT chart.

A B A RS AR N t SRR W
%1% O Raj's Phd Schedule for 1998-1999  [112days|  Fri 7/10/98|Mon 12/14/98
25 | © Theory Development 6days| Fri7/1008| Fri 82898
FEE|E Learning & Training 19days| Fri7/0/88| Wed 8/5198
L ) Previous Studies 15 days| MonB8/10/98]  Fri 8/26/98]3
5% . EResearchDesign | 20days| Mon 9/7/98| Thu 10115982
£ Classification of Subjects 15days| Mon9/7/98]  Frl 9125098
F;Q E Needs dentification & Analysis 1Cdays| Fri10/2/98| Thu10/15/9816
%62 | © Material Preparation 16 days |Mon 1123981 Fri 121198
Z98  Material Verification 10 days| Mon 11/23/98]  Fri1214/88}5
How| | " Material Refinement §days! Mon12/7/98{ Fri12/11/98|9
A Ethics Clearance 1 day| Mon 12114/98] Mon 1211419810

Hand-On Tasks 2

In the above task schedule, link tasks 2 through 4, tasks 5 through 7 and tasks
8 through 11. Enter milestones for tasks 2, 5 and 8. Once the milestones are entered,

save the file in a floppy under your name.
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Hands-On Task 3

Open a new project on to a floppy under your name. Create the following task
schedule.

0 |larkiie

Q1

B3| P Raj's Phd Sched Schedula for 1998- 1099|112 days| Fii 7/10/98. Mon 12/14/98
20 B Theory Development 36days| Fri7H0/m8| Fri8/28/98
wa| ) Leaming &Tralning | 19days| Fd7/10/88; Wed 8/5/98
4% [ Previous Studies 15 days| Mon8/10/88] Fri8/28/98
85 | © ResearchDesign 29days| Mon 9/7/98| Thu 10/15/98
erlc Classification of Subjects 15days| MonQ/7/08°  Frig9r25/98
"%z_;: = Needs identification &Analysls | 10days| Fri 10/2/98| Thu 10/15/38
%87 | E Material Preparation 15 days|Mon 11/23/98; Fri 12/11/98
ZOA|E Material Verification 10 days|Mon 11/23/88'  Fri12/4198
B05| | Materia/Refnement | sdays| Mon127/98] Fri12111/98
18 = Ethics Clearance 1 day| Mon 12/14/98: Mon 12/1 498

1. Change the name of task 2 to Development of Theory. Change the start date
t6-Mon_12 October 1998, Keep the duration as it is. Ensure that the date
format is consistent with other tasks.

2. Change the duration to task 9 to 8 days. Advance the finish of task 9 to the
new date 2 December 1998,

3. Save the document in your name. Again save the document in your name +
backup. For example the document that is saved in my name would be Raj
Backup.

Hands-On Task 4

Use the previous task to display the GANTT chart on a custom page as
defined below:

Date Format: Change the daie format to Month followed by date as in
January 31

Header: MS Project hands-oun testing

Footer: <My Name> left aligned, <Date> right aligned, <Page No: #>
center aligned

Margins: Provide margins of 1” on al! four sides .~

Scaling: Scale the page to 81% of thi original size

Legend: Provide a legend of “Assisting a study to determine IT training
Outcomes” with a legend alignment of center and width of 2"
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Response Sheet

Your Name:

Please mark the column Response with either a (x) or a (¥).

Processes involved in
completing the task

esponse

Comments il any

Did you find the menu-based
information useful?

Did you find the DMI {icon)
useful?

Were you able to progress with
reasonable accuracy?

Were you able to understand
the concept behind each steps
performed?

Did you backtrack at any point
of time?

Were the menu iteins
meaningful?

Were the icons meaningful?

Did you understand the
significance of the dialogue
boxes (where applicable)

Did you use menu interfaces
predominantly to complete the
task{s)?

10.

Did you use the icons
predominantly to complete the
task(s)?

Il

Did the instructions provided in
the training material helped you
to complete the task?

12.

Did you have a need to explore
to complete the task{s)?

13.

Did you follow the instructions
provided in the training manual
to complete the tasks?

14.

Did you explore various options
to complete the tasks?
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APPENDIX 8 - NORMAL DISTRIBUTION PLOT

20

Std. Dav = 1371.80
Mean = 3860.7
W= 185.00
) &Py AP o -
R 7 %0 Ry B B, B M B P By B %

‘0 % % "o o o o "o "o %o "o o ‘o "o

efficiency

Picture A8-1 Normal Plot for efficiency

Sid. Dev=17.54
Mean = 46.4
N=165.00

0

100 200 200 400 5048 600 70.0 800 800
150 250 350 450 650 650 750 B850 @950

effactiveness

Picture A8-2 Normal Plot for effectiveness
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5td, Dev = 17.64
Mpoan = 46.4

o

100 200 300 400 500 800 700 8OO 800
150 260 350 450 550 650 750 BSO 950

effectiveness

Picture A8-3 Normal Plot for ease of use

N = 185.00
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APPENDIX 9 - VISUAL BASIC CODE

Option Explicit
Sub LSQ_Data()

'1.SQ_Data Macro
" Macro recorded 27/06/99 by Raj Gururajan

Dim Row, Col As Integer
Dim ActTotal, RefTotal, TheTotal, PraTotal As Integer

' calculate Activist Total

ForRow=2To |79
ActTotal =0

If Cells(Row, 5).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 7).Value = | Then
ActTotal = ActTotal + |

End If

If Cells(Row, 9).Value = 1 Then
ActTotas = ActTotal + 1

End If

If Cells(Row, 13).Value = 1 Then
ActTotal = ActTotal + I

End If

If Cells{Row, 20).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 26).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 27).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 35).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells{Row, 37).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 41).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells{Row, 43).Value = | Then
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ActTotal = ActTotal + 1

End If

If Celis(Row, 46).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 48).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 51).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 61).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 67).Value = 1 Then
ActTotal = ActTotal + ]

End If

If Cells(Row, 74).Value = 1 Then
ActTotal = ActTotal + |

End If

If Cells(Row, 75).Value = 1 Then
ActTotal = AciTotal + 1

End If

If Cells(Row, 77).Value =1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 82).Value = 1 Then
ActTotal = ActTotal + 1

End If

Celis(Row, 84).Value = ActTotal
Next Row

ForRow=2Tec 179
RefTotal =0
If Cells(Row, 10).Value = 1 Then
RefTotal = RefTotal + 1
End If
If Celis(Row, 16).Value = 1 Then
RefTotal = RefTotal + 1
End If
If Celis(Row, 18).Value = 1 Then
RefTotal = RefTotal + 1
End If
If Cells(Row, 19).Value = | Then
RefTotal = RefTotal + 1
End If
If Cells(Row, 28).Value = 1 Then
RefTotal = RefTotal + 1
End If

252



If Cells(Row, 31).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 32).Value = 1 Then
RefTotal = RefTotal +1

End If

If Cells(Row, 34).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 36).Value = 1 Then
RefTotal = RefTotal + !

End If

If Cells(Row, 39).Value = 1 Then
RefTotal = RefTotal + 1

EndIf

If Cells(Row, 42).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 44).Value = 1 Then
RefTotal = RefTotal + 1

EndIf

If Cells(Row, 49).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 55).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 58).Value = 1 Then
RefTotal = RefTotal + 1

EndIf

If Cells(Row, 63).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 65).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 69).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 70).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Ceils(Row, 79).Value = 1 Then
RefTotal = RefTotal + 1

End If

Celis(Row, 85).Value = RefTotal
Next Row

ForRow=2To 17%
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TheTotal =0

If Cells(Row, 4).Value = [ Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 7).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 11).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Ceils(Row, 15).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 17).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 21).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 23).Value = | Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 25).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 29).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 33).Value = I Then
TheTotal = TheTotal + 1

EndIf

If Cells(Row, 45).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 50).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 54).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 60).Value = I Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 64).Value = | Then
TheTotal = TheTotal + 1

End if

If Cells(Row, 67).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 71).Value = 1 Then
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TheTotal = TheTotal + 1

End If

If Cells(Row, 78).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 80).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 81).Value = 1 Then
TheTotal = TheTatal + 1

End If

Cells(Row, 86).Value = TheTotal
Next Row

For Row=2To 179
PraTotal =0

If Cells(Row, 8).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 12).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 14),Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 22).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 24).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Celis(Row, 30).Value = 1 Then
PraTotal = PraTotal + |

End If

If Cells(Row, 38).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 40).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Celis(Row, 47).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 52).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 53).Value = I Then
PraTotal = PraTotal + 1

End If
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If Cells(Row, 56).Value =1 "hen
PraTotal = PraTotal + 1

End If

If Cells(Row, 57).Value = 1 Then
PraTotal = PraTotal 4- 1

End If

If Cells(Row, 59).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 62).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 68).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 72).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 73).Value = | Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 76).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 84).Value =1 Then
PraTotal = PraTotal + 1

End If

Cells(Row, 87).Value = PraTotal
Next Row

End Sub
Sub LSQ_Final()

'LSQ_Final Macro
' Macro recorded 5/28/99 by rgururajan

Dim Row As Integer
Dim AF, RF, TF, PF AsLong -

For Row =4 To 189

AF = Abs(Cells(Row, 84) - 8.6}
RF = Abs(Cells(Row, 85) - 14.2)
TF = Abs(Cells(Row, 86) - 12.2)
PF = Abs(Cells(Row, 87) - 12.7)

If AF < RF < TF < PF Then
Cells(Row, 88).Value = "Activist"
End If
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If RF < AF < TF < PF Then
Cells(Row, 88).Value = "Reflector”

End If

If TF < AF < RF < PF Then
Celis(Row, 88).Value = "Theorist"

End If

If PF < AF < RF < TF Then
Cells(Row, 88).Value = "Pragmatist"

End If

Next Row

End Sub

End Sub
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Option Explicit
Sub LSQ_Data()

' LSQ_Data Macro
_' Macro recorded 27/06/99 by Raj Gururajan

Dim Row, Col As Integer
Dim ActTotal, RefTotal, TheTotal, PraTotal As Inlegcr

'calculate Activist Total

For Row=2To 179
ActTotal =0

If Celis(Row, 5).Value = 1 Then
ActTotal = ActTotal + 1

EndIf

If Cells(Row, 7).Vaiue = 1 Then
ActTotal = ActTota! + 1

EndIf

If Celis(Row, 9).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 13).Value = 1 Then
ActTotal = ActTotal + |

End If

If Celis(Row, 20).Value = 1 Then
ActTotal = ActTotal + 1

EndIf

If Cells(Row, 26).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Celis(Row, 27).Valuc = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 35).Value = | Then
ActTotal = ActToluI +1

End If

If Cells(Row, 37).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 41).Value = | Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 43).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 46).Value = | Then
ActTotal = ActTotal +1

End If

If Celis(Row, 48).Value = | Then
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ActTotal = ActTotal + I

End If

If Cells(Row, 51).Value = | Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 61).Value = [ Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 67).Value = 1 Then
ActTotal = ActTotal + 1

End If

If Cells(Row, 74).Value = | Then
ActTotal = ActTotal + |

End If

If Cells(Row, 75).Value = |1 Then
ActTotal = ActTotal + |

End If

If Cells(Row, 77).Value = | Then
ActTotal = ActTotal + |

End If

If Celis(Row, 82).Value = 1 Then
ActTotal = ActTotal + 1

End If

Cells(Row, 84).Value = ActTotal
Next Row
ForRow=2To 179
RefTotal =0
If Cells(Row, 10).Value = 1 Then
RefTotal = RefTotal + 1
End If
If Cells(Row, 16).Value = 1 Then
RefTotal = RefTotal + ]
End If
If Cells(Row, 18).Value = 1 Then
RefTotal = RefTotal + 1
End If
If Cells(Row, 19).Value = 1 Then
RefTotal = RefTotal + 1
End If
If Cells(Row, 28).Value = 1 Then
RefTotal = RefTotal + 1
End If
If Cells(Row, 31).Value = 1 Then
RefTotal = RefTotal + 1
End If
If Cells{Row, 32).Value = | Then
RefTotal = RefTotal + 1
End If




If Cells(Row, 34).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 36).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 39).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 42).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 44).Value = 1 Then
RefTotal = RefTotal + t

End If

If Celis(Row, 49).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 55).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells{Row, 58).Value = i Then
RefTotal = RefTotal + |

End If

If Cells(Row, 63).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 65).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 69).Value = 1 Then
RefTotal = RefTotal + 1

EndIf

If Cells(Row, 70).Value = 1 Then
RefTotal = RefTotal + 1

End If

If Cells(Row, 79).Value = 1 Then
RefTotal = RefTotal + 1

End If

Cells(Row, 85).Value = RefTotal
Next Row

ForRow=2To }79
TheTotal =0
If Cells(Row, 4).Value = 1 Then
TheTotal = TheTotal + 1
End If
If Cells(Row, 7).Value = 1 Then
TheTotal = TheTotal + 1
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EndIf

If Cells(Row, 11).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 15).Value =1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 17).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 21).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 23).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Celis(Row, 25).Valug = 1 Then
TheTotal = TheTotal + 1

EndIf

If Cells(Row, 29).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 33).Value = | Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 45).Value = 1 Then
TheTotal = TheTotal + I

End If

If Cells{Row, 50}.Value = I Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 54).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells{Row, 60).Valug = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 64).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 67).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 71).Value = 1 Then
TheTotal = TheTotal + 1

End If

If Cells{Row, 78).Value = | Then
TheTotal = TheTotal + 1

End If

If Cells(Row, 80).Valie = 1 Then
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TheTotal = TheTotal + 1

End If

If Cells(Row, 81).Value = 1 Then
TheTotal = TheTotal + 1

End If

Cells(Row, 86).Value = TheTotal
Next Row

For Row =2To 179
PraTotal =0

If Cells(Row, 8).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 12).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 14}.Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 22).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 24).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 30).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 38).Value = | Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 40).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 47).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 52).Value = | Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 53).Value =1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 56).Value = | Then
PraTotal = PraTotal + 1

EndIf

If Cells(Row, 57).Value = 1 Then
PraTotal = PraTotal + 1

End Il
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If Cells(Row, 59).Value = | Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 62).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 68).Value = ] Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 72).Value = 1 Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 73).Value = | Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 76).Value = | Then
PraTotal = PraTotal + 1

End If

If Cells(Row, 84).Value = 1 Then
PraTotal = PraTotal + 1

End ¥f

Cells(Row, 87).Value = PraTotal
Next Row

End Sub
Sub LSQ_Final()

' LSQ_Final Macro
' Macro recorded 5/28/99 by rgururajan

Dim Row As Integer
Dim AF, RF, TF, PF As Long

For Row =4To 189

AF = Abs(Cells(Row, 84) - 8.6)
RE = Abs(Cells(Row, 83) - 14.2)
TF = Abs(Cells(Row, 86) - 12,2)
PF = Abs(Cells(Row, 87) - 12.7)

If AF < RF < TF < PF Then
Cells(Row, 88).Value = "Activist"

End If

If RF < AF < TF < PF Then
Cells(Row, 88).Value = "Reflector”

End If

If TF < AF < RF < PF Then
Celis(Row, 88).Value = "Theorist”

End If
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If PF < AF < RF < TF Then
Cells(Row, 88).Value = "Pragmatist"

End If

Next Row

End Sub

End Sub
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