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Abstract
A Pragmatic Investigation of Ease of Use of Business Software

Jennifer D. E. Thomas, Ph.D. Administration
Concordia University, 1994

Ease of use is an important concept in software development, selection and application. The
literature suggests that ease of use comprises several learning components including: user
performance speed, memory, effort, and psychological comfort. Therefore, the extent to which a
package design supports these learning dimensions can be expectsd to impact ease of use. Two
exploratory studies examined several factors believed to influence ease of use. Study 1 sought to
ascertain expert consensus on the importance of the software features and the learning dimensions
that affect ease ot use. Study 2 examined users and their actual use of packages to determine the
effect package differences. experience differences, and other user characteristics have on measures
relating to ease of usz.

The results irdicate that experts consider command structures and manuals to be the most
important features o7 ease of use and that they consider the learning dimensions to be of equal
importance. In addition, the findings show that package characteristics, user experience and other
user characteristics--such as perceived quantitative competence, computer anxiety and gender--while
having a statistically significant impact on ease of use, were low in terms of predictive power. From
a perceptual point cf view, the greater the number of package attributes perceived by users to be
supporting speed, memory, effort and comfort, the better were the users’ performance and perceived
comtfort with the packages. On the other hand, in actual use situations, the package with the best
performance time scores (speed) did not have the best error and help call scores (memory, effort) or
perceived comfort ratings (comfort) compared to the other treatments. Over time, however, the
results tended to converge, with the best package having the best scores on all measures.

Several implications are suggested by the findings. First, it may be necessary to consider
objective and subjective measures of ease of use separately. This may help in gaining a better
understanding of how the learning dimensions--speed, memory, effort and comfort--relate to each
other and to the construct, ease of use. A second research implication is that ease of use may be
unrefated to the learning dimensions which were identified. Differences among users, other than
those analysed (e.g. cognitive style), might be a third possibility and may, in reality, account for a
substantial portion of the variance. This would suggest that package design should give greater
consideration to these other differences than is currently the case. Future research should address

these possibilities.
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Preface

"...for the time being we should be delighted to have some methods that, even at a rather
approximate level of precision, and even if they require a component of human judgment, are
capable of helping us to evaluate one design versus another.”

(Landauer,p.14, in Interfacing Thought. Carroll, 1989)

The evolution in computer technology has permitted a movement from information
systems developed on mainframe computers by technical users 1o information systems
developed on micro-computers by non-technical users. This shift has been facilitated by the
ever-increasingly sophisticated softwarc emerging on the market. These software address a
number of business needs, permitting the manipulation of numbers, text, graphics, et cetera,
and purport to be easy to use and learn in relatively short time frames. In essence, these
software fall into two broad categories:

1) specific-purpose software - packages designed to perform a specific function. These
include off-the-shelf packages and custom-built packages for specific applications, such as
payroll processing. et cetera;

2) general-purpose software - packages designed to perform general purpose functions. These
include spreadsheets, database packages, et cetera. and special subject packages for Statistics,
Computer-Assisted Design, Wordprocessing, et cetera.

In a competitive market, the aim of product research and development is the quest for,
and production of, a ‘better’ package. Manufacturers vie to gain and maintain some
competitive edge in a highly competitive and ever-evolving industry. This concept of what
defines a package as ‘better’ than another is by no means clear-cut. The complexity of the
interplay between and among design and assistance characteristics a: d user characteristics and
needs, leads to less than obvious choices. It would scem that where the marketing of business
software packages is concerned, the often used quote, ‘build a better mousc-trap and the world
will beat a path to your door’, does not necessarily scem to hold. There appears to be a
marked resistance to change, as witnessed by the entrenchment of the Lotus, spreadsheet for
many years, even with the availabilty of other superior products. But are they supcrior? On
what basis can this be asserted? Is it strictly based on user preference, or do certain
combinations of factors dictate superiority? Is there enough differentiation across packages for
users to appreciate a real or perceived difference? Or, arc packages so different that transfer
of learning from one package to another is minimal, thereby crcating a disincentive to switch?
Are packages not as easy to learn and use as claimed by the developers, so that once onc
learning hurdle is scaled, users arc unwilling to face another? All of these questions are as yet
unanswered and need to be, both for business and academic purposes. Seymour (1991,p.87)
has this to say on the subject,
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"Iiven if the new product is demonstrably better than the old one, lots of users
just won’t change..Those of us who find PC’s innately interesting and
challenging too often forget that most PC users fall into a different category.
They don’t want a graphing program; they want graphs. Give them a way to get
graphs - let them work their way up the learning curve; let them build up a file
of old graphs they can keep reusing and also adapt as templates for new work;
let them get comfortable with a graphing package - and you’re going to have
a hell of a time getting them to switch...dark clouds of an economic slowdown
are on the horizon, corporations arc thinking twice about moving their users to
new software packages. The old ‘good enough’ rule is at work here...Is the gain
in terms of net contribution to the bottom line so great as to justify moving to
a package...?"

The importance of having a basis on which to make that initial choice, then, becomes very
critical in the light of these obstacles to change, and in light of the fact that, in many cases,
the person using the software is not the one assessing and choosing the package. A method
by which this can be achieved would certainly be appreciated by those who must make these
choices and purchase packages, whether for personal use or for use by others.

Aspects of the design of a system can be said to address two requirements - system
functionality, and user performance. Those features designed to address user perfermance must
be shown to have positive impacts on factors which contribute to ease of use and learning. as
well as user satisfaction, in order to be considered ‘good’ features. As proposed in this thesis,
the learning factors that these features should support are performance speed. memory, mental
effort, and psychological comfort. A number of specific design and assistance characteristics,
many of which accommodate user characteristics, are generally considered to be important
ingredients of a package, engendering it with these qualities of ease of use and learning. The
inclusion or exclusion of a particular design characteristic has tended to evolve over time,
through trial and error, rather than based on a theoretical foundation. The assumption has been
that this is an objective assessment, amenable to the establishment of design standards. The
purpose of this research project is to test this assumption and the impact the results have for
developing tools and techniques for evaluation. It will do this by suggesting:

1) that the merits of the inclusion or exclusion of a particular design or assistance feature
may be agreed on by experts, but, in fact, the degree to which featurc, arc deemed
‘good’ in a particular package may differ for different classes of users, thereby
producing different performance and perception results;

2) that assessment of design and assistance features included in a package should be
based in learning theory, that is, on the extent of their contribution to the major
learning factors of speed, memory, effort, comfort. On this basis, packages which
include more features supporting these learning factors may be said to be ‘better’ than
those offering less support;
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that expert designers/users and novice users of a package will favour packages which
support different dimensions of learning, that is, their criteria for ease of use and
learning will fall under different dimensions. In particular, novices will favour memory
and comfort support because of unfamiliarity with, and anxiety resulting from, use of
the system, while expert designers and users will favour speed and effort support.
Expert designers and users already familiar with a package, or a like package, are
interested in getting the job done as quickly and effortlessly as possible.

An evaluation which matches design and assistance features with their effect on the

learning dimensions, speed, memory, effort and comfort, may be feasible. It may be possible
to assess ‘quality’ by the extent to which features included in a general-purposc package
support these dimensions, and whether this can be asserted objectively or subjectively. Further,
the accordance these results have with objective performance and subjective preference
measures can, then, be assessed. As Carroll and Thomas, cited in Davis (1989,p.323) statc,

"Although objective ease of use is clearly relevant to user performance given
the system is used, subjective ease of use is more relevant to the users’ decision
whether or not to use the system and may not agrec with the objective
measures."

In this thesis, we look at some of these issues, taking a perspective which suggests that

ease of use may be comprised of the learning dimensions, speed, memory, effort and
comfort. The comfort dimension, we relate to the perceptions of, or liking for, the package
as opposed to subjective, or perceived ease of use, of the package.

Vil



Table of Contents

List of Figures xiii
List of Tables Xiv
Chapter 1 - INTRODUCTION . ... ... ... . . i 1
Chapter 2 - BUSINESS SOFTWARE DESIGN, EVALUATION AND
EMPIRICAL FINDINGS
2.A. Definitions of Ease of Use and Ease of Learning . ...................... 12
2.B. Impediments and Remedies to Ease of Use/Learning of Software ........... 16
2.B.1. Human Information Processing (HIP) Impediments and Remedies . . ... 18
2.B.1.a. Conscious HIP Impediments and Remedies .............. 21
2.B.1.b. Unconscious HIP Impediments and Remedies . ............ 30
2.C. Framework of Software Ease of Use . ... ...... ... ... 38
2.D. Factors in Software Ease of Use and Empirical Findings . ................ 45
2.D.1.Package class . . ... e e e e e 45
2.D. 2. Task typPe .o e e e e 46
2.D.3. Design characteristics . . . .o vt v ittt it e e e e 47
2.D.3.a.Design features . .. ... ... . it e 47
2.D.3.b.Hardware interface ............. ... . . . i, 58
2.D.4. Assistance CharacterniStics .. ... ...t iin it e 59
2.D.4.a.Help features and learning aids ....................... 60
2.D.5. User characteristiCs . .. v oo v it i ittt et et e 72
2.D.5.a.Experience levels .. ... ... ... . i, 72
2.D.5.b.Psychostructure . ..... ... it i e e 81
2.D.5.c.Demographics . ......... 00ttt e 87
2.D.6. Instructional strategy ... ...... .ottt e e e 88
2. D7 User role . ... e e e e e e 91
2.E. Methodologies to Study Ease of Use . ........... v, 92
2.F. Evaluation and Measurement of Software Ease of Use .............. e 94
2.F.1.Subjective Measures . ... .....c.uien e ennooenmennonsanns 94
2.F.1.a.Based on package characteristics ...................... 95
2.F.1.b.Based on general reactions ............coitetiienan, 97
2.F.2.0DbJective MEASUTES . . o v vt it et entee e ns s easonennneennns 99

ix



2.F.2.a.Based on performance measures ...................... 99

2.F.2.b.Based on predictive models . ......................... 103

2.G. Summary of Existing Research Findings ............................. 105
2.G.1.Design features . ... ...ttt e e 105

2.G.2. Assistance features .. ... . e e 100
2.G.3.User characteriStiCs . . ..ot v i it ittt et e 108

2.G.4. Methodology employed in studies . ................. ... .... 110

2.H. Limitations of Existing Research . ........... .. ... . ... . ... .0 ... 113

Chapter 3 - PROBLEM STATEMENT AND EXPERIMENTAL FRAMEWORK

JLA.Problem Statement . ... ... e 119
3B.Scope of research . ..., ... .. 123
.G FrameworkK . .. o 129
3.D. Variable studied ... ... ... e 134
3.E. Research questions and propositions .. ... .........c.vuverenennnnn.an.. 137

Chapter 4 - RESEARCH DESIGN

4.A. Study 1 - Expert Consensus on software design and assistance

features leading toease of use . .......... ... ... . ... ... 146
4.A.1.General approach . ........ .. ... . . .. e 146
4.A.2. Instrument development .. ..... ... ... 147
4.A. 3. Task desCription . ... .ot it e 147
4.A4.Panel selection . . ... .. i e . 148
4. A5.8urvey details . ... ... e 148
4. A 6. MEaSUIES .ottt e e e e 149
G AT ANAlYSES .. e e e e 149

4.B. Study 2 - Quasi-experimental evaluation of effect of package and

experience level differences, and other factors, on ease of use ....... 149
4.B.1.General approach ........... ... it 149
4.B.2. Package selection . ..........c.c. i e 152
4.B.3. Instrument development . .. ...... .. ... e 155
4.B.4. Experience level rating .. ....... ... ..., 157
4.B.5. Task selection . ... ... ...t 160



4.B.6. Sample selection ... ... e 161

4.B.7. Conduct of XPEriment . . . ..ot m it enrroneoanneenen 162
4.B.8. Dependent variables ... ... ... i i e 163
4.B.9. ANalySesS ... e e e 169

Chapter 5 - RESULTS, ANALYSES AND FINDINGS

5.A. Study 1 - Expert consensus on software design and assistance features

leading toease Of USE . . ... it i i i e e e e 170
5.A.1. Characteristics of expert panel ... ....... ... ... oo, 174
5.A.2. Analyses of consensus on rankings of features .................. 178
S5.A.2.a.Design features . ... ... . it i e e e 178
5.A.2.b.Assistance features . ... ... ... i 186
S.A2.Cc.Conclusions . . .. it i e e 195
5.A.3. Analyses of consensus on learning dimension weights ............. 196
5.A.3.a.Design features . . ... . ittt e 197
5.A.3.b.Assistance features . ... ... .. e i e e e 201
5.A.3.c.CoNCIUSIONS . . . o e e e 205
5.A.4. f.nalyses of consensus on links between features and
learning dimensions .. . . ... ..ttt ittt e 205
S.A.4.a.Design features . . ... ...ttt e e 206
5.A.4.b.Assistance features ..... ... .. i e i e 208
5.A.4.C.C0oNCIUSIONS . . . o e e e e e 211
5.A.5. Analyses of consensus correspondence with expectations ........... 212
S.A.5.a.Design features . . ..o e it e 212
S.A.5.b.Assistance features . ... ... ..o i e e e 217
S.AS5.c.Conclusions ... ... e 223
5.A.6. Summary of findings in Study 1 . ..... .. ... i i i 225
5.B. Study 2 - Quasi-experimental evaluation of effect of package and
experience level differences, and other factors, on ease of use ....... 228
5.B.1. Characteristics of sample . ........ ... . i 229
5.B.2. Overall performance and perceived comfort results ............... 240
5.B.3. Results - Package and experience differences ................... 243
5.B.3.a.Results - Package differences ............ ... 00t 250
5.B.3.b. Results - Experience differences ................. ..., 251
5.B.4. Retest Results - Package and experience differences .............. 253
5.B.4.a. Retest Results - Package differences ................... 253
5.B.4.b. Retest Results - Experience differences ................. 257
5.B.5. Results - Propositions . . .. ... .. ..t iiiintee i eeneonnan 263
5.B.5.a.Results - Research question 1 - Propositions 2.a.-2.g. ....... 264
5.B.5.b. Results - Research question 2 - Propositions 3.a.-3.h. ....... 272
5.B.5.c. Results - Research question 3 - Propositions 4.a.-4.c. ....... 281

Xi



5.B.6. Summary - Package and experience differences and other factors . . ..
5.B.6.a. Summary - Package differences . . .....................
5.B.6.b. Summary - Experience differences ....................
5.B.6.c. Summary - Other factors ............. ... ..

5.B.7. Summary of findings in Study 2 ........ ... ... .. .. ...

5.B.8. Results - Regression models .. ............ .. ...,

5.B.9. Results - Performance on sub-tasks ..........................

Chapter 6 - DISCUSSION

6.A. Findings on Factors affecting Ease of Use of Business Software ............
6.B. Challenges and Recommendations for design arising from findings . .........
6.C. Contributions of research to business and academia
6.D. Limitations of the research ........... ... ... .. . i iiii ..

6.E. Ways in which research of this type could be improved

6.F. Directions for future research ... . .. .. .ottt i it e e
Chapter 7 - CONCLUSION ... . e e e e e e i e

Bibliography

Appendices

xii

. 284

284
291

. 298

299
305
313

328

339

. 346

349

. 355

357

360

393



List of Figures

Figure 1 Transfer of Learning . .... .. ...t ittt ittt ien o 32
Figure 2 Variables Affecting Ease of Use of Business Software ............... 38
Figure 3 Spectra of Software Ease of Use Dimensions . ..................... 40

Figure 4 Components of Ease of Use - speed, memory, effort, comfort ......... 121

Figure 5 Framework for Research Design .............................. 130

Figure 6a.Variables in Research Design - Study 1 ................ ... . ..., 134
Figure 6b.Variables in Research Design - Study 2 ........... .. ... ooty 135
Figure 7 Rating Scheme for Microcomputer Package Experience Levels ........ 158
Figure 8 Establishment of Sub-Task Scoring for relative difficulty ............. 166

Figure 9 Comparison of Tasks on Merlin,and Minitab, . .................... 167
Figure 10 Sample of Completed Evaluation Form by Expert Panel ............. 173
Figure 11 Histograms of Expert Panel Profiles . ........... . ivvteiineen.. 177

Figure 12 Histograms of Relative Frequencies of Ranks for each Design Feature . .. 180

Figure 13 Significant Differences between Ranks assigned to Design Features ... .. 183

Figure 14 Histograms of Relative Frequencies of Ranks for each Assistance
FeatUre . e e e e e e 188

Figure 15 Significant Differences between Ranks assigned to Assistance Features .. 191

Figure 16 Histograms of Weights (Design) ... ....... ... vt vivevevanen. .. 200
Figure 17 Histograms of Weights (Assistance) . ............c.ivvevuennnn. 204

Figure 18 Histograms of Distributions of Overall Performance and Perception
o1 (P 241

xiii




List of Tables

Table la. Conscious Human Information Processing (HIP) Deterrents and

Remedies . ... e e 20
Table 1b. Unconscious Human Information Processing (HIP) Deterrents and

Remedies . ... i i i e e e e 29
Table 2 Expected Links between Software Features and Learning Dimensions ... .. 71
Table 3 Level Classification Scheme ................. ... ........... . 136
Table 4 Summary of Design Featuresby Rank . ........................ . 179
Table 5 Summary of Assistance Features by Rank ....................... 187
Table 6 Weights assigned to Design Features .. .................c...... . 197
Table 7 Weights assigned to Assistance Features ....................... . 201
Table 8 Learning Dimensions associated with Design Features ... ........... . 206
Table 9 Learning Dimensions associated with Assistance Features ........... . 209
Table 10 Comparison of Panel Results on Design Features with Expectations ..... 213
Table 11 Comparison of Panel Results on Assistance Features with Expectations .. 218
Table 12 General Demographics . ........ ..ot 230
Table 13 Distribution of Experience Levels . ... ..... ... ... it .. 23]
Table 14 General Computer Experience . .............. ..ot .. 233
Table 15 General Spreadsheet Package Experience ....................... . 451
Table 16 General Wordprocessing Package Experience ... .................. 452
Table 17 General Database Package Experience . ......................... 453
Table 18 General Programming Language Experience .................... . 455
Table 19 General Statistical Package Experience ................. ... . 236

xiv



Table 20 Responses t0 Anxiety QUESHONS . ..... .. .ot nnn 238

Table 21 Summary of Overall Distributions of Performance and Perceived Comfort
INAICES + o ot i e e e e e e e 240
Table 22 Performance (TIDX) by Package by Experience . .................. 246
Table 23 Perceived Comfort (LIKE) by Package by Experience .............. 247
Table 24 Error Analyses (EIDX) by Package by Experience ................. 248
Table 25 Help Analyses (HIDX) by Package by Experience ................. 249
Table 26 Performance (TIDX) of those Retested by Package . ................ 254
Table 27 Perceived Comfort (LIKE) of those Retested by Package ............ 254
Table 28 Error Scores (EIDX) of those Retested by Package ................. 255
Table 29 Help Scores (HIDX) of those Retested by Package ................. 255
Table 30 Performance (TIDX) by Experience of those Retested ... ............ 258
Table 31 Perceived Comfort (LIKE) by Experience of those Retested .......... 259
Table 32 Error Analyses (EIDX) by Experience of those Retested . ............ 260
Table 33 Help Analyses (HIDX) by Experience of those Retested ............. 261
Table 34 Performance and Perceived Comfort by Package .................. 264
Table 35 Performance and Perceived Comfort by Package of those Retested . .. ... 267
Table 36 Performance and Perceived Comfort by Learning Dimensions ......... 270
Table 37 Performance versus Perceived Comfort for all Packages ............. 271
Table 38 Comparison of L2 and L3 on Merlin, ... ..... ... ... it 273
Table 39 Comparison of L2 and L2 with L1 regardless of package ............ 274
Table 40 Comparison of L2 on Merlin versus Minitab, .................... 275
Table 41 Comparison of L3 on Merlin, versus Minitab, .. .................. 276

Xv




Table 42 Comparison of L4 with all other levels on Merlin, ................. 277

Table 43 Comparison of all Novice levels within each package ............... 278
Table 44 Comparison of L1 by package .............. ... ... ... .. ..., 279
Table 45 Comparison of Microcomputer Experience on Merlin, . ... ........... 280
Table 46 Performance and Perceived Comfort by Anxiety .................. 282
Table 47 Performance and Perceived Comfort by Gender . .................. 283
Table 48 Performance and Perceived Comfort by Quantitative Competence . .. ... 284
Table 49 Summary of Comparison of Package Differences .................. 285
Table 50 Summary of Comparison of Retest vs. Initial Performance and Perceived
Comfort .. e e e 286
Table 51 Summary of Comparison of Experience Differences ................ 291
Table 52 Summary of Comparison of Experience Differences of those Retested ... 292

Table 53 Summary of Comparison of Retest vs. Initial Use by Experience

Differences . ... .. .. ... e 293
Table 54 Fitted Regression Models with respect to Performance .............. 311
Table 55 Fitted Regression Models with respect to Perceived Comfort .......... 312
Table 56 Performance on Sub-tasks by Package ... ............ ... .. .. ... 315
Table 57 Summary of Findings .. ....... ... ... 0. 338

xvi



Appendices
A. Survey Kit supplied to Study | panel of experts, including Proficiency
QUESHIONNAITE .. i ittt it i it ettt i et e e
B. Comparison of Merlin, and Minitab, Package Features ...................
C. Example of Task steps in Minitab,, and Sample Help Screens ..............
D. Example of Task steps in Merlin, and Sample Help Screens ..............
E. Sample of filled-in Survey Software Evaluation Form ...................
F. User Perception QUEStiONNaire . ............ vt verennennnnnnns
G. Study 2 Data Entry Task . ... ... .. it e
H. Sample Keystroke Tracing in Merlin, .. .......... ... .. ...,
I. Suggested Appendum to Software Evaluation Form for Statistical Packages
J. Summary of Research Findings (Tables A1-A3) .. .............cvivvu...
K. Paraphrased Comments of Participants concerning Packages ...............
L. Summary of Performance Scores - Means, SD, Distributions (Tables A4-AS) ...

M. General Package Experience (Tables 15-18) .............. .. v,

Xvii




Chapter 1 - INTRODUCTION

The business place abounds with commercial software touted as being able to
provide the solution to all types of problems likely to be encountered in the ongoing process
of doing business. The available selection includes spreadsheets for manipulating numerical
data; database packages for storage, retrieval and manipulation of banks of data;
wordprocessors for storage, retrieval and manipulation of text; statistical packages for more
complex analyses of data and; numerous others. These packages can generally be separated
into two classes:

1) Specific-purpose software. These packages are designed to perform a specific function,
and include off-the-shelf and custom-built packages for specific applications, such as for
payroll processing, inventory management, et cetera. These are sometimes referred to as
"canned" packages;

2) General-purpose software. The interest of this thesis lies in this class of package, packages
which are designed to perform general purpose functions, and include spreadsheets, database
packages, and special subject packages, such as Statistics, Computer-Assisted Design,

Wordprocassing.

This second class of packages purports to offer the user decision support facilities
which maintain respect for the user’s expertise and autonomy, by allowing the user to retain
control of the applications developed and the analyses performed. In other words, the user

is not offered a solution, as is done by an expert system, other than that offered by templates



or command files, nor restricted to specific input as is usual in "canned" packages, but
instead, generates his own solution(s) by making use of these tools to create his own
environment in which to explore particular decision making activities. All this is expected
to be possible, without the highly sophisticated programming and systems expertise and skills
usually associated with development of information system aids. This has been facilitated by
the use of fourth generation languages, known as 4GL, which permit users to interact witi\
the system using English-like terminology and minimal programming skills. This has lead to
the concept of End User Computing (EUC) or User Developed Applications (UDA), which
is defined as,

"Individuals with little or no formal Data Processing training...developing and
using their own computer-based applications." (Rivard and Huff, 1985, p.89).

While the term End User Computing has taken on a number of meanings, from
simple application development to complex, full-fledged system design by users, (Rockart
and Flannery, 1983), the term is used here in a more limited context (Doll and Torkzadeh,
1988). The user is neither passive, such as a data input clerk or an executive perusing output
to take the pulse on company happenings, nor active, in the sense of designing systems, such
as a systoms analyst. The user is, instead, interacting with software which facilitates data
input, manipulation and interpretation of output, to assist in a decision making context, much
as a ma..ager, for example, might do. A likely scenario would see a manager access data and
information from a database and/or knowledge base, perform analyses and projections on
this data using a spreadsheet and statistical package or other modelling tools, and then use

a wordprocessor to write the final report of recommendations suggested by this analysis.



The utopia described for this second class of package has not been fully realized. To
make appropriate use of any tool requires, first of all, that the tool be needed, secondly, that
the tool be appropriate and adequate for the task to be performed, and thirdly, that adequate
training be provided. It is important to remember that software cannot, of itself, replace the
user’s required knowledge of the job function, nor his understanding of the role the tool
might play with respect to the task to be accomplished. It is simply a tool. As yet, it does not
compensate for inadequacies in the user and, in fact, may magnify them. (Ramaprasad,
1987). The user’s facility with translating his expertise through this medium will determine
the extent to which successful use is made of this tool. This implies training, not only in this
tool but also in other tools needed to operate it, in this case, the computer and its particular
operating system. The difficulties in mastering these tools can be attested to by the myriad
of users, including this author, who have experienced innumerable frustrations attempting

to learn to use computers and accompanying software packages. (Carroll and Mack, 1984).

Aspects of the design of a package can be said to address two requirements - system
functionality, and user performance. We suggest that features designed to facilitate user
performance must be shown to have positive impacts on factors which contribute to ease of
use and learning, as well as user satisfaction, in order to be considered ‘good’ features. A
number of specific design characteristics, many of which accommodate user characteristics,
are generally considered to be important ingredients of a package, imbuing it with quahities
of ease of use and learning. Most important among them, are the assistance and help
functions provided to promote learning of the package. There is little consensus in the
research literature, however, regarding the effect that the different design and assistance

features, and combinations thereof, have on user performance and preference. There is some



indication that different access methods, command versus menu, for instance, influence user
performance. (Relles and Price, 1981). Also, the form and content of assistance and help
functions is deemed important, but the variables involved are not clearly understood.

(Shneiderman, 1987; Houghton, Jr., 1984).

Experience-level differences also seem pertinent. Shneiderman (1987), for example,
distinguishes three classes of software users, novice, intermittent and experienced, each of
whom requires correspondingly different support, and which are not static over time. (This
is discussed more fully in Chapter 2.D.). Each of these three classes of users may also have
novice, intermediate, and experienced, knowledge of the software package subject matter,
as well as of their particular job function. (Carey, T., 1982; Martin, 1989, 1986). For
instance, giving a manager a statistical package and training her in the mechanical use of the
package, with the expectation of improving the quality of the work produced, is pointless
if she does not understand the underlying principles of statistics and how it can be applied
in his particular situat:on to assist his work. This aspect has, hitherto, not been addressed as
part of business software design, though it may be found to be significant in the appropriate

application of the software to successful decision making. (Thomas,).D.E., 1989)

Users also come with their own individual cognitive traits which may affect their
learning and use of software, as Ambardar (1984) and others have suggested. Sein,et.al.
(1987), for instance, contend that if initial training and continued use of information systems
is to be effective, the user’s individual characteristics, such as learning style, motivation for
using the package, should be determined prior to training, and the training method selected

in congruence with these.




A survey conducted by Nelson and Cheney (1987a) indicates that self-training was
the predominant medium used to acquire software famuiharity, and that managers generally
rate this training as being only slight to moderate in value. The average time spent, over the
user's employment period (average period of employment not given), on interactive training
manuals was 7.8 hours, compared to the average use of the resident expert which was 104.8
hours, while a large group (74 out of 100 managers) had no experience with any help
component. A study by Carroll and Mack (1984) found that, indeed, self-study learning using
online assistance was not effective in the learning of wordprocessing. After twelve hours of
self-study learning, of the ten subjects who took part in their experiment, none were able to
transfer what was learnt to a new task without making serious errors. One may ask how this
might be rectified and whether improvements in the current design of online assistance has
done so. From this author’s own casual observations of users, it still seems that users tend
to be exploratory, active learners of software packages, who resist preliminary assistance from
manuals or tutorials. Serious problems are posed for software designers if this is, indeed, the

case.

Evidently, training costs will escalate when user resistance, created by improper or
inappropriate use, is generated by software purchased to improve productivity. Gewirtz
(1988) gives rates of between $12 and $25 U.S., per hour per person, charged by training
consultants, and between $75 and $100, per person, for full-day community college courses.
These are high costs to bear for training which ends up being unused or under-utilized. One
of the major reasons for this may be the due to package designs which make them difficult

to learn and use, one cause being lack of consistency within and between package designs.




To date, little consistency exists in command naming and operating conventions
across and within commercial software packages (Relles, et. al., 1981; Sein, et.al., 1987),
ex~ept in-so-far-as ESC to undo previous commands, and the use of Ctrl Home and Ctrl End
in some editors to manoeuvre between the top and bottom of documents, seem to be
emerging as standards. Smith and Mosier (1984) established a list of 679 guidelines for
designing the user interface. However, in a survey conducted by them, respondents reported
that although they found the guidelines useful and did use them to varying degrees, they
found them difficult to apply in practice. In fact, fifty percent of the managers and software
designers only skimmed the guidelines, and software designers found the guidelines less
useful than other respondents. One of the needs identified by the respondents, but not
addressed by the guidelines, was guidelines for "text editing, interactive graphs, data bases,
multi-window displays, and mental models." (Mosier and Smith, 1986, p.44). These
guidelines, then, have not found wide acceptance and application in the commercial
development of general purpose packages. The lack of consistency which still exists would
imply that retraining will be necessary if a switch is made to another package. Does this

mean that users must remain locked into their original purchases to avoid this?

The current practice in industry seems to be to adop* a standard, (for example,
LOTUS 1-2-3), and stick with it regardless of the features of comparable, competitive
products, (for example, Quatro, Pro, which in Gomes, 1992, was reported as being rated
superior to LOTUS 1-2-3, which, in addition to the attributes evaluated, scored poorly in ease
of use). The question is, why is there such a resistance to new products which perform the
same function? One reason, retraining, has already been mentioned, but is this the whole

picture? Other determining factors may be at play. Is the choice of a package, and the




decision to remain with it, based on the superiority in quality of this package over another?
Is it simply a case of following the leader? Is it to do with advertising, the support offered by
vendors, fellow colleagues, available books and magazines, available courses? Is it that
commitment has been made to other add ons, making conversion and integration with other
packages difficult? Is it the initial cost of the package or that of retraining? I« 1t that packages
are so dissimilar that transfer of learning is too horrendous to consider? Or, are they not

differentiated enough to convey any appreciable difference warranting switching?

This thesis concerns itself with the fundamental questions of: what makes a package
‘better’, that is, ‘easier to use and learn’, than another? What features or combinations of
features predicate this assertion? Is this a subjective or objective call? Do users agree on this
concept? Or, is it the case that the other factors override any consideration of the merits of

the features in the package?

The purpose of this thesis, then, is to conduct an exploratory and holistic study of this
concept called ease of use, which is understoad differently by different researchers and
which has hitherto been examined from an experimental/micro perspective. We view ease
of use as a global concept of user performance with a package and ease of learning as o
subset of it. Learning, in this case, is not to be understood in the deeper terms used
education. Ease of use refers to package usage generally, regardless of level of expertise,
while ease of learning refers to the transition stages climbed to achieve mastery of a
particular operation or set of operations. This is discussed more fully in Chapters 2.A. and

3.



It is also necessary to distinguish between ease of use/learning and ‘usability’. This
latter concept often includes ease of use/learning as one of the factors leading to it and not
as the outcome being measured. Features beyond those of the package are also often noted
as contributing to it, such as Reliability, Installation, Maintenance, Serviceability, Support of
Memory and Effort, et cetera. (Holcomb and Tharp, 1991; Shackel, 1990; Nielson, 1992;
Karat, et.al., 1992). We limit ourselves to a consideration of the impact of package-specific
features on ease of use and how this might be tempered by different experience levels and

other user characteristics.

We suggest that ease of use/learning of business software is determined by the speed
with which a user is able to perform a task and the memory, mental, and psychological
effort and comfort required to perform it, as well as the degree to which learning is retained
over ime. In our study, we measure ease of use in terms of performance time (speed) which
included time spent making and correcting errors and reading help messages (memory,
effort). Performance time is also likely to be influenced, to some extent, by subjective
perceptions (comfort) of the package. These measures of errors and help calls made and
users’” perceived comfort with the package, therefore, provided insights which helped to
explain the performance time results obtained. The methods used to measure these are

discussed in Chapter 4.B.8.

Presumably, features included in the design of a software package are there because
of their contribution to these ease o use and learning outcomes outlined above; however,

the relative quality of these may not be the same. To gain some insights into the means by



which the assessment of this relative quality between packages could be ascertained, this

research had two main aims:

a. determinc expert opinion of what makes a package ‘easy to use’ and/or preferred
over another;

b. test the expert opinion by comparing performance and preference of subjects with
differing experience levels, using cne of two packages with differing design and
assistance features to perform a similar task.

With these in mind, we posed four main questions:

Research Question 1 - Expert Consensus

1.1 Is there agreement, among experts in the field, on: (1) the importance of certain
Design and Assistance Features in determining ease of use, (2) the importance of the
Learning Dimensions identified as influencing ease of use, (3) the links between
features and the learning dimensions they support, and, (4) whether these match
expectations which were derived from a review of the literature?

Research Question 2 - Package Differences

2.1 Is there a difference in perceived comfort and performance measures relating to ease
of use, as a consequence of differing Design and Assistance Features?

Research Question 3 - Experience Level Differences

3.1 Is there a difference in perceived comfort and performance measures relating to ease
of use, attributable to differences in experience levels?

Research Question 4 - Other Factors

4.1 Is there a difference in perceived comfort and performance measures relating to ease
of use, attributable to other factors, such as computer anxiety, gender, and
quantitative competence?




We propose our study as a starting point for discussion and for directing research

along another perspective, as opposed to providing a definitive answer to the question of

ease of use of business software. Gaining a deeper understanding of ease of use and having

some structure by which it may be evaluated is becoming more and more crucial, not only

for designers but for practitioners as well. Other authors concur. Adams, et.al. (1992) state,

1)

2)

3)

4)

5)

6)

7)

8)

"...differences in interfaces tend to be large, and differences in terms of
function tend to be small. In such cases ease of use might be more important
because it is a primary feature on which the packages can be differentiated.
By contrast, it might be argued that the general interface for spreadsheet
packages is similar, and therefore spreadsheet packages are not differentiable
in terms of ease of use."

We feel our study has contributed towards these aims on a number of fronts:

by integrating for the first time two major research bodies, the Learning and Human
Factors literatures;

by summarizing the many anu complex factors impacting ease of use into a
comprehensive framework;

by suggesting a multi-dimensional view of ease of use which has the components,
speed, memory, effort and comfort;

by validating previous research efforts done at a micro level with the more realistic,
generalizable holistic approach;

by conducting a field survey of experts which asks for a multi-dimensional
assessment of ease of use rather than the uni-dimensional approach previously
employed in research;

by collecting and examining data on the perceived support offered by package
features to the learning dimensions, speed, memory, effort and comfort and its
impact on measures relating to ease of use;

by suggesting a delineation of package features based on those which are integral to
package design (Design features) and those which can be ‘added-on’ externally or
internally (Assistance features). In current research, this distinction is not formally
specified and online assistance is usually viewed as one feature;

by examining the effect of experience with packages of similar and dissimilar
function and the extent of this experience on measures relating to ease of use;

10




9) by suggesting an approach to measuring performance time, errors and help collected
i an holistic setting which makes exact measurement more difficult than
experimental/micro research;

10) by comparing a command structured package with a directed menu structure as
opposed to the undirected menu structures usually compared in research;

11) by adding to the store of knowledge on the factors impacting ease of use, the results
of which provided some support for the validity of our research approach and
measures, supported findings of previous experimental research, suggested new areas

for research, and illuminated a number of challenges and recommendations for
package design.

Chapter 2 which follows, investigates the Human Factors literature and the Learning
literature to determine the important factors affecting ease of use and learning of business
software. The empirical findings related to these theoretical foundations are also presented;
Chapter 3 discusses *he scope of the study; Chapter 4 details the research design employed;
Chapter 5 presents the results, analyses, and findings of the rescarch; Chapter 6 summarizes
the findings in the context of their implications and importance for business and academia,
the limitations of the study being also presented, and directions for future research are

discussed; Chapter 7 gives the concluding arguments of the thesis.

"




Chapter 2 - BUSINESS SOFTWARE DESIGN, EVALUATION AND EMPIRICAL FINDINGS

This chapter examines the Human Factors literature and the Learning literature in
order to gain an understanding of the concept of ease of use and learning of business
software and those factors which contribute to and detract from this. This is done in several
parts:

2.A. Definitions of Ease of Use and Ease of Learning of Business Software

2.B. Impediments and Remedies for Ease of Use/Learning of Software

2.C. Framework of Software Ease of Use

2.D. Factors Affecting Software Ease of Use and Empirical Findings

2.E. Methodologies to Study Ease of Use

2.F. Evaluation and Measurement of Software Ease of Use

2.G. Summary of Existing Research Findings
2.H. Limitations of Existing Research

2.A. Definitions of Ease of Use and Ease of Learning of Business Software

It is assumed that various features of a package design are included in the design
because of their contribution to necessary goals of functionality and completeness, and
crucially, ease of use and learning, which impact user performance with the package and is
the concern of this thesis. These terms ease of use and ease of learning have been defined

differently by different researchers.

There is a belief that easy to use and easy to learn may be opposing concepts. That
is, a package which is easy to use may not be easy to learn, and vice versa. Khalifa (1990)
suggests that this may be a function of user expertise. He suggests that if a package is easy
to learn but not easy to use, experts will not like it, and conversely, if it is easy to use but

not easy to learn, novices will not like it. These assertions are based on his definitions of
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ease of use and ease of learning. Ease of Use, 1n this case, refers to performance at expen
levels and is a function of recall, recognition, and cognitive complexity required by the
particular package design. Ease of Learning, on the other hand, refers to performance al
initial use, and is a function of the user’s computer experience and the complexity of the skill
being acquired. Scriven (1990) also espouses this definition. He classifies tutorial material

as part of Ease of Learning, and reference material as part of Ease of Use.

In contrast, researchers Roberts and Moran (1983) define Ease of Use as performance
across all levels of expertise, while Ease of Learning is a measure of the time taken to
progress from novice to expert performance level. Davis (1989, p.325) views Ease of
Learning as "one substratum of ease of use construct, as opposed to a distinct construct.” He
found in his research that user perception of ease of use hinged on physical effort, mental
effort, and perceptions of how easy a system is to learn, that 15, in rememberning and
supporting memory. Other research also supports this view, demonstrating strong correlations
between measures of ease of use and learning, and their interconnectedness for users.

(Roberts and Moran, 1983; Whiteside, et. al., 1985; Carroll and Mack, 1984).

This latter definition is the one espoused in this thesis. Ease of Use is used to refer
to performance at all levels of expertise, and is said to be a funchon of impact on
performance speed, memory load, mental effort, and psychological comfort, and Ease of
Learning is considered a subset of Ease of Use as defined by Davis (1989) above. Ease of
Learning is not used in the same context understood in education, which is more ¢ oncerned

with the user’s grasp of underlying concepts of what is being learnt.



Credence for relating the dimensions of performance speed, memory load, mental
effort, and psychological comfort with ease of use is based on the definitions given above
and is supported by other researchers as suggested by comments made by Bennett (1983,
p. 51),

"If the equipment gives the highly motivated user a function that is

unobtainable in any other way and is perceived to be important, the user

may cope with a poorly designed computer interface. Nonetheless, the

impact of defects in the design will appear in an analysis of usability as low

efficiency, fatigue, and dislike of using the terminal."
Likewise, Scrivens (1990, p. 34) gives Speed, Ease of Use and Support as examples of
package ‘Dimensions of Merit’, as he terms them. Speed, in this case, refers to the speed of
the program, rather than the speed of the user’s ability in accomplishing a task. This latter
aspect of speed he includes in Ease of Use, namely,

"the extent to which routine tasks are automated, the extent to which

command key combinations are easily reached by hands of all sizes, the

avoidance of having to go six menus deep to get to a style parameter, etc.,

along with the part of the documentation that you turn to after you‘ve learnt

the program once, but still need to refresh your memory occasionally. We

also include one other matter - the enjoyability of using the program,

principally a function of elegance of design.... Pleasure in use is largely a

matter of good design."”

Support includes vendor support, warranties, upgrades, user groups, newsletters, etc.

As we have seen, a package which allows a task to be accomplished more speedily
than another is often equated with being easier to use. In most research studies, performance
time is the measure collected and analyzed as a measure of ease of use. This is discussed
further in Sections D and E of this chapter. A number of factors may, however, affect
performance time. It has been well recognized that humans have limited short term memory
capacities. The well-known studies of Miller (1956) indicate that humans are unable to

process more than between five and nine items concurrently. A package which minimizes
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this requirement, or alleviates it completely, is likely, then, to be easier to use than one
which imposes greater load on this already taxed capacity. Features provided in software
which are designed to alleviate this human shortcoming include databases, macros, menu
structures, templates. Waern (1985) found that users have a tendency not to read, preferring

to rely on memory unless the opportunity for reading and the material to be read requires

little effort.

The mental effort or cognitive strain involved in accomplishing a task 15 hkewise
expected to contribute to ease of use. Given a choice between equal outcomes but
obtainable through unequal effort, most users will opt for the one which requires the least
effort if it is known to them. Confirmation for this hypothesis was reported in a recent study
by Todd and Benbasat (1991), which examined decision strategies used in light of differing
decision aids provided and the number of alternatives to be assessed. It was found that
strategies requiring the least effort were the ones adopted in most instances and that these
were adapted to the format of the decision tool provided. Users were asked 10 choose an
apartment based on preferences for a number of attributes. It should be noted that memory
requirements are also related to mental strain, and that in some instances, greater memory
and mental loads will be tolerated if the outcome is sufficiently desired to compensate for
the additional burden required to obtain it. This can be noted in users who tolerate less than
optimal package designs in order to have their information needs met, or because of pressure
from superiors to make use of the product. Psychological comfort 15 also refated to memaory
and mental strain but also includes the aesthetic appeal and cognitive fit of the package to
the user. Ease of use is, therefore, also likely to be affected by this concept. Section D in this

chapter discusses some aspects of this concept which have been researched to date.
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A number of factors may militate against ease of use and learning of a package. These

are discussed in the section which follows.

2.B. Impediments and Remedies for Software Ease of Use/Learning

Learning a software package involves many levels of syntactic and semantic learning:
that of the software, the computer and its operating system; that of the package subject
matter; and, application of these to the particular problem. There are a number of ways in
which learning can be impeded, thereby preventing movement from novice to expert levels
of performance. It is also difficult, where complex learning is involved, which characterizes
software learning, to accurately measure learning, since it is less amenable to quantitative -

recall/recognition measurement than is simple learning.

Mayer (1981,p.121) attributes meaningful learning to:

a) Reception - being attentive to incoming information;

b) Availability - having the necessary prerequisite knowledge in long-term
memory to be able to hook this new incoming information;

<) Activation - actively using the prerequisites to hook the new material.

In business, attention is usually divided (Bailey, 1989), and although the user may have some
of the prerequisites for learning software, such as command names, he may have fewer of
these when it comes to applying the software to accomplishing the tasks of the job function.
Current software provides for the activation and availability of meaningful learning by using
metaphors in the interface design, such as a desk-drawer filing system to explain databases;
icons, such as a trash container to simulate disposal of unwanted files in the Xerox/Maclntosh

environment; and, the choice of command names, mnemonics, and images. Examples are
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also another vehicle but these are usually very simplistic and elementary, making it difficult

to see the relevance and applicability to the user’s particular domain.

Failure to use software packages, in particular failure to use them effectively, can be

attributed to trade-offs made to learning identified by Bigge (1982,p.236) as being blochks to

learning in general (see also Guillemette, 1989). These include:

a)

b)

<)

Informational situation - this depends on the learner’s perception of how
much more information should be gathered in relation to the strain and the
risk involved, and the ability of the software package to assist this information
gathering needed for the task solution. This perception may or may not be
accurate;

Cognitive Strain - this refers to the time taken and the quantity of frustrating
attempts that are required to arrive at understanding, and how confident the
person feels about the solution attained. The major complaint of beginner
software users is frustration with not knowing where 1o start, how to proceed,
what it all means. The feeling is one of operating in a vacuum, without
knowing where it all leads, and how to get there, nor knowing how long 1t
may take. Trial and error are the usual mode of learning, always unsure of
what is going to happen, how to recover from errors or wrong paths, whether
certain actions will lead to the desired effects or to undesired erasure, blown
disks, jamming, et cetera. (Carroll and Mack, 1984). Work famiharly done by
hand is more predictable in terms of what is involved and what can be
expected to occur and in what time frame. There is no added dimension of
an unknown, unpredictable entity, the learning of which is often perceived
as a waste of valuable time when it is already being successfully done by
hand (Nickerson, 1981);

Risk - this refers to the extent to which consequences of actions taken and
errors made are disastrous. The more so, the more willing will the individual
be to spend more time and effort on data acquisition and analysis, though to
some extent individual difference., come into play. Some individuals are more
risk-taking than others. In business, however, the company’s bottom-line, and
the individual's continued employment is contingent on good decisions. This
may be undermined if a systern with which the individual is unfamiliar and
uncomfortable is being used, differing from the usual way of ‘doing’.
However, if the perceived benefits of learning the system outweigh the
disadvantages, the likelihood of learning the system improves.
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Not only are these factors deterrents to learning, but individual differences in
expertise may also impose different requirements for software learning. The user may be
expert in some features and functions of the software and entirely novice in others. There
may be simultaneous, varying degrees of expertise in the syntactic, semantic and application
knowledge of the software, and package subject matter itself. A user may be very versed in
syntax but not in the semantics of the software, or vice versa; and likewise, versed or not,
in its application to the task at hand; and likewise, in applying the package subject matter,
the relative importance of which is not equally constraining. The transition between novice

and expert at these various levels needs to be understood.

"Understanding occurs when we come to see how to use productively, in

ways that we care about, a pattern of generalized ideas and supporting facts."

(Bigge, 1982, p. 296).
In software use, the problem is one of what is meant by and how to measure understanding
and productivity. One can conceivably arrive at a correct answer, using inefficient means,
or even incorrect means, never being any the wiser. (Borgman, 1986). It is extremely difficult

to assess and prevent negative transfer of learning in business in general, and is especially

so in the use of software packages for decision analyses.

The section which follows categorizes the various deterrents to learning found in the

learning literature and applies them to the learning of software.

2.B.1. Human Information Processing (HIP) Impediments and Remedies

In the literature on general learning, Rigney (1980, p. 337) identifies a number of

impediments and remedies to cognitive processing in humans on conscious and unconscious
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levels. We apply these to the learning of business software. Other authors also corroborate
and enlarge this list. (Bailey, 1989; Guillemette, 1989; Trumbly, 1989; Young, 1989; Van-
Lehn, 1988; Jonassen and Hannum, 1987; Harmon, 1987; Borgman, 1986; Weiner, 1986;
Carroll and Mack, 1984; Bigge, 1982; Bethke, et. al., 1981; Rigney, 1980; Travers, 1975).
These deterrents to learning are described in Tables 1a and 1b, below, and explained in
depth in this section. The bracketed notations beside the respective impediments indicate the
instructional support implied by them and the learning factors supported as a consequence
of providing this support, as envisioned by this author. These impediments touch on a
number of factors affecting software ease of use and learning: package design and assistance
features, instructional strategy and material, learning environment, user characteristics, such

as motivation.
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Table 1a

Human Informatlon Pr

|“g am))p 'y

rents and Remedies

a. CONSCIOUS LEVEL

Condition (currently seen in software usage)

Remedy (currently applied in software design)

1. Limited Short Term Memory

-inability to manipulate more than 7 + 2 items at once

(using a software package requirea a preponderance of commands
and sequences of operations, too numerous to commit to memory)

-live with - rehearsal; serialization of subject matter and
processing operations

-get around - hierarchical organization of subject matter -
chunking, mnemonics, icons

(hierarchical menu stuctures; database and knowledge base
structures, mnemonics, images, icons)

2. Limited Self-Program Skills

-inability to organize appropriate sequence of operations

(s0 many steps involved in performance of one operation, difficult
to know/remember what they are)

-teach effective sequencing of processing operations - use
heuristics and algorithms, explore alternatives, try different
sequences of operations

(tutorial exercises and examples)

*3. Limited Self-Monitoring Skills
{meta cognition)

-inability to keep one’s place in a long sequence of operations, to
know when subgoals have been attained, to detect and correct
errors and recover fromn errors by returning to last correct
operation or by making quick fixes

(many routes to perform one operation, unsure which to take or
which took to get there, and how to recover if not the correct one)

~checklists

-looking-ahead - prescriptive avoidance of error where most likely
to occur

-looking-back - postscriptive analysis of errors already committed,
maintaining history of processing to current place in sequence

(check of illegal entries, valid operations: undo command)

4. Distractibllity of Attention
icapable of prolonged concentration on any one processing task

tunscheduled formal training time, intrusion of regular work
nctivities)

-orienting techniques - points of reference, trace, motivation;
s{mplification; modularization

(scheduled training time; save work done to point in time)

5. Motlvation
(Extrinsic)
<learning himited by factors beyond cantrol of learner

(voluntary vs involuntary use, need ve convenience, short terms
v, long term use)

-punishment /reward systems

(easy to use designs, demonstrable relevance to work, compulsory
use)

(* Indicates greatest deterrents to software learning and use, expected by this author) |
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2.B.1.a. CONSCIOUS HIP Iimpediments and Remedies

1. Limited Short Term Memory (STM) (structure and depth, command
naming,text wording/grouping) (memory)

Research conducted by Miller (1956) indicated that humans have a limited capacity
to process more than between five and nine items simultaneously. Further research
indicated that this limitation could be alleviated somewhat by grouping items in
some recognizable fashion, thereby allowing easy discrimination between items.
Rigney (1980) refers to this as "getting-around". As opposed to the traditional
approach to learning, which requires rote memorization through drill and practice
and serialized learning of subject matter and operations, this approach otfers
associations or "hooks" on which to attach new material being learned, thereby

facilitating future recall.

This approach to a solution has found its way into software design in the form of
hierarchical menu structures, database and knowledge base struclures, use of
mnemonics, images and icons for easy command recognition. (Harmon,1987). There
is still more room for additional structure to reduce the number of possible
commands, sequences and applications which have to be remembered by the user,
and to ensure consistency. This need for consistency in commands and structure
within and across software packages is supported by Bigge (1982, p. 244) who states,

"The more generalized a coding system is, the more useful

is to a learner in that it relieves him of any need to learn and

try to remember a great mass of isolated facts."

Travers (1975, p. 143) expresses it more colloquially,

"If each person formed his own classification system, it would
be as confusing as if each were to use his own language.”



Yet this 1s precisely the norm in software design, where each vendor, using menus,
groups commands according to his own predilections, and why learning proves to
be so frustrating for users. An example of this is the Lotus, menu configuration
wherein to change the column-width of one column, the user is required to access
the Worksheet menu rather than the Range menu, which would be more
conceptually logical and consistent. The other side of the argument, however, is that

individual differences may need to be accommodated in customized design.

2. Limited Self-Program Skills (tutorials,examples,traces,subject matter
assistance,step-by-step guidance) (effort)

This condition refers to a learner’s inability to appropriately organize the sequence
of operations required for resolution of the problem. The same task can be
formulated differently by different people, with varying degrees of correctness.
(Ramaprasad, 1987). The answe suggested is to teach and allow practice of the
correct sequences required, making use of heuristics, algorithms, exploration of
alternatives and different sequences of operations, thereby learning to differentiate
correct from erroneous paths. Using simplified structures and examples, giving
correct answers, using counter examples, hypothetical cases and allowing traces are
further suggestions found in Collins and Stevens (1982), and Travers (1977). These

techniques will assist the mental efforts required by the user in performing his task.

Current software provides tutorial exercises to show examples of limited cases. Users
are often not sure of the exact steps used, or to be used, to arrive at the various
junctures in these exercises. This makes duplication difficult, especially when the
transfer to different tasks is called for. The remedy for this condition may be to
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provide step-by-step guidance through exercises, showing the most ‘likely’ or ‘bet’
way to accomplish the task, showing all possible ways, showing counter examples,
especially in the case of commands with synonymous names, but which are used
differently in the particular package. (Harmon, 1987; Trumbly, 1989). A« Carroll and
Mack (1984, p. 38) point out, "Learners expect functional consistency #om
operations with similar names." This is often absent in software packages,
compounded by the fact that the same word may be ascribed different meaning by
different people depending on the context. (Rubinstein and Hersh, 1984). Anecdotal
evidence of this is seen in the frustration of users who see the PgUp and PgDn koys
on the computer keyboard and surprisingly discover that they do not perform theswe
promised functions in the particular package they are using. Some aspects of self-
program skill deficiencies may further be alleviated by teaching within the context
of the subject matter, such as statistical principles, database management principles,
et cetera, thereby providing a base of relevancy, that is, ‘hooks’ (Young, 1989;

Bethke, et. al., 1981).

3. Limited Self-Monitoring Skills (checklists,traces,maps,trees, memory
aids,error checking) (memory)

Tied to the human's limited short term memory problems, is that of having to keep
track of where one is in a long sequence of operations, to assess the relative
correctness or incorrectness of actions taken so far, and to take remedidal or
preventive action if necessary. Ways of doing this include keeping checklists of usual
actions and consequences, and whether these have been executed; ‘looking-ahead’
to avoid likely errors, and as a reference point, when errors do occur, for where next

to proceed and the consequences; ‘looking-back’ as a postmortem of actions taken,
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erroneous and otherwise, and their resulting outcomes. This is also useful in
diagnosing areas of difficulty and mastery, and where remedial assistance or
advanced topics may be required. Travers (1975) further suggests the need for
adequate viewing time after feedback in order to absorb the relative correctness of
actions compared to a standard. Maps or trees are useful means of monitoring
movement. Other beneficial pointers and memory aids include answers to - "Where
am |; What can | do here; How did | get here; Where can | go, and how do | get

there?" (Nievergelt and Weydert, 1987, p. 438).

As Carroll and Mack (1984) noted in their experiments with users of wordprocessors,
users often are unaware of where they are going, how they got there, where next to
proceed, or how to get there. So many operations are required to accomplish the
task, that it is very easy to get lost in the mayhem and uncertainty. Sterman (1989,
p. 321) found his subjects,"insensitive to the feedback from their decisions to the
environment”, because of the difficuity of attributing cause, given the frequency of
occurrence of multiple feedbacks. Currently, the monitoring that is provided to users
is in terms of illegal entries in the form of command names, alpha/numeric entries,
validity of selected operation permitted at particular junctures. The onus for ‘correct’
operation and application of the software is entirely in the hands of the user. Some
systems allow for error correction and recovery via an ‘undo’ command or session
print out. However, the notion of incorporating checklists, and looking-back traces
offers tremendous potential for alleviating this problem for software users. This would
provide the positive reinforcement required in learning and so lacking in current

packages. These traces could also provide useful insight for researchers into the
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debate of individualization versus generalization of software design, (Martin and
Fuerst, 1987), since individuals’ paths could be tracked and analyzed, vis-a-vis
novice/expert, psychostructure, and demographic differences. ‘Directed’ menu
structures, that is, those that guide the user through the usual steps required for a
particular function, are also another way of ensuring that the user accessess only

valid options.

4, Distractibility of Attention (modules,traces,macros,learning times and
locales) (memory,comfort)

Humans have a limited capacity for maintaining prolonged, focused attention on any
one task. Distractions, boredom, emotional states, all work to dissipate attention.
Learning self-discipline is one of the caveats of human development. As Travers
(1975, p. 40) puts it,

"The acquisition of control requires, as most courses on

studying habits indicate, living for a time a well-planned life

in which certain activities take place on schedule and in an

appropriate place."”
Motivational factors, such as promotion of interest in the subject matter, the
structuring of the subject matter into small, simplified modules not requiring
extended periods of learning, are approaches used to return the learner to the place
at which attention wandered or the work was abandoned. Other ways to assure
attentiveness include private learning rooms or carrells in which learners can work
without being disturbed or distracted. There is psychological comfort in knowing that

reserved times and locations are designated for uninterrupted learming and that

features exist that offer support of memory.
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The research into learning curves and forgetting point to the detrimental effects of
interrupted [earning. Argote, et.al., (1990, p.141), refer to various works in the
psychology literature that suggest,

"if the practising of a task by an individual is interrupted,

forgetting occurs (Ebbinghaus, 1885). While interference from

other tasks causes forgetting, forgetting occurs when

performance is delayed even if there is no interference

(Anderson, 1985; Wickelgeen, 1976). When performance is

resumed, it is typically inferior to when it was interrupted but
superior to when it began initially. (e.g. see Kolers, 1976)."

Evidently, in the business environment work is not likely to proceed in highly
conducive, ideal circumstances, nor is learning. Activities get "fitted-in" as time
permits. Shuell (1980, p. 297) points out that,

"There may be times when the desired objective is

antagonistic to the learners preferred or optimal style of

learning.”
This is likely to be prevalent in business because of time constraints, resource
constraints - personnel and equipment; working constraints; badly designed software
help features - online and offline manuals and tutorial material; with which users
must constantly contend (Guillemette, 1989). A study reported in Borgman (1986)
indicated that while successful learning of a software package requires devoting
longer than thirty minutes, the majority of users are unwilling to give even that
amount of time. Nowhere is it more crucial than in the business environment, to be
able to leave off work or training and resume at will. Use of features such as looking-
back traces described previously, would greatly aid this problem in the business

world. Most systems already allow users to resume at the point terminated, but few,

if any, offer the facility for reviewing the steps taken to a point in time, except by
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way of setting the printer in lock step using Ctrl PrtSc. The tradeoff in this case is
between excessive paper usage versus dish space usage. The facility for macro
creation in some software is one way around this. The ‘Remember’ command in the
SMART, software facilitates the storage of the sequence of operations performed
during the activation of this command. The command is most often used at the uppet
levels of expertise for macro building, more so than at the novice levels for
performance assessment, or for comparison to a standard, expert sequence. Special
training rooms and times for learning, as well as off-site training settings are other

means conducive to undisturbed learning in the work place.

5. Motivation - Extrinsic (feedback,relevance) (comfort)

Weiner (1986) distinguishes between intrinsic and extrinsic motivation which he
asserts affect learning and performance in different ways. Extrinsic motivation
includes those factors outside the learner’s control which impact learning positively
or negatively. This is achieved by way of punishment/reward systems which can

either promote or detract from psychological comfort.

In business, motivation for learning a software package is based on a number of
factors: whether its use is voluntary or imposed, whether it is needed to perform the
job function or simply convenient for doing it, whether its use will be short-term or
long-term. Progress is mainly dependent on self-mottvation, though corporate culture
does have influence on the desire to use and actual use of software (Sein, et. al.,

1987). In the absence of human reinforcers to promote this motivation, there is o




need to have built into the system reassurances on how one is progressing, and if
not, where erring or weak. Rigney (1980, p. 325) poses these questions:

"1. What is it?

What should | do about it?
How do | do it?

. Can | do it?

. How am | doing?

. Am | through?"

This need for a sense of security, knowing how you measure up, what criteria are
being used to assess this, and where you are headed, is only weakly provided for in
present software design. There is no frame of reference on which to measure or base

performance and progress.



Table 1b

Human Information Processing (HIP) Deterrents and Remedies

b. UNCONSCIOUS LEVEL

Condition (currently seen in soRware usage)

Remedy (currently applicd in software design)

1. Inadequate Basic Processing Skills
-ineffective processing strategies

(attributing correct semantic meanings to command names or
sequences of operations is sometimes difficult)

-Drill & Practice in effective strategios

(trial and error)

2. Inadequate Knowledge Bases
~deficient accumulated knowledge

(contingent on expertise of developer of knowledge base and
availability of information)

-Drill & Practice - analogy, parnphrasing, mental imagery, cte

(taken a1 given, accessed by trial and errm)

*3. Processing Interference
-negative transfer of learning

(unsure of what actions led to what outcomes)

-strengthen desired processes, wenken undesired ones

(trial and error, examples)

4. Long Term Memory Retrieval Fallures
-forgetfulnesa

(recall of commands and operations after extended non-use)

-frequent and prolonged use

(templates, online help)

5. Motivation
(Intrinsic)

-learning arrested by attribution of lack of ability based on prior
experience and performance

(users attribute poor performance to their inability and not to bad
design resulting in limited or no use)

~change perception to lack of effort or prerequisite knowledpe or
exposure

(attempts at ensy to use designs)

(* Indicates greatest deterrents to software learning and use, expected by this author)
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2.B.1.h. UNCONSCIOUS HIP Impediments and Remedies
1. Inadequate Basic Processing Skills (training,examples,practice) (effort)

As was already stated, the same problem can be formulated differently by different
people, with varying degrees of correctness and efficiency, and requiring differing
amounts of mental effort. Different people may arrive at the same answer using
different means, and one route may be more efficientthan the other, though both are
effective. Repeated practice over extended periods, in the effective strategies,
eventually leads to automatization of the processing operations. The use of examples
demonstrating the relative benefits of one route over the other, is also likely to be

helpful.

This problem is very acute in using business software. (Carroll and Mack, 1984).
Because of the very hit-or-miss ways of learning software, assuming that an
association can and has been made between certain actions and certain outcomes
(Wittrock, 1974), these are likely to be repeated, even in the light of new evidence
which indicates a more optimal route. (Nisbett and Ross, 1980). The tendency is to
cling to the tried and true, until such time as the user gains confidence with the
package,

"...people are often, correctly or incorrectly, influenced [in

their judgment] by the relative availability of the objects or

events, that is, their accessibility in the proces of perception,

memory, or construction from imagination." (Ramaprasad,

1987, p. 142).
The antidote would seem to be to prevent these associations from being formed
initially, by teaching the "most likely" scenario and sequence of operations for

achieving particular tasks. Less efficient routes could also be demonstrated, indicating

its deviation from optimality. (VanLehn, 1988; Collins and Stevens, 1982). An
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example of this is the formatting of a spreadsheet, which can be done either globally,
in blocks of rows or columns, or by individual cell. Depending on the extent of the
formatting required, one of these options may be more efficient than the other, that

is, require fewer key strokes, yet the outcomes may be exact, that is, effective.

2. Inadequate Knowledge Bases (storage,hooks,practice,structure, grouping)
(effort,memory)

Differences in learners’ backgrounds and experience imply that differences in
learners’ accumulated stores of knowledge will exist, some more adequate than
others. Tools used for assisting the building of these knowledge bases, or the
augmenting of existing ones, require drill and practice in developing and making use
of meaningful analogies, paraphrasing, mental imagery, et cetera, In order to ¢create
'hooks’ on which to hang incoming information. These will enhance memory and
retrieval of this store of information. (Norman, 1980). By arranging "concepts to be
learned in an order consistent with their structure” as Travers (1975, p. 138) suggests,
knowledge bases are more likely to be successfully constructed as we generally learn

ideas "in context of other more general ideas".

In business, database and knowledge base facilities can augment this deficiency.
However, the relative efficiency and effectiveness with which tnese are used 15
suspect since this is very difficult to test and assess. If these tools are used at all,
efficient and effective use are assumed. The difficulties come in the assigning of
command names themselves, since, as was noted earlier, different words can have
the same semantic meaning, and the same word can have different semantic meaning

for different people. (Ramaprasad, 1987). This is pertinent whether the user 15 using
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an existent, created by another, knowledge base or database, or attempting to create
his own. It is also pertinent in the formation of the person’s own mental store of
knowledge of the workings of the software being acquired, this being dependent on

his ability to understand and make the necessary associations.

3. Processing Interference (consistency,fecdback,storage,examples,
structure,simplify) (memory,effort,speed)

Negative transfer refers to the interference or weakening of correct associations of
responses to stimuli in one learning experience as a consequence of a prior learning
experience. There are four possible outcomes of transfer of learning between

situations (Bigge, 1982, p. 252), as depicted below in Figure 1.

Figure 1 - Transfer of Learning

Performance Reinforcement Learning Outcome
+ + + learning
+ - - does not recognize learning
X + - misinterprets learning
- - - no learning

For transfer to occur (Bigge, 1982, p. 275),
“"the individual must generalize, i.e. perceive common factors
in different situations; they must comprehend the factors as
applicable and appropriate to both situations and thereby
understand how a generalization can be used; and they must
desire to benefit by the sensed commonality."
For this to occur, that is, for there to be positive transfer of learning, Travers (1974)

suggests that there must be mastery of what is learned, which is only possible by

providing experience with a wide range of problems that differ somewhat from each
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other, and by emphasizing principles and their application as opposed to just facts,
and allowing for practice. If provision for these s too short, then transter will not
occur, if too long, then diminishing returns ensue. Further, unless one can
differentiate what the right and wrong actions are, performance will not be improved.
(Travers, 1975, p. 74). He states that,

"There is maximum negative transfer or interference when

one learns a particular set of responses on one piece of

equipment and then moves to another piece of equipment

that requires the opposite set of responses”. (Travers, 1977, p.
376)

In switching from one software package to another, the likelihood of the occurrence
of maximum negative transfer is quite high. There is still little consistency across
packages which sometimes sees words usually ascribed the same semantic meaning
being attributed to very remotely related functions, for example, Save, File (Kogan,
1980). The possibilities for defective learning is further increased by the potential for
negative reinforcement and for positive reinforcement of negative performance. (The
reader is reminded that in the context used here, learning is being used to refer 10
the ability to obtain a desired outcome rather than to the deeper meaning usually
implied in education). In current software design, input errors are screened, but no
provision is made for processing or correction of errors. Errors can go undetected
because of correct answers materializing despite wrong or weak sequences of
operations. It is also possible that the correct answer may never be arrived at because
the correct sequences necessary to get there are not known, and the user ends up
using the wrong ones. The criticisms levelled at Behaviourists by Gestaltists are also

pertinent to current software design. ‘Learning’ gets measured in terms of proximity
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to reproduction of predetermined answers, and not by the processes or understanding
used In getting to the answers themselves. However, as the Gestaltists point out,

"For learning to result, the doing must be accompanied by the

doer’s realization of the consequences of the act." (Bigge,

1982, p. 100).
In using software, there is a lot of room for the user to see desired results actualized
from erroneous sequences of executions, and thereby experience negative transfer
from confused reinforcement. The occasions for repetitive, reinforced performance
are limited in business. Usage is often sporadic, as is the learning leading up to it.
Negative reinforcement easily interferes with performance because of attributing
erroneous actions and sequences to desired outcomes, which arises from forgetting
the exact steps that led to the result. (Carroll and Mack, 1984; Travers, 1975). Carroll
and Mack (1984, p. 16) state,

"People in this situation see many things going on, but they

dn not know which of these is relevant to their current

concerns. Indeed, they do not know if their current concerns

are the appropriate concerns for them to have. The learner

reads something in the manual, sees something on the

display, and must try to connect the two, to integrate, to

interpret. It would be unsurprising to find that people in such

a situation suffer conceptual - or even physical - paralysis.

They have so little basis on which to act."
The problem in learning software is that no match is usually provided between what
was executed and how "correct" it is. Bigge (1982,p.248) points out,

"For a learner to perform the rewarding function on himself,

in place of any external reward, he must have a continuous

available knowledge of results. ‘Knowledge of results should

come at that point in a problem solving episode when the

person is comparing the results of his tryout with some

criterion of what he seeks to achieve.’"

and as Travers (1975, p. 113) suggests,
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"Information given before responding can intluence behaviour

only when the information can be stored until needed.

Information given after responding can influence bohaviour

only if a knowledge of the response can be stored long

enough so that it can be evaluated in terms of information

given."
The advantage of a computerized system is that these referenc e points can potentially
be supported and stored, thereby allowing the learmer to view and absorb the
outcome of their actions as Travers (1975) advocates. Only by such means can
memory, mental effort and psychological comfort be supported 0 the face of such
high possibtlities for negative transfer of performance. In the ideal situation, such as
in the PALS system proposed by Boyd and Jaworski (1985), new software commiands

would be translated into the user’s habitual commands, alleviating any transfer

problems.

4. Long-Term Memory (LTM) Retrieval Failures (storage,templates, icons,
mnemonics,manuals,macros,subject matter relevance) (memory)

It 15 a well known fact that humans have difficulty remembering what has been
stored in memory. The exact causes are not understood, but there 1< indic ation that
frequent use increases recall, and that the manner of encoding the information
initially also aids in future recall of it. Travers (1977,p.402) suggests,

"...transfer of information from short term memory systems to

long term memory systems takes place with greatest efficiency

if the information is organized...The function of outlining 1s

that of drawing attention of the learner to the inherent

structure of what is to be learned, around which the details

can be clustered."

The use of "chunking" by way of images, mnemonics, categonzing of similar

functions together, is deemed helpful here.
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In business, databases, knowledge bases and other storage facilities, as well as
support staff, are used to augment and assist memory on the job. However, long-term
retention of software use know-how is jeopardized due to infrequent periods of
training and subsequent use. (Guillemette, 1989). Templates, user- created command
files and online help attempt to provide memory jogs. Demonstrating the relevancy
and merits of this tool for assisting the job function can greatly increase motivation,
and hence, use and memory of it. As well scheduling planned times for training and

use, and the use of organizers can be beneficial (Harmon, 1987).

5. Motivation - Intrinsic (tone,feedback) (comfort)

Intrinsic motivation is deemed to play a role in learning, according to Weiner (1986),
when learning is inhibited due to the learner attributing poor performance to lack of
ability, which has been reinforced from prior experience on any number of tasks.
This leads to self-defeating performance and inflated anxiety and discomfort. Such
feelings, and its detrimental effects on performance, can only be overcome if the
perception of poor performance can be shown to be a lack of effort or prerequisite

knowledge or exposure to the subject material, and not to the user’s innate inability.

This phenomenon 1s seen often in the use of business software packages, where users
may attnibute their poor performance to inability rather than to bad software design.
As a consequence, limited or no use is made of the package, reinforcing fears of
further use. Carrol! and Mack (1984) give anecdotal evidence of this in describing the
reactions of Typist learners compared to a Ph.D. learner. The Typists assumed it was

their deficiency which hampered performance, while the Ph.D. learner assumed it



must be the manual which was inadequate. This was also evident 1n our research,
in which one participant reported, "It may be my own fault. I'm not really an expent
user". Either of these ways of reasoning may or may not have been true. The answer
to this problem is to make designs so easy to use, that no one need feel inadequate
learning and using the package. The tone of ‘system’ and ‘error’ messages is alwo
important. Shneiderman (1982) conducted experiments in which it was shown than
threatening versus non-threatening wording of messages influenced how comfortable

users felt interacting with the system.

The deterrents and remedies discussed above identify a number of features which
pertain to a variety of factors affecting software ease of use, such as learming environment;
software design; instructional design; training; user characteristics; et cetera. Means examined
to overcome the various deterrents to learning include attention to: screen design - wording,
grouping, command naming, tone, consistency; structure - depth, logic, consistency;
relevancy to task; subject matter assistance; feedback; simplification; manuals; tutorials;
training - practice, examples, step-by-step instruction; storage facilities; points of reference
- traces, checklists, memory aids, navigational aids; error trapping - correction, and
recovery; macros; templates. All of these features are expected to offer support to one or
more important factors in learning - speed of performance, memory, mental effort, and
psychological comfort. The section which follows summarizes these elements into o

framework in which to examine the Human Factors literature.
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2.C. Framework of Software Ease of Use

To structure the factors spoken about above, which are deemed to contribute to ease
of use and learning of software, a framework is offered which identifies seven important
factors. These are shown in Figure 2 below as - the class of package, package design
characteristics, package assistance characteristics, instructional strategy employed, user
characteristics, nature of the task, role adopted by the user. In this thesis, these factors are

said to impact users’ objective performance with, and subjective perceptions of, the package.

Figure 2 - Variables Affecting Ease of Use of Business Software

Independent Variables Dependent Variables

Package Class
Task

Design Characteristics
-Software Design
-Hardware Interface

Assistance Characteristics

User Characteristics =—=———= | Performance/Perception

-Experience
-Psychostructure
-Demographics

Instructional Strategy

User Role

The nature of the relationship between these variables poses severe problems for

software design research. Because of the interconnectedness of these variables, it is still not
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known which variable or variables exercise the greatest impact on user performance or
perception. Likewise, it has not been established whether these variables have a mediating
or a primary effect on the dependent variables. The underlying cause of this lack of a
theoretical base is due largely to the fact that each of these dimensions is arrayed along a
spectrum. The combinations of positions along these spectra defy human consideration and
manipulation. It is no wonder that research has been hard-pressed to arrive at definitive

conclusions and to establish a sound theoretical base.

The dimensions of these factors can be organized as shown in Figure 3, below.
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Figure 3 - Spectra of Software Ease of Use Dimensions

Dimensions & Spectra >
Class of pkg. Canned ¢ —» Decision Analysis
l //‘

Pkg. Type Payroll/ Stats/ WP/DB/SS/CAD
Inventory OR

Pkg. Operation

-Input

-Process Structured ¢— - Unstructured

-Output

Task Structured < —» Unstructured

Task Elements
-Input Predefined ¢~———— Predefined «————— Varied
-Process Predefined €———— Varied ————-———_3 Varied
-Output Predefined €——— Varied —————3 Varied

Design Chars.
-memory
-speed High < -3 Low
-effort .

-comfort

Assistance
-memory
-speed High
-effort
-comfort

yLow

A

User Chars.
-exp-pkg Novice ¢ » Expert
-exp-subyj.
-psy-anxiety High F - Low
-psy-motive
-psy-cog.stls* Methodicale¢ —> Free-spirited
-demogs. varied

Instructional
Strategy Scripted € —>» Exploratory

User Role Passive € —» Active

N

*The possible cognitive style dimensions are far more complex than this simplistic
representation implies. See Chapter 2.D.5.ii.a. for a more rigorous treatment.
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The two main classes of packages were identified earlier as specific-purpose packages
and general-purpose packages. ‘Specific-purpose packages’ refer to what are called ‘canned’
packages or packages designed to fulfil a specific function, such as accounting packages.
These packages are usually used for tasks in which the inputs, processes and outputs are pre-
defined or pre-specified, and for tasks common across industries, such as payroll and
inventory. The user also has little control over the input, processing or output rpquir(:monls
of the package itself. At the other end are the general-purpose packages designed to support
decision-making and analyses. Statistical packages, wordprocessors, spreadsheets, database
packages, et cetera, fall into this category. These packages offer the greatest flexibility to
users, in terms of what is input, processed, and output. It allows the creation of a workspace
in which the user is free to manipulate input in order to assess the impact on output. These
latter packages require more user know-how of the workings of the package than is required
by canned packages when they are used in ‘passive’ mode. However, canned packages,

which have stricter requirements for input, processing and output, may have even greater

design requirements for ease of use.

The nature of the task to be accomplished can range from structured to unstructured.
Structured tasks refer to tasks for which established, pre-defined procedures exist. These lend
themselves easily to package designs which impose structured input, processing and output.
Unstructured tasks, on the other hand, require problem solving on the part of the doer to
determine the inputs and procedures leading to resolution of the task. This dictates flexible
package requirements for input, processing and output. Statistical problems and Operations

Research problems can be positioned somewhere between the two extremes, in that, the
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inputs for these problems are usually pre-defined and unchangeable, while the processes and

outputs derivable are not.

Design characteristics and assistance characteristics are included in package design
in order to support to some degree, speed, memory, effort and comfort. The extent to which
these characteristics support these factors can range from low to high support. A package
offering high support for these factors presumably will promote real and perceived

performance gains over one offering low support.

The strategy employed in learning a software package can range from following a
scripted or prescribed sequence of materials and methods to an entirely free-form,
individualized, exploratory quest. Tutorials, examples, workshops, classroom lessons, et
cetera, characterize the scripted form of instruction. Exploratory learning is a hands-on, trial

and error, learning-by-doing and thinking approach.

User characteristics can be grouped into experience levels, psychostructure make-up,
and demographics. Users’ experience with computers and their associated disk operating
systems, various packages, and the subject matter of the package and of the task, can range
from novice to expert levels, in any one area or combination of areas. The psychological
make-up of users implies that users have various cognitive styles or approaches to learning.
While there are a number of classification schemes and instruments found in the Learning
literature for assessing these, discussed later in this chapter, learners, and in our case learners
of software, are described for convenience at the extremes, as either having a methodical or

a free-spirited approach to learning. They also exhibit degrees of motivation and anxiety
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towards computers, from low to high. Demographically, computer users can be expected to
have a range of educational backgrounds, age, work experience, et cetera, and to be for both

sexes.

The user role in operating a package can fail anywhere on the spectrum from passive
to active depending on the type of package. Passive users respond to system prompts, while

active users take the initiative in prompting the system and creating the workspace.

Generally speaking, one would expect canned packages to be amenable to a scripted
learning strategy, since there is relatively little flexibility with regard to what can be done
with the package. Precise examples, therefore, should suffice to impart requirements of the
package. These packages, also, imply the presence of a highly structured task, for which few
exceptions exist. The user is likely to be at his most passive, responding to pre-defined
requirements. One would expect novices to be more comfortable with this type of package
than with more open-ended ones of the decision- support type, in part due to the high
computer anxiety levels likely to be experienced. Novice users, in general, as well as
methodical users are also likely to be more at ease in a canned environment and/or using
a scripted strategy of learning, which offers the most guidance and least chance of error. The
desired package design characteristics and assistance characteristics at this end of the
spectrum dictate high support for memory, speed, effort and comfort. Novice users are likely

to have a low tolerance for low support of these learning factors.

Packages for decision analysis require a highly active role on the part of the user,

who is usually engaged in a mainly unstructured task. Free-spirited individuals, as well as
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experts, are likely to be at ease in this environment, as well as in using an exploratory
instructional strategy. Expert users’ computer anxiety should be lower than that of novices.
Therefore, these individuals should have a higher tolerance for packages which have low
support of memory, effort and comfort. Nonetheless, in all cases, high support will always

be superior to low support.

The framework which has been discussed and presented above offers a rich source
of research ideas. However, as noted earlier, the possible combinations which can be
derived from this framework are beyond the scope of the human brain to contemplate.
Research can address any one of the spectra identified, or any combination of spectra,
investigating its impact on ease of use measures. Comparisons can be made within package
class categories and across them. Various canned packages can be compared with each
other, and with decision-support packages. Various design characteristics and assistance
characteristics can be compared in terms of their support of memory, speed, effort and
comfort, and the effect that these have on ease of use. Instructional strategy can be varied
along the scripted-exploratory spectrum, examining its effect on ease of use, and whether this
effect is different when applied to canned versus decision-support packages. These effects can
also be analyzed in terms of the impact of user characteristics, the nature of the task, and the
role to be adopted by the user. Which of these factors, or combinations of factors, contribute

most to a package’s ease of use? Or, is this dependent on location on the spectrum?

The following section examines the Human Factors literature in relation to the

framework proposed above in Figure 3.
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2.D. Factors in Software Ease of Use and Empirical Findings

The various features included in a package are presumably not there arbitrarily,
without just reason. They should in some sense contribute to the ease of use and learning
of the package. Package features can be classified into the categories of software design
characteristics, hardware interface (not addressed in this thesis), help features and learning
aids, accommodation of user characteristics in terms of level of expertise, psychostructure
make-up and demographical differences. Other factors which contribute to a design’s ease
of use include the type of package being employed, the instructional strategy adopted in the
teaching of the software, the nature of the task to be performed and the nature of the role
the user is expected to play in the performance and use of the package. This section will
examine these individual factors with reference to representative samples of the empirical
evidence which has been found in the literature. Tables summarizing this research can be

found in Appendix J.

2.D.1. Package Class

As noted previously, the type of package to be used will have an impact on the
requirements for ease of use of tne package design. Specific-purpose packages may require
greater attention to ease of use in their design than the general-purpose class, because of the
restrictive functions permitted by this class of package and the limitations this places on the
role of the user. Because of the structured nature of these packages, consistency becomes
vital and should, therefore, make the package easier to use. Nonetheless, all classes of
packages aim at being easy to use and learn. The research, which has been conducted along

this dimension, has focused on comparing the relative ease of use of designs falling within
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the same package class and type. An example is Napier, et. al.’s study (1989) which
compares the Lotus, 1-2-3 interface with that of the Lotus, HAL interface, in which the HAL
interface was shown to out-perform and ‘out-preference’ the original Lotus, interface. (HAL
was the name given to the overlay added to the original Lotus, interface and is not an
acronym). A study by Green and Gilhooly (1990) examined the learning of the statistical
package MINITAB, by novices, noting differences between fast and slow learners. Whiteside,
et. al. (1985), on their part, examined seven different database management systems in order
to compare different command structures, whereby they found that all users performed best
with commands. Many of the studies concentrate on particular wordprocessing systems and,
in fact, on the earlier text-editing systems. (Mack, Lewis and Carroll, 1987; Holt, et. al.,
1986; Carroll, 1985; Cohill and Williges, 1985, 82). Very little, research, if any, seems to
examine specific-purpose packages or to compare specific-purpose with general-purpose

packages.

2.D.2. Task Type

The nature of the task may also have an effect on learning and using a software
package. It certainly has an effect on the type of instructional material provided. One would
expect structured tasks to lend themselves to structured design and training. However, the
very nature of ‘structuredness’ when applied in a practical setting is not well defined. Set
rules and ways of doing things are usually associated with being structured. The more this
is so, the more amenable the problem is to a computerized solution, such as canned
packages. At the other end of the spectrum are the decision support tools (DSS). Currently,
however, while the task may be unstructured, the DSS tool to resolve it may require

interaction in a structured way. This dissonance is sometimes the cause of frustrations. While

46



research has investigated the effects of prior task experience on performance, it has not
looked specifically at the nature of the task, and the effect this may have. Current available
tools are not amenable to fully unstructured tasks, that is, do not as yet allow the user fully
individualized operation, even if that is where the need lies. Expert system technology i

likely to eventually remedy this.

2.D.3. Design Characteristics

While the list of possible package features is endless, there is, presumably, some
consensus regarding the most important elements to be considered and included. These are
enumerated and explained below and are derived from the discussions in Chapter 2.B., the
Human Factors literature, and personal contributions of this author. The learning factors
expected tc be supported are shown in brackets. Most of the research has focused on
interface command structures and command naming, and other aspects of screen design,
Each of the Design Features are discussed in tumn. The support we expect them to offer user

learning are shown in brackets.

2.D.3.a. Design Features

i. Interface Command Structure (speed,memory,effort)

Much debate has taken place concerning the relative merits of different command
structures, or means by which users may interact with software. (Shneiderman, 1987;
Relles, 1981, et. al.). Command structures can be either:

- menu - selecting from a list of items or iconic images;

- command - issuing strings of letters or keywords;

- direct manipulation - interacting with manipulation devices, such as lightpens

or voice;

- natural language - interacting using everyday parlance, which may also be
through voice input and output.
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Presumably these structures will impose different memory requirements on users.
Commands require recall which is more taxing on the memory than is recognition,
which is required in the other structures. The additional effort imposed on memory
by command structures would imply that it is a less desirable structure than other
structures. However, these structures offer the user more flexibility in the operation
of the package. A pre-defined sequence of steps to execute the operation is not
imposed as is characteristic of many menu structures. Direct manipulatior
environments, such as Macintosh and Windows, are often viewed as being the most
user-friendly and consistent interfaces. Nonetheless, users can get lost in the many
windows or tiles appearing on the screen. Also, just as people attribute different
semantic meanings to words, the same holds true for iconic images. Speed of

performance is also usually sacrificed. (Shneiderman, 1987).

A number of studies have investigated these assumptions and have found that the
answers are not as clear-cut as one would expect. A study by Ogden, et. al. (in
preparation), reported in Paap and Roske-Hofstrand (1988), investigated the use of
menus and commands in the same system. To their surprise, although users
consistently preferred using one of the methods over the other, this preference was
not necessarily for menus. Only one third of the users consistently used menus and,
in fact, those with the least experience relied on using commands, while the
experienced users selected menus. Lee, et. al. (1986) investigated novices using a
hierarchical menu only versus a combined menu and keyword command structure,
and found that the combined approach was preferred and led to better performance.

Keywords acted as a way of bypassing the tedious menu hierarchies when needed.
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Whiteside, et. al. (1985) looked at seven different database management systems with
different command structures - menu, icon, command. Interestingly, novices had
great difficulty with the menu structures, and the command structures proved to be
best for all user categories. Shutoh, et.al. (1984) found that for novice, as well as
advanced computer-assisted design system users, voice input was faster than menus.
Hauptmann and Green (1983) found no difference in performance time or accuracy
on a package offering all of menu, command or natural language structures. Users
were novice to experienced programmers with no prior package experience. Napier,
et. al. (1989) found that HAL’s natural language interface resulted in higher
performance and preference among inexperienced computer and spreadsheet users
than with the original mixed - menu/command, Lotus, interface. In examining menu
selection methods - ‘enter selection and press return’, ‘enter selection only’, ‘highlight
selection and press return’, Dunsmore (1981) found that high school students
preferred the highlighting method. While the ‘enter selection only’ option was
slightly faster, it was also prone to resulting in more errors. Periman (1984)
investigated the relative merits of menu selection based on mnemonic terms,
sequential lettering and sequential numbering. Mnemonics required the least amount
of think-time, sequential lettering required the most, and sequential numbering was

in-between.

Ehrenreich and Porcu (1982) studied the effects of various forms of command naming
- truncation versus contraction, fixed versus variable length commands, non-
systematic endings. Their subjects were military enlisted personnel. The formation or

encoding of command names was easier by truncation than by contraction, if the
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rules were known and consistent. The length of the command or the inclusion of
non-systematic endings did not have an impact on encoding but did on performance.
The inclusion of endings iowerrd performance, that is, identification of the command
names. Having rules to guide the encoding process was better than nnt having rules.
In the decoding of commands, if the rules were known, then there was no difference
in performarce using truncation or contraction to form the commands. However, if
ne ules were given, then truncation was better. Commands with variable lengths
were decoded more readily than those of fixed length, as were those with endings.
Moses, et. al. (1980) found in their study that for encoding, truncation as well as no-
pattern-in-command naming were superior to contraction, though truncation and no-

pattern were not different from each other. No differences were found for decoding.

Two experiments by Landauer, et. al. (1983) continued this stream of research into
command naming. In the first experiment, computer-naive subjects were asked to use
‘natural language’ to explain a text-editing task to someone. No agreement was found
among subjects as to the choice of naming, and the command names currently used
in the system were not among the ones thought of by the subjects. The follow-up
experiment compared the old set of commands with a new set derived from
experiment 1, and also with a random set. Performance time turned out to be the
same, and, in fact, the old set was somewhat preferred. The results of these two
experiments indicate that if a system is to have many users, it may have to have the
naming commands imposed, but with explanations of their functions made explicit
or, alternatively, recognize all synonyms. Grudin and Barn. rd (1985) found that even

allowing users to create their own command abbreviations did not improve

50




performance, peither did system command abbreviations alone, whereas providing
the full commands along with their abbreviations did. Black and Moran (1982)
composed eight command sets, and found that infrequent, discriminating commands
resulted in faster learning and superior recall, while general words performed the
worst. Interestingly, nonsense words perform well, but the results may be different
over longer periods of use. In a concentrated experimental setting, users are, perhaps,
more willing to tolerate imperfections than they might be if called upon to use the

system for extended durations, and for work purposes.

Work with more creative interface concepts is surfacing. In 1984, Good, et.al.,
developed a system based on the actual behaviour of novices with an electronic mail
task on a VAX computer. It used a command-line interface, which had no help, no
menus, no documentation, and no instructions. The task was explained to the user
in the context of a paper mail analogy, and each task was to be executed in order.
Through a human interceptor, unbeknownst to the user, the system adapted to meet
the needs of the 67 novice users taking part in the research. Each discovery was
incorporated into the make believe, partially automated system, as it occurred. An
example given was having the system adapt to be able to accept synonym ¢ ommand
names for ‘delete’, such as ‘erase’, ‘destroy’, ‘throwaway’, ‘clear’. The final system

proved very successful for novice users.

Kantorowitz and Sudarsky (1989) suggest that being able 1o access more than one
dialogue style in the same command may be desirable, such as for an intermediate

user who, half way through a cornmand, forgets the rest of the syntax and needs to
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revert to menu assistance. Using this concept they developed the system GUIDE,
which uses DBASE Iil +, to store the different user interface specifications. The Merlin,
statistical pac kage designed by Peter Wade, and used in our Study 2, also, permits

users to switch between menu and commands midstream.

For their part, Mahling and Lefkowitz (1989) developed the CRUISE interface which
dynamically configures the interface based on functionality, by evaluating its
knowledge bases of interface design knowledge, user model and dialog histories of
the user with the system. They suggest that user classification is more than just
computer experience level, and may include frequency of use, rate of retention,

computer literacy, et cetera.

Wolf, et.al. (1989) have been working on the concept of a ‘paper-like’ interface,
exploiting our usual way of doing business, adapting it to advanced technology. In
this context, interaction with the computer is via a digitizing pen. The attractiveness
of this approach for artists and musicians writing scores is immediately evident. An
example of its application to business problems was given in relation to a
spreadsheet problem. To designate the desire to sum a set of rows or columns, the
user draws a line through them and selects the summation sign, sigma, from the
menu options provided at the side of the worksheet. A math formula can be entered
in the format usually written on paper, and the computer is able to perform the

necessary calculations. It is an intuitively appealing approach.
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ii. Depth of Structure (speed,memory,effort)

Not only is the choice of command structure important, but so is the depth of the
structure. Debates revolving around the depth versus breadth of structures have not
been conclusive. The deeper the structure, the more difficult it is for a user to
remember and to navigate around in. (Shneiderman, 1982). However, tradeoffs have
to be made for breadth. Having too many items on a screen can be cluttering and,
therefore, confusing. If, however, users are trained and familiar with the items, this
may not be problematic. (Burns, et. al., 1986; Badre, 1982). This 1s evident in
industry where .ie Lotus, package has been favoured over packages such as
Supercalc, which has a shallower menu structure. Deep structures, in most instances,
would impose a greater requirement to remember under which sub-branches desired
commands can be found. It also means that a longer time will be expended before
the desired operation is accessed and executed, compared to shallower structures.
in Ogden, et.al.’s study cited above (Paap and Roske-Hofstrand, 1988}, users selected
the menus only if access to the desired operation was immediate. The greater the

number of levels, the more use seemed to decline.

iii. Logic of Structure (effort, memory,comfort)

If the structure of the package design is not consistent with the view the user has of
how it should work, dissonance is likely to be high, creating anxiety which will be
detrimental to performance and perception. Schlager and Ogden (1986) revised the
manual for the SQL query language based on a model of expert users. They found
that successful performance depended on whether the model was consistent with the

operation of the system.
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iv. Consistency (effort,memory)

This feature is considered high priority within and across packages, affecting ease of
use and learning. (Houghton, Jr., 1984; Katz, 1983; Relles, et. al., 1981). Consistency
in package conventions, functions and messaging is necessary if there is to be any
retention and transfer of know-how, from one package to another. The necessity of
remembering different command names and sequences at different junctures in the
same package or different packages, in order to produce the same outcome, is likely
to be very debilitating, as was discussed in the section on learning. Many examples
of these inconsistencies exist within and across packages, though, research into their
effects on performance has not been proportional to its importance. Karat, et. al.
(1986) investigated novice users and those experienced with a wordprocessing
system, on a different wordprocessing system. They found that syntax differences in
the new system created a lot of difficulty for those with prior experience. Maskery
(1985) likewise found, in leading naive users through an adaptive interface design
for a statis'’cal tool, that if the changes between the dialogue style were not

consistent and predictable with the previous style, this led to confusion.

v. Screen design (speed,memory,effort,comfort)

This has to do with the cosmetic aspects of design issues of text size and location,
use of figures, graphics, colour, sound, highlighting, et cetera. Burns, et. al. (1986)
found that, by redesigning a display, novices were able to improve their performance
speed and accuracy, while expert users showed no change in performance time, but

had fewer errors.
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Badre (1982) used experienced tactical decision makers to test three forms of
information presentation - meaningful chunks in a familiar order, non-meaningful
chunks, meaningful chunks in an unfamiliar order. As would be expected,
information presented in meaningful chunks and familiar order resulted in greatest
recall. However, non-meaningful chunks produced greater accuracy than did
meaningful chunks in an unfamiliar order. In line with learning transfer theory, the
possibility for negative transfer is greatest when there is some overlap, but not
identical mapping. When there is no overlap, there is no transfer, positive or
negative, so learning is not impeded. In a second experiment, Badre (1982) ¢ hanged
the placement of the information on the screen, which made no difference to recall.

The same information content was maintained.

vi. Flexibility (memory,effort)

The greater the number of alternatives available with which to perform an operation,
the greater the memory load and learning effort and the possibility for confusion
during recall. No empirical studies were found investigating the cffects of this. One
of the reasons given for the demise of PL1 was that there were too many ways of
performing a function and the efficiency varied greally (Wade, personal

communication).

vii. Error Trapping and Recovery (comfort)
The ideal system should have provisions for input error trapping, such as with
parameter ranges, automatic correction, for example, transforming letters ‘o’ and I’

to numbers ‘0’ and ‘1’, respectively, as well as the facility for undoing errors. There



is the possibility that reliance on the system in this manner can lead to laziness and
inattention on the part of the user, but this is likely to be trivial. The benefit realized

from this ‘preventive medicine’ {eature is likely to be peace of mind for the user.

viit. System Response (speed)

This feature refers to the timing delay between user input and system response, as
well as execution time for operations to be performed. Research indicates that
optimal ranges exist for the rates at which text is displayed and system responses are
made. Users’ performance diminishes outside of these ranges. While Dannenbring
(1983) did not find response times affecting performance or satisfaction of either
novice or expert programmers, Smith (1983) found that skilled and novice computer-
assisted design system designers performed better with slower response times. These
contradictory findings may be due to the different hardware interfaces involved,
keyboard versus lightpen, respectively. Adding to the contradictions is Long (1976)
who found that longer response times resulted in lower performance over time for
both skilled and unskilled typists. Bevan (1981) investigated display rates for low and
high reading skill abilities. As the rates at which text appeared on the screen
increased lesson time decreased but at the cost of increased errors. Fast display rate
was disliked by both groups of subjects, with low ability subjects preferring the

lowest rate.
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ix. Data Input (speed,memory,effort)

The manner of data input is also a factor in package use. Interactive data entry,
typified by full-screen editors, facilitates user entry at novice levels, while batch entry
may be preferred by expert users, who are interested in speed of entry. Systems
which do not allow users to correct previous input, but requires them to start over,
are likely to be viewed as burdensome, needing too much effort. Dunsmore (1984)
found this to be the case in two studies of non-programmer computer users
comparing the two methods of data entry and editing. Subjects in the line-editor
group took 17% longer to learn the editor as compared to the screen-editor group
and were not able to make as many corrections. The screen-editor groups 1n both

experiments were able to complete 40% more corrections in a fixed time period.

x. Macros (speed,memory,effort)

The facility to create macros, that is, to automate frequgnt operalions is seen as a way
of accommodating higher levels of expertise, without jeopardizing novice
requirements. The tedium of entering repeated operations is removed and operations
are accelerated. While this feature has mostly been associated with expert use, 1
may, in fact, be a means of simplifying the novices learning task. The automation of
frequent, repeated tasks under an appropriately named macro, such as ‘PRINT" a
document, relieves the user of the need to know the separate steps required to
execute this operation. Knowing one command is all that would be necessary for the

passive user.
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xi. Autosave and Backup (memory,comfort)

Designed to reduce user anxiety over lost work, this feature provides a means for
intermittent saving of work. This alleviates the strain of remembering to save, and the
possibility of large amounts of work being lost due to system failures, power outages,

user error, et cetera.

xii. Autoadjustment (speed,memory,effort)

Systems which automatically adjust analyses after changes in inputs are faster and
require less effort on the part of the user. For instance, in the integrated package,
Framework, changes in the cell of one spreadsheet are automatically reflected in

other linked spreadsheets.

2.D.3.b. Hardware Interface

Hardware interfaces are those communication devices used to interact with the
computer, the relative ease of use of which is in contention. While these devices are not part
of the research study described in this thesis, a brief mention is made here. The devices
include:

- mouse

- lightpen

- touch screen

- keyboard

- voice

Studies have investigated the contribution made by these different communication

devices to ease of use and found mixed results. (Emmons, 1984; Ogozalek and VanPraag,

1986; Murray and Abrahamson, 1983). Touch screen and lightpen require less manual
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dexterity and mental effort than keyboard or mouse entry. However, this raises issues
concerning screen layout, given the restrictions it places on the amount of text displayed and
on the placement of the displays. Various keyboard layouts and cursor and function key
locations have been tested, as well as the number of buttons to include on a mouse. The
industry has not necessarily adopted the recommendations. For instance, though the
DVORAK keyboard is a superior layout to the QWERTY keyboard, the QWERTY conventions
established over the years in the typing world causes resistance to this change. Another
example is the placement of the function keys. Pattern recognition capabilities in the human,
and minimized hand movement, would indicate a greater ease with the placement of these
keys to the left of the keyboard. The standard which seems to be evolving, however, 15
toward placement in a straight line at the top of the keyboard. It 1s questionable whether this
convention is being adopted hecause of human factor considerations, or for the convenience
of hardware developers. Card, Newell and Moran (1983) have proposed a model, the
Keystroke-Level Model, by which expert performance times on a particular task, using any
of these devices, may be predicted and compared. As this thesis will not address the

hardware issue, the pertinent literature is not presented here.

2.D.4. Assistance Characteristics

A range of assistance tools are usually provided with a package to facilitate use and
learning of the package (Shneiderman, 1987; Houghton, Jr., 1984; Relles and Price, 1981;
Douglas, 1982). It would seem likely that the more help features available, the more secure
and comfortable the user would be, because of the support this offers to memory. Some of

the research suggests, however, that users are often oblivious to the assistance available to
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them or are unaware of how to make use of it. Help becomes useful when the user knows
what to look for and how to operate the feature. In addition, while one would expect users
to make the most use of online aids, there is some indication that users have a preference
for or may be conditioned for offline aids. There are a variety of help aids, both online and
offline, and the list continues to grow, but research has been concentrated on the effects of
very few of these. The major emphasis has been on various forms of online and offline
manuals. Some work has been done investigating the advisability of restricting access to
certain options, especially at initial stages of learning, and into the effects of conceptual
models. Each of the Assistance Features are discussed below and the support they offer to
user learning are shown in brackets. They were derived from the discussions in Chapter 2.B.,

the Human Factors literature, and personal contributions.

2.D.4.a. Help Features and Learning Aids

i. Manuals (memory,effort,comfort)

Online and offline manuals provide documentation of the package and its operations.
Detailed instructions in the use of the package are provided. These offer support to
memory and peace of mind, by providing ready references. There has been some
discussion on the level of detail of instructions that should be provided and at what
stage of expertise, as well as on its form, content and organization. A study by Relles
(1979) looked at novice and expert users of computers using online assistance with
and without a printed manual, and using only a printed manual. Novices performed
poorly with online assistance compared with using a manual only, while the opposite
was true for experts. Similarily, Dunsmore (1980) found that novices performed best

with a brief summary plus an offline manual, and worst a with brief summary and
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onlin2 manual. In contrast, Hiltz and Kerr (1986) found, in an exploratory study, that
users tend to skim documentation whether online or offline, and rarely read offline
documentation. This may account, in part, for the additional finding that one third
of users never progressed to advanced features. Users tend to stick with whatever
rudimentary operations they have learnt even when better methods exist. This is also
true of programmers. Carroll and Aaronson (1988) did an exploratory study of users
who were experienced with computers but not with business software, and found
that both a how-to-do-it manual and a how-it-works manual are needed for effective
learning and use. Schlager and Ogden (1986) found that by revising a manual to
conform to the cognitive model of an expert, initial learning and retention could be
improved. Charney and Reder (1986), on their part, found that assistance in creating
a spreadsheet which was task-oriented improved performance, when subjects were
presentec v'.h new problems, as compared to assistance which gave step-by-step
instructions only. Research by Carroll (1985) found that giving novice users a
reduced version of the full manual improved performance on initial tasks and transfer
tasks to advanced topics which were covered in the full manual, but not ccvered in

the reduced one.

ii. System messages (memory,comfort)

These online prompts inform users of the consequences of actions taken by them, but
not why it occurred or how to correct it or proceed, such as ‘illegal entry’, ‘invalid
data’, et cetera. They are, therefore, a support to memory and offer peace of mind
to the user. Shneiderman (1982), in four experiments, manipulated message tone and

wording of UNIX's text-editing system to inve igate its effects on performance. The



first experiment varied ‘current system messages’, ‘improved message tone’,
‘increased specificity’ and, ‘improved tone and increased specificity’. Subjects were
undergraduates in an introductory computer course. Only increased specificity, that
is, more explicit descriptions of the error detected, improved performance and
subjective evaluations, though all were better than the current messages. In the
second experiment, the addition of messages to one of UNIX’s text-editors, which
responds with only a question sign to detected errors in user input, improved the
performance and satisfaction of undergraduates who had prior experience on the
UNIVAC text-editor but not on the UNIX. The third experiment compared ‘current
messages’ with ‘specific-courteous messages’ with ‘hostile and vague messages'.
Interestingly, although the option of ‘specific-courteous messages’ was preferred
overall, it did not outperform the ‘hostile-vague messages’, but was better than the
‘current messages’. In a fourth experiment, the improved messages, for example, 'The
system control program could not locate an account number on the first card image
of your computer run’, also outperformed the current messages, for example ‘missing

account’.

iii. Tutorials (memory,comfort)

Many packages provide online and offline training modules designed to instruct users
in the software capabilities and how to use them. A tutorial, as these are called, is
a sequence of instructiunal frames on particular operations of the package which
provides explanations, examples and the opportunity for practice and correction.
Roemer and Chapanis (1982) investigated the effects on performance of different

writing levels in the tutorials. Technical and non-technical subjects with low, middle
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and high reading ability were chosen for the experiment. It was found that a fifth
grade level was preferred by all, though performance was not affected by increased
complexity in writing style. Nakatani, et. al. (1986) examined the wisdom of a
conventional tutorial compared to one designed to elicit mastery levels of learning,.
As expected, the mastery tutorial produced far superior performance, but at the
expense of speed. Czaja (1986) found that the online tutorial resulted in poorer

performance than either a document-based or instructor-based tutori al.

iv. Prompts (memory,comfort)
In some instances, in response to erroneous input, users are prompted by a list of

options, indicating the format and parameters permitted at vhat point.

v. Keyboard templates (memory,comfort)
These are memory aids indicating the command or operation associated with specific

keys on the keyboard, and can be either online or offline.

vi. Defaults (speed,memory,effort,comfort)
Assistance may also be provided by the insertion of most-likely or customary entries,
which the user then has the option of modifying. This is a learning-by-example type

of approach, which is also used with form-fill-in type input formats.

vii. Examples (memory,comfort)
Examples of correct or valid input and actions, as well as non-examples, that is,

examples of incorrect actions, are sometimes provided, These are an aid to memory
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and provide a level of comfort to the user. Magers (1983) found that including
examples and, in particular, task-oriented examples, in a revised, enhanced online
help system, improved performance. However, as these were not examined in

isolation, performance improvements cannot be estimated exclusively for this feature.

viii. Index (memory,comfort)

Indices are usually a quick reference to a listing of all available commands and
operations, with some explanation and sometimes examples of these. The emergence
of hypertext systems can be used for a particular representation of indices. With
hypertext representation, indices are imbedded in paragraphs of text which users may
access by highlighting the indexed word or words. These selections can lead to
definitions of the word or phrase highlighted, or to deeper explanations of their
concepts. These systems can be used to provide information retrieval for reference
or, more elaborately, as a means of providing course material for training. They allow
for information to be presented in increasing levels of detail and explanation, making
them an appropriate medium with which to deliver training. (Shneiderman and

Kearsley, 1989).

ix. Glossary (memory,comfort)

A glossary provides a list of definitions of terms and commands.

x. Unsolicited Help (memory,comfort)
While the user usually solicits help, it may be desirable to have the system initiate

providing help. For example, after prolonged delay in user entry, the system may
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prod the user for an entry or even suggest what the entry should be. Again, there
may be a tendency to over-reliance on this feature, causing the user to be sluggish

in learning.

xi. Cautions (memory, comfort)

Handy reminders or attention getters, though often given little attention by users, can
be very useful. An example is a system seeking verification from the user as to
whether a previously named file should be overwritten. Most of us who have ever
used a package have vivid memories of inattentively responding ‘yes’ to the prompt
to erase or overwrite a file and, split seconds too late, recognizing the devastating
error made. The Macintosh environment gives some safeguard against this type of

error by providing a trash can in which deleted files are temporarily placed.

xii. Checklists and Memory Jogs (memory, comfort)

Traces of most-recent or most-used operations act as memory jogs or checklists of
what has been or should be done. These reminders can ensure that all necessary
steps are followed and may act as a reference point for novices. A fuller discussion

with examples of these types of aids can be found in Section B of this chapter.

xiii. Navigational Aids (speed,memory,comfort)
These aids facilitate placement and movement within the package, and include trees,
maps, control keys such as back-up, page forward, et cetera. These offer support to

speed of movement, and memory and comfort, by providing means by which the
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user can locate himself in the package. This is, particularily, useful when navigating

within deep menu structures.

xiv. Instructive Feedback (memory,effort,comfort)

In this scenario, users’ input is assessed for correctness by the system, and errors, if
any, are identified for correction before instructions can be followed. Correctness, or
lack of it, is then conveyed to the user, in some instances, including options for
correction. In the package Merlin, when an unusual request is made, the anomaly
is pointed out to the user and confirmation to proceed is requested, for example,
when the lower limit on a control chart is negative. Egan, et.al. (1987) provided
diagnostic and remedial assessment of errors to users and found that both
assessments reduced the tendency to make repeated errors. It was also found that
error patterns exist in a sizeable number of users. This would indicate the feasibility
of providing ‘intelligent’ feedback to users, and warrants further investigation. Support

is offered to the user’s memory, effort and comfort and facilitates learning.

xv. Context Help (memory,effort,comfort)

Help is provided pertinent to the point at which the user is currently experiencing
the difficulty. This is a useful feature for reinforcing correct learning. Magers (1983)
added context-sensitive help, in conjunction with other help aids, to existing online
help which resulted in improved performance. This feature was not examined in
isolation, however, so its effect cannot be judged independently. The Smartware II,

help system is very useful in this regard.
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xvi. Expertise Accommodation (effort,speed)

Many packages provide for a transition from lower to higher levels of expertise. In
some packages, this is accomplished by ever-increasing access to a restricted range
of commands and features, as described in the section below. In some packages, this
is minimally accommodated, as in Lotus, by the choice of highhghted menu
selection or by the first letter of the command. In other packages, this
accommodation is more explicit. For instance, in Merlin,, advanced users have access
to an Express Mode which allows several operations to be specified on one

command line which results in speeding up the process.

xvii. Restricted Options (memory,effort,comfort)

Modularizing and restricting the options available at certain points has the effect of
localizing the impact of errors. it also aids learning by reducing complexity. If users
are aware of the option, however, they may access these advanced features before
they are ready for them. The Smart, package at one time had this feature but removed
it. Catrambone and Carroll (1987) found that, by providing a restricted version of the
package, learning was accelerated and learning more features of the wordprocessor
was encouraged. In Carroll and Kay’s study (1985), a sce nario training wheel format

decreased training time, but had no effect on transfer tasks.

xviii. Subject Matter Assistance (memory,comfort)
Some computerized subject matter assistance may be currently available through
independent CAL packages, for example, for statistical packages. However, this

author has already noted the desirability of including this assistance alongside help
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directed at operating the packages (Thomas, j.D.E.,‘1989). it may be that some of the
users’ difficulty with packages stems from a lack of understanding of the underlying
subject matter. Novice users are likely to feel more secure with this available
assistance, as would experts appreciate access to these memory refreshers, if and

when needed.

A study by Stephenson (1990) on student reactions to Minitab, in an introductory
Statistics course, reported that students did not find the package of itself useful for
learning about statistics. The addition of courseware could rectify this. The
frustrations of using the package, between initial use and the end of term, also
lowered their perception of the value of the computer for analyzing data after

graduation.

x1x. Conceptual Models (effort,comfort)

As users interact with a system, they develop ideas about this system and the way in
which it works. (Carroll and Olson, 1988). This is often referred to as a conceptual
model of the system. Dabate has centred on the advisability of either providing
models of the system to the user, whether on- or offline, based on the designer’s
model or on that of the user, or of designing the package such that it adapts to either
of these individuals. (Wilson and Rutherford, 1989; Moray, 1987; Mancini, 1987).
Presumably, if a match can be made of the user’s model with that of the system, that
is, design of the package and/or design of the assistance and explanations provided,
or if the user can be made to understand the system’s model, then learning will be

easier because of more directly aimed analogies. The possibility for less effort on the
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part of the user to understand the system increases, and therefore, the user is likely
to be more at ease operating the system. Schlager and Ogden (1986) presented users
with a revised manual based on an expert’s cognitive model of a database
management system. This revised text produced superior initial training and
retention. They also compared a novice’s conceptual model versus a procedural
model versus no model. They found that both models aided in accessing the
database faster but did not differ from each other. When searching for unknown
conditions, however, the conceptual model proved faster. Bayman and Mayer (1984)
looked at users’” mental models of calculators and found that they wiffer in their
models, which are also often inaccurate. They found that teaching the model
improved performance. In the teaching of Pascal, the programming language,
Goodwin and Sanati (1986) compared the use of traditional course material versus
material organized around a concrete model of the computer. They found that when
the traditional method was used, they were able to predict programming performanc ¢
based on prior programming experience, but prior experience was not indicative of
performance when the concrete model was used. Bostrom, Olfman and Sein (1990)
compared abstract models with analogical models, in relation to learning styles based
on Kolb’s classification. (The section following gives a description of this learning
style measure). ‘Abstracts’ and ‘actives’ performed better with the abstract model,
while ‘reflectives’ did better with the analogical model. In the first two studies
conducted, which involved the creation of a budget and electronic mailing tasks,
respectively, this finding was not significant, but it was in the third study, involving
mailing tasks only. Study 1 used a budget worksheet as the analogical model and a

system of algebraic equations for the abstract model. In studies 2 and 3, the
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analogical model was an office filing cabinet and the abstract model was a

schematic diagram.

A number of design and assistance features examined in this section were said to
contribute to learning, to the extent that support is given to reducing performance speed,
alleviating memory load and cognitive strain or mental effort, and promoting peace of mind
or psychological comfort. These can be summarized in tabular form to produce the mapping
as shown in Table 2 below. This listing has commonality with useability issues given by
Karat, et.al. (1992, p. 399) which is beyond the scope of this thesis but which includes:

"Use a simple and natural dialogue,
Provide an intuitive visual layout,
Speak the user’s language,
Minimize the user’s memory load,
Be consistent,

Provide feedback,

Provide clearly marked exits,
Provide shortcuts,

Provide good help,

Allow user customization,
Minimize the use and effects of modes, and
Support input device continuity."

Nielsen (1992, p.378) adds, "Good error messages and Prevent errors".
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Table 2
Expected Links between Software Features and Learning Dimensions

Software Features

Learming Dimensions

lL Speed Memory Etfort Comfort
a, Design features
Command Structure - menw/command \ \ \
" Depth of Structure \ \ \
Logic of Structure \ Y \
Consistency \ \
Screen Design \ \ \ \
Flexible \ X
Error Trapping/Recovery \
" System Response Time X
" Data Input - interactive/batch \ by \
Macros x X AN
l Autosave/backup \ \
Autoadjustment \ x
Autoformatting X LY Y
b, Help Features/Learning Aids
l Manuals X by X
System Messages x AN
" Tutorrals X X
Prompts b X
Keyboard Templates X X\
Defaults X X X X
|| Examples X X
Index X x
Glossary X X
| Unsolited Help X X
Cautrons X X
Checklists/Memory jogs X X
Navigational Aids X X X
Instructive Fee ‘hack X X ¥
Context Help X X X
Expertise Accommodation X X X
Restricted Options X X ’
Subject Matter Aid X ¥
Conceptual Models ¥ ¥
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2.D.5. User Characteristics

Itis expected that user characteristics, experience levels, psychostructure make-up,
demographics, should have some effects on learning, whether primary or mediating. The
assumption is that, if appropriate matchings can be identified and accommodated, this will
reduce learning strain and promote ease and comfort, thereby reducing anxiety and
enhancing performance. One study by Evans and Simkin (1989) seems to discard any of
these notions. They used a questionnaire to elicit demographic information, academic
achievements, prior computer training and experience, and TV, work and pleasure habits.
They also collected information on cognitive styles using a modified Myers-Briggs Type
Indicator instrument. They then related these to performance in a computer literacy course.
The objective measures collected were grades on two midterm exams, the final, and
homework assignments. They found no single variable, whether demographic, behavioural,
cognitive or problem solving factor, which could best predict computer proficiency.

Evidently, much more research is warranted.

2.D.5.a. Experience Levels (comfort,effort)
Demonstration of effective learning should manifest itself in the difference between

novice and expert performances. For Norman (1980, p.75) the difference can bhe seen

in:

i) smoothness - the more expert, the less hesitant and halting the motions;

i) automaticity - actions eventually become unconscious, not requiring
reminders;

iii) mental effort - more thought required initially to remember paths to solution;
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iv) stress experienced - novice usually unsure of answer and so conscious of
external validity, whereas expert is not concerned because sure of answer;

V) point of view - expert is able to look ahead and to plan the steps to be taken
until it becomes an unconscious act and finds 1t difficult to articulate the
precise steps taken to arrive at the solution. Experts are more goal-oriented,
or forward-chaining, whereas novices tend to be data-driven and backward-
chaining in their approach.

Rigney (1980, p. 335) explains the differences between the novice and expert. The

expert is,

"less uncertain about the answers he advances because of his greater speed

and fluency in performance, a richer store of appropriate knowledge in

longterm memory, being able to process some operations differently, and

having moved from slow, conscious control of operations to unconscious,

faster levels."

The above characterization is certainly true of the transition made by learners of

software. There is, therefore, a complex blend of the factors at work in the individual.

Software users are required to know so many facets, semantically and syntactically,

that it is impossible to be expert in all. Users will have varying degrees of expertise

on various elements. While they may be expert on a particular package, they may
be entirely novice on another similar package, especially given the lack of
conventions currently in vogue across packages. Their knowledge of their particular
task domain and that of the package subject matter is also subject to variabilit .. The
user may, at the same time, be knowledgeable in, for example, applying elementary
statistical principles to the job, yet be only marginally so in the application ¢” more

advanced techniques. These various knowledge bases are also not static over time.

(Carey, T., 1982; Martin, 1986; Arnett and Trumbly, 1989; Shneiderman, 1987).

Acquisition of software expertise/lknowledge, then, can be summarized as being

contingent on the extent of expertise in a variety of areas. These are identified as:
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- Computer - extent of prior knowledge of computers and
corresponding disk operating systems;

- Application software - extent of prior knowledge of similar package(s), in
type and/or operation
- extent of prior knowledge of dissimilar package(s), in
type and/or operation

- Application
subject matter - extent of knowledge of package subject matter;
- Task - extent of knowledge of job function and related

tasks.

Shneiderman (1987) distinguishes three classes of software users for whom different
support needs are identified. Novices are defined as, those with no syntactic (that is,
vocabulary) or semantic (that is, concepts) knowledge of the software, or knowledge
of the computer itself. These users require restricted vocabulary and access to tasks
and options, constructive feedback, specific error messages, step-by-step online
tutorials and well-written manuals. Intermittent users have some computer
knowledge, some semantic knowledge of the software, or a similar package, but may
have forgotten their syntactic knowledge of it. They need consistent and simple
structure, easily accessible online help and manual. Experienced users have
knowledge of all the areas and require shortcuts by way of abbreviations, strings of
commands, et cetera, with online facility for periodic quick reference. These

classifications and corresponding support needs are stifl unproven.

Schneider (1982) proposes five levels of expertise, with differing needs: Parrot,
Novice, Intermediate, Expert, and Master. The Parrot "as little or no computer

experience and performs operations more by rote than by understanding, and needs
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examples and menu options. The Novice begins to gain some level of understanding
though at a simple level. Menus will still be needed. Intermediates begin to
understand underlying concepts and to distinguish optimal command sequences,
which begin to become automatic responses. Commands or keywords are now
appropriate. The Expert has an extensive grasp of all the concepts and understands
their context. They are able to operate at the level of macros while retaining the
understanding of the underlying concepts comprising them. This person is able to
distinguish clearly between correct and incorrect operations. For these users,
commands now need to be expanded to full programming languages. The Master 1s
able to creatively use the system to stretch the limits of the system beyond that
orginially anticipaied by its designers. Evidently, a sophisticated programming

language becomes essential.

The classification by Andriole (1983) is based more on function. Naive users are
those who are inexperienced with computing, Managenal users dare more
experienced, more difficult to please and impatient with irrelevant output, and

Scientific-Technical users are the most experienced and difficult to please.

i. Computers and Packages

The degree of prior experience and training on computers and software is expedted
to influence a user’s performance with, and preference for particular software,
because of the positive and negative transfer effects that are likely to prevail from one
to the other. This is also likely to affect the level of anxiety expenenced in using the

computer. The learning literature suggests that these performance and anxiety levels
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will change as users progress along the learning curve of a particular package or
packages. Novices and experts do not perform or respond to the unexpected in like-
fashion. Yet this notion of expertise is very vague and not necessarily amenable to
slotting into a schema such as proposed by Shneiderman (1987). An expert on one
package can be a novice on another, or possess expertise in only certain aspects of
the software. Expert/novice differences research has shown that experts in novel
situations perform at the same level as novices in these same situations. There is still
insufficient understanding of the transition from novice to expert in all areas of study
to be able to fully grasp these notions as they apply to the learning of a package.

Research, nonetheless, has attempted to come to grips with some of them.

Gilfoil (1982) examined the transition in the use of help across the learning curve.,
Over time, users’ access to help was monitored on a package which allowed
progression from the use of menus to commands. It was found that use of the help
facility for menus decreased as experience increased in this mode, until the user went
into command modes. At that point, help was again sought, regarding the command
mode, until this mode was, likewise, mastered. Gugerty and Olson (1986) examined
programming differences between expert LOGO and Pascal programmers and
novices. Experts were able to debug faster and more accurately, probably due to the
fact that they also seem to run program checks more often. Novice programmers, on
the other hand, tended to add bugs. As with package use, experts know where and

what to look for and how to correct it. Novices compound their problems.
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A study by Teng and Jamison (1990) found that subjects with no computer or
database experience rated the SQL query language as being more problematic for
task resolution than DBASE lil, while the opposite opinion was held by those with
some experience. In general, users tended to prefer the query language they used
last. Both categories of users rated DBASE 1l more favourably for usability features,
and SQL more favourably for functionality features. In terms of performance, no
association was found between this and the rating of the languages. It was found,
however, that those subjects who learned SQL first, then DBASE 1, had lower
performance on post-tests using SQL than when using DBASE [, The subjects were
51 MBA students with some work experience. They received online training for the
experiment, but the final assessment was tased on offline paper-and-pencil query
writing tests. Their subjective evaluations were collected from a questionnaire, using
semantic differential scales, developed by the authors. Usability features included
"frequency of errors, complexity, ease of learning, etc." Functionality included
"power of the query language, flexibility, precision". They also included questions
on "compatibility of a query language expression with a user’s ‘natural’ way of
expressing a request, or with a user’s confidence in the success of a query". They did
not say, however, whether these were put under the usability or functionality
banners. The conclusion they draw from their study is that improving the usability
of query languages will improve novice users’ perceptions of these languages, but
that experienced users additionally need functionality. They suggest two avenues of
research. The first is detailed process-tracing to study differences in novice/expert
thought processes in information retrieval. The second is refining an evaluation

instrument to assess the ‘quality’ of a query language.
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Using college students with typing experience but no computer text-editing
experience, Foss and DeRidder (1989) attempted to study the effects of transter of
learning trom other editors to the DEC editor and from the programming language
BASIC to the DEC editor. They found that positive transfer occurred between the
editors, but not from BASIC. Contrarily, Karat, et.al. (1986) in their investigation of
naive users and users experienced with a wordprocessing system on a different
wordprocessing system, found the opposite to be true. The naive users performed
better than the users who had prior experience on a wordprocessing system. Ledgard,
et.al. (1980) studied users who were inexperienced with text editors, those familiar
with them, and those experienced with them. They were interested in whether
experience had an effect on performance with different command structures - symbol
versus keyword command. They found that keyword commands improved
performance, but that this improvement was less marked for experienced users. Users
seem able to overcome many deficiencies in design, even if this is at the expense of
much time and effort. This adaptability of humans has the potential of lulling
designers into a false sense of accomplishment, in the belief that they have created
a ‘design well done’. Out of need, users must often compensate for bad designs with

their own ingenuity.

It has tended to be assumed that menus and icon-based packages will be easier to
use than command structures, especially for novices. An interesting finding by
Whiteside, et.al. (1985) was that commands proved best for performance, for all
classes of users. In fact, novices had great difficulty with the menu systems. Their

study investigated seven different database management systems with different
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command structures - menu, icon, command. Hauptmann and Green (1983)
compared menu, command and natural language. Their subjects were programmers
with experience ranging from novice to expert, but with no package experience.

They found no difference in performance time or accuracy.

In terms of assistance provided, Relles (1979) found that experienced users performed
better when provided with only online assistance than with only a printed manual,

while novices needed the presance of a printed manual.

ii. Task and Subject Matter

Extent of familiarity with the task to be perfcrmed, and the requisite subject matter,
may influence user performance and comfort using a software package. Limited
knowledge means that an additiona! learning strain is imposed on the learner,
thereby increasing anxiety, as might be exhibited by students in an introductory
Statistics course. These students have to learn not only statistical principles but also
the operation of the package. It may be that package design, which currently ignores
this need, should not, as was spoken about earlier in Chapter 2.A.2. While less
research has been focused on these aspects of experience than has been on package
and computer experience, nonetheless, there have been some studies on prior-task

experience.

Roberts and Moran (1983) studied typists with and without programming experience
and found that those without programming experience were slower and spent three

times longer in error states. Roth, Bennett and Woods (1987) differertiated their
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subjects further, into technicians with limited experience in diagnosing faults in
electro-mechanical equipment, and limited training on both a previous package and
on the expert system being used in the experiment; technicians with extensive
experience but limited training on a previous package, technicians with extensive
experience and training on both a previous package and the expert system. They
found that those with the least and the most experience took an active role
interacting with the system and making decisions based on the expert system’s
diagnoses. The expert system was viewed as a tool to be manipulated in order to
arrive at solutions. This led to better and faster solutions. Where misinterpretations
resulted, it was from a lack of understanding of the intended purpose of the expert
system’s request. This is often the case in using software. If the users knew what it
was the system required, they probably could supply it. Burns, et.al. (1986) found
that flight controllers, trainers and astronauts at NASA’s Johnson Space Centre, with
prior experience in a particular alphanumeric information screen display, also
benefitted from improvements to it, in terms of making fewer errors, though their
timing was unaffected. Improvements entailed giving comprehensible names and
abbreviations to data items and headings; highlighting categories and grouping data
by category and type of information; using consistent placement on particular areas
of the screen and aligning data on the screen. Nielsen (1992), in his study of
usability, found that usability specialists were better at finding usability problems than
those without this experience and that those with additional experience with the

particular type of user interface performed even better.
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2.D.5.b. Psychostructure (comfort,effort)

Users have their own individual psychostructure, comprising Motivational and
Affective traits, Learning Style and Cognitive Style, which may have implications for
software ease of use design. (Carey, J., 1989; Weiner, 1986). Different perspectives
exist as to whether an individual’s learning style evokes his cognitive style (Dunn, et.
al., 1979), or vice versa (Pask and Scott, 1972). This is probably because neither
construct is mutually exclusive of the other. Dunn, et. al., (1979, p. 53) define
Learning Style as "the way in which individuals respond to environmental, emotional,
sociological, and physical stimuli", and Cognitive Style as "the ways in which
responses are made because of individual psychological differences". The term
‘cognitive style’ will be adopted here to refer to both cognitive style and learning

style.

i. Cognitive Style

A number of different dimensions and instruments on which to measure cognitive
style can be found in the literature. Pask (1976) in his work categorized learning into
Serialist, Holist, and Versatile strategies. Serialists are hypothesized to follow a more
procedural or step-by-step approach, reminiscent of a bottom-up strategy. Holists
proceed more globally at the outset, moving in and out from detailed to global
perspectives as they proceed, a more top-down approach. Versatiles are able to adapt

at will, or as the subject matter dictates.

The Kolb instrument (Fox, 1984) classifies learners as Divergers who predominantly

use feeling and observation, and excel in the area of brainstorming or idea
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generation; Assimilators who operate on thinking and observation, and are good at
inductive reasoning and abstract notions; Convergers who operate by thinking and
doing, and lean towarrs practical applications; and Accommodators who operate by

feeling and doing, and tend to get things done.

The Grasha-Riechmann Learning Styles Questionnaire (Charkins, et. al., 1985)
categorizes individuals, for both learning and teaching styles, as Dependent -
preferring straightforward lecture; Collaborative - preferring class discussion and
group projects; Independent - preferring input in the course content and structure,

and having the teacher as a resource person.

Witkin (1969) distinguishes Field Independents as those who perceive things in terms

of their parts, while Field Dependents view them as a whole.

The Myers-Briggs instrument (Briggs Myers and McCaulley, 1985) categorizes
individuals on  four dimensions - Intuitive/Sensing,  Feeling/Thinking,
Perception/judgment, Introversion/Extraversion, and is based in Jungian Theory. The
four dimensions then combine to form sixteen categorizations. The intuitive person
is future oriented and looks for underlying meanings, symbols and patterns, and is
more theoretically directed. Sensing individuals, in contrast, are more drawn to the
concrete, practical and present-minded, relying on observable facts. Feeling
individuals weigh the importance and value of possible alternatives, while the
thinking person engages in a logical appraisal of causes and effects. The perception

person is open to new ideas and to change, while the judgment person prefers
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organized, planned, clear-cut decisions. Introversion suggests individuals who are
more inwardly reflective, while extroversion suggests more outward- seeking

individuals.

Ambardar (1984) used the field dependent/independent categorization to investigate
differences in database accessing methods. She found that field dependent users
preferred to use the sequential item number search method, while field independents
preferred keyword search. She also found that both categories of user took longer if
they used a non-preferred method. Field independents were able to separate the

functional uses of the commands, while field dependents could not.

Using the Myers-Briggs Type Indicator (MBTI), Kern and Matta (1988) discovered that
sensing individuals performed significantly better than intuitives on a multiple-choice
Lotus, exam after having completed self-paced instruction in Lotus, This, they felt,
was consistent with the indications of the sensing individual. Being more comfortable
with searching for facts, this individual is more likely to have the predisposition
necessary for self-paced learning. The extroversion/introversion and thinking/feeling
scales did not predict the success of the self-paced instruction. The researchers did
not examine the judgment/perception dimension because of studies which indicate
that this dimension is correlated with the others. They tested a scale, which combines
perception and judging, and which is said to indicate decision style. They found that
sensing-thinking students performed better on the test than did intuition-feeling

students. The thinking aspect of the individual which implies logical, organized
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behaviour, seemingly would provide the discipine necessary tor self-paced

instruction and contribute to these results.

Bostrom, Olfman and Sein (1990) chose the Kolb learning style classitication scheme
to study individuals performing a budget building tash and electronic mailing tasks,
using either a VAX mainframe or an IBM PC. Abstracts (convergers and assimilators)
performed better than concretes (divergers and accommaodators), but not signiticantly
so, and actives (convergers and accommodators) were somewhat better than
reflectives (assimilators and divergers). Users were assessed on accuracy, time spent
to complete the tasks, and performance on a post-training quiz. This was investigated
further in terms of the type of model of the task to be performed with the package
which was provided, and the training provided. Abstracts and actives performed
better with an abstract model and reflectives with an analogical model. As was
discussed previously, the measure to reflect perceived expected future usefulness of
the software used, was found to be higher for reflectives and abstracts when matc hed
with application-based training, and for concretes when matched with construc!-

based training.

Reading ability was found by Bevan (1981) to be a factor in the relationship between
performance and the rate at which the screen is filled with text. All ability levels
disliked high display rates, but low abilities preferred the lowest rate. Roemer and
Chapanis (1982) examined reading ability in relation to written tutorials and found
significant differences in task completion times, errors made, and correctness scores.

These were due to reading ability and not to the complexity levels of the written
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tutorials. In investigating spatial memory, Egan and Gomez (1985) found that low

scores on the spatial memory test also equated with low performance.

Manual dexterity has implications for the operation of input devices in terms of
speed, performance and comfort, whether typing at a keyboard, or in making use of
interaction devices, such as mouse, lightpen, touch screen, et cetera. As these studies
would fall under hardware interface considerations, and are not being analyzed in
this thesis, they are not elaborated on here. However, this issue has implications for
the speed and performance measures collected from individuals and used to assess
ease of use of the package. The Keystroke-Level Model accounts for this

contamination, and is discussed in Section E of this chapter.

ii. Motivation

There are varying motives underlying a user’s attempt to learn and use a software
package which may also be influencing factors. Whether the motives are compulsory
versus voluntary; needed for the task or simply convenient; to be used in the long-
term versus only for the short-term; for work, school or personal reasons, these will
have different effects on users’ motivation. Research has tended to examine the effect
that interacting with systems has on motivation, rather than the effect motivation has

on performance.

No studies were found which specifically examined motives for software use. When
motivation was referred to in studies, it seemed to relate more to users’

responsiveness than to why they wanted to use or learn a package. As discussed
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overleaf, Bostrom, Olfman and Sein (1990) found that individuals, classified as abstracts by
the Kolb learning style instrument, indicated more expectation to make future use of the
software supplied in the experiment if they had previously received application-based
training, while this was equally true for those classified as concretes who were given
construct-based training. Ogozalek and Van Praag (1986) discovered that elderly users in
their experiment found more pleasure in using a computerized system than younger subjects.

Here again, they, too, did not investigate the effects of motivation on performance per se.

iii, Computer Anxiety

This refers to the extent of fear or aversion to computerization and/or interaction with
computers that is manifested in people but which should change with exposure to
computers. Different factors may influence the level of anxiety evoked. This, in tun,
may have an effect on performance and/or perception. Studies that have been done
in this domain seem to focus on the factors impacting computer anxiety rather than
the effect of computer anxiety on ease of use in terms of performance and

perceptions.

A questionnaire survey, conducted by Howard and Smith (1986) to investigate
computer anxiety among managers from various firms, found it to be minimal. Age
and sex were not correlated with computer anxiety, neither were locus of control,
cognitive style, or trait anxiety. Computer anxiety was negatively correlated to
favourable attitudes to the computer and its impact on society, and even more o0 to
actual computer experience. High anxiety levels were also found to be refated ‘o

high Math anxiety levels. In Gilroy and Desai’s study (1986), it was found that
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undergraduate and MBA students, who had used a wordprocessor in an English
Composition course over a semester, experienced a reduction in anxiety measures
from the beginning to the end of the semester, compared to those who had, instead,
followed a programming course. Both groups experienced less anxiety than those
who had had no exposure to computers. Women seemed to exhibit higher anxiety

levels than men, while race and age were not found to have significant effects.

2.D.5.c. Demographics (comfort,effort)

It has been suggested that other factors influencing use and learning of software
packages may be a consequence of differing educational levels, sex, age, work
experience, social, familial, scholastic or work environments, et cetera. (Borgman,
1986). For instance, the controversial notion exists that women may be more creative
than men, who are supposedly more analytically oriented, (the left/right brain
hemisphere dichotomy, Gazzaniga and Ledoux, 1978). Given this, and assuming that
a basis exists for construing that the use of a software package to perform analyses
is more a creative than an analytical process, are women more likely than men to get
better performance measures when learning to use a package, or is the reverse true?
Environments fostering and promoting exposure to, and liking for innovation and

novelty may also influence users’ perceptions and, hence, performance.
y may

Ogozalek and VanPraag (1986) investigated the desirability of voice input over
keyboard entry for those they termed elderly versus younger individuals. Age and
input device made no difference to performance, though all preferred voice input.

Younger individuals showed less enthusiasm for using a computerized system and
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viewed it in terms of a work setting. Older individuals thought in terms of personal
use. Gomez, Egan and Bowers (1986), however, did find petformance differences
due to age. Performance was higher for lower age categories. Academic majors, 1n
another study, were found to produce differences in online library searching.
Borgman (1986, 84) found that science and engineering majors were more successful
at these searches than were humanities and social science majors. Interestingly, the
most frequent library users had the most difficulty with online searching. Obviously,
their familiarity with manual search procedures gave negative transfer effects which

interfered with learning the new system.

2.D.6. Instructional Strategy

Users may adopt various strategies to learn a software package, ranging from strict
following of regulated, tutorial-based instruction to completely sclf-directed, free-form
learning and exploration. Most learning involves some mix of this spectrum, but there is an
indication that individuals favour the self-directed approach. Exploratory research, conducted
by Carroll and Mack (1984) on wordprocessing tasks on a text-editor, indicated that users
have a strong preference for self-exploratory learning over the use of manuals. Another
exploratory study, this one done by Hiltz and Kerr (1986), likewise found trial and error to
be the most favoured learning method. They also found that users skimmed whatever
documentation was made available, whether online or offline and, in fact, rarely referred to
offline documentation at all. Surprisingly, they found formal training took longer for mastery
level performance to be attained. With novices, it was found that providing a guided online

tutorial increased the chance of subsequent use.
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In terms of instructional material, research has concerned itself mostly with various
forms of scripted instruction. This has been due mainly to our current level of knowledge and
technology. Bostrom, Olfman and Sein (1990) compared application-based training with
construct-based training, that is, problem-oriented training versus training based on syntax
and functions of the package They found that those users who were reflectives and abstracts,
(Kolb’s instrument, Fox, 1984), had greater expectations of making future use of the software
in the experiment with application-based training, while concretes indicated this with
construct-based training. Self-paced instruction proved better for sensing individuals than for
intuitives, as presented in Kern and Matta’s (1988) study based on the Myers-Briggs Type
Indicator classification of individuals. Black, et. al. (1989) looked at the effect of various
forms of instruction on the performance of students in Grades 10 and 11 who had minimum
computer experience. Learning and test time, and number of errors were measured on a post-
instruction test, in which subjects were required to create a database. The instructional
methods were all forms of scripted instruction. There were four methods - material which
went from general descriptions to specific instructions; material which provided an
explanation along with specific instructions; specific explaration of the system and the
package; and explicit instructions. Explicit instructions accelerated initial learning, though
task completion was faster and more accurate with general to specific instructions. The
material containing an explanation with specific instructions resulted in less errors than either
the specific-specific or explicit instruction groups. Holt, et.al. (1986) divided their training
into general global explanations, detailed step-by-step instructions, and combined global and
detail. The global instruction was inferior to both detailed and combined material. Teaching
users the underlying conceptual model of the system was found by Bayman and Mayer

(1984) to be another way to improve performance.
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Cohill and Williges (1982) provided users with either no assistance, online assistance,
or printed manual only. Those with no assistance performed the worst. The assisted groups
were formed of combinations of user versus computer initiation of help; hard copy versus
online manuals; user versus computer selection of help material retrieved. Performance was
best when the user controlled the initiation of help and the material viewed, and had access
to a printed manual, than when the computer took the lead. Borenstein (1985) compared
UNIX manual versus natural language manual versus human assistance. It was found that
having human assistance speeded performance and, not surprisingly, that the content of the
manual was more important than the delivery vehicle. Cordes (1984) found that subjects
working on various command structures, for example, original form-fill-in, improved form,
commands, relied on online help even in those cases where a manual was provided. A form-
fill-in presents to the user a blank or filled in form of the finished product on the screen
which the user may then use, either to enter input or modify that which is shown. The
original form and an improved version (it was not specified in what way) of this input
method were compared to the use of commands. Watley and Mulford (1983), however,
found that performance was better, that is, took less time and resulted in greater
comprehension, with a hard copy manual than with online assistance. Dunsmore (1980)
provided novice users with a brief offline summary description only of the system
capabilities, brief summary plus online manual, or brief summary plus offline manual. The
brief summary with the offline manual resulted in the best performance, while that using the
online manual was the worst. Relles {1979) had the same findings for novices, who he found
performed poorly with online assistance compared to having a manual only. Users with
computer experience, however, performed better with online assistance than with a manual

only. In line with these results, Czaja (1986) found that training via online tutorials produc ed
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worse performance results on transfer editing tasks, which subjects performed on an actual
wordprocessor, than did training via either document-based or instructor-based offline
tutorials. The online tutorial group made errors which seemed to indicate that they had not

assimilated the operations required to perform basic editing procedures.

Timing of instruction has also been found to be a factor in performance levels.
Maskery (1985) found weekly sessions promoted better learning than did daily sessions.
Further, a break of five to six weeks led to an initial decrement in learning, followed by rapid
improvement. This is consistent with the findings in a study by Bailey (1989). In the learning
literature, frequency and duration of exposure are important ingredients for learning. (Favaro,
1986). A factor whichk has not been given much consideration, is the effect that training
sessions on request may have on learning, compared to compulsory and/or scheduled

sessions.

2.D.7. User Role

In interacting with a package, users can adopt either a passive or an active role.
Current commercial packages impose a passive approach, although research is increasingly
searching for ways to accommodate a more active role. Maskery (1985) investigated a
statistical tool with an adaptive interface. The package progressed through a sequence,
wherein one found the package leading with the user forced to make choices; the package
leading with the user having free choice; and the user leading and having free choice.
However, the adaptive nature of the design, from what seems to be menus to commands,

confused users. The package determines which of three levels of interface to present to the
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user, based on questions posed on entry to the package. The second level is presented once
the user has completed one task at level one and has entered the *TERSE’ command. The
user is instructed how to circumvent the other two levels at sign-on, after having completed
a session using level 2. The package Merlin, has a similar interface, in that users are
presented with a menu at sign-on if the package does not detect an existing datafile. If a file
exists, the user is lead straight to command mode. From either situation, the user is able to
move between menu access and command mode. Use of this package in the field has not

proved problematic for its users.

This portion of the chapter presented a cross section of factors which impact ease of
use of software, with the associated research findings. The methodological approaches

employed are discussed in the section following.

2.E. Methodologies to Study Ease of Use

McGrath (1964) classifies research methodologies into four categories: field studies,
experimental simulations, laboratory experiments, and computer simulations. These can be
arrayed along a spectrum which goes from exploratory, hypothesis formulation research on

one end to confirmatory, hypothesis testing on the other.

Field studies attempt to maintain as natural a setting as possible, with minimum

interference from the researcher. Interest here is in unearthing the factors contributing to a
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phenomenon of interest, and which are, as yet, not clearly understood or identified. There
is interest also in maintaining the richness of the interplay of variables which, on the negative
side, makes it difficult to attribute cause and effect, that is, identify particular variables as

impacting the variable of study.

Experimental simulations try to reproduce "real" conditions in a laboratory setting
and to investigate the phenomenon of interest within this context. Researcher interference
is still at a minimum, allowing the variables from the subjects’ natural behaviours to emerge

and to interact.

In laboratory experiments, reality is not recreated, but rather variables which have
been identified as influencing a phenomenon, are manipulated by the experimenter in order
to determine their effect on this phenomenon. Confounding of variables is minimized as the

researcher attempts, as much as possible, to control those variables not under investigation.

Computer simulations use mathematical models to represent specific aspects of
reality, probabilistically varying the variables under consideration. Human subjects may or
may not be part of the experimental process. This latter approach gives the experimenter the
greatest control of the experimental variables and situation, but suffers most in terms of

generalizability of findings to the "real" setting.

In investigating the human iactors research, presented before in section D, one finds
that the research has centred mainly on laboratory experiments, which attempts to control

variables which have been identified and to analyze the impact of other variables on the
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phenomena of study. This is surprising since the nature of the variables involved in human
factor research are not readily amenable to isolation and control. Additionally, the concept
of ease of use has not yet been fully defined. One would, instead, expect to see more focus
on exploratory, hypothesis formulation research. In fact, one is hard-pressed to find rescarch
using the methodologies at either extreme on the spectrum, that is, field-studies and

computer simulations.

Various research methodologies were discussed in this section. The techniques and

approaches to measuring ease of use are discussed in the next.

2.F. Evaluation and Measurement of Ease of Use

There are two main approaches which may be used when trying to assess the

effectiveness of various design factors in achieving ease of use:

1. Subjective - Questionnaire Elicitation

a. based on characteristics of the package - degree to which package has or
does not have the characteristics considered essential;
b. based on general reactions to the package - degree to which users like or do

not like the package.
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Obijective - Measures of Performance/Predictive Models

based on actual performance measures - time taken to complete a task, errors
made, help sought, et cetera;

based on predictions of performance - using models, such as the Keystroke-
Level Model of Card, Moran and Newell (1980) and the Production Model
of Polson and Kieras (1985), to provide a theoretical minimum time needed

to complete any task on a given package

Although these measures may seem definitive of performance, Travers (1975, p. 47)

cautions that outcomes are contingent on the conditions under which leaming takes place

and should be considered when assessing the extent of learning, These conditions include:

a)

b)
C)
d)
e)

f)

time distribution - time required to teach and learn using the methods
employed;

task characteristics - easy or difficult to learn and in what respects;
consequences of erroneous responses;

cues provided - when and what provided;

incentives provided to stimulate motivation to learn;

other unidentified conditions - properly designed equipment, social climate,
etc.

Measurement of ease of use or learning is evidently not a straightforward process. The

approaches adopted in the literature will be presented in the following sections.

2.F.1. Subjective - Questionnaire Elicitation

2.F.1.a. Based on package characteristics

The impact on ease of use of various design factors summarized in this chapter is

often viewed as being measurable and consistent for all users, as the various magazine

reviews suggest. However, our discussion so far tends to refute this conclusion. Evaluation

is more likely to be a subjective matter, being based on the user's level of expertise and
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preference. At this stage, the instruments available to assist in these evaluations are not
adequate. Academic and technical journals and magazines contain articles describing usually
informally constructed instruments. For example, Scriven’s (1990) article discussed in Chapter
2.D,, reports an evaluation for the wordprocessor WriteNow in which he used his proposed
framework. It lists Resource Requirements - Low; Ease of Learning - B; Ease of Use - A-;
Speed - A +; Power - B+; Safety - A +; Support - A-; Value - A; Ranking on merit- 1; Ranking
on value - 1. Teng and Jamison (1990), for their part, list the rating items in their
questionnaire on database language queries as: Simplicity of language; Debugging ecase;
Freedom from errors; Naturalness of language; Ease of understanding queries; Power of
language; Precision of queries; Confidence in results; Ease of learning; Flexibility of language;
Ease of query planning; Ease of translation from English; Succinctness of queries; Global ease
of use. Subjects then rated the languages for these attributes on a semantic differential scale.
Roberts and Moran (1983), evaluated the text-editors in their experiment against a checklist
of editing tasks. An expert was asked to rate the packages based on how well they performed

the various functions listed, either efficiently, awkwardly, or not at all.

In general, the instruments which do exist, address only the degree of existence or
non-existence of a particular design feature, and often includes Ease of Use and/or Ease of
Learning as one on a list of attributes to be assessed. The evaluation is usually one-
dimensional, and not based on the multiple underlying factors which promote learning

and/or ease of use - memory, speed, effort, comfort, as is being advocated in this thesis.

One study which was somewhat similar to our own, was conducted by Holcomb and

Tharp (1991). They devised a list of usability attributes to which users assign ranks. Still,
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however, the evaluation is uni-dimensional and it does not capture the relative quality of the
features of the package as an integrated whole. Their evaluation is also meant to assess
usability, which as defined by them, does not equate with ease of use. Their list, therefore,
includes features not relevant to ease of use, such as Reliability, Installation, Field
Maintenance, Serviceability, and Advertising, and excludes others that are, such as Command
Structure. They also did not separate Design from Assistance Features, and considered online

assistance as a single attribute, rather than composed of many attributes.

2.F.1.b. Based on general reactions

Most existing instruments which measure general user perceptions were developed
in line with early user involvement with computers, in which users made use of the output
of a package, but did not interact with the computer to input data and produce output. As
Doll and Torkzadeh (1988, p. 260) state,

"Indeed, user information satisfaction instruments have not been designed or

validated for measuring end-user satisfaction. They focus on general

satisfaction rather than on a specific application and they omit aspects

important to end-user computing such as ease of use."
Ease of use is only one of the contributing factors to user satisfaction. User satisfaction
measures include issues external to the operation of the package itself, such as user
involvement, user attitudes to change, quality and service of the MIS function, quality of
output, timelin-ss and volume of information, et cetera, and are not relevant for this work.

(Doll and Torkzadeh, 1988; Bailey and Pearson, 1983; Ives, Olson and Baroudi, 1983). Only

those aspects of these instruments which relate to ease of use will be mentioned here.

The instrument developed by Davis (1989) measures ease of use as a function of

subjective assessment of ease of learning, ‘controllableness’, clarity and understandability,
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flexibility, ease of becoming skillful and general ease of use. The final instrument asked six
questions, ‘Learning to operate Chart-Master would be easy for me’, ‘I would find it easy to
get Chart-Master to do what | want it to do’, ‘My interaction with Chart-Master would be
clear and understandable’, ‘I would find Chart-Master to be flexible to interact with’, ‘it
would be easy for me to become skillful at using Chart-Master’, ‘I would find Chart-Master
easy to use’. Davis, Bagozzi and Warshaw (1989, p. 991) measured ease of use on four
items, ‘Learning to operate WriteOne would be easy for me’, ‘I would find it easy to get
WriteOne to do what | want it to do’, ‘It would be easy for me to become skillful at using
WriteOne’, and ‘I would find WriteOne easy to use’. Doll and Torkzadeh’s (1988, p. 268)
instrument measured ease of use on two items, ‘Is the system user-friendly?’ and ’Is the
system easy to use?’. Khalifa’s (1990) instrument to measure user satisfaction with two
artificially created interfaces, used a mix of comparative questions, ‘Which interface do you
think is more difficult to learn?’, ‘Once learned, which interface is easier to use?’; questions
using nine-point semantic differential scales, ‘Try to rate the learning speed for each
interface’, ‘Try to rate the use speed for each interface (once learned)’, ‘Try to locate each
interface on this satisfaction scale’, ‘Which interface do you prefer to use?’; and an open-

ended question, ‘Why?'.

These instruments measure general ease of use and only on very few items, and none

of them address specific package features or the support of learning factors.
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2.F.2. Objective - Measures of Performance/Predictive Models

2.F.2.a. Based on performance measures

Measures of actual performance are provided by Schneier and Mehal (1984), Harmon
(1987), Guillemette (1989), and Borgman (1986). These include:

- Time on Task/Speed of Completion;

- Rate of Performance (time to attain mastery level);

- Warm up time after period of non-use;

- Errors Made - frequency and type - category and severity;
- Ability to recover from errors;

- Help Sought - frequency and type;

- Sequence Followed (optimality);

- Level of Performance Quality;

- Cost of Performance.

While the transition from novice to expert performance is usually accompanied by
an increase in the speed with which an activity is completed, it may also be negatively
correlated with accuracy in performance. A user can conceivably move rapidly through a
software package while making numerous mistakes, but recover from these errors speedily
because of knowledge of the software. In addition, while it is expected that a decrease in the

number and severity of errors made and references to help should appear as mastery

increases, mastery may also be reflected in the speed of recovery from error digressions.

Successful performance with a package will be reflected in the sequence followed
by the user, and in the frequency and typ~ of errors made, assistance sought, and recovery
made. Effective performance, in this case, refers to achieving the desired output, not
necessarily using the optimal alternative. Efficient performance implies arriving at the correct

solution using the fastest, most accurate, direct route.
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The more efficiently and effectively a user moves from novice to expert levels should
also translate into cost savings, both tangible and intangible. This would be evident in time
saved as a result of progress from what is perceived to be relatively less productive training
to increased productive application of this training, reflected in the rate of performance and
quality of performance. Not only can these measures be assessed, as can the subjective
measures, relative to the users’ particular psychostructure and/or demographic profiles, but
different methods of measurement are also possible. All of these possibilities add to the

complexity involved in measuring software ease of use.

The methodology espoused by Roberts and Moran (1983) for evaluating text editors
looks at four measures - the time it takes an expert to perform basic benchmark editing tasks;
their time spent in error states; the time it takes a novice to learn to do the tasks; and
assessed functionality of the package for more complex tasks. These measures are defined
as:

Expert Learning:

Error time = Time spent in error states
Error-free time = Performance time minus the error time

A second pass through the task is made by the subjects to correct any remaining errors and
this is included in the measurement of error and is given as:

Individual error score = Total error-free time / the numher of editing sub-tasks performed

These measures are also compared to the expert performance time predicted by the

Keystroke-Level Model.
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Novice learning :

amount of time spent in five self directed instruction-quiz cycles

total number of tasks performed in post-training quizzes

Functionality:

The nine text editors which were used to test their methodology were evaluated on
functionality based on an experienced user’s rating of each package against a checklist of
common editing tasks. This was done on the basis of whether the editor could perform the

function efficiently, awkwardly, or not at all.

The authors found that the methodology was able to differentiate between the editors,

and that no editor was superior in all the dimensions measured.

Murphy (1992), in his dissertation, recognizes the transitionality of learning a package
interface. The learner can easily be in a situation which requires a move from performing a
previously learnt set of operations to learning a new set. The measures proposed are learning
effectiveness, learning retention, learning efficiency. These are based on using performance
measures of one interface, in terms of iterations to achieve mastery and time required to do
so, as a baseline reference for assessing another.

Learning Effectiveness is given as:

2*OL REF - OL TEST
where,

OL REF

OL REF is the number of iterations or time spent to achieve mastery at original learning
session with baseline reference interface;

OL TEST is the number of iterations or time spent for interface being tested.
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Learning Retention:
The same equation is used to measure retention, replacing the original learning measures

with the measures collected at subsequent uses of the interface.

Learning Efficiency:
This measures the amount of iterations required to achieve the same level of performance
attained at the original learning session of the interface. This is given as:

1 + # of iterations at original learning - # of iterations at subsequent use

# of iterations at original learning

The author used this method to test five different interfaces - user-selected icon plus
user-generated text label, system-provided icon plus user-generated text label, system-
provided icon only, system-provided icon plus system-provided text label, user-selected icons

only. Results indicate the method was able to detect differences between the interfaces.

The study done by Khalifa (1990) aimed at predicting ease of learning of a particular
interface design. He defines ease of learning as a function of the complexity of the skill being
acquired and the computer expertise of the learner. Two artificially created interface designs,
one simple, one complex, were presented to novice and experienced computer users. The
simple design permitted the same method, as the complex design, of selection of objects and
operations from the display, but which remained on the screen. The complex design required
the user to recall the methods of selection, recall being deemed more difficult than

recognition, and enabled the task to be accomplished in less steps. The task required the use
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of a mouse-pointing device to add and connect nodes to create predefined networks. He
hypothesized that the "complex" interface would be more difficult to learn than the "simple"
interface, but would be easier to use once learned, hence preferred by experts. The "simple"
interface would be preferred by novices. He measured learning time as:

Learning
Time:

Reading Time of manual + (Performance Time in training session - Performance
Time in performance session)

Learning time was put equal to reading tirne in the event that the time in the performance

session was greater than the time in the training session. Performance time was considered

a measure of ease of use. Using these measures, he found support for his hypothesis. It

should be noted, however, that an accommodation for differences in reading level was not

accounted for, and that the interfaces were artificially created.

Barnard and Grudin (1988) suggest measuring user performance based on: time to
completion; errors; efficiency - number of keystrokes, number of commands yielding
improvements minus the number degrading performance divided by the total number of
commands; learning difficulty - number of trials to criterion performance level, use of online
help; retention - memory test, transfer test; difficulty of use - subjective assessment,

comparison of alternatives.

2.F.2.b. Based on predictive models
The two predictive models of performance most frequently cited in the literature, and

still offered in the 1990 edition of Human-Computer Interaction (Preece and Keller, 1990)
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as the definitive models for evaluation of ease of use, are presented here. The Keystroke-
Level Model of Card, Moran and Newell (1980) predicts expert learning time to be a
function of number of keystrokes to perform an operation, time to perform each keystroke,
the mental effort to formulate and execute the operation, system response time, and factors
associated with pointing devices. The Production Model of Polson and Kieras (1985) predicts
learning time to be a function of the number of new production rules which have to be
learnt. This model is also based on the GOMS model (Card, Moran and Newell, 1983) which
decomposes tasks into goals, operations, methods of execution, and selection criteria for

choosing methods which can be represented by production rules.

Neither of these models accounts for novice performance nor errors in performance
(Karat, 1988). Additionally, they are not appropriate for package assessment by practitioners.
These models may be appropriate in the design stages to evaluate different systems and to
provide a baseline for actual use, but they require far too much time and technical skill to
be used effectively by the uninitiated. They are not likely to be entertained as a potential
evaluation tool in the business environment. At best, managers are probably only willing to
expend enough time to make checks on a checklist of features. They are not likely to want
to expend time on any quantitative assessment other than those related to the cost/benefits

of the product.

The section following presents a summary of the existing research findings which
were discussed previously in this chapter, in terms of software design characteristics,
assistance characteristics, user characteristics, and methodologies and measurements

employed in conducting these studies.
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2.G. Summary of Existing Research Findings

2.G.1. Design Features - (Command Structure)

Several studies have examined the relative merits of the various command structures
for different levels of users, but the findings have not been conclusive, neither with respect
to preference nor performance. Some studies show menus to be more suited to novices than
to experts, while others shov’ novices experiencing difficulty with a menu system and
preferring to rely on commands. Still other studies indicate a preference for voice interaction,
and in some instances, a mixed system. Not surprisingly, the need for consistency in design
is indicated in some of the studies, though this was not the focus of these research
undertakings. (Foss and DeRidder, 1989; Napier, et. al., 1989; Mack, Lewis and Carroll,
1987; Ziegler, et. al., 1986; Lee, et. al., 1986; Whiteside, et. al., 1985; Maskery, 1985;
Cordes, 1984; Perlman, 1984; Shutoh, 1984; Murray, et. al., 1983; Hauptmann and Green,
1983; Gilfoil, 1982; Tombaugh and McEwen, 1982; Dunsmore, 1981; Walther and O’Neil,

1974).

While performance and preference seem to be enhanced by natural language, users
attribute different word meanings to terms used for commands. This causes obvious
difficulties in the choice of command names if a standard is to be established for use across
software packages. It has been found that these meanings can be taught without impeding
performance, even when arbitrary names are assigned. This outcome may be due, however,
to the concentrated mental effort a. work under expeiimental conditions, and therefore, this
retention may not be maintainable over longer time periods. (Grudin and Barnard, 1985;

Landauer, et. al., 1983; Dumais and Landauer, 1983; Barnard, et. al., 1982; Black and
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Moran, 1982; Ehrenreich and Porcu, 1982; Ledgard, et. al., 1980; Moses, Mendez and
Ehrenreich, 1980). Along these lines, in studies by Burns, et. al. (1986) and Badre (1982),
it was found that performance can be improved if information is meaningfully grouped, and

in an order which is familiar to the user. This also has implications for the design of menus.

In terms of display and system response rates, research indicates that thresholds exist
for the rates at which text is displayed and system responses are made above and below
which performance diminishes. (Dannenbring, 1983; Smith, 1983; Bevan, 1981; Dunsmore,

1981; Long, 1976).

2.G.2. Assistance Features

A number of studies have investigated the level of assistance required to facilitate
learning of software packages, and the results seem to indicate that step-by-step instructions
and training on subsets of the package features aid initial learning, but can hamper transfer
of learning. This seems to imply a need for both general, conceptual explanations, as well
as specific, step-by-step, procedural instructions. (Black, et. al., 1989; Carroll and Aaronson,
1988; Catrambone and Carroll, 1987; Elkerton and Williges, 1987; Holt, et. al., 1986;
Schlager and Ogden, 1986; Charney and Reder, 1986; Czaja, 1986; Carroll, 1985; Carroll

and Kay, 1985; Walther and O;Neil, 1974).

Borenstein’s study (1985) indicates that the content of the instruction is more
important for learning than is the mode of delivery. In their study, Hiltz and Kerr (1986)
found, from users’ self-reports of learning methods, that offline documentation is the least

adopted method of learning, with users preferring human assistance. This study investigated
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learning an electronic mail system which is specifically designed to minimize reference to
offline documentation, so this may account for the findings. However, Borenstein’s study
(1985) also indicates a preference for a human trainer. In other studies, the results indicate
that, in general, users perform better with manuals, but tend to prefer and to choose online
self-discovery learning. (Carroll and Mack, 1984; Cordes, 1984; Watley and Mulford, 1983;
Magers, 1983; Roemer and Chapanis, 1982; Cohill and Williges, 1982; Dunsmore, 1980;
Relles, 1979). A consequence of self-discovery learning is that users learn and use more
advanced features than seems to be the case with more formalized approaches. (Nakatani,
et. al., 1987; Hiltz and Kerr, 1986). Because of the tradeoff often necessary between time
and mastery learning, users will tend to forego learning advanced features and stick to the

tried and true, even if it is less efficient. (Czaja, 1986).

Studies by Goodwin and Sanati (1986) and Egan, et. al. (1987) show that if the
training material indicates direct relevance of the software to a task related to the users’
requirements, this facilitates transfer learning, as does feedback pertinent to the task being

performed at that time.

The tone and specificity of system messages have been shown, in four experiments
conducted by Shneiderman (1982), to have an effect on performance. Clear, specific,
courteous messages improved performance. Apart from the benefits of the clarity of the
messages, there is some indication as well that this contributes to reducing computer anxiety.
The use of less obscure technical terminology resulted in the interaction being perceived as

less intimidating and threatening.
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2.G.3. User Characteristics

A study by Evans and Simkin (1989) on the human factors influencing performance
was unable to find any demographic, behavioural, cognitive or problem- solving factors
which could best predict performance. Research has also not produced consistent results on
the use and value of help, though experts seem better able to know when to seek help, and
to understand the help received. They are better able to monitor themselves, exhibit a higher
level of understanding, and know more complex procedures than novices, which is
consistent with expert/ncvice cognitive literature findings. (Doane, 1986; Gugerty and Olson,

1986; Elkerton and Williges, 1984; Gilfoil, 1982; Relles, 1979).

In terms of transfer of expertise, prior package experience seems to produce more
negative than positive transfer effects. (Borgman, 1986, 1984). In one study (Maskery, 1985),
timing of the training was shown to be also important for retention and for transfer, again

being consistent with findings in the learning literature.

There is some indication that intellectual capacity, as well as prior experience on the
task, have an effect on performance, as does the matching of learning styles with type of
assistance and interface. These finding, however, have not been firmly established. (Bostrom,
Olfman and Sein, 1990; Kern and Matta, 1988; Roth, Bennett and Woods, 1987; Borgman,
1986, 1984; Gomez, Egan and Bowers, 1986; Egan and Gomez, 1985; Ambardar, 1984;

Roberts and Moran, 1983; Roemer and Chapanis, 1982; Bevan, 1981).

In general, it is assumed that adults tend to resist learning new things.

Notwithstanding, in one study, age was investigated and found to impact motivation more
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than performance, with older individuals showing greater enthusiasm towards computers than
their younger counterparts. (Ogozalek and VanPraag, 1986; Gomez, Egan and Bowers,

1986).

The advisability of a particular command structure for a particular level of user has
not been proven in the research. The findings are quite mixed, with some studies advocating
menus for novices and commands for experts, while others indicate command structures
advisable for both groups. One study found novices had difficulties with menus. This may
have been a function of the wording of the menu and the levels of the menu which had to
be navigated. The direction of the performance measures are also not always consistent with
users’ perceptions and preferences. (Karat, et. al., 1986; Ledgard, et. al., 1980; Burns, et. al.,
1986; Whiteside, et. al., 1985; Elkerton and Williges, 1984; Murray, et. al., 1983; Gilfoil,

1982).

Howard and Kernan (1990) identify computer anxiety, alienation and attitudes as
being distinctly separate constructs which may affect users’ performance with software. They
argue that past studies have mixed these constructs which has resulted in conflicting findings.
Studies by Igbaria (1990) and Gilroy and Desai (1986) indicate that performance can be
improved if computer anxiety is addressed in training and attempts made to overcome it. The
studies by Shneiderman (1982) also indicate that using less threatening terminology in system
messages can reduce anxiety and improve performance. It would also seem that women are

more plagued by this distress.
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In line with conventional wisdom, ‘improvements’ in design generally benefit all
categories and levels of users, though it is difficult to assess just what constitutes

improvement. In the studies cited, these are not always articulated. (Burns, et. al., 1986).

2.G.4. Methodologies Employed in Studies
Most of the research has been experimental in nature. Only a few exploratory studies
can be found. The approaches to the various methodological issues, reported in the literature,
are summarized below:
2.G.4.a. Software classes/types
Research has focused on investigating general-purpose packages, and especially on
text editing systems. A small number have examined spreadsheets, database packages
or statistical packages. Very little has been done on specific-purpose packages, or on
comparisons to general-purpose packages. Systems used in the experiments are often
specifically designed for the experiment or are sub-modules of a full-system, in order
to control certain aspects of the design. A lesser portion of the research makes use

of full-fledged commercial software.

2.G.4.b. Task

A complete task using a software package usually involves some aspect of inputting
or retrieval, editing, manipulation or analysis, storage, and outputting. The activity
normally entails getting into the program, attempting to get the program to perform
a task which usually implies providing it with data, editing and manipulating that
data, performing analyses on that data, viewing and outputting these data and

analyses, and finally, terminating the program. Most tasks employed in the research
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have focused on some aspect of a structured unit task which explores only subsets
of the complete task, such as deleting, searching a database, editing an existent
document, et cetera. This limits investigation to specific operations of the package,
rather than extending it to the overall use of the package that most users will

encournter.

2.G.4.c. Context
Most of the experiments have been carried out under controlled laboratory
conditions. Some have been conducted in uncontrolled laboratory conditions, but

very few studies have been done in the field.

2.G.4.d. Subjects

The majority of subjects are taken from the university student population, though
some are taken from the working world. The student subjects are usually taken from
among those who will be entering the business environment and making use of the
software tools used in the experiments. Given the increasing use of computers and
software by users of every age, category and situation, for both work and personal
use, these subjects can be considered representative samples of the user population,
except in those cases where task experience and motivation may likely be
contributing factors. Attempts have been made to gather information on the effects
of prior package and subject matter experience from a variety of expertise ranges on
learning and using packages. Research focuses most heavily on novices, followed by

experts, with very little on those with intermediate proficiency.
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2.G.4.e. Collection methods

Recording and video taping of protocols and keystroke traces are the most commonly
used collection media. In some instances, where systems allow, keystroke traces and
timings are collected online by the system. Written, online and verbal post-testing are
also often administered to collect proficiency scores. Informally constructed verbal
or written questionnaires, the contents of which are frequently .ot reported, are the
usual means of soliciting user reactions, experience levels and demographic

information.

2.G.4.f. Ease of use measures

Performance time is the most widely used measure, supported by error and help
analyses. Different methods for measuring these are often used and different
suggestions for refining them have been proposed by a number of researchers, as
discussed previously in Chapter 2.E. This makes comparison of measures difficult, if
not impossible. Users’ subjective evaluations are often collected as well, using
informally constructed instruments with few items. This makes them suspect in terms

of the reliability and validity of the constructs being measured.
A glance at this summary of research studies is sufficient to realize that research in

the area of software ease of use is weak as a whole, and no less so than in the area of

measurement. This is elaborated on in the following section.
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2.H. Limitations of Existing Research

Research is still not at the stage where it can be said that a cohesive body of
knowledge exists. It is still hodge-podge, and based mainly on conventional wisdom. The
different perspectives taken on ease of use make it difficult to arrive at a measure of ease of
use and to compare findings. As discussed previously, some researchers distinguish between
ease of use and ease of learning, whereby ease of use refers to expert performance and ease
of learning refers to novice performance. (Khalifa, 1990). On the other hand, other
researchers consider ease of learning to be a subset of ease of use. (Davis, 1989; Roberts and
Moran, 1983; Whiteside, et.al., (1985); Carroll and Mack (1984). Additionally, they attribute
different components to what facilitates this ease of use/learning, which results from the

support given to mental activity, physical activity, and psychological comfort.

Most of the research areas, identified by our framework as having an impact on ease
of use, have had only limited study. This indicates a great need for replicative research in
order to confirm findings. One of the problems is that the basis on which research is
conducted varies from researcher to researcher and has, hitherto, not been identified within
the context of a comprehensive framework. Without this context, confirmation is going to
be difficult to assert. The research tends to address features of the package being studied in
isolation in the context of a laboratory experiment, as opposed to treating the package as an
integrated whole. It is evident that the nature of the variables being studied is not readily
amenable to being isolated. It is always questionable whether, once these isolated features

are integrated in the context of a complete package design, the results will still hold. Only
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a few exploratory studies can be found, and these were conducted using only a small

number of subjects, in restrictive conditions.

The difficulty in doing research in this area arises from the number of factors which
may contribute to ease of use, and the complexity of the interplay between and among them,
which the framework presented in Chapter 2.C. amply demonstrates. This makes it difficult
to control and isolate variables, and to reliably test and report on them. In turn, this leads
to fragmented research in which any single factor is examined by only a few studies. This,
with the differing experimental settings, tasks, users groups, .neasurement techniques and

instruments, et cetera, makes comparison of findings difficuit.

Especially difficult to assess, and therefore to compare, is the degree to which the
features examined adhere to ‘good’ design principles, or even what these may be. Also, the
fact that some features, for example, Command Structure, are package dependent, makes it

difficult, if not impossible to compare across packages.

Additional problems arise in comparing findings involving menu structures. Studies
often do not differentiate between the different types of menu structures and the user
category likely to be assisted by each. For instance, no distinction is made between menus
which guide the user through predetermined, usual paths, and undirected menus, such as
those offered in most spreadsheet packages. This latter type of menu provides, essentially,
a memory jog of commands, but does not give assistance in the sequence of operations
required. This guidance, or lack of it, is likely to impose different requirements on the user.

Unguided menus tend to be designed as an assistance once expertise is gained and is,
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therefore, usually used and preferred by experts. On the other hand, one would expect
guided menus to provide more support and assistance to novices. This guidance is likely to
frustrate experts. Some of the contradictions in the findings on Command Structures may be

a consequence of this differentiation not being made.

The issue of measurement of ease of use is an important one which has been largely
ignored in the literature. Most of the measurement instruments found in the literature are not
designed to address the measurement of ease of use specifically. Although Doll and
Torkzadeh (1988) claim to rectify this situation, their instrument only included two items
pertaining to ease of use. (Davis, 1989; Davis, Bagozzi and Warshaw, 1989). None of these
instruments looks at specific package features. Articles in technical journals and magazines
may offer a checklist of package features to assess existence or non-existence of the feature,
but do not relate them to the factors which support learning. Instead, Ease of Use is usually
considered just another one of the attributes of the package, and not a result of particular

features being, or not being, in the package. (Scriven, 1990; Teng and Jamison, 1990).

Caution is warranted in the use being made of quantitative measures, such as time,
errors and help calls made, as exclusive indicators of ease of use. For instance, there are
tradeoffs to be made between speed and functionaiity. The more complex the tasks permitted
by the software, the more complex the package has to be. This will have an impact on the
speed and difficulty with which it is learnt. Additionally, the complexity and intricacy of
package design dictates that ease of use should not be measured solely on one measure, and
certainly, not solely on time, error and help call factors. Distraction time is not usually

alluded to in research but may be an important consideration in using time, error and help
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calls as measures. In the performance of a task, it is assumed that the time elapsed, errors
and help calls made are directly related to the thinking about and performing of the
operations of the task. This may not always be true, but, instead, result from diversions
caused by daydreaming, preoccupation with other matters, responses to environmental
factors, et cetera. Laboratory studies have greater control over these factors than do field
studies, but studies of all types should be aware of the potential interference that may enter

the data collected.

It was discussed earlier that it is not possible to rely solely on predictive models.
(Card, Moran and Newell, 1980; Polson and Kieras, 1985). The current models do nol
account for novice performance, and this lack of understanding is a major stumbling block
to users attaining package expertise quickly and effortlessly. Software designers, as yet, do
not know how best to provide assistance for this transition. While these models can be
helpful in providing a baseline for performance, they are too unwieldy and technical to be
used in the everyday business environment in order to make rapid package selections. The
various tools which do exist are useful in the initial and beta-testing stages of software design
and development, but they cannot meet the needs of a manager, or other business user, who
must choose from a myriad of packages in the same class, such as choosing from the variety

of spreadsheets or databases available on the market.

Another cautionary note must be sounded with respect to the comparison of findings
concerning experience levels. Currently, no adequate criteria scheme exists on which to
categorize and classify expertise in this domain. This may account for the lack of consistent

and reliable results in this area. Some users classified in experiments as experts might
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perhaps be more accurately classified as intermediates. It may be wise to establish novice
and beginner categories as distinct from intermediates. Also, it may be necessary to
differentiate experience based on familiarity with other packages of like type and/or

operation.

So far, the consensus seems to be that there is no consensus. The only results which
can bhe said to demonstrate some stability seem to be those which hold that there is an
optimal reading rate, and that there is the need for restricting the available features to which
users, with no prior experience with computers and packages, should have access. This latter
finding was not supported in practice, however, for one software manufacturer, Informix
Software, found it necessary to remove this restriction from Version Il of the integrated
package SmartWare,. Findings from the other studies are either contradictory or based on too
few experiments for definitive conclusions to be drawn. In addition, instruments and

measures used to assess performance have not been standardized.

The research has been by no means exhaustive, and the field is still wide open for
contributions to be made on all levels, particularily in the area of evaluation techniques. No
methods exist which have found favour and wide adoption within the research community,

nor for that matter within the business community.

As a whole, the concept of ease of use is, as yet, not clearly defined or understood.

This thesis, rather than attempting to rectify particular flaws found in prior research, will

endeavour to shed more light on this concept, using a more holistic approach to its
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investigation than has previously been the case. This is discussed more fully in the following

chapter.

This chapter examined ease of use of business software within a framework which
identified package class, task, design characteristics, assistance characteristics, user
characteristics, instructional strategy, and user role as important factors contributing to ease
of use. The Learning literature and Human Factors literature were used to identify package
features and as a basis for suggesting that design and assistance features support various
learning factors identified as speed of performance, support of memory, reduced mental
strain, and psychological comfort. Various methodologies and a number of measures of ease
of use were also discussed. Chapter 3 which follows discusses the details of this particular

research.
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Chapter 3 - PROBLEM STATEMENT AND EXPERIMENTAL FRAMEWORK

This chapter discusses the purpose and background of this research, in the context
of the experimental framework used. The variables examined and the research problem
addressed are presented with the associated research questions and propositions derived
therefrom. The discussion takes place in four parts:

3.A. Problem statement
3.B. Scope of research
3.C. Framework

3.D. Variables studied
3.E. Research Questions and Propositions

3.A. Problem statement

In the previous chapter, we discussed the lack of clear understanding and consensus
among researchers and, indeed, users of what constitutes ease of use and learning of
business software. One school views ease of use as an umbrella concept which encompasses
ease of learning and which refers to expertise at all levels. (Davis, 1989; Roberts and Moran,
1983; Whiteside, et.al.,, 1985; Carroll and Mack, 1984). Another view of them is as
competing concepts. A package designed for ease of learning is expected to facilitate novice
performance and is likely to detract from ease of use, which is expected to facilitate expert
performance, and vice versa. (Khalifa, 1990). In all instances, as we noted previously, the
concept of ease of learning does not imply the deeper meaning understood in the
educational environment. Learning here refers to being able to perform a set of operations
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required by the package to successfully complete a particular task and not necessarily being
able to grasp the deeper, underlying concepts implied by these operations. In this case, the
learning being measured may be of a rote nature rather than a measure of true understanding

on the part of the user.

In this thesis, we take the former view of ease of use as a global concept
encompassing ease of learning. We view learning as the stages of transition required to
achieve mastery learning and ease of use as relevant to the entire spectrum of usage,
regardless of level of expertise. We adopt this view because it accounts for the fact that the
learning of a package is, essentially, never complete. The user is usually at a mix of levels
of expertise, depending on the mastery attained on the various functions. The user is always
in a process of learning new functions or finding new and better ways of performing ones
already learned, whereby the user may be novice in some functions, intermediate in others,
and advanced in others. To classify ease of learning as being applicable to novice users
exclusively and ease of use as applicable to expert users, would, therefore, not take into
account the user’s knowledge of the current package as a whole, or other packages. We have
suggested that one of the flaws of prior research has been a tendency to consider a package
as isolated sets of features rather than as forming an integrated whole. Ease of use, therefore,
should be concerned with this ‘harmony’ which a package design creates for all user

categories.

In this thesis, we suggest that ease of use of a package will be determined by the
extent to which it supports the learning dimensions of speed, memory, effort and comfort

as depicted in Figure 4. Our arguments for suggesting these components were discussed in
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Chapter 2.A. and supported by our discussions of the Learning literature and the Human
Factors literature throughout Chapter 2. A software package will be considered easy to use
if it is able to reduce performance time (speed), reduce memory load or not require it
because of the simplicity of operation or the nature of assistance provided (memory), reduce
mental effort thereby reducing errors made (effort) and is deemed comfortable to use
(comfort). Evidently, what contributes to reducing the strain imposed on memory and mental
effort should also contribute to the psychological comfort felt when using the package, all
of which, in turn, should contribute to reduced performance time. The speed with which the

task is accomplished is also likely to affect the user’s perceived comfort when using the

package.
Figure 4 - Components of Ease of Use:
speed, memory, effort, comfort
Speed (reduces performance time)
Memory (supports retention or does not
/ require it)

Ease of Use

Effort (reduces mental strain)

\Comfort (reduces anxiety, promotes peace

of mind, is aesthetically and
conceptually appealing)

Since these dimensions are interdependent and the support of them is likely to
contribute to the reduction of performance time, we contend that performance time is the
most inclusive measure relating to ease of use, including as it does in this thesis time to read

help messages and to make and correct errors. We, nonetheless, acknowledge the
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importance users’ perceptions play in the understanding of the concept of ease of use, as
well as the importance of studying the nature and type of errors made and help solicited.
These provide the explanatory insights into the performance time results. Our methods of

measuring these are explained in Chapter 4.B.8.

We established a Benchmark Index against which to compare the performance time
indices of the users in our study which we propose as a measure of ease of use. This
Benchmark Index was established to be 3333 for the task used in our study, for the two
packages. (See Chapter 4.B.5). The basis for this Index is explained in Chapter 4.B.8. This
Index provides us with a baseline of what we might expect from expert user performance
and we suggest that ease of use can be roughly assessed relative to this Index. The ‘easier’
a package is to use on first exposure, the closer will be the user’s performance time index
to this Benchmark Index. Further, if experts come closer to this Index than novices, then we
can say the package is not equally ‘easy to use’ for all classes of users, rather, prior
experience moderates package design. We can also say the package is ‘easy to learn’ to the

extent that the improvement in performance on a retrial approaches this Benchmark Index.

We suggest that our view of ease of use may provide a potential basis on which to
make a multi-dimensional evaluation of packages. For instance, a package design which
offers greater support of these dimensions is likely to be easier to use than one offering less
support. Secondly, this approach may be valuable in pinpointing more clearly those areas
of design in need of being rectified. A package feature rated low in user performance speed
or effort may indicate deficiencies in the number of operations required to perform a task

while a low rating on memory may indicate deficiencies in the assistance provided for the
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feature. A low rating in comfort may point to poor screen design, confusing wording, or

unclear conceptual models.

This backdrop formed the basis for our pursuit of a better understanding of what
defines ease of use, in which we were concerned specifically with two main issues:

1) potential consensus among experts on the importance to ease of use of various
package features and learning dimensions identified;

2) differences in perceived comfort and performance measures relating to ease of use

resulting from differences in package design, user experience levels, and other user
characteristics.

Our approach to this examination is discussed next.

3.B. Scope of research

We have already noted that the concept of ‘ease of use’ of a package is variously
defined. Any attempts, to measure and to evaluate it will continue to be inadequate until a
better understanding of it is obtained. This understanding may perhaps be garnered by
adopting an exploratory approach to researching the concept. Past research has tended to
centre mainly on hypothesis testing and confirmatory studies. However, as was discussed in
the previous section, research of that nature is appropriate when a concept has been fully
explored and defined, in such a way as to have received consensus among experts in the
area. This is not yet the case with the concept of ease of use. Much more needs to be known

about what the term means to different classes of users, and in what contexts.
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By taking a broader perspective in researching ease of use, the richness and

complexity which characterizes the human/computer interaction phenomenon can be

maintained and examined more authentically. This is lost with the more rigid experimental
approaches adopted in most prior research efforts. The generalizability of the results of these
micro studies to a more setting is always questionable. One is never sure once the micro

parts are put together whether the whole will equal the sum of the parts. (See Chapter 2.E.).

To validate the findings from these studies, an holistic approach must eventually be adopted.

Furthermore, the methods which have been developed to date in academic research
to evaluate ease of use have also taken a very ‘micro’ perspective. As such, interest has
tended to focus on evaluation at the design and beta-testing stages rather than at the
marketing stage. (Khalifa, 1990; Polson and Kieras, 1985; Card, Moran and Newell, 1980).
Evaluation methods used in academia and in industry, for finished products on the market,
are far from optimal, relying mostly on one-dimensional checklists and personal optnions.
(Holcomb and Tharp, 1991; Scriven, 1990; Roberts and Moran, 1983). (See Chapter 2.F. for
a fuller discussion.). This suggests that there is a significant absence of knowledge, which
neither the academic world nor industry has adequately filled. It might be useful, therefore,

to step back and approach the issue from a more ‘macro’ perspective.

This thesis argues that ease of use should be a multi-dimensional concept. No single
measure will be able to convey the full extent of its meaning. This thesis examines this multi-
dimensionality from the perspectives of expert users and designers in the field, and of users
with differing experience levels in actual use of a package. Different classes of users, with

differing experience levels and differing needs and preferences, may view ease of use quite
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differently one from the other. Additionally, a package’s ease of use is not likely to be
accurately assessed from the consideration of one particular design or assistance feature as
has been the case in prior research. (See Chapter 2.D.). It will rather be affected by the way
in which all features interact to create a particular effect or environment, to which the user,
with his own particular characteristics, then reacts. We are suggesting, that a package should
be examined as an entirety, in as natural a setting as possible, in conformity with the usual

manner of learning and using a package.

With these ideas in mind, the purpose of this thesis was to conduct an exploratory
study of the concept of ease of use of business software, using a blend of field study and
experimental simulation. The study was conducted in two stages as outlined below:

Study 1 - To compare_experts’ views of design and assistance features, and how they
affect the learning dimensions, with expectations derived from the literature

Our basis for linking design and assistance features with four major learning
dimensions was established in Chapter 2 and summarized in Table 2. This table is
reproduced following. This aspect of the research sought to determine, first of all, whether
experts agree on the importance of certain design and assistance features, and on the
associations of these features with the learning dimensions identified. We were also
interested in whether experts gave the same weights to the learning dimensions. Secondly,
we sought to determine whether our expectations of the links between design features and
learning dimensions, presented in Table 2, are supported in practice among experts. Expert
designers’ and users’ perspectives on ease of use, defined in this way, were solicited from
those in the field. The aim of this aspect of the study was to identify major factors affecting
ease of use with a view to formulating a basis on which to make a ‘qualitative’ assessment
of the contributions to ease of use made by a package’s features. The existence of a feature
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in a package says nothing about the quality of the feature and its implementation in the
package. A basis for establishing this ‘quality” would greatly further the assessments made

of the ease of use of packages. (Teng & Jamison, 1990).

Our study goes beyond previous work, such as that by Holcomb & Tharp (1991),
Scrivens (1990), Teng & Jamison (1990) and Roberts and Moran (1983) which attempted to
make this qualitative assessment using a uni-dimensional approach. (See Chapter 2.F.). We,
first of all, distinguish package features based on those features forming an integral part of
the software (Design features) and those that can be added on and can either be internal or
external to the software (Assistance features). This has not been done previously. We also
incorporate the notion of support for the learning dimensions, speed, memory, effort and
comfort, not hitherto suggested. Prior work has often listed ease of use/learning and various
of the learning dimensions as contributing to performance and perceptions, rather than being

outcome variables. (Karat, et.al., 1992; Scrivens, 1990; Teng & Jamison, 1990; Davis, 1989).

Stage 2 - To evaluate selected packages for ease of use in actual use by users

Notwithstanding the expert opinion solicited in Stage 1, we were interested in
examining ease of use from the perspective of those in actual use of packages. We were
interested in what effect certain features identified as being important, by experts in Stage 1,
had on ease of use in practice. For this purpose, users’ performance and perceived comfort
reports acquired during actual use of one of two packages were used to assess whether ease
of use is contingent on the package’s design and assistance features, whether moderated by
users’ experience levels, or due to other factors. We differentiated experience based on

experience with packages of similar and dissimilar function to that used in our study, and the
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extent of this experience. Two statistical packages were used, Merlin, which has a mixed
directed menu/command structure and concise online help index and Minitab, which has
a command structure and full online manual. Merlin, was also tested with an additional

online Hypertext-based index.

This study improved on prior work by adopting an holistic approach to the research
which overcomes the limitations of generalizability of experimental research findings. It
allows the many and complex factors impacting ease of use to be examined the context of
one study. The study also compares a truly directed menu structure with a command
structure which ‘s a more realistic comparison of the two structures. Undirected menu
structures are really only another way of presenting commands so as to eliminate the need
to remember them, usually at the early stages of learning a package. We also supplemented
the uni-dimensional data usually collected on user’s subjective perceptions of the packages
(Scrivens, 1990; Teng & Jamison, 1990; Roberts & Moran, 1983) with the support they
perceived to have been given by the features of the package to the learning dimensions we
identified. We endeavoured also to address the many user performance measures
recommended by Barnard & Grudin (1988) which included time to completion tempered by
errors made and online assistance sought, analyses of keystroke process traces of errors and
help, and looked at learning difficulties by way of retest results, relations to the Benchmark
Index and use of help. The only recommended measure not examined is the "number of
commands yielding improvement to performance relative to those degrading it". As this

requires very fine-grained analysis of the process traces, this is reserved for future research.

The section which follows presents the framework used to guide this research.
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Yable 2

Links between Software Features and Learning Dimensions Expected from the Literature

Software Features Leaming Dimensions

Speed Memory Effort Comfort
a. Design features
Command Structure - menw/command X by by
Depth of Structure X b X I
Logic of Structure X A by
Consistency x AN
Screen Design X X X %
vlexible X X
Error Trapping/Recovery X
System Response Time X
Data Ingut - interactive/batch X X X
Macros X X X
Autosave/backup X X
Autoadjustment X X
Autoformatting X X X
b. Help Features/Learning Aids
Manuals X X X
System Messages X X "
Tutonals X X |
Prompts X X |
Keyboard Templates x X I
Defaults X X X X
Examples X X
Index X X
Glossary X X |
Unsolicited Help X X l
Cautions X X |
ChecklistsMemory jogs X X I
Navigational Aids X X X
Instructive Feedback X X X
Context Help X X X
Expertise Accommodation X X X
Restricted Options X X X
Subject Matter And X X
Conceptual Models X X
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3.C. Framework

A theoretical framework of the variables affecting software ease of use was presented
in Chapter 2.C. We have suggested that using this framework, indicating where along the
various spectra the particular research is positioned, will assist in making comparisons across
research studies. Study 2 is described below within this context. As Study 1 was a survey,

it is presented in more general terms.

Study 1

In Study 1, we were interested in expert opinion of the contribution that package
features make to ease of use, regardless of type of package or tasks performed. We solicited
mainly system analysts and designers, hence, their psychostructure make-up is likely to be

similar.

Study 2

Figure 5 overleaf indicates, in bold, the position of our research along the dimensions
of Package Class, Task, Design Features, Assistance Features, User Characteristics,
Instructional Strategy, and User Role. These are discussed in turn, with respect to prior

research, in the pages following Figure 5.
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Figure 5 - Framework for Research Design

Dimensions &« Spectra >

Class of pkg. Canned ¢ —» Decision Analysis

Pkg. Type Payroll/ Stats WP/DB/SS/CAD
Inventory OR

Pkg. Operation

-Input Structured ¢ - Unstructured

-Process Structured ¢ 3 Unstructured

-Output Structured € » Unstructured

Task Structured ¢ » Unstructured

Task Elements

-Input Predefined «— » Varied

-Process Predefined ¢ > Varied

-Output Predefined ¢ » Varied

Design Chars. High € Low

-memory

-speed varying degrees

-effort

-comfort

Assistance High ¢ > Low

-memory

-speed varying degrees

-effort

-comfort

User Chars.

-exp-pkg. Novice & » Expert

-exp-subj. Novice « » Expert

-psy-anxiety High €— > Low

-psy-motive High « ¥ Low

-psy-cog.stls* Methodical< y Free-spirited

-demogs. varied

Instructional

Strategy Scripted € > Exploratory

User Role Passive > Active

(*The possible cognitive style dimensions are far more complex than this simplistic
representation implies. See Chapter 2.D.5.ii.a. for a more rigorous treatment.)
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The following is a brief discussion of each of these dimensions, as they pertain to this

research:

Package Class

The focus of this work is on the ease of use of packages which have been designed
to support decision analyses. Two statistical packages, which may be considered to fall under
the semi-structured banner of this category of packages, were used in the research. This is
in keeping with past research which limited its investigations to packages of the same class
and type. (Green and Gilhooly, 1990; Napier, et. al., 1989; Mack, Lewis and Carroll, 1987;
Holt, et.al., 1986; Carroll, 1985; Whiteside, et. al., 1985; Cohill and Williges, 1985, 1982).
Statistical packages were chosen because, unlike wordprocessors and spreadsheets, which
have been the focus of many past research efforts, they contain a distinct separation of data
input, data analysis, and data output. It, therefore, simplified the execution and collection of

task performance data.

Task

To overcome the requirement for subject matter expertise, our experiment was
confined to a structured task, for input, process and output. The task identified for in this
experiment consisted of: data entry, data editing and listing of this data on the screen, saving
the data and exiting the package. The experimental task was defined in this manner, as
independent of the statistical packages being used, because the functions are common to all
packages, regardless of class or type, and because no subject matter expertise was required.
In addition, it was easily administered and is the first step required to perform statistical

analyses with a package, and indeed, inputting is the required first step in any package.
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Design and Assistance Features

The two statistical packages chosen differed on important design and assistance
features identified in the Stage 1 study by the expert panel as being important for ease of
use, notably command structure and form, and structure and content of assistance. The
Merlin, package can be characterized as having a mixed command structure, employing both
menu and commands. Its online assistance consists of a listing of available commands, with
a brief explanation, plus some context dependent explanations. The Hypenext-based help
addition to the Merlin, package consists of an Index from which users can access more and
more detailed instructions and examples. Minitab, is a command driven package with an
online duplicate of the full offline manual. Manuals, whether on- or offline were ranked first
in importance for ease of use by our panel of experts, to be discussed in Chapter 5.A. Past
research has investigated different command structures and forms of assistance. Some
consensus seems to have been found for the advisability of full on- and offline manuals
versus reduced manuals for different classes of uscrs. (Carroll and Aaronson, 1988; Carroll,
1985; Dunsmore, 1980; Relles, 1979). The findings have not been as conclusive for
command structures. (Napier, et. al., 1989; Qgden, et. al., in Paap and Roske-Hofstrand,
1988; Lee, et. al., 1986; Perlman, 1984; Shutoh, 1984; Hauptmann and Green, 1983;

Dunsmore, 1981). The possible reasons for this were discussed in Chapter 2.H.

User Characteristics

A range of computer expertise was sought among the subjects. A sizeable body of
research has investigated the impact of experience levels on package learning. This has
mainly been done in regard to the extent of experience that users had with the particular

package being investigated. (Foss and DeRidder, 1989; Roth, Bennett and Woods, 1987;
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Burns, et. al., 1986; Gugerty and Olson, 1986; Karat, et. al., 1986; Whiteside, et. al., 1985;
Hauptmann and Green, 1983; Roberts and Moran, 1983; Gilfoil, 1982; Ledgard, et. al.,
1980; Relles, 1979). Our research interest goes beyond this usual focus of expertise, and
expands it to include the impact of expertise in one or several packages, of the same or

different type, on the package being investigated.

An appropriately arbitrary mix of psychostructural and demographic components can
be assumed to have formed the sampie of subjects, since a relatively large sample was
obtained, 294 in total. The sample, however, was mostly commerce undergraduate students
with associated characteristics. No attempt was made to control or assess the impact of user
characteristics, though some of the literature indicates that performance with and preference
for a perticular package design may be influenced by these individual characteristics.
(Bostxam, Olfman and Sein, 1990; Evans and Simkin, 1989; Kern and Matta, 1988; Ogozalek
and Viax Praag, 1986; Gomez, Egan and Bowers, 1986; Howard and Smith, 1986; Gilroy and

Desa, 1986; Borgman, 1986, 1984; Ambardar, 1984).

Insteam$onal Strategy and User Role

Subjects were expected to use nothing but online assistance to learn about their
assigned package and to perform the task given. It was an entirely self-paced, exploratory
advemure. This strategy, which allows the user an active role in learning and doing, is the
one vt adopted and preferred by users, as was seen in the literature findings previously

discussd. (Kern and Matta, 1988; Hiltz and Kerr, 1986; Carroll and Mack, 1984).

The variables which were studied in this research are summarized in the next section.
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3.D. Variables studied

Study 1

Figure 6a below categorizes the variables which were examined in Study 1.

Figure 6a - Variables in Study 1 Research Design

Controlled |
Independent Dependent
Variables Variable I

Design
Features Ease of
Assistance Use
Features
Learning
Dimensions

In this study, we were interested in the perceived contribution that various identified
design and assistance features and learning dimensions have on ease of use, from the
perspective of expert users and designers. We were also interested in their perceptions of the

associations between the learning dimensions and the package features.
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Figure 6b below categorizes the variables which were examined in Study 2.

Figure 6b - Variables in Study 2 Research Design
——— ]

Mediating Variables

Controlled Controlled
Independent Constant Uncontrolled Dependent

‘ariables Variables Variables Variable
Design Package Class User Ease of
Features Task Characteristics Use

Assistance Instructional
Features Strategy

User Role

The research compared the ease of use of two packages, in the same category, which
differed in design and assistance features. Package class, task, instructional strategy and user
role were held constant for all users, while the other mediating factors found in user
characteristics were assumed to be fairly evenly distributed across the packages chosen for
investigation given the large sample size. Only the user characteristics, package and
computer experience, gender, competence in quantitative subject matter and computer

anxiety were singled out for investigation of their impact on ease of use.

Computer and package experience was differentiated, and its impact investigated,
according to packages of similar and dissimilar function. Four levels of expertise were
established, each of which was differentiated further into novice, intermediate and expert

sub-levels. The basis for this classification is discussed fully in Chapter 4, Section 4.B.4.,
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which follows. The main levels were defined as: Level 1 - those completely inexperienced
with any package of any type; Level 2 - those with experience with packages not of the type
being investigated; Level 3 - those with experience with only one package of the same type
as the one being investigated; Level 4 - those with experience with more than one package
of the same type as is being investigated. The resulting grid of the experience levels
investigated is shown below in Table 3. Additional insights into the role played by
experience and learning was obtained by studying the effect of retention on performance and

perceptions. Some subjects volunteered to repeat the same experiment a week later.

Table 3
Level Classification Scheme
Statistics Microcomputer Package Experience
Package
Experience Novice Intermediate Expert

1 - No Pkgs LIN
2 - Vaned, No Stats L2N L L2t
3 - Vaned + 1 Stal L3N L3l Lit
4 - Varnied + > 1 Stat L4N L4l L4€

Legend  LIN - minimal, or no, computer or package expenience
L2N - novice with various packages, but not with statistics packages
L2! - intermediate with various packages, but not with statstics packages
L2E - expert with vanious packages, but not with statistics packages
L3N - novice with various packages, including one statistics package
L31 - intermediate with vanious packages, ncluding one statistics package
L3E - expert with various packages, including one statistics package
L4N - novice with various packages, encluding more than 1 statishics package
L4t - intermediate with various packages, including more than 1 statistics package
L4E - expert w' 1 vanious packages, including mare than 1 statisics package

As discussed previously, we used the Speed component of ease of use to assess ease
of use, since it reflects the consequences of the other dimensions. Users’ performance, with
respect to time indices, were developed from computerized traces of users actually using the

packages. The other dimensions provided supporting explanation of this outcome. Users’
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subjective perceptions, ‘liking’, relating to the Comfort component of the packages were
collected, as well, further insights were gained from analyzing the traces of errors and help
calls made, which were felt to be reflective of the Memory and Effort components of ease

of use. The methods for measuring these are discussed in more depth in the following

chapter.

The research questions and propositions which emerged for investigation, are

presented below.

3.E. Research Questions and Propositions

Four major research questions were considered worthy of investigation in our pursuit
of this better understanding and reconstructing of the notion of ease of use. These, with

associated propositions, are enumerated as follows:

Research Question 1 - Expert Consensus

1.1 Is there agreement, among experts in the field, on: (1) the importance of certain
Design and Assistance Features in determining ease of use, (2) the importance of the
Learning Dimensions identified as influencing ease of use, (3) the links between
features and the learning dimensions they support, and, (4) whether these match
expectations which were derived from a review of the literature?
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The importance that users assign to design and assistance features and to the leaming
dimensions supporting ease of use will probably be dependent on their particular needs and
preferences. (Todd and Benbasat, 1991; Teng and Jamison, 1990). However, there is an
assumption, as yet unsupported in the literature, that experts perform better with, and prefer
command structures, while novices perform better with, and prefer menu structures. This was
discussed more fully in Chapter 2.F. The assumption in research has been that similar
categories of users will produce similar results. As only expert opinion is being sought in this
aspect of the research, we will make the assumption that they will exhibit agreement. The

propositions may be stated as:

Proposition 1.a. - There will tend to be agreement on the relative rankings assigned to
the Design and Assistance Features identified as contributing to ease
of use.

Proposition 1.b. - There will tend to be agreement on the relative weights assigned to

the Learning Dimensions identified as contributing to ease of use.

If the theoretical assumptions developed in Chapter 2 and produced in Table 2 have
validity, then agreement should be found in the matches made between design and
assistance features and the learning dimensions. The propositions can be written as:

Proposition_1.c. - There will tend to be agreement on the links made between Design
and Assistance Features and the Learning Dimensions they support.

Proposition 1.d. - The agreements found in Proposition 1.c. will match expectations.
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Research Question 2 - Package Differences

2.1 Is there a difference in perceived comfort and performance measures relating to ease
of use, as a consequence of differing Design and Assistance Features?

Menu systems have been generally viewed as being easier to use and requiring less
memory recal! than command systems, especially for novices (Shneiderman, 1987), though,
as discussed in Chapter 2, this has not been unequivocally established and, indeed, both
forms are being replaced by icons in recent designs. Some studies, in fact, show that mixed
systems improve performance over that shown with systems using one form only. (Lee, et.
al. 1986). Additionally, the literature seems to indicate that the use of brief manuals to learn
a package results in faster learning than a full manual, be it online or offline, for novice
classes of users. (Carroll, 1985; Dunsmore, 1980). Based on this, we make a leap for all
classes of users and expect that, compared to Minitab, Merlin, should be the preferred and
easier-to-use package, having a mixed menu and command structure and a concise online
help system, comprised of a listing of commands with brief explanations. The Hypertext-
based online help index, with examples and expanded explanations, should further enhance
ease of use and preference. These features would also place less strain on the user’s memory
requirements, in subsequent uses of the package. Minitab, on the other hand, is command
driven and has a full online manual, making it more unwieldy and more difficult to recall

operations. The propositions associated with this research question can, therefore, be given

as follows:

Proposition 2.a. - Merlin, will produce better performance measures than Minitab,

Proposition 2.b. - Merlin, will be given better perceived comfort ratings than Minitab,
(except for users who already have a certain level of experience with
Minitab)).
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Proposition 2.c. - Users of the Extended Hypertext-based Merlin, will have better
performance measures than either the stand-alone Merlin, or Minitab,
and will have better perceived comfort ratings than either of them.

Proposition 2.d. - Users of Merlin, will show a greater improvement in performance, on
subsequent use of the package, than will Minitab, users.

As indicated in actual practice, users are highly adaptable to even the most
uncompromising designs if the need to use the system outweighs the imperfections in its
design. (Bennett, 1983). As familiarity grows, so does tolerance. It seems reasonable to
assume, therefore, that with subsequent uses, a package may be perceived more favourably
than on first encounter. This leads to the following proposition:

Proposition 2.e. - There will be a general improvement in the perceived comfort rating
for each of the packages, on subsequent use.

In Stage 1 of the research, we postulated that different design and assistance features
would support different dimensions of learning, namely speed, memory, effort, and comfort.
This was based on our general assessment of the Human Factors and Learning literature
rather than on particular findings in the literature with respect to these concepts. We also
suggested that the learning dimensions are interdependent, that is, our performance time
index or Speed incorporates time spent in errors and help which we equate with Memory
and Effort. The extent of errors made and help needed should affect Comfort, all of which
should affect performance time. We were, therefore, interested in examining the relationship
between perceived comfort and the performance indices. To test our intuition, the

propositions are given here as:
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Proposition 2.f. -

Proposition 2.g. -

Research Question 3 -

Performance measures and perceived comfort ratings will be better
when the dimensions, Speed, Memory, Effort, and Comfort are
perceived to be supported by more attributes in the packages than
when less are perceived to be supported.

Better perceived comfort, or ‘liking’ ratings will result in better
performance indices.

Experience Level Differences

3.1 Is there a difference in perceived comfort and performance measures relating to ease
of use, attributable to differences in experience levels?

Table 3, which summarizes the experience levels, is reproduced here for reference

throughout this section.

cp———————
—

Table 3
Leve! Classification Scheme
Statistics Microcomputer Package Experience
Package
Experience Novice Intermediate Expent

1 - No Phgs LIN - -
2 - Vaned, No Stats L2N L21 L2E
3. vaned + 1 Stat L3N L31 L3E
4.Vaned + > 1 Stat LaN L4} L4E

Legend  LIN - minimal, or no, computer or package expenence
L2N - novice with vanious pachages, but not with statistics packages
L21 - intermediate with various packages, but not with statistics packages
L2E - expert with various packages, but not with statistics packages
L3N - novice with various packages, including one statisics package

L 31 - intermediate with vanous packages, including one statistics package

L 3E - epert with various packages, including one statistics package

L4N - novice with vanous packages, including more than 1 statistics package

L41 - intermediate with various packages, including more than 1 statistics package
L4E - expert with various packages, including more than 1 statistics package
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Level 3 users have had exposure to only one package, a statistical package, Minitab,.

These users are likely, therefore, to be entrenched in this package and to be resistant to

learning new ones. This will have an impact on their performance and perceived comfort
with the package. The proposition is given as:

Proposition 3.a. - L3 users of various packages, including one statistics package, will

perform worse on Merlin, and give it lower perceived comfort ratings

than L2 users, who have had experience with various packages, not
including statistics packages.

Level 2 users have experience with several different types of packages, though not
statistical packages. These users, nonetheless, are likely to be more flexible in switching from
one package to another because of their exposure to different package structures and
interfaces, than would those completely inexperienced with any packages. The same should
be true of Level 3 users who have the additional advantage of prior exposure to a statistics
package. Also, assuming from Proposition 2 that a mixed menu structure with concise online
help produces superior performance and perceived comfort results, then it can be taken for
granted that, as both packages are new to Level 2 users, the package with menu structure
and brief online help will produce better performance measures and be preferred by this
level of user. The propositions are given as follows:

Proposition 3.b. - L2 users with experience with various packages, not including any
statistics packages, and L3 users of various packages, but only one
statistics package, will outperform L1 - minimal, or no, experience,
but give lower perceived comfort ratings, regardless of package
treatment.

Proposition 3.c. - L2 users with various packages, not including statistics packages, will

perform better on Merlin, than on Minitab, and give it better
perceived comfort ratings.

142




Levels 3 having had prior exposure to one statistics package which included Minitab,
are likely to be resistant to a new package and therefore give a lower rating to the unfamiliar
package. However, these users because of their varied experience should be more adaptable
to a new package and so not have their performance adversely affected. The associated
proposition can be written as:

Proposition 3.d. - L3 users with one statistics packages, which was Minitab,, as well as

other packages, will give lower perceived comfort ratings to Merlin,
than to Minitab, and perform better.

Level 4 users have had exposure to a variety of statistical and other packages. These
users are likely to be adept at navigating among different package interfaces and structures.
They should, therefore, have less trouble adapting to new packages than would users from

other levels. The proposition can be stated thus:

Proposition 3.e. - L4 users of various packages, including more than one statistics
package, of which Minitab, is one, will outperform all other levels, on
Merlin,.

In line with propositions related to Research Question 2, novices can be expected
to prefer and to perform better with menu systems and brief manuals. As such, these users
should exhibit better perceived comfort and performance measures with Merlin, over
Minitab,, and there should be no differences in the level of perceived comfort between the
novices of any of the levels, using the same package. Novices in Levels 2, 3 and 4 should
not perform very differently from those in Level 1 because their exposure to packages has
been minimal, and not enough to have become habituated to them. The propositions are

given as:
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Proposition 3.f. - Novices, regardless of level, will have the same level of perceived
comfort on the same package.

Proposition 3.g. - L1 - minimal, or no, computer or package experience will rate and
perform better with Merlin, than Minitab,.

It seems reasonable to assume that novices, being inexperienced with packages and
their features, are not in the habit of seeking online help and, so may not readily access it.
They are also not likely to be sure of what to look for when they do. Users also seem to
have a propensity for not reading manuals or referring to help screens. (Hiltz and Kerr,

1986). A proposition can, thus, be formulated:

Proposition 3.h. - Novices will make less help calls than Experts, on Merlin,

Although the Hauptmann and Green (1983) study suggests that computer experience
alone is not sufficient to account for user performance with an unfamiliar package,
conventional wisdom suggests that greater experience should facilitate performance. To
answer this debate, we test the following proposition:

Proposition 3.i. - Experts and Intermediates will have better performance time and error
indices and perceived comfort ratings than Novices, on Merlin,.

Research Question 4 - Other Factors
4.1 Is there a difference in perceived comfort and performance measures relating to ease

of use, attributable to other factors, such as computer anxiety, gender, and
quantitative competence?
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Some of the research indicates that users’ anxiety traits (Gilroy and Desai, 1986), as
well as that generated by the environment in which they operate, can influence performance
with and liking for a package. It seems reasonable that novices, grappling with an unknown
entity, may experience greater anxiety using computers than experts. We can state the
propositions, then, as:

Proposition 4.a. - Those with higher anxiety scores will have worse performance and

perceived comfort scores than those with lower anxiety scores,
regardless of package treatment.

There has been some discussion that males may tend to be more facile with
computers than females, on the assumption that men are more mathematically and machine-
oriented and because of the premise that this may be a function of the areas of the brain
which are predominantly used. On the other hand, women may be more creative which may
be an asset given the nature of interacting with software. (Gazzaniga and Ledoux, 1978). A
proposition then can thus be stated:

Proposition 4.b. - Males will exhibit higher performance scores than females.

Conventional wisdom has suggested that mathematical and quantitative abilities
should be contributing factors to the learning and use of computers. A study by Evans and
Simkin (1989), however, did not support this. To confirm their finding, we propose the
following:

Proposition 4.c. - Higher reported quantitative competence will result in better
performance and perceived comfort scores.

Chapter 4, which follows, explains the design and methodology used in conducting
the research to investigate these questions and associated propositions.

145




CHAPTER 4 - RESEARCH DESIGN

This chapter discusses the approach that was taken to conduct the research, the
development of the instruments used, the packages selected, the samples chosen, the
measures and analyses performed, and the experimental situations. These are presented in
the context of the two studies undertaken:

4.A. Study 1 - Expert consensus on software design and assistance features
leading to ease of use.

4.B. Study 2 - Quasi-experimental evaluation of effect of package and
experience level differences, and other factors, on ease of use.

4.A. Study 1 - Expert consensus on software design and assistance features leading to
ease of use

4.A.1. General approach

A table was developed which theoretically matched various package design and
assistance features with identified learning dimensions or components of ease of use - speed,
memory, effort, comfort (See Table 2, Chapter 2.D.3.). An Evaluation Form, based on this

table, was sent to expert designers and users in the field to:

1) determine whether there was agreement on the importance of particular design and
assistance features identified for ease of use;

2) determine whether there was agreement on the importance of the learning
dimensions identified as contributing to ease of use;

3) determine whether there was agreement on the learning dimensions supported by
each feature;

4) determine if there was support for our expectations derived from a review of the
literature.

(See Appendix A for Form and kit provided).
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4.A.2. Instrument development

Based on a review of the literature, together with personal experience, a list was
prepared of potentially important package design and assistance features and learning
dimensions influencing ease of use. (See Appendices A.3. and A.4.). The instrument was
tested on the members of the thesis committee, who can be considered experts in the design
and use of software. Following their comments, a few features were added to the instrument,
for example, Flexible, Autosave/backup, Autoadjustment, but there were no additions to the
learning dimensions. Some basic changes were made to the wording of the instructions so
as to ensure greater clarity, and a glossary was attached defining the features and dimensions,

thereby outlining accepted meanings of the concepts. (See Appendix A.2.).

4.A.3. Task description

A panel of expert users and designers was asked 1) to rank a list of software features
thought to influence software ease of use; 2) to assign weights of importance to the identified
leaning dimensions, out of 100%, as they relate to ease of use in general, and not as they
relite to any feature in particular; 3) to relate each of the des'gn and assistance features to
ore or more of the four learning dimensions (speed, memory, effort, comfort). Subjects were
alowed to add features and/or dimensions and to incorporate them into their assessment. An
emample of a completed form is shown in Chapter 5.A., Figure 11, p. 5.A.3.; and 4) we
smght to determine whether these findings agreed with our expectations derived from the

Fuman Factors and Learning literature.
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4.A.4. Panel selection

Expert users and designers, with diverse backgrounds, were solicited from industry
and academia. Those candidates from industry who agreed to take part in the research came
from the Engineering Departments at Telesat, Ottawa, Canada, CAE Electronics, Montreal,
Canada, and Pratt and Whitney, Montreal, Canada. The subjects from academia came from
faculty members in the Computer Information System Department at Bryant College, Rhode
Island, U.S.A., from graduate students in an Artificial Intelligence course at McGill University,
Montreal, Canada, from employees in the Computer Services Department of Concordia
University, Montreal, Canada, and from part-time faculty members in the Department of
Decision Sciences and Management Information Systems at Concordia University, Montreal,
Canada. Participants were sought who made extensive use of general-purpose packages in
the performance of their work activities, either directly, or by using the packages to design
other systems. It should be noted, that although their work environment imposed different
system requirements, their educational formation is quite similar, most having Bachelors in

Computer Science or MIS. This may indicate a predilection towards consensus among them.

4.A.5. Survey details

The Evaluation Forms were distributed and collected by a contact person at each of
the organizations involved. A covering letter was attached to the Form asking that it be
completed independently. A Proficiency Questionnaire, described in the section following,
was also attached, in order to verify that the experience levels of the participants were in line
with those being sought for this aspect of the research. Subjects filled in the forms at their

convenience. (See Appendix A for survey kit).
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4.A.6. Measures

Four measures were of interest in this portion of the research. These are:

i) the degree of consensus on the ranking of design and assistance features;

ii) the degree of consensus on the importance of the learning dimensions for ease of
use;

iii) the degree of consensus on the matching of learning dimensions with design and
assistance features;

iv) the degree of convergence between the findings in the field and our expectations.

4.A.7. Analyses

The average frequency of the expert panel’s responses were analyzed for consensus
of our experts and conformance with the expectations established in Table 2, Chapter 2.D.3.
Multivariate analysis was performed on the weights of importance assigned to the learning
dimensions and the Friedman H-statistic was used to assess the overall levels of consensus.

(Neter, Wasserman and Kutner, 1985; Meddis, 1984).

4.B. Study 2 - Quasi-experimental evaluation of effect of package and experience level
differences. and other factors, on ease of use

4.B.1. General approach

This aspect of the research addressed the issue of the impact on ease of use of
different package design and assistance features and the moderating effects of user experience

levels and other factors. The performance and perceived comfort of users, with different
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experience levels, psychostructure makeups, and demographic profiles, were examined in
actual use with one of three package treatments: (1) package 1, Merlin, - based on a mixed
menu/command structure, (2) package 2, Minitab, - based on a command structure, and (3)
package 1, Merlin, with a hypertext-based online help index. These packages are
representative of the types of package design which users often face, in the usual
performance of statistical decision analyses. Recent improvements to design are just
beginning to emerge in the mainstream. A large percentage of statistical work is still being

done on mainframe computers with awkward and outdated interfaces.

Subjects in the experiment worked independently on a task, with only online
assistance as an aid. Some were asked to repeat the task a week later so as to assess ease of
use relative to retention. In this research, we were interested in the initial reactions and
performance levels of different user categories using the packages. No training was provided,
nor was there any attempt to lead users to levels of mastery. Subjects were expected to use
online assistance exclusively to learn about the packages and to perform the task. It was an
entirely self-paced, exploratory adventure. Users were given instructions on how to sign on
to the network and to access the package to which they were assigned. That was the only
instruction given, as a minimal amount of experimenter interference was desired. Users were
asked to proceed through the task as they would in the usual undertaking of such an
assignment, with .he exception that no assistance would be provided nor could it be sought
outside the online assistance available with the software. Assistance was given only when
subjects were totally unable to progress, and this took the form of directing the user to seek
the available help. In the case of a subject being in a loop, the experimenter moved the

subject to a point in the package where commands could again be issued or help activated.
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No control could be exerted on consultations engaged in outside of the experimental setting
with respect to those who repeated the task a week later. This was not a problem in the case
of Treatment 1 - Package 1, or Treatment 3 - Package 1 with hypertext online help, because
this package was not currently being used in any courses. To minimize the possibility of
contamination in the Treatment 2 - Package 2 group, the subjects were told they would
probably be assigned to a different package the next time. Also, the fact that the packages
were not readily accessible outside of the experimental situation should have further

minimized this potential problem.

A secondary aspect of the research was to investigate whether experience level had
a moderating effect on the package treatment results. We were particularly interested in the
effect of prior experience with packages of like-type, in this case, statistical packages.
Information on experience levels was obtained from a Proficiency Questionnaire
administered to the subjects assigned to the various package treatments. (See Appendix A).
This is explained in Se-tions 4.B.3. and 4.B.5. following. This information could not be
obtained beforehand, so subjects could not be randomly assigned, nor assigned in equal
numbers to each of the package treatments. Subjects also had to be accommodated
according to the time slots which suited their schedules. The experiments took place at the
beginning of the 1991 winter and summer terms, before the students had started any
computer work for their courses, and were held on two days, in two two-hour slots, with

experiments running simultaneously in two computer labs.
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4.B.2. Package selection

Two statistical packages, Merlin, and Minitab, were used in the experiments. In the
design of statistical packages, there is a distinct separation of input, processing and output
operations, which is not the case in most other packages, such as wordprocessors or
spreadsheets. For this reason, statistical packages were chosen for the experiment. This
separation of operations afforded greater control over the task being performed, which is
discussed later, and ensured that the basis of comparison of the two packages was focused
on their differing interaction styles. These particular statistical packages were chosen because
they differ on important design and assistance features, yet were quite similar in the
operations required for the task. (See Figure 10, p. 153). These packages had the added
convenience of being available on the Concordia University Computing Services PC-LAN
Instructional Network. This permitted us to collect data on multiple users simultaneously. In
addition, each package has the capability of tracking keystroke-level performance. For
consistency, the Norton, TimeMark software was used to monitor the total elapsed session
time measures on both packages, although Merlin, has its own facility for tracing which,
additionally, includes time stamps between each keystroke. (See Appendix H for an example

of Merlin,'s keystroke tracing).

Treatment 1 - Package 1, Merlin,

Merlin, has a mixed menu/command structure. Inputting and editing requires
structured line-entry, but the operations are invoked, in some cases by menu, and in others
by command. Initially, the system presents the user with menus; however users have the
option of inputting a command string instead. Editing is performed in the editing sub-system

which is command driven. Analyses are performed in a structured menu environment.
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Output can be achieved either by menu or commands. Merlin, does have the facility, in
Express-mode, for entirely command-driven operation, similar to the Lotus, style command
sequence, but users were not informed of its existence specifically. This was in order to keep
the command structures between the packages as different as possible. The existence of this
operation is referred to in the online documentation provided, but users would require the

offline documentation to know how to invoke it accurately.

Conventional wisdom suggests that directed menu systems should be faster to learn,
if not to execute, and easier to learn, since only single keystrokes are required. They are not
necessarily faster in execution, however, this depending on the number of levels the user
must navigate to perform an operation. Merlin’s menus are quite shallow so execution
should be fairly fast and selections easy to remember, thereby reducing the mental strain
imposed on the user. So far, however, the research on these issues has not been conclusive,
as discussed in Chapter 2.H. Lee, et. al. (1986) found in their experiment that a mixed system
was preferred and resulted in better performance by their subjects. Whiteside, et. al. (1985),
on the other hand, found that novices had difficulty with the menu-based database
management systems in their experiment, and that all categories of users were better off with
the command systems. Paap and Roske-Hofstrand (1988) found that their experienced users

tended to select the menu option, while the least experienced used the commands.

Merlin/'s online documentation is designed around commands and their definiticns,
which are succinctly explained. Help is invoked by simply typing "1". Mental effort should,
therefore, be reduced, and the easy access to help should provide some psychological

comfort to the user. An overview of the package and its operation is available at sign on and
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is accessible by command thereafter. More detailed explanations can be found in an offline
manual, but this was not provided to users. Examples of the Help features are given in

Appendix D.

Treatment 2 - Package 2, Minitab,

Minitab, has a command-driven structure. This package permits inputting and editing
either by line-entry or full-screen editor. Users were restricted to line-entry because
performance in the editor cannot be recorded. Analyses and output are accomplished by
entering commands. Command structures are likely to impose greater demands on memory

and mental effort, thereby impacting performance speed.

The Minitab, online assistance is a dense manual-based document accessible by the
command "HELP HELP". More specific help can be obtained by typing HELP followed by
the menu number associated with the type of help desired, for example, HELP COMMANDS
1, to get help on inputting and editing. Users were not provided with any offline
documentation. For those unfamiliar with the package, the mental effort required to navigate
a full online manual should have a negative effect on their psychological comfort. Also, the
difficulty and time required in locating pertinent information suggests that performance speed
should be adversely affected. Work done by Carroll (1985) has shown that reduced manuals

are more effective for novices than full blown manuals. (See Appendix C for examples.).
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Treatment 3 - Package 1 plus hypertext online help

An adjunct experiment had some users perfform the task using Package 1, Merlin,,
with additional assistance available from a hypertext-based online help index. The index was
designed to provide assistance and serve as a reference. It includes examples and
explanations of concepts. This should further contribute to the psychological comfort and

reduced mental effort required of the user. (See Appendix D for examples of these screens.).

Appendix B compares the existence and absence of the various design and assistance
features outlined in Chapter 2.D. in each of the packages. Appendices C and D show
examples of the requirements needed to perform the task in each of the packages used in

the experiment.

4,B.3. Instrument development

Users’ subjective assessments required the development of an instrument to measure
theirperceptions of the packages. The features and dimensions included on the instrument
(seeMgpendix F), are the same as those found on the Evaluation Form, which experts were
asketto assess in Section 4.A. This Perception Questionnaire, which was developed by this
auttum,. asks for an overall rating of their perceived comfort with the package, ‘liking , and
thentequires a direct dichotomous yes/no response concerning the perceived contribution
of ttle various design and assistance features to speed, memory, effort, comfort.
Notwibstanding the limitations of a Yes/No response, given the required length of the
expermental task, which was one hour, and the length of the questionnaire, it was deemed
impetant not to overload the subject further by requiring more fine-grained assessment.

Addionally, we were interested in whether perceived support of these learning dimensions
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had an impact on performance and perceived comfort. A few features were excluded, being
judged to be irrelevant for the particular packages, in deference to the length of the
questionnaire. The instrument was tested on two individuals, one who could be considered
intermediate in experience, and the other, a novice. No changes to the instrument were
indicated from their comments. Information on demographics and anxiety levels were
procured from a Proficiency Questionnaire, which is described below and can be found in

Appendix A.

The Proficiency Questionnaire, developed by this author, was administered to
subjects before beginning the task described below, to elicit information on certain user
characteristics. (See Appendix A). In particular, the instrument provided information on
experience and demographics, including age, gender, scholastic achievement, work
experience, extent of computer and package experience, where and how obtained. The
classification of frequency of use was borrowed from Igbaria (1990). A computer anxiety
measure, developed by Raub (1981), was included which was also taken from Igbaria (1990).
Reliability coefficients for this measure as high as .85 have been reported. Subjects’
experience levels were determined from their responses to subjective assessments of
expertise and frequency of use of the various packages they listed. The determination of
experience level is explained more fully in the next section. The instrument was tested on
subjects in a small pilot study. No changes were made to the content of the instrument, only

to its aesthetic layout.
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4.B.4. Experience level rating

4.B.4.a. Establishment of Cumulative Microcomputer Package Experience Levels

As experience levels and frequency of use are not necessarily the same for each of
the packages reported by subjects, a composite evaluation of cumulative microcomputer
package experience had to be made. Classification of subjects into package experience levels
was determined from the Proficiency Questionnaire. in the absence of the opportunity to test
user proficiency in each package, and to account for inaccuracy in user self-assessments, it
was decided that these assessments of expertise would be modified by taking into account
the frequency of use reported. A grid was established influenced by Lee 1986, and an
experience level was assigned to each package reported. A composite rating to a cumulative
level of package experience then had to be made subjectively by the experimenter. This was
cross-checked with the ratings made by an independent expert designer and user. There was
89.6% agreement in the ratings made. A third expert was asked to resolve any discrepancies.
As statistical packages were being used in the experiments, experience with them was given
more weight than the others. Less importance was given to experience reported for
wordprocessors than for spreadsheets, databases, statistics, and programming languages,
while spreadsheets, databases, and statistical packages were weighted more heavily than
programming languages. The grid used to determine experience on the various packages and

compositely, is shown following in Figure 7:
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Figure 7 - Rating Scheme for Microcomputer Package Experience Levels

Frequency of Microcomputer Package
Microcomputer Experience Levels Reported
Package A ;
Use Reported Expert Intermediate Novice
Never Intermediate Novice Novice i A
) . ' PLS
Less than Intermediate Novice Novice EES
once/month RV |
Once/month Expert Intermediate Novice lE f S
. . . N SE
Few times Expert Intermediate Novice
cC D
/month E
Few times Expert Intermediate Novice
/week
Once/day Expert Expert Intermediate
Several times/day Expert Expert Intermediate

As an example, one subject’s reported experience with various packages is given

below. The rating of this person’s cumulative microcomputer package expertise vsas

established as follows:

Package
Type
Lotus
Supercalc
Multiplan
Wordperfect
Wordstar
Basic
Fortran
Pascal
Minitab

Composite rating of cumulative microcomputer package e perience:

Experience
Level Reported
Expert
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
intermediate
Intermediate

Frequency
of Use Reported
once/month
< once/month
< once/month
once/month
once/month
< once/month
< once/month
< once/month
once/month
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Experience
Level Assigned
Expert
Novice
Novice
Intermediate
Intermediate
Novice
Novice
Novice
Intermediate
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4.B.4.b. Establishment of Experiment Experience Levels

Additionally, in our study, we were interested in the effect of different experience
levels with packages of similar and dissimilar function, that is, statistical packages versus
other packages, on performance and perceived comfort. It was, therefore, necessary to
classify users according to the various Microcomputer Package Type Experience they
reported:
- minimal, or no, experience with any packages;
- experience with various packages other than statistics packages;

- experience with various packages, including one statistics package;
- experience with various packages, including more than one statistics package.

In relation to these, cumulative microcomputer package experience levels were
assigned to users as described before in Section 4.B.4.a. This lead to the placement of users
into the Experimental Levels used for comparison in the study, based on the scheme shown

below in Table 3.

Table 3
Level Classification Scheme
Statistics Microcomputer Package Experience
Package
Experience Novice intermediate Expert

1 - No Pkgs LIN - -
2 - Varied, No Stats L2N L2! L2E "
3-Varied + 1 S1at L3N L3 L3E
4-Vaned + > 1 5tat L4N L4l L4E

Legend LIN - minimal, or no, computer or package experience
L2N - novice with various packages, but not with statishics packages
L21 - intermediate with vatious packages, but not with statistics packages
L2E - expert with various packages, but not with statistics packages
LIN - novice with various packages, including one statistics package
L31 - intermediate with vanous packages, including one statistics package
L3E - expert with various packages, including one statistics package
L4N - novice with vanous packages, including more than one statistics package
L4l - intermediate with various packages, including more than one statistics package
L4E - expert with vanious packages, including more than one statistics package
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In the example given in Section 4.B.4.a., this subject, being rated as having
intermediate cumulative package experience and having experience with only one statistical

package, would be assigned to Experimental Level - L3I.

4.B.5. Task selection

An informal pilot study had been conducted with MBA student subjects to ascertain
what level of task could be expected to be accomplished within a one-hour time frame,
using each of the packages, and given the varying experience levels of subjects. They were
required to perform data entry and eui*ing, and a regression analysis. Based on the findings
from the pilot, the task was scaled down to a data entry and editing task, which is required
by all packages, regardless of class or type, and does not require subject matter expertise.
This ensured that the basis for comparison of the two packages lay mainly in the differences
between their interaction styles. This is further assisted by the distinct separation of input,

processing and output operations characteristic of line-editor-type statistical packages.

The task was sufficiently simple and structured so that users of all levels of expertise
were able to perform it, with different levels of success. The task required six distinct sub-
tasks - creating a file of data and labels, viewing or listing the file on the screen, editing an
observation, saving the file, and exiting the program. See Appendix G for the task, and Figure
19, to be discussed later, for the exact steps required by each package to perurm it. The task
was to enter a dataset of 20 students’ marks on two tests. Users were asked to verify their
input and to make any necessary corrections. A forced editing task was required, in which
users were directed to change Student 15’s Test1 score to 55. They were then instructed to

save and exit the package. The only assistance provided was online help, for which written
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instructions on how to access in were given to them. A week later, on a voluntary basis,
some subjects repeated the same task, on the same package, in order to determine ease of
vse in terms of retention, and to see whether their perceived comfort ratings and
performance scores improved with use. The interval of a week was imposed by the fact that,
after this time, the subjects would have become involved in class assignments using the
computer and, in some cases, the Minitab, package, thereby possibly changing their initial

experience level classifications.

4.B.6. Sample selection

Those who took part in Study 2, to assess users’ performance and perceptions in
actual use of a package, were taken from the faculty and student body of Concordia
Untversity's Decision Sciences and Management Information Systems. Faculty and research
assistants were already familiar with Minitab, and other statistical packages, as well as with
other types of packages, but not with Merlin. The students who participated were
undergraduate students from two introductory Statistics courses and two introductory
Management Information Systems courses, having agreed to take part in the experiment in
return for remission of one assignment in those courses. These students either had no prior
experience with statistical packages or had experience only with Minitab, plus varied

experience with other types of packages.

Some attempt to increase motivation was introduced, as mentioned, since students
participating in the experiment were exempt from one assignment in the course from which
they were solicited. Also, they were told the results of the experiment could be beneficial

for future students, if not for them, since the results may help the university in choosing
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packages for its courses. An attempt was made to minimize anxiety by emphasizing that their
level of performance on the experiment in no way formed part of their evaluation in the
course. On the other hand, this could have had the reverse effect of promoting laziness or
carelessness. Given the size of the sample, 234 students, other user characteristics were

assumed to be arbitrarily distributed across the sample.

4.B.7. Conduct of Experiment
The experiments with student subjects were conducted in the student computer labs
at Concordia University. Subjects were assigned arbitrarily to two labs, one containing 20
IBM PS2’s and the other, 35 Olivetti machines, connected to Concordia University
Computing Services PC-LAN Instructional Network. Some subjects worked on Treatment 1 -
Package 1, Merlin, in one room, while others worked on Treatment 2 - Package 2, Minitab,
in the other room. Subjects were not assigned in equal numbers to package treatments but,
for simplicity, were assigned by class. We attempted, however, to have an equal number of
subjects on both machines, in each of the Minitab, and Merlin, treatments, because of the
difference in speed between the PS2 and Olivetti models. Subjects in Treatment 3 - Package
1, Merlin, with the hypertext-based online help index were each required to use two
computers, one housing the original Merlin, software, and the other, the extended help
system, which reduced the number of subjects who could be processed at one time.
Olivetti’s were *sed for both systems. At the time the experiments were conducted, the
software in which the ancilliary online help system was written did not permit integration
with the original Merlin. Some of these sessions were videotaped using two cameras to
ascertain that users did, in fact, make use of the additional help, since traces could not be

obtained for it. The experiments with faculty and research assistants took place in the Faculty
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Information Services Computer Room in the Department of Decision Sciences and
Management Information Systems. These subjects were assigned only to the Merlin, package
as they were already familiar with Minitab, Our interest in these subjects focused mainly on
that aspect of the research which studied the impact on performance and perceived comfort
of different experience levels, with the same type of package. These subjects used an Ol vetti

machine.

4.B.8. Dependent variables

Ease of use of each of the packages was assessed and compared on the basis of a
performance time index, and supported by error and help indices - Score/Time Index,
Error/Score, Help/Score. The overall time, the raw number of errors and the raw number of
help calls were obtained directly from the keystroke-level traces of each subject, which were
recorded on individual diskettes. The errors and help calls were summarized by type,
operational or conceptual, according to the sub-tasks performed. Perceived comfort or

‘Liking’ was measured by a single 5-point likert scale question.

4.B.8.a. Measures

Performance indices were based in part on scores reflecting the success in completing
the assigned tasks. A straight comparison was not possible since some individuais completed
the task before the end of the hour allotted to the experiment. It was, therefore, necessary
to derive indices which could be compared on a common basis. This scoring is discussed

in more detail in Section 4.B.8.b., following.
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The performance indices were computed as follows:
Score/Time Index = sum of scores on sub-tasks* 100/elapsed time of session
Error/Score Index = number of raw errors*100/sum of scores on sub-tasks
Help/Score Index = number of raw help calls* 100/sum of scores on sub-tasks

™ Time recorded on subjects’ traces made by Norton, time stamp

Using this method of measurement, a possible benchmark for expert performance was
established as a rough guideline for possible user performance. This benchmark was
established to be 3333, for both packages. This represented error-free completion of 100%
of the experimental task in three minutes, by the designer of the Merlin, package on Merlin,

and this author on Minitab,.

The time measures were ultimately compared, for the three package treatments, to
assess their ease of use, in terms of performance, relative to the average rather than relative
to the Benchmark Index. This was because the Benchmark Index being the same for both
packages, the base is the same for both packagec. The Index was, also, representative of only
nne expert’s performance on each package and is likely to be moveable across many experts

and many trials.

A higher score on the Score/Time Index indicates better performance. As this measure
includes time spent making and correcting errors and accessing help, we also compared the
other performance measures to further explain the results. A higher score on the Error/Score
Index indicates a less favourable index. A higher score on the Help/Score Index indicates

more use of help which is not necessarily indicative of the quality of performance. Retention
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was also evaluated based on the improvement to the performance and perceived comfort

results obtained on a retest compared to the initial test.

As noted, in addition to the performance measures, users’ overall perceptions of the
packages, or perceived comfort with the packages, were also measured. These were obtained
from the Perception Questionnaire previously discussed. The responses were compared for
the three package treatments. The questionnaire also asked users whether they perceived
speed, memory, effort, and comfort to be supported by the various design and assistance
features in the packages. These were used to determine whether perception of support for

these learning dimensions helped perceived comfort and performance.

The effect on these performance and perceived comfort measures relating to ease of
use were also investigated for experience, gender, computer anxiety and perceived

quantitative competence.

4.B.8.b. Relative rating of difficulty for sub-tasks

Scores were assigned to each sub-task based on the author’s perceived conceptual
difficulty of the sub-task, much as an exam marking scheme would be established, and on
the assumption of relative independence be!ween the sub-tasks. This decision was taken so
as to facilitate comparison across the packages, which it was felt could only be achieved if
scoring for the sub-tasks was determined independently of the package being used. We chose
this approach because we felt that assigning separate weights to each package based on its
particular difficulty in executing the individual sub-tasks would tend to minimize the

variability between the packages. Without a common base of reference, comparisons would
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be meaningless. Each sub-task was conceptually assessed for its level of difficulty relative to
the others, such that the total for all sub-tasks summed to 100%. The score assigned was
arbitrary, and for simplicity of computation, was assigned in multiples of 5's. The same
scoring scheme was applied to both packages, thereby preserving comparability. Scoring was

developed as follows in Figure 8:

Figure 8 - Establishment of Sub-Task Scoring for relative difficulty

Score Task Conceptual difficulty
35 Sub-task-1-Enter Jata - conceptualize separation of data and labels

- conceptualize row-wise versus column-wise
entry of data

- find operation to achieve data input

- find operation to end input

15 Sub-task-2-Name labels

conceptualize separation of data and labels
- find operation to insert labels

25 Sub-task-3-Change element conceptualize changing portion of file
- conceptualize changing row or element only

- find operation to accomplish change

10 Sub-task-4-View data - conceptualize difference between on-screen
viewing and printing on printer
- find operation to view file on screen

10 Sub-task-5-Save data find operation to save data in a file
- understand assigning of a filename to the data

input

w

Sub-task-6-Exit package

find operation to terminate session

100%

In each of the packages, the operations required to accomplish these sub-tasks were
compared in order to ascertain if significant advantage would be given to either one using
this scoring scheme. The packages were deemed to be "relatively" comparable in complexity,

taken at face value. The comparison is shown below in Figure 9:
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Figure 9 - Comparison of Tasks on Merlin, and Minitab,

Merlin_- mixed menu/command Minjtab, - command
Entry 1. make selection from DATA menu®" 1. enter command READ columns
- enter data row-wise - enter data row-wise
or enter DATA command or enter command SET column
- make selection from menu - enter data column-wise
- enter data row-wise 2. enter END command to end data
entry
2. enter <carriage return> to end (Full-screen editing was not permitted)
data entry
Naming 1. select Y from menu following' 1. enter NAME C1«'label1’ c2=‘label2’
data entry

- enter labels one per line
or enter NAME command
- enter labels one per line

Change 1. enter EDIT command 1. enter LET column(row) = new element
- enter r el(row,column) command (Full-screen editing was not permitted)
- enter new element
or enter r row15 command
- re-enter row

Viewing 1. select Y from menu following naming™ 1. enter PRINT column numbers
- select from menu - all,row,column
or enter PRIN command
- select from menu - all,row,column
or enter EDIT command
- enter print commands, eg. p *-all,
p el(15,2)-one element

Saving 1. enter SAVE command 1. enter SAVE ‘filename’
- enter filename
Exiting 1. enter STOP, DONE, BYE, QUIT, 1. enter STOP
or OFF

- enter filename to save, or
carriage return
or enter S and exit without
SAVE option

" At initial sign-on, Merlin, leads the user through the steps required to enter data, add

column labels and list the data on the screen. Subsequent sign-on’s require the user to select
these options from the main menu.
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The number of errors on each sub-task, using the particular package, should be an
indication of the difficulty in accomplishing the task with that package. This was used to
verify the weights which we arrived at conceptually, and to ensure that they did not unduly

favour one package over another. This is discussed in the analysis chapter, Section 5.B.9.

We cannot compare our objective ease of use results with those of the other authors
cited in the thesis since, in each case, our measures are defined differently. Roberts and
Moran’s (1983) study included time spent in error states in their performance time measures.
They also provided training to their subjects and permitted the opportunity for error
correction. Murphy (1992) attempted to measure the user’s transition to mastery levels of
learning, and was interested in the time it took to reach said levels with competing designs.
Khalifa’s (1990) subjects were given training on the mock interfaces used in his experiment,
and his performance time measure was calculated by adding the time it took to read the
manual to the time spent in training, and then subtracting the time spent during actual
performance. Models such as Card, Moran and Newell’s (1980) Keystroke-Level Model and
Polson and Kieras’s (1985) Production Model,we have already noted, are not adaptable to
a business context, in terms of a user faced with evaluating and making a choice from among
competing packages. They require very fine-grained analysis of the times on each sub-task,
which, in the case of the Keystroke Model, also includes the time to read the instructions
before beginning the task. As Minitab, does not permit the tracking of keystroke-level time
intervals, the detailed analyses of these authors cannot be replicated with our data. Our
subjects w re not given training, nor was any provision made to allow them to attain mastery

levels. We simply investigated whether improvement or deterioration resulted after a week
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of non-use of a package, and whether this was dependent on the package being familiar or

un-familiar.

4.B.9. Analyses

The Tukey-Kramer Comparison of all pairs was used for the univariate tests of mean
results on performance and perceived comfort relating to ease of use, by package treatment,
experience level, reported competency in quantitative courses, gender, and anxiety. The
Student’s t was used to assess the level of significance of the results for the particular
propositions which were tested. Multiple regression and logistic regression analyses were
then used to analyze the predictive and explanatory power of these variables for the
performance and perceived comfort measures relating to ease of use. (Neter, Wasserman,
and Kutner,1985). Frequency distributions were used to summarize the demographic data
collected on the Proficiency Questionnaires. The Maclntosh SAS JMP, statistics package was

used for all the analyses.

This chapter presented the details of the research design and experiment setting used
in the thesis. Chapter 5 which follows will present the analyses, findings and implications

resulting from this research.
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Chapter 5 - RESULTS, ANALYSES AND FINDINGS

This chapter presents the results, analyses and findings of our two studies. For each
study, a detailed description of the data and the results of the statistical analyses are
presented separately and discussed in the context of the research questions which were
posed. The discussion is, therefore, divided as follows:

5.A. Study 1 - Expert consensus on software design and assistance features

leading to ease of use

5.B. Study 2 - Experimental evaluation of effect of package and experience level
differences, and other factors, on ease of use

5.A. Study 1 - Expert consensus on software design and assistance features
leading to ease of use

In Study 1, we were interested in establishing whether a consensus exists among
experts in the field concerning that which influences the ease of use of a package. We
suggested that features included in a package contribute to its ease of use to the extent that
they support speed, memory, effort and comfort. As suggested by Holcomb and Tharp (1991,
p.50),

"Usability is not all or nothing but relative; thus it should be possible to

measure adherence to a set of general usability principles and compute a
relative usability rating for a given interface”.

We were interested in investigating whether, indeed, it is possible to identify the general

usability principles for which a relative usability rating may be derived. As discussed in the
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Introduction, Smith and Mosier (1984) established a list of 679 guidelines for designing the
user interface but these have not been widely adopted: 1) because of the difficulty in
implementing them and 2) because there may not be agreement on these guidelines. The
authors also did not suggest a prioritization of these guidelines nor a basis on which this

could be established.

The research question we posed was:

Research Question 1:

Is there agreement, among experts in the field, on: (1) the importance of certain Design and
Assistance Features in determining ease of use; (2) the importance of the Learning
Dimensions identified as influencing ease of use; and (3) the links between Features and the
Learning Dimensions they support. Finally, (4) to the extent that there is agreement among
the experts, does this match expectations derived from the Human Factors and Learning
Iiterature?

A panel of experts was asked separately to rank a list of Design Features, and a list
of Assistance Features, according to their importance for ease of use of a package. They were
then asked to indicate the associations they perceive exist between the Features listed and
the Learning Dimensions identified as being Speed, Memory, Effort and Comfort. They weie
also asked to assign a weight of importance, for ease of use, to these Learning Dimensions.
The weights assigned had to add up to 100%. A completed sample form and description of

the items are attached for reference throughout this chapter in Figure 10.

it should be noted that the Design and Assistance Features are not necessarily
independent. Rather, it is the interplay of all of the features in a package which contributes
to its overall ease of use. Neither are the Learning Dimensions independent. The
requirements placed on Memory and on Mental Effort by the package, will have an impact
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on performance Speed and on the psychological Comfort in using the package. Likewise,
Memory and Mental Effort are dependent on each other. For this reason, we allowed tied
rankings that is, more than one feature could be assigned the same rank. They could also

assign more than one learning dimension to each of the features.

The basic statistical analyses carried our were:
Rank (ordinal) - function of 'Features (nominal)
'Features (nominal) - associated with *Dimensions (nominal)
Comparison of Means of *“Weights of Dimensions (interval)
Note: Superscripts refer to the associated variables on the filled-in portion of the form

overleaf.

In this section, we present the profile of the panel of experts surveyed in this study
and the analyses of Study 1. The analyses are presented and discussed in relation to the

propositions which were developed in Chapter 3.D.
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5.A.1. Characteristics of the panel memti.ers

For this study, individuals were sought who could be considered fairly expert in the
use of many packages, of diverse operation and functions, for developing Decision Support
Systems for their own use, or for use by others. Survey forms were given out to 100
individuals, from a variety of working environments. (See Section 4.A.4.). Sixtv seven
questionnaires were returned. However, nine of these were omitted from the analysis
because the participants failed to meet the experience level requirements desired for this
portion of the research. This was ascertained from the information reported on the
Proficiency Questionnaire, included with the survey kit. (See Appendix A). The number of
packages used, frequency of use, and levels of expertise determined eligibility for the study,

as explained in Chapter 4.B.4.

In terms of job function, the breakdown was as follows:

Distribution of Sample by Job Function
System analysis type functions 73%
Management Information System (MIS) Professors 15%
Managers 6%
MIS TeachinLg Assistants and Graduate Students 6%

The system analysis functions reported included computer analyst, database management
system consultant, database administrator, systems engineer, systems development manager,

systems programmer, computer services manager, systems user support.
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The self-assessed package experience levels reported were as follows:

Distribution of Sample by
Experience Level

Expen 63%

Intermediate 37%

Those reporting themselves as intermediates were considered appropriate for the study, given
the frequency of use, the number of packages used, the years of expenienc e reported, and

the fact that our study is an exploratory one.

The number of packages, which were reported used on a regular basis, ranged from

1 to 17, were broken down as follows:

Distribution of Sample by No. of
Packages Used
< 5 packages 18%
5 packages 15%
6 packages 9%
7 packages 18%
> 7 packages 40%

Not surprisingly, given the population polled, none of the panel reported having low

competence in quantitative cuurses. The breakdown was as follows:

Distribution of Sample by Quantitative
Competence

Expert 70%

Intermediate 30%
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The number of years of work experience ranged from 1.5 years to 30 years, the

average being 8.7 years. The breakdown was:

. —_—
rDistribution of Sample by Years of Work
Experience
< 3 years 14%
3 years 18%
4-6.5 years 14%
7 years 12%
> 7 years 42%

The panel was predominantly male, which is the current characteristic of the

population targeted:

r
Distribution of Sample by Gender
Males 77%
Females 23%

The age of respondents was as follows:

" Distribution of Sample by Age ]
< 25 years 22%—
25-34 50%

lF 34 28%

The histograms of these statistics are attached in Figure 11. We discuss the results of the rank

of the features in the next section,
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5.A.2. Analyses of consensus on rankings

The first proposition stated:

Proposition 1.a. - There will tend to be agreement on the relative rankings assigned to
the Design and Assistance Features identified as contributing to ease
of use.

We were interested in knowing whether expert users perceived the various Design
and Assistance Features to have the same level of importance for ease of use. We, therefore,
asked the panel to rank the Features separately, for Design and Assistance, in terms of the
importance they perceive them to have for ease of use. We applied multivariate analyses and
Friedman’s H statistic to the data to determine if the differences between the average ranks
associated with each individual feature were statistically significant. We analysed the
agreement among our experts using Kendall’s coefficient of concordance. (Meddis, 1984).
The findings, for this aspect of the study, are discussed under the headings:
5.A.2.a. Design Features;

5.A.2.b. Assistance Features;
5.A.2.c. Conclusions,

5.A.2.a. Design Features

The average Ranks assigned to the thirteen Design Features, which are summarized
in Table 4 following, along with their frequencies. The table is arranged in order of the
average ranks. Histograms of the frequencies are shown in Figures 12.a. and 12.b. As the
histograms show density, no scales are shown. However, the frequencies can be read in the

table.
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Table 4

SUMMARY of DESIGN FEATUIRES by RANA

Ranls

Features Coefficient of Concordance W = 39 Refative

p< Varian e

of the

Rank Average Std. Relative Frequencies of Ranky Individual
Order Ranks Dev Ranks
I 1-2 as 610 113

Fy . Command Structure 1 27 22 6 n n 0 "
F4 . Consistency 2 3?7 25 43 38 19 0 s
£3 - togic of the Structure 3 46 30 32 42 26 4 20
F5 . Screen Design 4 58 33 25 27 AQ 9 2%
k8  System Responte 5 62 35 7 40 51 2 28
k6 Fexibility 6 ) 25 7 11 44 6 15
9 Data Input b T3 32 8 31 49 12 n
F7 - frror Trapping/Recoven 8 74 38 18 19 44 1 R
F2 Depth 9 80 34 4 25 47 24 27
F10 - Macros 10 913 25 0 20 51 27 14
f11 Autosave " 95 12 0 20 19 45 74
F12 - Autoadjuctment 12 97 28 0 17 19 44 e
F13 Autoformatting 1 10 4 24 0 6 41 51 1
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The degree to which the panel agreed on the rankings they assigned to the features
overall was not very high. This was based on Kendall’s coefficient of concordance measure,
W, where a value of 0 indicates no agreement and 1 indicates perfect agreement. (Meddis,
1984). Our measure of concordance of the ranks assigned by our expert panel was 0.39.
Although the agreement was low, the level of significance was p < .001 which would seem
to indicate that the ranks were not assigned at random and that there may be a tendency for

our experts to agree on certain features. We, therefore, examined the average ranks.

There were significant differences, at p < .01, in the average ranks assigned to the
individual features based on Friedman'’s H statistic and the multivariate analyses performed.
(Meddis, 1984). In Figure 13, we have attempted to show these relationships, indicating by
a solid line those features which are not significantly different from each other. All others are
significantly different. Figure 13 indicates that F1 - Command Structure was of primary
importance to our expert panel and that the average rank assigned to it was significantly
different from the average rank assigned to all other features. F4 - Consistency and F3 - Logic
of the Structure were also ranked significantly higher than the other features, except for F1 -

Command Structure, but were not significantly different from each other, and F3 - Logic of
the Structure was not different from F5 - Screen Design. Least important were F10 - Macros,
F11 - Autosave/backup, F12 - Auto-adjustment and F13 - Auto-formatting, which average rank
was significantly lower than all other features ranked above them. F13 - Auto-formatting was
ranked significantly lower than all features, except F11 - Autosave/backup and F12 - Auto-
adjustment. F10 - Macros was also significantly lower than all other features, except F11 -

Autosave/backup and F12 - Auto-adjustment.
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Figure 13
Significant Differences between Ranks

assigned to Design Features
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As the Design Feature Command Structure, on average, was considered most
important by our expert panel, our analysis suggests that the attention given to this aspect
of package design in research is, indeed, warranted. The fact that prior research findings have
been contradictory and inconclusive may be suggestive of a change in the way we evaluate
the different approaches. For instance, perhaps the nature of the task should be considered,
and the question posed should be ‘Are menus better for structured tasks?’ We also already
mentioned the need to make the distinction between directed and non-directed menus.
(Ogden, et. al., 1988; Lee, et. al., 1986; Whiteside, et. al., 1985; Shutoh, 1984; Napier, et.

al., 1989; Dunsmore, 1981; Perlman, 1984).

Less specific attention has been given to Logic of the Structure, that is, ‘Is the
struclure understandable; does it make sense to the user?’, and to Consistency in design.
These, however, are important to our panel. The research that has been done in these areas
does indicate that lack of attention to these design features results in problems for users.
(Karat, et. al., 1986; Schlager and Ogden, 1986; Maskery, 1985). These two features are
more important for ease of use, according to expert users, than Screen Design, which
includes the aesthetic arrangement and display of items on the screen, the meaningful
grouping of items, language and wording used, et cetera, which has been given a fair amount
of attention in research. (Burns, et. al., 1986; Ehrenreich and Porcu, 1982; Moses, et. al.,
1980; Landauer, et. al., 1983; Black and Moran, 1982; Grudin and Barnard, 1985; Badre,

1982).

A fair number of studies have also looked at System Response (Dannenbring, 1983;

Smith, 1983; Long, 1976; Bevan, 1981), and it is relatively important to our expert panel,
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having been ranked fifth.

The ranks assigned to Data Input and Depth of Structure are somewhat surprising.
These were ranked fairly low, seventh and ninth, respectively. One would have thought that
the number of levels needed to perform an operation and the mode of data entry, line entry
versus full screen editing, would have been closely aligned to Command Structure and,
therefore, ranked more highly. Some of the research studies do indicate, however, that n
terms of Depth, users adapt to the number of levels. (Burns, et. al., 1986; Badre, 1982).
There is evidence for this in the popularity of the Lotus, package, notwithstanding the many
levels of its structure. On the other hand, two studies by Dunsmore (1984) on line versus
screen editing indicated superior learning times and performance times for those using sc reen

editing, perhaps because of the immediate confirmatory feedback on actions taken.

Another measure of agreement was evaluated to allow one to focus on individual
features one at a time, as opposed to W which considers them as a whole. To determine the
extent to which the panel agreed on the ranks assigned to the individual Design features, we
derived a relative measure of the individual variances, relative to the maximum possible
variance of the rank on a scale of one to thirteen. A zero relative variance would indicate
perfect agreement among the panel as to the rank assigned to the feature and maximum
relative variance of 1 would indicate half of the respondents assigning a rank of 1 to the
feature and the other half assigning 13. This measure is shown in the last column of Table
4. Evidently, the most agreement was in the ranks assigned to those features ranked first and
last. The variance is larger for those features ranked in the middle, nonetheless, their relative

variance was also reasonably low, indicating that our panel of experts were fairly in
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agreement as to the ranks assigned to the individual Design features. They were particularily
in agreement with respect to those given to Command Structure, Consistency, Flexibility,
Macros, Autoadjustment and Autoformatting. The low measure of overall concordance may

be due to the greater variance in the ranks assigned to the middle ranking features.

Our expectation, then, that expert designers and users would agree on tne ranks
assigned to the various Design Features was relatively unsupported with respect to the
features taken as a whole, but was reasonably supported for ranks assigned to certain
individual features. With respect to these latter, the level of attention given in research to the
various features seems appropriate. However, in some instances, the research emphasis may
need to be reconsidered, as suggested by the importance given to Consistency and Logic of
the Structure, and the lesser importance given to Screen Design, mode of Data Input and

Depth of the Structure by our expert panel.

The fact that our expert panel, though given the option, did not add any Design
Features to the list may either suggest our listing of the important features was complete and
appropriate, or that they had never given it any thought. One person added "Getting the right
answer"; however, as this is not a feature but an outcome, it was not considered. The person

also did not include 1t in the rankings made.

5.A.2.b. Assistance Features

Table 5, following, summarizes the nineteen Assistance Features according to the
average Ranks assigned to them, with associated frequencies. Figures 14a. and 14b. show

the histograms.
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Table §

SUMMARY of ASSISTANCE FEATUIRES by RANK

Ranks
Coefficient of Concordance W = 25

Features p < 0t Relative

Varlance

Relative Frequencies of Ranky of the
Rank Average std - Individuat

Order Rank Do e ——

12 35 69 10-12 1318

F1 - Manuals 1 53 50 49 18 o 0 12 2°
£2 - System Messages 2 59 43 n N 20 10 b Jo
f4 - Prompte ) 60 39 29 26 LAI 12 N 16
k8 - Index 4 77 a4 18 28 25 16 11 24
£7 - Examples 5 79 51 20 N Pl 10 H )
F15 - Context Help [3 82 52 20 20 28 12 Pl M
F3 - Tutonals 7 85 55 23 18 26 il 2 [
F6 - Defaulte 8 85 45 10 n 23 22 14 2)
F11 - Cautions 9 96 19 10 14 15 Paj 20 17
5 - Templates 10 97 £ 10 27 18 20 24 3}
£14 - Inctruciine Feedback n 104 47 4 22 24 24 26 24
F9 - Glossary 12 107 44 6 10 35 21 ALIA 21
F19 . Conceptual Modelc 13 15 hy 14 10 1A 20 40 37
F13 - Navigatioral \ids 14 18 48 2 18 27 14 30 N
F16 - Expertice Accommodation 15 126 51 L] 19 1" 8 5 11
F12 - Chechhist Memon Joge 16 1314 36 0 12 10 23 0 14
F18 - Subject Matier Aid 17 116 46 2 12 i4 1 56 PX]
F10 - Unsolicited Help 18 137 a8 4 6 18 13 59 2%
F17 « Restricted Options 19 140 44 6 8 [} 15 X Pal
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As was found with the Design Features, the agreement of the panel was quite low, with
respect to the rankings assigned to the Assistance Features overall. Kendall's coefficient of
concordance, W, was 0.25. Again although the agreement was low, the significance level p < .001
would seem to indicate that the experts did agree on certain features which an analysis of the
average ranks showed. Friedman’s H statistic and the multivariate analyses showed significant
differences between the average ranks of the individual featuresat p < .01. (Meddis, 1984). These
differences are depicted in Figure 15, following. From this figure, we see that F1 - Manuals, F2 -
System Messages and F4 - Prompts are not significantly different from each other, but are ranked
significantly higher than all other Assistant Features. At the lowest ranking end of the scale, F12 -
Checklists and Memory jogs, F18 - Subject Matter Aid, F10 - Unsolicited Help and F17 - Restricted
Options were ranked significantly below all other Assistance Features, but not different from each
other, nor from F16 - Expertise Accommodation. The variance of the average ranks assigned to each
of the features was again quite low, indicating a fair degree of agreement among the expert panel
members, The level of the variance was fairly different from feature to feature which, once again,

may have accounted for the low overall concordance found.
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Figure 15
Significant Differences between Ranks

assigned to Assistance Features
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A first place average ranking assigned to Manuals, whether on- or offline, is not
surprising. Many research studies have investigated the value of online versus offline manuals
versus no manual, as well as the content of the manuals. (Relles, 1979; Dunsmore, 1980;
Hiltz and Kerr, 1986; Carroll and Aaronson, 1988; Schlager and Ogden, 1986; Charney and
Reder, 1986; Carroll, 1985). However, as with Command Structure, the findings have not
been conclusive. While expert users indicate that they consider manuals important, some of
the evidence suggests that they do not make use of them. The study by Hiltz and Kerr (1986)
found that users only skimmed documentation and rarely read the offline documentation.
The relevant question may more appropriately be what type of manual is most valuable.
Work by Carroll and Aaronson (1988) found how-to-do-it and how-it-works manuals
effective, while Schlager and Ogden (1986) found that a manual which conformed to an

expert user’s cognitive model of the system improved fearning and retention.

System Messages, ranked second, have likewise been given attention in research.
Shneiderman (1982) did a series of experiments on the impact of wording on performance.
Ranked third are Prompts, that is, warnings of errors made, how to correct them and why
they occurred. Less attention has been given to this area, both in research and in practice.

Expert users, however, obviously consider this important.

Indices - quick references to commands and operations, Examples, and Context Help
were also considered fairly important Assistance features. These were ranked fourth, fifth and
sixth, respectively. Magers (1983) examined the effects of Examples and Context Help, and
found performance was enhanced by the inclusion of these features. The emergence of

Hypertext systems also attest to the growing interest in providing accessibility to information
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via a particular application of Indices. In this context, the Indices are embedded in text or

graphics, which users can access for more detailed information on a topic.

Defaults, Cautions and Templates were considered as moderately important relative
to the previous features discussed, being ranked eighth, ninth and tenth, respectively.
Tutorials, ranked seventh, was also deemed moderately important by the panel. This 1v
surprising. One would have thought that one would rely heavily on the tutorials provided
with a package to foster ease of use and, therefore, assign it a higher rank. It may be that the
respondents estimated ease of use strictly on the basis of ongoing use, and considered
Tutorials for preliminary start up. There is anecdotal evidence to suggest that users do not
avail themselves of the various assistance media provided to them with packages. Carroll and
Mack (1984) and Hiltz and Kerr (1986) also demonstrated that users tend to prefer a learning-

by-doing, exploratory approach to learning software.

Glossary and Instructive Feedback, in which the user’s input is assessed for
correctness and then communicated to the user, possibly with what the correct action(s)
should be, were ranked fairly low, eleventh and twelfth, respectively. The study by Egan, et.
al., 1987, suggests that research into diagnosis and remedial assessment of errors can be
productive. One would have thought that users would find Instructive Feedback more

important than seems to be the case.

Relative to the other features, the average ranks associated with Navigational Aids,
Checklists and Memory Jogs, Subject Matter Aid and Unsolicited Help were low fourteenth,

sixteenth, seventeenth and eighteenth, respectively. It is interesting that Conceptual Models,
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ranked thirteenth, Expertise Accommodation, ranked fifteenth, and Restricted Options, ranked
nineteenth, should have been ranked so far down on the scale. These are some of the
dominant themes in research. (Catrambone and Carrolf, 1987; Carroll and Kay, 1985; Carroll
and Olson, 1988; Wilson and Rutherford, 1989; Moray, 1987; Mancini, 1987; Schlager and
Ogden, 1986, Bayman and Mayer, 1984; Goodwin and Sanati, 1986; Bostrom, Olfman and
Sein, 1990). We thought that Conceptual Models would have been closely linked to the
Design Feature, Logic of the Structure meaning, ‘is clear, is understandable’, which was
ranked second. Our panel, being composed of experts, may already have their own
conceptual models of their systems and so not see the benefit of being provided with one.
In terms of Expertise Accommodation and Restricted Options, perhaps expert users do not
consider these facilities for novice/expert transition important because they are already
expert. In addition, some packages, such as Lotus,, DBase Il +, et cetera, already provide
these facilities to some degree. In Lotus, users can interact either by selecting commands
using a cursor or by typing the first letter of the menu options, novice users usually choosing
the former, and experts the latter, to the point of creating macros of commands. In DBase
111+, users have three levels of interaction - menu, dot prompt commands or programming
language. In the case of both packages, some novices may never progress beyond menus,
either by choice or from being unaware of the other facilities available, depending on their

exposure and needs.

Our measure of the individual variances relative to the maximum possible variance
of the rank on a scale of one to nineteen indicates low variances in the individual ranks.
These are shown in the last column of Table 5. A zero relative variance would indicate

perfect agreement among the panel as to the rank assigned ‘5 the feature and maximum
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relative variance of 1 would indicate half of the respondents assigning a rank of 1 to the
feature and the other half assigning 19. It would seem that experts are reasonably in
agreement on the ranks to be assigned to individual Assistance Features, in particular, the
importance of System Messages and Prompts for ease of use and the relative unimportance

of Cautions and Checklist and Memory jogs.

Once again, there was low support for agreement among the panel on the rankings
assigned to the various Assistance Features taken as a whole but reasonable support for

agreement on rankings assigned to individual features.

Research efforts have not been completely in line with expert perceptions of certain
individual features. Little has been done in practical terms 1o integrate and study Prompts,
that is, warnings of errors, why they occurred and how they may be corrected. The work that
has been done with respect to intelligent systems have not, as yet, found it way into
commercial software to any significant degree. Features less important to users, such as
Conceptual Models and Expertise Accommodation, have been given more prominence in

research.

5.A.2.c. Conclusions

Proposition 1.a., which supposed that our expert panel would assign the same
importance to the various Design and Assistance Features, can be considered partially
supported, based on the low degree of variance that was found on the average rankings
given to the individual features, even if their concordance on the actual sequencing of the

rankings was relatively low.
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The rankings in the study by Holcomb and Tharp (1991), which was the only one
found similar to our own, are not directly comparable to our findings. First of all, whereas
we differentiated our ease of use features based on Design and Assistance Features, they did
not. They were interested in Usability, which as they define it, overlaps, but does not equate
to our definition of ease of use. Some of our features were, therefore, different. Nonetheless,
the Design and Assistance Features that we found to be among the most important for our
panel, namely Consistency and Manuals or Written Documentation, which is their term for
manuals, were also those identified by their user sample. The Design Feature - Command
Structure, which was ranked first by our panel, was not one of the items in their list. System
Messages, ranked second in our Assistance Features listing, was at the lower end of the
rankings in the Holcomb and Tharp study. However, all of their features were ranked above
75%, on a scale of 100%. It should be remembered that they did not separate Design from
Assistance Features. In their study, the most important feature was Functionality, defined as
being able to accomplish the task and to perform it reliably. We did not consider this to be

a factor contributing to ease of use, though it is important for usability.

5.A.3. Analyses of consensus on learning dimension weights

The second proposition stated:

Proposition 1.b. - There will tend to be agreement on the relative weights assigned to
the Learning Dimensions identified as contributing to ease of use.

We were interested in determining whether our expert panel considered the learning
dimensions - Speed, Memory, Effort, and Comfort of equal importance in ease of use, and
if not, whether they were consistent regarding the weights they did assign to them. A
multivariate analysis was performed on the data to compare the average weights assigned to
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each of the dimensions. This will be discussed under the headings:
5.A.3.a. Design Features;

5.A.3.b. Assistance Features;
5.A.3.c. Conclusions.

5.A.3.a. Design Features

The importance of the learning dimensions for ease of use seems to go in decreasing
order of Speed, Memory, Effort, Comfort. The average weights for each were 28.8%, 25.3%,
24.1%, 21.8%, respectively, with standard deviations of 16.5, 10.0, 10.7, and 12.3,
respectively. The multivariate t-test showed no significant differences, p < .3, between these
average weights. There was, however, quite a range of percentages assigned to each of the
learning dimensions. Table 6, below, shows the distribution of percentages assigned The

histograms are shown in Figure 16, following.

Tables
Weights assigned to Design Features
Speed Memory Effort Comfort
N 47 47 47 47
Mean 288 253 241 218
SD 165 100 107 121
Lower 25% 5-20 5-20 520 510
25% 20-25 20-25 20-23 1020
25% 25-40 2530 25-10 20030
15% 40-50 30-40 30-40 30-40)
Upper 10% 50-75 40-50 40 50 4060
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In terms of Speed, the percentage of respondents assigning the different levels of

weights were as follows:

Weights assigned to Speed
Weghts 75 50 45 40 35 30 25 20 A5 10 .05
Assigned
% of 43 85 21 213 21 85 106 191 21 170 43
Respond-
ents

In terms of Memory, the weight assignment was as follows:

31

Weights assigned 10 Memory

Weights 50 40 35 30 25 20 15 10 05
Assigned

% of 43 106 21 234 191 64 85 21

23 4
Respond- I
enls I

Effort was assigned weights as follows:

Weights assigned to Effort
Weights 50 40 35 30 25 20 15 05
Assigned
% of 43 85 43 234 128 255 43 43
Respond
ents

Comfort was assigned weights as follows:

Weights assigned to Comfort
Weights 60 50 40 35 30 25 20 15 .10 05
Assigned
% of 21 43 43 21 149 149 255 64 149 106
Respond-
ents
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The Speed dimension has the most spread of responses. The weights .40, .20 and .10
were assigned by 21.3%, 19.1% and 17% of the responaents, respectively. The other
dimensions have a more normal looking distribution, as seen on the histograms attached in
Figure 16, with the majority of respondents assigning weights of. 20, .25, or .30. Memory
was assigned these weights by 66%, Effort by 62% and Comfort by 55%, whereas Speed was
so assigned by only 38%. It would seem that while users generally agree on the importance
of the support which Design Features offer Memory, Effort and Comfort, their priorities are
different for the support of Speed. As noted earlier however, the dimensions were equi-

weighted, that is, not statistically different.
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5.A.3.b. Assistance Features

The average weights assigned to Speed, Memory, Effort and Comfort for Assistance
Features were 27.3%, 25.0%, 24.9%, 22.8%, respectively, with standard deviations of 16.3,
10.4, 9.2, 11.0, respectively. The distribution is comparable to that assigned to Design
Features, with Speed given more weight than the other dimensions. Memory and Effort are
about the same weight, and Comfort is given the least weight. Again, no significant
differences, p < .6, were found between any of the dimensions and the range of weights
assigned was wide, as seen in Table 7, below, which shows the distribution of weights. The

histograms are given in Figure 17, following.

Table 7
Weights assigned 1o Assistance Features
Speed Memory Effort Comflort
N 43 43 43 4
Mean 273 250 249 28
SD 1613 104 9) 10
Lower 25% 5-10 10-20 5 51%
25% 10-25 20-25 20-25 15 20
25% 25-40 25-35 25 30 20130
15% 40-50 35-40 10 38 §0 40
Upper 10% 50-75 40-50 18 50 4050

In terms of frequencies, the following weigh.s were assigned to Speed:

;
Weights assigned to Speed
Weights 75 50 45 40 35 30 25 20 10 0
Assigned
% of 47 70 2.3 140 23 93 186 163 230 23
Respond-
ents
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Memory was given weights as follows:

Weights assigned to Memory

Weights 50 40 35 30 25 20 15 10
Assigned

% of 213 186 47 93 186 233 116 116
Respond

ents

The weights assigned to Effort were as follows:

i

Weights assigned to Effort

Weights 50 40 35 Jjo 25 20 15 10 05
Assigned

% of 23 70 47 279 186 256 23 70 47
Respond

ents

In the case of Comfort, the weights were assigned as follows:

Weights assigned to Comfort

Wesghts 50 40 35 30 25 20 15 10 05
Assigned

% ol 23 e 23 186 140 209 70 163 70
Respond

enly

The weights assigned to Speed, Memory and Comfort were quite variable. Only
44.2%, 51.2% and 53.5%, of respondents assigned weights of .20, .25, and .30 to Speed,
Memory and Comfort, respectively, compared to 7 1.1% who assigned these weights to Effort.
A relatively large portion, 14%, 18.6%, and 11.6%, assigned a weight of .40 to Speed,
Memory and Comfort, respectively, and 23%, 11.6% and 16.3% assigned a weight to .10
compared to the percentage assigning these weights to Effort, where only 7% of respondents

assigned weights of .40 and .10. A more even distribution was found for the Effort
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dimension, with the majority of respondents, as we noted, 71.1%, assigning weights of .20,
.25 and .30. These were the weights most frequently assigned to Memory, Effort and Comfort
for Design Features. This can be seen more clearly on the histograms attached in Figure 17,
It would seem tha:, whereas users agree on the importance of the support of Effort needed
to be given by Assistance Features, they have different priorities for Speed, Memory and

Comfort, though these differences are not significantly different on average.
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Figure 17
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5.A.3.c. Conclusions

The assignment of weights to Speed, Memory, Effort and Comfort was nol
significantly different for Design Features nor for Assistance Features, and the dimensions
were considered equally important. Essentially, based on the frequencies, the panel had
greater agreement on the importance of the support which Design Features offer Memory,
Effort and Comfont, in terms of the actual weights assigned, but have less concensus for the
support of Speed, as seen in the greater variability in weights assigned to this learning
dimension. In terms of Assistance Features, there was more concensus on the support of
Effort, but less concensus on the support necessary for Speed, Memory and Comfor.
Nonetheless, as the differences were not significant, there is no evidence on which to reject

Proposition 1.b.

5.A.4. Analyses of consensus on links between features and learning dimensions

The third proposition stated:

Proposition_1.c. - There will tend to be agreement on the links made between Design
and Assistance Features and the Learning Dimensions they support.

We were interested in ascertaining whether expert users agreed on which Learning
Dimensions were supported by each of the Design Features and each of the Assistance
Features. We examined the relative frequencies using a cutoff of 50% of respondents, ar
better, as indicative of the Feature being identified with a particular Learning Dimension,
This will be discussed under the following sections:
5.A.4.a. Design Features;

5.A.4.b. Assistance Features;
5.A.4.c. Conclusions.
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5.A.4.a. Design Features

Table 8, following, shows the Learning Dimensions which were associated with each
of the Design Features, with the relative frequency with which each dimension was

associated with the feature by the expert panel.

Tables
| LEARNING DIMENSION S associated with DESIGN FEATURES
Features Leamning Relative Frequencies
Dimensions
Supported S M E C
F1 - Command Structure SMEC 66 54 69 69
F2 Depth SE 52 48 61 32
F3 - Logic SME 50 65 69 48
F4 . Consistency MEC 37 66 74 55
F5 - Screen Destgn MEC n 56 76 93
F6 - Flextbility 3 49 34 77 32
F7 - Error TrappingRecovery C 356 32 46 61
F&  Svdem Response S 95 n 13 35
f9 Data input SEC 59 26 77 59
F10 AMacros SE 74 42 60 25
F11 - Aulosas e Backup Cc 36 26 43 65
F12 - Autoadjustment E 48 Pl 55 47
13 Autoformatiing SE 50 20 59 45
Legend S - Speed, M - Memory, E - Effort, C - Comfont
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The table shows the Design Features to be associated most with the Effort dimension.
Ten of the thirteen features were associated with this dimension. Memory was the least
mentioned of the dimensions. It was associated with only four Design Features. We had
expected both Memory and Effort to be the dimensions most often associated with the design
features and Comfort the least. The Learning Dimensions which we had expected 10 be
associated with the Design Features can be seen in Table 10 which follows in Section

5.A.5.a. The features, distinguished according to the learning dimensions, are listed below.

Features associated with the Speed dimension were:

F1 - Command Structure
F2 - Depth of the Structure
F3 - Logic of the Structure
F8 - System Response

F9 - Data Input

F10 - Macros

F13 - Autoformatting

Features associated with the Memory dimension were:

F1 - Command Structure
F3 - Logic of the Structure
F4 - Consistency

F5 - Screen Design

Features associated with Effort were:

F1 - Command Structure
F2 - Depth

F3 - Logic of the Structure
F4 - Consistency

F5 - Screen Design

F6 - Flexibility
F9 - Data Input
F10 - Macros

F12 - Autoadjustment
F13 - Autoformatting

207




Features associated with Comfort dimension were:
F1 - Command Structure

F4 - Consistency (borderline)

F5 - Screen Design

F7 - Error Trapping and Recovery

F9 - Data Input
F11 - Autosave/Backup

In summary, the results indicate that the panel differentiated the Design Features
according to the Learning Dimensions, associating more features with Effort than with any
of the other dimensions, though a fair number were associated with Speed and Comfort. The

least number of features was associated with Memory.

5.A.4.b. Assistance Features

Once again, relative frequencies of 50% of respondents, or better, were used to
deterinine which Learning Dimensions were associated with each of the Assistance Features.
Table 9, following shows the Learning Dimensions which were associated with the

Assistance Features, with the relative frequencies.
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lableg

LEARNING DIMENSIONS associated with ASSISTANCF FEATURES

Features Learning Relative frequencies
Supported M 3 c
F1 - Manuals MEC 33 63 72 65
F2 - System Messages sC 57 47 47 60
F3 - Tutonals EC 24 46 70 68
F4 - Prompls SEC 51 49 72 60
F5 - Templates ME 44 68 52 42
F6 - Defaults SE 60 44 62 13
F7 - Examples £€C 17 44 62 67
F8 - Index MEC 13 52 56 52
F9 - Glossary M k) 59 43 19
F10 - Unsohicited Help fC 30 28 57 74
F11 - Cautions C 13 41 a1 64
F12 - ChecklistsMemory Jogs M 26 60 16 448
F13 - Navigationat Aids E 47 39 65 45
F14 - fnstructive Feedback £C 24 3 53 65
F15 - Context Help MEC 14 53 62 66
F16 - Expertice Accommodation E 48 29 73 42
F17 - Restricted Options 0 27 43 47 47
£18 - Subject Matter Aid EC 29 43 55 55
F19 - Conceptual Models 19 26 4 61 5%

legend S - Speed, M Memory, E - Effort, C - Comfort
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Interestingly, it seems that Comfort and Effort are the learning dimensions most often
associated with the Assistance Features. Twelve and fourteen features out of nineteen,
respectively, were identified by the panel with these dimensions. We had expected it to be
Comfort and Memory. We had expected Speed to be the dimension least associated with the
assistance features and this, indeed, was the case. The Learning Dimensions which we had
expected to be associated with the Assistance features are given in Table 11, in the Section
5.A.5.b. following. The features are differentiated below according to each of the learning

dimensions.

The features associat>d with the Speed dimension were:

F2 - System Messages
F4 - Prompts
F6 - Defaults

Those features associated with Memory were:

F1 - Manuals - on- and offline
FS - Templates

F8 - Index

F9 - Glossary

F12 - Checklists/Memory Jogs
F15 - Context Help

Effort was associated with:

F1 - Manuals
F3 - Tutorizls
F4 - Prompts
F5 - Templates
F6 - Defaults
F7 - Examples
F8 - Index

F10 - Unsolicited Help
F13 - Navigational Aids
F14 - Instructive Feedback
F15 - Context Help
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F16 - Expertise Accommodation
F18 - Subject Matter Aid
F19 - Conceptual Models

The features associated with the Comfort dimension were:

F1 - Manuals
F2 - System Messages

F3 - Tutorials
F4 - Prompts
F7 - Examples
F8 - Index

F10 - Unsolicited Help
F11 - Cautions

F14 - Instructive Feedback
F15 - Context Help

F18 - Subject Matter Aid
F19 - Conceptual Models

As with the Design Features, the expert panel differentiated the Assistance Features
according to the four Learning Dimensions we identified. They mostly associated Effort and

Comfort with them, and Speed least of all.

5.A.4.c. Conclusions

The relative frequencies indicate that the expert panel differentiated the Design and
Assistance Features according to the four Learning Dimensions. In particular, Design Features
were most often associated with Effort and least often with Memory. Assistant Features were
most often associated wuh Effort and Comfort and least often with Speed. Again, there was

no evidence on which to reject Proposition 1.c.
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5.A.5. Analyses of consensus correspondence with theoretical expectations

The fourth proposition stated:

Proposition 1.d. - The agreements found in Proposition 1.c. will match with
expectations derived from the literature.

To the extent that our expert panel agreed on which Learning Dimensions were
supported by each of the Design and Assistance Features, we were interested in knowing
whether their perceptions matched the associations which we had constructed from the
Human Factors and Learning literature. We will discuss these possibilities under the
following sections:
5.A.5.a. Design Features;

5.A.5.b. Assistance Features;
5.A.5.c. Conclusions.

5.A.5.a. Design Features

As the summary shown in Table 10 indicates, the expectations were not completely
supported. Notwithstanding, there was reasonable agreement with the perceptions of our

expert panel.
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Iable 10

COMPARISON of PANEL RESULTS on DESIGN FEATURES

with EXPECTATIONS from the literature

Features Expecied Learning Dimensions Dimensions
Dimensions Agreed On Disagreed On
Supported
F1 - Command Structure SME SMEC SME C
F2 - Depth SME SE SE M
F3 - Logic MEC SME ME SC
F4 - Consistency ME MEC ME C
5 - Screen Design SMEC MEC MEC S
F6 - Flexibity ME £ t M
F7 - Error Trapping/Recovery C C C
F8 - System Response S S S
F9 - Data lnput SME SEC SE MC
F10 - Macros SME SE St M |
F11 - Autosave/Backup MC C C M
F12 - Autoadjustment SE E 3 S
| F13 - Autoformatiing SME : SE M

LLegend S . Speed, M - Memory, £ - Effort, C - Comfort
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As Table 9 indicates, only F7 - Error Trapping/Recovery and F8 - System Response
which were associated with Comfort and Speed only, respectively, showed total agreement
between our expectations and the perceptions of the panel. There were varying levels of
agreement on the other features. The discrepancies, with respect to each of the Learning
Dimensions, are listed and discussed below.

Speed

Features which we had expected to support Speed, and which were not found to be so
perceived were:

F5 - Screen Design and F12 - Autoadjustment.

One featu. e that the panel perceived to support Speed which was not expected, was:

F3 - Logic of the Structure.

Memory

Features expected to support Memory which were not perceived to do so were:

F2 - Depth, F6 - Flexibility, F9 - Data Input, F10 - Macros, F11 - Autosave/Backup, and F13 -
Autoformatting.

Effort

Features expected to support Effort were all as we had expected.

Comfort

One feature expected to support Comfort, but which was not per _eived to do so, was:

F3 - Logic of the Structure.

On the other hand, those features that the panel perceived to support Comfort which were
not anticipated, were:

F1 - Command Structure; F4 - Consistency; and F9 - Data Input.
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Support for Memory showed the least agreement between our expectations and the
panel’s perceptions, whereby there were discrepancies in six out of the thirteen Design
Features. This may have been due to the fact that we suggested this component as "offering

support for memory or not requiring it" which may have lead to confused understanding of

this dimension.

We had expected Autoadjustment to alleviate the user of one step, thereby decreasing
the time spent on a task. It is not clear why the panel did not make this association. The
same is true of Screen Design. We had expected that clear screen in terms of
comprehensibility and readability would improve the time to perform a task. On the other
hand, we should have anticipated the association between Logic of the Structure and Speed.
If the package logic matches that of the user, this should have a favourable impact on speed

of performance.

It is not clear why Depth of the Structure, Flexibility, Data Input, Macros,
Autosave/backup and Autoformatting were not perceived to support Memory. One would
have expected Depth, the number of levels required to execute a command or o traverse
through menus and Fiexibility, the number of ways to perform an operation would impose
different requirements on Memory. One would also have expected line entry to impose
greater memory requirements than full-screen editing, since line editors require that
commands be remembered. Macros, which are the automating of repeated tasks into one,
or a few, keystrokes, apart from speeding up the process, have the objective of alleviating
the user from having to remember the detailed steps for performing an operation.

Autosave/backup also alleviates the user from having to remember to perform this important
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task. The same applies to Autoformatting, whereby users need not know or remember the

usual format required for the application, changing it only when necessary.

There were no discrepancies between expectations and the panel results, with respect

to Effort.

We should have perhaps predicted Comfort to be associated with Command
Structure, since there has been some speculation that different classes of users prefer different
interfacc command structures. As such, one would expect that users matched with their

preferred interface would be more at ease and comfortable.

We should also have foreseen Comfort as being associated with Consistency. ‘Peace
of mind’ 1s likely to be affected by the number of different ways that exist for accomplishing
operations, A user will quite possibly become irritated when an operation to perform a
certain function 1s not the same in all parts of the software, for example, to exit from different

modules in the package.

Mode of Data Input shoula also perhaps have been expected to support Comfort,
given the popularity of the spreadsheet. It is not clear why Comfort was not associated with
Logic of the Structure. The structure of a package which is clear and makes sense to the user

should contribute to a reduction in stress and, therefore, to his psychological comfort.

In summary, the results indicate reasonable agreement, if not total agreement,

between expectations derived from the literature and expert users’ perceptions of which
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Learning Dimensions are supported by each of the Design Features.

5.A.5.b. Assistance features

There is again reasonable agreement between the expectations derived from the
literature and users’ perceptions of the Learning Dimensions supported by the features. There
was less agreement found for Assistance Features, however, than was found for Design

Features. Table 11, following, shows these agreements.
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Table 11
COMPARISON of PANEL RESULTS on ASSISTANCE FEATURES
with EXPECTATIONS from the literature
Features Expected Learning Dimensions Dimensions
Dimensions Agreed On Disagreed On
Supported
F1 - Manuals MEC MEC MEC -
F2 - Systemn Messages MC SC C SM
F3 - Tutonals MC EC C ME
F4 - Prompts MC SEC C SE
F5 - Templates MC ME M EC
F6 - Defaults SMEC SE SE MC
F7 - Examples MC EC C ME
F8 index MC MEC MC E
F9 - Glossary MC M M C
£10 - Unsohcited Help mMC EC C ME )
£11 - Cautians MC C C M
F12 ChecklistyMemon, Jogs mC M M C
F13 - Nav.gational Ads SMC E - SMEC
F14 - Instructive Feedback MEC EC EC M
F15 Conteat Help MEC MEC MEC -
F16 - Expertise Accommodation SME E E SM
£17 - Restricted Options MEC 0 - MEC
F18 - Subyect Matter Aud MC £C C ME
F 149 - Conceptual Models EC EC £C -
Legend S - Speed, M - Memory, £ - Effort, C - Comfort

Referring to Table 10, above, only F1 - Manuals, F15 - Context Help and F19 -
Conceptual Models were perceived by our panel to support the same learning dimensions
we had expected. On the other hand, there was no agreement at all on the learning
dimensions supported by F13 - Navigational Aids, fc;r which we expected Speed, Memory

and Comfort to be supported. Instead the panel perceived Effort only. There was also no
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agreement on F17 - Restricted Options, for which we expected Memory, Effort and Comfort
to be supported. The pane! did not strongly perceive any dimensions to be supported by it.
On the rest of the features, there were varying levels of agreement. Discrepancies are

discussed in the context of the individual learning dimensions.

Speed

In terms of Speed, those features which we had not expected to support this dimension, but
identified by our panel, were:

F2 - System Messages; F4 - Prompts; F5 - Templates.

The features we had expected to support Speed which were not identified by the parniel were:

F13 - Navigational Aids; F16 - Expertise Accommodation.

Memory

Those features which we expected to support Memory which were not supported by our
panel, were quite a few:

F2 - System Messages; F3 - Tutorials; F4 - Prompts; F6 - Defaults; F7 - Examples; F10 -

Unsolicited Help; F11 - Cautions; F13 - Navigational Aids; F14 - Instructive Feedback; F16 -
Expertise Accommodation; F17 - Restricted Options; and F18 - Subject Matter Aid.

Effort

One feature expected to support Effort, but not corroborated by our panel, was:

F17 - Restricted Options.

Those features perceived by the panel to support Effort, but not expected by us, were:

F3 - Tutorials; F4 - Prompts; F5 - Templates; F7 - Examples; F8 - Index; F10 - Unsolicited
Help; F13 - Navigational Aids and F18 - Subject Matter Aid.
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Comfort

Those features expected to support Comfort which were not so perceived by our panel,
were:

F5 - Templates; F6 - Defaults; F8 - Index; F9 - Glossary; F12 - Checklists/Memory Jogs; F13 -
Navigational Aids; and F17 - Restricted Options.

Those features which were expected to support Memory showed the least agreement
with the panel’s perceptions, with discrepancies in eleven of the nineteen Assistant Features.
We suggested earlier that this may have been due to confusion arising from the definition
we proposed which was "offering support for memory or not requiring it". This is followed

by Effort, with discrepancies in nine of the nineteen features.

The most interesting discrepancy was for Restricted Options, which was not strongly
perceived to support any of the dimensions, though we had expected Memory, Etiort and
Comfort. On reflection, this feature may not have been described with enough precision. We
defined it as "Restricted to certain operations at certain junctures ". An example might have
been more informative, such as when restrictions are used to assist the transition from novice
to expert levels. Novices may find a more restricted environment beneficial. However, in a
situation where certain classes of users have restricted access to certain options, there may,
indeed, be no basis for assuming any of the learning dimensions to be associated with the

feature,

Other significant discrepancies were for System Messages, Tutorials, Prompts,
Templates, Defaults, Examples and Navigational Aids. We did not foresee System Messages

supporting Speed; however, they were perceived to do so by the panel. We also associated
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Memory with System Messages, since they provide information and may give reminders of
actions to be taken, but the panel did not make this association. We are not able to account

for these perceptions.

We had not anticipated Speed and Effort to be supported by Prompts, defined as,
advising of errors, how to correct them and why they were made. While we can see where
Effort might be a reasonable assignment to make, Speed is less evident, unless, in-so-far as
time is reduced as a consequence of not having to search for the errors and the procedures
to correct them. It is not clear why Memory was not associated with it, however, since
Prompts not only remind one of current actions needed, but may also assist longterm

memory by clearing up problems previously experienced.

There was no evidence of Memory and Comfort being perceived to support Defaults,
by our panel, which is surprising. One would have thought that having the usual responses
entered automatically for you, which you can then modify, in whole or in part, would foster

peace of mind and psychological comfort for the user and alleviate memory load.

We expected Memory to be one of the dimensions associated with Examples.
However, the pane! did not perceive this to be so, and instead, identified Effort. This should
probably have been expected since the provision of examples might, indeed, alleviate mental

strain.

The panel did not perceive Speed, Memory or Comfort to be associated with

Navigational Aids, but associated Effort, which we had not. Effort is probably reasonable, if
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one considers the facility provided by function keys to ease movement from screen to screen
in a package. However, it is not clear, for the same reasons, why Speed, Memory and

Comfort were not perceived.

Other discrepancies included:

- Templates were viewed as being associated with Speed, while we had not expected
this dimension, but rather Memory and Comfort. We should have forseen Templates
giving support to Speed, given that ready access to commands are likely to reduce
search time in locating the proper commands.

- Effort associated with Index was not anticipated. It is not clear how a list of
commands with explanation reduces the effort required to perform a task.

- Comfort was not found to be associated with Glossary, and Memory was not found
to be associated with Unsolicited Help, though Effort was, according to the panel.
On reflection, it does seem likely that having the computer provide unsolicited help
at moments of difficulty detected by idle computer time, or after a number of
incorrect actions, would alleviate Effort, since the user can take advantage of the
assistance, that is, force it by non-action, rather than seek help from manuals, et
cetera. For this same reason, it is not clear why Memory was not perceived to be
supported by this feature.

- Th= panel did not attribute Memory to Instructive Feedback. It is baffling why this
occurred. Instructive Feedback acts as a memory jog and minimizes effort since
procedures on proper operation are provided, without the user having to search for
them.

- We expected Speed and Memory to be associated with Expertise Accommodation;
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however, the panel did not make this association. We expected the memory load on
users to be reduced if the package permits them to have access to operations and
functions appropriate to their level of expertise. We also expected that if experts can
bypass certain operations which novices would require, the speed with which
operations are performed should be affected.

- We had expected Cautions, which act as jogs to memory, should support Memory,
but this was not identified by our panel, the reason for which is unclear.

- We expected Checklists/memory jogs to offer peace of mind, since they ensure that
the user does not forget anything, but the panel did not associate Comfort with thi«

feature, but only Memory. It is not clear why.

While there were discrepancies on the Assistance features, the Learning Dimensions

reported by the panel suggest some support for our expectations for those features.

5.A.5.c. Conclusions

There was not complete support for Proposition 1.d.; nevertheless, there was
reasonable agreement between what was expected from a review of the literature, in terms
of the Design and Assistince Features and the Learning Dimensions they support, and the
perceptions of the panel. In particular, full agreement between our panel’s perceptions and
our expectations was f.und for Design Features: F7 - Error Trapping/Recovery and F8 -
Systems Response; and for Assistance Features: F1 - Manuals; F15 - Context Help, and F19 -
Conceptual Models. There was no agreement on the Assistance Features, F13 - Navigational
Aids; F17 - Restricted Options. There were varying levels of agreement on the other features.

In particular, those Design Features expected to support Effort showed more agreement with
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our panel than those supporting Speed, Memory and Comfort. The Assistance Features
showed less agreement for those features supporting Memory than the other dimensions, but
there were considerable differences on the other dimensions as well. There was, in addition,

less agreement on the Assistance Features than on the Design Features.

Discrepancies which exist may be a function of differences in understanding cf the
definition of the features, notwithstanding the glossary supplied to the panelists. Alternatively,
they may be a function of the inadequacy of the sample size for the number of features being
assessed. As well, it is possible that in some instances, our deductions may have been faulty.
Another factor may be the bias of our sample to expert users. Of necessity, we targeted
experts since novices cannot be expected to rank and assess what they do not know. As
such, the responses of the experts are with respect to their requirement which are not

necessarily the same for the average user.

It should be pointed out that the dimensions are not mutually exclusive, they may
overlap each other. A feature that reduces effort, for example, probably leads to less memory
load. It may also lead to reduced performance speed. Also, if memory and effort are
minimized, the feature is tikely to »romote psychological comfort and peace of mind.
Nonetheless, some learning dimensions are likely to be more frequently associated with

some features than with others, and t' & results of the panel survey lend some support to this.

224




5.A.6. Summary of findings in Study 1

The results provided no evidence on which to reject Propositions 1.b., and
Proposition 1.c., and gave evidence of partial support for Propositions 1.a. and 1.d. The
propositions are restated below for reference.
Proposition 1.a. - PS - There will tend to be agreement on the relative rankings assigned to

the Design and Assistance Features identified as contributing to ease
of use.

Proposition 1.b.-S - There will tend to be agreement on the relative weights assigned to
the Learning Dimensions identified as contributing to ease of use.

Proposition 1.c.-S- There will tend to be agreement on the links made between Design
and Assistance Features and the Learning Dimensions they support.

Propositioni.d. -PS- The agreements found in Proposition 1t.c. will match with
theoretical expectations.

Legend: S - supported; PS - partially supported

The expert panel perceived the same general level of importance for each of the
Design and Assistance Features individually but the degree of concensus on the rankings
assigned to the features overall was low. The most important Design Features were identified
as Command Structure, Consistency and Logic of the Structure. For Assistance Features, these
were Manuals, System Messages and Prompts. Least important Design Features were Macros,
Autosave/backup, Autoadjustment and Autoformatting. Least important Assistance Features
wete Checklists and Memory Jogs, Subject Matter Aid, Unsolicited Help and Restricted

Options.

There were no significant differences between the weights assigned to the learning

dimensions by the panel, both for Design and Assistance Features. Each of the dimensions
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was considered equally important. There was, however, a lot of variability in the weights
reported, as the histograms reveal. There seems to be different priorities for the support of
Speed by Design Features, as indicated by the high variability in the weights assigned to it,
but there was more agreement, generally, on the support for Memory, Effort and Comfort,
with most of the panel assigning weights of either 20, 25, or 30%. In terms of Assistance
Features, the panel agreed more on the support given to Effort, with most assigning weights
of 20, 25, or 30%, than they did on Speed, Memory and Comfort, to which they assigned

a range of weights.

There was reasonable agreement among the panel on certain learning dimensions
supporting certain of the Design and Assistance Features. Design Features were felt to
support mostly the Effort dimension and, least of all, Memory. Assistance Features, on the
other hand, support mostly Effort and Comfort, and Speed, least of all. There was less

agreement on the Assistance Features than there was on the Design Features.

While there was not complete agreement between the panel results and our
expectations from the Human Factors and Learning literature regarding which learning
dimensions were supported by each of the Design and Assistaince Features, there was
reasonable agreement. Notwithstanding certain discrepancies, some learning dimensions
seem to be more frequently associated with certain features th .n others. There was less
agreement on Design Features’ support of Memory and Assistance Features’ support of
Memory and Effort than on other dimensions. There was also less agreement on the
Assistance Features than on the Design Features. We concluded Study 1 by examining a

number of explanations for the discrepancies, ranging from differences in interpretation of
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the terminology, inadequacy of sample size and its expert sample bias, possible
inappropriateness of theoretical conception, to the fact that the dimensions are not mutually
exclusive. There is also the possibility that our sample was not truly experts and that our

classification of them as such was inaccurate.

The results of Study 1 were reasonably confirming of our expectations, bearing in
mind that the study is an exploratory one and that our view of ease of use, which offers a
new perspective on the construct, is in the developmental stages and is not yet complete nor
fully developed. We were able to identify certain important Design and Assistance Features
for experts and to get some confirmation for the relevance of our proposed Learning
Dimensions for the ease of use of business software. There is need, however, for further
definition and operationalizing of ease of use, and the components we suggest comprise it,
before a suggestion for using them as a basis for evaluating the ease of use of business
software can be made. The potential for such assessment is not self-evident from the results
but neither do they preclude this possibility. Further research is, therefore, indicated. Study

2 adds to this investigation in some measure.

The section 1ollowing will present and discuss the results and findings from Study 2,
in which we looked particularily at the most important Design and Assistance Features

identified in Study 1, namely different Command Structures and Online Assistance strategies.
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5.B. Study 2 - Quasi-experimental evaluation of effect of package and experience level
differences, and other factors, on ease of use

In Study 1, we found that our expert panel identified certain design and assistance
characteristics as being more important than others, namely Command Structure and on- and
offline Manuals, respectively. Study 2 was concerned with the impact of differing package
design and assistance features on ease of use, with respect to those which were identified.
We were also interested in whether this may be moderated by differences in experience
levels with packages of similar and dissimilar type in function and/or operation, as well as

by other factors. The research questions posed were:

Research Question 2:

Is there a difference in perceived comfort and performance measures relating to ease of use,
as a consequence of differing Design and Assistance Features?

Research Question 3:

Is there a difference in perceived comfort and performance measures relating to ease of use,
attributable to differences in experience levels?

Research Question 4:

Is there a difference in perceived comfort and performance measures relating to ease of use,
attributable to other factors, such as computer anxiety, gender, and quantitative competence?

In this section, we present the profile of the sample and the statistical analyses for this

study. The analyses are discussed in three main parts:
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a) univariate investigations of one explanatory variable at a time;
b) multiple regression to investigate relationships of the variables in the context of an overall
model for predicting and explaining ease of use;

c) analyses of sub-tasks.

5.B.1. Characteristics of the sample

In Study 2, we sought individuals with a variety of expenience with vanious pachages.
The general demographic profile of these individuals is shown in Table 12, following. In
total, two hundred and forty three people took part in this study, of which nine were
Statistics and MIS professors, and the rest were students from intoductory courses in Statistics
and Management Information Systems. These subjects were assigned to one of three pac kage
treatments, based on the convenience to them of the available time slots for the experiments,
There were 99 subjects, or 40.7%, assigned to Treatment 1 - Merlin, package; 93 subjects,
or 38.3%, to Treatment 2 - Minitab,; and 51 subjects, or 21.0%, to Treatment 3 - [xtended

Merlin, package, which was the original Merlin, plus a Hypertext-based online help indea.

There were slightly more females than males in the sample, the breakdown being, 132
females, or 54.5% and 110 males, or 45.5%. Except for the professors, the sample was taken
from the student population; hence, most were less than 25 years of age, that 1s, 210, or

87.1%.

fn terms of their perceived competence in quantitative courses, most subjects, that
is 148, or 78.7%, reported Average competence; while thirteen, or 6.9%, reported Excellent

competence; and twenty-seven, or 14.4%, reported Poor competence.
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Table 12
General Demographics
N - 243 Total Merlin, Minitab, Extended
Merlin,

# % * % * % # %
24) 100 99 407 93 3813 51 210
Age Total 24 100 97 100 93 100 51 100
1. <25 210 871 78 804 86 924 46 90 2

2 25-34 19 79 9 93 5 54 5 98

3 3544 10 42 8 82 2 22 (4] 00
4 >44 2 08 2 21 0 00 (o] 0.0
Sex Toral 242 100 99 100 92 100 51 100,
1. Male 110 455 N 515 37 402 22 431
2 fFemale 132 545 48 485 55 598 29 569
Course Total 243 100 99 100 93 100 51 100.
1 Intro MIS 72 296 27 273 20 215 25 490
2 Intro Staly 116 477 37 37 4 53 70 26 510

3 Intro Stats 46 189 26 262 20 N5 0 00

4 Stare Profs 9 37 9 91 0 00 0 00
Quantitative Total 188 100 76 100 73 100 39 100
Competence 1 Excelien! 13 69 4 53 6 82 3 77
2 Awverage 148 7867 58 763 59 808 3 795
3 Poor 27 144 14 18 4 8 110 5 128

The experience levels of the subjects could not be ascertained beforehand. As a
consequence of this, some of the experimental levels were under-represented. The levels, as

.shown in Table 13 following, were represented as follows:
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Table 13
Distribution of Experience Levels

Microcomputer
Statistics Experience
Package
Experience Novice Intermediate Expent Total
LY - None, 26 - - 26
mnimal
L2 - Vaned, 89 37 1 127
non-Stat
L3 - vaned, 55 24 o 79
+ 18t
L4 - Vared, 2 3 6 11
+ >1 Stat
Total 172 64 7 243

Note The level categories are designated as follows

LIN - no computer or package expenence, or minimal expenence

L2N - novice with many packages, but not with statistical packages

L21 - intermedhate with many packages, but not with statistical packages

L2E - expert with many packages, but not with statistical packages

L3N - novice with one statistical package, and other packages

L31 - intermediate with one statistical package, and other packages

L3E - expert with one statistical package, and other packages

L4N - novice with many statistical packages, and other packages

L41 - intermediate with many statistical pachages, and other packages
L4E - expert with many statistical packages, and other packages

The levels were relatively evenly represented across each of the package treatments. The
nine professors were assigned only to Merlin, as we were interested in the effect of
experience with many different statistical packages including Minitab, on a package with
which there was no previous experience. These individuals are excluded from analyses
which compare package differences. Level 3 individuals mostly cited Minitab, as the one
package they already knew. None of the Levels had ever used Merlin, (See Chapter 4.B.4.

for a full explanation of the establishment of these levels).
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The data collected concerning general computer experience is summarized in Table
14, following. Most of the sample had no mainframe experience, that is, 136, or 58.4%.
There were 97, or 41.6%, who had mainframe experience. A majority, however, had micro-
computer experience - 205, or 85.8%, of which 141, or 79.2%, came from an IBM
environment. Most considered themselves to have novice computer experience - 147, or
62.3%. There were 83 intermediates, or 35.2%, and 6 experts, or 2.5%. The frequency of
use of the computer was varied: 26 never used the computer; 75 used it less than once per
month; 27 used it once per month; 64, a few times per month; 23, a few times per week;
7, once per day; and 14 used it several times per day. The majority, or 81.3%, used it less

than a few times per month.

Most people rated themselves as novice in the use of DOS, numbering 183, or

77.9%, and, of these, 83.7% used it less than once per month.
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Jable 14
General Computer bxpenence

Total Merlin, Manrtab, Extended Mevin,

[ by ¢ - . * * LY

43 100 99 a0 9 sy S5t no

Mainframe Tota! 33 100 94 100 B89 100 50 100
Expenence 1 Yes 97 at e L1 49 36 404 16 no
2 No 1o S84 49 52t L2] 96 34 680

Micro- Total 239 100 98 100 90 100 St 100
computer .Y 205 ase 93 949 72 800 40 84
Experence 2 No 34 1472 3 51 8 00 " PN
Type of Total 178 too 81 100 (3] 100 13 100
MICtO- 1 1BM 4 792 597 ns 5) [[2] 29 80
Computer 2 Macintosh n 62 5 e 3 49 1 8
Used 3 Both 18 0t 10 62 2 3 t 28
4 Other L] 43 124 3 49 L] 139

General Total 236 100 95 100 N 100 50 100
Computer 1 Nowice 147 621 563 530 S8 637 13 o 0
Expenence 2 Intermediate 8 352 H) K[} ] 31 3 17 340
Level 3 Ewen 6 25 4 42 2 22 o 00
Frequency of Use of Total 236 100 94 100 9t 100 s 100
Computer 1 Newer 2 "o 7 74 11 (PR 8 156
2 < Once/mth 75 ne 30 ne 22 296 11 5]

3 Once/mth 27 114 9 96 14 154 4 N

4 Few tmes'mih b4 i 29 3089 22 242 13 255

§ Few timevwh 23 97 0 106 ? 17 ] mwe

& Once/dy 7 3o 1 1" S 55 1 0

7 Several imevdy 14 59 8 85 s 5% 1 20

Dos Total 235 100 95 100 a9 100 51 100
Expenence 1 Novice 183 779 72 78 70 mw? " 804
2 Intermediate 51 nz 22 22 19 nl 10 196

3 Expert 1 04 t 10 [} 00 [+ 0o

frequency Total M 100 94 100 as 100 “ 100
of Use of 1 Never 109 48 2 0 49 557 pL} 549
DOS 2 <Once/mih (1] 813 at 30 22 50 73 254
3 Oncemh 20 L1 10 106 8 91 1 39

4 Few tmes/mth 23 99 12 128 L) 57 [ 1"

5 Few mevanb tn 43 5 513 3 Ja 2 19

b Oncedy ] 00 0 eo o [114] 0 00

7 Severa! imes/dv 5 ral 4 43 1 " 4] 00
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The results pertaining to general package experience are summarized in Tables 15-18
found in Appendix M, and Table 19, following. In terms of spreadsheets, of the 172 who use
these, 161, or 93.6%, reported experience with Lotus. There was an even split among those
reporting novice and intermediate experience, 49% each. Most, 54.1%, use a spreadsheet
less than once per month. Only 11.2% use it a few times per week or more. There were 97,
or 59.9%, who reported the spreadsheet they used as being a mixed command structure; 58,
or 35.8% reported a menu structure; 5, or 3.1%, reported a command structure; and 2
reported using a mouse. The majority used the spreadsheet for school - 123, or 73.7%, and

most learnt it in a course - 118, or 71.5%.

There were 155 who reported using a wordprocessor, and the most widely used one
was Wordperfect, by 140, or 90.3%. Again, there was almost an even split of novice and
intermediate experience levels reported - 116 novices, or 49.2%, and 101 intermediates, or
42.8%. Most, 83.3%, use it less than a few times per month. Most reported using a mixed
command structure - 74, or 50.3%. There were 44, or 29.9%, who reported menu structures;
23, or 15.7%, reported command structures; and 6, or 4.1% reported a mouse. Again, the
majority used it for school - 80, or 51.6%, followed by those who employ it for both school
and personal nse - 26, or 16.8%. There was an even split between learning it in a course and

being self-taught, each about 45% of the sample.

Of the 61 using a database, DBase lll+ and IV were the databases most frequently
reported used - 58, or 95.2%. The majority were novices - 203 or 84.6%, and 88.7% used
a database less than a few times per month. Most reported a mixed system - 28, or 49.1%;

17, or 29.8%, reported a menu system; 12, or 21.1%, reported a command system. Once

234



again, not surprisingly, the majority - 47, or 77.1%, used it for school; 7, or 11.5%, for
personal use; and only 5, or 8.2%, used it for work. Most learnt it in a course - 46, or

74.2%.

There were 122 who used programming languages, with Basic being the most often
used, by 106, or 86.9%. There were 161, or 67.3%, who classified themselves as novices;
68, or 28.5%; as intermediates; and 10, or 4.2%, as experts. Most, 90.5%, used it less than
once per month. The command structures which they reported they used with these
programming languages were: Command - 47, or 44.8%; Mixed - 42, or 40.0%; Menu - 15,
or 14.3%; Mouse - 1, or 0.9%. The purpose for use was mostly for school - 91, or 82%, and

it was reported to be learnt mostly in a course - 92, or 83.6%.

Only 99 reported experience with statistical packages, of whom 96, or 97%, reported
it to be with Minitab, (See Table 22). Of the 99, 53, or 53.5%, considered themselves
intermediate; 42, or 42.5%, as novices; and 4, or 4%, as experts. It should be noted that the
Novice category in the table includes those with no experience with any statistical packages.
Frequency of use reported was mainly less than once per month, by 87.8%. The command
structures reported were mainly Mixed - 40, or 44.5%; or Command - 38, or 42.2%. School
was the purpose for which the packages were used in 91.6% of the cases, and they were

learnt in a course 71% of the time.
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T Table 19
General Statistical Package Experience
Package Treatment
Total
Merlin, Minitab, Extended
Merlin,
l # % # % L] % # %

24} 100 99 407 93 383 51 210

Statistical Total 99 100 42 100 37 100 20 100
Package 1- Minitab 96 970 | 41 97 6 35 946 20 100
2- Merhin 0 00 0 (0] 0 00 0 0.0

3. 5PSS 2 20 0 00 2 54 0 00

4- SAS 0 00 0 00 0 00 0 00

5 Other 1 10 1 24 0 00 0 00

Statistical Tota) 240 100 96 100 93 100 51 100
Package 1- Novice 183 76 3 69 719 73 785 41 804
Expernence 2 Intermediate 53 221 23 240 20 215 10 196
3- Expen 4 17 | 4 41 0 00 0 00

Frequency Total 98 100 42 100 37 100 19 100
of Use of 1- Never 18 184 8 191 6 162 4 N0
Statistcal 2 < Once/mth 53 541 21 500 20 541 12 632
Package 3- Once/mth 15 153 4 95 9 2413 2 105
4. Few times/mth 7 71 5 119 1 27 1 53

5. Few times/wh 4 41 3 71 1 27 0 00

6 Once a day 1 10 1 24 0 0.0 0 00

7- Several imes/dy 0 00 0 00 0 00 0 00

Percewed Total 90 100 38 100 37 100 15 100
Command 1- Menu 1 122 6 158 k] 81 2 133
Structure of 2 Command 38 422 16 421 15 405 7 46 7
Statisticat 3 Aixed 40 445 15 395 19 514 6 400
Package 4- Mouse 1 1 1 26 0 00 0 00
Purpose for Total 95 ne 4 100 36 100 18 100
which 1- Work 6 63 5 122 1 28 0 00
Stahscal 2 School 87 916 35 854 34 94 4 18 100
Package 3- Personal 1 11 0 00 1 28 0 00
Used 4 Work/Schoof 0 ac 0 00 0 00 0 00
5 School/Personal 1 10 1 24 0 00 0 00

6- Work/Personal 0 00 1] 00 0 00 0 00

?- All of the above 0 00 0 o0 0 00 0 oo

Where Total 93 100 39 100 36 100 18 100
Stansnical 1- Course 66 710 25 641 29 806 12 667
Package 2- Self-taught 25 269 12 308 7 194 6 333
Learnt 3 Both 2 21 2 51 0 00 0 00
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There is some evidence to suggest that users’ anxiety with computer technology may
have adverse effects on their performance. (Howard and Smith, 1986; Gilroy and Desa,
1986). We, therefore, asked a few questions related to this anxiety, which were borrowed
from Raub’s (1981) instrument and used in studies conducted by Igbaria (1990) and Howard

(1986).

The responses to these questions about computer anxiety are summarized in Table
20 following. Using Cronbach’s coefficient alpha (Cronbach, 1990), we found the reliability
measure for the items to be .8457 which was in line with those reported 1n the studies
mentioned above. The majority of the sample thought they could acquire computer skills,
numbering 126, or 53%. There was an equal distribution - 65, or 27.3%, representing those
who either Strongly Disagreed or Disagreed to Some Extent with the statement "I am unsure
of my ability to learn a computer programming language”. Those who were Uncertain made
up 23.5%; those who Agreed to Some Extent made up 18.1%. To the statement "I will be
able to keep up with important technological advances in computers”, 88, or 37%, were
Uncertain or Agreed to Some Extent, while 37, or 15.5%, Strongly Agreed. There were
approximately even amounts who Strongly Disagreed, Disagreed to Some Extent, were
Uncertain, or Agreed to Some Extent with "I feel apprehensive about using a computer
terminal". The majority, 69.8%, Strongly Disagreed with the statement that they are afraid
they might damage the computer. The majority, 46.6% and 43.5%, respectively, also
reported that they did not avoid computers because they are unfamiliar, nor because they
were afraid of making mistakes. Equal numbers Strongly Disagreed, Disagreed to Some

Extent, were Uncertain, or Agreed to Some Extent with the statements "I am unsure of my
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ability to interpret a computer printout”, "I have difficulty understanding most technological

matters", and "Computer terminology sounds like confusing jargon to me".

Generally speaking, the subjects in the sample did not seem to be highly anxious

with respect to computer usage.

Table 20

Responses to Anxiety Questions

Total Merlin, Munitab, Extended
Merlin,

# % # % # % # %
243 100 99 407 93 383 51 210

1 am confident Total 238 100 96 100 92 100 50 100
1| could learn 1- Strongly disagree 1 04 0 00 1 1 0 00
computer 2- Disagree to some extent 1 04 1 m 00 0 00
skilly 3- Uncertan 21 88 12 125 3 33 6 120
4- Agree 1o some extent 89 374 32 333 38 4113 19 380
5- Strongly agree 126 530 51 531 50 543 25 500

I am unsure of Total 238 100 96 100 92 100 50 100
my alnlity to 1- Strongly disagree 65 273 27 281 26 283 12 240
learn a 2- Disagree to some extent 65 273 23 240 26 283 16 320
computer 3- Uncertain 56 235 26 271 19 206 1N 220
frogramming 4. Agree to some extent 43 181 17 177 16 17 4 10 200
language 5- Strongly agree 9 38 3 3 5 54 1 20
I will be able Total 238 100 96 100 92 100 50 100
to keep up 1- Strongly disagree 4 17 1 10 2 21 1 20
with important 2- Disagree to some extent 22 92 10 104 8 87 4 80
technological 3- Uncertain 88 370 30 313 38 413 20 400
advances in 4- Agrec 1o some extent 87 366 38 396 34 370 15 30¢
computers 5- Strungly agree 37 155 17 177 10 109 10 200
I feel Total 234 100 94 100 9N 100 49 100
apprehensive 1- Strongly disagree 62 264 28 298 23 252 1 225
about using a 2- Disagree to some extent 50 214 16 170 21 23 13 265
computer 3- Uncertain 57 244 29 3jos 19 209 9 184
terminal 4- Agree to some extent 48 205 15 160 20 220 13 205
5 Strongly agree 17 73 6 64 8 88 3 61

If given the Total 238 100 96 100 92 100 50 100
opportunity to 1- Strongly disagree 166 698 64 667 69 750 33 660
use a 2- Disagree to some extent 33 139 13 135 13 141 7 140
computer, | 3. Uncentain 10 42 4 42 2 22 4 80
am afrad | 4- Agree to some extent 22 92 11 14 5 54 6 120
might damage 5- Strongly agree 7 29 4 42 3 33 0 00

"t
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Table 20

Responses to Anxiety Questions

Total Merlin, Minitab, Extended
Merlin,

# % L] % L] % ’ %
243 100 99 407 Q3 g 5 Nno

1 have avoided | Total 238 100 96 100 92 100 50 100
computers 1- Strongly disagree n 466 46 479 41 a6 7 N 440
because they 2- Disagree to some extent 36 151 21 219 n 120 L] 80
are un-familiar 3- Uncertain 21 88 4 42 12 130 5 100
to me 4- Agree lo some extent 1 172 13 135 18 196 10 200
5. Strongly agree 29 122 12 125 8 87 ] 180

| hesitate to Total 237 100 96 100 92 100 49 100
use a 1- Strongly disagree 103 435 41 427 42 457 20 408
computer for 2- Disagree to some extent 42 177 22 229 16 174 4 82
fear of making 3- Uncertain 26 1Mo 14 146 6 65 6 122
mistakes | 4- Agree to some extent 44 186 9 94 21 250 12 245
cannot correct 5. Strangly agree 22 913 10 104 5 54 7 141
Fam unsure of | Total 238 100 % 100 92 100 50 100
my ability to 1- Stronglv disagree 61 256 27 281 23 250 1 220
nterprel a 2- Disagree to some extent 61 256 25 260 27 203 9 180
computer 3- Uncertain 58 24 4 20 208 24 261 14 80
printout 4- Agree to some eatent 49 206 pa] 219 17 185 n 220
5- Strongly agree 9 kX:] 3 31 1 1" 5 00

I have Tota! 236 100 95 100 2 100 50 100
difficulty 1- Strongly disagree 52 220 | 25 263 17 187 10 200
understand-ing | 2- Disagree to some extent n 301 32 337 27 296 12 240
most 3- Uncertain 52 220 17 179 23 251 12 240
technological 4- Agree to some extent 55 233 | 221 23 253 H 220
matters 5. Strongly agree 6 26 0 00 1 11 5 1040
Computer Total 238 100 96 100 92 100 50 100
terminology 1- Strongly disagree 50 210 23 240 18 196 9 180
sounds like 2- Disagree to some extent 63 265 23 240 26 283 14 280
confusing 3- Uncertain £l 172 17 177 113 174 8 160
jargon to me 4- Agree 1o some extent 73 jo7 30 33 28 304 15 100
5- Strongly agree n 46 3 3 4 43 4 40
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5.B.2. Overall Performance and Perceived Comfort Results

In terms of performance, there was quite a bit of variability on all the measures.

These are summarized in Table 21 following, and in the histograms in Figure 18. Once

again, the histograms depict density so no scales are shown, however, the table shows the

distributions. The explanations for the measures used are given in Chapter 4.B.8. The

measures established were:

TIDX - score obtained for the sub-tasks completed*100/time to complete the tasks

EIDX - number of raw errors* 100/scores obtained for the sub-tasks completed

HIDX - number of raw help calls*100/scores obtained for the sub-tasks completed

LIKE - 1-Very much; 2-Above average; 3-Average; 4-Below average; 5-Not at all

it

Table 21
Summary of Overall Distributions of Performance and Perceived Comfort Indices
Percent Toxm TIDX(2) BHDxn EIDX(2) HIDX(1)* HIDX(2)* LIKE(1) LIKE(2)
Distri-
bution
N 227 128 208 124 162 79 232 nz
Mean 1417 3008 42 8 216 686 24 3 33 27
sd 1122 2337 761 49 3 103 210 09 09
Lower25% 0-72 0-132 0-9 04 0-19 010 1- 39% 1-85%
50% 72-192 132-236 941 4-1 1962 10-33 2-103% 2-239%
15% 192-267 236-661 41-78 2149 62-169 3278 3-474% 3-547%
7 5% 207-344 661-971 78-328 49-128 169496 58-88 4-237% 4-103%
Upper2 5% 444-645 971-1100 328-520 128-500 496-760 88-100 5-14.7% 5. 26%

Legend ¢ Excludes Extended Merlin

(1 Indicates imtial Use

(2} Indicates Retest

UKE - 1 - Very much, 2 - Above Average, 3 - Average, 4 -

Note A tugher LIKE mean indicates a lower rating
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Below Average, 5 - Not at all
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5.B.2.a. Results - Performance (TIDX)

Of the 243 subjects, there was data missing on 16 subjects. The mean Time Index
for the remaining 227 was 143.7, with a standard deviation of 112.2. The lower 25% had
a Time Index below 72, while at the high end, 10% had an index between 267 and 645.
On the retest of 128 subjects, there was considerable improvement in this index. The mean
was 300.8, but the standard deviation was still large, at 233.7. The lower 25% had an index
less than 132, while the upper 10% now had an index between 661 and 1100.

5.B.2.b. Results - Perceived Comfort (LIKE)

In terms of perception of the packages, the mean rating given was 3.3 on initial use
and 2.7 on the retest. On initial use, the majority - 47.4%, rated the packages as Average
which increased to 54.7% on the retest. Those rating the packages Below average or Not at
all made up 38.4% initially compared to 12.9% on the retest.

5.8.2.c. Results - Error Analyses (EIDX)

The mean of the Error Index was 42.8, with a standard deviation of 76.1. The lower
25% had an index less than 9, while the upper 10% had an index between 78 and 520. The
retest resulted in a mean of 21.6 and a standard deviation of 49.3. The lower 25% had an
index less than 4, and the upper 10% had an index between 49 and 500, about the same
as on the initial use.

5.B.2.d. Results - Help Analyses (HIDX)

On the Help Index, the mean was 68.6, with a standard deviation of 10.3. The lower
25% had an Help Index less than 19, while the upper 10% had an index between 169 and
760. On subsequent use, the Help Index decreased to a mean of 24.3 with a standard
deviation of 21.0. Twenty five percent had an index less than 10, while 10% had scores at

the top of the range, of between 58 and 100, substantially below that found on initial use.
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5.B.3. Results - Package and Experience Differences

It was postulated that differences in package Design and Assistance Features would
have an impact on user performance with, and perceptions of, the packages. (Whiteside,
et.al.,, 1985; Hauptmann and Green, 1983; Ogden, et.al., reported in Paap and Roske-
Hofstrand, 1988; Carroll, 1985; Relles, 1979; Burns, et.al., 1986). We also noted in Study
1 that Command Structure and on- and offline Manuals were identified, by our expert panel,
as being the most important Design and Assistant features compared to other features. We,
therefore, assigned our subjects to three different package treatments. Treatment 1 - Merlin,
has a mixed menu/command structure, with a concise online listing of commands and brief
description. Treatment 2 - Minitab, has a command structure, with a full offline manual
available online. Treatment 3 - Extended Merlin, is the original Merlin, with additional
assistance from a Hypertext-based online index of commands, with explanations and

examples. (See Appendix B for the examples of the package differences).

Although prior research has not been conclusive, a mixed menu/command structure
with concise online help should conceptually produce better scores on measures relating to
ease of use than a command structure with full online manual. One might expect Minitab,
to outperform Merlin, on Speed, since it is usually faster to execute commands with a
command structure than with an undirected menu structure, though this is dependent on the
number of levels which have to be navigated in order to execute an operation. However, the
originator of Merlin, designed the package with a directed menu structure and to maximize
speed, so on that basis, we expected Merlin, to outperform Minitab, on the Speed dimension

as well.
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It also seems reasonable to assume that as experience is gained in the use of various
packages, the facility with which new packages are learnt should be accelerated and
enhanced. Much of the prior research which has examined the moderating effect of
experience levels, has done so in terms of the expertise of the participants with the particular
package being used in the research, or with packages of similar function and operation.
(Karat, et.al.,, 1966; Ledgard, et.al.,, 1980; Gilfoil, 1982; Whiteside, et.al., 1985). Less
attention has been given to the effect of experience gained with packages of dissimilar
funct on and operation. To examine these possibilities, we differentiated our subjects based
on their varying experience levels, Novice, Intermediate and Expert, with package types of
similar and dissimilar function and operation. We examined the effect of experience with:
no packages; various packages, other than statistical packages; various packages, which
included one statistical package, the most cited being Minitab; various packages, which
included several statistical packages, of which Minitab, was one. (See Chapter 4.B.4. for a
full explanation of how these levels were established). Table 3 following, is reproduced from
Chapter 4 and shows the level designations which were derived, and are to be used for

reference throughout this section.




Jable 3
Level Classification Scheme
Statistics Microcomputer Package Experience "
Package
Experience Novice Intermediate Expert I
L1 - No Pkgs LIN B .
L2 - Varied, No Stats L2N 121 L2€
" L3 - Vaned + 1 Stat L3N [%]] L3E
L4 - Varied + > 1 Stat LAN L4 L4t

Legend LIN - mimimal, or no, computer or package expenience
L2N - novice with various packages, not including statistics packages
L21 - intermedhate with various packages, not including statistics packages
L2E - expert with vanous packages, not including statistics packages
L3N - novice with various packages, including one stalistics package
L 31 - intermediate with various packages, including one statistics package
L 3E - expert with various packages, including one statistics package
L4N - novice with varous packages, including more than one stastics package
L4! - intermediate with vanious packages, including more than one statistics package
L4E - expert with vanous packages, including more than one statistics package

The sample sizes in the following levels are small: L2E - 1; L3E - O; L4N - 2; L4l - 3;
L4E - 6; and therefore, their distributions cannot be considered representative. The sample
sizes in the other levels were more reasonable: L1N - 25; L2N - 84; L21 - 36; L3N - 48; L3I -
22. As the sample sizes are small in some categories, we chose to look at the effect of
statistical package experience separately from that of general microcomputer package
experience. Tables 22-25, below, summarize the performance and perceived comfort results
accordingly, that is, by package by experience. Discussion of these results follow the tables.
Differences between the package treatments and between experience levels were assessed
for statistical significance using the Tukey-Kramer Honestly Significant Differences
comparison for all pairs. This method is suggested when the analyses are exploratory in
nature and is a conservative measure when the sample sizes are unequal as is the case in this

study. (Neter, Wasserman and Kutner, 1985).
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Table 22

Performance (TIDX) by Package by Experience

1-Merlin, 2-Minitab, 3-Extended Merlin, Package
Differences
N Mean sSD N Mean SD N Mean SD
Statistics Package Experience

L1-None, 8 1379 540 10 830 644 7 814 544 Mer > Min
minimal p < .10
L2-Vaned, 50 154 4 1307 47 883 681 24 126.4 68 1 Mer > Min
non Stat p< 05
L3-vaned, 27 1788 1100 24 1600 723 19 1625 95.8 NS
+ 1 Stat
Subtotal 85 160.6 118.9 81 108.9 75.8 50 133.8 81.5 Mer > Min
11,12, L3 p < .05
1 4-vaned, 10 3322 (2082 1 1400 - . - - N A
+ > 1Stat
All 495 178 7 1400 82 1093 754 50 1338 815 N A
Stat Pkg L4 > 13,12, 11 LI >0 L3> L
Differences p < 05 p < 05 p < .05

Microcomputer Package Experience

Novice 61 158 4 11813 57 102 2 62 2 41 1298 84.2 Mer > Min
p < 05

Intermediate 28 1638 1190 24 1233 100 2 9 15213 691 NS,
Expert 6 4537 1638 1 17860 - - - - N A
All 95 1787 1400 82 1093 754 50 1338 815 N A
AMicrocomp Experts > Novices, NS
Dhfferences Intermediates

p < 05

Legend N A - not apphcable
N S - no statstically significant differences
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Table 23

Perceived Comfort (LIKE) by Package by Experience

1-Merlin, 2-Minitab, 3-Extended Merlin Package
Differences
N Mean SD N Mean SO N Mean sD
Statistics Package Experience
L1-None, 7 36 10 10 39 07 6 37 10 NS
minimal
L2-Varied, 48 34 [ 50 32 10 24 32 10 NS
non-Stat.
L3-Vared, 28 36 09 30 3 09 18 32 e Min < Mer
+ 1 Stat p< 10
Subtotat 83 35 1.0 90 3.2 1.0 48 3.3 0.9 N.S
11,12, 13
L4-Vaned, 10 37 09 1 40 - - - N A
+ > 1 Stat
All 93 35 10 N 32 10 48 33 09 N A
Stat Pkg NS, I3>n NS
Differences p< 10
Microcomputer Package Experience
Novice 57 35 1" 66 13 09 40 313 10 NS
Intermediate 30 36 10 24 32 10 8 Jo 05 NS
Expert 6 35 08 1 20 . . NA
All *93 35 10 *91 32 10 *48 i1 09 N A
Microcomp NS NS NS
Differences

tegend N A - not applicable
NS - no statisticaily significant differences
LIKE rating 1- Ve, much, 2- Above average, 3- Average, 4- Below average, 5- Not at all
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Table 24

Error_Analyses (EIDX) by Package by Experience

1-Merlin, 2-Minitab, 3-Extended Merlin, Package
Differences
N Mean sD N Mean SO N Mean sD
Statistics Package Experience

L1-None, 8 217 154 8 286 146 6 371 497 N.S.

minimal

L2-Varied, 47 820 1278 38 278 187 21 280 392 Mer > Min

non-Stat p < .05

13-Varied, 26 428 69 4 24 285 283 19 393 89.6 N.S.

+ 1 Stat

Subtotal 81 63.5 106.9 70 28.1 21.8 46 3.8 64.8 Mer > Min

L1, L2, 13 p <.05
Mer > Mer+
p <.10

L4-Varnied, 10 2313 215 1 13 - - - - N.A

+ > 1 Sat

All 91 591 1018 71 278 219 46 338 648 N A,

Stat Pkg NS NS NS

Differences

icrocomputer Package Experience

Novice 60 722 1182 51 281 225 37 316 668 Mer > Min
p < 05
Mer > Mer+
p < 10

Intermediale 25 395 553 19 277 210 9 432 585 N.S.

Expent 6 87 49 1 100 - - . - N A

All *91 591 1018 ‘N 278 219 *46 338 648 N A

Microcomp NS NS NS

Differences

Legend N A - not apphcable
N S - no statistically sn ificant differences
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Table 25
Help Analyses (HIDX) by Package by Experience

=

1-Merlin, 2-Minitab, Package
Differences
N Mean SO N Mean SO
Statistics Package Experience
L1-None, 8 293 21.2 8 1.6 230 N.S
minimal
L2-Varied, 47 1o 18013 38 651 422 NS
non-Stat.
L3-Varned, 26 456 708 24 531 671 NS
+ 1 Stat,
Subtotal 81 819 146.6 70 58.3 50.8 N.S.
L1, 12,13
L4-Vaned, 10 379 551 1 173 - NA
+ > 1 Stat
All N 771 140 0 7 577 506 N A
Stat Pkg NS NS
Differences
Microcomputer Package Experience
Novice 60 86.5 1539 51 614 552 [N
Intermediate 25 696 1183 19 485 370 NS
Expent 6 144 49 1 450 - NA
Al 91 77 1 1400 71 577 506 NA
Microcomp N.S NS
Differences

Ltegend N.A - no! apphcable
NS - no statistically significant differences
Note It was not possible to track the help calls made in Extended Merlin,
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5.B.3.a. Results - Package Differences

Minitab, had a lower average number of tasks completed than either of the other two
treatments, that is, 3.2, with a mean score of 54.3. On Merlin,, there were an average of 4.1
tasks completed, for a mean score of 64.6, while on the Extended Merlin,, there were an
average of 3.9 tasks completed, for a mean score of 65.8. The mean time for completion of
the tasks on Minitab, was 54.1 minutes. This was higher than Merlin,s 43.1 minutes and the
same as Extended Merlin,'s 54.5 minutes. As the Subtotal row in Table 22 above indicates,
Merlin/s mean TIDX, 160.6, was significantly better than Minitab's, 108.9, but was not
different from the Extended Merlin’s, 133.8. This was true for Novices, regardless of
experience level with statistics packages, and L2's, those with experience with a variety of
packages, not including statistics packages. There was no difference between the package
treatments in the TIDX for L3's, those with experience with a variety of packages, including
one statistics package, nor in the TIDX for Intermediates. This is surprising since the statistics
package, with which the L3 individuals were already familiar, was Minitab, so those on
Minitab, were revisiting Minitab, but those on Merlin, were seeing it for the first time. In fact,

Merlin’s TIDX score, 178.8, was higher than Minitab,’s, 160.0.

This better performance on Merlin, was earned in spite of worse Error indices. (See
Table 24, above). Merlin, had a significantly higher mean Error Index, €3.5, than both
Minitab, at p < .05, and the Extended Merlin, at p < .10. This difference is the result of
greater errors/score, on average, on Merlin, than on Minitab, experienced by those with
Novice microcomputer experience and by L2’s, those with experience with a variety of
packages, not including statistics packages. There were no significant differences, from one

package treatment to another, in the indices of L1’s, minimal, or no, experience and L3’s,
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those with experience with one statistics package. There were also no differences in the
mean Help Indices between Merlin, and Minitab, The Extended Merlin's scores could not

be tracked. (See Table 25, above).

The better mean TIDX but lower EIDX did not seem to have an impact on perceived
comfort. (See Table 23, above). There was no significant differences in the LIKE ratings
between the package treatments overall, however, L3, those with experience with one
statistics package, which was Minitab, gave a higher rating to Minitab, than to Merlin,, at p
< .10. Although the level of significance is low, it was what we would expect since these

individuals who were on Minitab, already knew Minitab,.

5.B.3.b. Results - Experience Differences

Looking at experience levels globally as defined in Table 3 reproduced above, there
was not much difference in the number of tasks successfully accomplished in each of the
levels, except for L4E, as expected. These subjects are the most experienced and completed
almost all the tasks, an average of 5.7, to obtain an average score of 93.3. The other levels
completed between 3.3 and 4.4 tasks. The differentiating factors were the types of tasks

completed and the time it took to complete these tasks.

The iowest score on the tasks was obtained by L4l - 50.0. Although they completed
the same average number of tasks as L4l, LIN members were able to complete sub-tasks
worth higher scores to get an average score of 61.7, which was also higher than that
obtained by L2N and L2I. L2N had an average score of 54.6, and L2I’s score was 52.6. The

one L2E individual had a score of 65.0, L3N got 69.5, L4N got 70.0, and L3] got 72.5.
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L4E completed the tasks in the fastest time, in an average of 22.6 minutes. L1N, L2N,
and L2I completed them in an average of 53.5, 53.0, and 51.0 minutes, respectively. The
next fastest time was taken by L3N, in an average of 48.6 minutes. This was followed by L4I,
with an average of 43.2 minutes, then L3I, in 42.5 minutes, and L4N, in 38.9 minutes. There

was only one L2E individual, completing the tasks in 36.0 minutes.

Looking at experience separately according to statistics package experience and
microcomputer package experience, we see that on the Merlin, package, only L4’s, those
with experience with a variety of packages, including more than one statistics package, had
signficantly higher mean TIDX, 332.2, than the others, L1 - 137.9, L2 - 154.4, L3 - 178.8.
(See Table 22, above). On Minitab, and Extended Merlin, L3, those with experience with
only one statistics package, also outperformed L2’s, those with experience with a variety of
packages, not including statistics packages. The better performance of L3’s on Minitab, was
expected since these individuals already knew Minitab,, however, it is interesting that on
Extended Merlin, they also outperformed L1’s, those with minimal, or no, package
experience, which was not the case on Merlin. As there was no statistically significant
difference between L3’s on Minitab, and L3’s on Merlin, we combined their results for all

further analyses involving the L3 category.

Also as expected, Experts, 453.7, performed better than Novices, 158.4, and
Intermediates, 163.8, on Merlin, There were no Experts on the Minitab, nor Extended Merlin,

treatments. There were no differences in the mean TIDX between Novices and Intermediates

on any of the treatments.
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There were no differences in the Error nor Help Indices, regardless of statistics or

microcomputer package experience. (See Tables 24 and 25, above).

In terms of perceived comfort, the only significant difference found was a better mean
LIKE rating given to Minitab, by L3’s compared to L1’s, at p < .10. (See Table 23, above).
Not surprisingly, having prior knowledge of Minitab, promoted a more favourable opinion
to working on it again than having minimal, or no, prior experience on any package, but not
compared to those with experience with a variety of packages, even if these did not include

statistics packages.

5.B.4. Retest Results - Package and Experience Differences

Extending our investigation of the impact of experience on ease of use, we asked our
volunteer subjects to redo the same task, on the same package, a week later. About half of
the subjects took part. There was only one Expert and no individuals with experience with

more than one statistics package.

5.B.4.a. Retest Results - Package Differences

Tables 26-29, below, compare the performance and perceived comfort results on the
various package treatments, of only those who took part in the retest. It shows that each of
the r.ackage treatments had substantially improved indices from initial use to retest a week

later,
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Table 26
Perdormance (TIDX) of those Retested by Package
Initial Retest
N Mean SD N Mean SD
MERLIN 3s 1225 121.2 34 376 2 2225
MINITAB 45 792 663 47 2013 1693
MERIIN + 46 1337 839 47 345.9 264.9
ALL 126 1M 931 128 300.8 2337
Minitab 1s significantly lower than Extended Merlin at p Minitab 1s significantly lower than Merlin and Extended
< 05 and lower than Merlin at p < .10 Merlin at p < 05
Improverment on all treatments statestically significant at p < 05
Improvement on Minitab was sigmificantly lower than Merlin at p < 05 and Extended Merlin atp < .10
Table 27
Perceived Comfort (LIKE) - of those Retested by Package
LIKE Initial Retest
Total Merlin, Minitab, Merlin + Total Merlin, Minitab, Merlin +
N 125 33 47 45 nz 33 41 43
Mean 33 35 33 32 27 26 28 29
sd 10 L 10 10 09 09 08 09
1 - Very much % 48 60 64 22 85 152 73 47
2 - Ahove Average % 112 121 85 133 239 242 220 255
3 . Average % 448 273 447 57.8 547 48 5 585 558
4 - Below Average % 246 264 319 114 10.3 12.5 12.2 7.0
5 - Notat all % 136 182 85 156 26 - - 70
No statistically significant differences No statistically significant differences

Improvements on Merlin and Minitab were significant at p < .05 and Extended Merlin atp < 10
improvements between treatments were not statistically significant

Note A higher LIKE mean indicales a lower rating
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Error Scores (EID

Table 28

of those Retested by Package

Initial Retest
N Mean SO N Mean SD
“ MERLIN 32 1040 146 6 34 1013 e
MINITAB 35 283 187 45 260 267 ll
MERLIN + 42 356 675 45 259 76 4
ALL 109 533 95 4 124 216 493
Merhin had significantly tngher EIDX than Minitab or No statistically significant differences
Extended Merlin at p < 05
improvement on Merhin was significant at p < .05
tmprovement on Minitab and Extended Merlin was not statistically significant
Improvements on Merlin and Extended Merlnnﬂsngmﬁcanﬂy higher lﬁan on Mintab at p < 05
Table 29
Help Scores (HIDX) of those Retested by Package
Initial Retest
N Mean sD N Mean sD
MERLIN 32 1398 195 6 34 116 99
" MINITAB 35 639 378 45 324 216
ALL 7 100 2 1420 79 24 3 210

No . «tically significant difterences

Merhn had a significantly lower HIDX than Minitah at

p< 05

Improvement on Merlin was significant at p < 05

Improvement on Minitab and Extended Merlin was not statishically significant

Improvement on Merhn significantly greater than on Minitab at p < 05
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Of the 128 subjects who volunteered to be retested, those on Minitab, had a
significantly lower mean Time Index, both initially and on the retest, than both the stand
alone Merlin, at p < .10 and the Extended Merlin, at p < .05. The increase in performance
from initial to subsequent use was also lower for Minitab, compared to Merlin, and to the

Extended Merlin,

While of those retested, those on Merlin, had a significantly higher mean error/score,
104.0, than either of the other treatments, 28.3 and 35.6, on the first try, this was reduced
considerably on the retest, to 10.3, with the result that the differences between the treatments
were no longer statistically significant. On the retest, both Merlin,’s had a significantly greater

improvement than Minitab,, at p < .05.

Although Merlin/s mean Help Index was higher, 139.8, than Minitab’s, 63.9, the
differences were not statistically significant. On the retest, however, Merlin’s index improves
substantially to 13.6, thereby producing a significant difference at p < .05. In conjunction
with the significantly greater improvement in Merlin's Time and Error Indices, this suggests

that considerably greater learning had taken place in the Merlin, users than Minitab, users.

Each of the package treatments was rated Average by the majority of the participants,
initially and subsequently, and the differences between the treatments were not statistically
significant. From initial use to the retest, the mean score on Merlin, went from 3.4 to 2.7,
Minitab, from 3.3 to 2.8, and the Extended Merlin, from 3.2 to 2.9, but these improvements

were not statistically significant between the treatments.
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5.B.4.b. Retest Results - Experience Differences
Tables 30-33, below, summarize the performance and perceived comfort results of
only those retested according to statistics package and microcomputer package experience.

Their discussion follows the tables.

257




Table 30

Performance (TIDX) by Experience

of those retested

Initial Retest
N Mean SO N Mean SD
| Statistics Package Experience
L1-None, 21 809 451 21 1709 1386
" runimal
L2 Vaned, 89 108 8 96 4 89 3218 2345
non Stat
i L3 Vaned, 16 1638 1035 18 3489 2740
+ 1St
t 4-Vaned, - - - 0 - .
+ > 15t
All 126 nn 931 128 3008 2337
L3 greaterthan L2, L1 at p < 05 L3 greaterthan L1 4t p < 05
All improved significantly atp < 05
12 had a greater improvement than L1 atp < 05
Microcomputer Package Experience
Novice 93 10906 937 95 2888 224 4
Intermediate 32 1133 93 4 32 3178 2421
Expert 1 1780 - 1 5810 -
All 126 1111 931 128 3008 2337
No statntically significant differences No statistically sipnificant differences

Allwnproved significantly atp < 05

Difterences in improvements not statistically significant
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Table 31

Percerved Comfort (LIKE) by Experience

of those retested

Stat. Pig. Experience

Micro Phg. BExpenience

Average u u | 3 I 4 Average Novice I intermediate ‘ Expert
Inital
N 125 20 87 18 0 125 93 n 1
Mean 33 39 32 32 - 13 34 33 20
sd 10 09 10 09 - 10 10 10 -
1- Very much % 48 - 69 - - 48 43 65
2- Above average % na 50 1ns 167 - n2 118 65 1000
3- Average % 448 co 460 555 - 448 430 516 -
4- Below average % 256 400 241 167 - 256 258 258 -
5- Not atall % 136 250 ns M - 136 151 96 -
*Sum of sample si1zes L2 gave a better mean ratingthan L1 atp < 05 No statsticatly sigmificant differences
Retest

N 17 17 83 17 [} 117 90 32 1
Mean 27 n 27 26 - 27 27 ER] 10
sd 09 09 09 o6 - 09 08 09
1- Very much 85% 59 96 59 8 5% 6?7 1ns
2- Above average 239 59 265 294 - 239 89 7
3~ Averagr 547 647 506 647 547 522 65 4 100 0
4- Below average 103 176 109 - - 1013 100 ns
5- Not atall 26 59 24 . - 2h 22 39

|

No statsticalty significant differences

No staustically significant differences

All improved significantly atp < 05

Differences in improvements not statistically sigmficant

improvement in Novices signuificant at p < 0%

improvement 1n Intermediates nol statistically signihicant
Difierence n improvements not statistically significant
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Table 32

Error Analyses (E1DX) by Experience

of those retested

nitial Ret
N Mean sD N Mean sD
" Statistacs Package Experience

1 3-None, 18 303 298 18 27.7 41.0
mammal
L2-Varied, 75 607 104 7 74 430 935
non-Stat
L3-Vaned, 16 49 971 16 204 337
+ 1 S
L4-Vaned, - . - ) . .
+ > 15t
All 109 5313 95 4 108 kYA 80.4

No statisically ssgnificant differences No statistically significant differences

tmprovement in L2 significant at p < 05

Improvement in L1 and L2 not statisticatly significant

Differences sn improvements not statisically sigmficant

Microcomputer Package Experience
Novice 83 559 103 9 81 415 912
Intermediate 25 46 5 627 26 245 284
Expert 1 100 - 1 10 | -
=

All 109 533 95 4 108 371 80 4

-

No dabtssticatly significant differences

No statistically significant ditferences

Allimproved significantly atp < 05
Differences 1n improvements not stabistically significant
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Table 33

Help Analyses (HIDX) by Experience

of those retested

Initial Retest
N Mean SD N Mean sD
Statistics Package Experience

L1-None, 12 409 22.3 13 240 141
minimal
L2-Varied, 54 1138 1550 63 237 2013
non-Stat
L3-Varned, 1 760 - k] 87 537
+ 1 Stat
L4-Varied, 0 - 0 i
+ > 1 Sat
Al 67 1002 1420 79 243 210

No statistically significant differences No staustcally significant diftesen es

Improvement in LY and L2 signtficant at p < 05

Improvement In L3 not significantly different

Differences 1n improvement not statishically significant

Microcomputer Package Experience

Novice 50 1043 1453 56 271 214
Intermediate 16 905 1394 22 181 0?
Expert 1 450 1 20
All 67 100 2 1420 79 243 2110

No statistically significant differences

No staushicatly sigmificant differences

All improved significantly at p < 05
Duferences in improvement not statistically significant
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All the levels of statistics and microcomputer package experience taking part in the
retest improved considerably from initial to subsequent use a week later, at p < .05,
however, only L2 - those with experience with packages other than statistics packages had
a greater improvement, statistically, over L1 - minimal, or no, experience with any package,
at p < .05. (See Table 30, above). It would also seem that experience even with packages
other than statistics packages facilitates retention, since, on the retest, this category, L2, is no
longer statistically different from L3, who have experience with 1 statistics package, but is
still significantly different from L1 who have minimal, or no, experience. On the retest, there
were no L4’s - experience with more than one statistics package, and only one Expert, whose
Index improved from 178.0 to 581.0. There was no statistical difference in the improvements

made between Novices and Intermediates.

On average, all experience levels had improved Error Indices, that is, lower indices,
however, only L2’s improvement was statistically significant. There were no statistically
significant differences in improvements between statistics package experience levels or

microcomputer package experience levels. (See Table 32, above).

As Table 33 above indicates, the number of help calls/score decreased considerably
on the retest, but, again, the differences in improvements between levels were not

statistically significant.

The percentage of those rating the packages as Average and better increased on the
retest for all experience levels, at p < .05, the most notable beinyg 1.1 - minimal, or no,

experience, from 35.0% to 87.1%, and Novices, from 59.1% to 87.8%. The percentage of
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L2’s went from 64.4% to 86.7% and L3’s went from 72.2% to 100.0%. Intermediates went
from 64.6% to 84.6%. There was only one Expert on the retest. These improvements were

not statistically different between the experience levels, as shown above in Table 31.

5.B.5. Results - Propositions

In Study 2, three major research questions were posed, around which a number of
propositions were developed. The questions revolved around package design differences,
experience differences and other factors. They were:
Research Question 2:

2.1 Is there a difference in perceived comfort and performance measures relating to ease
of use, as a consequence of differing Design and Assistance Features?

Research Question 3:

3.1 is there a difference in perceived comfort and performance measures relating to ease
of use, attributable to differing Experience levels?

Research Question 4:
4.1 Is there a difference in perceived comfort and performance measures relating to ease

of use, attributable to other factors, such as computer anxiety, gender, quantitative
competence?

In the previous section, we used the Tukey-Kramer comparison for all pairs as it is
a more conservative test which is appropriate for exploration of the data. In this section,
however, as we are evaluating particular comparisons between treatments, the Student’s
pail-wise comparison is used to assess statistically significant differences. (Neter, Wasserman

and Kutner, 1985).




5.B.5.a. Results - Research Question 2 - Propositions 2.a.-2.8.

Notwithstanding the lack of consistent results in the research done to date on the
advisability of different command structures and help aids, we suggested that Merlin, would
produce better performance and perceived comfort measures than Minitab, because of its
mixed menuw/command structure and concise online help, which were expected to give
greater support to the levrning dimensions of memory and effort. This, in turn, should assist
the learning and execution of tasks with the package, that is, affect performance speed, and
affect the perceived comfort of the user. The Extended Hypertext-based Merlin, help system,
with examples and expanded explanations, was expected to further assist these measures

relating to ease of use. The assistance to memory provided by both of the Merlin, systems

should also facilitate retention.

Propositions - Initial Use

Table 34, below, is to be used as reference for the propositions which follow.

Table 34
Performance and Perceived Comfort by Package
Merlin, Minitab, Extended Merlin, Dutferences
N Mean N Mean N Mean
TIDN 85 1169 8i 108 9 50 1338 Mer > Min, p < 05
LIKE 83 35 90 32 48 33 NS
€IX 81 615 70 281 46 338 Mer > b n,p < 05
Mer > Mer+ p < 10
HIDX* 81 819 70 583 NA NA NS

*Excludes £xtended Merhin
N A - Not applicable
NS - Not statistically significant
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The first proposition was stated as:

Proposition 2.a. - Merlin, will produce better performance measures than Minitab,.

The Time Index (TIDX) was found to be significantly lower, that is, worse, on Treatment 2 -
Minitab, than on Treatment 1 - Merlin, at the p < .05 level. There was no difference
between the Help Indices (HIDX), but Merlin,'s Error Index (EIDX) was significantly higher

than Minitab,’s, at p < .05.

The better results of Merlin,s Time Index over Minitab,’s, even with a higher Error

Index and the same Help Index, indicate strong support for Proposition 2.a.

The second proposition was stated as:

Proposition 2.b. - Merlin, will be given better perceived comfort ratings than Minitab,.

There were no statistically significant differences between the mean ratings of the package

treatments. Proposition 2.b. was not supported.

The third proposition was stated as:

Proposition 2.c. - Users of the Extended Hypertext-based Merlin, will have better
performance measures than either the stand-alone Merlin, or Minitab,,
and will have better perceived comfort ratings than either of them.

There was no statistically significant differences in the Time Indices between the Extended
Merlin, and Minitab, treatments, nor the Merlin, stand alone, though the Extended Merlin,’s

Index was higher than both. There were no differences in the Error Indices between the
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Extended Merlin, and Minitab, but Minitab, was significantly lower than the Merlin, stand

alone. The Help Index was not useful he e since this could not be tracked in the Extended

Merlin,.

There was no statistically significant difference in the ‘liking’ rating for the Extended Merlin,
versus either Minitab, or Merlin. While the means were comparable, being 3.5, 3.2, and 3.3,
respectively for Merlin, Minitab, and Extended Merlin, a greater percentage did rate the
Extended Merlin, higher, 133.8, than the other two, 118.9 and 108.9. The Extended Merlin,

was rated Average and above by 72.9%, compared to Merlin,'s 52.7% and Minitab,’s 64.8%.

It would seem that the addition of the online Hypertext-based Index did nothing to
improve the performance results over either Merlin, or Minitab,. Also, there were no
statistically significant differences in perceived comfort between the treatments, though a
higher percentage rated the Extended Merlin, Average and above compared to the other two
treatments. Though the raw data gives some indication for support of Proposition 2.c.,

statistically speaking it cannot be considered to be supported.

Propositions - R>test

Merlin/s mixed menu/command structure and concise online help system were
expected to impose less strain on users’ memory requirements than the command structure
of Minitab, with its full online manual. Subsequent use should, therefore, permit users to
accelerate their performance time and reduce the errors and help calls made. This should,
in turn, lead to a greater improvement in the liking for the package. In fact, each of the

packages should have improved ‘liking’ ratings because of our assumption that familiarity,
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for reference for the propositions which follow.

in this case, does not breed contempt, but rather tolerance. Table 35, below, can be used

==
Table 35
Performance and Perceived Comfort by Package
of those retested
Initial Retest
N Mean N Mean
THIX Mer 35 1225 34 376 2
Min 45 792 47 2013
Mer+ 46 1337 47 3458
Min < Mer, Mer+ atl p < 05 Min < Mer, Mer+ atp <
05
Mer > improvement than Min at p < 05
Mer+ > improvement than Min at p < 10
LIKE Mer 33 35 33 26
Min 47 i 41 28
Met + 45 32 43 29
No staustically significant No statistically significant
differences differences
Differences in improvements not statistically signficant
EIDX Mer 32 1040 34 103
Min 35 283 45 260
Mer + 42 356 45 259
Mer > Min, Mer+,p < 05 No statistically significant
differences
Mer, Mer+ > improvement than Min at p < 05
HIDXx* Mer 32 1398 34 136
Min 35 639 45 124

Mer > Min, p < 05

Mer < Min, p < 05

Mer > improvement than Min at p < 05

*Exciudes Extended Merhin,
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The fourth proposition was stated as:

Proposition 2.d. - Users of Merlin, will show a greater improvement in_performance, on
subsequert use of the package, than will Minitab, users.

There were significant improvements in the Time Indices, on all the packages on subsequent
use, at p < .05. The Merlin, stand alone was, however, found to have a statistically greater
improvement, at p < .05, and Extended Merlin, at p < .10, than Minitab,. Both Merlin,’s
had a statistically greater improvement in errors/score than did Minitab, at p < .05, as was
Merlin/'s improvement in help calls/score over Minitab,’s. One reason for Merlin/'s substantial
improvement compared to Minitab,s may be thought to be the fact that L3 individuals on
Merlin, had not previously used Merlin, whereas L3 individuals on Minitab, had previously
used Minitab,, therefore, there was more room for improvement on Merlin, than on Minitab,.
As we see in Table 41 following, however, there was no statistically significant difference in
the performance measures on these packages between these individuals. Add to this the fact
that Merlin,'s perfformance was nevertheless superior to Minitab,’s, except for error/score, then

it would seem that the superior initial and retest results are due to Merlin’s package design.

Proposition 2.d. was supported. Merlin, showed greater improvement on all

performance indices compared to Minitab,.

The fifth proposition was stated as:

Proposition 2.e. - There will be a general improvement in the perceived comfort rating
for each of the packages, on subsequent use.

The perceived comfort of each of the packages improved . 1 subsequent use, at p = .05.
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Meriin/'s mean 'liking’ rating went from 3.5 to 2.6, Minitab,’s from 3.3 to 2.8, and Extended
Merlin,’s from 3.2 to 2.9. The percentage of those rating Merlin, Average or above rose from
45.4% to 87.9, for Minitab, it rose from 59.6% to 87.8%, and for Extended Merlin, it went
from 73.3% to 86.0%. Support for Proposition 2.e. was found. There were no differences in

the changes in the ratings, between the packages.

Propositions - Learning Dimensions

One of the premises put forward in this thesis, is the belief in the importance of
support offered by the various package features for certain learning dimensions which we
identified as Speed, Memory, Effort and Comfort. It follows, then, that if users identify these
dimensions as being supported by the package treatment to which they were assigned, they
should express a better perception of the package than if support is not perceived to be
offered. We also suggested that these learning dimensions are interdependent, that is, when
memory and effort are alleviated, peace of mind and psychological comfort are promoted,
which, in turn, will contribute to a reduction in performance time. This interdependence 1s
seen in our measure of performance time, as discussed in Chapter 4.B.8., which includes
time to make and correct errors and to read help screens. it does not account for the Comfort
factor. if this interdependence holds, it is reasonable to assume that the greater the number
of attributes or features in the package that are perceived to support these dimensions, the

better will be the performance and perceived comfort with the packege.
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The sixth proposition was stated as:

Proposition 2.f. - Perceived comfort, or ‘liking’ ratings and performance measures will
be better when the dimensions, Speed, Memory, Effort and Comfort,
are perceived to be supported by more attributes in the packages than
when less are perceived to be supported.

Table 36, below, shows that there is a statistically significant positive correlation between
both perceived comfort and the performance TIDX measures and the number of attributes
in the packages identified as supporting Speed, Memory, Effort and Comfort. Although the
correlation between these dimensions and the performance index is low, the relationship is
quite strong with respect to the ‘liking’ rating. Speed and Comfort have the strongest
relationships with ‘liking’, with coefficients of 0.566 and 0.642, respectively. The associated
coefficients for Memory and Effort are 0.376 and 0.487, respectively. Proposition 2.f.,

therefore, cannot be rejected.

Table 36
Performance and Perceived Comfort by Learning Dimensions
TiDX LIKE
Learning
Dimensions Correlation p-value Correlation p-value
Coefficient Coefficient
Speed +0292 000 +0 566 000
Memory +0174 045 +0376 000
tfion +0224 oo +0 487 000
Comfornt +0211 019 +0642 G00
LIKE rating 1- Very much, 2- Above average, 3- Average, 4- Below average, 5- Not at ¢ |
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The seventh proposition was stated as:

Proposition 2.8. - Better perceived comfort, or ‘liking’ ratings, will result in better
performance indices.

Table 37, below, compares the average performance indices with the ‘liking’ ratings
given by our sample. It indicates quite clearly a positive relationship between the ratings
given to the packages and the performance scores obtained. Better ‘liking’ ratings were
associated with better performance indices, that is, higher Time Indices and lower Error and
Help Indices. Statistically significant differences were found in the Time Indices between
those rating the packages ‘Very much’ and all other ratings, at p < .05. The performance of
those rating the packages ‘Above average’ and ‘Average’ was also significantly higher than
those rating them ‘Below Average’. Those rating the packages ‘Not at all’ or ‘Below average’
had higher Error and Help Indices than those rating them ‘Average’ or better. We may say

that Proposition 2.g. is supported.

Table 37
Performance versus l"erceived Comfort
for all packages

LIKE N TiDX N EIDX N HIDX
1- Very much 9 210 8 97 7 208
2- Above average 22 143 8 20 167 14 32
3- Average 100 1502 95 365 69 5311
4- Below average 47 99 6 42 574 37 51
5- Not al all 28 956 23 787 18 1406

1 <all,p < 05 1,23 < 5,p < 05, 1,23 <5, p < 05

45<3,p < .05 2<4,p< 05 1,23 < 4,p < 10

45<2,p < .10 1<4,p< 10




5.B.5.b. Results - Research Question 3 - Propositions 3.a.-3.i.

It seems reasonable to suggest that as experience is gained with a package,
performance and perceived comfort should improve. It also seems reasonable to assume that
prior experience with one package of a similar type should cause some difficulty in adapting
to another, both in terms of performance and perceived comfort. On the other hand, varied
experience with package should facilitate operation of a new package, even if perceptions
are negatively affected. Since there was no statistically significant differences found, as
discussed in Section 5.B.2, between L3’s on Minitab, and L3's on Merlin,, their results were
henceforth combined for all analyses. Once again, we use the Student's t pair-wise

comparisons to evaluate our findings.

Propositions - Initial Use
The first proposition was stated as:

Proposition 3.a. - L3 users of various packages, including only one statistical package,
will perform worse on Merlin, and give it lower perceived comfornt
ratings, than L2 users, who have had experience with various
packages, not including statistics packages.

Believing that exposure to only one package, of similar function, may tend to make
the user become entrenched in that package and, therefore, resistant to a new package of
similar function, we expected L3 subjects, most of whom had had exposure to Minitab, but
not to Mert.n, to perform worse on Merlin, and to give it a lower rating, than L2 subjects,
who have had experience with a variety of packages. This did not prove to be the case.
There was no statistically significant difference between L2's TIDX, 154.4 and L3’s, 178.8,
of those on the Merlin, package. There were also no significant differences in the EIDX, HIDX

or LIKE measures. (See Table 38, below). Proposition 3.a. was, therefore, not supported.
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e
Jable 38
Comparison of L2 and L3
on Merlin,
L2 L3 13 vs. L2
on Merlin,
N Mean N Mean
TIDX 50 154 4 27 1788 NS.
LIKE 48 34 28 36 N.S.
EIDX 47 820 26 428 N.S.
HIDX* 47 1m.o 26 45.6 N.S.
Legend NS - not significant
L2 - expenience with various packages, not including statistics packages
L3 - expenence with vanous packages, including one statistics package
*Excludes Extended Merlin,
e =

The second proposition was stated as:
Proposition_3.b. - L2 - experience with various packages, not including any statistics

packages, and L3 - experience with various packages, but only one
statistics package, will outperform L1 - minimal, or no experience, but

give lower perceived comfort ratings, regardless of package treatment.

it seems reasonable to expect that those who have had experience with packages will
have better performance than those who have had none. It also seems reasonable to assume
that they will give a lower rating to an unfamiliar package than would complete novices who
have had no prior experience of any kind, and so have no basis for formulating prior
expectations which are likely to influence perceptions. There were no differences in
performance or perceived comfort between L1’s and L2’'s. However, L3s Time Index was
significantly better than L1’s, at p < .05, as hypothesized. Contrary to what was
hypothesized, however, L2 and L3 rated the packages higher than L1. L2 rated them higher
than L1, at p < .05, and L3 rated them higher, at p < .10. L2 also had a higher HIDX than

L1, at P < .10. (See Table 39, below). Proposition 3.b. was partially supported.
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Table 39

Comparison of L2 and L3 with t1
regardless of package

L1 L2 L3
L3 vs. L1 L2 vs. U1
N Mean N Mean N Mean
TIDX 25 1001 20 1232 70 167.9 NS p < .05
LIKE 23 37 122 33 76 33 p< 05 p < .10
EIDX 22 284 106 5t9 6y 368 NS NS
HIDX* 16 354 85 90 5 50 492 p< 10 NS
Legend N S - no statistically sigmificant differences
L1 - mimimal, or no, computer or package expernence
L2 - experience with various packages, not including statistics pachages
L3 - expenence with vanous packages, including one statistics package

*Excluding Extended Merlin, “

The third proposition was stated as:

Proposition 3.c. - L2 users with various packages, not including statistics packages, will
perform better on_Merlin,_than on Minitab, and give it better

perceived comfort tatings.

Based on the fact that Merlin, with its mixed command structure and concise online
help, outperformed Minitab, in terms of the Time Index, it was assumed that, as both the
Minitab, and Merlin, packages were new to L2 subjects, who have had experience with
packages other than statistical packages, those using Merlin, should perform better, and rate
it higher, than those using Minitab, This did prove to be the case for performance but not
for perceived comfort. (See Table 40, below). Merlin, had a higher mean TIDX, 154.4,
compared to Minitab, 88.3, at p < .05, but there was no statistical difference in the liking
rating. This better performance was earned at the cost of a higher EIDX, 82.0 compared to
Minitab, 27.8, at p < .05. There was no difference in the Help Indices. Proposition 3.b.
was, therefore, partially supported for L22, and L23 is still to be tested, there being only one

subject in L23.
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Jable 40

Comparison of L2
on Merlin, vs. Minitab,

Merlin, Minitab, Extended
Merlin, Mer vs Mer vs Mer+ vs,
Min Mer+ Min
N Mean N Mean N Mean

" TIDX 50 154.4 47 88.3 24 126 4 p< 05 N.S. NS.
LIKE 48 34 50 32 24 3.2 NS N.S N S.
EIDX 47 820 38 27.8 21 280 p < .05 N.S. N.S.
HIDX* 47 1.0 38 651 - N.A. N.S. N S. N.S

Legend N.S - not significant
N.A - not applicable
L2 - expenence with various packages, not including statistics packages

*Excludes Extended Merhin
—

The fourth proposition was stated as:

Proposition 3.d. - L3 users with one statistics packages, which was Minitab,, as well as

with other packages, will give lower perceived comfort ratings to

Merlin, than to Minitab, and perform better.

Familiarity with only one statistics package was expected to cause resistance to a new
package and, therefore, adversely impact liking for the new package. Table 41, below,
indeed, shows this (o be true. The mean Liking rating on Minitab, was 3.2, compared to 3.6
on Merlin,. Minitab, was rated Above Average and better, by 16.7%, compared to only 3.9%
for Merlin, Those rating Minitab, as Average and below made up 83.3%, while the
comparable figure for Merlin, was 96.1%. The differences were found to be statistically
significant at p < .10. Since L3 had prior experience with one statistics package, which was

Minitab,, we had expected that these individuals using Minitab,, should outperform Merlin,.
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This was not the case. The differences were not statistically significant. There were also no
differences in errors or help. Proposition 3.d. was supported for perceived comfort but not

for performance.

Table 41
Comparison of L3
on Merlin,_vs. Minitab,
Merlin, Minitab, Extended Merlin,
Differences
N Mean N Mean N Mean
TIDX 27 1788 24 1600 19 1625 NS
LIKF 28 36 30 1 18 32 Min > Mer
p< 10
EIDX 26 428 24 285 19 393 NS
HIDX 26 456 24 5311 - N A NS
The fifth proposition was stated as:
Proposition 3.e. - L4 users of various packages, including more than one statistics
package, of which Minitab, is one, will outperform all other levels, on

Merlin,.

We made the assumption that those with experience on a variety of statistics and
other packages would have more flexibility in adapting to new packages. The analyses
indicate that, at p <.05, L4, those expert with several packages including many statistics
packages, outperformed all other levels on the Time Index. (See Table 42, below). There
were no significant differences between any of the levels on the Error or Help Indices nor

on the Liking measure. Proposition 3.e. was, therefore, supported.
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Table 42
Comparison of L4 with all other levels,
on Metrlin,
L1 12 L3 L4 L4 vs. all other
levels
N Mean N Mean N Mean N Mean
TIDX 8 1373 50 1544 27 1788 10 332.2 p< 05
LIKE 7 36 48 34 28 36 10 37 NS “
EIDX 8 217 47 820 26 428 10 233 N.S
HIDX* 8 293 a7 1110 26 456 10 379 NS |
Legend NS - no statisucally significant differences
Lt - mimimal, or no, expenence
L2 - expenence with several packages, excluding statistics packages
L3 - expenence with several packages, including one statistics package
L4 . expenience with several packages, including more than one statistics packages
*Excludes Extended Merhin,
The sixth proposition was stated as:
Proposition 3.1, - Novices, regardless of level, will have the same level of perceived

comfort, on the same package.

With minimal or no exposure to packages, it can be assumed that novices in all level
categories, working on the same package, should rate the packages the same. These users
should not, as yet, be entrenched in a package and so be resistant to a new one. This was
the case on the Merlin, and Extended Merlin, treatments, but not on Minitab, There were no
significant differences between any of the novice groups on either of the Merlin’s. On
Minitab, however, both L2N and L3N gave ratings significantly better than LN, at p < .05.
It seems experience of any kind, even at a novice level, promotes a greater sense of comfort
on a command structure package than having no expe':ence with packages, which was not
seen on the mixed menu/command structure package. (See Table 43, below). There was no

evidence to refute Proposition 3.f. for Merlin, nor Extended Merlin, but it was not supported
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for Minitab,. There was only one subject each on Merlin, and on Minitab, in L41, and there

were none on the Extended Merlin,.

Table 43

Comparison of all Novice Levels
within each Package

Merlin, Minitab, Extended Merlin,
N Mean Differ N Mean Differ N Mean Ditfer
ences ences ences
LIKE LIN 7 36 10 39 LN, LIN > LIN 6 37
L2N 32 33 NS 34 32 p < .05 19 32 NS
L3N 17 37 pal 30 15 31
L4N 1 30 1 40 - -
Legend p - significance probability level

NS - not significant

LIN - minimal, or no, computer or package experience

L2N - novice with vanous packages, not includings statistics packages

L3N - novice with various packages, including one statistics package

LAN - novice with various packages, including more than one statistics package
Note There was only 1 L4N individual each, on Merlin, and Minitab,

The seventh proposition was stated as:

Proposition 3.g. - L1 - novices with minimal, or no, computer or package experience,
will rate and perform better with Merlin, than with Minitab,.

Using the same argument as previously, for Proposition 3.b., it was assumed that L1
novices would perform better with Merlin, and Extended Merlin, than with Minitab, and rate
them higher. Table 44, below, summarizes the findings. Merlin, did, indeed, have better
mean time indices than Minitab, at p < .10, but not better error or help indices. The
Extended Merlin, did not produce performance time differences significantly different from
Minitab, nor was its Error Index different from Minitab,’s. The Help Indices on the Extended
Merlin, were not useful, since they could not be traced. Although there were no significant

differences found in the Error and Help Indices, there were differences in the Time Index,
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so Proposition 3.g. was supported for performance. There were no significant differences
among the novices, in terms of liking for any of the packages, therefore Proposition 3.g. was
not supported for perceived comfort. These results should be viewed with caution, however,

owing to the small sample sizes.

P ——— e ———— e ———————
Table 44 I
Comparison of L1
by Package
N Mean Differences

TIDX Mer 8 1379 Mer > Min
Min 10 83.0 p<.10
Mer + 7 814

LIKE Mer 7 36 NS
Min 10 39
Mer + 6 37

EIDX Mer 8 17 NS
Min 8 286
Mer + 6 kYA

HIDX* Mer 8 293 NS
Min 8 416

Legend NS - no staushically significant differences

LIN - mimimal, or no computer or package experience
*Excludes Extended Merhn,
The eighth proposition was stated as:
Proposition 3.h. - Novices will make less help calls than Experts on Merlin,.

In order to use help, in some sense, one needs to know what to look for. Users tend
to prefer an exploratory approach to learning packages. (Carroll and Mack, 1985; Hiltz and
Kerr, 1986). With these in mind, it was reasonable to assume that the various novice

categories would make less help calls than the expert categories. There was no statistically
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significant differences found, however, between Novices and Experts. (See Table 45, below).
Proposition 3.h. was, therefore, not supported. It should be noted, however, that the sample

size of Experts is small, only six.

Table 45
Comparison of Microcomputer Experience
on Merlin,
Novice Intermediate Expert
Differences
N Mean N Mean N Mean
TIDX 61 1584 28 16318 6 453 7 £ >N,
p< 05
LIKE 57 35 30 36 6 15 NS
EIDX 60 722 25 395 6 87 NS
HIDX* 60 865 25 696 6 14 4 NS
Legend NS - no statistically sigmficant differences
*Excludes Extended Merlin
ik — e
The ninth proposition was stated as:
Proposition 3.i. - Experts and Intermediates will have better performance time and error

indices and perceived comfort_ratings than Novices, on_Merlin,.

Table 45, above, seems to support conventional wisdom and to contradict
Hauptmann and Green’s (1983) findings, with respect to Experts who outperformed both
Novices and Intermediates, at p < .05, in terms of the Time Index. Intermediates, however,
performed at the same level as Novices. There were no statistically significant differences in
EIDX or the LIKE rating. Although the sample size of Experts is small, the direction of the

Indices is consistently better from Novice to Intermediate to Expert, nonetheless, Proposition

3.i. was only partially supported.
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5.B.5.c. Results - Research Question 4 - Propositions 4.a.-4.c.

In this section, we will examine the propositions which were developed relating to
the effec. of computer anxiety, gender and quantitative competence on perceived comfort
and performance measures relating to ease of use. As with the analyses of package treatment
differences, the L4 and expert individuals were excluded from these analyses because of their

small sample size and non-randomness.

5.B.5.c.1. Results - Anxiety

The proposition was stated as:

Proposition 4.a. - Those with higher anxiety scores will have worse performance and
perceived comfort_scores than those with lower anxiety scores,
regardless of package treatment.

Assuming that more experience is likely to lead to less anxiety with respect to using
a new package and also to better performance scores, we suggested that those with higher
performance scores would have lower anxiety scores. This, indeed, proved to be the case.
As the correlation coefficients in Table 46, below, indicate, anxiety was negatively related
to performance (TIDX), which was significant at p = .007. This significance remains on the
retest with a p-value of .003. The p-values on the other Indices were not statistically
significant. Proposition 4.a. is, therefore, partially supported and supports Gilroy and Desai’s

(1986) findings, at least with respect to performance, if not perceptions.
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Jable 46
Performance and Perceived Comfort by Anxiety
N Correlation p -value
Coefficient
Initial Use
TIDX(1) 210 0223 .007
LIKE(1) 214 +0003 780
EIDX(1} 191 +0060 469
HIDX*(1) 148 +0059 554
" Retesi
I TIDX(2) om 0293 003
LIKE(2) 94 +0.022 N
EIDX(2) 98 +0.153 133
HIDX*(2) 75 +0165 157
*Excludes Extended Merlin,

5.B.5.c.2. Results - Gender
Speculating that males may use different parts of the brain and may, as a
consequence, be more mathematically and machine-oriented, we suggested that their

performance may be better than females. The proposition was stated as:

Proposition 4.b. - Males will exhibit higher performance scores than females.

The results, both on initial and retest use of the packages, seemed to confirm this. Males had
a statistically significantly higher mean TIDX than females. (See Table 47, below). This
should, however, be viewed with caution. Underlying causes other than gender per se are
most probably confounding this result, such as income and educational level of parents,
exposure to video arcade and home computer games, to name a few. Our finding is in
contrast to that of Murhpy (1992) who found that gender did not have a significant impact

on performance.
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Table 47
Performance and Perceived Comfort by Gender
Initial Use **Retest
Gender N Mean Differences N Mean Differences
TIDX -Males 95 155.2 p < 05 55 357.2 p < .05
2-Females 120 1196 72 2604
LIKE 1-Males 99 34 NS, 47 2.7 N.S.
2-Females 121 33 69 2.7
EIDX 1-Males 9N 417 N.S. 53 186 N.S.
2-females 105 46 1 70 240
HIDX* 1-Males 70 673 NS. 34 233 N.S.
2-Females 80 740 44 250
Legend NS - no statistically significant differences
*Excludes Extended Merhn,
**No L4's or Experts on the retest
Lo

5.B.5.c.3. Results - Quantitative Competence
We suggested a proposition for examination concerning quantitative competence. It
stated:

Higher reported quantitative competence will result in better
performance and perceived comfort scores.

Proposition 4.c. -

Our results indicate that on the initial trial, reported competence had an impact on
performance, though this disappeared on the retest. (See Table 48, below). Those reporting
cxcellent quantitative competence had statistically significantly higher performance (TIDX)
and ‘liking’ ratings than those reporting Poor or Average competence, at p < .05. These
former individuals also made significantly less errors/score than those reporting Poor
competence, at p < .05. The help calls/score were not statistically different. Proposition 4.c.

was supported which negates Evans and Simkin’s (1989) findings.
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Table 48
Performance and Perceived Comfort by Quantitative Competence
Initial Use **Retest
Quantitative
Competence N Mean Differences N Mean Differences
TIDX 1-Excellent 23 174 6 1>21 8 2059 NS
2-Average 137 1237 p < 05 ar 2912
3-Poor 12 971 1 1408
LIKE 1-Excellent 23 26 1<2,3 8 23 1 <2
2-Average 139 34 p< 05 B? 28 p <0
3-Poor 13 kR 10 27
EIDX 1-Excellent 22 245 1< 8 4 NS
2-Average 21 506 p <10 95 28
3-Pgor 11 871 9 78
HIDX* 1-Excellent 17 279 NS 5 220 NS
2-Average 94 887 67 248
3-Poor 8 919 5 201

Legend NS - no statisucally sigmificant d.fferences
*Excludes Extended Merlin,
Like 1- Very much, 2- Above average, 3- Average, 4- Below average, 5- Not at all

5.B.6. Summary - Package and Experience Differences and Other Factors

differences are summarized in tables following. The findings with respect to the propositions

are also presented.

were found between the package treatments, on initial and subsequent use. These are based

5.B.6.a. Summary - Package Differences

on the Tukey-Kramer comparison for all pairs.
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The findings on performance and perceived comfort for package and experience

Tables 49 and 50, below, summarize the statistically significant differences which




Initial Use

Summary of Comparison of Package Differences

Table 49 “

Merlin, vs. Minitab, Extended Merlin, vs. Minitab, Merlin, vs. Extended Merlin,
TIDX (>)p < .05 NS NS.
LIKE N.S. N.S N.S.
EIDX (>)p < .05 NS. (>)p <.10
HIDX N.S. N.A. N.A,
Legend p - probability level of significance
NS -not significant

N.A - not applicable
(>) - direction of difference, comparing left to night, higher score or higher rating
(<) - direction of difference, comparing left to nght, lower score or lower rating

There was more accomplished on Merlin, as indicated by a better performance Time
Index, than on either of the other two treatments, despite the worst Error Indices. Minitab,
had the lowest mean performance Time Index and Error and Help Indices. As Minitab,’s
online help is a fuil manual, its lower Help Index may be indicative of the volume of help
screens that must be read before another help command can be issued. In contrast, Merlin,’s
online help is arranged around two screens of concise command listings, which users may
easily access repeatedly. The length of time needed to read Minitab,s help would also

adversely affect its performance time.

We found that the online Hypertext-based index does not boost performance «s such,
that is, the Time Index, but does help to reduce the Error Index. The fact of having to move
from one keyboard to another undoubtedly contributed to reduced speed in this treatment,

thereby affecting the TIDX score.
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The perceptions about the packages were about even, with all three packages rated
as Average. There was a higher percentage rating any one of the packages Below average
and Not at all than rating them Above average and Very much. Nonetheless, the Extended
Merlin, tended to have a higher liking rating than the other two treatments, though it was not

statistically significant.

Retest

Table 50

Summary of Comparison of Retest vs. Initial Performance and Perceived Comiort Results
of those Retested

Change(2-1) Change Comparing Packages
Merlin, Minitab, Extended Merlin, vs  Minitab, Extended Merlin, Merlin, vs
Merlin, vs Mintab, Extended Merlin
TIDX(2-1) +253.7 +122.1 +212.1 p < .05 NS p < 05
p < .05 p < .05 p < .05
LIKE(2-1) +0.9 +0.5 +0.3 N.S. NS. NS
p < .05 p< 05 p <.10
EIDX(2-1) -83.7 2.3 97 p< .05 p < .05 NS,
p < .05 NS N.S.
HIDX(2-1) <126.2 <315 NA, p< 05 N.A, N.A,
p < .05 p< 05

Legend: p - probability leve! of significance
N.S. - not significant
N.A. - not applicable
(2-1} - difference between Retest and Intial results

In all three treatments, all the indices showed marked improvement for those redoing
the same task on the same package a week later, except for the Error Indices on Minitab, and
Extended Merlin,. These remained about the same which does not seem to support our
earlier suggestion that increased performance leads to more errors. We proposed that the

lower error index on Minitab, on initial use, when compared to either of the Merlin's, was
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due to less being attempted, as indicated by its lower TIDX. However, on the retest, while
Minitab,'s TIDX increased substantially, its EIDX did not change. The same was true for the
Extended Merlin, Both the Merlin,’s EIDX’s had statistically greater improvements on the
retest than Minitab, at p < .05. Merlins TIDX and HIDX also showed significantly greater

improvements than Minitab's, at p < .05.

We also found that of those retested, the advantage seen initially, of having the
hypertext-based online index, was removed. The Extended Merlin/s TIDX went lower than
that of the other two treatments on the retest, where it had been the highest initially. Its
liking rating became marginally worse than Merlin,'s, whose rating became marginally better
than Minitab's. None of these differences in liking ratings were statistically significant. The
Extended Merlin,’s EIDX is also no longer the lowest, that place now taken by the Merlin,

stand alone.

In summary, it would seem that subsequent use promoted increased perfformance and
better perceived comfort of the packages, accompanied by a reduction, or no change, in the
errors and help calls made. This improvement was greatest on the Merlin, treatment, the

mixed command/menu structure with concise online assistance.
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Propositions

The propositions which were put forward are restated with their findings for

reference. They were:

Proposition 2.a. - S - Merlin, will produce better performance measures than Minitab,

Proposition 2.b. - NS- Merlin, will be given better perceived comfort ratings than Minitab,
(except by users who already have a certain level of experience with
Minitab, to be discussed later).

Proposition 2.c. - NS- Users of the Extended Hypertext-based Merlin, will have better
performance measures than either the stand-alone Merlin, or Minitab,
and will have better perceived comfort ratings than either of them.

Proposition 2.d. - S - Users of Merlin, will show a greater improvement in_performance, on
subsequent use of the package, than will Minitab, users.

Proposition 2.e.- S - There will be a general improvement in the perceived comfort rating
for each of the packages, on subsequent use.

Proposition 2.f. - S - Performance measures and perceived comfort ratings will_be better
when the dimensions, Speed, Memory, Effot and Comfort, are
perceived to be supported by more features in the packages than
when fewer are perceived to be supported.

Proposition 2.g. - S - Better perceived comfort, or ‘liking’ ratings, will result in better
performance indices.

Legend: S - Supported; NS - Not supported

Full support was found for Propositions 2.a., 2.d., 2.e., 2.f. and 2.g., while no support

was found for Propositions 2.b. and 2.c.

Our theoretical assumption that a mixed menu/command structure, with concise
online help, should promote better performance and perceived comfort measures than a strict

command structure, with verbose online manual, was supported only for performance.
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However, our belief that a Hypertext-based online index should further improve the

measures, when using Merlin,, was not substantiated.

Interestingly, although the initial ‘iiking’ rating of Merlin, was lower, though not
statistically so, than that of Minitab, notwithstanding the better performance indicators, there
was a marked, significant improvement on subsequent use. This improvement, however, was
not different from that made by any of the other treatments. Our findings, therefore, do not
seem to agree with those in the studies by Lee, et. al. (1986), who found that a combined
menu and keyword command structure was preferred by their subjects, though they agree
with their findings of better performance using this type of structure. One of the reasons for
the discrepancies in the research findings on menu versus command structures may be that,
in some instances, the menu structure being compared is simply another representation of
the command structure, such as that seen in Lotus, Their menu structure does not direct or
focus operation of the package along a pre-specified path as, for example, the menu structure
found in Merlin. Menu structures of this type give the system greater control of the flow of
activies which users may find restrictive rather than helpful. This could possibly account for
the lower perceived comfort ratings of Merlin, which we found compared to those of

Minitab,

Our findings also support Carroll (1985), who found that a reduced manu.: improved
performance on initial and subsequent exposure. The emerging interest in the application of
hypertext technology to online assistance and other information and learning aids, such as
the applications proposed by Shneiderman and Kearsley (1989) and Bieber and Kimbrough

(1992), with the anticipated benefits to users, does not seem to be supported by our findings
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for hypertext as applied here. These showed that there was a lack of improvement in
performance and perceived comfort, despite having this assistance provided. Little has been
done so far to evaluate the benefits of this approach; research has been mostly

developmental.

We also found some evidence for the importance of support for the learning
dimensions we identified, Speed, Memory, Effort and Comfont, and for these possibly being
important components of ease of use. We found that there was a strong relationship between
support of these dimensions and the ‘liking’ rating, though it was low with respect to
performance, in that the higher the number of features or attributes in the packages which
were perceived to support these dimensions, the better was the ‘liking’ rating and the
performance Time Index. We also found that better ‘liking’ ratings were associated with

better performance.
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5.B.6.b. Summary - Experience Differences

The findings with respect to experience are summarized in Tables 51-53, following.

Initial Use

Jable 51
Summary of Comparison of Experience Differences

L4 vs. 13 vs. L2 vs. Intermediate Expert vs. Expert vs.
L3, 12, L1 12, 11 11 vs. Novice Novice Intermediate |
TIDX {(>)p < .05 N.S. (>)p < 05 NS. (>)p < .05 (>)p < .05 "
LIKE N.S (> p< 05 (>)p < 10 NS N.S. N.S "
€iDX NS N.S. NS NS NS. NS. "
HIDX* NS (>p< 10 N.S N.S. NS N.S

L2 - expenence with vanous packages, not inctuding statistics packages
L3 - expenence with vanious packages, including 1 staistics pachage
L4 - expenence with vanous packages, including more than 1 statistics package

Legend L1 - minimal, or no, experience
*Excludes Extended Merhin,

In summary, the results indicate that the extent of experience has an influence on
performance, if not on the errors made and the help required to attain it. The extent of
experience on packages of similar function also has an impact. Experts, on Merlin,, had a
significantly higher mean TIDX than did Novices or Intermediates, at p < .05. Likewise, L4
individuals, those experienced with more than 1 statistics package had a statistically higher
performance (TIDX) than all other levels. L3 individuals, those with experience with only 1
statistics package, likewise had significantly higher performance, but required more help to
attain it, than L1 individuals who had no experience with statistics package. Having
experience with packages, even if not with packages of similar function, L2's, also assisted
performance over those with no experience, L1’s. L3’s and L2’s tended to perceive the

packages more favouiably than those with minimal, or no, experience, L1’s.
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Retest

—= s
Table 52
Summary of Comparison of Experience Differences
of those retested
L3 vs. 13 vs. L2 vs, Intermediate
12 (8] 8] vs. Novice
Initial
TIDX {(>}p < .05 {(>Ip< 05 NS NS
LIKE NS NS {(>}p < 05 NS
“ EIDX NS NS NS NS
HIDX* NS NS NS NS
Retest

TIDX NS (>)p < 05 NS NS
LIKE NS NS NS NS
EIDX NS NS NS NS
HIDX* NS NS NS NS
Legend. (>) - direction of difference, comparing left to night, higher score or better rating

L1 - mmmal, or no, expenence

L2 - experience with various packages, not including statistics packages

L3 - expenience with vanous packages, including 1 stauistics package

L4 - experience with vanious packages, including more than 1 statistics package
Note. There were no L4’s and only 1 Expert on the retest
*Excludes Extended Merhn,

On the retest, only L3, those with experience with 1 statistics package remained
significantly higher than L1, those with none, or minimal, experience. There were no
differences between the other categories. It should be remembered, however, that there were
no L4's and only 1 Expert who took part in the retest. Table 53, below, shows the extent of
the improvements which took place between initial and subsequent use. These were all
significant at p < .05. Only L2’s those with experience with packages other than statistics
packages had a significantly greater increase in performance (TIDX) over L1’s those with

none, or minimal, experience. All other differences were not statistically significant.
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Summary of Comparison of Refest vs. Initial Use by Experience Differences

Table 53

of those retested

Change(2-1) Change Comparison
[B] 12 L3 L1vs. L2 L1vs. 13 L2 vs. L3
Statistics Package Experience
TIDX{2-1) +900 +2130 +185.1 p < .05 NS N.S.
p < .05 p< 05 p< 05
LIKE(2-1) +08 +0.5 +06 N.S. N.S. N.S.
p < .05 p < .05 p < .05
EIDX(2-1) -13 2382 -36.2 NS. N.S. N.S.
NS p< 05 NS.
HIDX*(2-1) -16 9 -90.1 -37.3 N.S. N.S. N.S.
p < 05 p < .05 N.S.
Microcomputer Package Experience
Novice Intermediate Expert Novice vs. Expert vs. Novice,
Intermediate Intermediate
TIDX(2-1) +179.2 +2045 +406 7 N.S. N A.
p < .05 p< 05
LIKE(2-1) +07 +0.4 +50.0 N.S. N.A.
p <05 NS
EIDX(2-1) -332 273 900 N.S. N.A,
p< 05 p < .05
HIDX*(2-1) -77.2 724 -95.6 N.S N A,
p < 05 p< 05
Legerd N A - not apphcable

NS - no staustically significant differences

(2-1) - Retest vs Imitial use

- mimmal, or no, experience

- expenence with various packages, not including stahistics packages

- experience with vanious packages, mcluding 1 slatistics package

- experience with vanous packages, mcluding more than 1 statistics package

1
L2
L3
14

Note There were no L4’s and only 1 Expert on the retest
* Excludes Extended Merhin,

293




Propositions

The propositions related to experience and their findings are summarized below for

reference. They were;

Proposition 3.a. - NS - L3 users of various packages, including one statistics package, will
perform _worse_on Merlin, and give it lower perceived comfort
ratings, than L2 users, who have had experience with various
packages, not including any statistics packages.

Proposition 3.b. - PS - L2 users with experience with various packages, not including any
statistics packages, and L3 users of various packages, but only one
statistics package, will outperform L1 - minimal, or no, experience,

but give lower perceived comfort ratings, regardless of package
treatment.

Proposition 3.c. - PS - L2 users with various packages, not including statistics packages, will
perform better on _Merlin_than_on Minitab, and give it better

perceived comfort ratings.

Proposition 3.d. - PS - L3 users with one statistics packages, which was Minitab,, as well as
other packages, will give lower perceived comfort ratings to Merlin,

than to Minitab, and perform better.

Proposition 3.e. - S- L4 users of various packages, including more than one statistics
package, of which Minitab, is one, will outperform all other levels, on
Merlin,.

Proposition 3.f. - PS - Novices, regardless of level, will have the same level of perceived
comfort or the same package.

Proposition 3.g. - PS- L1 - minimal or no computer or package experience, will rate and
perform_better with Merlin, than with Minitab,.

Proposition 3.h. - NS - Novices will make less help calls than Experts, regardiess of package
treatment.

Proposition 3.i. - PS - Experts and Intermediates will have better performance time and error
indices and perceived comfort ratings than Novices, on Merlin,

Legend: S - Supported; NS - Not supported; PS - Partially supported
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Full support was found only for Proposition 3.e. Partial support was found for
Propositions 3.b., 3.c., 3.d., 3.f. and 3.g. There was no support found for Propositions 3.a.

and 3.h.

The results found on Proposition 3.d., with respect to ‘liking’, support our belief that
familiarity with a package does create resistance to a new package of similar function,
indicated by a lesser ‘liking’ rating for the unfamiliar package. Although the sample size was
small in L4, being only eleven subjects, the findings on Proposition 3.e. suggest that this
resistance is overcome, in terms of performance, if not perceptions, by experience gained in
many different packages of similar function. L4 was seen to outperform all other levels on

the TIDX, on an unfamiliar package, at p < .05.

The advantage of prior exposure to packages of similar and dissimilar function
compared to no experience was also seen in the additional findings reported under
Propositions 3.a. and 3.b. L3 users with experience with one statistics and other packages,
as well as L2 users, those with experience with packages other than statistics packages, were
seen to have better time performance scores than L1, who had had no prior exposure to
packages. We also saw this pattern in the findings on package design, whereby liking for the

packages increased on subsequent use, even if it was not statistically significant.

Proposition 3.a., which examined individuals with experience with one statistics
package on Merlin, versus those with no statistics package experience, found no significant
differences in either performance or in perceived comfort, for L3 versus L2. No significant

differences in perceived comfort was found on Proposition 3.c. between Minitab, and Merlin,
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for those subjects targeted, but these individuals had a significantly higher TIDX on Merlin,
than on Minitab, Prior exposure, then, does seem to have a positive effect on performance
with, and a negative effect on perceived comfort with particular package designs, as also
indicated from the findings on the other propositions to be discussed below. Foss and
DeRidder (1989) likewise found a positive transfer from other text-editors to DEC text-editors
for inexperienced computer text-editors. Karat, et.al. (1986), on the other hand, found that
prior experience with wordprocessors hindered performance with an unknown
wordprocessor. Hauptmann and Green (1983), in their study, found that there were no
differences in performance time or accuracy for experienced programmers, using unknown
menu, command and natural language systems. It seems that computer experience alone is
not a determining factor, but rather, package experience is. Our findings suggest that both

are contributing factors.

it would also seem that for initial use of a package by novices, a mixed
menu/command system, with concise online help, is more advantageous for performance and
perceived comfort than a command driven system, with full online manual, or a mixed
menu/command system, with a Hypertext-based online help index, with explanations and
examples. The findings on Proposition 3.f. indicated that there was no difference in
performance and perceived comfort between any of the novice categories on Merlin;
however, ti.ere were differences on Minitab, and Extended Merlin, wherein L1N was
significantly lower in performance, at p < .05, than L3N. On Minitab,, L1N had also lower
perceptions of the package than the other novice categories. This was seen as well from
Proposition 3.g., in which Merlin, produced a better TIDX for L11 first-time novices than

either Minitab, or Extended Merlin, at p < .10. As we know, this debate is still open. Highly
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contradictory results have been found from the research in this area. Whiteside, et.al. (1985)
found that commands were better for all user categories compared to menus, whereas
Hauptmann and Green (1983) did not find any differences in performance for their users, on
either menu, command, or natural language systems. Ogden, et.al., as reported in Paap and
Roske-Hofstrand (1988), found that not all users preferred to use the menus in their system;
rather, they found that novices preferred commands, while expert users favoured menus,
which was contrary to common belief. Khalifa (1990) suggested and found that the simpler
interface was preferred by novices, and that the more complex interface, though more
difficult to learn initially, was easier to use once learned and preferred by experienced users.
We did not find this to be the case. Merlin,, the simpler interface, outperformed Minitab,, the
more complex interface, both initially and on reuse. Also, there were no significant
differences in perceived comfort with the packages nor between novices and experts either

in performance or perceived comfort.

The additional assistance provided by the Hypertext-based online help index to the
Merlin, package did not improve perforinance, but it did reduce the number of errors. This
is congruent with the findings obtained by Burns, et.al. (1986) in their study of improvements
made to screen displays u.ed by flight controllers. Performance time remained the same, but
errors were reduced. This is an important consideration in evaluating ease of use. Reduction
in the number of errors ..1ay be as important, or even more so, than speed. The effect on
peace of mind of the user is not easily measured, but is certainly an important factor to

support, as we have suggested throughout this thesis.
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Proposition 3.h. showed no difference statistically in help calls/score made between
Expert and Novices, though Experts did have a lower index, 18.7 versus 75.0. Experts were
also able to accomplish more, 414.3 versus Novices, 130.9, and Intermediates, 146.2.
Whereas experts seem to be able to overcome hurdles encountered, novices cannot do so
readily, or certainly, not as quickly. Perhaps novices would benefit more frem oftline
documentation. Relles (1979) found that novices performed better with a printed manual,
while experts performed better with online assistance only. Dunsmore (1980) found that
novices performed worse when given only a brief summary of the system to support the
online assistance, compared to having the summary plus an offline manual. Carroll’s study
(1985) goes further to suggest that the manual should be tailored to the novice. He found

that this category of user performed better with a reduced manual than a full manual.

5.B.6.c. Summary - Other Factors
The propositions related to anxiety, gender and quantitative competence, with their

results, are summarized here. They are:

Proposition 4.a. - PS - Those with higher anxiety scores will have worse_performance and
perceived comfort scores than those with lower anxiety scores,
regardless of package treatment.

Proposition 4.b. - S - Males will exhibit higher performance scores than females,

Proposition 4.c. - S - Higher reporteu quantitative competence will result in better
performance and perceived comfort scores.

Legend: PS - partially supported; S - supported

Full support was found for Propositions 4.b. and 4.c., but only partial support for

Proposition 4.a. Anxiety with computers was found to be negatively related to peiformance
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on initial use and retest, but its relationship with perceived comfort was not statistically
significant, Males were found, both on initial use and the retest, to have a higher
performance TIDX than females. This finding may be confounded by other factors, however,
such as parent’s income and educational level and exposure to home computer and arcade
games. It should, therefore, be viewed with caution, especially as this was not detected in
previous studies. The fact that, to date, software is predominantly designed by the male
population may also be a factor. This being the case, it may suggest that an area of research
should address the possiblc special requirements females may have in learning to use a
package and make accommodation for this in design or assistance provided. Confirming
conventional wisdom, those rating themselves as having Excellent competence in quantitative
courses had significantly better performance and perceived comfort ratings, on initial use,
than those rating themselves as Poor or Average which was contrary to Evan and Simkin's
(1989) study. These differences disappear on the retest except that those rating themselves

Excellent gave better ‘liking’ ratings than those rating themselves Average.

5.B.7. Summary of Findings in Study 2

We suggested that the learning dimensions, Speed, Memory, Effort and Comfort,
constitute components of ease of use, and that these are likely to be impacted by package

design, experience level, and other factors.

With respect to the learnir-g dimensions, we found that when more attributes of the
packages were perceived to support these learning dimension, both performance and

perceived comfort were better. Understandably, the relationship between perceived support
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of the dimensions and perceived comfort was stronger than performance. Nonetheless, the
results lend some evidence to the importance of support of these dimensions for ease of use,

bearing in mind as always that the study is an exploratory one.

Despite the fact that subjects made more errors and initiated somewhat more help
calls (memory, effort) and liked the package somewhat less (comfort), performance time
(speed) on Package 1 (Merlin) was better than on Parkage 2 (Minitab) by 64%. (See Table
24 in Section 5.B.3.a.). The magnitude of this difference in performance was consistent over
all experience levels, with the exception of those having previous experience with Package
2, in which case the performance advantage was reduced to 16%. (See Table 38 in Section

5.B.4.a.).

The reason(s) for this higher performance result could not be deduced by analyzing
user’s perceived comfort with the package. However, we believe it was related to command
structure differences, Package 1 having a mixed directed menu/command structure and
Package Z, o pure command structure. In addition, the HELP messages in Merlin, were more
concise and context dependent. This conclusion is reached based on the comparison of the
two packages as shown in Appendix B. The two packages were quite similar. The differences
were in the command structure and online help format, including the fact that Merlin, had
additional assistance features, such as Input Error Correction, Error Recovery, Default values,
Memory Jogs, Expertise Accommodation, Question or Prompt assistance, Navigational Aids
and partial Context Help. The requirements for the task were very similar, the mdjor
difference being in the editing conventions, and the fact that Merlin, allowed the use of

several commands for exiting.
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It is also unclear why, with such superior performance measures, Package 1 had
lower perceived comfort ratings than Package 2, though the univariate analyses indicate they
were not statistically significantly different. One possible explanation may again be a
consequence of the command structure. We noted previously that Merlin’s menu structure
links customary sequences of activities to achieve desired operations. For instance, the menus
guide the user through the choice of data entry type - keyboard, read a file, generate random
nos. in col. 1, or create stepped or const. data through edit sub-system, to the adding of
labels and the printing of data onto the screen. From here, the user must invoke commands
to accomplish the tasks of editing, saving and exiting. We noted in our analysis of the sub-
tasks that a greater percentage of users had difficulty with data entry on Merlin than on
Minitab,. It may be that users feel constrained by having the system direct the interaction,
preferring the freedom offered by a command structure. The user may feel more in control
with this latter structure, notwithstanding the superior performance the menu system can
offer. Other than the manner in which the data operation is invoked, menu in Merlin, and
command in Minitab,, the rest of the data entry should have been comparable, users enter
one row at a time with a carriage return. In fact, Merlin, should be clearer, since users are
prompted with the row number for each line of entry, whereas Minitab, simply displays,
‘DATA>". To end data entry, Merlin, required a carriage return and Minitab, required the

command ‘END’. (See Appendices C and D).

The adage ‘first impressions are lasting’ may also be a factor in the perceptions
reported. Data entry was the first encounter with the package, and as this was problematic
for more users on Merlin, than on Minitab,, it may have influenced their overall impressions

and, hence, ratings.
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In terms of data editing, Merlin, perhaps has more conceptual hurdles to overcome
than Minitab,. Minitab, provides only one way to edit, that is, by element, and not by row,
and is issued at the same command level as all commands. The syntax is also the same as
that used in the popular Lotus, package, A15, column then row, which on Minitab, is LET
c1(15)=55. Merlin, on the other hand, requires a change of command mode to edit mode
before the edit command can be issued. It also allows editing by row or element and uses
matrix notation convention. The sequence required to perform this operations is: EDIT, R
EL(15,1) or R ROW15, enter no.(s) changed on next line, press return to return to exit edit
mode. In addition to this difference between Minitab, and Merlin, the example of this
operation is also presented differently in the two packages. If users do find the correct help
screen in Minitab, the example of changing a data element is very clear, with only one
option identified and spacing is not important. In Merlin, a list of various editing options is
provided, of deleting, adding, changing, printing, et cetera. This may have been a source of
confusion for users. The process traces on Merlin, indicate that most tried to change the
whole row rather than the element, which was not evident on Minitab, Mainly, they had
difficulty with the syntax of the command, since spacing is important in Merlin,'s syntax.
Spacing seems to give users difficulty, as noted in our analysis of sub-tasks to follow, wherein
several users inserted unnecessary spacing between data entries. This suggests the benefit of

allowing format-free data entry.

Another possible explanation could be the nature of online assistance provided with
the two packages. Package 1’s assistance is composed of a concise listing of commands on
two screens, with a brief explanation of each command. The assistance on Package 2 is a

full online manual. We noted that with the addition of the Hypertext Index to Package 1,
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although performance was not improved, the liking rating was somewhat higher than for
either Package 1 or Package 2. It may be that having more verbose explanations provides the
user with some level of ‘comfort’, which, evidently, will impact their subjective assessments.
Whereas the concise assistance permits speedier performance, perhaps users feel unsure of
how well they understand the underlying concepts. The expanded explanations provide this

deeper understanding which is necessary to promote confidence.

The impact of the Hypertext HELP in Package 3 (Package 1 + Help Index) was
relatively small, as subjects perfformed at a lower TIDX level, 133.8 than on Package 1,
178.7, despite having a lower error level, 33.8 compared to 59.1. (See Tables 24 and 28).
Complete novices, L1's, were particularly hampered by this addition to the package, resulting
in perforriance being substantially below Package 1, 81.4 versus 137.9. (See Table 46).
Nevertheless, as noted above, the perceived comfort rating of this package treatment was
somewhat higher than it was on the other two treatments, While the somewhat lower overall
TIDX score may be explained by the slower Olivetti machines which were used on this
treatment, and the fact of having to move between keyboards, this does not account for the

large difference found among complete novices.

Regardless of the package, those with intermediate and expert experience had
somewhat better ‘ease of use’ performance measures than did novices. This latter group had
the greatest difficulty with the packages, while those experienced with various packages,
including more than one statistical package, had the least difficulty. It was also found that
‘ease of use’ performance measures were better for L3 and L4 individuals who had had prior

exposure to at least one package of similar function compared to L2’s with prior exposure
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to dissimilar packages. The former had performances which were 36% and 156% better,
respectively. We believe that prior exposure to the distinct ‘look and feel’ of line-editor
statistical packages, which is very different from that of package such as Lotus, or database

packages, may account for this finding.

Whereas prior exposure to packages of similar function was able to assist
performance, it resulted in resistance to a new package of similar function, as seen in the
somewhat lower initial perception ratings which these users gave to Merlin compared to

Minitab,. These perceptions improved, however, with subsequent use of the package.

We also found that anxiety, gender and quantitative competence had an impact on
performance, the latter also impacting perceived comfort. We have already noted some
possible reasons for the finding with respect to gender and suggest caution in interpreting this

finding.

There were marked improvements on subsequent use, in terms of both performance
and perceived comfort ratings on all packages and for all experience levels. It is interesting
to note, however, that although those taking part in the retest one week later initiatly had
54.7% better performance on Merlin, than those on Minitab, this margin widened to 86.9%

on the retest. (See Table 25).

The greatest performance improvement on Merlin, was seen in intermediates with
experience on many packages, including one statistical package which was Minitab, who

improved 313%, suggesting that the conceptual hurdles of Minitab, were overcome by these
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individuals. On this package, complete novices showed the greatest improvement in

perceived comfort of the package, from 3.8 to 2.8.

Anxiety and gender continued to be a contributing factor to performance on the

retest, whereas quantitative competence did not.

In this section, we discussed the effect of different package designs, different types
of experience, microcomputer package experience and statistics package experience, and
factors, such as computer anxiety, gender and perceived quantitative competence, on
perceived comfort and performance measures relating to ease of use. In the next section, we
fit these variables to multiple regression models in an attempt to explain and predict ease of

use.

5.B.8. Results - Regression models

The model adopted in the thesis was based on the assumption that the controlled,
independent variables - package design and assistance features, would have an impact on
perceived comfort and performance measures relating to Ease of Use. This was further
assumed to be mediated by the controlled, constant variables - Package Class, Task,
Instructional Strategy and User Role, and by the uncontrolled variables - User Characteristics.
In Study 2, we examined the effect of package differences on perceived comfort and
performance, and the effect of the user characteristics, experience level, gender, perceived
quantitative competence and computer anxiety. We fitted these variables to a regression
model to determine the extent to which they could be said to predict and explain our

measures relating to ease of use.
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Our dependent variables were comprised of three performance measures relating to
ease of use and one measure of perceived comfort:

Time Index (TIDX) - score received on the task divided by the time taken on the task: a high
value indicates a high score, or better performance;

Error Index (EIDX) - number of raw errors divided by the score on the task; a high value
indicates high number of errors;

Help Index (HIDX) - number of raw help calls divided by the score on the task; a high value
indicates high number of help calls;

Comfort (LIKE) - measured on a 5-point likert scale where, 1 - Liked very much, 2 - Liked

above average, 3 - Liked average, 4 - Liked below average, 5 - Liked not at all; a high value
indicates low liking or perceived comfort of the package.

The data collected permitted us to model these dependent variables in relation to the
independent variables - package treatments (PKG), statistics package and general
microcomputer package experience levels (STATEXP) and (COMPEXP), gender (SEX),
perceived competence in quantitative courses (QCOMP), and a general computer anxiety

score (ANX). The models we tested were based on the following:

Performance Perceived
Ease of use Comfort
Independent Dependent Dependent

Variables Variables Variables
b P EEEEE————

PKG

STATEXP TIDX

COMPEXP EIDX LIKE
QCOMP HIDX

SEX

ANX -

\/

306




We were first interested in the effect of PKG, STATEXP, COMPEXP, QCOMP, SEX
and ANX on the performance measure TIDX (time), and how this might be explained by the
effect on EIDX (errors) and HIDX (help). We were then interested in the effect these variables
may have had on perceived comfort, or LIKE, and how this might be moderated by

performance.

The dependent variables TIDX, EIDX and HIDX are interval variables, while the LIKE
variable is ordinal. The independent variables PKG, STATEXP, and SEX were put into the
model as categorical variables. COMPEXP and QCOMP were input as ordinal variables. ANX
was input as an interval variable. Regression models were run using step-wise regression to
establish the fit of the independent variables to the dependent variables. In the case of LIKE,
as the dependent variable, logistic regression was used to account for the ordinal nature of
the variable. The resulting final regression models can be seen in Table 54, which follows.
Because of the small sample sizes of the following categories, and the fact that they were not
represented in all the package treatments, the maodels do not include the nine Level 4 experts
who were assigned only to Merlin, nor one remaining expert and one Level 4 individual on
Minitab,. As a consequence, we were not able to model the effect of experience with more
than one statistics package nor the effect of expert experience. Our univariate analyses do
indicate, however, that these may have a significant impact on performance and perceived
comfort. Also, as our univariate tests showed no statistically significant differences between
the L3 individual on either Minitab, or Merlin, they were not separated in the model. We
did test whether there was an interaction effect between STATEXP and PKG but none was

found. There was also no interaction effect found between STATEXP and COMPEXP.
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The results of our analysis of the effect of our dependent variables on the
performance measures relating to ease of use are shown in Table 54, below, and on
perceived comfort in Table 55, following. Because of the skewed nature of the data visible
in the analysis of the residuals, it was necessary to perform transformations on the dependent
performance variables. A square root transformation was performed on the Time Index and
cube root transformations on the Error and Help Indices. (Neter, Wasserman and Kutner,

1985). None were performed on the Comfort Index.

The small R*'s of our models suggest that much of the variance is still unexplained.
The variables we identified, while they are significant factors, do not tell the whole story.
Other User Characteristics, such as psychostructure makeup and general microcomputer
experience, are perhaps more important for explaining ease of use. The low predictive power
of the models may also be due to the fact that the study is an exploratory one and this tends
to increase the amount of error. Our constructs are also still at the developmental stage and

in need of further refinement.

It is interesting to note that in Murphy’s (1992) study, gender, age and experience on
other systems were not found to have significant explanatory power of performance, while
the Learning Style Inventory measure of cognitive style and attitude to computers were found
to be covariate with performance. In his study, experience was assessed in terms of general
computer experience and not differentiated based on extent of experience with particular
packages of similar and dissimilar function. He was, of course, testing a contrived interface
and not a commercial package which perhaps makes this unnecessary. Attitude was assessed

based on six general questions on perceptions of ease of use of computers, usefulness, enjoy
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using, unconcern about pressures to learn, the necessity of everyone learning something

about computers, and expecting to use computers frequently during career.

It should be noted that as the models include interval, categorical and ordinal data,
the beta coefficients are only comparable for the categories within each variable, which are
shown in the top portion of Table 54, below. The lower portion of the table shows the p-
values resulting from the F-tests on the grouped categories, which was the basis used for
determining which variables remained in the model. The effect of these variables on the
measures relating to ease of use are presented below, bearing in mind that while the
variables are statistically significant, they have low predictive value.

TIDX - Those with experience with a variety of packages, but not with statistics packages had
significantly lower performance, with respect to the TIDX Index, compared to the others.
There were also statistically significant differences in package treatments. Minitab, had
significantly lower performance compared to the others, while Merlin, had significantly
higher performance. Anxiety was negatively related to performance, that is, those with higher
anxiety scores had statistically lower performance than those with lower anxiety scores.
Males had marginally higher performance than females.

EIDX - Both package and perceived quantitative competence had a statistically significant
effect on errors made/score. Merlin, had significantly more errors/score than the other
treatments, while those rating themselves as Average had less errors per score than those
rating themselves as having Poor competence.

HIDX - Only perceived quantitative competence had a statistically significant effect on the
help calls made/score. Tnose who rated themselves as having Excellent competence made
significantly less help calls/score than those rating themselves as having Poor competence.

LIKE - Perceived quantitative competence had the most statistically significant effect on our
measure of perceived comfort, with those rating themselves as having Excellent competence
giving significantly better liking ratings to the packages than those rating themselves as
having Poor competence. Package differences was the only other variable having a
statistically significant effect on the Comfort Index. Merlin, the mixed menu/command
structure with concise online help, was given significantly lower ratings than the other
package treatments. When the performance Indices are added to the model to determine
their moderating effect, the Time Index is found to be an everi more significant factor
affecting perceived comfort than either package or quantitative competence, better perceived
comfort ratings being related to higher or better performance. The Time Index does include
time spent making and correcting errors, and accessing help.
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Of the variables we considered, only self-assessed quantitative competence did not
have a significant effect on the performance Time Index, though it most certainly had on the
Error and Help Indices and on the Comfort measure. As we noted previously, we could not
test the effect of general microcomputer experience because of the small sample sizes,

though we believe this would add to the explanatory and predictive power of the mode).
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Table 54

Fitted Regression Madels
with respect to

Performance
SQRTIDX CUBEEIDX CUBEHIDX
R?.16 R? .10 R? .06
N 208 N 154 N 19
p<.0l p< .01 p< 05
Factors Coeff- P Factars Coeff- p- Factors Coeff- p-
icient value icient value icient value
*PKG[merhin) +103 021 *PKG[merlin) “043 .004 QCOMP[2) 021 .703
*PKG[mintab) -118 009 *PKG[minitab) 023 129 QCOMP[3} -1 00 .013
*SEX{male} +064 057 QCOMP{2} -0.94 029
ANX 010 029 QCOMP[3] 050 110
*STATEXP[1}) 073 304
“STATEXP[2] -1 00 041
PKG 010 PKG 014 QCOMP 037
SEX 057 QCcomp 017
ANX 029
STATEXP 001
Note

“indicates relative to average

Lower half of the table indicates the p-values of the grouped categonies which were used to deternine significant vanables to retain 1n
the model

STATEXP[1] - individuals with minimal, or no, package experience

STATEXP[2] - ndividuals with experience with vanious packages, but no statistical packages

STATEXP[3] - individuals with expenience with various packages, including one statistical package

QCOMP[I] - indmiduals with Low percewed quantitaive competerce

QCOMP2] - individuals with Average perceved quantitative competence

QCOMP{1] - indiviudals with Excellent percerved quantitative competence

n




Table 55

Fitted Regression Models

with respect to
Perceived Comfort

LIKE LIKE
(TIOX added)
R? 04
N 175 R' 08
p< 0 N 166
p< Ol
Factors Coeff- P Factors Coeff- [
iciemt value icient value
*PKGmerlin} -0.51 o TION +0MN 000
*PKG{minitab) +024 217 *PRGlmerhin} 067 o2
QCOMP(2] +007 891 *PKGlminitab) sy 14
QCOMP[3] +168 000 QCOMP[2) 1020 227
QCOMP|3} +140 002
PKG 0 TIDX 000
QCOMP oo PKG 006
QCONP [{1N

Note:

*indicates relalive lo average

Lower half of the table indicates the p-values of the grouped categones which were used 10 determme
significant vanables to retain in the model

QCOMP[1} - individuals with Low perceved quantitative competence

QCOMP|2] - individuals with Average percewed quantitative competence

QCOMP[3] - indiviudals with Excellent perceived quantitative competence

We discussed the impact of the variables we identified as potentially having an effect
on ease of use in the context of overall regression models in this section. To gain further
insights into what may facilitate and detract from ease of use, we examine the performance

of our sample on the sub-tasks in the next section.

312



5.B.9. Results - Performance on Sub-tasks
In Table 56 following, is a summary, by package treatment, of the sub-tasks correctly

executed; those attempted, but not achieved; and those not attempted.

5.B.9.a. Correctly executed - Initial Use
Data Entry
The same percentage, 74%, on Minitab, and Merlin, were able to accomplish Data Entry. On
Extended Merlin,, this figure was 82%. In the Minitab, treatment, 48% of the subjects were
able to successfully add labels to the data entered. In the Merlin, treatment, 62.2% were able

1o do this, and in the Extended Merlin, 66% accomplished it.

Editing

Changing, or editing, was the most difficult sub-task for all the package treatments. Only
33.3% were able to successfully accomplish this on the stand alone Merlin, 25% on
Minitab,. There was more success on Extended Merlin, with 44% successfully completing this

task.

Viewing

Minitab, and Extended Merlin, seemed to provide greater difficulty in Viewing or printing the
input on the screen than did the stand alone Merlin,. Here, 66.7% were able to successfully
complete the task, while only 51.1% were able to do so on Minitab,, 52% on Extended

Merlin,.
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Saving
Saving was more problematic in Minitab, than it was in the other package treatments. Only
27.3% were able to successfully complete this task, while 71.1% were able to do so on the

stand-alone Merlin, and 70% on the Extended Merlin,.

Exiting
Minitab, had the lowest percentage of those successfully able to exit the program, 68.2%. On
Merlin,, this figure was 82.2% and on the Extended Merlin, 80.0%. Perhaps the fact that

Merlin, allows many options for exiting accounts for this difference.
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5.B.9.b. Correctly executed - Retest
The problems with Changing were still evident on the retest, even though there were
improvements. Still, less than 50% were able to accomplish this sub-task on either Minitab, -
43.8%, or Merlin, - 48.6%. On the Extended Merlin, 57.4% completed the task. On the
retest, Saving was still a problem in Minitab, with only 18.8% completing the task,
compared to 94.3% on Merlin, and 85.1% on Extended Merlin, For Extended Merlin,, the
problem area seemed to be in Viewing the data entered. Initially, 46% successfully
completed this task; on the retest, the number rose to only 59.6%. A substantially greater
percentage were now able to successfully enter data. On Merlin, the figure was 91.4%, on
Minitab, 95.8%, and on the Extended Merlin, 89.4%. Merlin, showed the greatest

improvement.

5.B.9.c. Attempted, not successful - Initial Use
On Merlin, the tasks which had the highest unsuccessfully completed figures were Entering -
29.2%, and Changing - 34.8%. Changing was also a problem on the Extended Merlin, with
34% trying but not succeeding. On the other hand, Saving was the major problem area for
Minitab,, with 42.7% not succeeding, followed by Data Entry, with 23.2% not completing

the task.

5.B.9.d. Attempted, not successful - Retest
On the retest, Saving difficulties became even more exaggerated on Minitab; 72.9% could
not accomplish it. Data Entry improved, however, with only 4.2% not achieving it. Changing
became the next major area of difficulty, with 27.1% not being able to achieve it. Merlin/s

problem area remained in Changing, with 25.7% not accomplishing the task, while Data
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Entry improved, with only 8.6% not being able to do the task. Both Entering and Changing
improved on Extended Merlin, Only 10.6% and 17%, respectively, could not successfully

complete those tasks.

5.B.9.e. Not attempted - Initial Use
Changing was evidently the most difficult task on all the packages, with the highest percent
never attempting it at all, at the inmitial testing. On Merlin,, 42.7% never attempted this task;
on Minitab,, 64.6%; and on Extended Merlin,, 42%. Viewing was also difficult in both of the
Merlin, treatments. On the stand alone Merlin,, 31.5% never attempted it, and neither did
46% on Extended Merlin, On Minitab, 46.3% never reached the stage of being able to

attempt Exiting.

5.B.9.f. Not attempted - Retest
On the retest, on Merlin, and Minitab, Changing was still the task which had the highast
percent of non-attempts, 25.7% and 29.2%, respectively. On Extended Merlin,, this figure

was 25.5%; however, Viewing was even more problematic, with 34% not attempting it.

5.B.9.g. Errors by sub-task
The average number of errors found in Treatment 1 and Treatment 2, on each of the sub-
tasks successfully completed, was used to assess the differences in the difficulty with which
it was possible to achieve each of the sub-tasks and, therefore, whether the scoring which
was developed in Chapter 4.B.8 and used for our analyses was appropriate. The relative
number of errors of those successfully completing the sub-tasks during testing were found

to be:
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Merlin, Minitab,

Average errors  13.1 14.8
Overall

Entry 22.2% 47.1%
Naming 16.0 17.3
Change 38.1 12.1
Viewing 15.1 12.7
Saving 3.0 9.0
Exiting 5.6 1.9

It would seem that entry and saving under Treatment 1 - Merlin, is easier than under
Treatment 2 - Minitab,, but changing and exiting gave rise to more errors than Minitab,. The
errors tended to revolve around not understanding what was required in assigning a
filename. Taking the average of the two packages, in order to even out these differences,
produces 34.9% in entry, 16.6% in naming, 13.9% in viewing, 6% in saving, 25% in
changing, 3.7% in exiting. These figures are relatively close to those established
conceptually. Therefore, the ones so established, as explained previously in Chapter 4.B.8.,

were considered appropriate for computing the scores for the sub-tasks.
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Scoring based on:

Task Relative no. of errors during testing* Conceptual difficulty of task**
Entry 34.9% 35%

Naming 16.6 15

Change 25.0 25

Viewing 13.9 10

Saving 6.0 10

Exiting 3.7 5

* Treatments 1 and 2, combined

** Scoring used in this study

5.B.9.h. Conceptual hurdles
A number of conceptual difficulties in performing the tasks were noted in the online traces
collected from some of the subjects, who were almost exclusively in the Novice experience
categories. These difficulties were noted, in varying degrees, for 80 of the subjects on
Merlin,, for 59 on Minitab, and for 48 on Extended Merlin,. Although some of the conceptual
problems were manifested in different ways in each of the three package treatments, because
of the panicular operational requirements of the packages, they pointed to the same
underlying conceptual hurdles, all of which are pertinent in any package design, regardless
of its state-of-the-art. A few of the students added comments to their questionnaires which
support our observations of these conceptual hurdles garnered from the online protocols. A
summary of these is included in Appendix L. Surprisingly few subjects took advantage of this
opportunity which we offered. In fact, only one person made comments on Minitab,; fifteen

made comments on Merlin,.
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5.B.9.g.i. Initial Use

Saving

In Minitab,, as noted previously, Saving proved to be a problem. The reasons for this were:
1) not recognizing the need to assign a filename to the data being saved; 2) not knowing the
syntax for the command, which required single quotation marks around the name; and 3)
trying to save one column at a time, but not knowing how to get it into the same file.
Fortunately, Minitab, automatically assigns the filename ‘Minitab’ when one has not been
furnished. However, this created problems for those who then wanted to see the file, but did

not recognize that it had been saved under this name.

In Merlin,, although there were fewer problems with executing the Save sub-task, a number
of subjects, 24 to be exact, did question what the notion of "Save ‘filename’™ meant. Here
again the issue of the quotation marks was evident. In Merlin,, the quotations are not part of

the syntax, but metely used to highlight the need for a filename.

For novice users especially, it is necessary to delineate when quotations form part of the
syntax and when they are only used for highlighting. If they are there, users tend to assume
that they are part of the syntax. Novices do not readily exclude them from the syntax, even
after experiencing repeated failures using them. They assume there is something else wrong.
Novices need an explanation of the concept of a file, and the syntax related to all
commands, but in particular, to filename assignment, saving and retrieving, and also
guidelines on what happens when it is saved using the same name twice. They also mdy
need elementary computer literacy instruction, in order to understand the difference hetween

changes made to the file in random access memory versus to secondary storage.
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Command Names

A handful of subjects on Minitab, investigated the commands FILE and STORE as potential
commands for Saving. There were two individuals who tried to use the INSERT command
rather than READ or SET to enter the data. A sizeable number, 37 in all, sought help with
the command TABLE for the same purpose. Compounding the tendency of users to
conceptualize a dataset as a tableau, which is exploited in the design of spreadsheets, the
Minitab, help screen, immediately following the command for help - HELP HELP, gives an
example of HELP TABLE in the text presented to the user. In a statistical package, the TABLE
command has a particular function, usually referring to contingency table analyses. This
obviously represents a conceptual hurdle for first time users of software and users unfamiliar

with Statistics.

In Merlin, there was also confusion regarding command names which seemed synonymous,

FILE versus TERM versus SAVE, and NAME versus HEADING.

The conceptual difficulties experienced by these subjects suggest that, with regard to novice
users, the challenge for designers of packages is to either: 1) ensure that command names
are conceptually meaningful to users; 2) point out where conceptual discrepancies may arise,
and explain the differences in meanings among the various terms; or 3) accept synonyms for

the command names used in a package.

In and out of package
One approach noted in Merlin, but not in Minitab,, was a tendency by some individuals to

go in and out of the package, restarting at any indication of a problem. There were twenty
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individuals in Merlin, and five in Extended Merlin, who moved through the task in this way.

Autoformatting

Another conceptual hurdle, particular to Merlin, was the effect of autoformatting. Merlin,
automatically formatted the numeric data input to two decimal places. A small number of
subjects, four each on Merlin and Extended Merlin, got bogged down trying to remove the
decimals. Users need to be informed about how default values can be changed, and also

how to separate the essential from the unessential in a task.

Accessing Help

A relatively large number, (considering that these subjects were predominantly novices, and
especially, first time users), refused initial help and subsequent menu options, both on
Merlin, and on Extended Merlin,. These were individuals who either did very well or very
poorly. On Merlin, eighteen refused initial help and twenty six refused subsequent menu
prompts, such as to name columns and to print on the screen. On the Extended Merlin,, six
refused initial help and one refused subsequent menu options. Because of the mixed
menu/command format of Merlin, users can conceivably attempt to perform the tasks
without help. This is not possible in Minitab, because it is entirely command driven, so the
user must know the commands before anything can be accomplished. This would explain

why no one on Minitab, refused help.

The challenge for designers of a menu driven system is, therefore: 1) how to get novices to
access help, either by prompting them to do so, or by automatically providing it; or 2) how

to design the package so that no help is required, a formidable challenge.
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Data Entry and Editing

While the task of basic data entry may seem trivial, there were a number of conceptual
problems faced by the novice subjects here. Simple things, such as how many spaces to
leave between data items, was an issue for some though the packages accommodated this.
On Merlin, twenty-one felt it necessary to leave a large number of spaces between the
entries, as did five on Minitab, and ten on Extended Merlin,. A significant problem revolved
around the concept of the separation of data and labels. This issue is particular to statistical
packages which are designed around a line-editor concept, such as Merlin, and the version
of Minitab, used in this experiment. The advent of full-screen editors overcame this problem,
and while Minitab, does have this facility, subjects in the experiment were not permitted to
use it. As a consequence, many subjects, while in data entry command mode, tried to enter
the column headings before entering the data which is not permitted. There were twenty-
nine subjects on Merlin, who tried this, twelve on Minitab, and twenty-one on Extended
Merlin,. The L2N and L3N subjects, novices with various packages which may or may not
include one statistics packages, are perhaps influenced by prior exposure to spreadsheets

which do not make the distinction between data and labels.

Once the data was entc red, two on each package, attempted to change or remove the row
enumeration which is automatically generated by the packages. One individual per package
wanted to be able to unter each column of data across, row-wise and not column-wise. In
Merlin,, eleven tried unsuccessfully to enter the data one column at a time accompanied by
eight in Minitab, and six in Extended Merlin,. This action is permitted by each of the
packages, but it would seem that how it can be accomplished has not been fully explained

in any of the packages.
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Other data entry difficulties were experienced by a few subjects attempting to access a file
they believed already existed. Again, this may be the influence of spreadsheets which
provide an empty worksheet to be filled. There were twelve on Merlin, two on Minitab, and
three on Extended Merlin, who tried this. The concept of changing one element of the data
table also proved a hurdle for some, eight on Merlin, and twelve on Extended Merlin,. Users
were unsure if one element could be changed or whether the whole row had to be changed.
There was also difficulty in knowing whether it had to be deleted first and then the change
made. A number of subjects had difficulty displaying their data on the screen, twelve on

Merlin, one on Minitab, and six on Extended Merlin,.

Mental Models

Some condidates displayed a lack of seeming logic or pattern in their path through the tasks.
There were eight on Merlin, three on Extended Merlin, but none on Minitab, It is more
difficult to detect this in Minitab,, however, because those with difficulties may have simply

read the voluminous help texts, without attempting anything.

Anxiety

Interestingly, two subjects demonstrated acute anxiety during the experiment, even though
everyone was assured that their standing in the course was not dependent on performance
on the experiment. In addition, participation was voluntary, counting for the remission of one
assignment. One of these subjects left the room angrily, after shouting her frustrations at this
author. No attempts to appease her succeeded, and she refused to leave her diskette and task

sheet behind.
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The other subject stayed the duration, but also vehemently expressed her frustrations. She
was incredulous that she should have had such difficulty, given that she uses a computer
regularly in her work. On further investigation, this experience proved to be with canned
packages, requiring menu selection, rather than with packages that allow the design and
analysis of problems. Evidently, the type of prior experience is an important factor in the

performance with and perceptions of a new package which our results also confirmed.

5.B.9.g.ii. Retest
The number of subjects experiencing conceptual hurdles was dramatically reduced on the
retest a week later, to twenty on Merlin,, eight on Minitab, and seven on Extended Merlin,.
There were six subjects on Merlin, and one on Minitab, who still inserted several spaces
between data elements. There were seven on Merlin, and two on Extended Merlin, who still
did not seek initial help; and seven on Merlin, and five on Extended Merlin, refused the print
and naming menu options. On Merlin,, three persisted in trying to access a file they assumed

already existed.

There were four on Minitab, who still did not appreciate the separation of data and labels;
and two sought help for the command TABLE. There were two who tried to change the
decimal formatting in Merlin; and one on Minitab, tried to change the labels of the automatic
row designations supplied by the package. One person each on Merlin,and Extended Merlin,
still went in and out of the package. There were five on Merlin, and three on Extended
Merlin, who questioned the meaning of ‘filename’. There were three on Minitab, who saved
without a filename; and one individual equated STORE with saving. There were four on

Merlin, who entered the columns one at a time.
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It should be noted that Merlin, does say, in its introductory screen, that data items are
separated from data labels. The fact that the users of Merlin, did not make note of this, points
to the necessity of highlighting crucial pieces of information within the text. Computerized
Instruction Design guidelines suggest that screen displays present only one idea per screen,
and be free from other material which is not required for imparting the particular idea being
conveyed. Wording is also very important. Meanings and symbols may not always be self-
evident, as indicated by several experienced users asking what ‘<cr>' meant, that 1,
carriage return. Another useful recommendation from this area of study includes monitoring
performance online and presenting remedial material to rectify difficulties. Those using the
Extended Merlin, system should have had no difficulties if they accessed the ‘examples’
option on the menu bar, as it provides a complete example of the data entry task. If they
followed the menus they should also have had no difficulty; but once off the track, it may

not be evident how to return.

First time users of Minitab, could only have succeeded if they happened by chance onto the
correct help menu for the data entry task, which was ‘Help Overview 17, The ‘Help
Commands 2’ option, under which is found the Input and Output commands, gives a list of
command names, but not their syntax or context, which unfortunately was where most users

expected to find it.
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This chapter presented the results of our two studies. We investigated: i) expert
opinion on the design and assistance features affecting ease of use; ii) the effect on perceived
comfort and performance measures relating to ease of use of various factors, such as package
design, experience levels, gender, quantitative competence and computer anxiety, for users
in actual use of three different package treatments; iii) In addition, the performance results
on each of the subtasks, and the conceptual hurdles faced by novice categories of users,
were discussed in this section. The chapter which follows discusses the implications of these
findings for academia and business. We also discuss the limitations of the current study and

make suggestions for future research directions.
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Chapter 6 - DISCUSSION AND IMPLICATIONS OF THE FINDINGS

In this chapter, we discuss the findings from our two studies and the implications they
hold for software design and for the business and academic communities. The limitations of
these studies are also examined, and areas for improvements and future research are

identified. The discussiqn takes place in the following manner:

6.A. Findings on Factors affecting Ease of Use of Business Software
6.B. Challenges and Recommendations for design arising from findings
6.C. Contributions of the Research to Business and Academia

6.D. Limitations of the Research

6.E. Ways in which Research of this type could be Improved

6.F. Directions for Future Research

6.A. Findings on Factors affecting Ease of Use of Business Software

The two studies we conducted succeeded in giving us some interesting insights into
the factors facilitating and detracting from the ease of use of business software. These are of
potential assistance to researchers, to software designers and to trainers of users, and to those

who must evaluate packages to be purchased, whether for personal use or for use by others.

First of all, our findings did not altogether support our assumption of the learmirg
dimensions, Speed, Memory, Effort and Comfort, being components of Ease of Use. In Study
1, the dimensions seemed to be equally important to our panel of experts. In Study 2, we
found that although when more features were perceived to be supporting these dimensions,
performance and perceptions were better, as we had expected, the package with the better

performance scores (speed) did not have the better help and error scores {(memory, effort),
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or perceived comfort scores (comfort). With use, this package was better on all scores,
though the perceived comfort scores were still not statistically significant. The findings do
suggest, however, that further research is warranted. There is some evidence that the support
given by package features to the learning dimensions, speed, memory, effort and comfort

may be important for ease of use.

We found in Study 1 that expert designers agreed to some degree on individual
design and assistance features which are important for ease of use of a package. The most
important identified in terms of Design Features were Command Structure, Consistency and
Logic of the Structure; in terms of Assistance Features, they were Manuals, System Messages
and Prompts. The agreement was low, however, on the rankings assigned to the features as

a whole.

The panel did not totally agree on which dimensions were supported by each of the
features, however, though there were some underlying themes noted. Effort was more likely
to be associated with Design Features, and Memory, least likely, while Assistance Features

were more likely to be associated with Effort and Comfort, and least likely with Speed.

We found that the predictive power of the variables examined in Study 2 was low,
nonetheless, the statistical significance of the variables suggests that some plausible
relationships may exist and warrant further research. The low predictive value of the models
is not surprising given the exploratory nature of the study which has the potential for

introducing a high degree of error and the fact that the construct and its components may

329



not be complete nor fully developed. Other variables, as yet unidentified, may add to the

predictive power of the models.

In terms of predicting the performance time measure relating to ease of use, (speed),
we found that all the variables, except perceived gquantitative competence and extent of
microcomputer experience which could not be modeled owing to the small sample size,
seemed to have a significant impact. Prior experience with statistics packages seemed to be
the most significant, followed by package design differences. In particular, the mixed
menu/command with concise help design seemed to contribute to improved performance.
Computer anxiety and gender also seemed to be reasonably significant predictors. Perceived
quantitative competence and package differences seemed to be predictive of the performance
error {(memory/effort) and perceived comfort (comfort) measures relating to ease of use. Poor
quantitative competence and the mixed menu/command system seemed to contribute to
more errors/score and the expanded help on the command system seemed to contribute to
better perceived comfort. Perceived quantitative competence also seemed to account for
differences in the performance help measure (memory/effort) relating to ease of use. These
variables are not sufficient, however, to account for all of the variability in the results found.
Factors, such as other User Characteristics - Psychostructure makeup and Microcomputer
Package Experience Level, and others, may have greater influence on ease of use. The

individual variables we identified, nonetheless, do provide some insights into ease of use.

We found that ease of use may be dependent on the command structure and onhine
assistance provided, given the similarities noted in the requirements of the packages to

complete the experimental task. In particular, a mixed menu/command structure, designed
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for speed and with menus organized around the usual task steps, and with help succinctly
displayed on two screens, produced better performance time indices than the strictly
command-driven structure with full online manual. On the retest, this system also showed
greater improvement than the latter, thereby suggesting that more than just the time required

to read the verbose help screen in the command system hampered performance with it.

The supplementary assistance provided by a Hypertext-based help index to the stand-
alone mixed menu/command system did not improve performance. This may have been due
to the additional reading required, or the need to move between keyboards, and the fact that
the PS2’s used by some subjects on the standalone system are faster than the Olivetti’s used

by the subjects on the stand alone plus the expanded help system.

The above results, however, were reversed when perceived comfort was the
dependent variable. Notwithstanding the better performance time indices with the mixed
menu/command structure with concise online help, somewhat lower perceived comfort
ratings were given to it than to the command-driven structure with full online manual.
Although the concise help may have assisted performance speed, it apparently did not
contribute to a feeling of security or comfort. There were also some difficulties experienced
with the syntax requirements of the former system, which may have frustrated users. The
mixed menu/command system also required a greater conceptual leap to execute editing. It
was necessary to change from command mode to edit mode and there were more edit
options to differentiate. It would seem that users feel more comfortable when they have

access to expanded help. This was further supported by the somewhat better perceived liking
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ratings when the expanded Hypertext-based help index is added to the mixed-menu

command system which was the only thing differentiating these two systems.

The efficacy of a mixed menuw/command system, with or without expanded help, is
also seen in the error and help performance. Although more errors/score and help calls/score
were made initially, probably due to attempting more, these were significantly lower on the

retest compared to the strictly command-driven system vvith full online manual.

One of the interesting findings of the study was that experience level may have a
mediating effect on performance and perceived comfort scores relating to ease of use. As
such, although the task was simple data entry and, therefore, not particular to the package
class we investigated, namely, Statistics Packages, those who had previous experience with
statistics packages did perform better than those who did not. Because of the distinct
separation of Input/Process/Output in statistics packages, the ‘look and feel’ of these packages
is different from that of applications such as wordprocessors, spreadsheets. According to the
results we obtained, it seems that prior exposure to this ‘look and feel’ facilitates use and
learning. In addition, those using Merlin,, who had previous experience with Minitab,, rated
Merlin, lower than did those who had not had this exposure. These individuals with prior
experience with Minitab, using Minitab,, in turn, gave better ratings to it than those without

this prior experience.

In effect, we found that prior experience with packages of any type, whether of
similar or dissimilar function, produced better performance scores than when experience was

absent. This was also confirmed by the significant improvement in performance and
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perceived comfort results from initial use to retest, on the same package. Use and
experience, therefore, seem to improve both performance and perceived comfort and this

seems to be in propurtion to the amount and level of experience possessed.

Our results highlighted the extent to which experience seems to impact ease of use
in terms of performance. Compared to the Benchmark Index which was estimated to be 3333
on both packages (see Chapter 4.B.8.), that is, completion of 100% of the task error-free in
3 minutes, novices took as much as one hour, sometimes without accomplishing any of the
task. The more experienced users, who did manage to complete all of the task, were only
able to do so in 20 minutes, the shortest time recorded. These were the Professors of
Statistics, who obtained a Time Index of 645 on Merlin. Excluding this category, the next
highest Index obtained on Merlin, was 444, which rose to 1050 on the retest. On Minitab,
this figure was 363, which rose to 991 on the retest. None of these Indices is anywhere close
to the estimated Benchmark Index of 333 3. Nonetheless, using this benchmark as our anchor
for relative ease of use as suggested in Chapter 3, we may say that Merlin, the mixed
menu/command structure with concise online help, is easier to use and learn than Minitab,,
the command structure with full online manual, having indices closer to the Benchmark,

both initially and on the retest.

Ease of use for novices also seems to be a function of certain conceptual hurdles,
namely, command names, the notion of separation of data and labels, the notion of a file,
and the saving and retrieving of it. This category of user also experienced more difficulty in

coping with the addition of the Hypertext Index than did the other levels. They also made
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more errors and required more assistance from help. This was also true of those without prior

statistics package experience.

We found that the performance and perceived comfort measures relating to ease of
use seem to be positively related to each other. Although, in general, perceived comfort
improved as performance improved, when we compared our package treatments, we found
that ease of use in terms of performance was not congruent with the perceptions of our user
groups. The superior package in terms of performance was given lower perceived comfort

ratings, on average, than the other package treatments.

Learning, as measured by retention, which we view as a subset of ease of use, would
seem to be a function of repeated use. On second exposure to the same package and task
after seven days, users’ performance and perceptions improved dramatically. This would also

seem to be a function of experience level.

It would also seem that anxiety, gender and perceived quantitative competence
affected ease of use. Higher anxiety levels had adverse effects on performance and lower
perceived quantitative competence adversely aftected both performance and perceived
comfort. Males also seemed to perform better than females. A number of reasons may
account for this finding other than gender per se. We already noted that factors, such as
parent’s income and educational level, exposure to home computer and video arcade games,

may confound this type of analysis. It, therefore, must be interpreted judiciously.
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In Table 57, following, we summarize the findings from the two studies of the factors
which seem to have the potential for facilitating and detracting from ease of use as we have
been discussing. The reader 1s reminded that these variables were found to have low
predictive value. The results support the guidelines proposed tor user-friendly software by
The Applied Statistics Research Unit at the University of Kent (Porter, 1993, p. 221) which
are:

"-include help facilities;
-use defaults to lead the inexperienced user to a valid analysis;
-provide the options required by the more sophisticated user;

-use clear unambiguous menus and single-key responses;
-support with good (non-jargon) documentation."

Both our studies lend some level of support for the importance of Command Structure
and Manuals for ease of use, as has also been shown in prior experimental/micro research
efforts. (Holcomb and Tharp, 1991; Burns, et.al., 1986; Lee, et.al., 1986; Carroll, 1985;
Dunsmore, 1980; Relles, 1979). Our finding of the seeming superiority of a mixed structure
over a command structure agreed with Lee, et.al.’s (1986) findings with respect to
performance but not perceptions and with those of Teng and Jamison (1990) but not with
Khalifa (1990). Our findings with respect to the concise online help seeming to contribute
to better performance agrees with Carroll (1985), Dunsmore (1980) and Relles (1979) but not
with those found by Ogden, et.al., reported in Paap and Roske-Hofstrand (1988), Whiteside,
et.al. (1985), Hauptmann and Green (1983). The reduction in errors attributed to the
additional assistance provided by the hypertext-based index agreed with the findings made
by Burns, et.al. (1986) regarding improvements made to a system which improved

performance.
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We also identified a number of conceptual hurdles which corresponded with topics
investigated in prior research. These included command naming, syntax of commands,
resistance to help, mental models, anxiety and experience. (It should be noted that while
some prior research has focused on mental models, and our Study 2 supports this, our
experts in Study 1 did not consider this a priority. Perhaps this is because they already have
a mental model of some packages.). We also identified other conceptual hurdles not hitherto
alluded to in research, such as the propensity for some users to start and restart the package
at the first indication of difficulties, the inability to differentiate the need, or not, for changing
automatically formatted data, the inability to distinguish between data and labels and how
many spaces are required between data entries of a row of data, and the lack of
understanding of what a file is and how and where it is saved and retrnieved, revealing a need

for understanding of random access memory and secondary storage.

We found that experience with packages of similar and dissimilar function seemed
to have a statistically significant impact on measures relating to ease of use which is
consistent with some prior research (Nielsen, 1992; Foss and DeRidder, 1989; Roberts and
Moran, 1983; Roth, Bennett and Woods, 1987; Karat, et.al., 1986; Hauptmann and Green,
1983). The extent of this experience seemed to result in performance differences but the
sample size was small. This was consistent with the resuits found by Gugerty and Olson

(1986) with respect to programming.

When comparing the packages, our findings seemed to be contradictory with respect

to performance and perceived comfort. This was consistent with Roberts and Moran (1983)
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whao found that none of the editors in their study had superior scores on all measures. The

same was true in the study by Teng and Jamison (1990).

Our results on perceived quantitative competence affecting measures relating to ease
of use contradicted those of Evan and Simkin (1989) and, instead, confirmed conventional
wisdom, as did our results with respect to computer anxiety. Our finding on gender would
seem to support common belief in the male’s aptitude for more quantitatively- and
mechanically-based tasks, in contrast to Murphy’s (1992) finding. However, the reader has
already been cautioned about making too facile an interpretation of this result. For one thing,
the difference was marginal. It does, however, suggest a potential research area whereby to
determine the underlying causes which may account for this result. Possible causes could be

less exposure to video and home-computer games, and family traditions and occupations.

Notwithstanding the low predictive power of our variables, our findings on the
variables which may possibly influence our measures relating to ease of use can be

summarized as follows:

Objective -  TIDX function (Package, Gender, Anxiety, Package Type Experience)
measures TIDX function (Speed, Memory, Effort, Comfort support)

EIDX function (Package, Quantitative Competence)

HIDX function (Quantitative Corpetence)

Subjective -  LIKE function (TIDX, Package, Quantitative Competence)
measures LIKE function (Speed, Memory, Effort, Comfort support)

The challenges and recommendations arising from these findings for software design
are discussed next.
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Table 57
Summary of Findings

Facilitators of Ease of Use

Detractors from Ease of Use

Performance

Package Design

- mixed structure
{Mer, Mer+ > Min)
{novices on Mer > on Min)
- concise help
(Mer > Min, Mer +)

Learning Dimensions

- support of SMEC percewved

Expenence/Use

- Retest > Inthal

- prior expenence with packages
La >13>L2 > 1

- experience i general
{experts > intermediates > novices
{Benchmark > highest indices in sample)

Gender

- males > females

Package Design

- conceptual hurdles

Learning Dimensions

- support for SMEC not perceived

Expenence/Use
- NO experience

(L1 < all levels)
{Novices < Intermedhates, Experts)

Anxw\x

- negatively related to performance

Perceived Comfort

Package Design

- command structure
(Min > Mer, Mer+)

- expanded help
{(Min, Mer+ > Mer)

Learning Dimensions

- support for SMEC perceived

Experience/Use
- Retest > Initial

- experience with packages of similar function
(L3 on Min > L3 on Mer}

Quantitaive Competence

- Excellent > Average, Poor

Package Design

- conceptual hurdies

Learming Dimensions

- suppon for SMEC not percewed

Expenence/lise

- NO experience
(L1 < others)

- expenence with packages of similar function
{L3 on Mer < L2, L1 on Mer)
(L3 on Mer < L3 on Min)

Note: L3's have experience with one statistics package which 1s Minitab,
> refers to better performance and perceive.' comfort ratings

SMEC refers to Speed, Memory, Effort, Comfort
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6.B. Challenges and Recommendations for design arising from findings

We found that significant prior exposure to packages of similar function seems to
have a positive impact on performance with an unfamiliar package, but a negative impact
on perceived comfort. However, in general, there seems to be a positive association between
performance and perceived comfort. The challenge, therefore, for the software designer is
to take into account, and implement some or all of the following strategies:

1) Create a favourable first impression, by way of the assistance provided, et cetera, so as not
to hinder future use;

2) Ensure that the functionality is such that the user will be willing to invest the time to
overcome the initial learning hurdles, if the structure is appreciably different from the one
with which the user is already accustomed;

3) Standardize on a structure similar to the ones known by most users;

4) Design the structure so that it can adapt to the users’ preferences;

5) Design the structure so that it is entirely transparent to the user and does not require

learning.

It was already noted that, in designing packages for initial use by novice users, the
challenge for designers is, first of all, to benefit from the seeming efficacy of a mixed
menu/command structure over a command structure, and a concise online help system over
a full online manual or even, it seems, a Hypertext-hased online index with explanations and
examples. The findings suggest that for subsequent use, the hypertext index becomes more
beneficial than the concise online help system alone. Secondly, designers are faced with

questions of:
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1) how to provide help that novices will access;
2) how to analyze performance and to provide context-based help;

3) how to design the system such that none is needed.

Novices also need initial assistance with such concepts as the separation of data items
and data labels, the notion of files, fields, and primary and secondary storage. They also need
assistance with the format of data entries and the differences imposed by data entry versus

data editing, command syntax conventions, and procedures for changing defaults.

For all categories of users, the issue of synonymous command names is relevant.
Designers must decide:
1) whether to point out potential conceptual discrepancies in command names and to
explain them;
2) how to make command names conceptually meaningful for most categories of users;

3) whether and how to accommodate synonyms to command names.

The alleviation of anxiety is also important. The challenge for designers, which may
achieve this, is:
1) how to make interfaces that are ‘easy to use’;
2) how to design adaptable interfaces which can conform to the users needs and preferences;
3) whether designs should, in fact, be adaptable or should they be standardized within and

across applications.
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The findings with respect to anxiety, gender and quantitative competence also suggest
that consideration of these should be made when designing systems. In what ways would
have to be further researched. Our findings with respect to the learning dimensions which
we identified as being components of ease of use, namely, Speed, Memory, Effort and

Comfort, also suggest that support of these be considered in design.

in general, based on the findings in Studies 1 and 2 on performance and perceived
comfort and conceptual hurdles faced by our users, design and assistance features should
perhaps be such that they support Speed, Memory, Effort and Comfort. It would seem that
a mixe¢ menu/command structure is preferable to a strictly command-driven system. The
system could further be enhanced by permitting the use of synonyms for commands or by
clarifying potential confusion. It should be consistent, flexible and logical fiom the point of
view of the user, according to our expert panel in Study 1. These suggest contradictory
solutions to design, on the one hand, standardization, and on the other, adaptable interfaces.

This is not easy to resolve in design.

A combination of both expanded and concise online help seems to be indicated,
though initially for complete novices, the concise help alone seems to be more productive.
This documentation should clearly explain syntax conventions. It also needs to provide
novices with orientation modules to explain such concepts as files, primary and secondary
storage, the separation of data and labels and how these relate to fields, and the distinctions
of input/process/output. The documentation should also make clear how defaults may be
altered, files saved and retrieved, and any differences required for data input versus editing.

Context help, examples and system messages may further facilitate ease of use. The need to
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prompt users to access help is also indicated, perhaps after an extended period of inaction
or error state. Instructional material to compensate for disadvantages arising from poor

quantitative competence, high anxiety with computers and gender are also indicated though

how is not yet clear.

In addition to these support mechanisms, the user should be provided the opportunity
for use. Also, exposure to other packages, whether of similar or dissimilar function seems to
contribute to alleviating some of the disadvantages wrought by deficiencies in the above
factors. Experience can help to compensate for much in terms of both performance and

perceptions.

Based on the conduct and results of our studies, a method for evaluating the ease of
use of software may be suggested. To assist in managing the complexity involved in
comparing the ease of use of package designs, and in order to capture the richness of the
concept and to develop a deeper understanding of it, we propose that a number of steps be
adopted, which are pertinent in both academic and business contexts. These steps are as

follows:

1. Determine the important design and assistance features required of a package, based
on particular user needs and/or preferences, or on established standards, depending
on the context and desirability.

2. Identify the learning dimensions considered to be important to be supported by the
features in the package, in order to facilitate ease of use and accelerate learning,
From our studies, support of Speed, Memory, Effort and Comfort seern to have some
importance for ease of use.

3. Determine the benchmark task(s) to be used for the basis of evaluation.

342




4. Evaluate the package(s) based on the criteria above and the extent to which support
is given to the learning dimensions. In some contexts, the evaluations may require
separate assessments of the Input/Process/Output functions of the package(s).

5. If appropriate and possible, validate the evaluations with user performance and
perceptions using the package(s) and, in the design context, making use of online
protocols to support the results. Preferably, these protocols should include time
stamps between keystrokes to permit fine-grained analyses, which are particularly
important in research situations. They are a rich source of information from which
to unearth users’ mental models and sources of obstacles to learning, with the
potential to provide untold research discoveries.

6. In the design context, refine those features for which improvement is indicated from
the findings above.

7. In the business context, choose the package which best meets the criteria established
in Steps 1 and 2.

An Evaluation Form could be derived based on this, which, it is suggested, may prove
1o be useful both in industry and for academic research purposes. The Form can perhaps
provide a more structured medium through which to make evaluations of package designs,
without diminishing the qualitative nature of evaluation. It provides for a multi-dimensional
assessment of the relative quality of the numerous features available in a package which is
based in learning theory, and which expands on the learning dimensions identified by other
authors to include a Comfort dimension. The delineation of Design and Assistance Features,
as we propose them, is also novel. The Form may have the potential for being a useful basis
for the design and evaluation of the various features in a package, but evidently more
research is required. For instance, a low rating of a particular feature on these dimensions
may help in pin-pointing the exact area which is in need of being rectified. For example, a
low rating on user performance speed or effort may indicate that too many operations or too
many levels of navigation are required to perform a task. A low performance speed rating

may also be indicative of a design too burdensome for the level of technology used. A low
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rating on memory may indicate that help on that feature is not adequate. A low rating on
comfort may be indicative of poor screen design, cumbersome implementation of the feature,

difficulty of use or differences in conceptual perceptions of the feature and its use.

Another advantage of a tool such as this is that it is ‘easy to use’, is not time or effort
intensive, and would not require any technical expertise. An example of what this form
might look like and how it might be used is shown in Appendix E. Appendix | also gives an
example of how it might be adapted for a particular package function, in this case, a

statistical package.

The Form can provide not only a tool for evaluation, but also a medium for research.
It was noted that experience with packages of similar and dissimilar function and/or
operation was found, in our second study, to possibly mediate performance and perceptions.
Hence, it is suggested that the validity of the Form could be investigated with respect to
these experience level differences. Likewise, further research is warranted on the learning
dimensions which we identified. The constructs of Speed, Memory, Effort and Comfort need

to be more clearly defined, and methods for their measurement derived.

None of these recommendations is easy to achieve. We must, first of all, understand
what facilitates and what deters from the ease of use and learning of software tnitially and
over time. Even with experience with varied packages, each time a person must resume work
on a different package, there will, initially, be a deterioration in performance. (Argote, 1990,
Bailey, 1989). The challenge for the designer is finding how to minimize this deterioration

and accelerate re-adaptation. A number of researchers are investigating some of these
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strategies, such as the paper-like interface proposed by Wolf, et. al., 1989; and adaptable
interfaces proposed by Vaubel and Gettys, 1990; Mahling and Lefkowitz, 1989; Kantorowitz

and Sudarsky, 1989; Maskery, 1985; and Good, et. al., 1984,

The issues of design raised in this thesis, while they may have emerged from a
traditional 1BM PC type command environment, are perhaps even more relevant to the
Windows or icon-based environments. In these latter cases, one picture or one word must
convey the full meaning of a command. We noted in the literature survey that users do not
always agree on the meanings conveyed by commands. (Landauer, et. al., 1983). The
number of windows that the human brain can comfortably and efficiently cope with on the
screen, whether to tile or to overlay screens, will have an impact on, and offer different

support for, the speed, memory, effort and comfort of the user.

The same issues of consistency across packages are pertinent in recent designs. Menu
structures, commard names, et cetera, must still be adapted to when switching between
applications. In the Maclntosh environment, and now in the IBM Windows environment,
there has been standardization across applications, which brings forward another issue of
vital consideration. Should designers impose a standard, or seek ways in which users can
interact in their preferred ways? Are the standards developed necessarily the best? The
QWERTY keyboard is a case in point of how optimal evolution can be stymied as a

consequence of users being entrenched in a standard.

The contributions made by our research to our understanding of ease of use are

discussed next,
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6.C. Contributions of the Research to Business and Academia

In sharpening our understanding of the factors which influence the ease of use of
business software, this thesis contributes, actually and potentially, to the study and evaluation
of business software in academia and business. It does so in several ways and on many

levels.

Conceptual Contributions

N The thesis integrates, for the first time, the two major bodies of literature in Learning
and Human Factors.

Implications: This permitted us to elaborate on the many and complex factors impacting
on ease of use. The combined literature also suggests new areas for research,
and new questions and possible solutions to the issue of ease of use. It also
provides a basis on which to develop an annotative bibliography.

2) For the first time, the many and complex factors impacting on ease of use are
presented in the context of a comprehensive framework.

Implications: The framework is useful to researchers as a context in which to identify and
explain the components of their research designs. This, in turn, permits a
common basis for comparison across research efforts. The framework is also
useful for identifying weak areas of research and for generating research
questions accordingly.

3) For the first time, ease of use is suggested to be a multidimensional construct which
is measurable by the support given to its components speed, memory, effort and
comfort. Prior research has tended to view ease of use and various aspects of the
learning dimensions we identify, as features of the package and not outcomes of the
features (Karat, et.al., 1992).

Implications:  This approach suggests a more complete view of ease of use than that usually
adopted in the literature (Karat, et.al., 1992; Khalifa, 1990; Roberts & Moran,
1983; Card, Moran & Newell, 1980). It suggests research into new ways of
measuring and assessing ease of use.

346



Methodological Contributions

4) For the first time, an exploratory/holistic approach was applied to research hitherto
studied under experimental/micro conditions.

Implications: A number of factors impacting ease of use could be identified and assessed
in one research effort. It provided a basis for validating the generalizability
of previous research findings from micro studies to a more natural and
realistic setting. It provides a basis for generating new resea:c h questions.

5) For the first time, a field survey of ease of use was conducted which went beyond
a uni-dimensional assessment usually employed in research to incorporate
consideration of the learning dimensions, speed, memory, effort and comfort.

6) For the first time, data on perceived support offered by package features to the
learning dimensions was examined.

7) For the first time, @ delineation of Design and Assistance features is made based on
those features forming an integral part of the software design (Design) and those
which can be added on (Assistance). These latter can often be either internal or
external to the package itself. In current research, this distinction is not formally
articulated and online assistance is often viewed as one all-inclusive feature.

Implications: These provided a basis for validating our belief in the usefulness of support
for the learning dimensions offered by package features for ease of use. The
results of the two studies, though somewhat tenuous, could lay the
foundation for the development of a potential evaluation form designed for
a multi-dimensional assessment of ease of use in contrast to the uni-
dimensional approach used in previous research (Holcomb & Tharp, 1991;
Scrivens, 1990; Teng & Jamison, 1990; Davis, 1989; Davis, Bagozzi &
Warshaw, 1989; Doll & Torkzadeh, 1988; Roberts & Moran, 1983). Our
studies also provide a basis for generating new research questions on ease of
use.

8) For the first time, data on experience with packages of similar and dissimilar function
and the extent of this experience were examined in one study.

Implications: This generates questions and research ideas on appropriate methods of
assessing experience levels.

9) We proposed a method of measuring performance time, errors and help which
accounts for the holistic nature of the research which makes exact measurement more
difficult than in experimental research (Murphy, 1990; Khalifa, 1990; Roberts &
Moran, 1983; Card, Moran & Newell, 1980).

Implications: This raises questions on methods of measuring the various components of
ease of use.
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10) We compared a command structure to a directed and not an undirected menu
(Whiteside, et.al., 1985; Hauptmann & Green, 1983).

Implications: This comparison is more representative of real differences between command

driven structures and menu structures since undirected menus can be viewed
as simply another organization of commands.

Empirical Contributions

11) The thesis has added to the store of knowledge on the factors affecting ease of use.

a)

b)

d)

e)

Implications:

Some degree of support was found, in both studies, for the importance of
command structures, manuals and of the learning dimensions for ease of use.
The findings on the importance of command structures and manuals were
consistent with previous research. (Holcomb & Tharp, 1991; Burns, et.al.,
1986; Lee, et.al., 1986; Carroll, 1985; Dunsmore, 1980; Relles, 1979)

We found that experience with packages of similar and dissimilar function
seemed to have a significant impact on measures relating to ease of use
which is consistent with some prior research (Nielson, 1992; Foss &
DeRidder, 1989). The extent of this experience was not a significant factor
overall compared to the other factors, though it did result in differences in
performance, which is consistent with some prior research (Foss and
DeRidder, 1989) and not others (Khalifa, 1990; Karat, et.al., 1986; Whiteside,
et.al., 1985; Ogden, et.al., 1988; Hauptmann & Green, 1983).

We found that computer anxiety, gender and perceived quantitative
competence seemed to have an effect on measures relating to ease of use.
These have not been previously investigated in the same study. Previous
research has also been more concerned with the factors affecting computer
anxiety than the effect computer anxiety has on performance and perceptions.

We identified important conceptual hurdles faced by novice users which
were consistent with the streams of previous research and our findings
suggest new areas.

We seemed to have found contradictions between objective performance and
perceived comfort, in comparing packages, which is consistent with the
results of other research (Roberts & Moran, 1983).

The results support the validity of a holistic approach for studying ease of
use. The consistency of the findings with research conducted at a micro level
suggests the measures used are reasonably valid for assessing ease of use, but
need further research. The findings support the relevance of the current
streams of research in command structures, manuals, experience, command
naming, syntax of commands, mental models and anxiety. They dalso suggest
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new areas in need of investigation, (importance of prompts, impact of
conceptual hurdles relating to concepts of file, distinction between data items
and labels, space requirements for data entries, random access memory,
starting and restarting the package, dealing with autoformatting, resistance to
assistance, anxiety, gender, quantitative competence and other factors) and
current areas not seemingly as important (conceptual models).

Notwithstanding these contributions, there were some limitations to the study, to be

discussed next.

6.D. Limitations of the Research

No research endeavour is without its limitations, and there are a number of criticisms
which could be levelled at this one. With the advent of virtual reality and other technological
innovations, some may question the validity or usefulness of having used packages in Study
2 which can no longer be considered state-of-the-art, and may suggest that the features
identified in Study 1 are not representative of emerging technologies. Our response to these
criticisms is that both studies were put forward as an approach to assessing ease of use, and
not as ends in themselves. Nonetheless, the features and learning dimensions identified in
Study 1, we feel, are relevant regardless of the technology on which a package design is
based. The implementation of the features may be different depending on the state-of-the-art
of the technology being used, but the features and learning dimensions themselves are still
pertinent bases for assessing ease of use. Again, in Study 2, the two packages chosen were
selected for research convenience, primarily because they afforded examination of differing

package and assistance designs and because they were available on the students’ computer
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network at Concordia University, affording the collection of a large data set. Study 2 was not
meant to be so much a comparison of two packages as to demonstrate how one would, n
an exploratory context, approach assessing two packages of similar function for their ease
of use, regardless of the particular package or its state-of-the-art. Even though both packages
can be considered comparable in their state-of-the-art, nonetheless, the approach adopted in
our study was able to differentiate performance and perceptions of the packages, and how
these are mediated by experience levels and other factors. One should bear in mind too that
the implications, for instance, of command naming as discussed previously, are even more
relevant in the Windows environment, where one word often has to convey the full meaning

of the command or operation.

Our method of assessing ease of use is meant to be generic and, therefore, applicable
to all technology levels. The features and learning dimensions which we suggest in Study 1
are not necessarily meant to be all-inclusive or unchangeable. These may be based on
personal preferences or needs, or established standards. Evaluation of performance and
perceptions is a necessary component of any assessment, regardless of the package’s state-of-
the-art. Our suggestion of confirming the performance and perception results with online
protocols is particularly pertinent to technologically advanced designs. We would
recommend that all packages be designed with this facility, including time-stamps between
keystrokes, which is not currently the case with most packages. (Merlin, provides this
feature). These could be used, not only for assessing areas of design deficiency, but also to
provide users with a looking-back trace in order to orient them to their place in the package,

as well as as a learning tool for self-assessing correct and incorrect actions.
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Some questions may arise concerning the choice of task for Study 2, which was
simple data entry and, therefore, did not explore the functions for which a statistical package
is designed. First of all, data entry is common to all packages and is the first task required
to make use of any package. This is where initial perceptions of the package are formed. The
data entry task in line-editor-based statistical packages is very different from that in packages
such as spreadsheets and wordprocessors. In order to be able to compare our sample
subjects on a common basis, the task had to be such that novices could conceivably master
it. To further impose the requirement of subject matter knowledge, that is, statistical
knowledge, would have confounded the results. The effect of subject matter experience on

ease of use is, however, an interesting topic in itself.

Time frame was also a consideration. In pretesting, it was found that MBA students
in an Introductory Statistics course were unable to accomplish the task of entering data and
running a small regression analysis within the one-hour time frame. It was considered
important that the task time not exceed one hour, in order to permit the participants time to
fill in the Proficiency and Perception questionnaires without feeling pressured. It is worth
noting that even with a ‘simple’ data entry task, the majority of 243 participants did not
complete all six sub-tasks, let alone do so successfully. In fact, compared to the estimated
Expert Benchmark of performance on this task, these subjects have a long way to go to reach
mastery. The estimated Expert Benchmark Time Indices for both Minitab, and Merlin, were
established at 3333, as noted earlier. This could be achieved by completing the task, on each
of the packages, in three minutes without any errors or help calls. The highest score actually
obtained by one of our participants was 585, and the highest on the retest was 1100. This

is a finding which should be reflected on by those teaching Statistics, and who include
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computer analyses as part of course requirements. If simply mastering data entry of 20
observations can take anywhere from twenty minutes to an hour, how much longer must it
take to master statistical techniques and understand the output? Perhaps more sensitivity to
students’ complaints is in order, and perhaps more care should be taken in the selection of
the software to accompany these computer-calculation-intensive courses. Such software is
evidently not as ‘simple’ as we assume it to be, even for experienced users. These results
suggests that ease of use is not absolute and so establishing an ‘ideal’ measure of ease of use

may, perhaps, not be possible.

The fact that Merlin/s menu structure leads users through the steps involved in the
task of data entry could be considered a source of bias. However, someone looking 1o
choose among pac- .ges is going to select one based on what exists in the package, and is
not aiming to find ; ickages which are similar in design for comparison. Merlin’s type of
design may, in fact, be considered a design feature. A package designed around functional
steps is likely to be beneficial, taking account as it does of the way in which the user works.
Interestingly, our findings did not support this, in that users did not give higher subjective
ratings to Merlin,, and, in fact, many novices did not make use of the Merlin, prompts for
printing and adding labels which were presented to them. We also found it necessary to
delineate the steps required in the task, so that first time statistics package users would not
be disadvantaged as a result of not knowing what was required in a data entry task. This

necessity became evident in the pretests.

We assumed that the difference seen between the package treatments was attributable

to differences in the design of the command structures and ¢  ..e help. Evidently, in an
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exploratory and holistic study of this nature, isolating package features to study their effects
is not feasible. Given that our results are consistent with that of previous experimental/micro
research and that an analysis of the package requirements to fulfil the experimental task were

deemed very similar for both packages, this assumption seems reasonable.

The procedures for calculating the performance indices could perhaps be improved.
Because it was not possible to verify that subjects had completed the entire task before
leaving the lab, we were not able to use the straight scores obtained for the task. The scores
had to be weighted by the time it took to achieve these scores. The times collected also
included distraction time, which was not necessarily the same for all subjects or in all
experimental settings. The scores were also developed conceptually, though verified on the
basis of the actual errors made on sub-tasks correctly executed which was used as a measure
of difficulty. Since the same scoring was applied to both packages, it is possible that some
sub-tasks were either over- or under-rated for one or the other of the packages. The Error and
Help Indices were based on their raw number divided by the score on the task. This caused
the data to be skewed since although many errors and help calls may have been made
during the session, if they were not able to complete any of the tasks, the resulting Indices
would be zero. In comparison to an individual making the same number of errors or help

calls but accomplishing one task, these Indices would be understated.

Some concern may be expressed regarding the sample sizes in Study 1 and in the
individual experience categories in Study 2. Given the number of variables in Study 1, a
larger sample size would have been preferable, especially for analyzing the Assistance

Features. This is ‘easily’ correctable in future studies, depending on the cooperation of those
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solicited. More problematic is the issue of adequate sample size in each of the experience
categories we identified in Study 2. It was not possible to assess these levels, a priori,
because of the short turn-around time from solicitation of our subjects to their participation
in the experiment. Future studies should, however, attend to this deficiency. There were a
number of levels for which no conclusions could be made because of insufficient sample
sizes. The findings of our study on those levels for which there were sufficient sample sizes,
suggest that experience level, based on packages of similar and dissimilar function and/or

operation, is an important consideration and one worthy of further investigation.

On the question of randomization, it should be remembered that it was not possible
to randomly assign subjects in a true sense to the various package treatments in Study 2.
Because of !imited resources, human as well as physical, subjects were assigned to the
treatments according to their choice of day and time for the experiment. Conditions cannot
be easily controlled in the context of the real world. We also chose not to randomize the
features included on the Evaluation Form in Study 1. Since the variables are dependent on
each other, we believed, whether they were randomized or not, it would not diminish from

this fact, and patterns would still be evident.

A major assumption of our research is the viability of applying an exploratory/holistic
approach to research previously conducted under experimental/micro conditions. Another
major assumption is our view of ease of use as being made up of the components, speed,
memory, effort and comfort. The results of our two studies and the consistency of these
findings with each other and with prior experiinental research suggests that these

assumptions have some merit and that our measures are valid.
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In light of these limitations, certain improvements to the research can be envisioned.

These are discussed in the next section.

6.E. Ways in which research of this type could be improved

A number of improvements, for the purpose of expanding this work in the future, can
be suggested, depending on the resources available. The major way in which this study
could have been executed more effectively, would have been to have had access to a
computer lab reserved strictly for research purposes. In this way, control could have been
exerted on the timing, duration and environment of the experiments, This demand may
sound excessive for an ‘exploratory’ field study, where for validity it is advocated that
‘natural’ surroundings should be maintained, but research effectiveness dictates that certain
levels of structure and organization be maintained. It was very restrictive having to plan
experimental times around regularly scheduled class lab times, especially given the added
requirement of getting candidates before they had gained computer experience, as in the
case of novices, and experience in Minitab, in the case of the others. A research lab would
also permit such ‘luxuries’ as built-in video cameras. Although we tried to video-tape some
of the sessions, the results were not useful, except in-so-far as assuring us that the subjects
did use the Hypertext-based online Index added to Merlin, which resided on another
computer terminal alongside it. To be able to see actual keystrokes, either on the screen or

keyboard, one would require individual cameras trained on each computer. We had between
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fifteen and thirty subjects in any one session, which topic brings us to the next

recommendation.

Research of this magnitude should really be a team effort, not an individual one.
With 243 subjects being tested in very short time intervals, it was very difficult to monitor
the experimental context. The ideal situation would allow one to check each subject’s
diskette before their departure, so as to ascertain completion of the task, accurate completion
of the guestionnaires, and also to identify subjects at extremes of the performance ranges for
further probing. Much more could be extracted from the protocol traces. They are a rich bed
of information. Particularly attractive are the time-stamps between keystrokes which the
Merlin, package provides. The potential for discovering fascinating mental processes and
paths is great with such a facility. One other recommendation could be that all packages
should be designed with this facility. This could assist in identifying problem areas being
experienced by users, both as a mechanism for providing feedback and assistance to users

in actual use of the packages and as a focus for improving design.

The instrument used to determine the experience leve! of (lasses could be refined
further. It may be possible to develop questions pertaining to the actual type of work done
with the packages, but this would become more time-consuming for the individual. Also, fess
experienced users sometimes do not know exactly what they have been doing with the
packages. In Study 2, where we asked users Yes/No questions on whether they percerved
certain features to be in the package they used, the results indicated that they cannot always
differentiate the features accurately. In some instances, they perceived features to exist which

are not in the packages, and not recognize when some were present. Schroeder and Kletke
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(1991) have taken steps forward in developing an instrument to tap into the nature of the
work done with packages, asking questions related to Functional Domain expertise, that is,
computer usage; Topical Domain expertise, that is, package subject matter expertise; and
Entry expertise, that is, typing skills. The instrument is designed to classify users according
to Low, Middle, and High expertise. Testing of the instrument suggests that it is a reliable
measure of user expertise. It is certainly an important and interesting area in which to delve

further.

The research and its contributions, its limitations, and our suggestions of ways to
improve such studies point out various directions that future research could take. We explore

these in the following section.

6.F. Directions for Future Research

There are many areas in the Human Factors discipline in which research is required.
The Framework which we advocate to position research attests to this. The variables are so
complex and interrelated, that the depths may never be plumbed, even remotely.
Nevertheless, we can, in our limited circumstances, envisage a number of avenues which

could teasibly be taken. We enumerate these below:

1. Any study needs to be replicated. Also, more in-depth analyses of the process traces
collected could go a far way to unearthing the explanations for the results found. The
strategies and ways in which users learn a package, their reactions to the feedback
provided from errors made and help sought, a> well as the time spent in these states,
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have much to tell us about the ease of use of a package and in what aspects. It 1sa
useful way of identifying areas in the package design in need of correction and
modification, those ar<as which improve performance or degrade it.

It would be beneficial to redo Study 1 with respect to the effect of different
experience levels, which, in Study 2, were found to have an effect on ease of use as
we measured it.

Our view of ease of use as being composed of Speed, Memory, Effort and Comfort
and the mixed support for these suggested by our preliminary studies, suggests a
more rigorous study of the issue. The dimensions reed further refinement and
operationalizing, in themselves, and in their relationship to each other. The
relationship between package features and support of these dimensions also requires
further study. An evaluation which can be ‘qualified’ on the basis of these
dimensions has the potential for improving assessment of ease of use over that of a
uni-dimensional approach.

The Evaluation Form we are suggesting requires validation. We need to discover
whether ease of use is a generalizable concept or whether it is an individual concept,
and whether this 1s stable over time. Further, is it contingent on experience level, or
on other individual differences? To account for the individual experience level
differences that we noted, we need to look at the same evaluator on each of the
packages being evaluated. A Latin Squares design would be necessary to account tor
the order effect. It would also be interesting to investigate other techmques for
analyzing the results. One notable approach wou'd be to use Repertory Grid Analysis
(Gaines and Shaw, 1984), which is used to interactively elicit mappings of multiple
factors and effects from respondents. It permits evaluators to change their prioritizing
of these elements as they consider each consecutive feature, until they have ac hieved
what they perceive to be the optimal relationships.

The dilemma of the possible inconsistency between actual objective and subjective
measures relating to ease of use, and inconsistency between these and expec tations
based on evaluations 1s an important area for further investigation. On what basis can
ease of use be judged, given these inconsistencies?

The whole realm of experience level classification is in 1. ved of refinement. Lack of
adequate sample sizes made it impossible for us to accurately portray some of our
projected classifications, and in some cases, there were no observations on which to
report. The findings in Study 2 suggest that there i1s some validity to our perspective
on this issue. More work 1n this area is indicated.

In the section in Chapter 2, on the deterrents and remedies to Human Information
Processing we discussed the application of learning theory to solutions for software
design. A number of studies could be designed to test the efficacy of the varnious
solutions suggested for ease of use of a package. Some of these solutions also suggest
challenges from a technological point of view. One example might be to test the
usefulness of looking-back traces for assisting learning. This recommendation raises
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1.

technical considerations, such as the allocation of memory resources and the duration
and extent to which these traces should be stored.

We noted in Chapter 2, in our assessment of current research within the context of
our proposed framework, that a number of areas are still very under-researched. One
example is an assessment of ease of use within the context of ‘canned’ packages
versus packages for decision analysis purposes. Numerous others are suggested by
the framework.

The task we chose for our study was not package-specific. A study requiring use of
more of the package-specific features of the software, such as probabilities or
regression, is an important next step in the research. The impact of experience is
likely to be very important here.

An holistic approach to evaluation of ease of use suggests a number of studies. One
possible enhancement to our current research would be a longitudinal study to
examine the effects of the various factors on ease of learning, that is, movement
along the learning curve and the incrementai effect as new features of the package
are learnt. Another interesting study might be to investigate the feasibility of
developing an ‘optimal” expert performance index against which to assess all other
levels, and determining the length of time it takes to achieve this level.

Our less than overwhelming results may indicate that objective measurement of ease
of use should be considered separately from subjective measurement of it. They may
also suggest that ease of use is a separate construct which should be <onsidered as
an entity onto itself and not as composed of the dimensions we identified. Some
investigation of these possibilities is suggested.

We trust that the discussion above will spark other researchers to share our

interest in these areas, and pursue further studies in them. Concluding comments are given

in Chapter 7, following.
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Chapter 7 - CONCLUSIONS

The growth in personal computer use in the business world is increasingly shifing
from what Glennan (1967) refers to as a ‘technology-push’ to a ‘requirements-pull’.
Technology was the driving force in computer design and use in its early stages of
development and introduction into the business world. However, as these powerful machines
are increasingly being used by non-technical, non-computer experts, the need to
accommodate users’ desires is heightened, in order to exploit the market force . which are
developing and maintain the competitive edge that such accommodation promises to
software manufacturers sensitive to these needs. Understanding the factors which contribute
to meaningful and successful learning and use of software, and knowing how to provide
guidance to attain this goal are, therefore, becoming important priorities. In this thests, we
suggested that accomplishment of this objective can be aided by referenc e to learning theory
concepts and the design principles of Computer Assisted Learning, and their incorporation
into business software design. In particular, we proposed, and found some modicum of
support for, evaluating the ease of use of a package on the extent to which its package
design and assistance features contribute to support of important learning fac tors, identified

as being Speed, Memory, Effort, and Comfort.

The studies conducted enabled us to elaborate on the concept of ease of use, within
this context, and to gain some useful insights into it. The question still remains, however, on
what basis should the evaluation of ease of use be made? Our findings indicate that

subjective measures may not lean in the same direction as the results found on one objective
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measure. This poses quite a dilemma for those designing packages and those choosing

among packages.

We know that user satisfaction with a package is an important component of usage.
If the package does not meet some level of perceived ease of use, it will either not be used
or used sub-optimally. In a review of the WordPerfect, package, newspaper columnist
MacGregor, 1993, estimates that, "About 95% of its functions will never be used by 98%
of its users". A package’s weaknesses will only be overiooked if a package has a function
which is considered vital to the user. In that case, some degree of ‘discomfort’ with the
package will be tolerated, since functionality will taize precedence over this component of
ease of use. A trade-off between functionality and ease of use often has to be made when
designing software. More specialized and complex functions, which often slow down
processing, often cannot be accommodated within the confines of user-friendly designs. In
some situations, ‘good’ design principles have to be sacrificed in order to accommodate
needs. For example, in one study on which we reported, the screen design violated the rules
on the number of items that should be displayed on one screen; however, all the elements
were essential to the users of this software. The solution was to group concepts into
meaningful patterns, use comprehensible abbreviations and provide training to users. There
is no easy solution to the design of easy to use software. As we noted previously, on the one
hand, users want and need consistency, and on the other, need and want adaptability.
Software design and evaluation seem to be always plagued with contradictions. The issue
is by no means resolved and becomes even more complex wien decisions about software
are being made by a third party, such as is done by the Information Centres of some

organizations.
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Ease of use evidently depends on a number of factors as our research shows, Adams,

et.al. (1992, p.245), state in their article,
"There is no absolute measure of ease of use or usefulness, and user
perceptions of these constructs may vary with time and experience for any
given application...It may be that a variety of factors, such as user experience,
type or sophistication of system use, or other task and user characteristics
may mediate the relationship between ease of use and usage."
Also, to reiterate Carroll and Mack, cited in Davis (1989, p. 323) and quoted in our preface,
"Although objective ease of use is clearly relevant to user performance given
the system is used, subjective ecse of use is more relevant to the users’
decision whether or not to use the system and may not agree with the
objective measures."
While we did not assess subjective ease of use, we did assess subjective perceptions of the
packages, in terms of perceived comfort, and this was found to be in harmony with objective
performance overall, but not with respect to the individual packages tested. Overall, users
with better performance gave better perceived comfort ratings, but the package which
produced superior performance received somewhat lower perceived comfort ratings than did

the other package on first use. On reuse, however, the perceived comfort ratings were

switched and, though not significant, were now n line with the objective measures.

In the preface, we challenged the assumption of the feasibility of objective design
standards being used as a basis for evaluating packages. There, we suggested that:

1) the merits of the inclusion or exclusion of a particular design or assistance feature
may be agreed on by experts, but, in fact, the degree to which features are deemed
‘good’ in a particular package may differ for different classes of users, thereby
producing different performance and perception results;

2) assessment of design and assistance features included in a package should be based
on learning theory, that is, on the extent of their contribution to the major learning
factors of speed, memory, effort, comfort. On this basis, packages which include
more features supporting these learning factors may be said to he ‘better’ than those
offering less support;
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3) expert designers/users and novice users of a package will favour packages which
support different dimensions of learning, that is, their criteria for ease of use and
learning will fall under different dimensions. In particular, novices will favour
memory and comfort support because of unfamiliarity with, and anxiety resulting
from, use of the system, while expert designers and users will favour speed and effort
support. Expert designers and users already familiar with a package, or a like
package, are interested in getting the job done as quickly and effortlessly as possible.
Our study seemed to show that even as experts do agree to some degree on the

importance of certain design and assistance features for package design, user performance

and perceptions also seem to differ depending on these features, and on prior experience
with packages, among other factors. Those users perceiving more attributes in the package
supporting speed, memory, effort and comfort, to sorne extent had better performance and
perceptions of the packages than those perceiving fewer attributes supporting these learning

dimensions. Unfortunately, the sample sizes in the individual experience levels were not

large enough to test our third assumption. That must be reserved for future research.

The variables we considered did not have strong predictive power. indicating that
individual differences account for a large portion of the variance in our measures.
Allowances for differences among users may need to be accommodated and incorporated
in design more than has been realised to date. This finding, if valid, may call into question
a number of design decisions which have been made based on the results obtained from
previous experimental/micro research. If, in fact, a particular command structure, or other
feature, has been adopted based on results, which according to our findings, have low
predictive value with respect to ease of use, this would, indeed, imply difficulties for
researchers and designers, and would possibly explain why users often have difficulties with

the resulting designs.
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Our results tend to indicate that an Evaluation Form for ease of use, based strictly on
design standards, is inadequate. We have suggested that one step towards a greater understanding
is the investigation of the viability of an Evaluation Form which considers the extent of the
support for the learning dimensions, speed, memory, effort and comfort oftered by the features
in the packages. The resulting evaluation may then need to be tempered with type and extent of

prior package experience. The relative merits of this approach would have to be tested.

While there was not strong support for our view of ease of use as being comprised of
speed, memory, effort and comfort, it is still an heuristically appealing coneept and our study
has not provided strong evidence to suggest that it should be abandoned without further
investigation. It may be that objective measurement of ease of use should be considered
separately from its subjective measurement. In this way, it may be possible to more accurately
articulate ease of use and the relationship speed, memory, effort and comfort may have with
each other and with this construct. It may also be that ease of use is a construct unto itself, which
must be considered as such, as has been done in previous research, and not in terms of the
dimensions we identified. Our understanding of the construct of ease of use is evidently still

incomplete.

We end with a touch of humour, this depiction being all too often a reality, and indicative
of the kind of challenge that software designers must face in attempting to provide easy to use

package designs to meet users’ requirements and expectations.
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Appendix A

Survey Kit sent to Expert Panel in Study 1

Con COrdla Covaring Letter

LNIVERSITY

August 23, 1991

Dear Participant,

Attached is a Software Evaluation tool which is part of a doctoral dissertation aimed at developing
a methodology for the evaluation of commercial software which are used in business for decision making
purposes. It would be greatly appreciated if you would spend some time to assist in this project.
Instructions for completing the task are given overleaf. If there are features and/or learning factors which
you consider are essential, but have been left off of the instrument, please feel free to add them on a
separate sheet and include them in your ranking considerations. The task is aimed at eliciting
personal perceptions, so should be done without reference to others. Please use the definitions and
descriptions of features and learning factors, which have been provided, as a guide when filling in the
evaluation instrument. Could you also provide the background informadon asked for on the last two

pages.

If you wish to receive a summmary of my findings please write your full name and address on this
sheet and return it with your completed form and I would be pleased to do so. Would you also indicate
whether you would be willing to do a follow-up at a later date. Thank you for your time and effort.

Sincerely,

Jennifer Thomas
Ph.D. Candidate
Dept. DS, IS
GM-209-9
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Definitions and Descriptions of Features and Leaming Factory

Learning Factors:

Speed - time required to perform an operation

Memory - support offered to recall, retention over time

Effort - cognitive complexity, mental strain required to perform operation
Comfort - impact on anxiety, peace of mind, aesthetic appeal

Design Features:

Interface Command Structure - menus, commands, direct manipulation, natural language
Depth of Structure - levels required to perform an ope-ation
Logic of Structure - makes sense, is understandable
Consistency - not ambiguous or contradictory in conventions, functions, messaging
Screen Design - cosmetics/aesthetics - highlighting, animation, layout, etc.
- grouping meaningful - placement on scteen logical with respect to purpose
- language/wording - clear, understandable, inoffensive
Flexible - more than one way to perform an operation
Error Trapping/Recovery - warning and/or correction of errors outside parameter ranges, or of "o",1"
(letters) to "07,"1" (numericals) in data input
System Response Time - elapse time between user input and response from system
Data Input - full-screen editor or line editor
Macros - automation of frequently used string of operations
Autosave/Backup - inputs intermittently saved by system
Auto-adjustment - changes in input reflected automatiesally in analyses and graphs
Auto-formatting - automatic formatting of input into decimal places, scientific notation, currency,ete.

Assistance Features:

Manuals - on and offline manuals explaining package features and how to use them

System Messages - messages generated by system due to unanticipated entries

Tutorials - on and offline training modules on how to use the package

Prompts - warning of errors made, how to correct and why occurred

Keyboard Templates - on and offline memory jogs of function keys associated with operations
Defaults - expected or anticipated responses supplies which are modifiable

Examples - examples of correct or valid operations and actions, could also include non-examples
Index of commands and operations - quick reference to commands and operations

Glossary - definitions of terms and commands

Unsolicited Help - help supplied at system imtiation after prolonged delay in input

Cautions - warnings against overwriting files, delenng file, etc.

Checklist & Memory Jogs - traces of most recent or most used operations

Navigational Aids - trees, maps, control keys

Instructive Feedback - input assessed for correctness and communicated to user with possible action
Context Help - help related to place error made

Expertise Accommodation - accommodation of novice to expert transition

Restricted Options - restricted to certain operations at certain junctures

Subject Matter Aid - assistance with subject matter concepts, e.g. statistics, accounting principles
Conceptual Models - mental models of the system and how it works
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SOFTWARE EVALUATION

Factors important for learning in general, and for learnming of software packages can be
identified as those which:

a. support Speed, that is reduce performance time;

b. alleviate Memory load, that is promote retention or not require it;

¢. minimize Mental effort, that is reduce mental strain;

d. provide Psychological comfort, that is reduce anxiety, promote peace of mind.

The purpose of this task is to formulate a mapping of software design and assistance features
with these learning factors. You are askea (o do this in three stages:

1 Assign a weighting out of 100% to each of the learning factors, as defined above - speed,
memory, effort, comfort - to indicate the expected importance they have for your own
learning of a package. Equal weighting is permitted but weights must add to 100%.
Place weights in the brackets below the learning factors.

2, Rank the design features listed below, from 1 to 12, then the assistance features
following, from 1 to 19, according to importance for your learning and use. Place
your assigned rank in the rank column. Equal ranking is permitted.

3. Match these features with the associated learning factor(s) you expect to be supported
by the inclusion of the particular feature in software by placing an 'X" in the box.
e.g. Speed Memory Effort Comfort
Feature ! X X
Feature 2 X X X
Etc.
Design Features: Rank | Speed | Memory Effort Comfort
( ) « ) « ) « )

1. Interface Command Structure -
menus,commands, etc.

. Depth of Structure

. Logic of Structure

. Consistency

(SN S I~

. Screen Design
- cosmetic/aesthetics
- meaningful grouping
- langus.ge, wording

. Flexible

. Errcr Trapping/Recovery

Systera Response Time

- - S PR -

. Data Input -
full-screen, line editor

10. Macros

11. Autosave/backup

12. Auto-adjustment

13. Auto-formatting
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Assistance Features:

Rank

Speed

(

)

Memory

(

)

Effort

(

)

Comf{ort

(

)

1. Manuals

2. System Messages

3. Tutorials

4. Prompts

5. Keyboard Templates

6. Defauits

7. Examples

8. Index of commands/operations

9. Glossary

10. Unsolicited Help

11. Cautions

12. Checklists & Men.ory Jogs

13. Navigational Aids

14. Instructive Feedback

15. Context Help

16. Expertise Accommodation

17. Restricted Options

18. Subject Matter Aid

19. Conceptual Models
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PROFICIENCY QUESTIONN

Name: Age: <25 2534 3544 44~ Sex
Major in B.Comm.. Other Degrees & Majors:
# Years Work Ezpenience: Area of Major Work Ezperience:

Current Job & Title:

Have you used a mainframe computer before? Yes No

Have you used a microcomputer before? Yes No

If yes, IBM, Macintosh or other?

Place a tick beside the category which best describes your level of expertise with computers

() Expert () Intermediaze {) Novice

How often do you use a computer?

() Never () Less than once per month () Once per month

() Few times per month () Few times per week () Once per day ) Several times per day
Place a tich beside the category which best describes your level of expertise wuh DOS

() Expert () Intermedicte () Novice

How often do you use DOS?

() Never () Less than once per month () Once per month

() Few times per month () Few times per week () Once per day () Several times per day

If you have used DOS bdefore, what are the commands to accomplish the following:

Create a directory?

Copy a file from one dish dnve to another?

Access a directory different from the one you are currently in?
Pnint a file onto the screen?

List all the jiles on a dishette in pages?

Change the name of a file cn g diskette?

Circie the chowe that best describes your reaction to each statement following:

1 = Strongly disagree 2 = Disagree (o some extent 3 = Uncertain
4 = Agree to some extent 5 = Strongly agree
I am confident that I could learn computer skills 5§ 432
[ am unsure of my abulity to learn a computer programming language S 432
[ wll be able to keep up with important technological advances in computers S 432
I feel apprehensive about using @ computer termunal 5§ 432
If given the opportunity to use a computer, I am afraid that [ might damage it 5432
I have avoided computers because they are unfamuliar to me 5 432
[ hesitate to use a computer for fear of making mistakes that [ cannot correct 5 432
I am unsure of my abulity to interpret a computer prinfout 5 432
I have difficulty understanding most technological matters 5 432
5432

Computer terminology sounds like confusing yjargon fo me
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Beside each of the soffware pachages listed below indicate:

Your level of sxpertise (Ed)xpert {Dntermediate (Novice

Your frequency of use  (1)Never (2)Less than once @ month (3)Once a month (4)Few fimes a month
(5)Few times g week (8)Once a day  (7)Severa! tumes a day

Operation of the package (Mlenu (Command (Mi)xed (Mo)use

Purpose for which used (Work {Sc)hool (P)ersonal

Where learnt (Colurse on your (Q)wn

Write the letter or number associated with the above five categories beside each of the pachages listed below
as shown in the example. Add any which are not mentioned.

EXPERTISE | FREQUENCY | OPERATION PURPOSE LEARNT

Eg.
Spreadsheet
-Latus

-SuperCale Mi P o

2~
[

Spreadsheet
-Lotus
-“uperCale
-Multiplan
-Quatro
-Other
(Specify)

Wordprocessor
-Wordperfect
-Wordstar
-Multimate
-Other

(Specify)

Database
-DBase
-Smart
-Framework
<Other
{Specify)

Programming
Languages
-Basic
-Fortran
-Pasel

-Other

(Specify)
k_-————_———._—-__.— —
Statistical
-Minitab
-Merlin
-SPSS
-SAS
-Other
(Specify)

How would you rate your competence in quantitafive-type courses? () Excellent () Average () Poor
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Appendix B

Comparison of Merlin _and Minitab, Package Features

FUNCTION
INTERACTION
INPUT STRUCTURE:
Accessing

Input Mode

End Entry

Labelling

Printing

EDIT STRUCTURE:
Accessing

Input Mode

Change Data

Add Data

PROCESSING:
Regression

Plotting

SAVE OUTPUT:
Data

Analysis

EXIT:

Merlin,
Statistics

menu or command

menu or command
line entry
keystroke
menu or command

menu or command

command
line
command

command

mixed

menu or command

automatic or command

command

command
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Minitab,
Statistics

command

command
full screen or line entry
command
command

command

keystroke or command
full screen or line entry
full screen or command

full screen or command

command

command

command

command

command



Comparison of Merlin, and Minitab, Assistance Features

HELP STRUCTURE:
Examples

Tutorials

Manuals

System Messages
Input Error Trapping
Input Error Correction
Error Recovery

Index

Default Values
Keyboard Templates
Checklists

Memory Jogs

Expertise Accommodation

Context Help
Command Assistance

Prempting

Question or Prompt Assistance

Menu Assistance
Unsolicited Help
Navigational Aids

Feedback

Merlin,

Yes
No
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Partial
Yes
No
Yes

No
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Minitab,

Yes
No
Yes
Yes

Yes




Comparison of Merlin, and Minitab, Data Ent

Unit Tasks

Data Entry:
Accessing
Input Mode
End Entry
Labelling

Print

Editing:

Accessing

Change Data

Add Data

Output:

Save Data

Exit:

Merlin,

Menu or DATA
Line entry
carriage return
Menu or NAME

Menu or PRIN

EDIT

R ROW15; enter value
R el15(1); enter value
R el15(2); enter value

ACOL4 = 1.1 * COL3

automatic or SAVE

Sor STOP
Bye

Done

Quit

Off
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Task Requirements

Minitab,

READ or SET calumn nos.
Full-screen or line entry
END

NAME columns

PRINT column nos.

LET or Esc to Full-screen
Full-screen or

Let C1(15) = value
Let C2(15) = value

Full-screen or
LETC4 =11*C3

SAVE 'filename’

STOP



Appendix C

Sample Printout of Data Entry Task on Minitab,

MINITAB

Data Analysis Software
Release 7.1 =-=- Standard Version
Copyright(C) Minitab, Inc. 1989

This software is licensed to:
Commerce and Administration - FIS

Serial § 711-0001-000452

You may use Minitab under the terms of the License Agreement enclosed with this
program; please read it. This License entitles: a) one user to run this copy
of Minitab on any number of computers; b) more than one user to run this copy
of Minitab on a single computer, BUT it is a violation of the License to run
this copy of Minitab on more than one computer simultaneocusly. Government

users see HELP FGU,
Press any key to continue. MINITAB Rel

Standard Version #** Storage Available: 16179

Use the ESCape key to toggle between Minitab and the Data Editor

MTB > read cl 2
DATA> S0 69
DATA> 66 85
DATA> 73 88
DATA> 84 70
DATA> 57 84
DATA> 83 78
DATA> 76 90
DATA> 95 97
DATA> 73 79
DATA> 78 9%
DATA> 48 67
DATA> $3 60
DATA> S84 79
DATA> 79 79
DATA> 88 76
DATA> 90 98
DATA> 60 86
DATA> 89 87
DATA> 83 92
DATA> 81 86
DATA> end
20 RCWS READ
MT3 > nane Cl=’Testl’ c2='Test2’
M73 > print cl=-c2
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ROW Testl Tast2

1 50 69
2 66 8s
3 73 83
4 84 70
5 57 84
6 83 78
7 76 90
8 98 97
9 73 79
10 78 95
11 438 67
12 53 60
13 54 79
14 79 79
15 88 76
16 90 98
17 60 56
18 a9 87
19 83 91
20 81 86

MTB > save ’a:denc’

Worksheet saved into file: a:demo.MIW
MT8 > let cl(15)=55
MTB > print cl-c2

ROW Testl Test2

1 50 69
2 66 85
3 73 838
4 84 70
5 57 84
6 83 78
7 76 90
8 95 97
9 73 79
10 78 95
11 48 67
12 53 60
13 54 79
14 79 79
15 55 76
16 90 98
17 60 s6
18 89 87
19 83 91
20 31 86
MTB > stop

#=x# Minitab Raelease 7.1 *»** Minitab, Inc. #¥»
Storage available 16179

€1\DOS>
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Sample Screens of Minitab,'s Online Help

MTB > help help
The HELP facility in Minitab helps you learn about Minitab.
A. TFor general information about Minitab, type:

HELP OVERVIEW

You will be given a choice of topics, including 1. Introduction
to Minitab, 2. Syntax of Commands, 3. Subcommands.

B. To see what commands Minitab has, type:
HELP COMMANDS

You will be given a choice of categories, including 1. General
Information, 2. Input, 3. Output, 4. Editing and Manipulating
Data.

Do you wish to see more information on the HELP facility in
Minitab? When Minitab types MORE?, type Y if you do, and N if
you do not.

n

MTB > help commands

To get a list of the Minitab commands in one of the categories
below, type HELP COMMANDS followed by the appropriate number,
(HELP COMMANDS 1, for example).

1l General Information 11 Tables

2 Input and Output of Data 12 Time Series

3 Editing and Manipulating 13 Statistical Process Control

Data 14 Exploratory Data Analysis

4 Arithmetic 15 Distributions & Random Data
5 Plotting Data 16 Sorting

6 Basic Statistics 17 Matrices

7 Regression 18 Miscellaneous

8 Analysis of Variance 19 Stored Commands and Loops

9 Multivariate Analysis 20 How Commands are Explained
10 Nonparametrics in HELP

MTB > help commands 2
COMMANDS 2. Input and Output of Data

"Data Editor” (full screen data entry and editmé)
READ (enter data from terminal or data e)

SET (enter data from terminal or data file)
INSERT (enter data from terminal or data file)
END (end input entered with READ, SET, INSERT, and STORE)
RETRIEVE (enter data from a saved worksheet file)
NAME (name columns)

PRINT (view data on the screen)

WRITE (output data to screen or data file)

SAVE (output data to a saved worksheet file)
MTB > print

* ERROR * 0is too few arguments
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ample Sgcreen of M tab,'s online Help
or Data Ent of one column at a time

MTB > set ¢l <2
* ERROR * 2 is an illegal number of arguments

MTB > set ¢l
DATA> 3
DATA> 4
DATA> 5
DATA> 6
DATA> end
MTB > set c2
DATA> 6
DATA> 7
DATA> 8
DATA> 9
DATA> end
MIB > regress ¢l c2

* ERROR * 2 is too few arguments
MTB > list
* ERROR * Name not found in dictionary

MTB > help

You are in Minitab (Standard Microcomputer Version).
Minitab is a general purpose statistics package.
There is a HELP facility that helps you learn about Minitab.

To see how it works, type:

HELP HELP

To leave Minitab, type:
STOP
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Appendix D

Sample Printout of Data Entry Task on Merlin,
Sample Screens of Merlin,'s Online Help

MERLIM» V4.2
(C) Copyright P.F.Wade 1972, 1985
* Reg’d Cdn. & U.S. TrademarX cf C?

MERL

Ready

AUTO BACXUP on file BACXUP.MER every 15 min.

Do you wish operating instructicns? y or n
=Y

MERLIN is a data analysis package for:
data extracticn
regression
plotting
scrting
forecasting
histograms
analysis of variance
stat. tests
cecntrol charts
data modification, etc.

Entered data (numbers only) are stored as a 2-dimensional array
in a memory workspace with a maximum of 4000 elements.
Column labels are entered separately.

Selected 4-letter commands (e.g. sor:) are entered in response
to the prompt "ENTER COMMAND". MERLIN through a question-and-
answer sequence identifies the user’s requirements, executes
them and returns to "ENTER CCMMAND®.

Commands are divided into two prcgrams, MER1 and MER2, as indicated in the
catalegue obtained by tyring '"cata" or "?" in response to "ENTER COMMAND".
Pause.

Please press <return> toc continue.

Data Input
Enter data when requestad, or use the ccmmand "data",
Data can be entered from the kaevkcard or read frecm a file.

Numbers are entered a row at a time.

Saving data
Use the ccmmand "save'" to save data. Data are saved

automatically every 15 minutes in a file BACKUP.MER.

Saving cutput (ie displays such as plots or tables)
Output is normally directed to the screen.
Use the command "file" ts save it as a printable file.

Special cznventions. .
The user can ra=urn to "EINTER CIMMANC" at any time by typing "z,
can back up one questicn by typing "b",
or can terminate the run by typing "s".

HEL?
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Where indicated, type "?" for explanation of prompts.
* R kW

Do you wish to 1 enter data from keyboard

read a file

generate random nos. in col. 1

.Create stepped or const. data through edit sub-system

- uUN

= 1

How many rows do you need in your workspace?
Depress "RETURN" for default of 200 rows. (? for HELP)

There are 20 cnlumns available

Enter data one row at a time. Numbers should be separated by one or more blanks.
Usa "b" to hack up a row for correction.

To terminate entry, depress ""RETURN”.

max number of observations (rows) = 200

max numkber of variables (columns) = 20

Row 1l = 50 69
Row 2 = 66 85
Row 3 = 73 88
Row 4 = 84 70
Row 5 = 57 84
Row 6 = 383 78
Row 7 = 76 90
Row 8 = 95 97
Row 9 = 73 79
Row 10 = 78 95
Row 11 = 48 67
Row 12 = 53 60
Row 13 = 54 79
Row 14 = 79 79
Row 15 = 88 86
Row 16 = 90 98
Row 17 = 60 56
Row 18 = 89 87
Row 19 = g3 91
Row 20 = 81 86
Row 21 =

20 rows 2 columns have been read

Do you wish to label columns? y or n
=Y
Enter 2 names, one per line, up to 8 characters.

= TEST1
= TEST2

2 names entered
Do you wish to print your data? ¥y or n
il 4

Enter 1 to print all
2 for a row
3 for a colunn
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TEST1
50.00
66.00
73.00
84.00
57.00
83.00
76.00
95.00
73.00
78.00
48.00
53.00
54.00
79.00
88.00
90.00
60.00
89.00
83.00
81.00

TEST2
69.00
85.00
83.00
70.00
84.00
78.00
90.00
97.00
79.00
95.00
67.00
60.00
79.00
79.00
76.00
98.00
56.00
87.00
91.00
86.00

Do you want the catalogue of commands? y or n

=Y

Type 4-letter command. ( )indicates program (eg MER1 or MER2)

inst
cata
conl
con2
data
date
disc
edit
eras
fcst
file
filt
freq

hedl
hed2
Pause.
Please press
inle
name
norm
cutl
page
plol
plo2
prin
regl
reg2
reme

for general instructions on running MERLIN (1) (2)
to list the catalogue of commands (1) (2)

for regular shewart control chart (n=1l) (2)

for special shewart control chart (2)

to enter data (1l)all formats (2)MERLIN & .prn only
for date and time (1) (2)

to read command stack from a file (1) (2)

for medification and printing of data (1)

to erase files (1) (2)

for forecasting routines (2)

to direct output to a file (1) (2)

for selection of specific rows and/or columns (1)
for frequency tables or histograms

& fitting of probability distributions (1) (2)

for titles with auto. centering (1) (2)

for titles printed as entered (1) (2)

<return> to continue.

to change input line length (1) (2)

to label columns (1) (2)

for plotting on ncrmal probability paper (2)

to change cutput line length & printer codes (1) (2)
to set printer at top of page (1) (2)

for simple plot (2)

for plot with more options (2)

to list data (for more options use "edit") (1) (2)
for regular regression (2)

for regression with more opticns (2)

to remember command files (1) (2)
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save to save data (1) (2)

sort to sort data (1)

stat for mean, sd., std.error, max. & min, range:
t or f tests; analysis of variance;
§ sampling probabilities (1)

stop to stop execution (1) (2)

ternm to redirect output to the keybecard (1)(2)

time for date and time (1) (2)

Enter command
= edit

Entar edit command (? for instructions). Depress "RETURN" to exit
- ?

Commands: print or list(p): add(a): delete(d): insert(i); replace(r).
Also: print with entered format(pf); print with dates as row labels(pd);
suppress decimal in print(ps)

Operands: row; column(col); element(el); column heading(nam); all(+).

Row and column functions: square root(sgrt); exponential (exp):
log to the base 10(1l0g): log to the base e(ln):
totalling(sum); truncati a(int); absolute(abs):
accumulation(cum) .

Column functions: random numbers(rnd):
col shift(sfty:x(coln)}), where y=u for up, y=d for down
and x=no of rows to be shifted eg sftu:6(coll)

stepped values({stp(sv step)], where sv is starting value.
eg stp(25 5).

Use single character d to display array & workspace dimensions.

:;:::; press <return> to continue.

Rules: To ternminate edit command depress "RETURN"
Multiple row or col references valid for print and delete only.
References to indiv. rows or cols must be separated by a blank eg coll 9

Blocks are indicated by a dash eg coll-5

For print, row and col combinations are separated by a colon(:)
eg p coll-3:rowl-10

Element: row no., col no., in parentheses eg el(2 3)
Only 1 element per instruction.

Pause.
Please press <return> to continue.

p *

p cold 12
P row2-§
p el(2 5)
P
P

Examples:

rowl-=3:col7 3
ds *
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a
a col4 = sgrt(coll) - col2**(coll+l)

a row2é = sum(rowx)

a col5 = cum(colq)

r nam* or r naml (entry of labels will be requested)
r el(l1l2 3) but not r el(l2 3)=6

r colé = -col2

r col6 = rnd

r col7 = stp(25.5 -.5)

i co0ll0 = sftu:l2 (col4)

i row25 = sum(rowl-24)/100

d rowl-5

d coll=-3 5 8 but not d colx*
Enter edit command

=r el(15 1)
Enter 1 numbers
= 55

el. replaced

Enter edit command

Enter command
= save

Enter filename (? for HELP)

=?

ci* file size date time
MER1N.EXE 339673 10-22-90 5:55
WMERBX.CMD 0 12-29-84 14:17
TRACE.TCE 0 12-29-84 14:17
MERLIN.DRV 8 11-05-90 23:13

Use extension .dat for free format
.fmt for entered (fixed) format
.bin for binary format
.mer for MERLIN format (default)
.prn for 1-2-3 format

Enter filename (? for HELP)
= try

Data on disk as permanent file, c:TRY.MER

Enter command
=5

Backup written.

C:\MERLIN>
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MERLIM ~amesr 2honsive HELP cystem
Developed by P.F.lWade

This HELP system hac been designed to augment the context senzitive
HELP messaasrs available within MERLIN,

Mote to users: Unlike a spreadsheet program, MERLIN distinguishes between:
.data - the data being analysed and
.output -~ the results generated by the analysis

The documentation which follows reflects these concepts.
¥ * * 3

- HELP conventions -~

To exit HELP E means press E for more
(1)alt+l.s' .ft (restart where terminate) details on ....
(2)]esc| restart at pgup| for previous screen home| for first screen

begyinning

Press space bar to move to INDEX

- m.

I S A MR S K- M . SRR T

lapaaen e se s e o
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Sample Screens of Merlin,'s Hvpertext Help Index Annex

Main Menu

- INDEX -~

for Commands,; list of

Entering data (DAIR)

Exporting data (SAUE}

Express mode

Fixed format specifications

Histograms & bar charts (FREQ)

Inporting data (DATA)

MERLIN files & file commands

Overvieu of NMERLIN structure & conventions

Plotting data (incl. control charts)

Printing or displaying workspace data (EDIT, PRIN)
Printing cutput (FILE, TERNM, HEDi, HEDZ2, QUTL, PAGE)
Sampling distributions

Saving commands & using command files (REME, DISC)
Saving data (SAVE)

Saving output (same as L)

Selecting data subsets (FILT) + selective processing
Sarting (SORT)

Statistical tests & techniques

Iransformning & modifying data C(EDIT)

X » examples

fA
B
C
b
E
F
G
H
1
J
K
L
n
N
0
b
Q
R
S
T
¥

» trouble 2 » tricks U > installation esc to exit
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Sample Screens of Meilin,’s Hypertext Help Index Annex
Data Entry Example

Example 81: Data entry from keyboard Screen #1

Enter command
= data

Do you uish to 1 enter data from keyboard

read a file

generate random nos. in col, 1

create stepped or const. data through edit sub-systen

BAWN

=1

Hou many rous do you need in your uworkspace?
Prg;f YRETURN" for default of 288 rous. (7 for HELP)
s <

There are 208 cuolumns avallable

The data; separated by blanks are read in free format (7?7 for HELP),
Press "RETURN" to exit.

= 2.81 73 125

= 1,22 34 195

space bar to continue esc to exit
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Sample ertext- e () cree tended Me .

-MERLIN overview=- Screen #1

MERLIN is a data analysis package for:
data extraction
regression
plotting
sorting
forecasting
histograms
analyesis of variance
statistical tests
control charts
data modification
random number geneneration
e, 8tC

Entered data (numbers only) are stored as a 2-dimensional array in a memory
worksosace with a maximum of 4000 elements. The user is asked to set the di-
mensions of this workspace. Column labels are entered separately.

space bar to continue esc to exit

~ MERLIN overview cont’'d- Screen #2

In response to ENTER COMMAND, 3 4-letter command (eg. SORT) is entered.
A series of menus and questions then identifies the required options.
Commands can be entered in 3 modes:
.convarsational mode - user responds interactively
.exprass mode - user anters responses in a string
.command file - responses are read from a file

Commands are separated into two programs, MER1 and MER2, but the transfer
from one to another is made automatically.

Data input

Enter data values when requested, or use the command, DATA. The numbers are
entered a row at a time and rows must be of equal length. Data can be
entared from the keyboard or a file.

saving data

Use the command, SAVE, to save data contained in the workspace.

(Data are saved automatically every 15 minutes while you are working and
PUt into a file named BACKUP.MER.)

space bar to continue esc to exli%
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Printing data, tables graphs etc.

o ~-MERLIN overview cont'd- screen #3

Use CTR+P to put your printer into lock-step with the screen or save output

in a file and print {t later. See next section.

Saving output in a file

output such as data listings, tables and graphs is normally directed to the

screen. Use the command, FILE, to save it as a printable file.
Note: (1) The output will not be displayed on the screen in this case
but verification messages will appear.

(2) Output can be re-directed back to the screen using command, TERM.

zx Special Conventions =xx
At any time: °r™ will return you to ENTER COMMAND
"b* will back up to the previous response
“s* will terminate the run

Entry of commands may be in upper or lower case

Far HELP: Where indicated, type *?* for explanation of prompts.

pgup for previous screen esc to

exit
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ya

List of MERLIN commands Screen #.
inst for overview of MERLIN command structure
cata to give catalogue of commands (this screen)
conl for Shewhart & CUSUM charts (n=1)
con2 for Shewhart & CUSUM charts (n>1)
data to enter data from kayboard or a file(le. import)
date for current date & time from computer clock
disec to read a command file (like a macro)
edit for modification and listing of data
eras to erase files from DOS
fcst for forecasting routines
file to direct output to a fi'e instead of the scraeen
file to select a subset of rows from the data array
freq for frequency tables & histograms plus fitting
of probability distributions
hed1 for titles on your output - automatic centering
hed2 for titles - displayed as entered
cee...continued on next screen
space bar to continue esc to exit
MERLIN commands continued Screaen #2
inle to change input line length
name to add labels for data columns
novrm for plotting on normal probability paper
outl to change output line length & send printer control codes
page to set printer at new page
plol for plots with limited options
ple2 for plots with multiple options
prin to list data (for more flexible formatting use EDIT)
regl for regression analysis with limited options (incl. plot)
reg2 for regression analysis with multiple options (incl. piot)
reme go tosfrom remember mocde to create command files (toggle)
save to save cdata {a variety of formats can be used to export)
sort to sort data based on one or more data columns
stat for mean/std.dev/max/min/range of a data column
t & F tasts/l-way & 2-way analysis of varlance
sampling probabilities (poisson, binomial, hypergsom.)
stop to terminate MERLIN session (at any entry polnt use “s*)
term to redirect output to the screen (after using FILE)
pgup for previous screen esc to exit
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{;LP for EDIT commands Screen #1
The EDIT function does not use menus but is command driven. valid
commands are: [plprint or list; (aladd; ([d)delete; [ilinsert: ([r]lreplace
Operands: row[row]; column{col]l: element[el): column label[nam]; all(x]
Row and column functions: square root{sart); exponential(exp]:
log to base 10(log]: log to base e[ln];
totalling(sum]) ): truncation([int]; absolut[abs]:
accumulation({cum]l; eg colS=cum(coll)

Column functions: random numbers (rdn];
col shift[sfty:x(coln)] where y=u for up, y=d for down

and x=no of rows to be shifted eg sftu:6(col3)
stepped values[stp(sv step)] where sv is starting value
and step is step size eg stp(20.1 .§)

Use single character "d" to display data and workspace dimensions.

-~ See Screen #4 for examples --

space bar to continue esc to exit
N

HELP for EDIT commands continued Screen #3

General Rules
.To terminate EDIT function, press "RETURN",

.Blocks ars indicated by a dash eg coll-5
.Multiple row or col operands may be used for print & delete only.
eg d ¢col1-3

.References to multiple operancds must be separated by a blank or
use block convention. eg p coll 7 9-11 to list cols 1,7,9,10,11

.For print, row amd column combinations are separa’sd by a colon(:)
eg P coli-3:rowl-10

.A specific cell or element in the data array is addressed as el(r ¢)
where r is the row # and ¢ is the col# eg el(2 3) for row2 c¢ol3

An instruction is limited to 1 element

.To format numbers when listing use: [pf] to list with entered format;
{ps] to list with decimals suppressed; [pd] for dates as row labels
-=- See Screen #4 for examples --

space bar for next screan esc to exit
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HELP for EDIT commands
Enter edit command

= P
P
P
P

=

col3d 1 2

el(2 5)

rowl-3 5:¢c0l7 3

pd x (or pds x)

e T I I

as

row26=sum( rowx )/25
colS=cum(ecola)

namx
el(12 s5)
cole=~-col2
colé=rnd

col? = stp(24 ~1)

coli=sftu:12(cold)
rowi-3 5 8

~ EXAMPLES —

display
display
display
display
disnlay

replacs
replace
replace
replace
replace

Screen #4

complete data array
columns 3,1,2
cell at row2, ¢cols

subset ,

4 rows x 2 cols

array with date row labels
add row25 = average of all 25 rows
add col5 = col 4 accumulated

all col
cell at
colé by
colé by
col? by

labels (then enter n labels)
rowl2 c¢olS (then enter 1 )
negative of col 2

rnd nos ( then give distn)
24 2322 21 ...,

insert coll = new col 4 shifted up 12 rows
delete rows 1,2,3,5,8

PSUP

for previous screen

esc to exit
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Appendix [

Sample Evaluation of Package using Evaluation Form

Factors important for learning in general, and for learning of software can be identified as those

which:

a. support Speed, that is reduce performance time;

b. alleviate Memory Load, that is promote reteation or not require it;

c. minimize Mental Effort, that is reduce mental strain;

d. provide Psychalogical Caomfort, that is reduce anxiety, promote peace of mind.

After you have completed the task which is attached using each of the statistieal packages, Merlin,
then Minitab,, please rate the package and each feature listed below acgording to the extent to
which it supports these learning factors - Speed, Memory, Effort, Comfort. Definitions and
descriptions of the features and learning factors are attached as a reference.

1 Indicate the package being evaluated. Next, an overall rating of the package shauld first
be made by assigning a number between 0 - very paor and 10 - excellent

2. Next, assign a weighting out of 100% to each of the learning factors to indicate the extent
to which you perceived they were supported in the package overall. Equal weighting is
permitted but weights must add to 100%. Place weights in the brackets below the
learning factors.

3. Third, a rating is to be done of each of thz design and assistance features to indicate the
extent to which you perceived Speed, Memory, Effort, Comfort, were supported in the
package as a consequence of the presence or absence of the particular feature by assigning
a number between O - no support, and 10 - great support.

Package: M initalk Overall Rating: 7

Design Features: Speed Memory Effort Comfort

(590) ((0) (30) (/0)

1. Interface Command Structure -

nenus, commands, ete. b Z ‘7’ ?'

2. Depth of Structure % 2 3 &

3. Logic of Structure i 7 e B

4. Consistency g 2 ? 9

5. Screen Design

- cosmetic/aesthetics
- meaningful grouping
- language, wording WA o MA A

6. Flexible s -8 2 3

7. Error Trapping/Recovery s =2 2. 2.

8. System Reiponse Time /0 < 9 7

9. Data Input - full-screen, line editor J7 s 5~ e

10. Macros VA A A & A LA

11. Autosave/Backup DK O ;<.- O KL 0K ‘4

12. Auto-adjustment DL b K Di« D

13. Auto-formatting L& ni. D K. Iy =
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Assistance Features: Speed Memory Effort Comfort
(8Y)) (/0) (20) (/0)

14. Manuals M A A Pr AMA MA
15, System Messages P 5 S 2
16. Tutonals M A M A UA
17. Prompts A A oA MAr A
18, Keyboard Templates M A ~MA A A LA
19. Defaults O+ O~ Oi%« Di<
20. Examples /0 0 /0 /0
21. Index of commands/operations /0 2 7 3
22. Glossary A 2 2 b4
23, Unsolicited Help A A N A A
24. Cautions DX D x. oy 2 Dia
25. Checklists & Memory Jogs DX DK QK. Ok,
26. Navigational Aids A MA Vdlas rMA
27. Instructive Feedback 9 7 G ¢
28. Context Help /0 g < SO
29. Expertise Accommodation DK Y O K. Ok
30. Restricted Options 0 K 0 j o 0 k-
31. Subject Matter Aid DK 1.3 L D i
32. Conceptual Models s 2 2 2
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Appendix F

User Perreption Questionnaire

Overall liking
How did yau like using this package?

() Very much () Above average () Average () Below average () Not at all

Design
Command Structure
Speed. Did you find the menus/commands fast to use? Yes No
Memory. Was it easy to remember which menus/commands to use? Yes No
Effort. Were the menus/commands difficult fo use? Yes No
Comfort. Did you feel at ease using the menus/commands? Yes No
Depth of Structure
Speed. Dud you find you were able to move through the menus/caqunands quickly? Yes No

Memory. Was it easy to remember the sequence of menus/commands to accomplish something? Yes No

Effort. Was it difficult to move through a sequence of menus? Yes No
Comfort. Did you feel at ease going through a sequence of commands? Yes No
Logic of Structure

Did the overall structure of the pachage make sense to you? Yes No
Speed. Did you feel you were able to accomplish your task quickly because of this? Yes No
Memory. Did you feel the package required you to remember a lot? Yes No
Effort. Did you find the pachage overall to be difficult to use? Yes No
Comfort. Did you feel comfortable using the package? Yes No
Consistency

Did you find menr: /commands were used consistently throughout? Yes No
Speed. Did this speed up your use of the package? Yes No
Memory. Did this impose more of a memory strain? Yes No
Effort. Did this require more effort in order to perform your task? Yes No
Comfort. Did this make you feel less at ease performing your tash? Yes No
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Screen design
Did you find the screens aesthenically pleasing?

Speed. Did this help you to accomplish your task faster?

Memory. Did this impose more pressure to remember things?

Effort. Did this make accomplishing your task harder?

Comfort. Did this make you feel more at ease performing your task?
Did you feel the screens were easy lo read?

Speed. Did this help you to accomplish your task faster?

Memory. Did this impose more pressure to remember things?

Effort. Did this meke accomplishing your task harder?

Comfort. Did this make you feel more at ease performing your task?
Were the instructions easy to follow?

Speed. Did this help you to accomplish your task faster?

Memory. Did this impose more pressure to remember things?

Effort. Did this make accomplishing your task harder?

Comfort. Did this make you feel more at ease performing your tash?
Was the wording clear?

Speed. Did this help you (o accomplish your task faster?

Memory. Did this impose more pressure to remember things?

Effort. Did this make accomplishing your task harder?

Comfort. Did this make you feel more at ease performing your task?
Was the wording offensive?

Speed. Did this help you to accomplish your task faster?

Memory. Did this impose more pressure to remember things?

Effort. Did this make accomplishing your task harder?

Comfort. Did this mahe you feel more at ease performing your task?

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

No

No

No

No

No

No

No

No

No

No

Na

No

No

No

No

No

No
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Fleability

Did you find there was more than one way to do things? Yes No
Speed. Did this allow you to accomplish your task faster? Yes No
Memory. Did this tax your memory? Yes No
Efforr. Did this make accomplishing your task harder? Yes No
Comfort. Did this mahke you feel more ot ease performing your task? Yes No
rror ing/ Recovery
Were you prompted when you entered something incorrectly? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this mahke you feel more at ease performing your tash? Yes No
Were your errors corrected for you? Yes No
Speed. Dud this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
Was it easy for you to correct your errors? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did thus make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your tash? Yes No
Svstem Response
Did you have to waut long after you entered something to get a response from the computer?
Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this mahe accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
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Data Input

Speed. Did you find it fast to enter data? Yes No
Memory. Was it easy to remember how to enter dnata? Yes No
Effort. Was it burdensome to enter data? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
Autosave/backup

Did the package automatically save your inputs intermittently? Yes No
Speed.  Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No

Assistance

System Messages

Were the messages given by the system clear? Yes No
Speed. Did this help you to accomplish your tash faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No

Were the messages offensive? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
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mmpils

Were you warned when you made an error? Yes No
Speed.  Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No

Were you told how to correct it? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel mare at ease performing your task? Yes No

Were you told why it occurred? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
Defaults

Were expected responses automatically provided which you could then modify? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your tash harder? . Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
Ezamples

Were examples given? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your tash? Yes No
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ndex

Was an index of commands and operations available? Yes No
Spred.  Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure o remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your tash? Yes No
Cautions

Y'Vere Yyou cautioned about making certain actions, e.g. saving a file under an already exsting
filename? Yes No
Speed.  Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure (o rernember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your tash? Yes No
Navigational aids

Was it easy to move around the package? Yes No
Speed.  Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your tash? Yes No

Was it easy to know where you were in the pachoge at most times? Yes No
Speed. Did this help you to occomplish your task faster? Yes No
Memory. Did this impose more pressure (o remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your tash? Yes No

Were you able to move backwards and forwards easily in the pachage? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effor. Did this make accomplishing your taskh harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
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Context help

Were you able to get help related to where you made an error? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure (o remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
Exmpertise accommodation
Would you say the pachkage is geared for novice users? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure lo remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
Does it have the same commands and procedures for novice and expert users? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Comfort. Did this make you feel more at ease performing your task? Yes No
Subject matter expertise
Were you given assistance with learning statistical concepts needed for the tash? Yes No
Speed. Did this help you to accomplish your task faster? Yes No
Memory. Did this impose more pressure to remember things? Yes No
Effort. Did this make accomplishing your task harder? Yes No
Yes No

Comfort. Did this mahe you feel more at ease perforrning your tash?
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Encer

the group

name,

Appendix G
Data Entry Task used in Study 2

SIGN ON OCEDURES

account number

and password you have been

assigned.

Group Name

Account Number

Password

Do not change your password.

The following menu will appear:

F1 DOS AND BASIC Fé
F2 WATCOM TEXT EDITOR F7
F3 FTORMAT A DISXETTE F3
Fa DA?ABASE SOFTWARE r9

F5 PROGRAMMING

PLEASE SELECT AN APPLICATION

Prass the F9 kay to salecc STATISTICS

The following meanu will appear:
g PP

Fl MERLIN Fé

F3
Fa MINITAB

Press eizher Fl or Fi
task sheec.

depending on
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LANGUAGES F10

the name a: the top of

MATHEMATICAL PACKAGES
SIMULATION SOFTWARE
SPREADSHEZTS
STATISTICAL SOFTWARE

LOG

[a]
-

T
.

RETURN TO PREVIOUS MENU




MERLIN, /MINITAB TASK

Below is information on test scores collected for thirty one students. Your tash is to enter this data wto a
stanstical software pachage which will be used eventually to predict student performance on the partucular
course. You will find assistance for doing so by typing 2 . HELP HELP You are to enter the data as weil
as the headings for each column. Venfy your entries and correct any that are incorrect. Save your worh.
This done, change Student 15 's Testl score to 55. Exit the program.

Student Test1 Test2
1 50 69
2 66 85
2 73 88
4 84 70
5 57 84
[ 83 78
7 76 S0
8 95 §7
9 73 79
10 78 95
11 48 67
12 53 60
13 54 78 .
4 79 79
15 88 76
16 S0 98
17 60 56
18 89 87
19 83 81
20 81 86
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Appendix H

Sample Keystroke Tracing in Merlin,

1/25/1988

1e%38:24 MER1
16:38:33 9. N
16:38:42 9. 1
16:39: 1 l9. 31
16:39:41 40. 50 69
16:39:47 6. 66 8S
16:40:19 32. 73 88
16:40:26 7. 84 70
16:4Q0:32 6. 57 84
16:40:40 8. 83 78
16:40:45 5. 76 90
16:40:52 7. 95 97
16:40:58 6. 73 79
16:41: 4 6. 78 95
16:41:19 15. 48 67
16:41:29 10. 53 60
16:41:35 6. 54 79
16:41:40 S. 79 79
16:41:46 6. 88 76
16:41:51 5. 90 98
16:41:57 6. 60 56
16:42: 2 5. 89 87
16:42: 8 6. 83 91
16:42:14 6. 81 86
16:42:23 9. 57 69
16:42:34 11. 71 75
16:42:39 5. 86 98
16:42:48 9. 82 70
16:43: 0 12. 95 91
16:43: 9 9. 42 48
16:43:13 4. 75 52
16:43:18 5. 54 44
16:43:27 9. 54 51
16:43:33 6. 65 73
16:43:40 7. 61 52
16:43:48 8.
16:44:23 35. Y
16:44:34 11. first
16:44:38 4. second
16:44:52 14. Y
16:44:57 5. 1
16:45:14 17. ¥
16:45:39 25. EDIT
16:45:39 0.
16:45:47 8. ?
16:48:15 148. ?
16:48:56 41. R ROW1S
16:49: 2 6. 76 88

CORRECTION

16:49:15 13.
16:49:19 4.
16:49:20 1.
16:49:32 12. °?
16:49:32 0.
16:50:23 51. REG1
16:50:23 Q.
Total module time = 12.0 minutes
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Appendix |

Package Functions Annex to Evaluation Form

An additional set of features, related to functionality, would have to be attached to the
instrument. The features included would have to be deri\'red from an assessment of the task requirement
of the specific package type. For instance, the functional requirements of a wordprocessor are different
from those of a spreadsheet from those of a statistical package. The degree to which these functions exist

in a package and the ease with which they are achieved will impact the choices made among the available

packages.

The requirements of a statistical package can be considered within the classical system cycle of
input, process, output, and feedback. A user will need either to be able to create a file of data or read it
in from an existent file. Once the data is in the program, some transformations and editing of data may
be required. This implies the facility to create new columns, new rows, delete columns and rows, modify
data elements, use subsets of variables and observations. Next, a range of analyses are used to interpret
and analyse the data. These include the calculation of means and standard deviations, chi-square tests,
F and t-tests, graphs, anovas, regression analyses, forecasts, et cetera. Qutput of the data and of these
various analyses and graphs will be required either on paper, screen and/or to a file. The evaluation

instrument, therefore, would have the following features attached:
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Buggested List of statistica unctions
to be evaluated based _on upport
for the ident ed lea dimensions
Speed Memory Effort Comfort

¢. Functionality .
Data Input

-Create file
-Read file

Data Editing

-Changing data elements
-Adding rows/columns
-Deleting rows/columns
-Extracting subsets

Data Analyses

-Descriptive statistics -
mean,mode,median,std.dev.,number
-Tests - chi-square, F, t

-Regression - simple, multiple

-Forecasts - time series, moving averages
-Plotting - graphs, charts, tables
-Multivariate

-Ete.

Data Input/Analyses Output
-To a file

-T'o the screen
-To a printer

Si~ce the task in this experiment does not entail using any of these statistical functions,
evaluation of these features will be excluded from the instrument. As explained previously however, they

are an essential part of the instrument, and would vary depending on the package type being evaluated.
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Appendix )

Table Al
ce with Soltware

Findings Saummery of Research into Factors Affecting Perf

DESIGN CHARACTERISTICS
O indicates # of related studien

ASSISTANCE

FEATURES

INTERACTION

aplicit Instructions and training on reduced
package festures aid {nutial learning but can
hamper tranafer learning implying need 1~¢ both
general. conceptual explanation as weil as
specifle, stop-by-step instruction (12); contant of
instruction is more Umportant than delivery
method though genersily printed manuals out-
perform online manuals, except in Hiltz &
Kerr,1986 atudy in which users eelf-reports of
learning mathods indicates that ofMine
documaentation (s the least adopted mode of
learning (6); users perform better mith manuals
but exhibit a andency W prefer & use salf-
discovery learning and to learn & use more
advanced festures as a consequence (J); there is 8
tradeo(T between time and mastary learning,
hence users olten forgo learning sdvanced
ieaturcs (2); relevance to task is important for
transfor learning, as is feedback (5)

there is an optimum level of

response & display rates out-

sude of which users’ perform-

snce diminushes (6); meaning-
ful grouping of Informati

users tend to consistently prefer one mode of
interaction over ancther (1); sudiss are
inconclusive abous the advisability of menu or
command for users, especially novices (10); voice
L jon seems L0 be preferred, though results

improves performance, sspec.
Lally if it Is in & famillsr
order (2); abbreviated, sven
arbitrary command names do
not {mpede learning substan-
tiajly but users need to
understand the underlying or
sasocisted meanings (6); word
mesnings dilfer across users
(2); performance & preference
are enhsnced with nstursl
Language(3)

oa performance are conflicting (3)

USER CEARACTERISTICS

KNOWLEDGE/EXPERIENCE

PSYCHOSTRUCTURE

DEMOGRAPHICS

resulte on naviri expert performance varied;
improvementa generally beneflcial to both groups
(1) no consistent results on use & vaiue of help,
though experts are better able to know what to

there is some evidencs that
matching learning style to
type of sssistance and interface
enhances performance (J), and
that intell d capacity

seek help on & to understand the help r d
(6); experta are better able to mx nitor
themaelves; experts exhibit higher lavel
understanding & know more complex procedures
thsn novices (3); prior package experience seerms
to produce more negative transfer than positive
(2); task experience has some impact on
peclormances (8)

imnpacts performance (4)

gy has more influence on maotivation than on
performance (1)

PERFORMANCE

PREDICTION

IMPEDIMENTS

Card, Newell & Moran,1983 - learning time (s the
wum of the number of Xsywtroke * the time par
keysiroke + the mental e(Tort, ste.

Polson & Klersa, 1985 - learning time is o
function of the number of new production rules
which have to be learng

results of transfer are
inconclusive (8); timing of
training important for retent-
fon & transfer (1); error
patterns exust among users (1);
users need hooks such as
models (3)
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Table A2

Author Summary of Research [nto Factors Affecting Parformance with Software

DESIGN CHARACTERISTICS

ASSISTANCE

FEATURES

INTERACTION

Documentation

Black,et.al,,1989; Carroll & Aaronson,1988;
Catrambone & Carroll,1987; Elkerton & Williges,
1987; Schisger & Ogden,1986; Holt.et.al.,1986;
Charney & Rader,1388; Carroil, 1985; Carroll &
Kaoy,1985; Borenstein,1985; Carroll & Mack,
1984; Cordes,1984; Bayman & Mayer,1984;
Watley & Mulford,1983; Magera, 1983; Rosmer &
Chapanis, 1982; Shaeid, ,1982; Cohill &
Williges,1982; Dunamore,1980; Relles,1979

Tralning

Olfman & Bostrom,1988; Nakatans,et.al., 1987;
Hiltz & Kerr,1986; Cznja,1986; Goodwin &
Sanat{,1986;

Feedback

Egan, et.al, 1987

Screen Design

Burna,et.ai, 1985; Badre, 1982

Dispiay & Response Times

Dannenbring, 1983;
Srmuth,1983; Bevan,1981;
Long,1976

Mode

Ogden.etal (In press) Mack, Lewis & Carvoll,
1087; Ziegler,et.al 1988; Lee, MacGregory,
ot.al.,1986, Ogozalek & Prasg, 1986; Whiteaide,
etal. 1985; Maskery,1985; Cordes,1984;
Periman,1984; Emmons,.1984; Ambardar, {984;
Shutoh,1984; Murrsy,et.al,198), Hauptmann &
Green,198]; South,1983; Gilfo],1982, Tombsugh
& McEwen,1982; Dunamore,1981; Ledgard.et.al.,
1980; Walther & O'Neil, 1974

Naming

Grudin & Barnard,1988; Landsuer,et.al.,
1983.Dumais & Landauer,1983; Barnard, et.al.,
1982; Black & Moran,1982; Ehrenreich & Poreu,
1982, Moses, Mendez, Ehrenreick, 1980
Package

Napier.et. 21,1989, Foan & DeRldder;

USER CHARACTERISTICS
KNOWLEDGE /EXPERIENCE PSYCHOSTRUCTURE DEMOGRAPHICS
Computer/Dos Learning Styles Age

Doane, 1986; Holt.,et.al.,1986; Burns,1986;
Borenatein, 1985; Emmons,1984; Elkerton &
Williges, 1984; Gilfoil.1982; Relles, 1979

Package

Karat,et.al,1986; Hsuptmann & Green, 1983;
Ledgard.et.al,, 1980; Walther & O'Neil; 1974

Task

Roth, Bennett & Woods,1987; Gugerty & Olaon,
1986; Maskery,1988; Shutoh.1984; Roberts &
Moran,1983; Dannenbnng 1983; South, 1983;
Murray,et.al, 1983; Bevan,1981; Loog,1978

Bostrom, Olfman & Sein,1990;
Karn & Matta, 1988;
Ambardar,1984

Mata-cognitive skills

Evans & Simkin, 1989
Gomez, Egan & Bowers,1988;
Egan & Gomes, 1985,
Roemer & Chapan:s, 1982

Ogozalek & Prasg, 19868

PERFORMANCE

PREDICTION

IMPEDIMENTS

Card, Newell & Moran,1983; Polson & Kleras,

Elkerton & Williges,1987;
Egan.et.al.,1987; Schlager &
Ogden,1986; Ziegler,et.al,,
1986; C2aja.1986; Charney &
Reder,1986; Carroll &

Kay, 1985, “arroil, 1985, Foss &
DeRidder,
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Table A3a.

Raesearch into Pactors Affecting Performance with Software

DESIGN USER
AUTHORS | CHARACTERISTICS CHARACTERISTICS | FINDINGS
0 # of subj
FEATURES
Burnas, reformatted/ current novice/expert speed & accuracy improved for
w.al, 1988 dlsplay navices; experta had fewsr errors,
no change in times
Badre, 1982 | information experienced tacticsl gresiar recall mith meaningful
pressniation In decision makers chunks & order; non-meaningful
Exp.1 meaningful chunks in (38) gave grester socuracy than
familiar order/non- meaningful, unfamillar order
meaningful chunks/
order unfamiliar
display placement experienced tactical no recall difTerence wmith
Exp.i1 decinion makers placement
(385)
Grudin & fuil command novice full command with abbreviation
Barnard, abbreviations/ outperformed other groups
1988 abbrevistions/ creste
own abbrevistions
Landauer, natural 1 w P nalve current names oa system not
otal, explain lext-editing 22/26) chosen; little agreement in
1983 task to “other” naming
Exp.l
old command/ secretarial student/ performance time same; old sat
Exp.l1 new/random high school students somewhat preferred
with typing skills
(85/56)
Dumais & comumand naming secretarial & high subjects did not agree on naming
Landauer, school students with
1983 typing but no compu-
tar experience
(48)
Barnard, specfic/general recall & recognition higher for
etal 1982° | commands apecific commands
Black & 8 command sets 80 {nfrequent.discriminsting
Moran, commands result in laster
1982¢ leamning and superier recail;

general words perform worse;
nonsense words perform well
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Table A3a.

Raesearch into Factors Affecting Performsnce with Software

DESIGN USER
AUTHORS | CHARACTERISTICS CEARACTERISTICS | FINDINGS
0O # of subj
FEATURES
Ehrenreich truncate va. mulitary enlisted for encoding commands,
& Porey, contraction/ personnel truncation essier than
1982 fixed va. variable (144) contraction if rules known, length
length/ noa- & Y 1c had no imp
systematic/ endings petformance lower if endings
added, rules superior o no rules,
for decoding, no difTerence for
truncation or contraction if rules
known; if ruies unknown
truncation superiar; variable
length decoded more often than
flxed tength, decoding easier 1f
endings incorporated and rules
known
Ledgard, symbol/keyword inexperienced/ keyword improved performance
etal,, commands familiar/experienced but less 80 for expenenced users
1980° text editors
(8)
Moses, truncate- variable/ for encoding, no signiflcant
Mendez, contraction- varisble/ difference between no pattern &
Ehrenreich, | no systematic pattern truneation, both superior to
1980 contraction; no signiflcant
difference for decoding
Dannen- response times navice/expert no efTect of response Lime on
bring, programmers performance or satiafaction of
1983¢ either group, though acores
between groups difTer
Semuth, response times skilled va. novice CAD reduced response time increased
1983¢ designers interaction rates for both groups
Bevan, display rates low & high reading lenson time decressed as display
1981¢ abilities rates [ncreased but errors
(24) incressed: high rate disliked most
by both groups, with low ability
preferning lowest rate
Long responas times skilled /unskilled longer response times resulted in
1976° typusta reduced performance measures

aver time for both

*in Shneiderman (1987)
*¢i{n Houghton, Jr.(1984)
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Table A3a.

Rasearch Into Factors Aflecting Performance with Software

DESIGN USER
AUTHORS | CEARACTERISTICS | CHARACTERISTICS | FINDINGS
0 # of subjects
INTERAC uN
Ogden, menu/command in (18) meny was selocted if access was
wtal (ln same system immedise but decressed as levels
press) incressed: only one third of
bj : 1y used
ane method consustently preferred
aver the other; subjecta with least
experience relied on command,
most expenence on menus
Mack, menu/command ofTles Lemporaries learning is difficult; lack basic
Lewis & [$1)] knowledge: make ad hoe
Carroll, interprewations; generalize from
1987 what they know; have troudle
following directions; problems
interact; intarface festures may
not be obvious: heip does not
saiways help
(explorstory)
Zlegler, direct manipulation of | notice (n computer learning curve aame on both;
«t.al, 1988 text/ graphic oditing symems greater transfer {rom text to
{12) graphic than reverse
Loe, menu/menu + keyword nave menu + keyword outperformed
MacGreg- command meny only; keywords preferred as
ory, et.al, way to bypass hierarchy
1986
Ogotaiek & | voice/Xeyboard elderly/younger no performance difTerence on age
Prug. Q2/12) or input device, but voice
1986 preferred: elders more motivated
Whiteside, 7 difTerent DBMS command best for all, novices
etal, 1988 sysiems with menu/ grest difficuity wvath menua
lcon/command
Maskery, system leads-user nave users with basic weekly usage promoted better
1988 forced choice/system Statistics knowledge learning than daly; break of 5-6
leads-user free 18 weeks led to initial decrement in
choice/user leads-user {earning followed by rapid
free choice tmprove-ment: change between
dialogue styles must be consistent
sdaptive (nterface for & predictable with previous
statistical tool system; subjects confused by
adaptive design
Petiman, owemanie meny/ think time lowest with mnemonics,
1984 sequential letter/ highest with sequential, aumerical
numene menu in-between
Cordes, form-Nl] in/ improved some expenence with relied on online help; cnmmands
1984 form/ commands sirular system outperformed forms. o:ipnal forms
(16) poorer than either commands or

improved forma
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Table A3a.

Ressarch into Pactors Affectlug Performance with Software

DESIGN USER
AUTHORS | CHARACTERISTICS | CHARACTERISTICS | FINDINGS
O # of mubj
INTERACTION
Shucoh, voice/meny novice/advanced CAD voice faster than menu
1984°° system users
Murrsy, wvoice/cursor novice/expenienced both preferred keyboard, acept
etal, typist initially novices preferred voics; no
1983° difTerence in performance
Haup menu/ d/nstur | novice o experienced no differenca in time or accuracy
& Green, al language programmers mith no
1983 package esperience
(12/12/12)
Gilfoil, menu/command novice to expenenced use of help facility decreased as
1982°¢ over time experience increased, to point
swntch to command mode when
help sgain sought till mode
mastered
Tombaugh alphabetic menus/ tree R0 no difference in database search
& McEwen, search performance
1982¢
Dunamore, item-return/ high school students slightly faster with imnmediate
1981° immediste response/ 6) response but error rate higher;
high-light-recurn highlight preferred
Walther & flexible/inflax-ible text novice/expert novices performance quicker with
O"™Nel, editor inflexible aystam, experts with
1974 fleuble
Napier, HAL/Lotusl-2-3 inexpenenced with user acceptance & performance
etal., 1989 computers & spread- higher with HAL interface
sheets
(22/20) Lotus/HAL
Foms & EMAC/S08/ college students with positive tranafer from other editors
DeRidder, BASIC w. DEC K52 typing but no com- to DEC editor but not from
puter text oditing BASIC, tranaler was not
experience sutributable to the number of
36) production rules or sirulanty of
subgoals

*{n Shneiderman (1987
**{n Houghton, Jr.(1984)
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Table A3b.

Rasearch Into Factors Affecting Performancs with Software

DESIGN USER
AUTHORS | CHARACTERISTICS | CHARACTERISTICS | FINDINGS
0 # of wbj
ASSISTANCE
Black, genetalepeaflc/ grade 10,11, minimum initlal learning faster with explicit
et.al., 1989 planation-epecific/ P experisnce instruction; task time fastar and more
specificepecific/ 42) accurate with general to apecific
axplicit instructions instruction, less errors wth
explanation- specific than specifle-
specifle or explicit instruction
Carroll & how-to-do-it/how-it- experience with both types of help needed
Aaronson, works manual computers, not
1988 business software (exploratory)
(8)
Catram- training wheel/full training wheels accelerated learning
bone & system and encouraged lesrning more (eatures
Carroll, of & wordprocessor
1987
Elkerton & stap-by-step/incomplete | novices step-by-step was preferred hut did not
Williges, assistance imprave transfer performance on (ile
1987 searching tasks
Holt, etal., general global/ high/medium/low global inferior to detauled or combined;
1986 detaled step-by-atep/ sxperienced with mare experience leads to faster task
combined global & computers completion; ss experience increases so
detailed (198) do favoursble perceptions with s
decrense in the referral to
documentation
Schilager & original va revised college students wmith revised text supenor for instial
Ogden, expert cognitive bo pricr computer truning & retention; both models
1986 model/novice databsse management faster than without, but nat from each
conceptual ve. ystem experience other; for unknown condition searches
procedural va. neither (16) concepcual model (aster
Charney & taak oriented/step-by. task-onented amistance umproved
Reder, 1986 | step petformance on transfer tasks
Carroll, munimal/full manual novice minimal outperformed full manuai on
1985 (49) initial and transfer tasks
Carroll & training wheel the scenario traning wheel format
Kay, 1988 scenario/full system decreased training time, but tranafer
was not affected
Bor UNIX I/ natural | novice/expert h peeded
1985 language/ h I users performance; content of text more
iraportant than mode of delivery
Carroll & discovery/manual novics self-discavery preferred over manual in
Mack, 1984 wordprocensing task
(exploratory)
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Table A3b.

Rasearch into Factors Affecting Performance with Software

DESIGN USER
AUTHORS | CHARACTERISTICS | CHARACTERISTICS | FINDINGS
0O # of subj
ASSISTANCE
Cordas, oniine/onlines manual | some experisnce with relled on online heip, commands
1984 sunuiar system outperformed forma; original forms
e poorer than sither commands or
improved forms
Watley & online/hardeopy lesa time and grester comprehension
Mulford, with hardeopy
1983°
Magers, online/enhanced online | nonce revised online with context sensitive
1983 (30) help, exampies, synonyma, task-
onented examples improved
performance
Shneider- current errar {ntro computer increased performance & subfective
man, 1982 messages/improved undergrads evalustions significant for speciflcity
tone/incressed (40) only; all better than current mesaages
Exp.] specillaity/tone &
specifiaity
text-editor/editor + undergrads with mesasge improved performance &
Exp.II mesasge computer experience, antiafaction with UNIX sywtem
but not with UNIX
21)
current message/ intro Fortran course specific-courteous outperformed
Expdnl specu[lc-courtecus/ students with com~ current but not hostile- rague message,
hostile-vague puter experience, NO and was preferred over all
text-editor experience
current mesaage/ intro Cobol improved message outperformed
Exp.IV improved message undergrads, famullar current mesasge on UNIVAC & 1BM
with UNIVAC job-
control language
(66)
Rostner & written levels of technical /nontech- higher reading shility led o
Chapanis, tutonals nical subjecta with significantly differsnt comple-tion
1982° law/muddie/high timen, errors, scores; {ncressed
reeding abdity complexity 1n writing style did not
(54) affect performance but prefersnce was
for Sth grade level
Cohill & no online/online/ novies no online performed worse than other
Williges, printed manual 1) groups; parformance best for user-
1982 initisted and selected help, with
printed manual
Dunsmors, bnef offline mummary novice summary with offline manual
1980 only/brief summary + ad performed best; online warst
online manual/hrief
summary +o{Tline
manual
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Table A3b.

Rasearch into Pactors Affecting Performance with Soltwere

DESIGN USER

AUTBORS | CHARACTERISTICS | CHARACTERISTICS | FINDINGS

0O # of subjects
ASSISTANCE

Rellen, levels of online novios/exparience with | novicss performed poorfy with online

1979°¢ sophistiestion mith & computer sssistance compared o manual only;
without printed (6/30) performance better with caline than
manusl/printed manual only for experienced users
manual only

Olfman & apphication-besed/ application-based training on Lots 1.

Bowstrom, construct-based 2.J resulted in greater use after

1988 traning than construct-based trajning

Nakstanf, mastary tutorial/ mastery tutorial produced performance

otal, conventional tutorial far superior to conventional but at the

1987°¢ expense of greater time

Hiltz & pnnted /skimmed/ on. third never used advanced

Karr, 1986 oniine/personal/ festures, tnal & ervor most likely
group/ human/trial method of learning; most users skim

documentation and these log feas time
online; offline documentstion rarely
read; formal training takes longer to
resch mastery level; online guided
tutorial to navices incressed
subsequent use

{explorstory)

Czaja, 1986 | oaline online wtoral resuited in worse
tutorial /document. performance on transfer sk than
based/instructor-based others

Goodwin & | traditional course/ novice Pascal stud in traditional course material group

Sanati, concrets modsl (600) previous experience predicted

1988 performance in programming but not

in concrete models group

Bayman & Une model/stack/ no fntro Peychology stud- user's mental models differ & maybe

Mayer, model onts with no previous insccurate: teaching the model

1984 computer programm- improved performance

ing experience, casusl
caleulator users
12)
Egan, dlagnostic/remedlal small set of error patterns occurred in
ol 1087 amssstrment of errors azable portion of users & indicates
aress of missing knowledge; both
reduced tendency (0 make
errors repeatedly

*in Shneiderman (1987
**in Houghton, Jr (1984)
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Table A3lc.

Rasearch into Factors Affecting Performance with Software

DESIGN CHARACTERISTICS USER
AUTHORS CHARACTERISTICS | FINDINGS
ASSISTANCE FEATURES INTERACTION | 0 # of subjects
Karat, naive/experienced with | performance lower
«tal, 1988 wordprocassing symem | compared to group on one
o0 Dew sywtem system only; syntax
(20/40) differances caused subjecta
diffeulty
Ladgard, symbol/keyword | inexperisuced/ keyword improved
etal, commands familiar /experienced performance but less 80 for
1980¢ text editors experienced users
(8)
Burns, reformatted/ novice/expert speed & sccurscy improved
otal., 1986 current dispiay for novices, experta had
fewer errors, no change n
times
Whiteside, 7 different command best for all;
etal, 1985 DBMS systems novices great diffleulty
with menu/ with menus
{con/command
Elkerton & novice/expert novices scrolled and paged
Williges, through flles, experts also
1984 used string search
procedures
Murrsy, woice/cursor novice/expanenced both preferred keyboard,
etal., typist except {natially novices
1983¢ preferred voice, no
dilference 1n performance
Gilloil, menu/command | novice to experienced use of help facility
1982¢ over time decressed as experience
incremsed, to point switch
o command mode when
help again sought tll mode
mastered
Walther & Naible/inflex- novics/expert novices performance
O'Neil, fble text editor quicker with inflenbie
1974 system, experta with
flexsble
Ralles, levela of online navice/experience with | novices performed poorly
1979%¢ sophistication with & computer with online assitance
without printad (6/30) compared Lo manual only;
manual/printed performance bstter with
manual only onilne than manual only

for experienced users
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Table A3c.

Raesearch into Pactors Affecting Performance with Software

DESIGN CHARACTERISTICS USER
AUTHCRS CHARACTERISTICS | FINDINGS
ASSISTANCE FEATURES INTERACTION | O ¢ of subjecta
Roth, technicians with most & least experience
Bennett, limited experience- took active role interacting
Woods, limited traicung on & making decision based
1987 previous & current on machine expert which
systam/ extansive led 1o betirr & faster
axparisace- Umited solutiona; musinterpre-
training on previoua tations resuited from lack
system/ extansive of knowing intended pur-
axperience & training pose of machine’s request
on both systems
(1/2/1)
Roberts & technical/| h non-technical skilled
Moran, nical typists slower than
1983 technical non-skilled
typista & spent three times
longer in error siates
Doane, novice/expert UNIX experta & nuvices hed same
1986 users lower level models of UNTX
structure & information
flow but difTer on higher
levels
Smith, response times lightpen skilled vs. novice CAD reducea response time
1983¢ designers increased interaction rates
for both groups
Long, response times ukilled/unsiailed longer response times
1978 typista resuited in reduced
performance measures over
time for both
Gugerty & novice/experienced experta debug faster and
Olson, 1988 with programming more accurstely and run
(18/6) Logo program checks more
(10/10) Pascal often: novices add bups;
bath equally studied
program & description of
problem
Dannen- responss times aovice/expert no effect of response time
bring, programmers on peformance or
1983¢ satisfaction of either group,
though scores between
groupa difTer
Hauptmann menu/command novice Lo experienced no difference in time or
& Green, /uatural programmers with no sccuracy
1983 language packsge experience
(12/12/12)
Evans & ssudents of required no singie vanable of
Simkin, {ntro computer course demographice, tehaviour,
1089 cognitive or problem
soiving factors was best
predictor of computer
proficiency
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Table A3c.

Rasearch lnto Factors Affecting Performance with Soltware

DESIGN CHARACTERISTICS USER
AUTHBORS CHARACTYRISTICS | FINDINGS
ASSISTANCE FEATURES INTZRACTION | 0 # of subjecta
Ogozalek & voice /keyboard elderly/younger no performance difference
Praag, 12712y ot age or input device, but
1988 voice preferred, elderly
more molivated
Gomet, high deductive ressoning
Egan & skulla associated with high
Bowers, performance on advance
1986 editing exercises,
performance increased with
lowar sgv
Egan & novice low spatial memory test
Gomez, score equated with low
1983 performance; typing skill
was & predictor aniy after
experience with editing
system guned
Rosmer & writtan levels of technical/nontechnical higher reading ability led
Chapanis, tutorials subjects »nth to significantly difTerent
1982¢ low/middle/high completions times, errors,
reading ability scores.increased complenty
54) in writing style did not
afTect performance but
prefarence was (or Sth
grade level
Bevan, display rates low & high resding lesson Lime decreased as
1981¢ sbilities display rates increased but
24) errors increased, high rate
disliked most b,’ both
groups, with low sbility
preferring lowest rnte
Bostrom b { y undergrad/MBA/ sbatracts performed better
Olfman, & 5. analogical(difl. undergrad /fuil-time than concretes but not
Sein, 1990 systam) models/ employees uignificantly; sctives
spplication- basd (19/29/102/61) somewhat better than
(own problem) vs. reflectives; abstracts and
construct-based Kolb lesrning styles actives bettar with abstract
(syntax.functions of sctive(AE)/ model, reflectives with
systam) training concrete(CE)/ analogical, concretes and
reflective(R0O)/ abstracts motivation higher
abatract(AC) with application based
training, concretes with
construct based
Kermn & Myers Brigg Type sensing individuals
Matta, Indicator (MB'TT) parformed hetter than
1988 senaing/judging/intui. intuitives on se.f-paced
tve/perceptive Lotus 1.2-3 taake
(90)
Ambardar, seqentisl itern # fleld dependent (FD)/ FD prefeired sequential
1084 /keyword col fleld Independ (FI) item # march, F1 keywork;
and for database both ok longer if used
accees non-preferred. F1 separsted
functional use of
commuends not FD
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Table A3c.

Research into Pactors Alfecting Performancs with Soltware

DESIGN CHARACTERISTICS USER
AUTHORS CHARACTERISTICS | FINDINGS
ASSISTANCE FEATURES INTERACTION | O # of subjects
Borgman, science & engineering
1984 48 majors more succesafu] at

online library search than
humanities & social
sciences; most frequent
iibrary users had most
difflculty with online
search

*in Shneiderman (1987)
*n Houghtlon, Jr.(1984)
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Appendix K

Paraphrased Comments of Participants concexrning Packages

Moerlin,
L - should have example off-screen of package structure, such as,
Index Pg Pg2 Pg3
A - A B
B -
c -
2 - hard to get out of function once in it
« saving and retrieving unclear - spent half the time trying to find file
3. = help system good, but how to save need clarifleation
= would prefer full screen editor to enter data
« edit s clear because of exsmples
4 « trouble retrievang and no explanation given for wrong commands used
8. - enjoyed very much -
- simple to use and understand, but would be difficult for computer novices
- terminology technical and command procedures difficult to und d, o.g. for {ng saved flles, odit commands
8. - difffeulty finding listing procedure
7. ~ package pood for novices llke myself
« guides you along
- the Index was unclesr and confusing
« CATA (built-in help) more helpful
- have experience with Minitab, and Merlin, much essier
8. « for novice, package very confumung
9. - statistics package of llitle use in wark place
« needs better instructions and organization
= not very heipful with problema
10. - frustrating without access to human assistance
11. « uxtra screen helpful, especiaily for examples
- easy (0 more around packsge
- edit has too much information to take in
12. - editing long and complicated to do when make error haif way through, ended up reentering everything
13. = useful to know can use numeric keypad to enter data
- windows may heip to be able to view data un the screen which scrolls off
14 - package easy Lo use, especially with extra help acreen and ?
- saning and retrieving not clear though should be part of major help
- maybe my own fault. ] am not reaily sn expers user
18. « used other software, albeit, seldom. but this one snnoying

« could not fIgure out what to do with the instructions
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a e o ants concerni ackages

mnltlbl

1. « prior exparience with Lotus, and programming langusges needed
- enjoysd participating :
« fosls novices would need explanation of flies and worksheets
« scrolling through help tedious

« would prefer ‘hot-key’ to accens help than having to keep typing string of commands
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Appendix L

Table A4
Performance Results by Package
Total Merlin, Minitab, Extended
Merlin,

243 99 93 51

Score(1) N 229 97 82 50
Mean 61.2 646 54.3 65.8

s.d. 32.7 340 31.0 4

Score(2) N 130 35 48 47
Mean 72.7 863 70.3 78.7

4 236 161 2.7 26.2

Time(1) 231 95 86 50
«an 49.7 431 54.1 54.5

s, 144 14.3 139 12.2

Time(2) N 130 34 49 47
Mean 378 306 44.9 356

s.d. 18.8 16.3 166 20.5

Tasks(1) N 229 97 82 50
Mean 3.7 4.1 3.2 39

s.d. 1.9 18 1.8 19

Tasks(2) N 130 35 48 47
Mean 46 5.2 4.1 4.6

s.d. 1.4 1.0 14 1.5
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Table AS~

Distribution of Performence Scores by Package

Percent Distribution Meriin, Minitab, Extended Moeriin,
TIDX(1) N 98B 82 50
Mean 178.7 109.3 133.8
ad. 140.0 75.4 81.5
Lower28% 0-72 0.68 0-82
50% 72-241 65 - 166 82.178
15% 241 - 355 166 - 208 178 - 238
Upper10% 355 - 645 205 - 363 235 . 378
TIDX(2) N 50 a7 31
Mean 334.8 2877 265.9
ad. 226.5 235.8 242.5
Lower25% 0-.141 6-110 0.132
50% 141 . 481 110 - 414 132 - 284
15% 481 - 665 414 - 661 284 - 897
Upper10% 668 - 1050 661 - 991 5§97 . 1100
EIDXQ) N 91 1 46
Mean 59.1 218 338
ad. 101.8 219 648
Lower26% 0-9 0-11 2.3
80% 9.47 11-40 8.32
15% 47 - 208 40 - 60 32.68
Upper10% 208 - 820 60 - 100 65 - 400
EIDX(2) N 27 a3 26
Mean 423 289 120
ad. 834 26.7 17.8
Lawer23% 0.2 0.8 0-2
50% 2-24 8-42 2.12
15% 24 - 188 42-.178 12.38
Upper10% 155 .- 360 75 - 103 38-76
HIDX(1) N 91 n NA.
Mean 7.1 57.7
sd. 140.0 506
Lower25% 0-15 7-28
50% 15-49 26-74
15% 49 - 264 74-125
Upper10% 264 - 760 125 - 320
HIDX(2) N 27 a3 NAL
Mean £8.2 38.6
sd. 108.1 309
Lawer25% 4-9 0.18
50% 9.60 18-48
15% 60 - 181 46 - 100
Upper10% 181 . 520 100 - 116

Lagend: N.A. - not applicable
(1) - Indicates Initial Use
(2) - Indicates Retest
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Appendix M

General Spreadsheet Package Experience

Table 13

Total Meorlin, Minitab, Extended

Merlln,

L bl ¢ - ¢ b ¢ b )
43 100 | 99 7 93 381 s 210
Spresdsheet Total 172 100. | 72 100. 87 100 12 100.
1. Lotus 161 | 936 | 67 930 64 96Bs 0 20

2. Supercale 1 0.6 1 1.4 [} 00 0 00

3 Multiplan 3 1.7 2 2 0 00 1 30

4 Quairo 2 1.2 0 00 1 1.5 1 0

8 Other 8 29 2 28 2 30 1 30
Spreadahest Towal 29 100. | 95 100. 93 100. 51 100.
Experience 1. Novice 116 | 488 | 4 432 42 462 2 62.7
2 Intermediate 117 | 49.0 | 52 54.7 46 495 19 73

3- Expert 6 2s 2 1 4 43 0 oo
Frequency Total 170 100. | 100. 66 100 13 100.
of Use of 1. Nev.r 15 88 5 70 7 106 3 91
Spresdaheet 2. < Once/mth 92 541 | W7 521 k1] 515 2 616
3. Once/mth 13 83 6 35 ] 121 1 o
4« Few times/mth 29 17.1 | 4 19.7 10 152 H] 152

S Few timen/wk 16 9.4 ] 11.3 [ 76 k) 91

6 Once a day 1 06 0 00 1 15 0 0o

7. Several times/dy 2 12 1 14 1 18 0 (]
Perceived Total 162 100. | 68 109. 65 100. pu:} 100.
Command 1. Menu 58 358 | 29 42.6 17 26.2 12 414
Strueture of 2. Command 6 31 3 4.4 2 3.1 0 00
Spresdsheet 3 Mixed 97 599 [ 38 51.8 45 692 17 [1.X.]
4+ Mouse 2 1.2 1 1.5 1 18 0 00

Purpose for Total 167 100 10 100. 65 100 32 100
which 1. Work 10 60 ] 72 3 46 2 [ ]
Spresdsheet 2. School 123 | 137 | 49 00 52 800 a2 887
Used 3- Personal 10 6.0 1 1.4 7 108 2 63
4- Work/School 4 24 k] 43 1 18 0 00

5 School /Personal 9 54 4 517 2 31 3 93

6- Work/Personal 8 3.0 4 57 0 00 1 31

1. All of the above L kX1 4 87 0 00 2 83

Where Total 165 100 68 100 85 100 2 100
Learnt 1- Course 118 | 7153 | 48 7086 48 7338 22 (L]
Spreadsheet 2. Self-taught 1 200 | 15 2.1 2 183 ] 188

3. Both u 835 5 7 s 1.7 4 12
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Table 16

Genersl Wordprocwssing Package Exparience

Tatal Merlin, Minlitab, Extended
Morlln,
L % * L ] L % 14 %
243 100 99 40.7 93 383 51 210
Word. Towal 158 100. | 68 100. 58 100 i 100.
processor 1. Wordperfect 140 | 903 | 63 958 48 793 b 100.
2. Wordstar 7 45 1 1.5 8 10.4 0 0.0
3 Multimate 1 06 0 0.0 1 1.7 0 00
4 Gther 7 45 2 30 s 86 0 00
Word- Total 236 100. 98 100, 90 100. 51 100
processor 1- Novice 116 | 492 | 29 411 47 §2.2 30 588
Experience 2. [awermediate 101 428 46 484 36 400 19 73
3- Expert 19 80 10 105 7 78 2 3.9
Frequency Total 156 100. 66 100. 58 100. 2 100.
of Use of 1. Never 14 90 1 1.3 8 138 5 156
Word. 2. < Once/mth 45 88 19 288 13 2 13 4086
processor J. Once/mth i3 160 10 15.1 14 241 1 3.1
4- Few times/mth 46 295 3 379 15 359 6 188
5- Few times/wk 17 109 ] 76 6 104 [ 188
§- Once a day 2 13 1 1.3 1 1.7 L} 0.0
7. Several times/dy 7 45 -1 1.6 1 1.7 1 3.1
Percoived Totul 147 100. | 64 1C0. 54 100. 29 100.
Command 1. Menu 44 299 17 %6 17 315 10 345
Structure of 2. Command 23 157 15 234 5 92 3 103
Word. 3- Muixed 74 503 | 30 469 28 519 16 552
processor 4- Mouse [} 4.1 2 d.1 4 74 0 00
Purpose for Total 155 100. 66 100. 57 100. 32 100,
which 1. Work 8 52 6 g0 2 35 0 00
Word- 2+ School 80 516 a1 470 31 544 18 56.2
processor 3. Personal 13 84 2 30 10 17 1 3.1
Used 4- Work/School 7 4.5 4 6.1 1 18 2 6.3
5. School/Personal 26 168 11 167 10 17.5 H 15.6
6- Work/Personal 8 52 4 6.1 2 35 2 6.3
7. All of the shove 13 84 8 12.1 1 1.8 4 12.5
Where Total 156 100. 65 100. 58 100 ki 100.
Learnt 1- Course 71 4535 o 415 b7 44 2 606
Word- 2. Self taught 69 4“2 A 4717 29 800 9 273
processor 3. Both 16 103 7 1038 5 86 4 12.1
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Cl rience

Total Merlin, Minitab, Extended

Moerlln,

L4 < # % * * [ *
243 100 | %9 407 2 83 81 no

Database Total 61 100 s 100. 26 100. 10 100
1. Dbase 58 982 | M4 96 0 23 96.2 9 900

2- Smart 1 16 1 40 0 00 0 00

3- Framework 1 16 0 00 1 38 0 00
4- Other 1 16 0 00 0 00 1 100

Database Totai 240 100 96 100 93 100 51 100
Experience 1- Novice 203 846 | 77 802 8 839 43 91
2. Intarmediate M4 un 177 14 150 3 59

3- Expert 3 13 2 2 1 1.1 0 0o

Frequency Total 62 100. | 28 100 26 100 10 100
of Use of 1. Never 4 26 3 115 ? 269 4 400
Database 2. < Once/mth 35 4023 | 12 462 9 346 4 400
3. Once/mth 7 13 2 7 5 192 0 00
4- Few times/mth 9 us [ al 2 1.7 1 100
5- Fow times/wk 4 65 0 00 3 116 1 100

6- Oncs & day 2 2 2 71 0 00 0 00

7- Several times/dy 1 1.6 1 k%] 1] 00 0 00

Perceived Total 87 100 3 100. 8 100 17 100
Command 1. Menu 17 298 7 280 9 360 1 143
Structure ¢ 2. Command 12 211 [} 240 8 200 1 143
Database 3- Mixed 28 491 {12 430 1 440 s 714
4- Mouse 0 00 0 00 0 00 0 00

Purpose for Total 61 100 26 100 26 100 9 100
which 1- Work s 82 3 116 1 a3 1 111
Database 2. School 47 71119 71 21 808 7 1138
Used 3- Personal 7 115 2 11 4 154 1 111
4+ Work/School 1 1.6 1 33 0 00 0 00

8- School/Personal 0 00 0 00 0 00 0 Q0

6- Work/Personal 1 16 1 38 0 00 0 00

7- All of the above 0 00 0 0o 0 00 0 00

Where Total 62 100 26 100. 2% 100 10 100
Learnt 1- Course 46 742 | 18 632 20 769 8 800
Database 2. Self-taught 13 210 7 269 4 16.4 2 200
3. Both 3 438 1 39 2 17 0 00
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Table I3

General Programming Language Experience

Total Moerlln, Minitab, Extended

Meriln,

L 4 % t % & L 3 L 4 %
243 100 | 99 407 93 383 51 210

Programming Total 122 100 45 100. 51 100. 26 100
Language 1. Basic 106 869 | a7 822 46 902 23 833
2- Fortran 5 41 5 1.1 0 00 4] 0.0

3- Pascal 7 5.7 2 45 3 59 2 1.7

4. Other 4 33 1 22 2 39 1 3.8
Programming Total 229 100 96 100. 92 100, 51 100.
Language 1. Novice 161 673 66 688 53 630 kY 25
Experience 2- Intermediate €8 285 22 229 32 348 14 218
J- Expert 10 42 8 83 2 22 0 00
Frequency Total 116 | 100. [ 43 | 100 | 48 100 25 | 100
of Use of 1- Never 29 250 | 11 8.7 8 16.7 10 400
Programuming 2. < Once/mth 2 834 3 535 27 862 12 480
Language 3- Ones/meh il 12.1 5 116 8 16.7 1 4.0
4. Few times/mth [ 43 1 23 3 62 1 4.0

5. Foew limes/wk 4 3.4 2 47 1 2.1 1 40

6- Once a day 1 09 1 23 0 0.0 0 00

7. Several times/dy 1 0.9 0 00 1 21 Q 00
Percaived Total 108 100. 38 100. 45 100. 2 100.
Command 1. Menu 15 143 5 13.2 7 156 3 136
Structure of 2. Command 47 4438 2 553 15 333 11 500
Programmung 3. Mixed 42 400 11 289 23 51.1 8 6.4
Language 4- Mouse 1 0.9 1 2 0 00 0 0.0
Purpose for Total 11 100. 42 100. 46 100. px 100.
which 1- Work 7 6.3 4 95 3 68 0 00
Programming 2. School 91 820 | 35 833 35 761 21 91.4
Language 3- Personal 6 54 2 438 3 65 1 4.3
Used 4. Work/School o] 00 0 00 0 00 0 0.0
5. School /Personal 3 2.7 0 0.0 3 65 0 00

6- Work/Personal 4 3.6 1 24 2 44 1 43

7- All of the above ] uo 0 00 0 00 0 00

Whers Total 110 100. 40 100. 47 100. 3 100
Learnt 1- Course 92 836 33 823 39 830 20 870
Programming 2. Seif-taught 10 9.1 | 4 100 | 4 85 2 8.7
Language 3- Both 8 73| 3 75 4 85 1 43
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