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ABSTRACT

Computer applications developed to support learnimgthe

cognitive domains are quite different from commelraiansaction
processing applications. The unique nature of samplications
calls for different methods for evaluating theirabsity. This

paper presents the application and refinement efftlaimework
for usability testing of interactive e-learning #ipations proposed
by Masemola & de Villiers [11]. In a pioneering bday testing

study, we investigate the effectiveness of thektaitoud method
when combined with co-discovery testing.

Categories and Subject Descriptors
H.5.1 [Information Interfaces and Presentatior]: Multimedia
Information Systems evaluation/methodology;

H.5.2 [Information Interfaces and Presentation] User

Interfaces —evaluation/methodology, Interaction styles, Screen

design, User-centered design;

K.3.1 [Computers and Educatiorj: Computer Uses in Education
— computer-assisted instruction (CAl); Distance ldéam

General Terms
Design, Experimentation,
Performance.

Human Factors,

Keywords
CAl tutorial, co-discovery, e-learning, think-alqudisability
evaluation, usability testing.

1. INTRODUCTION

Software applications should undergo usability estbn to
investigate their usability, which is defined inrrtes of their
effectiveness, efficiency and the satisfaction tofit users [1].
Various usability evaluation methods exist [8], [[14f which
some of the most well known are predictive evabratheuristic
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evaluation, naturalistic observation, user-basethouks such as
guestionnaires and interviews, and usability tgstin

Academics at UNISA’'s School of Computing have desdyand
refined computer-aided instruction (CAl) tutoriale address
complex sections in Computer Science modules. paisicularly
important that usability evaluation should be cartdd on e-
learning applications. Whereas conventional softwais
frequently used by professionals and business peaplthe
workplace, educational applications are used byn&a who
must first be able to use them before they can eegn to learn
with them. E-learning applications should therefdre easily
usable so as to support the learning process.pepsr addresses
usability evaluation of a CAl tutorial for &'level module, using
the technique of usability testing (UT).

UT is a formal approach which is usually conducied a

controlled laboratory environment. It involves reeang the
performance of typical end-users as they undertakeedefined
set of tasks on the system being evaluated to sifiseslegree to
which it meets specific usability criteria [11],6land to identify
problems in the system. In the sophisticated telclyial

environment of a usability laboratory, evaluatotsserve and
record activities of participants through a one-wagror and on a
computer monitor/TV screen as they carry out trecsied tasks.
The observational data is usually stored for lawriew and
further analysis and also to get insight into usensiotive

reactions [14].

In addition to the classic method of UT, whereragkg user works
independently, other UT approaches encourage jpatits to
think aloud by verbalizing their thoughts, feelingxpectations
and decisions while interacting with the applicat[8]. This can
enable evaluators to understand the reasons bekerd’ actions,
as well as explain misconceptions users might hebveut the
system. Some participants find thinking aloud taiheatural, and
need up-front coaching in the form of a pre-recdreigleo of a
session demonstrating effective think-aloud [4].

To address the unnaturalness involved with thiokid a
variation of this technique, called co-discoverycorparticipant
testing (both terms used interchangeably), involties users
collaborating with each other while exploring thppkcation
being evaluated. The idea is that they verbalisg thoughts as
they interact with each other and the applicatiasing a single



workstation. In this situation, the verbalizing nsore natural,
because it involves a conversation between two lpdag], [19].

Furthermore, eye tracking can be combined withiticaghl UT.
This involves sophisticated monitoring and recogdiof eye
movements on different screen regions to determihether
important information is perceived by participafis].

UT has traditionally been applied to task-basedrass systems.
This study relates to UT in the context of evalugte-learning
applications where the emphasis is on the leanpingess, setting
a different scene and approaches.

This paper aims to answer the following researastons:

1. To what extent is the usability testing frameiviar interactive
e-learning applications (see Section 4.1) by Masarode
Villiers [11] applicable to the present study?

2. How effective is the think-aloud method when bamed with
co-discovery testing?

2. BACKGROUND

2.1 What is e-learning?

Various definitions exist for e-learning. While serof these take
a narrow view of the scope of e-learning, equaiingnly to

Internet and Web-based applications, others araderin their
definitions [11]. Cedefop, cited in de Villiers [6¢lassifies e-
learning as including multiple formats and methodas. The
wider definitions include all electronic learningchnologies,
whether Web-based or CD-based.

This study subscribes to the broader view of eniear
recognizing that e-learning incorporates variousmi of
interactive educational applications, includingdtt@nal CAI
tutorials and hypermedia,, educational games, sitiaus, open-
ended learning environments, web-based learningynileg
management systems, and the use of software toossigport
learning.

2.2 The application tested

The target applicatioriKarnaugh is an interactive CD-based e-
learning tutorial developed at the School of CormmtUNISA
as optional supplementary learning material for finst-level
moduleComputer Systems: Fundamental concépS113W).

The application teaches learners how to use Kamdisgrams to
simplify Boolean functions by applying a procedbased on a set
of rules. Karnaugh combines learning theories from both the
objectivist and cognitive paradigms. Its tight cargtional
domain requires the behaviourist stimulus-respoasdercement
learning approach, while the learning content nezgucognitive
information processing and higher-order thinkinglsK5], [6]. It
integrates information presentation with questiarmd aanswer
sessions, judgment of learner response, and poovéfi feedback
in line with Alessi & Trollip’s [2] specification © what
constitutes an e-learning tutorial.

The learning content d€arnaughis divided into six sub-sections,
an Introduction Background knowledgematerials relating to
Sum-of-minterms an explanation of Karnaugh diagrams
instructions for theSimplification ofBoolean expressiongnd a
sub-section that tests the level of knowledge ghime offering a

Testing game Learners can access the sections in any order,
although those using the application for the firste are advised

to go through the lesson linearly. Figure 1 shomes ¢ontent of
Karnaugh

Main Menu

Introduction
Background knowledge
Sum-of-minterms
Karnaugh diagrams
Simplification of Boolean exprassions

Atesting game

Figure 1. Content ofKarnaugh

Most of the questions posed to learners are irfaha of fill-in-

the-blank, and feedback is provided following leag\responses.
Correct answers are acknowledged and clues arédedfor the
rectification of incorrect ones. The current vensiof Karnaugh

(V3.2) incorporates increased learner control,Ha form of a
multi-option control button that allows learnerswork through
the lesson in any fashion that suit them as wekescting the
level of difficulty of exercises.Karnaugh conforms well to
applications classified by de Villiers [6] as fuiéchnologies
within well-structured domains, where rules aréntlig defined,

each question has only one correct solution, aathieg occurs
through active interaction between the learnerthedapplication.

The interface oKarnaughunderwent a major redesign in 2005,
leading to V3.2, which combines text with new graghand
animations, hot words, and colour coding to emgasnportant
information. This new version was evaluated usirgrious
usability evaluation methods (UEMSs), including Hhstic
evaluation, user-administered questionnaires atehviews [5].
The tutorial is therefore free of serious problest the purpose
of this latest round of evaluation with UT as a neet was more
to explore UT in the context of e-learning, thanrésevaluate
Karnaughin and of itself with this new technology.

3. LITERATURE SURVEY
3.1 Usability

Usability relates to the development of interactreducts that
are easy to learn, effective to use, and enjoyalitem the user’s
perspective [14]. The ISO 9241 standard definesilisaas the



extent to which a product can be used by specifisdrs to
achieve specified goals with effectiveness, efficie and
satisfaction in a specified context of use [U§ing this standard,
the usability of an application can be assessealigir the three
key quality criteria namely: effectiveness — a nieaof how well
the user is able to use the application to achlas¢her goal;
efficiency — measures the speed with which the caercomplete
tasks; and satisfaction — which is a subjective suea of how
pleasant it is to use the system [1], [12].

3.2 Usability in the context of e-learning
Computer applications developed to support learnimgthe
cognitive domains are quite different from commalrtiansaction
processing applications. The latter are developedupport fast
completion of tasks and to avoid lengthy and reipetiexecution
processes. In contrast, e-learning systems asupport learning
through information transfer as opposed to inforomat
translation; to manage educational interactiorpravide support
for human intellectual thought-processes; to heigplément
behavioural change; and to reduce focus on theatglimedium
(technology) at the expense of the learning confibret message)

[6].

The clear distinction between these two types pfieations may
well call for modification to the traditional intection paradigm in
order to address the unique usability requirements-learning
[3]. For instance, some form of flexibility coulcetprovided so
that learners can omit sections of the learningemarthat is not
relevant to them. The design of commercial taslebas
applications is concerned with user-centered dggigD), where
designers can assume some elements of homogenaiinga
users. However, in e-learning, the focus is onnleacentered
design (LCD). E-learning applications are targetgdlearner
groups that are heterogeneous, with different cdimgu
backgrounds, learning styles, levels of experiearm motivation;
hence, the application should be able to addreffsratices in
usability needs of learners. The application itegf should be
well structured so that it provides easy and effitinavigational
methods as well as customization of content to katners’
requirements. In addition to being courseware, aedieg
applications are also computer systems. Learnerst master
their use before effective learning can begin. Hmwe they
should not need to spend substantial amounts effigaring out
how to use the application. The interface shouldnibeitive, so
that even novice users can begin meaningful intierac
immediately [3].

Apart from conventional usability criteria, e-learg applications
should also be evaluated for pedagogical effecésen Such
pedagogical usability includes the provision of rmpiate tools,

content, interfaces, and tasks to support diffeteatners within
various learning contexts, according to the leagrobjectives. It
is inadvisable to separate usability and pedagagpects in such
evaluation, since the two are closely related [1i]other words,
when evaluating educational systems, usability canbe

considered in isolation without addressing contamd learning
functionality.

There are further important differences between WT
conventional task-based applications and UT ofaeni@g. In e-
learning, low completion time for tasks cannot Bedito indicate

application efficiency, since people have differemtys of
learning. Rapid completion is thus not necessaalygood
measure. In addition, the approach to errors i glifferent. In
e-learning, a distinction is made between usabiityors and
cognitive errors; usability errors that distradrfr quality learning
should be prevented but cognitive errors, whichnfgrart of the
learning process, are permitted because they tégeilihigher-
order thinking. People learn by making mistakes &myihg to
correct them. However, learner support should beiged for the
recognition, diagnosis and recovery from such erfbt], [17].

3.3 Usability evaluation of e-learning

A number of researchers, including [3], [11], [1F18], having
recognized the uniqueness of e-learning, proposgousm
approaches to evaluating it.

In pioneering work, Squires & Preece [17] develogedet of

criteria, called ‘learning with software heuristitiat are based on
Nielsen’s [13] heuristics and the socio-construstiearning

paradigm. This set of heuristics provides educateith an

effective tool for assessing the quality of eduwaai software
both for interface usability and pedagogical effeniess.

With regard to UT steps, tasks and procedures, iMalseand de
Villiers [11] propose a framework, discussed int®ec4, for UT
of e-learning applications. Their study involvedrfal testing in a
controlled laboratory environment, with learnersrgag out
specified tasks using an e-learning tutorial callRdlations
Valuable metrics in the form of time usage pattalfowed
distinction to be made between time spent navigatind time
spent on learning activities. Data analysis pradidesight into
differences in learning styles.

As an extension of the Masemola and de Villiers ftimework
for e-learning, the present study applies and esfiih using both
single user testing and co-discovery testing.

4. RESEARCH METHODOLOGY

4.1 Research design
The design of this research is based on:

1. A variant of action research (AR), involving eead cycles of
evaluation and hands-on involvement by researd&érdut
undertaken by different researchers at differerdges,
resulting in modification and improvementkérnaugh

2. An underlying procedural model, namely, the Maske & de
Villiers framework for the UT of interactive e-ledng
applications in cognitive domains [11].

AR, by its nature is cyclic, with multiple iteratis; it is
participative, requiring collaboration between tiesearcher and
other stakeholders with the researcher taking éimeaand central
role in the data collection and analysis. It gates data which is
more qualitative than quantitative. Insightful mohéng,
monitoring and analysis are fed back into futueeations and the
cycle closes in as a solution is attained [7].



The framework by Masemola & de Villiers involve®tfollowing
steps:

1. Set up research objectives.

2. Determine which aspects are to be measuredhairdhetrics.

3. Formulate the documents required — these insltide initial
test plan, task list, information document for ma@pants,
checklist for test administrator, and post-testsjo@naire to
measure learner satisfaction.

. Recruit representative participants.

. Conduct a pilot test.

. Refine the test plan, task list, and informatitmtument, based
on the knowledge gained from the pilot.

7. Conduct the main usability test.

8. Determine means of analysis and presentatidnatiféress the

unique issues of e-learning, as well as the uspddas.
9. Draw conclusions and provide recommendations.

[e2 ¢ P =

4.2 Usability metrics

In general, the two forms of usability metrics neted are
quantitative data — aimed at measuring user pedoce, and
qualitative, subjective data — aimed at measuringersi
perceptions about the application [4], [12].

For this study, the following performance measuvere taken:
Number of mouse clicks,

Number of errors,

Number of repeated errors,

Number of calls for help,

Time spent reading (determined from think-aloud),

Time spent on learning/peer teaching (determinemn fr
think-aloud and from co-discovery),

Time taken to complete tasks, and

Number of correct answers.

ogakwnE

© N

In addition to the preceding quantitative metrigach participant
in the study was given a post-test questionnaimotoplete. This
enabled us to assess their perceptiokashaugh

5. DATA COLLECTION AND ANALYSIS
5.1 Test participants

Participants in this study were drawn from studeatgstered for
the module COS113W. As a further requirement, thvase took
part in co-discovery testing were required to bglaa a study
group for the module. Acquiring participants for-adiscovery
testing can present additional challenges, in tihamay be
necessary to consider the level of expertise ofi @aember of a
pair as well as the existing familiarity betweerclsumembers
[10], [12].

A total of sixteen learners participated in theopibnd main
studies. Participants were selected such that theyre
representative of the diverse learner populationG©S113W.
There were two participants for the pre-pilot testyen for the
pilot, and a further seven for the main test. Bibth pilot study
and the main study included a set of co-discovarjigpants.

For the main test, five of the participants werdasnand two were
females. Five were full-time students, while thbesttwo study
part-time. All seven students were registered f@r@gramming
module. Table 1 provides the profile of the maist fgarticipants.
(The co-participants in the pilot test are indidaés participants 8
and 9 respectively. This is because their resulisehbeen
included in the main test findings for co-participdesting — see
Section 5.4).

Table 1. Profile of main test participants. (The *indicates a co-
discovery participant)

No | Age | Computing Status Qualification
experience
1 28 Average Part-time| Matric
student
2 31 Average Full-time Diploma
student
3* 19 Minimal Full-time Matric
student
4* 20 Minimal Full-time Matric
student
5 22 Advanced Part-timeg Matric
student
6 24 Minimal Full-time Matric
student
7 19 Minimal Full-time Matric
student
8* 21 Minimal Full-time Matric
student
9* 21 Average Full-time Matric
student

5.2 Ethical considerations

While usability testing might not expose particifgato physical
danger, the controlled nature of the test enviramtmigether
with the presence of recording cameras and sensafideing
observed, can be a source of distress to somecipartts who
might feel pressured to perform well, even thouggythad been
told that it was the application being tested aottthem [12].

Before starting each testing session, participaveee provided
with information documentation that detailed thegmse of the
study. It was explicitly explained upfront th&tarnaugh was
being tested, not their ability. Participants wassured that their
participation was voluntary and they could withdratvany time
during the session without negative repercussitieyTwere also
informed that, even if they withdrew, they wouldlsteceive a
free copy ofKarnaugh as promised. Each of our participants
signed an informed consent document prior to thengencement
of the testing sessions.



5.3 Pilot study

UT involves specialized evaluation techniques.c&ithe primary
author was a novice in UT, two pilots were conddct&he first, a
pre-pilot involving two learners, provided firsti#thexperience in
operating the specialized equipment in the usgbitiboratory.
Thereatfter, the official pilot was done to try dbe framework
and see whether participants were able to comfiieteasks as set
out in the task list. Lessons learnt were incorfemtainto the
planning of the main test. In particular, the ml@nabled us to
modify the screening process for participants siheth we could
identify suitable participants for co-discoverytieg.

In UNISA distance-learning context, it is difficutb obtain
participants, so a call-for-volunteer was made itutarial letter.
From the volunteers, a heterogeneous group wasedhvbut
focused on acquiring co-participants in the formtwb sets of
pairs who worked together in study group.

5.4 Main study

Following modifications to the testing processrésimed by the
pilot study, we set out to conduct the main teattiBipants were
required to carry out the specific tasks in thé test (see Figure
2). No specific task completion time was pre-sépugh we

allocated a two-hour time block for each sessiorhisT
acknowledged differences in learning styles and ¢bgnitive

nature ofKarnaugh Participants were also encouraged to take

short breaks in between tasks.

In task 1, participants were required to access ghetion

‘Karnaugh diagrams’ (refer back to Figure 1) frdm tain menu
page and study its learning content. They were ra@goired to do
the three exercises interspersed between teachgments. Task
2 required learners to do exercises by answerimgtiftg’

guestions until they had filled a total of sixteequares with
‘smiling faces’. They could choose from a set oésfions with
‘face values’ ranging from 2 to 8.

As stated in Subsection 5.1, only one co-paired&participants
was available for the pilot and one set for the rMmést,
respectively. As a result of difficulties in reding participants
who met the requirement for co-discovery testing, a@mbined
the co-discovery results from the pilot and maistdeto enable
comparison between the two sets of co-participantg results
from the testing sessions are discussed in Subsegth.

5.5 Findings

The sample of nine participants in total is too kifea statistical
analysis; therefore qualitative interpretations everade mainly
on the co-discovery aspect.

Use by participants of the think-aloud method is vidal
requirement for measuring use-of-time patterns,reeording the
time spent in navigation and reading screen inftionaand the
time spent on actual learning activities. Botts stco-discovery
test participants found thinking aloud and disaussif their joint
activities during the sessions to be a comfortabteess. This is
to be expected, since it emerged naturally as asatien between
two people.

In contrast, the single test participants werensifer the greater
part of the sessions; they found it difficult tantk aloud, despite

prior coaching on the process. Various authorsludiag [12]
and [19] have acknowledged this problem that ocuwiiits single-
participant think-aloud.

There are two tasks to be completed in this task [ilease]
complete the tasks in the specified order.

Note: Please inform the test administrator afteiu yoave
completed each task.

Task 1:

¢ From the title page go tmenu

e From the main menu page go to Karnaugh
diagrams” sub-menu

¢ You are required to study the learning contentertedl
in this section and do the associated exercises.

Task 2:
¢ From themain menugo to “A testing game”sub-menu

. Read the instruction on how to select and answer

questions

« Do the actual testNote: This version of theé'testing
game” is a subset created specifically for this usapil
testing study)

Figure 2. Task list for UT of Karnaugh

5.5.1 Results of co-participant testing

As indicated in Subsection 5.4, the co-participasults from the
pilot and main tests were combined to enable coisgarof the

performance of the two groups. For easy refereweelabel the
co-participants in the pilot ‘Group A’ and the tvparticipants
GAP1 and GAP2, i.e. participant 1 in group A andipgant 2 in

group A. Similarly, we called the set in the magstt'‘Group B’

and the participants GBP1 and GBP2 respectivefhler2 shows
the performance metrics for the activities of the groups in task
1.

During the testing sessions, we observed a numbézaoning
styles and group dynamics, which, in our opinicem contribute
to collaboration and peer-teaching among learn@bservations
include the following:

¢ In the case of group A, GAP1 took charge of the mater
for the two tasks, making all required navigatiodatisions
and typing of answers to exercises. For group BPGBnd
GBP2 swapped roles, with GBP1 taking charge fok ths
and GBP2 taking charge for task 2.

«  Both groups negotiated their progression througheksons,
with the participant who was controlling the comgruasking
the partner if they could progress.

e In group A, GAP1 appeared to be the ‘stronger’ stig
however, this participant did not move on until tveaker’
one (GAP2) had fully comprehended a given concEs is



reflected in Figure 3, which shows the use-of-tipagterns
for group A as they complete the activities in task

As shown in Figure 3, participant GAP1 used 16%haf
total time explaining learning concepts to her part This is
in contrast to group B, where 8% of the time wasnspy
GBP2 explaining certain concepts to GBP1 (see Eigyir
As shown in Figures 3 and 4, the time distributpatterns
between the two groups are fairly similar, withtgpants in
group A using 53% of their total time reading léaga
related content and instructions, while those wugrB used
60% of their time on the same activity. Two-waycdgission
of concepts consumed 11% and 13% of time respégtive

while 14% and 11% was taken up by answering section

exercises.

Both groups used a combination of mouse and manual

touching of the screen, where the participant witb rebt
handle the mouse did the hand-touching.

Both groups used paper and pencil for rough world an
calculations.

Both groups worked out their own solutions to segme
examples in task 1 before calling up the systenvigeal
answers.

For the exercises in task 2, each of the parti¢gpangroup
B worked on the exercises independently, then coedpa
them before typing or selecting their answers. He@rein
the case of group A, the ‘stronger’ participant (34 did
most of the work, as well as taking time to explaasoning
behind the answers to her partner. This is reftertd-igures
5 and 6 by the major time difference in the onlynowon
question (Q3*) answered by both groups, where thegA
pair spent 564.2 seconds on Q3 while their countésgn
group B spent 298.2 seconds on the same question.

Table 2. Co-participant performance metrics for tak 1

Working through the content of Karnaugh diagrams,
including section exercise (time shown in seconds)
Activity Group A Group B
Number of mouse clicks 44 42
Number of calls for help 0 0
Number of usability errors 0 0
Number of correct answerg 3 3
Navigation time 20 25.9
Time spent reading 673.4 952.6
Time spent on discussion 144.6 206
Time spent explaining 211.2 130.8
concepts
Time spent working on 55 89
examples
Time spent on section 174.4 178.6
exercises
Time spent learning/peer 585.2 604.4
teaching
Total completion time 1278.6 1582.9

GAP1/GAP2| | GAP1/GAP2 GAP1
Work on Section Mouse Moves

examples exercises 2%
4% 14%

GAP1 Read
Explain concept GAP1/GAP2
16% 53%

GAP1/GAP2
Discuss concept
11%

Group A: task 1 use-of-time pattern

Figure 3. Group A: Time distribution, task 1

GEP1/GBPZ GBP1 Mouse
Section Moves
exercses 2%
7t
GBP1/GBP2 11%
Warkeon —
examples P ”
6%
GBF2 Explain
concept
3%
GEPL/CEP2
Reacd
GEPL/GBP2 50%

Discuss concept
13%

Group B: task 1 use-of-time pattern

Figure 4. Group B: Time distribution, task 1

Group A: Task 2
600 564.2
500 465
400
%]
2
9 300
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200
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Figure 5. Group A: Time distribution, task 2




Group B: Task 2

700
600 581.2
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400 3634

298.2
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200
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Figure 6. Group B: Time distribution, task 2

As shown in Table 3, group A participants answesegliestions
and used a total of 1170.6 seconds to complete thieitle the
peer in group B answered 3 questions, spending.82ktonds
on the questions. It is notable that both groupsegeorrect
answers to the questions on their first attempts.

Table 3. Co-participant performance metrics for tak 2

Working through exercises in task 2 (time in secors]
Group Number of Number of Total time
guestions correct spent on all
answered answers questions
A 5 5 1170.6
B 3 3 1242.8

5.5.2 Results of single-participant testing

Due to the difficulty experienced by the singlet fearticipants in
thinking aloud during the testing sessions, we wenable to
distinguish between time spent on reading and aéivig, and
time spent actually learning concepts. Tables 4 @rghow the
basic performance metrics for single participaotsdctivities in
tasks 1 and 2 respectively. Of all five particigganonly one
(participant 6) did not require some form of comterlated help
from the test administrator (who was the primargesecher)
while completing task 1. In each case, time spenthelp was
deducted from the total completion time. Particisa@ and 5
struggled most with content comprehension, whicsulted in
considerably more time spent on task 1 in comparigo the
others. In task 2, the number of questions answéredhe
participants ranged from four to ten, with four coon questions
answered by all. In a similar pattern to task Itippants 2 and 5
spent the most time on task 2.

Table 4. Single participant performance metrics fortask 1

Working through the content of Karnaugh diagrams, ncluding
section exercise (time shown in second)

Activity/ 1 2 5 6 7
Participant

Number of 44 85 50 43 58
mouse clicks

Number of calls 2 2 1 0 1
for help

Number of 0 0 0 0 0

usability errors

Navigation time | 40.6 70.4 38.6 371 48.2
Intervention 25.2 26.6 29.4 0 139.6
time by test

administrator

Time spent on 62.2 952.6 270.2 89 437.2
section

exercises

Total 426 | 3593.4| 2437.2 813 143(

completion time

Table 5. Single participant performance metrics fortask 2

Working through exercises in task 2 (time shown isecond)

Activity/ 1 2 5 6 7
Participant

Number of 1 2 1 0 1
usability errors

Number of 9 10 7 4 5
questions

answered

Number of 5 2 4 4 4
correct answers

Total time spent | 804.2 | 2655.5] 3378.4 10184 1223.
on questions

5.5.3 Comparison between single and co-participant
testing

One of the most notable findings was the natural wavhich the
co-participants were able to think aloud, compatedsingle
participants. It was also of interest that, whilee tsingle
participants required content-specific assistanmenfthe test
administrator, in both sets of co-participantss tiype of help was
provided by one of the participants. The formeghlights an
advantage of co-discovery testing, while the latteows the value
of collaborative learning, especially for e-leamirsituations,
where learners work without face-to-face contacthwthe
educator.

Another interesting observation was the time spenipleting the
activities in tasks 1 and 2. As shown in Table Re tco-
participants in groups A and B spent a total of8l87and 1582.9
seconds respectively on task 1. However, when tispent on
discussions with partners and explanations of quisceare
deducted, accounting for 355.8 and 336.8 secorsfzectively,



the total times are reduced to 922.8 seconds fouyrA and
1246.1 seconds for group B.

Comparison of time spent on tasks by single angasticipants

indicates that co-participant testing does not semdly increase
the duration of time. For instance, as shown inl@a) only

participants 1 and 6 spent less time on task 1 tien co-

participants, and participants 2 and 5 spent tagenuch time as
the co-participants on the same task! In factpadicipant

testing may even result in less time as particpassist each
other through the learning content. It should b&eddowever,
that no general conclusions can be drawn from thbservations,
due to the small number of co-participants involirethe study.

Participants who used paper and pencil for rougtk\performed
well in the exercises, both single participants emgarticipants.

5.5.4 Learners’ perception of Karnaugh (single and
co-participants

Post-test questionnaires comprising semi-structugeestions
were given to each participant to measure theirjestilie

perception ofKarnaugh Participants who performed relatively

well viewed the structure dfarnaughas ‘very easy’ or ‘easy’
while those who did less well found it ‘very diffitt’ or

‘difficult’.  All the participants liked the use otolours to
emphasise important information. Two students fouii

different representations of Karnaugh diagrams gocbnfusing
(the tutorial provides four different ways of repeating
Karnaugh diagrams while the printed study guidevioies only
one representation). All the participants viewed thtorial as a
useful learning tool and would like to have simitatorials for
other modules. Positive comments were made, suchvesuld

like to thank the Computing department for such @Adrial’.

Table 6. Comparison of time spent on tasks 1 andt®
participants

Duration of tasks 1 and 2 (time shown in seconds)
Participants Time on task 1 Time on task
2
Group A 922.8 1170.6
(excluding discussions and
explanations)
Group B 1246.1 1242.8
(excluding discussions and
explanations)
1 426 804.2
2 3593.4 2655.5
5 2437.2 3378.4
6 813 1018.4
7 1430 1223.2
Average time 1552.6 1641.9

5.5.5 Usability problems revealed by the study

Although Karnaughhad been previously evaluated using various
UEMs such as heuristic evaluation, questionnainveys and
interviews [5], formal UT involving real users dgirreal tasks
showed some previously unidentified usability pesh$ that
could distract from learning. Figure 7 is a simuéiaus triple-
screen display that illustrates the monitor viewrséy the test
administrator during UT. The displays, clockwisenfrleft are: (i)
current screenshot of the application being evatliatii) the
keyboard — at the instant being recorded, the gipaint’'s hands
are not on the keys, and (iii) the participant’sid& expression
with his hand near his face. Displays such as ph®vide a
holistic view to the test administrator during thealuation.

This subsection highlights some of the problemsitified and
makes recommendations for improvement.

¢ The meaning and use of the multi-option controltdout
offering the composite functionality of <I>, <E>Qs>, and
<Qc>, representing direct access to information, wd+&at
examples, selection of a basic question, and a leomp
question, respectively, are not intuitive. Althoutits useful
feature provides increased learner control and vedsd
highly in an earlier questionnaire survey [5], noofethe
seven participants in the main test used it. Thipassibly
due to insufficient in-context information regardinits
functionality. Although an introductory section Iéarnaugh
provides the meanings of the button in a deconédizied
way; learners have no easy access to this once Haey
commenced the lesson. Designers cannot expectelsatm
remember the meanings throughout their interactitts an
application. We advised the designer to use rodrevio
emphasise the meanings within the button.

e A participant was using a screen that offers phased

development of a concept. Each click on the <Mdratton

provided further information. He wanted to reviewet

content of that screen and clicked the <Back> Iouytto
expecting to return to the beginning of the progi@s and

watch the concept development again. He was, haweve
returned to the last exercise of the previous segnmEhe
tutorial designer had provided a <Repeat> buttan his
required purpose which he overlooked, since it tecbaa
mismatch between the designer and learner’'s madhith is
in violation of a Squires and Preece [17] heuristic
addition, the <Repeat> button was greyed out orstheen.

We recommended that adequate information should be

provided on the intended use of each button inrclerl
unambiguous terms. The <Repeat> button, which teh b
erroneously greyed out, should be re-activated &kemit
accessible.

¢ In one of the exercises in the ‘Testing game’ sectifour
participants provided answers that were longer tharspace
provided in an answer text box. To check their arswthe
participants had to use the arrow key on the keyboa
because the incomplete answers were not visibleleWe
acknowledge that the short space provided for &arn
response is often an important clue for the requieagth of



the answer, we recommended that the number of aliten
characters should be fixed as a form of forcingfiom, thus
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improving the visibility of the answer.
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Figure 7: Triple-screen video showing poor feedbacto incorrect answer (picture used with permissiorof participant)

. In certain instances, feedback for incorrect answere not
context-specific; for example, as shown in Figurettre
learner inserted an extra ‘1’ in the diagram inidd to the
four correct ‘1s’, but the feedback, ‘No, this isong again.
Click on Help’, was not sufficiently informativeVe advised
that feedback should be as specific as possiblassist
learners in making the necessary corrections.

Our recommendations for improvement were adopted the
appropriate corrections have been madéamaugh.

6. CONCLUSIONS AND FUTURE RESEARCH
This section re-visits the research questions pase8ection 1
and provides answers:

1. To what extent is the UT framework for interactiee
learning applications by Masemola & de Villiers J11
applicable to the present study?

The framework provided a useful and effective wogkstructure
for the study. To adapt it to the situation, twéopstudies were
conducted instead of one, so that the test admatist could
acquire the necessary expertise. In addition tdaestng of single

participants, two sets of pairs were involved ie tasting process
as co-participants. Certain positive group dynamiese observed
during the pair interactions (see Subsection 5.5.1)

2. How effective is the think-aloud method when conghin
with co-discovery testing?

One of the primary aims of this study was to inigege the ease
with which single and co-participants in UT couhdnk aloud.

Thinking aloud is an essential requirement for idgstishing

between time spent reading-and-navigating and tispent

studying/processing content. Single test partidgpastruggled

with think-aloud and remained mainly silent duririgsting

sessions, making it difficult to make such distiocs. However,

for the co-participants, thinking aloud came ndtyrbecause it
involved two people having a conversation. In &ddj co-

participant testing does not necessarily resuihéneased amount
of time spent on activities.

The two observations of co-discovery revealed toaparticipant
testing has the potential to reduce the level tdrirention by the
test administrator, and is especially relevantésting e-learning,



where collaboration is currently promoted as a wlséfrm of
learning. Although the number of pairs is too Ifav reliable
generalizations, both cases demonstrated that jossible for
learners to assume the role of peer-teacher. [otaang beyond
the immediate context of usability testing to theuation of
learners in a distance-teaching context such as SBNI
collaborative learning and peer-teaching could pieauable
roles.

The limited number of participants involved in tsedy did not
allow for statistical analysis of learner perforroan Future
empirical research involving a greater number oftigipants,
both single- and co-participants (but particulaHeg latter) could
be undertaken to validate the findings of this gtud
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