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ABSTRACT

This paper discusses usability testing as it applies to the evaluation of learning
technologies, with a particular focus on its use as a supplement to basic experimentation.
The paper presents a comprehensive assessment model for evaluation of learning
technologies, which includes multiple methodol ogies and measurement tools. An
illustrative example of the application of supplemental usability testing in combination
with basic experimentation, within the context of this model, is provided. This example
includes a basic research experiment on the role of feedback in engineering education
learning modules and a complimentary usability test. Few significant differences between
feedback and non-feedback groups were found in the basic research experiment. The
usability test provided explanations for these findings, such as minimal use of the
feedback features and a large amount of variance in degree of engagement among
participants. The usability test also indicated various ways for improving the software
such as providing more guidance and structure, and subdividing modules into smaller
parts.
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USABILITY

The term usability has been commonly used within the field of human-computer
interaction (HCI) for some time, but has become decidedly more popular in the past
decade with the emergence of the World Wide Web. Thisis best represented by the
popularity of the consummate “usability guru” Jakob Nielsen and his web site, useit.com
(http://www.useit.com). According to Nielsen's oft-cited definition, “ Usability isa
quality attribute that assesses how easy user interfaces are to use. The word ‘ usability’
also refers to methods for improving ease-of -use during the design process”
(http://www.useit.com/al ertbox/20030825.html). According to Nielsen, usability consists
of five basic components: @) Learnability: How quickly a user can learn to use the
interface they first time they encounter it; b) Efficiency: How quickly users can perform
tasks once they’ ve learned the interface; ) Memorability: How easy isit to re-learn an
interface once a user has quit using it for some period of time; d) Errors: What are the
number and severity of errors, and how easy isit to recover; and €) Satisfaction: How
pleasant and enjoyable is the interface for a given user (Nielsen, 2003). In general,
definitions of usability focus on the degree to which a user can achieve specific tasks
goals using criteria such as effectiveness, efficiency, and user satisfaction (Law &
Hvannbert, 2002).

USABILITY TESTING

The term usability testing, not surprisingly, refers to a specific method for
evaluating usability. Nielsen points to three basic characteristics that define user testing.
First, representative users must be the study participants. Second, the user must perform
representative tasks. Third, the users are observed in a non-invasive fashion as they
perform these tasks, and the researcher’ s job is to note where users succeed and where
they have difficulties. In their classic book on usability testing, Dumas and Redish,
identify these same basic characteristics, and add an analysis component, which states
that the experimenter’ s ultimate goal is to recommend changes to solve the problems that
are identified (Dumas & Redish, 1999). Law and Hvannberg (2003) provide amore
detailed definition of usability testing. In addition to reiterating these same defining
characteristics, they point out that usability testing is just one methodology among a
whole class of usability evaluation methodologies. They note that usability testing istime
and labor intensive since testing often consists of single-subject observations of
participants who are often asked to think aloud. Another characteristic isthat sample size
issmall with as few as five participants (Barnum, 2002; Nielsen, 1994).

Though the term usability testing is sometimes used to refer to observationsin the
field (Barnum, 2002), its most commonly associated with laboratory testing. The
prototypical usability lab setup includes recording devices so that the experimenter can
dynamically capture the participant’s activity in the form of avideo while a camera
simultaneously records the participants’ facial expressions. Thisistypically mixed into a
single picture-in-picture video of the participant’s activity on the screen with the video of
facial expressions superimposed. These tapes are subsequently analyzed in great detail.
The main emphasisis on evaluation of task performance, and thisis typically evaluated
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both quantitatively and qualitatively. However, other factors associated with user
frustration and unseen issues involving the interface are also noted. In addition to other
classification schemes, alist of identified usability problemsis created that details the
number of participants who experienced the problem, the severity of the problem, and the
problem’s scope (Barnum, 2002). The usability testing that was carried out in the
example reported in this paper used a small number of participants, atypical usability lab
setup, and detailed qualitative and quantitative analysis.

USABILITY TESTING AND EDUCATIONAL RESEARCH

In describing the basics of usability research, Dumas and Redish also point out
that a defining characteristic of usability research isthat it is not traditional experimental
research (Dumas & Redish, 1999). Formal hypotheses are not proposed, an independent
variable is not manipulated by the experimenter, and inferential statistics are not applied.
Therefore, within the general context of educational and social science research, usability
testing can be classified as qualitative research, in that it typically does not make use of
traditional experimentation or inferential statistics. Thisis consistent with general
definitions of qualitative research within social science fields (Strauss & Corbin, 1990).
In addition, the research tendsto involve “redl life’ tasks with subjects who would be
normally be performing these tasks, which is also a fundamental characteristic of most
qualitative research definitions (Miles & Huberman, 1994). However, usability testing
normally occurs within alaboratory environment, and the user is expected to perform
specific tasks provided by the experimenter, and though inferential statistics are not
traditionally applied, quantification in the form of task performance measurement, is
typically an important component of usability testing (Barnum, 2002). These
characteristics are not consistent with traditional qualitative research which traditionally
de-emphasi zes quantification and tends to occur within a naturalistic environment, with
minimal interference from the experimenter (Miles & Huberman, 1994; Strauss &
Corbin, 1990). Therefore, usability testing is an interesting quantitative-qualitative
hybrid.

Some researchers who work within both the HCI and L earning Technology
communities have suggested that the communication between the two isless than
optimal, despite the fact that they share common subject matter (Dillon, 2000). Though
usability testing of web-based learning technologies has become more common in recent
years (Dean, 1999; Richardson, Swan, & Newman, 2000), it is still relatively rare. There
are anumber of reasons why usability testing has not become a standard methodol ogical
tool for learning technology researchers. First, as mentioned above, usability testing does
not fit well within the most common conceptions of qualitative research in education,
which tend to focus more on naturalistic observation, with intense prolonged contact in a
field setting (Miles & Huberman, 1994). Second, the small number of participants
typically used in usability studies does not allow for much generalization of results,
particularly if the technology being studied has wide and diverse effects on users. Third,
the use of single-subject observation and intensive data analysis does not easily allow for
the large number of participants required for any sort of inferential statistics to be
applied. Fourth, and most fundamentally, usability testing works best with well-defined
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tasks and well-defined performance measures. Usability tasks typically involve activities
such as searching for a given piece of information, entering data, or manipulating a
program in a specific manner. Educational researchers, on the other hand, are often
interested in outcomes such as knowledge integration, problem solving, and critical
thinking. These are fundamentally different from typical usability testing task
performance measures.

TRIANGULATION

Despite these limitations, there are some cases where traditional usability testing
can be very beneficial for the evaluation of educationa technologies. In particular, when
used as a supplement to more traditional quantitative experimentation, a detailed analysis
of asmall number of typical usersinteracting with instructional software can provide
invaluable insights and explanations with respect to the quantitative results. Such a multi-
method approach is traditionally referred to as triangulation — aterm that is popular
within both the HCI and educational research communities. For example, educational
researchers point out that triangulation can be used to check the validity and reliability of
findings (O'Malley & Valdez, 1996), and that multiple forms of evidence will provide a
more accurate picture of the student (Wiggins, 1998). HCI researchers Wendy Mackay
and Anne-Laure Fayard point out that research effectiveness can be enhanced by
triangulation across research methodol ogies and across academic disciplines (Mackay &
Fayard, 1997). This paper provides an example of such atriangulation approach utilizing
multiple methodological tools common in two disciplines. We refer to the specific
approach applied below as supplemental usability testing.

LITE ASSESSMENT MODEL

The Laboratory for Information Technology Research (LITE) at the University of
Missouri — Rolla has devel oped a comprehensive framework for the assessment of
learning technology projects. This assessment model has evolved over the course of a
number of projects, involving the evaluation of software tools for engineering and
science education (Eller, Hall, & Watkins, 2001; Hall et a., 2002; Hall, Watkins, Davis,
Belarbi, & Chandrashekhara, 2001). A fundamental assumption of the model is that
conclusions and recommendations should be based on the triangulation of information
gleaned from multiple methodological and measurement tools. We present a brief
discussion of the model here since it serves as an example of amodel that utilizes
triangulation of various approaches, including usability testing of |earning technologies.
In addition, the illustrative example of supplemental usability testing below was carried
out under the auspices of this lab within the context of this model.

The model is meant to serve as a guide for large-scal e assessment projects, and
also to provide some context for individual experiments. Therefore, any given experiment
does not include all aspects of the model, but often an entire project, such as the project
referenced below, encompasses many parts of the model. Figure 1 is a graphical
depiction of the LITE learning technology assessment model.
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Figure 1. LITE Assessment Model

Asindicated in the left portion of the Figure 1, learner variables are included in
many of our experiments. Ability, as measured by students' grades or more basic
measures such as visual skills, can often serve as covariates. Also, learner variables such
as gender, ethnicity, and learning style often interact with factors under examination. For
example, in the usability study discussed below there was a great deal of variance among
the small number of student participants based on motivation and engagement. In terms
of methodology, projects generally proceed from basic experimentation involving
manipulation of specific variables to more comprehensive and applied experiments
carried out in the context of ongoing classes. A mediation category was recently added,
which refers to the ways in which students use the technologies. Usability testing can be
instrumental in thisregard. Aswe will discuss below, thisinformation can provide
important insight into the results of a larger scale experimental investigation. Tracking
methodol ogies and psychophysiological measures are also currently being used to capture
aspects of the process of software utilization in some projects. As for outcomes, the focus
ismainly foundational knowledge and problem-solving measures, due to the nature of the
content material in projects where this model has been applied, which have primarily
been science and engineering. Attitudinal and perceived outcomes are considered as well.
Finally, many measurement approaches are included, asillustrated in Figure 1 and most
are used over the course of alarge scale project. In the illustrative example below we
used measures of rote knowledge, basic computation, and self report. Within the context
of this model, usability testing is conceived as one of these measurement approaches,
though it could just as easily be viewed aresearch methodology. The illustrative example
presented below includes a basic research experiment, in the form of the manipulation
and examination of a specific characteristic of a software module, and a supplemental
examination of processing in the form of usability testing of the same software module
that was used in the basic research experiment.

ILLUSTRATIVE EXAMPLE
“Taking the Next Step in Engineering Education” Project

The University of Missouri-Rollais currently conducting a comprehensive multi-
year project sponsored by the U.S. Department of Education’s FIPSE program
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(#P116B000100) (Flori et a., 2002; Hall et a., 2002; Hubing et a., 2002; Philpot et al.,
2002; Philpot et al., 2003) entitled “ Taking the Next Step in Engineering Education:
Integrating Educational Software and Active Learning.” The purpose of the project isto
enhance learning through the creation and integration of a suite of courseware modules
into three engineering courses: Statics, Dynamics and Mechanics of Materials. Examples
of many of these modules are available at http://www.umr.edu/~bestmech. The project
evaluation is being carried out under the auspices UMR’s Laboratory for Information
Technology Evauation (LITE) mentioned above.

Impact of Self-Testing Feedback

One of the first studies conducted within this project was an examination of the
role of interactive feedback as a component of the software modules. Thereis evidence
that providing learners with feedback as a component of instructional software systems
can significantly enhance learning (Barron, 1996), particularly for novice learners (Dillon
& Gabbard, 1998; Shin, Schallert, & Savenye, 1994). However, incorporating interactive
feedback into instructional modules can often be resource and labor intensive since it
requires the production of significantly more content in the form of problems and
solutions. Further, developers are required to create a more complex and interactive
learning environment. Therefore, it isimportant to establish, from the outset, whether
adding these feedback components within the context of a project will be effective
enough to warrant the extra resources required for development.

Basic Resear ch Experiments
Method

Two experiments were conducted using two courseware modules. In both of these
experiments, students were recruited from ongoing Mechanics of Materials classes to
study courseware modules pertaining to course concepts that had not yet been discussed
in class. In both experiments, students completed these experiments in computer labsin
controlled conditions, observed by experimenters. After studying the target modules for
thirty minutes, al students completed tests on the subject matter and responded to
subjective quantitative questions.

In both experiments, students were randomly assigned to one of two groups,
either afeedback group or a non-feedback group. For those in the feedback group, the
study module included a self-quiz component, and for those in the non-feedback group
the module did not include the self quiz. In experiment 1, students studied information
pertaining to stress transformation equations and in experiment 2, they studied
information on the Mohr’s circle procedure for stress transformations. Thirty-five
students participated in experiment 1 (15 in the feedback group and 10 in the non-
feedback group). Twenty-eight students participated in experiment 2 (16 in the feedback
group and 12 in the non-feedback group). The experiment directions and the modules for
both experiments and both groups are available at: http://campus.umr.edu/lite/feedback


http://www.umr.edu/~bestmech

Supplemental Usability Testing
7

Outcome Measures

In each experiment, after studying the instructional software module, students

completed a series of short-answer questions, which included completion, multiple
choice, and true and false (15 questionsin study 1 and 10 in study 2). Intermsof the
model above, these questions were principally measures of foundational knowledge. In
addition, they responded to the following four questions using a 10-point Likert scale (1
= strongly disagree and 10 = strongly agree).

a

b.

C.

| learned agreat deal of information from the multimedia tutorials. (Iearning)

| found the multimedia tutorials to be very motivational. (motivation)

The web tutorials were effective in aiding me in recognizing how much | know and
don't know about this topic. (metacognition)

| found the navigational scheme for the web tutorials to be logical and easy to
navigate. (usability-navigation)

Results

The quantitative analyses for each experiment consisted of a series of five between-

subject t-tests with group (Feedback vs. Non-Feedback) serving as the independent
variable. Test and Likert responses to each of the four subjective questions served as the
dependent variables. The means for experiment 1 and 2 are listed in Figures 2 and 3
below. In all cases, the mean for the feedback group was higher. However, the only
statistically significant mean difference was for the metacognition question in experiment

1.

10.00 M Feedback

9.00 - O Non-Feedback
8.10 7.95 8.36 8.06

8.00 - 7.4
7.00 -~ 6.53

6.00 - 5.42
5.00 -

4.93

4.00 A
3.00 -
2.00 -
1.00 -

0.00

test o motivation metacoghition* navigation

1000)

Figure 2. Experiment 1 Mean test and subjective rating scores as a
function of experimental group.
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Figure 3. Experiment 2 Mean test and subjective rating scores as a
function of experimental group.

Usability Testing

In order to gain insight into how students were using the software, we performed
ausability study using the stress transformation module with feedback components. Ten
students who had not participated in either of the two feedback experiments were
recruited for the usability study. These students were given the same instructions as those
students in the basic research experiments. They were also asked to complete the same
gualitative measures using the same time schedule. Students carried out the task
individually and in isolation in the LITE usability testing facility. Their activity on the
screen was captured while their facial expressions were videotaped. These were mixed
together to create one video for scoring that consisted of picture-in-picture of the video of
the students facial expressions superimposed in the corner of the video screen capture of
their activity.

Scoring

It isimportant to note that the instructional software module consisted of multiple
movies, and most movies consisted of multiple scenes. The scoring scheme consisted of
the following steps.

1. Thetimethat students spent on each movie and each scene was recorded.

2. The videotape of each participant was viewed by two experimenters. Each
experimenter recorded comments with a particular focus on (@) navigation, (b)
level of engagement, and (c) level of frustration. The main goal wasto gain
insight into how students used the software.

3. Viewing duration, comments, quiz scores, quantitative ratings, and students
comments about quantitative ratings were collated as a summary for all
students and for each individual student.
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4. These datawere reviewed and conclusions were drawn based on different

aspects of the data.

General descriptions of the six movies and sample screen shots are presented in
Table 1 below. Also, the movies aong with the experimental protocol can be viewed at:
http://campus.umr.edu/lite/feedback.

Movie

Description

Thisisamovie detailing

the theory pertaining to
stress transformations.

The movie contained 30
scenes describing the

importance and relevance
of thetopic, the

terminology used, and a

complete derivation of
the equations.

Thismovieisabasic
example problem that
illustrates the application
of stress transformation
theory in the context of a
familiar, everyday object
such as awood beam.

Screenshot

e stresses acting at the point of interest
pctiiral meamber gre shown an the
cog of the stress. alagenk

ol harder and sofar wosd (callad grain ) make up tha structur
of thae material, and the graln can ba oréentsd at any angle

am in Cireciions
n at a point
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Movie Description Screenshot
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.
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antor
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Movie

Description

Thismovieisalearning
tool. Students enter a set
of stressvalues, and the
movie illustrates how to
calculate various
properties using the stress
transformation equations.
The application and
solution processis
animated, both with
equations and with
pictures.

Table 1. Movie Summary and Sample Screen Shots.

MNormal SirnEs

- LA SERL UG

Screenshot

1 Of Bhi f e

i
Eoos 241 +

]

Tuy 5iN 20

ot

+(24,000.00) - (-48,000.00) 2 ce opey

]

+ (36, D000 ) =0 255007 )

= B, 515,21

Summary of time spent on movies

Movie

Average
Time

Spent

Number

Subjects

12.16

4.08

9.21

1.26

0.43

OIOWIN|F

1.38

WA AE

L

&0, 000,00

W SO0, S

x
o, RFO L

[ back [ naxt|

Table 2. Average time and total number of students on each of the movies

Notes and Conclusions

0 Most users went only to movie 1. (Theory of Stress Transformations Including
Derivations of Key Equations).
0 This behavior suggests that students have a strong tendency to proceed in

alinear fashion and/or they tend to focus on the equations.

0 Movie 3 was second most popular. This movie is interactive with feedback
and focuses on a common trouble spot for students, which is determining sign

conventions.

o This behavior suggests that students recognize the effectiveness of

interactive feedback and recognize specific problem aress.

o0 This behavior is also further indication that students tend to proceed in a
linear fashion since this was the first movie they would encounter that

presented a specific problem area along with feedback.
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Percent of time spent on movies as a function of student.

Student | Movie Movie Movie Movie Movie Movie Quiz
1 2 3 4 5 6

1 22.64 | 25.62 28.71 5.16 2.92 | 14.96 86.67
2 7713 | 2.37 13.09 4.94 2.47 66.67
3 1746 | 231 77.43 .85 A2 1.82 73.33
4 100.00 100.00
5 100.00 73.33
6 100.00 100.00
7 100.00 93.33
8 62.81 | 12.36 12.42 8.31 3.93 .17 | 100.00
9 100.00 93.33
10 100.00 86.67

Table 3. Percent of time spent on each movie and
quiz score (also percentage) for each subject.

Notes and Conclusions

12

0 No relationship was apparent between the quiz score and either the number of
movies watched or the amount of time spent on certain movies.

Average time spent on individual sceneswithin movies.

Scene/ 1 2 3 4 5 6 8 9 10
Movie

1 1.50 1.27 .93 75| 208| 133 116| 081| 122| 226
2 1.56 58| 2.26 .75 46 .75 2.31 1.74| 0.46 -
3 32.47 - - - - - - - - -
4 46 46 .93 .69 .75 75 093] 0.23| - -
5 52 .58 41 .35 .35 41| 046| 012| - -
6 5.67 - - - - - - - - -
Scene/ | 11 12 13 14 15 16 17 18 19 20
Movie

1 127 |197 |243 |260 |532 |266 (451 405 |145 |301

Table 4. Average percentage time spent on scenes within movies. (Dashes indicate the
given movie did not have these scenes. Note that only movie 1 had more than 10 scenes).

Notes and Conclusions.

0 Scenelb, 17, & 18 on movie 1 were the most popular. These movies
integrated equations with the corresponding graphical representations.
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I ndividual students.

Usersin this study could be grouped into two archetypes. the engaged student and
the non-engaged student. As mentioned above, experimenters provided notes about
navigation, frustration, and other reactions for each student. These data along with
guantitative information for two dissimilar students are presented below to illustrate these
archetypes.

Example of Engaged Student:
Student | Movie | Movie | Movie | Movie | Movie | Movie Quiz Quiz
1 2 3 4 5 6 (Points) | (Percentage)
8 18.38 | 03.40 | 0341 |02.28 | 01.10 | 00.03 | 15 100

Navigation Summary:

The user started with Movie 1, went through the scenes until scene 14 in a sequential
order, spending and equal amount of time on each scene, then came back to scene 5 in
descending order of the scenes and then went to scene 20 in ascending order. The user
started the movie again from scene 1 and went to scene 20 in order. In the process he
spent a large amount of time on 16, 17 & 18. Then the user proceeded to Movie #2 and
spent fair amount of time on each scene. Then the user went to Movie #3 and entered
values 6 times, mostly correctly. Then went to Movie #4 and again spent an even amount
of time on all scenes, a little more time on scene 7. Then, he went to Movie #5 and
watched it quickly.

Notes and Conclusions:
0 User proceeded systematically, varying speed when necessary.
0 Focused on aspects of module that involved integration of graphics and
eguation (scenes 16, 17, & 18)
o0 Completed quiz after reviewing important information.

Example of Non-Engaged Sudent:

Student | Movie | Movie | Movie | Movie | Movie | Movie Quiz Quiz
1 2 3 4 5 6 (Paints) | (Percentage)
3 04.47 |00.38 | 21.13 | 00.14 | 00.02 | 00.30 |11 73.33

Navigation Summary:

The user started by reading the instructions and then proceeded to the Movie 1.
The user came back to scene 3 from scene 4; otherwise he followed the order of the
movie. The user spent time on scenes 10 & 15, but generally he watched the movie pretty
quickly, averaging 13 seconds on each page of the movie. Then, the user went to Movie
#2, watching that movie in a sequential manner and spending less than 5 seconds on each




Supplemental Usability Testing
14

scene. Then, the user went to Movie #4 and spent only 2 seconds on each scene of the
movie. The user watched the Movies #5 & #6 aso very quickly spending 2 seconds and
30 seconds respectively. The user went to Movie #3 after completing all the movies and
spent amost 22 minutes on this movie. Then, finally he took the quiz entering numbers
quickly over and over usually getting the answer incorrect.

Notes and Conclusions.

0 User clicked through the scenes largely in order.
0 User spent little time on any one scene.
0 User did not complete quiz until the end without much apparent thought.

CONCLUSIONS

The supplemental usability study provided a number of insights about how
students’ used this software. First, they tended to proceed in alinear fashion, despite the
fact that a menu allowed for non-linear navigation. Second, students tended to focus on
the first movie for much of the allotted time. In fact, the majority of those who
participated spent all of their time on this movie. Third, those who did go beyond the first
movie tended to gravitate to the movie that included an interactive component and
focused on a specific problem that tends to be a trouble spot for students. Thisindicates
that aminority, but still substantial number, did exhibit a strategic awareness. These
students recognized the potential learning efficacy of the interactive components of the
areas where they needed the most practice. Fourth, there was not an apparent relationship
between the number of movies watched or the time spent on any given movie and
performance. Thisindicates that the factors in processing of the software that accounted
for the best performance were more subtle and complex than simply the number of
movies watched or time spent on a given movie. Fifth, the scenes within the first movie
that were most popular were those that combined equations with three-dimensional
graphical images. This provides some evidence that the graphical content within movies
such as these can provide a scaffolding context for the equations used to solve
engineering problems. Sixth, there was a dramatic degree of variance evidenced among
these ten participants. In particular, engaged and non-engaged learning patterns emerged.
Though both types of students tended to progress linearly, the engaged users varied their
speed as necessary and focused particularly on the sections involving integration of
graphics and equations. On the other hand, the non-engaged learner tended to quickly
advance through the movies, spending very little time on any particular scene.

Usability testing provided clear potential explanations for the results of the basic
research experiment. One of the most dramatic insights was that most students did not
even get to the scene that included the quizzes. If one assumes that the students in the
basic research and usability studies used the software in a similar manner, the impact of
feedback in explaining group differences should be much less than originally assumed.
Thisfinding provides a potential explanation for why those in the feedback group scored
higher on all measures, but not significantly higher on any. The students who did not get
to the quiz portion of the software may have diluted the higher scores for those in the
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feedback group. Also, the usability study indicated that the variance among students was
fairly dramatic with respect to the students’ motivation and engagement. This variance
may have created alarge degree of within-group error in the experiment, again
contributing to the non-significant effects.

The usability study also provided information that has helped to guide further
software development and design, and in design of subsequent experiments. First, the
large amount of variance in usage may be partly due to the lack of guidance and control
integrated into these software packages, which implies that some degree of navigational
guidance may well encourage more engagement and focus among the users. Students
who performed the best tended to focus on scenes that involved the integration of
equations and visual information. The navigation could be designed to encourage all
students to focus more on these areas. Second, it appears that the material included in this
module included far more information than most of the students could study thoroughly
in 30 minutes. As for software design, this finding implies that it may work best to break
this module down into smaller modules to maximize learning. With respect to
experimental design, it implies that smaller modules should be used for these types of
experiments, or more time should be alotted.
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