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Optimizing the usability of e-learning materials is necessary to maximize
their potential educational impact, but this is often neglected when
time and other resources are limited, leading to the release of materials
that cannot deliver the desired learning outcomes. As clinician-teachers in a
resource-constrained environment, we investigated whether heuristic
evaluation of our multimedia e-learning resource by a panel of experts
would be an effective and efficient alternative to testing with end
users. We engaged six inspectors, whose expertise included usability,
e-learning, instructional design, medical informatics, and the content
area of nephrology. They applied a set of commonly used heuristics to
identify usability problems, assigning severity scores to each problem.
The identification of serious problems was compared with problems
previously found by user testing. The panel completed their evalua-
tions within 1 wk and identified a total of 22 distinct usability
problems, 11 of which were considered serious. The problems vio-
lated the heuristics of visibility of system status, user control and
freedom, match with the real world, intuitive visual layout, consis-
tency and conformity to standards, aesthetic and minimalist design,
error prevention and tolerance, and help and documentation. Com-
pared with user testing, heuristic evaluation found most, but not all, of
the serious problems. Combining heuristic evaluation and user testing,
with each involving a small number of participants, may be an
effective and efficient way of improving the usability of e-learning
materials. Heuristic evaluation should ideally be used first to identify
the most obvious problems and, once these are fixed, should be
followed by testing with typical end users.

simulation; iterative design; user-centered design; interface design

THE DEVELOPMENT of engaging e-learning materials for students
and professionals in the health sciences is often resource
intensive. It therefore becomes critical to evaluate and optimize
these materials to maximize their educational impact. The
usability of user interfaces is an important element that needs
to be considered when designing e-learning resources. This is
an underappreciated factor that, if ignored, may have a major
impact on learning (30, 34). Usability describes the ease with
which a technology interface can be used and has been defined
as the “Extent to which a product can be used by specified
users to achieve specified goals with effectiveness, efficiency
and satisfaction in a specified context of use” (1). A poorly
designed user interface imposes an additional, extraneous,

cognitive load and impedes learning as users struggle with the
interface as well as with the challenges of the content pre-
sented.

More recently, this traditional view of usability is being
extended and affective dimensions such as aesthetics, fun, and
flow are receiving increased attention as designers seek to
enhance user motivation and ensure pleasurable user experi-
ences (11, 16, 34). For example, a study by Miller (19) reported
that students working in an online environment with enhanced
aesthetic design had reduced cognitive load, increased motiva-
tion, and increased performance compared with those working
with a low-aesthetic interface. It also seems that users’ percep-
tion of the aesthetics of an interface may be negatively affected
by poor usability (32).

Design approaches that routinely include usability evalua-
tion are well established in the software development industry
(3, 10, 13, 18, 21, 24, 31), but this is seldom the case in the
development of e-learning resources, especially in the area of
medical education (30). The aim of usability evaluation is to
improve a system or application by identifying usability prob-
lems and then prioritizing fixing them based on their impact. A
usability problem can be defined as any aspect of a design that,
if changed, could result in an improvement in usability. There
may be several iterations of design, testing, and redesign before
an application is released.

Usability can be evaluated by empirical user testing, where
typical end users are observed using an application in labora-
tory or field settings. Think-aloud protocols, largely based on
the work of Ericsson and Simon (9), are often used. Users are
encouraged to speak their thoughts aloud while working with
the application or immediately afterward (8). This increases the
number of problems identified compared with simply observ-
ing users. Formal modeling is an approach that can be applied
early in the development cycle and aims to determine and
model the knowledge a user needs and/or the actions a user
should perform to accomplish specified tasks. By considering
users’ mental models, designers attempt to predict and there-
fore prevent potential usability problems (6).

Another approach is to use usability inspection by experts.
This approach, which is the focus of this report, relies on the
considered judgment of expert inspectors and includes methods
such as heuristic evaluation, cognitive walkthroughs, guideline
review, and consistency inspection (26). Heuristic evaluation
and cognitive walkthroughs are two commonly used methods.
Heuristic evaluation involves experts evaluating an interface
against a set of generally accepted principles for good design
(the heuristics) (25), whereas cognitive walkthrough is based
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on a theory of learning by exploration and involves a group of
inspectors walking through the interface and doing a step-by-
step analysis of a hypothetical user’s potential actions and
mental processes while performing particular tasks (17, 33).

Each approach has its own cost and time requirements and
examines a particular aspect of usability. With user testing, end
users may be expensive or difficult to recruit, and the recording
and analysis of testing sessions may be expensive and time
consuming. Cost and time pressures are common in many
environments and may lead to the evaluation of new resources
being neglected. Inspection methods offer appealing options in
such resource-constrained situations, since skilled experts
could evaluate the application quickly, without the need to
involve end users.

It should be noted that the average problem detection rate of
individual inspectors is generally low (22), and, therefore,
using small groups of inspectors is recommended. A review of
11 usability studies (12) found that inspectors evaluating an
interface detected different sets of problems, with the average
agreement between any 2 inspectors ranging from 5% to 65%.
This “evaluator effect” appears to exist for both novice and
experienced inspectors and for both the detection of usability
problems as well as the assessment of problem severity. The
authors of this review also recommend that this unavoidable
effect be dealt with by involving multiple inspectors.

Heuristic evaluation is the most commonly used of the
inspection methods. Each inspector evaluates the application
independently, usually working through it at least twice. On the
first pass, the overall flow of the application is evaluated, and
on the second pass, each interface element is examined in
detail. Inspectors may be asked to categorize the problems
found with respect to their severity and the heuristic(s) vio-
lated, and they may also suggest solutions to the problems
identified. Compared with other inspection methods, heuristic
evaluation appears to be a better predictor of problems that are
encountered by end users and also identifies more severe

usability problems (14, 22). The ideal inspectors would be
“double experts” at usability and the domain of the application
being evaluated (22), but such individuals are likely to be hard
to find and may be expensive to employ.

While heuristic evaluation is often the most common ap-
proach used by practitioners in the field of human-computer
interaction, its impact on influencing software design is often
rated by these usability professionals as being well below that
of tests conducted with real users (18, 29). Software developers
and project managers appear less willing to make design
changes based on expert reviews, which they believe may
include many “false alarms” that may not necessarily affect
real users, than when end users have been observed first hand
encountering problems with the interface (8). The comparative
usability evaluation study of Molich and Dumas (20), however,
found no significant differences between the results of usability
testing and expert reviews. They consider reviews by expert
practitioners comparable to usability testing and point out that
usability testing should not be seen as a “gold standard” as it
overlooks usability problems like any other method.

We (5) have developed a Web-based multimedia application
to help medical students and practicing colleagues acquire
expertise in the diagnosis and treatment of electrolyte and
acid-base disorders. This e-learning resource is available at
http://www.learnphysiology.org/sim1/. It provides instruction
and hands-on practice via an interactive treatment simulation.
We (4, 5) previously described the development of our “Elec-
trolyte Workshop” and the results of user testing with 15
residents and fellows in internal medicine and its subdisci-
plines. Briefly, the usability software tool Morae was used to
facilitate the recording and analysis of the interaction of par-
ticipants with the application. Measures of effectiveness (task
completion rates and usability problem counts) and measures
of efficiency (time on task and mouse activity) were studied.
This evaluation revealed several serious problems that ren-
dered the application unusable for a large proportion of study

Table 1. Principles of good interface design

Heuristic Descriptor

1. Visibility of system status; feedback Keep users informed through timely, appropriate feedback. They should always know
where they are, which actions can be taken, and how they can be performed.

2. Match with the real world: language and conventions Speak the users’ language, with familiar words, phrases, and concepts. Follow real-world
conventions, making information appear in a natural and logical order.

3. Consistency and conformity to standards Words, situations, and actions mean the same thing; application uses commonly accepted
platform conventions and conforms to user expectations.

4. Minimize memory load; recognition rather than recall Make objects, actions, and options visible. The user should not have to remember
information from one part of the application to another. Instructions should be visible or
easily retrievable.

5. Aesthetic and minimalist design No irrelevant information as it competes with relevant information and diminishes their
relative visibility. Animation and transitions should be used sparingly.

6. Help and documentation It is better if the system can be used without documentation. If required it should be
concise, easy to search, and task centered.

7. User control and freedom The user can control the direction and pace of the application. There should be clearly
marked exits available if they take wrong options by mistake. Support undo and redo.

8. Flexibility and efficiency of use Users can modify the application to suit their individual capabilities and needs, for
example, by using shortcuts.

9. Error prevention and tolerance Careful design to prevent errors occurring. Despite user errors, the intended result may still
be achieved by error correction or good error management.

10. Help users recognize, diagnose, and recover from errors Error messages should be expressed in plain language (no codes), precisely indicate the
problem, and constructively suggest a solution.

11. Intuitive visual layout Position elements on screen to be easily perceived, understandable, and visually
attractive.

The heuristics used by our expert panel to evaluate the application are those of Nielsen (25), with the last item from Karat et al. (15).
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participants. An interactive treatment simulation, for example,
was successfully completed by only 20% of participants.

While the evaluation with typical end users was extremely
valuable, it was, however, very resource intensive, espe-
cially in regard to recruiting suitable participants and in
terms of the time required to log and analyze the recordings
of the testing sessions. The study was eventually completed
over the course of several months. We therefore followed up
this study by exploring whether usability inspection by
experts might provide an equally effective but more efficient
alternative.

This report details the heuristic evaluation of our Electrolyte
Workshop conducted by a panel of experts. The findings were
also compared with those previously obtained by user testing to
try and identify the most efficient method for improving our
e-learning resources.

METHODS

Ethics approval for the project was granted by the Committee for
Human Research of the Faculty of Medicine and Health Sciences of
Stellenbosch University (project no. N08/05/158).

The e-learning resource: our Electrolyte Workshop. This Adobe
Flash application (http://www.learnphysiology.org/sim1/) consists of
case-based tutorials and can be accessed over the internet by any Web
browser. Each case consists of a series of slides, with the navigation
and therefore the pace of the tutorial controlled by the user. There are
two main sections to the Electrolyte Workshop: the first uses a “look
and learn” approach and is called the WalkThru section. A clinical
problem is presented, followed by a demonstration of how an expert
would analyze the data and embark on treatment. Animation is used
to illustrate changes in body fluid compartment sizes, brain cell size,
and plasma Na� concentrations. The “look and learn” concept is
analogous to the use of worked-out examples in disciplines such as

Table 2. Examples of usability problems detected by heuristic evaluation

Heuristic(s) Involved Interface Element Usability Problem Solution

Visibility of system status Loading of application *Loads in 18 s with ADSL connection.
[suggests adding a progress
indicator]

Add indicator to indicate progress
with loading application.

Visibility of system status Treatment simulation: treatment
selection

*Wasn’t sure where to click first to
start treatment. No indication of rate
of [fluid] administration. How is
salt/K administered?

Clear instructions needed on the
slides preceding the simulation.

Visibility of system status. Help users
recognize, diagnose and recover
from errors

Treatment simulation: text
messages

*Messages not very helpful, e.g., “This
is not a useful option. . .”–need to
explain why. “Please select radio
option” is not easily understandable.

Review the algorithms underlying
the text messages; ensure that
all messages are relevant and
useful.

Visibility of system status. Minimize
memory load; recognition rather
than recall

Treatment simulation: feedback Show the user his/her treatment
attempts, with feedback. Tell me if I
am on wrong track and nudge [me]
where to go.

Display treatments previously
applied, with feedback.

User control and freedom Treatment simulation:
navigation

*Couldn’t go back to “lead-in” slides
from the treatment simulation.

Add “back” button.

User control and freedom Treatment simulation:
navigation

*All users need [to see summary]
“take-home messages” when they
finish. [not only those completing
the simulation successfully]

Display “take-home messages”
slide for all users.

User control and freedom WalkThru case: animations *Add “Replay animation” button on
relevant slides.

Add function to replay animation
without navigating away from
the slide.

Match with the real world Character used as “the patient” *Using Suzie again as the patient for
the HandsOn case is confusing.
[different illness, same character]

Use a different character for each
case.

Match with the real world WalkThru case: the patient Suzie still upright after having a
seizure! [patient looks too well]

Modify illustration appropriately.

Match with the real world WalkThru case: patient data
panel

Update patient data on panel after
successful treatment. [clinical and
lab data should change]

Update details on panel as
treatment is applied.

Intuitive visual layout HandsOn case: lab data sliding
panel

*Sliding panel easily missed.
*Obscures the text on the slide when

open.

Redesign to avoid using the
sliding panel; display data in
plain view in left panel.

Consistency and conformity to
standards

Text on slides *Difficult to read small text. [not
familiar with increasing the font size
in a browser]

Use bigger font size and/or
inform users how to zoom in.

Aesthetic and minimalist design Text and animation on slides Trim words on slides. Why all the
animated lines around Suzie?

Reduce word count and
extraneous animation where
possible.

Error prevention and tolerance Treatment simulation: treatment
selection

*Can’t select [and apply] multiple
treatments [simultaneously]. Prevent
users from trying to select multiple
treatments.

Remove covers from the
treatment option panels so
users see that only one option
can be selected at a time.

Help and documentation Glossary No hyperlinks to glossary for terms in
the HandsOn section.

Add hyperlinks for terms that
may be unfamiliar.

Quotes from the inspectors are shown in the “Usability Problem” column, with the authors’ comments or interpretations in brackets. *Serious problem.
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mathematics and physics and allows students to appreciate underlying
principles rather than being focused on finding solutions to the
problem presented (28).

The second section, called the HandsOn section, is more interac-
tive. Each case includes a simulation that provides the opportunity for
deliberate practice of the treatment of patients with electrolyte disor-
ders and, in particular, the accurate prescription of intravenous fluid
therapy. HandsOn cases begin with a series of “lead-in” slides
containing the clinical and laboratory data, which set the scene for the
treatment simulation. Within the simulation, users select from a menu
of therapies and receive immediate feedback on the treatment applied
via on-screen text messages and animations. Upon completion of the
simulation, a final summary slide displays several “take-home mes-
sages.”

At present, there is one case in each section. The WalkThru case is
that of a young woman with acute hyponatremia related to the use of
the drug Ecstasy, and the HandsOn case is that of chronic hyponatre-
mia due to Addison’s disease. There is also a glossary that can be
accessed via text hyperlinks on the slides or via a tab in the main
navigation menu.

Heuristic evaluation procedures. In this study, a panel of six
experts conducted a heuristic evaluation. The panel consisted of a
usability expert, two e-learning experts with expertise in instructional
design, an internist with an additional qualification in medical infor-
matics, and two experienced nephrologists as the subject matter
experts. Inspectors were supplied with a website link to the applica-
tion and worked independently. Written instructions included infor-
mation about the purpose of the application and stated that their
participation was aimed at improving the application and formed part
of a research project. They were required to work through the different
sections of the application and evaluate it according to a set of
commonly used heuristics (Table 1) based on those of Nielsen (25)
and as used by Karat et al. (15). A template for recording and grading
the usability problems detected was provided. Inspectors were asked
to indicate the heuristic(s) relevant to each problem and to assign
severity scores based on its frequency, persistence, and impact. The
severity rating scale of Nielsen (23) was used as follows: 1 �
cosmetic problem only, need not necessarily be fixed; 2 � minor
usability problem, fixing this should be a low priority; 3 � major
usability problem, fixing this should be a high priority; and 4 �

Fig. 1. The “hidden” laboratory data panel.
A: the panel displays important laboratory
data needed for assessing the case and de-
ciding on appropriate treatment. It slides
open on clicking the tab (arrow) at the side
of the screen. Inspectors felt that this would
be missed by some users despite the cue
(surrounded by the rectangle) provided on
slide 1. B: the open panel (arrow) also ob-
scures other on-screen information and re-
mains open when a user navigates to the next
or to previous slides. The tab has to be
clicked again to cause the panel to close.
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usability catastrophe, may cause task failure and must be fixed before
releasing the application. Each inspector submitted a written report
based on the template provided.

All problems found were cataloged and categorized according to
severity, the interface element involved, and the heuristic(s) involved.
Problems with severity scores of 3 and 4 were grouped together as
serious problems and were then compared with the serious problems
previously found by user testing.

RESULTS

The evaluation was completed within 1 wk of supplying the
inspectors with their documentation and the link to the appli-
cation. Their overall impression of the application was uni-
formly positive, with comments such as “easy to use,” “good
visuals,” and “an excellent application.”

A total of 22 distinct usability problems were identified.
Examples of these, with the interface element involved, the
heuristics violated, and potential solutions, are shown in
Table 2. There were 11 problems categorized as serious; each
of these was detected by a median of 2 inspectors (range: 1–4).
Each inspector detected a median of 4 of the 11 serious
problems (range: 3–7).

Several usability problems were identified that related to the
heuristic of ensuring the visibility of system status and provid-
ing appropriate user feedback. Two inspectors were concerned
about the long loading time of the application over slower
internet connections; one inspector suggested adding a prog-
ress indicator to keep users informed during the loading pro-
cess. Inappropriate or unhelpful feedback and error messages
in the interactive simulation were highlighted by four inspec-
tors. It was also suggested that treatments previously applied
by users be displayed to them, accompanied by useful feed-
back.

Problems related to the heuristic of user control and freedom
included the inability to navigate back to the lead-in slides after
entering the treatment simulation. This was identified by four
inspectors. It was suggested by three inspectors that the take-
home message summary slide after the completion of the
simulation be displayed to all users and not only to those who

had completed the simulation successfully. In the WalkThru
case, inspectors recommended adding the functionality to al-
low users to replay animations on the slides rather than requir-
ing them to navigate away from the slide and then back again
to have the animation replayed.

The heuristic of ensuring a match with the real world was
violated by the use of the same character, Suzie, in both the
WalkThru and HandsOn cases (and with different diagnoses).
This was highlighted as potentially confusing. In the WalkThru
case, clinical and laboratory parameters on the patient data
panel were not updated appropriately after the successful
treatment of the patient, also violating this heuristic.

Two problems were identified that resulted from violations
of the heuristic of providing an intuitive visual layout. With
regards to the lead-in slides of the HandsOn case, two inspec-
tors pointed out that a laboratory data panel displaying the
patient’s blood and urine chemistry results could easily be
missed by users and suggested that their attention be drawn to
it in some way. This panel slides open on clicking its tab at the
side of the screen (Fig. 1). The problem of the open panel
obscuring other on-screen information was also identified.

The heuristic of consistency and conformity to standards
was violated by the use of too-small font sizes for the text on
the slides. This was highlighted by two inspectors.

Inspectors also recommended reducing the word count and
eliminating unnecessary animation on certain slides to conform
to the heuristic of aesthetic and minimalist design.

The heuristic of error prevention and tolerance was violated
in the design of the selection and application of treatments in
the simulation. This was identified by four inspectors as a
serious usability problem. The simulation was designed to
permit treatments to be applied sequentially, and not simulta-
neously, so that appropriate feedback could be given after each
step. Treatment options are grouped and displayed in separate
panels (Fluid, Salt Treatment, and Drug Treatment) with only
one panel open at a time (Fig. 2). Moving from one panel to the
next causes the previous panel to be closed and any selected
option in that panel to be deselected. Because the first panel

Fig. 2. Usability problems with treatment
selection in the simulation. Treatment op-
tions are grouped and displayed in separate
panels (Fluid, Salt Treatment, and Drug
Treatment), with only one panel of options
open and active at a time. Navigating from
one panel to another causes the first panel to
close and a selected option in that panel to be
deselected. Here, the user has selected 3%
saline from the Fluid panel (bottom left ar-
row) and then clicked the “Treat” button
without first using the slider to indicate the
dose. As a dose of zero has been adminis-
tered, there is no change in any patient pa-
rameter. The feedback message (top right
arrow) does not bring this problem to the
user’s attention but is inappropriate and un-
helpful.
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closes, users might not realize that the first treatment option
was no longer selected and unsuccessfully attempt to select and
apply multiple treatments simultaneously.

Inspectors also made suggestions relating to cosmetic
changes and relatively minor usability problems. Examples of
these included suggestions for font changes, adding a period
after each glossary entry, and using the singular “Select your
character” and not “characters” to indicate that only a single
case scenario was presently available in each section of the
application. There were also new feature requests that did not
address an identified usability problem. An example of this was
the suggestion that users have the ability to print summary
notes of the cases upon completion.

A comparison of the detection of the most important usabil-
ity problems by heuristic evaluation versus user testing is
shown in Table 3. Among the problems identified by heuristic
evaluation but not user testing were the need for a progress
indicator while loading the application, text with too-small font
sizes, unnecessary words and animation, the need to be able to
replay the animations, and the problem with navigation. The
most important problems identified by user testing but missed
by the heuristic evaluation were the difficulties with using the
slider control to select dosages in the treatment simulation
(Figs. 2 and 3). User testing also highlighted the underutiliza-
tion of the glossary: no participants accessed it from text
hyperlinks as they worked through the slides. Those who

viewed the glossary did so via the main navigation tab and at
the end of the session, most likely only because this was
required by the written instructions.

DISCUSSION

Heuristic evaluation of our Electrolyte Workshop by a panel
of experts proved to be an efficient approach to improving
usability. The evaluation was completed in a short space of
time and detected most of the serious usability problems found
by previous user testing as well as serious additional problems
not identified by user testing. Heuristic evaluation thus presents
an appealing option when time and financial resources are
limited, as is often the case when developing e-learning mate-
rials. An additional advantage of using heuristic evaluation is
that expert inspectors may often suggest solutions to problems
found and may also highlight the strengths of a design.

A team of four to five experts can be expected to identify
�70% of usability problems (27). However, more problems
will be missed when inspectors are inexperienced or lack
domain expertise. Nielsen (22) found that novice inspectors
uncovered 22% of problems, general usability professionals
discovered 41%, and “double experts” who were specialists in
usability as well as in the particular domain of the interface
being tested were best found 60% of the problems. It is
therefore important to have a good mix of experience and
expertise when assembling a panel of inspectors.

Observing typical end users interacting with the application
remains important however, as they may expose problems that
experts, with their advanced computer skills, would not en-
counter (Table 3). The problem with the slider control is a case
in point, where none of our expert panel had any difficulty
dragging the slider to indicate the treatment dose in the simu-
lation, whereas several participants in our earlier user testing
study (4) could not work out how to use this at all, rendering
the simulation unusable for these individuals. Another poten-
tial drawback of only using heuristic evaluation is that prob-
lems identified by inspection methods do not seem to have the
same credibility with software developers and managers as
those identified through testing “real” users (7).

User testing with the collection of subjective data by vali-
dated questionnaires is another attractive option when re-
sources are limited. The System Usability Scale (2), for exam-

Table 3. Comparison of the serious usability problems detected by heuristic evaluation and user testing

Problems Detected by
Heuristic Evaluation

Problems Detected by
User Testing

Slow loading of application; no progress indicator �� ND
Same character as “patient” in both cases is confusing �� ND
Text on slides uses too-small font size �� ND
Inability to replay animations on slides �� ND
Sliding laboratory data panel easily missed �� ��
Open laboratory data panel obscures other information � ��
Insufficient information on treatment options, e.g., rate of administration �� ND
Failed attempts at multiple treatment selection �� ��
Applying zero dosages with slider control ND ��
Additional slider control problems* ND ��
Unhelpful or inappropriate feedback messages �� ��
Cannot navigate backward once in the simulation �� ND
No feedback/summary if simulation not successfully completed �� ��

�, problem detected; ��, serious problem (detected with high frequency or impact); ND, problem not detected. *Figure 3 shows additional slider control
problems revealed by user testing.

Fig. 3. Additional usability problems related to the slider control. A: here, the
user has selected “Sodium salt” by clicking the appropriate radio button and
then tried to indicate the dose by a single click on the rail of the slider. The
slider thumb has jumped to the point clicked, but the dose still indicates 0
mmol (arrow). The correct dose was registered only when the slider thumb was
dragged or the rail double-clicked. B: the slider thumb has been dragged to
indicate the dose without the user first being required to select a treatment
option by clicking one of the radio buttons.
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ple, is freely available and easy to administer and yields a score
of overall usability, which is useful for comparison with other
applications and with different iterations of the same applica-
tion. However, it does not generate a list of usability problems
to fix and, on its own, would be of limited use when the aim is
improving the application.

Heuristic evaluation and user testing each appear to identify
important usability problems overlooked by the other method. It
has therefore been suggested that both methods be used to sup-
plement each other, with heuristic evaluation being used first to
identify and correct the more obvious problems and, after the
subsequent redesign, user testing be used to try and uncover the
remaining problems (8, 23).

Conclusions. Heuristic evaluation is an efficient way of im-
proving the design of e-learning materials in resource-constrained
environments, considerably reducing the cost and time of evalu-
ating usability. In terms of effectiveness, it compares well with
user testing where typical end users are directly observed while
using the application. In our study, heuristic evaluation detected
several serious usability problems with our Electrolyte Workshop,
each of which could have resulted in a substantial loss of educa-
tional impact. However, at least one serious problem was missed
by heuristic evaluation, and we therefore support the recommen-
dation that a combination of methods be used whenever possible,
to increase the likelihood that most of the serious usability prob-
lems are detected and addressed. Ideally, heuristic evaluation
should be used first and at an early stage in the development cycle.
Combining heuristic evaluation with user testing, and involving a
small number of participants with each cycle of testing, should
provide valuable and rapid feedback to guide the development of
usable e-learning materials for our health sciences programs.
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