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Abstract

Background
There are some inconsistencies regarding the selection of the most appropriate usability evaluation
method. The present study aimed to compare two expert-based evaluation methods in a nursing module,
as the most widely used module of a Hospital Information System (HIS).

Methods
The Heuristic Evaluation (HE) and Cognitive Walkthrough (CW) methods were used by �ve independent
evaluators to evaluate the nursing module of Shafa HIS. In this regard, the number, severity and ratio of
the recognized problems according to the usability attributes were compared using two evaluation
methods.

Results
The use of the HE and CW evaluation methods resulted in the identi�cation of 104 and 24 unique
problems, respectively. The average severity of the recognized problems was 2.32 in the HE method and
2.77 in the CW evaluation method; however, there was a signi�cant difference between the number and
severity of recognized usability problems by these methods (P < 0.001). Some problems, which were
associated with effectiveness, satisfaction and error, were better recognized by the HE method; however,
CW evaluation method was more successful in recognizing problems of learnability, e�ciency and
memorability.

Conclusion
The HE method recognized more problems with a lower average severity. On the other hand, CW could
recognize fewer problems with a higher average severity. Regarding the evaluation goal, HE method
would be used to improve effectiveness, increase satisfaction and decrease the number of errors.
Furthermore, CW evaluation method is recommended to be used to improve the learnability, e�ciency and
memorability of the system.

Background
In recent years, healthcare organizations in many countries have largely invested on the development,
acquisition, and implementation of various information technology systems [1, 2]. Moreover, the usability
of health information technology systems has always been an area of concern for such organizations [1].
The well-designed health information systems can support the �ow of clinical information in several
ways, thereby improving patient care [3]. The nursing module of Hospital Information System (HIS) can
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be regarded as one of the most crucial and widely used healthcare information systems [4], which needs
to be integrated into nurses’ daily practices [5]. In this regard, the e�cient and effective use of this system
heavily depends on its proper design and the ful�llment of the users’ expectations as such a poor design
and improper usage can trigger several problems in accepting and using systems [6–8]. The problems
would lead to user dissatisfaction [9, 10], increased rate of error, and decreased safety and quality of
patient care services [11]. Accordingly, various usability attributes should be concerned in the
development of interactive health information systems such as the nursing module [8]. According to
International Organization for Standardization (ISO), usability attributes encompass e�ciency,
effectiveness and satisfaction [12, 13], while Nielsen considers learnability, e�ciency, memorability, error
and satisfaction as usability attributes of the information systems [13, 14].

The usability evaluation of information system user interfaces can be performed by several methods [15],
which are divided into two expert-based and user-based groups, with the former being more preferred
since this method can identify more frequent and more unique problems of higher severity[16]. In this
regard, the Heuristic Evaluation (HE) and Cognitive Walkthrough (CW) are two common expert-based
evaluation methods, which can recognize the system usability problems effortlessly, quickly and
economically [17–19]. In HE method, the system user interface is evaluated with regard to a set of
prede�ned principles, known as heuristics [20]. This method, performed by three to �ve evaluators, can
recognize 75–80% of the usability problems [21]. CW evaluation method, as a task-speci�c and
structured evaluation method, adopts the principles of cognitive psychology to simulate cognitive
processes and user actions to perform speci�c tasks using a computer system [22, 23].

Although there are many usability problems in the information systems, most of the problems can be
recognized and modi�ed by proper planning and selecting an appropriate evaluation method [24]. In other
words, an advance in the usability of the health information systems requires a deep understanding of
various usability evaluation methods and relevant knowledge of how to implement the methods [1].
However, there might be several challenges and inconsistencies in selecting the most appropriate
usability evaluation method and implementing the �ndings obtained from each method [24]. In this case,
if there are a large number of evaluation methods available to be applied in a study, the �ndings of the
previous studies, particularly comparative studies, should be considered to select the most appropriate
method as such they would be highly bene�cial in describing the advantages and disadvantages of each
method and predicting what is to be achieved by applying each method. Consequently, the most
appropriate evaluation method can be selected based on the evaluation goal.

Numerous studies have compared the �ndings of the HE and CW evaluation methods or the other
usability evaluation methods [25–31]. In a study by Khajouei et al.[26], the HE and CW evaluation
methods were compared not only according to the number and severity of recognized problems but also
according to a blend of ISO and Nielsen usability attributes. Khajouei et al. study [29], as the only
research in this regard, was carried out on the clinical module of a medical o�ce management system.
Regarding the limitations of their concerned system, it was speci�cally designed for physicians and had a
limited number of installations across the country, compared to the other health information systems.
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Accordingly, it seems necessary to perform similar studies to compare the abovementioned evaluation
methods on large-scale health information systems with more capabilities, which are expected to have a
more appropriate design due to a larger number of their installations and users across the country. This
study aimed to compare the number, severity and type of the recognized problems according to ISO and
Nielsen’s usability attributes using the HE and CW evaluation methods in a nursing module of one of the
largest HISs installed in many hospitals across the country.

Methods

System
A comparison between the HE and CW evaluation methods was performed in the nursing module of
Shafa HIS (developed by Tirajeh Rayaneh Co.). The system is installed in more than 200 hospitals across
the country. It possesses various capabilities as follows: admission of patient and allocation of bed and
room for the patient in the inpatient ward, registration of requests for paraclinical services and monitoring
the results, registration of the request for a surgery, registration a request to transfer of the patient to
another ward, and registration of the patient's information at the discharge time. This system is fully
integrated into the daily routines of the nurses and secretaries of inpatient wards. The nursing module
was selected for this comparative evaluation since it encompasses the largest group of users and is the
most critical clinical module in any HIS.

Evaluation Methods
In this study, the usability evaluation of the nursing module of Shafa HIS was carry out in the Laboratory
of Health Information Technology at Kashan University of Medical Sciences using the HE and CW
evaluation methods. The results of these expert-based evaluation methods were then compared.

Heuristic Evaluation
This method was �rst introduced by Nielsen and Molich [32]. Based on the Nielsen approach, a
summarized list of heuristic principles is provided to evaluators as a guideline and each evaluator
independently examines the user interface and recognizes usability problems [33]. Nielsen developed ten
heuristics principles, including visibility of system status; match between system and the real world; User
control and freedom; consistency and standards; help users recognize, diagnose, and recover from errors;
error prevention; recognition rather than recall; �exibility and e�ciency of use; aesthetic and minimalist
design; and help and documentation that must be observed in the user interface design [21]. According to
this method, evaluators should not communicate with one other before the evaluation is completed since
a single evaluator may miss recognizing a large number of problems, while different evaluators can
recognize a wide range of unique problems. Therefore, more comprehensive results can be obtained after
combining the �ndings of several HE evaluations [33]. If time and resources are limited, this method can
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rapidly and economically identify the usability problems with the participation of three to �ve evaluators
[21, 34, 35].

Cognitive Walkthrough Evaluation
The CW is one of the most common expert-based methods that emphasizes the ease of learning the
system [22, 36]. This method is especially suitable where users have to master a new application or
function by learning through exploration. To carry out CW, a precise description of the system user
interface design, tasks scenario, clear assumptions about the users and the scope of use, as well as the
series of actions that users take to successfully accomplish a given task are determined. Following this, a
number of cognitive processes which are followed by users during the performance of a series of actions
are simulated by an evaluator or group of evaluators in order to accomplish speci�c tasks. During the CW,
the evaluators try to identify actions which seem to be di�cult for ordinary users by understanding the
interface behavior and its effects on the user. Therefore, this evaluation method could be done at the
early phase of system development to meet user needs [36].

Participants
Since a number of (three to �ve) evaluators are adequate to perform HE and CW evaluations [29], the
maximum number of evaluators (�ve evaluators) were chosen in a random and purposeful fashion so as
to participate in this study. Three evaluators were PhD students in health information management and
two evaluators had a M.Sc. in health information technology. Furthermore, evaluators had experience in
the �eld of HE and CW evaluations and were familiar with various healthcare information systems [13].

Data Collection
In this study, the CW evaluation was initially performed by the evaluators in order to prevent the adverse
effect of system learning on the CW evaluation results. Moreover, Nielsen's usability principles were
provided to the evaluators to perform the HE method and they were asked to evaluate the user interface
within the same range of evaluated tasks in the CW method in accordance with the checklist. Therefore,
performing the CW evaluation did not in�uence the HE results. On the other hand, in the study by Khajouei
et al [29], which was conducted in two rounds to prevent the possible effect of system learning on the
results obtained from the HE and CW evaluation methods, no signi�cant difference was found between
the number of recognized problems in the �rst and second rounds.

A method suggested by Polson and Lewis was used to perform the CW evaluation [22]. Five scenarios
were identi�ed according to daily routine tasks performed by nurses and secretaries of inpatient wards
using the nursing module based on nurses' opinions and the approval of the head nurse. For each
scenario, users’ goals and sub-goals, the series of actions for each task and the system response were
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de�ned. Table 1 shows an example of a scenario and its tasks and actions. Then, the evaluators
independently accomplished the series of actions for each task and, by assuming themselves as real
users, they expressed any potential problems to the researcher. The comments, questions, and
ambiguities raised by the evaluators’ as well as the problem and its location were recorded by the
researcher, who was also considered as the observer. At the end of the evaluation process, the evaluators
reviewed their problems list either added a comment or corrected a previously given comment if
necessary. Then, in a meeting with the researcher and evaluators, all lists were compared and duplicate
problems were eliminated and a list of individual usability problems was prepared. At the end of the
meeting, this list was provided to the evaluators, who independently determined the severity of each
problem on a scale of 0 to 4 according to the frequency of the problem, its impact on users, and its
persistence [13, 37]. Problem severity was graded as follows:

0 = No problem- I don’t agree that this is a usability problem at all.

1 = Cosmetics - No need for correction unless more time is available for the project.

2 = Minor- Correcting this problem is a low priority.

3 = Major- Important to correction, therefore, it is a high priority.

4 = Catastrophe- Correcting this problem is necessary before the product can be released [13, 37, 38].

The recognized usability problems were categorized according to ISO and Nielsen usability attributes [12,
14]. The usability attributes of both the ISO and Nielsen is shown in Table 2 [14, 29]. Thus, evaluators
independently assigned the recognized problems to one of the usability attributes.
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Table 1
An example of a scenario and the related tasks and actions.

Scenario Task Actions

Recording a surgery request for femoral
fracture reduction for a patient in the
orthopedic ward

Determining a Patient Click on inpatient ward name
(orthopedic ward).

Icons and patients' names are
displayed.

Right-click on the particular
patient’s icon.

The drop-down menu is
displayed next to the patient’s
icon.

Entering a request for
a surgical procedure

Choose “send to operating
room waiting list” from the
drop-down menu.

A list of available operating
rooms is displayed.

Click on “general operating
room”.

The general operating room
window is displayed.

Patient’s surgery information is
added.

Submitting a surgery
request to the
operating room

Click on the Save button.

A message titled “Information
was saved successfully” is
displayed.

Click on the Con�rm button.

“Patients in the surgery waiting
list” is displayed.

Click on the Return button.

Inpatient ward window is
displayed.
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Table 2
The usability attributes according to the ISO and Nielsen [14, 29]

Attribute De�nition

Effectiveness How well do the users reach the goals set with the usage of the system?

E�ciency How much of each resource (e.g. time and mental effort) is required so that the
goals can be obtained by users?

Satisfaction How pleasant is the use of the system for users?

Learnability How easy is it for users to do basic tasks when using the system for the �rst time?

Memorability When the system has not been in use for a while, How easy can users remember how
to use it?

Errors When using the system, how many errors are made, how severe are these errors and
how easily can they be retrieved?

After a period of two weeks, once the CW evaluation was completed, �ve evaluators were asked to
independently evaluate the user interface of the nursing module using the Nielsen’s usability Principles
Checklist, which was based on Xerox heuristics Checklist [39]. This checklist was according to Nielsen’s
ten usability principles and included 254 items with multiple-choice questions that contained “yes”, “no”,
and “not applicable” as the available answers. The validity and reliability of the checklist were previously
con�rmed in a study by Rezaei-Hachesu et al.[40]. The recognized problems were then listed in the
problem report form, which consisted of a four-column table that contained “problem title”, “problem
description”, “location of the problem”, and “violated usability principle” as the head of columns.

Subsequently, the recognized problems were examined in a meeting with the �ve evaluators, where the
repeated problems were discarded and a comprehensive list of unique problems was developed.
Moreover, disagreements about the recognized problems were resolved by discussion in this meeting.
Finally, similar to the CW evaluation, the evaluators independently determined the severity of each
problem on a scale of 0 to 4 and assign the recognized problems to a speci�c usability attribute.

Data analysis
The data were analyzed using SPSS Statistics for Windows, version 20.0 (SPSS Inc., Chicago, Ill., USA)
both descriptive and inferential statistical techniques. The average severity of the usability problems was
calculated [13]. Then, each usability problem was assigned into one of the �ve categories shown in
Table 3, according to its average severity [13, 41]. Furthermore, each problem was associated with one of
the usability attributes in which it had the most frequency. In case of same frequency in more than one
attribute, the problem was associated with the most relevant usability attribute according to the
evaluators' opinion [13]. The Chi-squared test was used to compare the number of recognized usability
problems by the two methods and to cover the usability attributes in each of them. Moreover, the Chi-
squared test was used to compare the ratio of usability attributes in the two evaluation methods. The
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average severity of the recognized problems by the two methods was compared using the Mann-Whitney
U test. A signi�cance level of 0.05 was considered in this study.

Table 3
Problem categories according to their

average severity [13, 41]
Problem category Average severity

No problem 0-0.5

Cosmetic 0.6–1.5

Minor 1.6–2.5

Major 2.6–3.5

Catastrophic 3.6-4

Results
In the present study, the usability evaluation results obtained by the HE and CW methods in the nursing
module of a HIS were compared. The HE method was able to identify 317 problems, of which 104 unique
problems remained after merging the problems and discarding the repeated ones. On the other hand, 46
problems were recognized in the CW evaluation, of which 24 unique problems remained after merging the
problems and discarding the repeated ones; the Chi-squared test indicated a signi�cant difference
between the number of recognized problems in the two evaluation methods (P < 0.001).

In this study, 57 problems (54.8%) were minor problems and 33 of them (31.7%) were major problems out
of the unique problems recognized in the HE method. On the other hand, 12 problems (50%) were major
problems and 10 problems (41.7%) were minor problems out of the unique problems recognized in the
CW evaluation. The average severity of usability problems was 2.32 and 2.77 in the HE and CW methods,
respectively, and the Mann-Whitney U test revealed a signi�cant difference based on these �gures
(Table 4).

Table 4
Number and severity of the recognized problems by the two evaluation methods

Methods Number of
problems

Number of unique problems based on severity Mean 
± SD

Mann-
Whitney
test

Total Unique Cosmetic

N(%)

Minor

N(%)

Major

N(%)

Catastrophe

N(%)

HE 317 104 8(7.7) 57(54.8) 33(31.7) 6(5.8) 2.32 
± 0.65

Z=–
3.037 P 
= 0.001

CW 46 24 - 10(41.7) 12(50) 2(8.3) 2.77 
± 0.51
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Based on the usability attributes, the number and average severity of the recognized problems are shown
in Fig. 1. A signi�cant difference was seen between the number of recognized problems according to the
usability attributes in the HE evaluation (P < 0.001). In this method, the most number of recognized
problems was associated with effectiveness (35 problems) and the most average severity was
associated with effectiveness and error (2.5). No signi�cant difference was found between the number of
recognized problems according to the usability attributes in the CW evaluation (P = 0.156). In this method,
the most number of recognized problems was associated with learnability (8 problems) and the most
average severity was associated with learnability and error with an average severity of 3.1 and 3,
respectively.

As shown in Table 5, a signi�cant difference was observed between the HE and CW methods regarding
the ratio of the recognized problems according to the usability attributes. Thus, in the investigated
nursing module, a number of problems associated with effectiveness, satisfaction and error were better
recognized in the HE method while problems related to learnability, e�ciency and memorability were
better recognized in the CW evaluation.

Table 5
Comparison of the two methods in recognizing problems

according to usability attributes
Usability problems

Usability attributes

HE

N(%)

CW

N(%)

Chi- Square tests

Effectiveness 13(12.5) 6(25) P = 0.012

E�ciency 35(33.7) 2(8.3)

Satisfaction 22(21.2) 2(8.3)

Learnability 18(17.3) 8(33.3)

Memorability 5(4.8) 4(16.7)

Errors 11(10.6) 2(8.3)

Total 104(100) 24(100)

Discussion
The usability evaluation of the nursing module of Shafa HIS was performed by the HE and CW evaluation
methods. The most number of problems was recognized by the HE method as compared to the CW
method, although the average severity of recognized usability problems by the HE was less than the CW
method. Concerning the usability attributes, the most number of recognized problems by the HE method
was associated with effectiveness, while the most number of recognized problems by the CW evaluation
was associated with system learnability.
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A signi�cant difference was indicated between the total number of usability problems recognized by the
HE and CW methods in the usability evaluation of the nursing module. In addition, a higher number of
problems were recognized by the HE method compared to that of the CW evaluation. In the studies by
Jeffries et al. [27] and Frøkjær and Lárusdóttir [26], it was also indicated that the HE method can
recognize more usability problems compared to the CW evaluation, which is compatible with the results
of the present study. It should be noted that the number of recognized problems in the HE method
depends on the expertise and skill of the evaluators [27]. In a study by Desurvire et al. [42], it was revealed
that expert evaluators were able to recognize a higher number of problems in the HE method compared to
the CW evaluation, while the number of recognized problems by other evaluators was equal in both
methods. Other studies have also shown that the number of recognized problems in the HE method by
experienced evaluators is higher than that of inexperienced evaluators [43–45]. In another study
performed by Khajouei et al.[29] it was indicated that despite identifying a higher number of usability
problems in the HE method compared to the CW evaluation, no signi�cant difference was seen between
the numbers of recognized problems in these two evaluation methods, which was incompatible with the
�ndings of the present study. This may be due to the fact that Nielsen’s usability principles checklist was
used in the present study, while in the study conducted by Khajouei et al. [29], no usability checklist was
used in order to carry out the HE method. As a way to con�rm this notion, another study by Khajouei et al.
[35] showed that using a checklist in performing the HE method can lead to the identi�cation of a higher
number of usability problems compared to performing this evaluation without a checklist.

Based on the obtained results, more than half of the recognized problems by the HE method were in the
minor problem category, while 50 percent of problems recognized by the CW evaluation were placed in
the major problem category. In a study by Jeffries et al. [27], four usability evaluation methods were
compared and it was revealed that two-thirds of low-severity problems were recognized by the HE
method. Other studies indicated that most of the recognized problems by the HE method are in the minor
or cosmetic categories [15, 44, 46], which is compatible with the �ndings of the present study. Contrary to
these �ndings, other studies reported that most of the recognized problems by the HE method are in the
major and catastrophe categories [47, 48], the different types of recognized problems due to investigating
different health information systems can be considered as a source of this inconsistency. The skill and
expertise of evaluators, which is highly effective in estimating the severity of recognized problems, can be
another reason for this inconsistency in �ndings. As the study by Atashi et al. [43] indicated that the
average severity assigned by experienced evaluators to the problems in the HE method was signi�cantly
higher than that of the other evaluators.

Based on the obtained results, the average severity of usability problems in the CW evaluation was
signi�cantly higher than that of the HE method, which is consistent with the �ndings of the study by
Khajouei et al. [29]. The study by Cuomo and Bowen [25] proposed that the CW evaluation is the superior
method when identifying certain problems that either affect user performance or focus on how users
interact with the user interface while performing speci�c tasks [49]. On the other hand, the HE method
primarily focuses on identifying problems that are associated with the system user interface design and
its compliance with a set of prede�ned usability principles [18]. Therefore, as a task-independent method,
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the HE method illustrates a wide range of various aspects of a system user interface and identi�es
speci�c problems that users hold in lower regard and priority for taking corrective actions compared to
the CW method.

According to the �ndings of this study, the most number of recognized problems by the HE method was
associated with effectiveness and secondly, satisfaction. Moreover, the ratio of usability attributes was
compared for both methods and it was indicated that the HE method is superior in identifying a number
of problems associated with effectiveness, satisfaction and error. The study by Khajouei et al. [29] also
reported that the HE method is signi�cantly superior in identifying problems associated with satisfaction,
which is consistent with the results of the present study, however, in the present study, satisfaction was at
the second place, following effectiveness in terms of the usability attributes having the most number of
recognized problems by the HE method. As a general rule, effectiveness can be achieved when users are
able to perform their activities and tasks accurately and completely via the system [50, 51]. As a result,
correcting the recognized usability problems by the HE method leads to a signi�cant increase in the
effectiveness and satisfaction of users, provided that a system is well-designed with minimal complexity.

According to the �ndings of this study, the most number of recognized problems by the CW evaluation
was associated with system learnability. Furthermore, the �ndings of the present study are similar to that
of the study by Khajouei et al. [29] in terms of the largest number of problems associated with learnability
when performing the CW evaluation. Moreover, in a study by Jaspers [18], it was stated that the CW
evaluation, as a usability evaluation method, focuses on evaluating a system design in terms of
learnability by exploration. The learnability refers to the speed at which new or novice users learn a
system user interface in order to perform various tasks [52]. In the present study, the second largest
number of problems in the CW evaluation belonged to e�ciency. Moreover, the ratio of usability attributes
was compared for both methods and it was indicated that the CW evaluation is superior in recognizing
problems related to learnability, e�ciency and memorability. This �nding was not in line with the �ndings
of Khajouei et al. study [29], that showed that e�ciency problems were better recognized by the HE
method. The inconsistency might be caused by the differences in the problems recognized by the
systems evaluated in these two studies. E�ciency refers to the users’ time and mental effort and the
costs involved in achieving goals so that the users can achieve their goals with minimum resources and
costs [29, 53]. Since the amount of training time for health information systems is highly limited for the
users such as nurses, who are essentially required to learn how to work with the system while doing their
duties [54], performing the CW evaluation and correcting the usability problems recognized by this
method can ultimately lead to a decrease in the users’ cognitive load, a reduction in the system learning
time, and an increase in the system e�ciency.

Strengths and Weaknesses
This study aimed to compare two expert-based usability evaluation methods in a nursing module, as the
most important and the most widely used module of a HIS. Moreover, �ve evaluators participated in this
study, an adequate number of evaluators to perform the HE and CW evaluations. Furthermore, the
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evaluators had previous experiences with conducting several HE and CW evaluations and either had work
experience or were familiar with various HISs and based on previous studies [42–44], the participation of
skilled and experienced evaluators is bene�cial in identifying the largest number and the most severe
usability problems. As yet another point of strength in this study, �ve scenarios were identi�ed according
to the most important and frequent daily tasks of nurses performed via the nursing module. These
scenarios were formed according to the opinion of three experienced nurses working in the inpatient
ward, which were then approved by the head nurse. On the other hand, evaluating the nursing module of a
HIS can be considered as a limitation of this study. Since designing different user interfaces for various
HISs can in�uence the number and severity of recognized problems and consequently the number of
problems attributed to each usability attribute in each of the HE and CW methods, the �ndings of this
study cannot be fully generalized to all systems.

Conclusion
Based on a comparison between the HE and CW methods for the usability evaluation of a nursing
module, the HE method can identify a higher number of problems compared to the CW evaluation due to
its broad overview of a system design based on a set of prede�ned principles, while the evaluation of
speci�c tasks in detail is avoided; though users may hold lower regard and priority for taking corrective
actions for these problems. On the other hand, this study indicated that performing a reasonable number
of tasks in the CW evaluation leads to identifying fewer problems with a higher average severity
compared to the HE method. Finally, according to the obtained results, it was shown that the HE method
is superior in identifying usability problems associated with effectiveness and satisfaction, while the CW
evaluation method is superior in identifying problems related to system learnability and e�ciency.
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Hospital Information System
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Cognitive Walkthrough
ISO
International Organization for Standardization
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