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Evaluating the usability of a cancer ey

registry system using Cognitive Walkthrough,
and assessing user agreement with its problems
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Abstract

Objective/aim Good design of cancer registry systems makes them easy to use, while poor design of their user inter-
faces leads to user dissatisfaction and resistance. The objective of this study was to evaluate the usability of a cancer
registry system using Cognitive Walkthrough (CW) and to assess users'agreement with its usability problems.

Methods CW was used to evaluate the registry system. We developed a checklist to help evaluators speed up the
evaluation process, a problems form to collect the usability issues identified by the evaluators, and a problems sever-
ity form to determine the severity of problems by the evaluators. The problems were classified into two categories
according to the CW questions and the system tasks. The agreement of the users with the system problems was
examined by an online questionnaire. Users'agreement with the problems was then analyzed using the Interclass
Correlation Coefficient in the SPSS 22 (Statistical Package for Social Science).

Results In this study, 114 problems were identified. In the categorization of problems based on the CW questions,
41% (n=47) of the problems concerned the issue of “users do not know what to do at each stage of working with
the system’, 24% (n = 27) were classified as “users cannot link what they intend to do with system controls’, and 22%
(n=25) were related to “user’s lack of understanding of the system processes”. Based on user tasks, about 36% (n=41)
of the problems were related to “removing patient duplication”and 33% (n = 38) were related to “registration of
patient identification information”. User agreement with the problems was high (Cl 95%=0.9 (0.96, 0.98)).

Conclusion System problems often originate from user ignorance about what to do at each stage of using the sys-
tem. Also, half of the system problems concern a mismatch between what users want to do and the system controls,
or a lack of understanding about what the system does at different stages. Therefore, to avoid user confusion, design-
ers should use clues and guides on the screen for users, design controls consistent with the user model of thinking,
and provide appropriate feedback after each user action to help users understand what the system is doing. The high
agreement of users with the problems showed that in the absence of users system designers can use CW to identify
the problems that users face in the real environment.
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Introduction

According to the World Health Organization, cancer is
the second leading cause of death after cardiovascular
disease worldwide [1]. The first step in controlling cancer
is gathering information about the incidence, type, and
location of the disease [2]. In this regard, the cancer reg-
istration system was developed. This system helps to bet-
ter manage and control the disease by providing accurate
information about its prevalence and patient survival [3].

One of the factors contributing to the success of an
information system is its good design [4]. Good design
is consistent with the goals, needs, and interests of
users [5]. Given the difference in computer experience
and expertise of users and the unfamiliarity of informa-
tion systems developers with the user population, the
design of these systems is not often tailored to the needs
and interests of their users. Also, according to previous
studies [6-9], poor design of information systems leads
to users’ fatigue, and dissatisfaction, as well as, system
inefficiency and rejection. The good design of an infor-
mation system contributes to its usability. According to
ISO 9241-11, usability means that a system, product, or
service can be used by specified users to achieve specified
goals with effectiveness, efficiency, and satisfaction in a
specified context of use [10]. Usability refers to aesthetic
appearance, ease of use, easy navigation, user-friendli-
ness, and clarity of the design of an information system
[11]. Despite the increasing focus on usability and the
development of relevant methods and procedures, infor-
mation systems designers fail to design systems based on
usability principles [9].

Usability evaluation methods fall into two user-based
and expert-based categories. In the user-based evaluation
methods, users participate in the evaluations to identify
problems with information systems. Since recruiting a
sufficient number of real users for user-based usability
evaluation methods is sometimes difficult or expensive,
it is essential to use other methods that identify usability
problems hindering real users [12, 13]. In expert-based
evaluation methods, experts identify usability problems
in view of users’ abilities [14]. Cognitive Walkthrough
(CW) is one of the most common expert-based evalua-
tion methods [15]. The main purpose of CW is to iden-
tify the simplest way to perform a task by creating an
action sequence tree for the task and its sub-tasks. In this
method, evaluators identify most usability problems of an
interface and their causes especially severe problems eas-
ily, quickly, and at a low cost. Also, this method is suitable
for evaluating information systems that their users are
beginners [16]. However, it is unclear how much infor-
mation system users agree with the problems identified
by evaluators in such expert-based methods. Thus, exam-
ining the agreement of users with usability problems
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helps to improve the accuracy of the results of the expert-
based evaluation methods, especially the CW method.
So far, the agreement of information system users with
the problems identified in expert-based usability evalua-
tions has not been sufficiently studied. Among previous
studies, only one study [17] measured the extent to which
users agreed with the problems identified by the evalua-
tors in a Heuristic Evaluation of an emergency informa-
tion system. Other similar studies reported the results
of CW evaluations [18-20], developed CW extensions
such as Heuristic Walkthrough [21], compared CW with
other expert-based methods such as Heuristic Evalua-
tion [6, 22], compared CW with user-based methods [23,
24], or compared other expert-based evaluation methods,
including Heuristic Evaluation with user-based methods
[25, 26]. One of the information systems in the healthcare
domain is the cancer registry system, which has been
developed to improve the implementation and manage-
ment of cancer registration programs. Good design and
high usability of this system result in better effectiveness,
efficiency, and user satisfaction of the system for users
[10]. Therefore, the objective of this study was to evaluate
the usability of a cancer registry system using CW and to
assess users’ agreement with the problems identified by
CW.

In this study, first, the usability problems of a can-
cer registry system were identified using CW. Next, the
severity of the problems was determined by the evalua-
tors using a severity rating scale. Then, the problems with
higher severities were given to users for determining the
severities by this group. Finally, users’ agreement with the
problems identified by CW was assessed.

Research methodology
System and setting
The cancer registry system is a national information sys-
tem that was implemented in 2015 and is currently used
by more than one hundred users in twenty universities in
Iran. The cancer registry system allows the collection and
management of information on cancer patients and the
calculation of the incidence and prevalence of cancer in
different geographical areas. Registration of patients’ pro-
files and their tumor information, authentication, remov-
ing patient duplications, and annual reporting of patients’
information are among the capabilities of this system.
The most frequent and routine tasks of the system are
“Recording patient’s personal details and tumor informa-
tion” and “Removing patient duplications” The present
study was performed in the cancer registration center of
Kerman University of Medical Sciences (KUMS).

This study was conducted in two phases:
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Phase 1. Evaluation of the cancer registry system using CW

The CW method introduced by Polson and Lewis [27,
28] was used for the evaluation. This phase consisted
of three steps: 1. evaluation preparation, 2. evaluation
execution and 3. analyzing the problems. In the prepa-
ration step, with the assistance of an expert familiar
with the workflow of the cancer registry system, two
scenarios were developed based on two frequent and
routine tasks of the system users (Fig. 1). Performing
these scenarios in the system required the comple-
tion of six sub-tasks. The sub-tasks and the actions
required to complete each sub-task in the system are
listed in Fig. 2. Finally, to speed up the evaluation pro-
cess and to reduce the likelihood of error, a checklist
was developed based on the CW method for evaluat-
ing the execution of the sub-tasks and their actions in
the system. Then, to confirm the validity of prepared
scenarios and defined sub-tasks, this checklist was
reviewed by an expert familiar with the cancer registry
system and a medical informatics expert. This checklist
included the sub-tasks, the user’s purpose for complet-
ing the sub-tasks, the actions needed to complete the
sub-tasks, and the four questions recommended to be

(2023) 23:23

Page 3 of 13

asked for the evaluation of each action in CW (1. Will
the user try to achieve the right effect?, 2. Will the user
notice that the correct action is available?, 3. Will the
user associate the correct action with the effect that the
user is trying to achieve?, and 4. If the correct action is
performed, will the user see that progress is being made
toward the solution of the task?) [20]. Overall, this
checklist included 6 sub-tasks, 139 actions, and 556
questions (139 * 4) (Fig. 3) (see Additional file 1).

In the second step, since a sample size of 10 £ 2 is suf-
ficient to detect 80% of the usability problems of a sys-
tem [30-33], eight evaluators were invited to perform
the evaluation. These evaluators had a background in
medical informatics and health information technology
and received at least six months of training and expe-
rience in using CW. Before the evaluation, evaluators
held a joint meeting with an evaluation expert having
more than ten years of experience in evaluating health
information systems. In this meeting, the procedure
of evaluation was discussed and all evaluators worked
with the cancer registry system and got acquainted
with the routine process of executing scenarios in the
system. To begin the evaluation, paper-based copies of

morphology code.

remove the duplications.

-

ﬂcenario 1) Recording patients' identity and tumor information: Please record the patient's personal details such \

as name, surname, national code, date of birth and address. Record the cancer site code and the cancer

Scenario 2) Removing patient duplications: Please check the duplicate patients registered in one month and then

J

Fig. 1 Two routine scenarios in cancer registration

Sub-tasks

3. Recording tumor characteristics (24 actions)

4. Removing patient duplications (39 actions)

5. Reporting patients information (5 actions)

6. System settings and exit (3actions)

- 4 1.

2. Recording patient profile and identity information (61 actions)

Actions for the "authentication" Sub-task

Click on the "Personal Profile" item

from the main menu

2. Click on the "Authentication" item from
the submenu

3. Click on the box related to the national
code

4. Type the national code

5. Click on the box related to the year of
birth

6. Type the year of birth

7. Click the "Check” button

Fig. 2 List of sub-tasks related to the two scenarios and an example of actions requires for completing the "Authentication” sub-task
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Sub task 1) Please authenticate the patient.
Questions
Goals actions 1. Will the user try | 2. Will the user 3. Will the user 4. If the correct
to achieve the right | notice that the associate the action is
effect? correct action is correct action with | performed, will the
available? the effect that user | user see that
is trying to progress is being
achieve? made toward
solution of the
task?
a) Login to the 1) Click on the

"Personal Profile"
item from the main
menu

authenticarion page

2) Click on the
"Authentication”
item from the
submenu

3) Click on the box
related to the
national code

4) Type the national
code

5) Click on the box
related to the year of
birth

6) Type the year of

Fig. 3 A part of the checklist developed to help evaluators speed up the evaluation process and to reduce the likelihood of error

the checklist were distributed among the evaluators.
The evaluators independently performed the sub-tasks
listed in the checklist, took the actions one by one, and
determined how easily users can work with the system,
taking the system’s design and feedback, as well as, the
users’ background and knowledge into account. The
answer to the checklist questions was “yes” if no prob-
lem was detected, and “no” if there was a problem in
the system design. Whenever the answer to any of the
questions was no, the evaluators entered a description
of the problem into the checklist. In the third step, a
problems form was designed to collect the problems
identified by the evaluators. In this form, each prob-
lem was described with six features including sub-task,
action, question number, evaluator code, error location,

and error description (Fig. 4) (see Additional file 2). To
analyze the problems, the questions with yes answers
by all evaluators were discarded, but questions to which
at least one of the evaluators gave a no answer were
included in the problems form for further considera-
tion. Finally, by combining duplicate items in the prob-
lems form, the final problem list was formed.

To determine the severity of usability problems of infor-
mation systems, among several severity rating method
[34-36], we used a common severity rating method pro-
posed by Nielsen that prioritizes the problems in terms
of their effect on user interaction [31, 36—39]. In this
method, the severity of problems is determined based
on three criteria of frequency, impact, and persistence
[40]. Thus, to determine the severity of problems by the

Sub-task Action

Question number

Evaluator code |Problem location |Problem description

1) Click on the "Personal

The user does not know

the sub menu

Authentication Profile” item from the main |1 1.6 Main menu the place of authentication
menu in the system.
2) Click on the
. e Authentication | The required feedback
Authentication "Authentication” item from |4 1.2.3.6 Heaton requit

page was not received.

Fig. 4 A part of the problems form used for collecting problems identified by the evaluators
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evaluators, a problems severity form was developed by
the researchers based on Nielsen severity rating. This
form consisted of two parts. The first part was a guide
for determining the severity of the problems according
to Nielsen severity rating. The second part included the
problem number, problem location, problem description,
question number, number of evaluators who identified
the problem, problem severity, and solution. Using this
form, evaluators independently assigned a score from 0
to 4 to each problem (0=not a problem. 1=cosmetic
problem, does not need to be fixed. 2=minor problem,
low priority for fixing 3=major problem, high prior-
ity for fixing. 4=usability catastrophe, imperative to be
fixed) (Fig. 5) (see Additional file 3). To determine the
final severity of each problem, the mean severity of that
problem was calculated. In the end, the problems were
categorized based on evaluation questions. For example
for the question, “Will the user try to achieve the right
effect?” the category was created under the heading
“Notifying of action at hand” Therefore, the problems
were divided into four categories: “Notifying of action at
hand’, “Existence of necessary controls’, “Visibility and
clarity of controls for users” and “User perception of the
work process in the system” To be able to prioritize the
tasks based on their difficulty and their importance for
fixing, the problems were also categorized by tasks. Upon
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this categorization, the problems were divided into five

» o«

categories: “Authentication’, “Recording patient identity
information’, “Recording tumor characteristics’, “Remov-
ing patient duplications” and “Reporting patient infor-
mation” To investigate how the complexity of a sub-task
can hinder the successful completion of that sub-task by
users, the relationship between the number of actions in
each sub-task and the number of problems users encoun-
tered when performing the sub-task was tested using
Spearman’s test.

Phase 2. Examining user agreement with the problems
identified by the evaluators in the cancer registry system

An online questionnaire was developed (in Google
Forms) to assess the agreement of users with prob-
lems identified in this study. Due to the large number
of problems, and to increase the response rate of users
the severity cut-off was set at 3.5 so that only problems
with higher severities (severity>3.5) were included
in the questionnaire (n=32). This questionnaire had
two sections. The first section included ten questions
concerning age, gender, education, computer-related
degree, ability to work with a computer, experience of
using personal computers, the rate of internet use, work
experience in cancer registration, and the experience of
working with cancer registry system and other health

repeatedly be bothered by the problem?

0 =1 don't agree that this is a usability problem at all

Section 1) Dear evaluator please read the following guide for determining the severity of problems
The severity of a usability prablem is a combination of three factors:

o The frequency with which the problem occurs: Is it common or rare?
e The impact of the problem if it occurs: Will it be easy or difficult for the users to overcome?
e The persistence of the problem: Is it a one-time problem that users can overcome once they know about it or will users

Use the following 0 to 4 rating scale to rate the severity of usability problems:

1 = Cosmetic problem only: need not be fixed unless extra time is available on a project

2 = Minor usability problem: fixing this should be given low priority
3 =Major usability problem: important to fix, so should be given high priority
4 = Usability catastrophe: imperative to fix this before a product can be released

Section 2) Dear evaluator please determines the severity and a solution for each identified problem.

problem problem problem question number of problem proposed
number location description number evaluators who | severity solution
identified the
problem

Fig.5 A part of the problems severity form
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information systems. Except for the age, the answers
to the rest of the questions were multiple choice. The
second section contained 32 problems with high sever-
ity. These problems were multiple choice with zero
(no problem) to four (catastroph problem, imperative
to fix) options. To better present and clarify the loca-
tion of each problem, a screenshot of the system where
the problem occurred was placed after each problem.
The content and face validity of the questionnaire were
confirmed by three medical informatics specialists. The
reliability of the questionnaire was confirmed by Cron-
bach’s alpha of 93% (Fig. 6) (see Additional file 4). The
purpose of usability studies is to identify the problems
that users encounter during interaction with an info-
mation system. CW is a task-based method that focuses
on the usability of system for users who would work
directly with the system. Since, IT experts contribute
to the development and maintenance of information
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systems and health professionals are not familiar with
most of the tasks of information systems, this study has
only focused on the real users of the system. Thus, the
participants in this stage were users of the cancer regis-
try system who work in the cancer registration centers.
The following two criteria were used to select the study
participants, (1) having more than a month of work
with the cancer registry system, and (2) voluntary par-
ticipation. To collect the data, the participating users
were provided with the questionnaire link via What-
sApp or SMS (Short Message Service). The purpose
of the study was mentioned in the introduction of the
questionnaire, and the participants were ensured that
the confidentiality of their information would be main-
tained. To obtain informed consents, the participants
were asked to answer the questionnaire only if they
were willing to participate in the study (Fig. 7).

The user does not know how to enter the code of the type, and location of the

disease ?
0 1 2 3 4
'

No problem O O O O '\D catastrophic problem

/ R,
(7)

adaigts Iodo
Stage M Stage N Stage T

Not acoicable Nee acoicable Neoe acolcadble
el alys
Clinical Stage

aals last

Fig. 6 A sample of the questions used to assess the agreement rate of users with problems identified by CW
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Step 1) Evaluation preparation
a) Development of scenarios

b) Determining sub-tasks and actions
¢) Creation of evaluation checklist

A 4

Step 2) Evaluation execution
a) Selection of evaluators

¢) Performing the evaluation

First phase

b) Holding a meeting to practice the principles of evaluation
and get acquainted with the system

r

a) Preparation of problems form

.

Step 3) Analyzing the problems

b) Inserting the problems identified by the evaluators in the problems form
c¢) Developing problems severity form

d) Determining the severity of problems by evaluators

e) Calculating the average severity of problems

Second phase

Determining user agreement with problems identified by evaluators
a) Identifying the most serious problems

b) Developing a questionnaire to determine the severity of problems

¢) Determining the severity of problems by system users

d) Determining the rate of users' agreement with the problems

Fig. 7 The study workflow of CW evaluation and assessing user agreement with the identified problems

To analyze the data for this step, the data were extracted
from Google Forms in Excel format and imported into
SPSS 22 (Statistical Package for Social Science). The
Interclass Correlation Coefficient was then used to cal-
culate the coefficient of participant agreement using the
mean scores that participants gave to each question and
the mean severities of these issues. The study workflow is
shown in Fig. 7.

Results

Phase 1. The CW evaluation of the cancer registry system
The evaluators’ demographic information is shown in
Table 1. Most of the evaluators (75%) were women, less
than 30 years old, and had a master’s degree. Also, more
than half (62%) of the evaluators were familiar with

health information systems and had the experience with
information systems evaluation.

Evaluators identified 435 problems during CW of the
registry system. After merging problems and removing
duplicates, 114 problems remained (see Additional file 5).

Categorizing problems based on evaluation questions

The categorization of problems based on evaluation
questions along with the number and mean severity of
problems are shown in Table 2. About 90% of the prob-
lems were minor or mojor. Most of the problems were
related to the “notifying of action at hand” category. The
categories “Visibility and clarity of controls for users”
and “User perception of the work process in the system”
each accounted for approximately 25% of the problems.
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Table 1 Evaluators'demographic information

Demographic information n (%)
Age

<30 6(75)
>=30 2 (25)
Sex

Male 2 (25)
Female 6 (75)
Education degree

Master’s 6 (75)
PhD 2(25)
Acquaintance with health information systems

Medium 3(37.50)
High 5 (62.50)
Experience of information systems evaluation

Medium 3(37.50)
High 5 (62.50)

The mean severity of problems in these categories was
almost at the same level, between 1.9 and 2.2. The lowest
number of problems and also the lowest mean severity of
problems were related to the “existence of necessary con-
trols” category.

(2023) 23:23

Page 8 of 13

Categorizing problems based on the scenarios

The categorization of the problems by sub-tasks, along
with the number and mean severity of problems, is
shown in Table 3. The mean severity of the problems in
each sub-task was at almost the same level, between 1.8
and 2.6. The highest number of problems were related
to the “Removing patient duplications” and “Record-
ing patient identity information” sub-tasks. Using the
Spearman test, no correlation was observed between the
number of actions and the number of problems per task
(p>0.05, Spearman correlation=0.75).

Phase 2. Examining the agreement of users

with the problems identified by CW

Out of 101 cancer registry users, 27 (26.73%) users
responded to the questionnaire. The demographic infor-
mation of these twenty-seven participants is shown
in Table 4. In general, about 70.4% (n=19) of the par-
ticipants were female and a third of the participants
were younger than 30 and a third were between 40 and
49 years old. More than half of the participants (51.8%)
had a bachelor’s degree, computer-related education
(55.6%), and an advanced level of computer skills (62.9%).
About 37% of the participants (n=10) stated that they
use a personal computer daily and about 85% (n=23)
stated that they use the Internet for two to several hours
a day. Forty-four percent of the participants (n=12)
had between 2 and 10 years of experience in the cancer

Table 2 Categorization of problems based on evaluation questions and mean problem severity

Category based on evaluation questions n (%) Severity n (%) Average severity
Cosmetic Minor Major Catastrophe

Notifying of action at hand 47 (41.22) 2(4.25) 22 (46.80) 16 (34.04) 7(14.89) 2.16+0.80

Existence of necessary controls 15(13.15) 0 11(73.33) 4 (26.66) 0 1.9240.50

Visibility and clarity of controls for users 27 (23.68) 0 10 (37.03) 16 (59.25) 1(3.70) 2214053

User perception of the work process in the system 25(21.92) 14) 10 (40) 11 (44) 3(12) 2174074

Total 3(263) 53(4649)  47(4122) 11(9.64)

Table 3 Categorizing usability problems by tasks

Sub-task n (%) Severity n (%) Average severity
Cosmetic Minor Major Catastrophe

Authentication 1(9.64) 0 0 1(100) 0 2.56+0.09

Recording patient identity information 38(33.33) 3(7.89) 23(60.52) 9 (23.68) 3(7.89) 1.87+0.71

Recording patient tumor specification 29 (2543) 0 11 (37.93) 16 (55.17) 2 (6.89) 2.28+067

Removing patient duplications 41 (35.96) 0 18 (43.90) 17 (41.46) 6(14.63) 2.27+0.66

Reporting patients information 2(1.75) 0 0 2 (100) 0 2.6940.26

System settings and exit 3(2.63) 0 2 (66.66) 1(33.33) 0 0614221

Total 3(263) 54 (47.36) 46 (40.35) 11(9.64)
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Table 4 Demographic information of the participants

Demographic information Number (%)
Age

<30 9(3333)
30-39 6(22.22)
40-49 9(33.33)
>=50 3(11.01)
Gender

Male 8(29.62)
Female 19 (70.37)
Education degree

Bachelor’s 14 (51.85)
Master’s and higher 13 (48.14)
Computer-related education degree

Yes 15 (55.55)
No 12 (44.44)
Computer skills

Elementary or intermediate 10 (37.03)
Advanced 17 (62.96)
Computer use

Daily 10 (37)
Two to several times a week 9(33.3)
Two to several times a year 4(14.9)
Having no access to computer, except at working place 4(14.8)
Internet use

Two to several hours a day 23(85.2)
Less than one hour a day 4(14.8)
Work experience in cancer registry

Less than a year 3(11.1)
Between 1and 2 years 9(33.3)
Between 2 and 10 years 12 (44.4)
More than 10 years 3(11.1)
Experience with the cancer registry system

Less than 6 months 4(14.8)
Between 6 months to 1 year 2(74)
Between 1and 2 years 7(25.9)
More than 2 years 14 (51.9)
History of using other health information systems

Yes 24 (88.9)
No 301

registration unit of a Medical Sciences University. More
than half of the participants (n = 14) stated that they have
one to two years of experience using the cancer registry
system. Most of the participants (n=24) also had a his-
tory of using other health information systems.

The users’ agreement with the usability problems iden-
tified by CW was CI 95%=0.9 (0.96, 0.98). The most
severe problems were related to the “Reporting patients
information” (2.48) in the system. Problems concerning
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“Authentication” of a patient (1.85) and “Recording
patient identity information” including manual entry of
patient’s date of birth, displaying inappropriate format for
patient’s date of birth after manual entry, the impossibil-
ity of manual entry of characteristics such as nationality,
province of birth, and improper system alert for changing
the language (1.88) had the lowest severity (Fig. 8).

Discussion

Principal findings

In this study, evaluators identified 114 usability prob-
lems related to the design of a cancer registry system.
From the evaluators’ point of view, in categorizing prob-
lems based on CW questions, most of the problems were
related to the fact that a user can not set a goal at each
stage of working with the system. Mismatch of the sys-
tem controls with the action at hand, and unclear feed-
back about what the system is doing, each accounted for
about a quarter of the problems. In the categorization of
problems based on user tasks, about three-quarters of
the problems concerned the tasks of “removing patient
duplications” and “recording patient identity informa-
tion” Twenty-seven users participated in the second
phase of the study in order to check their agreement with
the usability problems. These users strongly agreed with
the problems identified by CW.

Evaluation of the cancer registry system using CW

In this study, eight evaluators identified a large number of
system usability problems in a CW evaluation. This result
is in line with the results of other studies indicating that
CW can identify a large number of usability problems in
an information system with 3-8 evaluators [6, 20, 41].

In categorizing problems based on CW questions,
most of the usability problems emerged since a user
could not set a goal at each stage of working with the sys-
tem. This result is in line with the results of a study [20]
that used CW to evaluate a maternity information system
and showed that less than a quarter of the problems are
related to the lack of knowledge concerning the action at
hand at every stage of working with the system. One of
the reasons for such problems is the lack of instructions
on using the system or the lack of clues to guide the user
through the system, which makes it difficult to find a way
to work with the system, imposes a cognitive burden on
their memory, and leads to fatigue and dissatisfaction of
users with information systems [42].

In this study, a quarter of the problems arose due
to the inconsistency of system controls such as icons,
buttons, and menus with their intended actions. This
result confirms the results of a previous study evalu-
ating a remote drug delivery system by heuristic and
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Fig. 8 The severity of usability problems from the users’point of view

CW evaluations, which showed that it is difficult for a
user to find the relationship between system controls
and their corresponding actions. For example, unclear
categorization of the user interface elements confuses
users on how to navigate the available options. Accord-
ing to other studies [43-46], problems such as small
size and closeness of icons and buttons, inappropriate
labels, small and inconsistent fonts, irrelevant colors,
vague and obscure menus, and Improper placement of
controls are among design problems that prevent users
from understanding the relationship between system
controls and corresponding actions. Ideally, the design
of the controls in a system’s interface should match the
users’ mental model to facilitate users’ interpretation of
the controls’ functions. Therefore, system designers can
minimize users’ memory load by using meaningful and
understandable symbols on the interface [47, 48].

According to studies [20, 22, 49], CW can identify
problems related to the users’ understanding of system
performance. In this regard, almost a quarter of the
problems identified in the present study showed that
the users do not have a proper understanding of what
the system does at different stages. A previous study
[49] revealed that poor system response, vague feed-
back or lack of feedback, and even delays in receiving
feedback result in a difficult understanding of system
performance. Therefore, providing appropriate audio
and video feedback after each user’s action prevents
confusion and user errors, and ultimately improves
performance.

Categorization of problems according to tasks showed
that most problems were associated with the tasks having
a higher number of actions compared to other tasks. The
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highest number of problems in the cancer registry sys-
tem evaluated in this study occurred during “recording
patient identity” such as name, surname, age, and address
of residence; as well as during the process of “removing
patient duplications” This result confirms the results of
two former studies that evaluated a drug information sys-
tem [9], and a health research system [50]. These stud-
ies have shown that tasks that require more action raise
more problems for users. Hence, these tasks increase the
cognitive load of the user’s memory and require more
time to be completed. Thus, it is recommended to reduce
the number of actions required to perform tasks in the
development and redesign of the system.

Agreement of the cancer registry users with the problems
identified by CW

In expert-based methods, experts primarily identify
general problems related to the user interface. But a
user-testing method only identifies problems that users
encounter when performing their tasks [51]. Also,
expert-based methods identify a higher number of prob-
lems compared to user-testing methods [51, 52]. The
agreement of the cancer registry users with the problems
identified by CW was used to investigate to what extent
users confirm the issues identified by CW. According to
the results, users have a high agreement with the prob-
lems identified by CW. In previous studies, the users’
agreement with the problems identified by CW has not
been measured. The only paper [17] that addressed the
agreement of users with the results of such studies has
shown that users strongly agree with the problems iden-
tified by Heuristic Evaluation. Other relevant studies
measured the agreement between the results of the CW
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method and the results of the other user-centered evalu-
ation methods. These studies that evaluated self-care
mobile applications for patients with diabetes [24] and
Acquired Immune Deficiency Syndrome (AIDS) [23]
have shown that CW and think—aloud identify similar
problems and users and evaluators strongly agree on the
required user interface modifications such as changes in
color, font, and text size. Besides, our study confirms the
results of studies that measured the agreement between
the results of other expert-centered evaluation methods
and the results of user-centered evaluation methods [25,
26]. These studies that evaluated a virtual reality program
on eating behavior [26] and the self-care system of AIDS
patients [25] have reported a high agreement between
the results of the Heuristic Evaluation and user-centered
evaluation methods.

Study implications

The results of this study and previous studies have shown
that the lack of a help function for using the system or the
lack of clues to guide the user confuses users about what
to do at each stage of working with the system. Therefore,
to avoid user confusion, system designers and develop-
ers embed the help functionality in a suitable place in
the system and use clues to facilitate navigation through-
out the system. When the user could not associate the
intended actions to their controls in the system, this
usability problem imposes a heavy cognitive load on the
user’s memory. On the other hand, poor system response
and lack of appropriate and timely feedback prohibit
understanding the performance of the system. Hence,
system developers should design meaningful and under-
standable controls based on users’ mental models and
design and provide appropriate audio and video feedback
for each user action, to help the user understand what the
system is doing.

According to the results of this study, most prob-
lems originate from tasks that require a higher number
of actions. Tasks with several actions in an information
system entail long-term interaction with the system or
moving between different pages, which impose a heavier
cognitive burden on the user’s working memory [53].
Therefore, it is recommended to develop systems that
allow users to perform their tasks by taking fewer actions.

One of the challenges of task-based evaluation methods
such as CW is the inappropriate selection of tasks in the
preparation phase of the evaluation. Inappropriate selec-
tion of tasks may prevent the identification of impor-
tant and frequently encountered usability problems [28].
Usability problems, especially the most frequent ones,
increase users’ cognitive load and lead to fatigue and
burnout [54]. Therefore, identifying the recurring prob-
lems helps improve the design of information systems
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and increases system performance by reducing the cog-
nitive burden and reducing the learning time for users.
In this study, we evaluated a cancer registry system by
selecting the most routine and frequent tasks performed
by users. Therefore, the problems identified in this study
are the most important problems of the system from the
users’ point of view in the real environment.

Due to the large number of problems identified by CW
in this study, we measured the degree of users’ agreement
solely with more severe problems. Our results indicate a
high degree of user agreement with the identified prob-
lems. These results are in line with the results of a study
[17] that evaluated an emergency information system and
showed that the level of user agreement with the prob-
lems identified by Heuristic Evaluation is high. Therefore,
whenever access to real users is difficult, expert-based
evaluation methods such as CW can be used effec-
tively to evaluate information systems and find usability
problems.

Study limitations and future studies

This study had four limitations. First, The main objective
of this study was to assess the agreement rate of users
with usability problems identified by the CW method.
Therefore, some of the usability problems that users may
encounter in a real environment could be overlooked.
Future studies can identify all the system usability prob-
lems faced by users through user testing methods. Sec-
ond, participating users were provided only with the
usability problems identified by CW. Subsequent stud-
ies can use open-ended questions to determine whether
users add other problems not identified by CW. Third,
to increase the accuracy of answers and response rate,
from the large number of problems identified in the CW
evaluation, only the problems with higher severities were
provided to users. Studies with a lower number of prob-
lems, can measure user agreement with all problems.
Fourth, we invited all the users of the cancer registry sys-
tem in Iran to participate in this study. Despite sending
several reminders to users to participate in the study, the
response rate was not high. Examining the agreement
of a higher number of users with usability problems can
increase the accuracy of the results. However, this is the
first study examining the agreement of users with the
results of a CW of a healthcare information system and
the results can be used for evaluating similar systems.

Conclusion

In categorizing problems based on CW questions, most
of the system problems are related to the issue that the
user cannot set a goal at each stage of working with the
system. Therefore, system designers and developers
should provide a help function in a convenient location
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of the interface and use informational clues to facilitate
the navigation of users throughout the system. In addi-
tion, half of the problems indicated that the user cannot
make an accurate connection between his goal and the
system controls, or he does not have a proper under-
standing of what the system is doing at different stages.
Therefore, to prevent user confusion, controls should
be used that match user’s mental model, and the system
should provide appropriate feedback after each user
action to help the user understand what the system is
doing. Since most problems occur when completing
tasks with a higher number of actions, minimizing the
number of actions in each task improves the design and
usability. In this study, the scenarios were developed
based on the most routine and frequent tasks of users.
Therefore, the results can be used for designing sys-
tems having similar tasks. Due to the high agreement
of users with the problems identified by CW, the results
of this study indicate that in the absence of users, the
CW can detect a large number of problems, especially
important problems that may be encountered by users
in the real environment.
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