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Abstract
Background: Mobile health applications are 

frequently used to manage different health conditions. 
Diabetes is one disease where these are used in patients’ 
personalized disease self-management, but where 
the usability is often deficient. Two methods to assess 
usability are the cognitive walkthrough (CW), which is 
expert-based and the think aloud (TA) which is user-
based. Both offer advantages and disadvantages and 
detect many types of usability problems affecting the 
user. There is a lack of research, however, on how the 
usability evaluators themselves experience performing 
these methods and the method impact. This can be 
an important aspect to include due to its possible 
implications for the evaluation.

Objectives: In this article the focus was particularly 
on assessing the evaluators’ cognitive load and method 
acceptance while performing the described methods.

Methods: In addition to the number of usability 

problems, and the system usability scores (SUS), the 
NASA RTLX instrument, novel for this purpose, was used 
together with in-depth interviews to assess the usability 
methods’ cognitive impact.

Results: A total of 12 evaluators, six per method, 
detected 18 usability problems with the CW. Twenty 
were found with the TA. The SUS scores were 23.75 and 
59.58 respectively. For both methods, users experienced 
a similarly high cognitive load with a RTLX score of 56.11 
for CW and 53.47 for TA. According to the evaluators, 
both methods were cognitively demanding.  

Conclusion: The results highlight the potential 
significance of these dimensions for inclusion in the 
usability evaluation and in decision-making purposes 
between different usability evaluation methods.
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1. Introduction

This article is an extension of work originally presented for 
pHealth 2019 [1]. The extension focuses on expanding the 
information about in which areas of research the NASA RTLX 
has been used previously, on deepening the discussions of user 
characteristics related to usability and also on the applicability 
of NASA RTLX as an assessment tool when it comes to usability 
evaluation methods, as well as its utility in the area of health care 
and health technology assessments.

Mobile health applications are frequently used to manage 

different health conditions. Diabetes is one such disease requiring 
considerable self-management to monitor it. It is a demanding 
disease that puts a heavy burden on patients [2] due to that they 
are the largest contributors to their own care and often the most 
responsible for their own care and self-management [3]. Even if 
many patients utilize these mobile health applications for their 
personalized health management needs, studies emphasize that 
a large number of them have inadequate usability [4]. Usability 
is important in several regards for patients and especially to 
experience as they interact with the system and use it for their 
disease management needs and requirements [5].
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Usability evaluations are usually part of the system development 
process or performed before the system is launched [6]. Two 
common evaluation methods are the cognitive walkthrough 
(CW) and think aloud protocol (TA). CW is an expert-based 
method, where usability experts perform all parts of the 
evaluation process while TA is a user-based evaluation method 
where the user, or in this case the patient, is the central person 
performing the evaluation [7]. The main intent of these usability 
evaluation methods is to determine the usability problems in the 
system so that these can be resolved. Both methods can also lead 
to the detection of usability problems of many types and offer 
advantages as well as disadvantages. 

The CW can be used in the initial design phase, and also be 
utilized by users who are new to the system. In addition, it can 
generate results at low costs and rather quickly compared to 
other methods [8]. Its disadvantages include that it detects many 
minor or low-priority problems that are not always relevant to 
end-users [9]. The TA requires only a small user sample (5 to 
8 users) to find 80-85% of the usability problems present in the 
system [10, 11]. The method provides detailed data instantly, 
and finds many recurring problems and serious problems. Its 
drawbacks are that it takes a lot of time to carry out and is also a 
costly and resource-demanding method [9].

There is extensive research on that these methods can detect 
many types of usability problems, and also in what instances 
they provide the best results [9, 12]. There is, however, currently 
a lack of research on how the evaluators themselves experience 
performing these different methods and the impact the method 
itself may have on the evaluator. This may be an important aspect 
to consider and include due to that it can have implications for 
the overall evaluation and its outcomes. 

2. Objectives

In this article the objective was particularly to assess the evaluators’ 
cognitive load as well as method acceptance while performing 
the cognitive walkthrough (CW) and think aloud (TA) usability 
evaluation methods on a mHealth application intended for 
patients with diabetes. The usability and system satisfaction 
were determined as well as the participants’ demographics, 
IT/computer, mobile phone knowledge, experience and use. 
The cognitive load as well as method acceptance of each of the 
methods was measured through a novel use of the NASA RTLX 
instrument along with in-depth interviews.

3. Methods

The study was performed at the University of Utah in Salt Lake 
City, Utah, USA. After approval was received from the University 
of Utah Institutional Review Board, a total of 12 evaluators 
were recruited; 6 experts from the university’s Computer 
Science department and 6 diabetes patients from the university 
hospital’s Diabetes and Endocrinology Center. The expert’ tests 
were conducted at the department while the patients’ usability 
tests were performed at the hospital. The mHealth application 
evaluated for usability in this study was a research application 

for diabetes self-management with which it is possible to keep 
track of and monitor blood glucose, insulin/medication, physical 
activity and food.

3.1 Inclusion and Exclusion Criteria

The experts’ inclusion criteria were: 1) 18 years of age or above, 
2) at least 2 years of experience in human computer interaction, 
and 3) proficiency in the English language in terms of speaking 
and comprehension. The patients’ inclusion criteria consisted of: 
1) a diabetes diagnosis (either Type 1 or Type 2), 2) no cognitive 
impairment, 3) knowledge and familiarity with computers, the 
Internet and mobile phone, and 4) proficiency in the English 
language in terms of speaking and comprehension. None of the 
groups should have had any previous exposure to the mHealth 
application. The study participants all received 20 dollar gift 
cards for their participation in the study.

3.2 Study Procedures

Each session began with taking participants’ informed consent. 
Then, the pre-test questionnaires were distributed and 
completed. Pre-test questionnaires were then distributed to and 
completed by the participants. The demographic details collected 
included their gender, age, education, ethnicity, and occupation. 
They were also asked about their knowledge and frequency of 
use when it came to the computer, Internet and mobile phone 
(such as phone calls, text messaging, and app use). The mHealth 
application was then demonstrated to them and each evaluation 
performed in agreement with either the CW or TA method 
requirements. After, each participant completed the system 
usability scale (SUS), the NASA RTLX instrument and took part 
in a one-on-one digitally recorded interview on their acceptance 
of the methods.

3.3 The CW Evaluation

The cognitive walkthrough (CW) by Polson and Lewis [13], 
based on theories of cognitive exploratory learning [14], consists 
of experts collectively going through the system while they try 
to imagine the problem solving process by the users to find the 
system usability problems. This method is particularly useful 
when it comes to systems that are new or unfamiliar to the user 
or about which the user has limited or no prior knowledge. The 
evaluation process itself starts with the performance of a task 
analysis. Here the experts specify the action sequences that a user 
needs to be able to perform to achieve a specific goal and what 
the system response would be. Then they evaluate the system 
by going through it together and answer 4 specific questions for 
each individual step. These are: 1) Will the user try to achieve the 
effect that the subtask has? (Does the user understand that this 
subtask is needed to reach the user’s goal?) 2) Will the user notice 
that the correct action is available? e.g. is the button visible? 3) 
Will the user understand that the wanted subtask can be achieved 
by the action? e.g. the right button is visible but the user does not 
understand the text and therefore will not click on it. 4) Does 
the user get feedback? Will the user know that they have done 
the right thing after performing the action? [15]. The answer to 
these different questions for each step, determines the usability 
problems. Data are collected throughout the evaluation through 



16

EJBI – Volume 16 (2020), Issue 2

Georgsson M.- NASA RTLX as a novel assessment.....

designated forms to be able to produce a usability problem list at 
the end [13-15].

3.4 The TA Evaluation

The think aloud protocol (TA) is one of the most common 
methods for user tests and a method introduced by Lewis [16], 
then refined by Lewis and Rieman [17] and on work conducted 
by Ericsson and Simon [18-20].

In this evaluation users perform tasks that are representative in 
the system while they express their thoughts out loud during the 
interaction. The goal of this process is to understand how users 
behave and think while interacting with the system through the 
tasks as well as their identification of the main usability problems 
in the system [21]. While the user is interacting with the system, 
the observer is only minimally involved to not interrupt their 
thought processes, except to remind them to keep on talking if 
they stop. To understand the users’ decision making processes 
and how they experience the system is of key importance in 
this method. In the particular evaluation of this study the tasks 
consisted of setting blood glucose measurement units, entering 
readings for glucose, carbohydrate intake and insulin/medication. 
Participants also had to interpret entries in graphs, search and 
find entries and export entries. The interactions in the system 
were recorded digitally using Morae software.

The System Usability Scale (SUS) by Brooke was used for both the 
CW and the TA to determine the overall system usability as well 
as satisfaction with the system. The scores range from 0-100 [22]. 
SUS scores of 70 or above are considered acceptable, scores of 85 
or above indicate a high level of usability, while scores of 50 or 
below are considered poor, or unacceptable [23].

3.5 The NASA RTLX Instrument and In-depth Interview

The NASA RTLX instrument, by Byers et al. [24] is a simplified 
version of the NASA-Task Load Index developed by Hart and 
Staveland [25]. The instrument is used to measure the cognitive 
load regarding the performance of different tasks. The NASA 
RTLX has been used in several areas of research. These are for 
example in studies that focus on on-road assessments when it 
comes to cognitive distractions and their impact on drivers’ visual 
behavior and braking performance where drivers performed 

demanding cognitive tasks while driving in city traffic [26], in 
studies on driver safety where the effect of Google Glass was 
measured on simulated lane keeping performance and tasks were 
performed during different conditions [27]. It has also been used 
to assess cognitive efficiency and effectiveness using sunlight as a 
cognitive stressor in visual display terminal work [28] as well as 
in the area of medicine to assess the cognitive load of different 
surgical techniques [29, 30].

In this study the NASA RTLX instrument was used to determine 
the method cognitive load for the two usability evaluation 
methods. This instrument consists of six dimensions that each 
have questions associated with them (Table 1).

The specific dimensions designate an activity’s contribution to 
the cognitive workload from low to high on a scale with scores 
of 0-100. Scores are also weighted by the user through pairwise 
comparisons regarding their perceived importance. In the NASA 
RTLX this addition has been removed, however, but still allows 
for a high experimental validity [31]. The overall cognitive 
workload that the participant experiences is calculated through 
an addition of the scores and then division on the six different 
dimensions to get the average. The higher it is, the higher the 
experienced cognitive workload [25].

After filling out the NASA RTLX, the one-on-one audio recorded 
interview was conducted about how the method was experienced 
by the participants. The questions asked concerned: 1) the 
participants’ thoughts about the performed method, 2) if it was 
easy or difficult to understand it, 3) if the method was easy or 
difficult to conduct and 4) their overall method experience.

3.6 Data Analysis

Descriptive statistics were used to analyze the demographic 
characteristics, and technology experience and use questionnaires. 
The usability problems for the CW, was produced by the expert 
evaluators at the end of the evaluation as an actionable list as this 
is part of the method. The problems detected by TA were, on the 
other hand, determined by performing inductive coding on the 
imported, transcribed data in Nvivo 10.

System usability satisfaction (SUS) scores were determined 
by using Brooke’s set of instructions [22]. These scores were 

Dimension Question

Mental Demand How much mental and perceptual activity was required? Was the method easy or demanding, 
simple or complex?

Physical Demand How much physical activity was required? Was the method easy or demanding, slack or 
strenuous?

Temporal Demand How much time pressure did you feel due to the pace at which the method or method elements 
occurred? Was the pace slow or rapid?

Performance How successful were you in performing the method? How satisfied were you with your 
performance?

Effort How hard did you have to work (mentally and physically) to accomplish your level of 
performance?

Frustration Level How irritated, stressed, and annoyed versus content, relaxed, and complacent did you feel during 
the method steps?

Table 1: Table 1 NASA Raw Task Load Index with six dimensions and questions (modified with a method focus) [24]
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calculated by summing the scores on each of the 10 individual 
items that the instrument consists of. For items 1,3,5,7 and 9 one 
point was subtracted from the resulting score. For items 2,4,6,8 
and 10, five points were subtracted from the resulting score. The 
final sum of all scores was then multiplied by 2.5 to get the overall 
usability satisfaction value [22]. To determine the NASA RTLX 
scores, the 6 dimensions were averaged for each participant for 
each method. The interviews were transcribed and analyzed by 
using thematic content analysis to determine what the users’ 
experiences were of the methods [32].

4. Results

4.1 Demographics, IT, Computer and Mobile Phone Knowledge, 
Experience and Use

The CW participants consisted of mostly women and the average 
age was 28 years old. A majority of them were Caucasian and 
all were college or university educated. Half of the groups were 
students and the other half employed. The TA participants 
included an equal number of women and men with an average 
age of 52. A majority were Caucasian with college or university 
education. Most were also employed specific details in Table 2.

In terms of computer use and IT knowledge all CW participants 
had high computer/IT and Internet knowledge, and used the 
computer and Internet daily. When it came to mobile phones, 
all participants felt that they had high mobile phone knowledge 
and they used their mobile phone every day. A majority used it 
to make phone calls and all used it daily for e-mails, surfing and 
using apps.

Half of the TA group used the computer daily and the other 
half 3-6 times per week. One considered their computer/IT 
knowledge to be high and their Internet knowledge as high. 
Half of the group also used it 3-6 times a week. In terms of their 
mobile phone knowledge and use a minority felt that they had 
high mobile phone knowledge but the majority of participants 
used it daily. A large number of participants also used it to make 
phone calls daily, which was similar for text messaging, e-mails, 
surfing and apps specific details in Table 3.

4.2 Usability Problems and System Usability Satisfaction Scores

The CW detected 18 usability problems while the TA found 
20 problems. For both the CW and TA methods the problems 
centered on clarities in the interface such as what specific icons 
and functions meant. They also concerned difficulties in the 
system interaction, in the navigation between system views as 
well as the absence of system feedback on actions. The SUS scores 
showed a variation between the two groups; where the CW group 
felt the system had poor or unacceptable usability with a score of 
23.75 and the TA group that it had an acceptable (between ok and 
good) usability with a score of 59.58.

4.3 NASA RTLX Scores and Method Perceptions

The complete ICD-10-CM code can have 3-7 characters. We 
have 14,602 labels in total as prediction candidates in our dataset. 
Similarly, we use discharge diagnoses as our input to train this 
model, considering better chapter classification performance and 
the GPU hardware bottleneck. Our model has 0.625 on F1-score 
when we use 300 as our embedding dimension.

4.4 Performance in Department

The NASA RTLX overall single workload scores showed high 
cognitive loads for the participants’ respective methods. For the 
experts’ and the CW, the experienced cognitive load was a mean 
of 56.11. For the patients and the TA, the mean was 53.47. The 
standard deviation scores (SD), showed a spread of 10.17 for the 
CW. The TA had a SD score of 14.16. The separate dimension 
subscales indicated that for both methods the mental demand 
and frustration placed the highest highlighting that this was a 
concern for participants in both methods. In addition, the TA 
also placed higher than the CW on the performance satisfaction 
dimension even if both had almost equally high scores on almost 
all dimensions. Both methods had the lowest scores, however, for 
physical demand, where the TA had the highest scores of the two 
(Figure 1) [33].

Their views of the methods, demonstrated that four experts 
considered the CW to be rigorous and in-depth. Five felt that 
the method was very time consuming. They also experienced it 
as difficult to get a broad picture of the application with it as well 

Participant demographics Category CW* TA*

Gender Male 2 3
Female 4 3

Age Years (Mean) 28.2 52

Ethnicity

White/Caucasian 5 4
Black/African American - 1

Hispanic/Latino - 1
Asian/Pacific 1  -

Education High School - 2
College/University 6 4

Occupation
Retired - 2

Employed 3 4
Student 3 -

*CW = Cognitive Walkthrough, TA = Think Aloud usability test

Table 2: Participant demographics
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as that the method was too granular, detailed, and redundant in 
some steps. One felt that there was a steep learning curve with the 
method, and three expressed that it took a while to figure out how 
to do it. Two considered it difficult to grasp how to perform it as 
well as to know if they performed it right. They also experienced 
the method to be rather difficult to carry out. One person 
expressed that encircling the user-perspective took some effort 
and two considered it difficult to put themselves in the position 

of the user of the system. For the TA, four patients experienced it 
as easy to understand. Two of them, however, thought it difficult 
to comprehend. One felt it wasn’t hard to carry out, while half of the 
group experienced it as difficult to perform. Four considered it as an 
unusual method and rather uncommon. It was especially the think 
aloud component that they considered odd in this regard. Half felt 
that it was a rather awkward and stressful method. Four of the six 
participants also considered it to have a heavy cognitive load.

Computer/IT, Internet, mobile phone 
experience and use Time Period CW* TA*

Frequency of computer use Every day 6 3
3-6 times/week - 3

Computer/IT-knowledge
High 6 1

Medium - 2
Small - 3

Frequency of Internet use Every day 6 3
3-6 times/week - 3

Internet-knowledge
High 6 1

Medium - 3
Small - 2

Frequency of mobile phone use Every day 6 5
3-6 times/week - 1

Mobile phone-knowledge
High 6 2

Medium - 2
Small - 2

Mobile phone use for phone calls
Every day 4 5

3-6 times/week - - 
1-2 times/week 2 1

Mobile phone use for text messaging Every day 6 5
3-6 times/week - 1

Mobile phone use for e-mails, surfing, apps
Every day 6 4

3-6 times/week - 1
Never - 1

* CW = Cognitive Walkthrough, TA = Think Aloud usability test

Table 3: Computer/IT, Internet, mobile phone knowledge, experience and use.
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5. Discussion

Both the amount of usability problems that were found as well 
as the SUS scores indicate that participants in the CW as well 
as the TA experienced the mHealth application to be lacking 
in usability; the experts viewed it as poor and the patients as 
acceptable. In addition, the evaluations also demonstrated that 
despite differences in IT, computer, Internet and mobile phone 
knowledge, experience and use experts as well as diabetes 
patients experienced an almost equally heavy cognitive load 
for their methods as shown in their high RTLX scores and the 
different dimensions they highlighted as demanding. Also in 
their respective interviews, both evaluation groups expressed that 
it was rather difficult to understand and perform their different 
methods.

Extensive research has been performed on both the CW and 
TA. For example, have both methods been assessed on their 
performance, usability problem characteristics and on their 
positive and negative aspects [9, 34]. Authors have also compared 
them as stand-alone methods [35] or combined them with each 
other and or with other methods finding especially TA to be 
more effective as a combined method than CW with regards to 
its amount of detected usability problems as well as the severity of 
these problems [36].                     Research has also been specifically 
performed on the usability of diabetes mHealth systems where 
usability has been an issue and user characteristics have influenced 
evaluation performance; where for example patients’ with more 
IT knowledge and experience performed better compared to 
those with less experience [37, 38]. There is currently a lack in 
research, however, on the evaluator experiences regarding the 
usability method itself and also its cognitive impact and influence. 
This can be a dimension which can also be potentially important 
especially when it comes to the overall system experience and the 
result of the usability evaluation. If the evaluators consider the 
method to be difficult, as was partly the case here as shown in the 
high RTLX scores, these views can influence their overall system 
perception.

There is no doubt that evaluations for usability are important in 
figuring out how well the application satisfies the expectations that 
the patients have as well as their wants and needs and to safeguard 
patient outcomes and quality of care and for this reason have a 
significant purpose [6]. When performing these evaluations it 
may therefore also be especially important to consider the impact 
of the method for the patient evaluators due to the possibility that 
they can encounter added difficulties due to disease implications. 
As authors point out, the burden of the disease and treatment 
can be significant for patients with chronic conditions and here 
it is important that technological support does not add to this 
burden and to the cognitive load for patients [39]. Patients 
have such demands on themselves already when it comes to 
these aspects and if the burdens accumulate some patients can 
become overwhelmed, ultimately leading to discontinued use 
and poor healthcare outcomes [40]. Of importance is that while 
many patients voice their interest in using technologies for self-
management, applications are not usable in a consistent manner 
[37], which is also the case here. Therefore, to design and test 

technology-enabled solutions that help lighten the work of 
chronic disease management while increasing the ability of the 
person with diabetes to engage in self-management and not add 
an additional burden to an already challenging situation is of 
the essence [40]. Using a usability evaluation method that has a 
cognitive load which is appropriate may be one aspect to consider 
if the long-term goal is to implement these types of applications 
and systems extensively within health care. As some authors state 
it is also important to adopt iterative and adaptive designs and 
evaluation processes for these types of technology-enabled self-
management support systems and to be able to accommodate a 
wide variety of different users [41] as well as to facilitate more 
extensive usage for a larger number of users [38]. The NASA 
RTLX can also help in this regard as it can aid system designers to 
designate the origin of a workload or performance problem in the 
system [33] which in turn can assist them in developing systems 
that are better fitted to and more usable to the user.

6. Limitations

When it comes to the applicability of the evaluation results in 
this study, it might have been the case that the participants’ 
characteristics could have influenced the groups’ perceptions of 
both the methods as well as the application. The CW group, as the 
more experienced of the two, could have carried out their specific 
method more easily and provided a SUS score that was higher 
than the TA group. This seemed to not be the case; however, as 
it was clear that both groups felt that the cognitive load of their 
respective method was heavy and also that their methods were 
difficult. In addition, the experts’ more critical view regarding 
the system’s usability compared to the patients’ demonstrates 
a result that is not too unusual for these different groups. 
Users’ characteristics could also potentially have an impact on 
how the usability was experienced as noted in other research 
where researchers found out that those with less experience 
experienced lower usability and vice versa [37, 38]. Here there 
was a comparison between how experts and users experienced 
the cognitive load of two separate usability methods but future 
studies could also assess how the same group considered the 
different methods to determine the most preferable one for that 
specific group or how two similar groups considered each of the 
methods to select the most suitable one for a health technology 
assessment.

7. Conclusion

The study demonstrates that the assessment of users’ cognitive 
load, as well as method acceptance as done here with the NASA 
RTLX instrument as an assessment tool and a short interview as 
a complement, can be useful due to that both groups experienced 
high cognitive loads and their evaluation methods to be rather 
demanding which could in the end also influence their system 
views. A method that puts on an additional cognitive demand 
can in particular have an impact on the chronic disease patient, 
adding to their disease burden which also is something to 
consider along with user characteristics in the development and 
evaluation process of these systems. The cognitive impact of the 
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method has, as of yet, not been explored to a great extent when 
it comes to usability evaluation methods. This may, however, be 
a significant dimension to take into account in future method 
selection processes.
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