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A B S T R A C T

Background: It is generally assumed that usability benchmarking instruments are technology agnostic. The same
methods for usability evaluations are used for digital commercial, educational, governmental and healthcare
systems. However, eHealth technologies have unique characteristics. They need to support patients’ health,
provide treatment or monitor progress. Little research is done on the effectiveness of different benchmarks
(qualitative and quantitative) within the eHealth context.
Objectives: In this study, we compared three usability benchmarking instruments (logging task performance,
think aloud and the SUS, the System Usability Scale) to assess which metric is most indicative of usability in an
eHealth technology. Also, we analyzed how these outcome variables (task completion, system usability score,
serious and critical usability issues) interacted with the acceptance factors Perceived benefits, Usefulness and
Intention to use.
Methods: A usability evaluation protocol was set up that incorporated all three benchmarking methods. This
protocol was deployed among 36 Dutch participants and across three different eHealth technologies: a gamified
application for older adults (N=19), an online tele-rehabilitation portal for healthcare professionals (N= 9),
and a mobile health app for adolescents (N = 8).
Results: The main finding was that task completion, compared to the SUS, had stronger correlations with us-
ability benchmarks. Also, serious and critical issues were stronger correlated to task metrics than the SUS. With
regard to acceptance factors, there were no significant differences between the three usability benchmarking
instruments.
Conclusions: With this study, we took a first step in examining how to improve usability evaluations for eHealth.
The results show that listing usability issues from think aloud protocols remains one of the most effective tools to
explain the usability for eHealth. Using the SUS as a stand-alone usability metric for eHealth is not re-
commended. Preferably, the SUS should be combined with task metrics, especially task completion. We re-
commend to develop a usability benchmarking instrument specifically for eHealth.

1. Introduction

Usability is often named as one of the crucial requirements for an
eHealth technology. Generally, usability is described as ‘the extent to
which 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’ [1]. This definition emphasizes how usability,
and the perception of usability, can differ across products, target au-
diences and contexts. This is especially true when designing a usable
system for the eHealth domain, because usability of eHealth differs
from other domains on several aspects. First, user satisfaction with an
eHealth system is difficult to establish. While e-commerce seduces

customers with personal messages that fit perfectly with their needs,
and thus attempt to increase user’s satisfaction of the system, for
eHealth the users need to be informed on both positive and negative
effects of their health behaviour. This means that users sometimes need
to hear advice they do not want to hear (e.g. taking a walk instead of
watching television), which can influence their system satisfaction.
Second, health communication needs to be tailored to the level of
health literacy of individual users [2] to improve patient’s health
knowledge [3] and self-management of health [4]. Third, all of the
above mentioned factors are further complicated since having a chronic
illness can lead to heightened stress and anxiety [5], [6]. This hinders
the uptake of information and learning skills for self-management.
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When health care professionals also use the eHealth system, there are
additional factors to consider, especially concerning information over-
load [7]. It is tempting to provide much information on a patient’s
health and progress, but care professionals can only digest a limited
amount.

There are many methods for evaluating eHealth usability:
Questionnaires are cost-friendly methods to quickly gather user feed-
back from large sample sizes [8]; thinking-aloud is very effective in
identifying usability problems with only a small number of participants
[9]; interviews and focus groups are great for collecting in-depth in-
formation on user perceptions of the system [10] and by applying us-
ability task metrics one can assess how efficiently and satisfactorily
participants perform tasks [11]. Klaasen and colleagues [12] found that
questionnaires are the most preferred method (69%) for usability eva-
luations in eHealth. In 28.4% of the studies standardized questionnaires
were applied, of which the System Usability Scale (SUS) [13] is most
frequently used.

The popularity of the SUS for eHealth is understandable. Its method
(questionnaire), length (10 items), easy score interpretation (range
between 0 and 100), validity as established in non-eHealth domains
[14]– [16] and availability (free of charge) make it a popular choice,
also in the eHealth domain [17–,18,19,20,21]. However, although the
scoring range goes from 0 to 100, few SUS scores drop below 50 [14],
[22]. To overcome this problem, Sauro and Lewis [11] proposed a
curved grading scale from A to F (A= excellent usability, F= clearly
deficient), which is based on a normal distribution of the percentile
range of average SUS scores [23]. However, this curved grading scale is
based on a wide variety of technologies, such as commercial and fi-
nancial websites [24], enterprise software applications, and landline
telephones [14]. Because there are specific factors for eHealth that
could affect the perceived usability (e.g. health literacy), it is unclear if
the SUS still provides accurate results when compared to other
benchmarks in the eHealth domain. Some studies compared the SUS
with a seven-point adjective rating scale (worst imaginable – best
imaginable) [16], [25] [26], and task metrics (such as completion rate
and task completion time) [15], [27], but no comparisons have been
made with the number of usability problems in a technology and their
severity, that are derived from qualitative data collection methods.
Since one wants the benchmark score to be predictive of actual usability
(and hence, the (non)presence of usability problems), this is somewhat
odd. After all, the list of actual usability problems and their effect on
effective use of the system is the best indicator of a technology’s us-
ability. In short, it can be considered to be the ‘golden standard’. Also,
the validity of the SUS for eHealth has yet to be thoroughly examined.
eHealth is often designed for specific patient groups with physical or
cognitive impairments [28–30]. In its questioning and score calcula-
tion, the SUS does not take these factors into account.

In this study, we examined the suitability of different usability
benchmarking tools for the eHealth context. More specifically, we de-
termined the relative value of the SUS and different usability task
metrics: Task completion, time on task, task satisfaction, errors on task,
and steps per task. The predictive value of these benchmarks were as-
sessed, in relation to the number and severity of usability issues that
were elicited from thinking-aloud sessions. For practitioners, this study
defines which metrics they should choose for benchmarking eHealth
usability.

2. Materials and methods

2.1. Case studies

We assessed the suitability of different usability benchmarking
methods for the eHealth context via three case studies: A gamified
application for training the physical condition of frail older adults, a
tele-rehabilitation portal for rehabilitation professionals, and a mobile
smoking cessation app.

2.1.1. Case 1 – gamified application
The serious game ‘Stranded’ is developed to optimize the health of

(pre)frail older adults (65+ years). In this game, players have to
complete a physical training regimen in order to unlock pieces of a boat
to escape an uninhabited island. Additionally, they can receive rewards
such as mini-games and preparing meals in a virtual vegetable garden.
It is connected to a web portal, where a physical therapist can create a
personalized training regime, communicate with the patient, and pro-
vide health education (Fig. 1).

2.1.2. Case 2 – tele-rehabilitation portal
The tele-rehabilitation portal is an online tool for healthcare pro-

fessionals, working in the children’s department of a rehabilitation
center. It supports monitoring the development of children, such as
scheduling physical activities and setting new goals for them, and fa-
cilitates communication between parents and therapists (Fig. 2).

2.1.3. Case 3 – Mobile app
‘Stopstone’ is a smartphone app for motivating young adolescents to

quit smoking. In the app, users can identify moments at which they find
it difficult not to smoke and determine their strategies and motivations
for dealing with these moments (Fig. 3).

2.2. Participants

Participants were recruited either via convenience or snowball
sampling. For the gamified application, participants had to be 65 years
or older and had to have basic computer skills, like for instance sending
an e-mail. For the tele-rehabilitation portal, therapists of different do-
mains (e.g., physiotherapy, social care) were recruited. Adolescents
between 19–25 years were recruited for the mobile app. All participants
lived in the Netherlands and had no prior experience with the evaluated
technology.

Fig. 1. Screenshot of the gamified application ‘Stranded’.

Fig. 2. Screenshot of the tele-rehabilitation portal.
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2.3. Study procedure

Each case used the same evaluation protocol. First, participants
received a short demographics questionnaire (gender, age, education).
Then, a concurrent think-aloud protocol was administered in which
they were given several tasks to complete within the respective system
while verbalizing their thoughts. This data was supplemented by re-
searcher observations. At the same time, usability performance metrics
(task completion, task completion time, satisfaction, steps, and errors)
were assessed. Participants had five minutes to complete each task. If
they did not complete the task within that time or did not want to
proceed, they proceeded to the next task. The first task was to freely
browse the eHealth technology for several minutes to simulate real-life
usage of a new technology. The task metrics task completion, task
completion time and task satisfaction were not measured for this ex-
plorative task. Then, the participants were given several specific tasks
within the system. These tasks reflected central functionalities of the
technology. For example, for the gamified application the participants
had to perform a physical exercise (task 2) and find an e-mail from their
therapist (task 3). For the tele-rehabilitation portal, the participants had
to schedule a physical exercise for the patient (task 3) and write an e-
mail to the parents of the patient (task 6). For the mobile app, parti-
cipants had to add a stop-strategy (task 4) and calculate how much
money they would save if they quit smoking (task 5). After each task,
the participants were given the After-Scenario Questionnaire (ASQ)
[31] to measure task satisfaction. After carrying out all tasks, they filled
out the SUS. Last, a short interview was conducted to discuss partici-
pants’ intentions to use the technology; we asked them about Perceived
benefits, Usefulness and Intention to use [32–34].

The usability tests had an average length of 60min. The tests were
conducted in a usability lab or on location. Each test was performed in a
closed room to minimize distraction. Audio and screen capture re-
cordings were made during the tests.

2.4. Ethics

All participants signed an informed consent form prior to the study.

The nature of these general tests among healthy volunteers did not
require formal medical ethical approval, according to Dutch law [35].

2.5. Qualitative analysis

Transcripts were used to identify usability issues using the following
process:

1) One researcher (MB) identified all errors in the think-aloud tran-
scripts and observational notes;

2) A second researcher (LvV) also examined this dataset. Discrepancies
were solved and the first researcher (MB) re-analyzed the full data
set with this final list.

3) The first researcher (MB) created an overview of usability issues by
grouping similar errors into one usability issue (e.g., recurring errors
from clicking on non-clickable elements were grouped as ‘the user
has difficulty distinguishing clickable from non-clickable elements
in the interface’);

4) The second researcher (LvV) examined this usability issue overview.
The researchers discussed discrepancies and created a final over-
view;

5) The first researcher awarded each usability issue with a severity
score (minor, serious, or critical), following a procedure from [36].
The severity ratings were verified by the second researcher (LvV).

The answers to the interview questions were converted into bino-
mial code (0 = negative, 1 =positive) to allow for statistical analyses.
To ensure validity, the coding process was similar to that of the us-
ability issues.

2.6. Statistical analyses

The data was analyzed using SPSS 19.0. Descriptive statistics were
computed for demographic variables (means, percentages). Since nor-
mality tests indicated that normal distribution could not be assumed for
most usability benchmarks, this data is presented non-parametrically.
Binomial data (task completion, perceived intention-to-use, perceived
benefits, and perceived usefulness) were analyzed with 95% binomial
confidence intervals, using the Wilson Score method [37] from the
episheet of Rothman and Boice [38]. A two-tailed Kendall Tau corre-
lation was computed among the usability benchmark scores and
number of usability issues (task completion, task completion time, task
satisfaction, steps per task, errors per task, minor issues, serious issues,
and critical usability issues). For this analysis, task completion scores
were transposed to an ordinal scale (0 completions, 1 completion, etc.).
Then, for the seemingly strong correlations significance tests were
computed using the calculator of Lee and Preacher [39], which is based
on the work of Steiger [40]. The variables Perceived benefits, Useful-
ness and Intention to use were each split into two categories: (1) per-
ceiving benefits – not perceiving benefits, (2) useful – not useful and (3)
intention to use, no intention to use. Mann-Whitney U-tests were con-
ducted for each binomial variable to examine if the medians between
the two categories were significantly different in relation to the SUS,
task completion, serious and critical issues.

Fig. 3. Image of the mobile app ‘Stopstone’ (© 2016 Trimbos Institute.
Reprinted with permission).

Table 1
Demographics (N, gender, age, education).

N Gender Age Education

Male Female M SD ≥Lower vocational education Vocational education ≤higher vocational education

Case 1 19 12 (63.2%) 7 (36.8%) 74.3 6.08 3 (15.8%) 12 (63.2%) 4 (21.1%)
Case 2 9 1 (11.1%) 8 (88.9%) 43.4 11.4 – – 8 (100%)
Case 3 8 4 (50%) 4 (50%) 23.13 2.03 4 (50%) 3 (37.5%) 1 (12.5%)

M. Broekhuis, et al. International Journal of Medical Informatics 128 (2019) 24–31

26



3. Results

3.1. Demographics

In total 36 participants, nineteen older adults (case 1), nine thera-
pists (case 2), and eight adolescents (case 3) participated in this study.
Table 1 provides an overview of the demographics of participants per
case. For case 1, ages ranged between 65 and 87 years, for case 2, be-
tween 32 and 60 years, and for case 3 between 19 and 25 years. Most
participants had a vocational or higher vocational education. These
educational backgrounds are typical for the end-user populations for
each application.

3.2. Case 1 – gamified application

3.2.1. Usability benchmarks
The participants evaluated the overall system usability (SUS) with a

score of Mdn=27.5 (95% CI: 10–42.5)). This score falls far below the
acceptability baseline of the SUS. When looking at the task completion
rates (see Table 2), it shows that participants had difficulty executing
the tasks. Tasks 4 and 5 were considered most difficult for the partici-
pants, with a 10.5% (95% CI: 2.9, 31.4%) completion rate. Tasks 2 and
3 were relatively easier. 42.1% (95% CI: 23.1, 63.7%) of the partici-
pants completed task 2 and 47.4% (95% CI: 27.3, 68.3%) of the par-
ticipants completed task 3. Table 3 provides an overview of the us-
ability task metrics task completion time, satisfaction, errors, and steps

of case 1, the gamified application. It shows that task 3 had the quickest
task completion time with an Mdn of 102.4 s (95% CI: 31, 189). Task 5
had the lowest task satisfaction, with an Mdn of 1 (95% CI: 1, 2).

3.2.2. Usability issues
The think-aloud method elicited 287 usability issues. Almost half of

these issues (48.8%) were serious issues, with an average Mdn of 8
issues (95% CI: 6, 9) per participant. There were 80 (27.9%) critical
issues (Mdn=4, 95% CI: 3, 5) and 67 (23.3%) minor issues (Mdn=3,
95% CI: 2, 5) on average. Critical issues consisted of problems such as:
‘The user wants to exit the system because s/he cannot find what s/he is
looking for in the gamified application’. Examples of serious issues were
‘Users with color blindness have difficulty distinguishing elements in
the interface’. Minor issues were problems such as ‘The user does not
like the introduction movie’.

3.2.3. Perceived benefits, usefulness, and intention-to-use
The interviews revealed that 47.4% (95% CI: 27.3–68.3%) of the

participants did see some benefits of the gamified application (see
Table 2). However, most participants mentioned the system could
support their cognitive skills instead of physical activity. Just two
participants (10.5%, 95% CI: 2.9–31.4%) thought the system would be
useful to support their physical exercises and believed they would use
the system.

Table 2
Binomial confidence intervals (task completion, perceived benefits, perceived usefulness, perceived intention-to-use).

Case and tasks complete (percentage, 95% CI for percentage)

Case 1 Case 2 Case 3

Task completion T1* n.a. n.a. n.a.
T2 8/19 (42.1, 23.1, 63.7) 9/9 (100, 70.1, 100) 8/8 (100, 67.6, 100)
T3 9/19 (474 27.3, 68.3) 6/9 (66.7, 35.4, 87.8) 8/8 (100, 67.6, 100)
T4 2/19 (10.5, 2.9, 31.4) 9/9 (100, 70.1, 100) 8/8 (100, 67.6, 100)
T5 2/19 (10.5, 2.9, 31.4) 5/9 (56, 26.7, 81.1) 8/8 (100, 67.6, 100)
T6 n.a. 9/9 (100, 70.1, 100) n.a.

Perceived benefits 9/19 (47.4, 27.3, 68.3) 9/9 (100, 70.1, 100) 8/8 (100, 67.6, 100)
Perceived usefulness 2/19 (10.5, 2.9, 31.4) 8/9 (88.9, 56.5, 98) 4/8 (50, 21.5, 78.5)
Perceived intention-to-use 2/19 (10.5, 2.9, 31.4) 9/9 (100, 70.1, 100) 4/8 (50, 21.5, 78.5)
*Since task 1 was a free explore task, there is no completion rate.

Table 3
Usability task metrics of the gamified application stranded.

Task completion
time (sec.)

Satisfaction Errors Steps

T1 N n.a. n.a. 18 ** 18**
Mdn n.a. n.a. 8.5 31.5
95% CI n.a. n.a. 4, 11 21, 45

T2 N 8 19 18 ** 18 **
Mdn 166.5 2.3 6 14.5
95% CI 85, 280 1, 6 2, 13 8, 23

T3 N 9 19 19 19
Mdn 100 2.7 8 16
95% CI 31, 189 1, 4.3 3, 15 9, 25

T4 N 2 19 19 19
Mdn 157 2.3 16 27
95% CI 154, 160 1.3, 6 10, 33 19, 42

T5 N 2 19 19 19
Mdn 196* 1 22 29
95% CI 94, 298 1, 2 6, 27 19, 42

Av. N 13 19 19 19
Mdn 142 2.4 13.4 26.6
95% CI 83, 228 1.4, 4.2 10.8, 16 23.6, 29.8
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3.3. Case 2 – Tele-rehabilitation portal

3.3.1. Usability benchmarks
The tele-rehabilitation portal had a SUS score of Mdn=77.5 (95%

CI: 60–85), which means the usability of the system is considered good
but could be further improved [11]. All participants completed tasks 2,
4, and 6. Task 5 had the lowest task completion rate of 55.6% (95% CI:
26.7–81.1%), see Table 2. Tasks 3 and 5 were considered more difficult
to execute and had higher numbers of errors and steps, see Table 4.
Task satisfaction was positively rated, with an average of Mdn=5.3
(95% CI: 4.8, 5.5).

3.3.2. Usability issues
We identified 51 usability issues, of which 23 serious (45.1%), 22

minor (43.1%), and 6 (11.8%) critical. On average, participants had an
Mdn of 3 serious issues (95% CI: 1, 4), and a Mdn of 3 minor issues
(95% CI: 1, 3). Critical issues (Mdn= .0, 95% CI: 0.0, 2) were only
found with the scheduling of exercises for patients: ‘The user does not
know how to schedule an exercise for the patient in the exercise-in-
terface’. Serious issues were problems like ‘The system does not clearly

stipulate that the parents, not the children, are the contact persons’. By
sending a message to the patient, the therapist is actually sending a
message to the parents. Minor issues were issues such as ‘The tele-re-
habilitation portal does not have a navigational aid, such as a bread
crumb trail, for users to keep track of their location within the system’.

3.3.3. Perceived benefits, usefulness, and intention-to-use
All participants perceived the benefits of the tele-rehabilitation

portal, see Table 2. The therapists believed the online portal provides a
better overview on the progress and activities of the patient, which
could improve the patient and parent involvement. All therapists in-
dicated they would use this system because it prevents having to use
different systems both for patients as therapists.

3.4. Case 3 – Mobile app

3.4.1. Usability benchmarks
The mobile app had a SUS score of Mdn=71.3 (95% CI: 45–87.5)).

Table 2 shows that the participants had little difficulty completing the
tasks in the mobile app. The participants gave tasks 2 (Mdn=6.2, 95%

Table 4
Usability task metrics (task completion time, satisfaction, errors, and steps) of the tele-rehabilitation portal.

Task completion
time (sec.)

Satisfaction Errors Steps

T1 N n.a. n.a. 9 9
Mdn n.a. n.a. .0 17
95% CI n.a. n.a. .0, 1 11, 24

T2 N 9 9 9 9
Mdn 21 5.3 .0 2
95% CI 12, 32 4.7, 5.7 .0, .0 2, 3

T3 N 6 9 9 9
Mdn 127 4.7 4 16
95% CI 59, 234 3.3, 6.3 .0, 15 7, 28

T4 N 9 9 9 9
Mdn 70 6.7 .0 7
95% CI 37, 122 6, 7 .0, 4 7, 17

T5 N 5 8 8 8
Mdn 99 4.2 3 13
95% CI 62, 131 1, 7 .0, 22 8, 25

T6 N 9 9 9 9
Mdn 120 6 .0 9
95% CI 37, 229 2.3, 7 .0, 7 6, 24

Av. N 9 9 9 9
Mdn 81.6 5.3 3.3 12.8
95% CI 69.5, 146.8 4.8, 5.5 .3, 5.5 9.2, 16

Table 5
Usability task metrics (task completion time, satisfaction, errors, and steps) of the mobile app.

Task completion
time (sec.)

Satisfaction Errors Steps

T1 N n.a. n.a. 8 8
Mdn n.a. n.a. 1.5 40
95% CI n.a. n.a. .0, 14 27, 62

T2 N 8 8 8 8
Mdn 83.5 6.2 .0 18.5
95% CI 65, 223 4.3, 7 .0, 17 10, 28

T3 N 8 8 8 8
Mdn 67.5 6 .0 14
95% CI 41, 128 4.7, 7 .0, .0 10, 22

T4 N 8 8 8 8
Mdn 69 5.3 .0 17.5
95% CI 41, 187 2.7, 6.7 0, 14 6, 38

T5 N 4 4 4 4
Mdn 56 4.7 .0 16.5
95% CI 35, 138 3, 6.7 .0, 2 9, 38

Av. N 8 8 8 8
Mdn 87.4 5.7 2.5 21.9
95% CI 54.3, 132 4.7, 6.6 .0, 4.6 17.4, 29.5
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CI: 4.3, 7) and 3 (Mdn=6, 95% CI: 4.7, 7) a high task satisfaction
score, see Table 5. Interesting is that while participants needed to
follow more steps to complete the tasks, the number of errors is quite
low, with an average of Mdn=2.5 (95% CI: 0.0, 4.6).

3.4.2. Usability issues
A total of 29 usability issues were identified, of which 14 (48.3%)

were minor and 15 (51.7%) were serious issues. On average, partici-
pants had an Mdn of 2 serious issues (95% CI: 0.0, 5), and a Mdn of 3
minor issues (95% CI: 0.0, 4). No critical issues came up. Serious issues
were problems such as ‘The user has difficulty finding the location
where a cessation strategy can be added for a difficult moment’. Minor
issues consisted of problems such as ‘The interface does not explain
what type of notifications the app can send you’.

3.4.3. Perceived benefits, usefulness, and intention-to-use
All eight adolescents thought the mobile app ‘Stopstone’ had some

benefits, see Table 2. They liked the app because it is easy to use and
because it has multiple options that confronts users with smoking ha-
bits, especially the ‘budget option’, an option in which you can calculate
how much money you save by not buying cigarettes. Although they all
saw the advantages of the system, only four adolescents (50%, 95% CI:
21.5–78.5%) perceived the system to be useful for themselves. One of
the reasons being that some participants believed that the motivation to
quit smoking should stem from the user, not from an app. Four ado-
lescents (50%, 95% CI: 21.5–78.5) thought they would use the mobile
app because it would provide them insights into how smoking affects
their life, such as identifying moments they find it difficult not to
smoke.

3.5. Correspondence among SUS, usability task metrics, and usability issues

We analyzed the relationships between the usability benchmarks
and the number and severity of the usability issues. These correlations
were computed across the three case studies. The correlation matrix can
be viewed in Table 6. The table shows that (1) task completion has
stronger correlations with task metrics and usability issues than the
SUS, and (2) serious and critical issues have stronger correlations with
task metrics, except for task satisfaction, than the SUS. The correlation
matrix shows considerable disparities between the SUS and task com-
pletion on serious issues (rτ = −0.397 vs rτ = −.644), critical issues
(rτ =−.470 vs rτ =−.753) and task completion time (rτ =−.282vs
rτ = −.447,). Two-tailed significance tests of the correlations [40],
show that there are only significant differences found between the SUS
and task completion on critical issues (z= 2.62, p = 0.01) and serious
issues (z= 2.02, p =0.04), not for task completion time (z= 1.18,
p= .236).

3.6. Correspondence between SUS, task completion, serious and critical
issues on perceived benefits, usefulness, and intention-to-use

The Kendall-Tau correlation and significance tests of the correla-
tions revealed that there are significant disparities between the corre-
lations of the SUS and task completion on critical and serious issues. As
a final step, additional Mann-Whitney U tests were conducted between
the SUS, task completion, serious and critical issues and the binomial
variables Perceived benefits, Usefulness and Intention-to-use. The re-
sults showed that for all variables there were significant differences
(p < .001), as can be seen in Table 7. The medians of the SUS and task
completion were significantly higher among the participants that did

Table 6
Correlation table for the usability metrics.

SUS Task completion Av. time on
task

Av. task
satisfaction

Av. steps on
task

Av. error on
task

Minor
issues

Serious
issues

Critical
issues

SUS R – – – – – – – – –
95% CI – – – – – – – – –

Task completion R .61** – – – – – – – –
95% CI .36, .78 – – – – – – – –

Av. time on task R −.282* −.45** – – – – – – –
95% CI −.56, .05 −.68, -.14 – – – – – – –

Av. task satisfaction R .54** −.65** −.16 – – – – – –
95% CI .26, .74 −.80, -.41 −.46, .18 – – – – – –

Av. steps on task R −.27* −.31* .40** −.14 – – – – –
95% CI −.55, .06 −.58, .02 .08, .64 −.45, .19 – – – – –

Av. error on task R −.52** −.58** .39** −.41** .51** – – – –
95% CI −.72, -.23 −.76, -.30 .07, .63 −.65, -.01 .22, .72 – – – –

Minor issues R −.27* −.35** .17 −.36** .17 .32* – – –
95% CI −.55, .06 −.61, -.02 −.16, .47 −.61, -.03 −.16, .47 −.01, .58 – – –

Serious issues R −.4** −.64** .41** −.50** .35** .57** .43** – –
95% CI −.64, -.08 −.80, -.40 .09, .65 −.71, -.21 .03, .61 .29, .75 .12, .67 – –

Critical issues R −.47** −.75** .44** −.53** .36** .69** .33* .69** –
95% CI −.69, -.17 −.87, -.56 .13, .67 −.73, -.24 .04, .62 .47, .83 .0, .59 .46, .83 –

*p ≤ 0.05, **p ≤ 0.01

Table 7
Mann-Whitney U test for usability benchmarks and intention to use indicators.

SUS (Mdn,95% CI) Task completion (Mdn, 95% CI) Serious Issues (Mdn, 95% CI) Critical issues (Mdn, 95% CI)

Perceived benefits Yes 68.8 (45, 75) 4 (2, 4) 3.5 (2, 5) 0 (.0, 3)
No 13,8 (2.5, 30) .5 (.0, 2) 8 (6, 10) 5 (3, 5)
U U=21,5, p≤ .001 U=22, p≤ .001 U=34 p≤ .001 U=34.5 p≤ .001

Perceived usefulness Yes 76.3 (67.5-85) 4 (3, 5) 3 (.0, 5) .0 (.0, 2)
No 30 (12.5, 45) 1.5 (1, 3) 6.5 (4, 8) 3.5 (3, 5)
U U=13, p≤ .001 U=47, p≤ .001 U=72,5, p≤ .01 U=64.5 p≤ .01

Perceived intention to use Yes 72.5 (67.5, 77.5) 4 (3, 5) 2 (1, 4) .0 (.0, 2)
No 30 (12.5, 45) 1 (.0, 2) 7 (5, 8) 4 (3, 5)
U U=27, p≤ .001 U=43, p≤ .001 U=50,5, p≤ .001 U=60, p≤ .001
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perceive benefits and usefulness of the system and intended to use it in
comparison to those participants that did not. Likewise, the medians of
serious and critical issues were significantly lower among the Yes-group
in contrast to the No-group for each of the three acceptance factors.

4. Discussion

Our results suggest that the SUS is inadequate as a stand-alone us-
ability benchmark for eHealth technology, as it is a weaker indicator of
the presence of critical and serious usability issues than the task com-
pletion rates. These results are in line with recent studies on the SUS, in
particular the research of Harrati et al. [27], who also found that for
usability evaluations of eLearning systems, the SUS in itself is not suf-
ficient. So, at the very least, evaluators should report these task com-
pletion rates alongside SUS scores in their usability reports or articles.
With regard to predicting intention to use, we found that the usability
benchmarks are interchangeable.

This lack of predictive power of the SUS can have several reasons.
First, the SUS is a subjective evaluation instrument. Therefore, the es-
timation of usability, as measured by the SUS, might be mixed with
other perceptions about the technology (e.g., usefulness, fun). Second,
the SUS only provides a general score of the usability. Participants who
evaluated the gamified application had more difficulty completing the
tasks than participants who evaluated the other systems. This was re-
flected in the average SUS scores. The gamified application had a low
SUS score of 27.5, while the tele-rehabilitation portal and the mobile
app had much higher scores (respectively 77.5 and 71.3). However,
when comparing the tele-rehabilitation portal and the mobile app, the
SUS scores found in this study do not accurately reflect the actual
performance of the users. While participants had more difficulty in
completing tasks in the tele-rehabilitation portal (between 55.7 and
100%) than in the mobile app (100%), the average SUS score of the
tele-rehabilitation portal was higher. These results suggest that task
completion is a stronger predictor than the SUS for the presence or
absence of usability issues (and their severity), which we consider to be
the golden standard.

Another explanation for the relatively low predictive power of the
SUS is that it does not take eHealth specific factors into account that
affect usability (such as information overload, accessibility for the vi-
sually or cognitively impaired, etc.). In the literature on serious games
for health, there is a growing awareness that there is a need for a
standardized framework for usability evaluations [41,42]. Future stu-
dies should lead to an exhaustive overview of eHealth-specific factors
that affect eHealth usability. Then, using this list, one can fine-tune
usability testing and benchmarking methods for the eHealth context,
ultimately leading to an easy to use usability benchmarking tool for
eHealth, with high predictive power.

4.1. Study limitations

In this study, we chose to let participants get familiarized with the
system before starting with the tasks. This was done to resemble real-
life experience with a new technology. In the tele-rehabilitation portal
and the gamified application, there were many options and areas to
explore besides the locations and activities set in the research protocol.
Using a technology with fewer functionalities, like the ‘Stopstone’
mobile app, there was more overlap between the free exploration task
and the subsequent tasks which had a specific goal the participants had
to complete. This could have affected their performances. A second
limitation was that we did not measure logging on to the system. In the
free exploration task, we saw that older adults had difficulty with the
entry field for the e-mail address, more specifically creating special
reading characters, like the ‘at’ sign (@). Contrary, in the mobile app
participant had to fill out a long list of demographics and smoking
habits before entering the main screen. These differences in system
accessibility could have influenced participant’s perceptions on

usability and user-friendliness. However, this study’s results provide
usability ratings of the system in general, including system access, to
examine differences in usability benchmarks. When analyzing the us-
ability of eHealth for further optimization and development, it would
be beneficiary to examine and compare the usability of different ele-
ments of a system.

4.2. Conclusions

In the field of eHealth, new innovations are produced very rapidly.
However, the way in which we test the usability of these applications,
or their prototypes, has been the same for decades. The results in our
study indicate that we might also need to innovate the usability testing
toolkit for eHealth, as we showed that the System Usability Scale (SUS)
might not be the best instrument to benchmark the usability of an
eHealth technology. We hope that this study will inspire other re-
searchers and usability practitioners to closely look at the tools they use
during their eHealth usability tests and to fine-tune these tools for this
particular context.
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Summary table
What was already known on this topic?

• The System Usability Scale (SUS) is one of the most popular
usability benchmarking instruments for eHealth.
• Context-specific factors can influence the perceived usability
of eHealth, such as health literacy and physical/cognitive
impairments of patient groups.
• Eliciting usability issues via qualitative methods is considered
the ‘golden standard’ for assessing usability.

What this study added to our knowledge?

• The SUS is insufficient as a stand-alone usability benchmark
for eHealth.
• Critical usability issues and task completion have more pre-
dictive value for the actual usability of eHealth than the SUS.
• This study emphasizes the need to develop a new usability
benchmarking instrument, specifically designed for eHealth.
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