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Abstract. Technology has been demonstrated to have positive impact on dia-
betes self-care while usability of applications in diabetes self-care remains to be
explored. Evidence-based study on usability is needed to justify the adoption of
health information systems for diabetes. The aim of this study was to evaluate
and compare the usability of three existing mobile applications for diabetes self-
care. This study assessed the usability of the diabetes applications in terms of
usability testing. A total of 30 participants (15 men and 15 women) with type 2
diabetes were enrolled in the usability evaluation. The participants had a mean
age of 60.03 years (SD = 8.92). The participants were first time users of the
three applications to be assessed. After completing a set of three task scenarios,
participants evaluated the application with System Usability Scale (SUS). When
operating the applications, participants were instructed to follow think-aloud
protocol. The results showed that the mean SUS score of App 3 was signifi-
cantly higher than scores of App 1 and App 2. No significant effect of gender on
the SUS scores was found. Taken together, high SUS score, presented screen-
shots of the operation process, and pros identified by the participants during the
think-aloud protocol serve as the proxy to design diabetes self-care applications
attaining higher level of usability.
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1 Introduction

Usability evaluation enables researchers to identify problems of existing systems and
products and provide insight for system improvement. Recognized as a key quality
attribute of software, usability is defined as the degree to which a product can be
effortlessly operated by users to accomplish particular objective with efficiency,
effectiveness, and satisfaction (Harrati et al. 2016). In the domain of human-computer
interaction, the usability of mobile applications has been highlighted since well-
designed applications improves user experiences (Hoehle et al. 2016).

Meanwhile, with the prevalence of mobile devices, mobile health (mHealth) sup-
porting medical care are becoming more common. Among the mobile applications,
applications targeting diabetes self-care were developed. Diabetes, one of the chronic

© Springer Nature Switzerland AG 2019
M. Kurosu (Ed.): HCII 2019, LNCS 11568, pp. 3–15, 2019.
https://doi.org/10.1007/978-3-030-22636-7_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22636-7_1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22636-7_1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22636-7_1&amp;domain=pdf
https://doi.org/10.1007/978-3-030-22636-7_1


illness, affect around 415 million people worldwide; based on estimation, 193 million
people suffer from undiagnosed diabetes (Chatterjee et al. 2017). Moreover, study
pointed out that diabetes is a main cause of hospitalization and in-hospital mortality (Li
et al. 2018). Diabetes requires patients to monitor their own health condition. Poor
glycemic control leads to complications including heart disease or stroke, visual
impairment, hyperglycemic crisis causing death, and limb amputation (Fu et al. 2017).
Based on a study of diabetes age from 3419 adults with T2DM, the mean (± SD) age
was 62.9 ± 12.5 years (Nanayakkara et al. 2018).

Despite the prevalence and the complications of diabetes, the conditions of patients
can be alleviated by means of appropriate management. Diabetes self-care is essential
to blood glucose levels control (Lin et al. 2017). According to studies, mobile appli-
cations assisting self-care has been found to be beneficial to diabetes patients. Mobile
health applications could assist diabetes self-care through monitoring of blood glucose,
weight, and dietary (Hoppe et al. 2017). Research found that diabetes applications were
associated with improved glycemic control and have great potential to assist diabetes
self-care (Fu et al. 2017).

Technology could assist diabetes self-care improvement while studies also pointed
out the need for assessment of the experienced usability of users in the field of mobile
health applications. Furthermore, the insufficiency of usability has been identified as
one of the obstacles in the adoption of health information systems. Although the
number of new healthcare applications greatly increased in the last few years, the
usefulness of the applications is inconsistent (Rose et al. 2017). In addition, studies
found that the prevailing obstacle in the adoption and operation of health information
systems includes the ambiguous design and low usability (Khajouei et al. 2018). With
the continuous growing number of patients suffering from diabetes and elderly patients,
the usability of applications assisting diabetes self-care is especially important.

The objective of this study was to evaluate the usability of three existing diabetes
self-care applications and explore the main pros and cons users pointed out during the
operation of the applications. Usability evaluation study explores the problems of the
system and assists designers in generating improved design solutions. Therefore,
usability test, an effective and widely adopted method assessing the product by means
of practical task scenario of product usage (Sonderegger et al. 2016) was utilized.

To collect more detailed information about the operation process of applications,
participants followed think-aloud protocol. Think-aloud protocol has been widely
applied to usability evaluation studies. With think-aloud data collection method, par-
ticipants share their thoughts with the researcher (Verkuyl et al. 2018). Researchers
conducting the usability testing of an electronic system utilized concurrent think-aloud
moderating technique to encourage participants vocalize their thoughts during the test
sessions (Aiyegbusi et al. 2018). Study showed that think-aloud protocol analysis and
realistic simulations provided a presented a successful usability evaluation (Chrimes
et al. 2014).
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2 Methods

2.1 Participants

A total of 30 participants were enrolled in the usability evaluation of diabetes self-care
mobile applications from a diabetes clinic. The basic criteria included a type 2 diabetes
diagnosis, regular usage of smart phone, and normal vision.

The participants consisted of 15 women and 15 men between 41 and 78 years of
age. Participants had a mean age of 60.03 years (SD = 8.92). Participants did not report
any vision problems that interfered with mobile application operation. All participants
had a type 2 diabetes diagnosis and the habit of using smart phones and tablet. The
table below presents the participant demographics (Table 1).

2.2 Experimental Materials

The main experimental materials in this study included three different mobile appli-
cations for diabetes self-care, and a System Usability Scale (SUS). This study con-
ducted the survey in a paper-based format. The three applications were actual products
that could be downloaded for either iOS or Android systems from App Store or Google
Play. For each app, the content was the same when operated in both systems. All three
diabetes applications could present the entered blood glucose level in a graph view.

Since the study included elderly participants, mobile phone with larger screen was
used to present the experimental stimuli. An iPhone 7 Plus with 5.5 in. (diagonal)
widescreen LCD and 1,920 by 1,080 pixel resolution was adopted. The three appli-
cations were installed in the iPhone used in the experiment (Fig. 1).

Table 1. Participant demographics (n = 30).

Variable n

Age <65 20
≧65 10

Gender Male 15
Female 15

Smart phone/tablet usage Often (4–7 days per week) 28
Occasional (1–≦3 days per week) 2
Rarely (<1 day per week) 0

Education Elementary school 2
Middle school 4
High school 7
College 12
Graduate school 5
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2.3 Experimental Task Scenarios Design

As a widely adopted and very effective method of usability evaluation, the purpose of
usability test is to assess the product by constructing a practical product usage task
scenario that involves prospective users (Sonderegger et al. 2016). Therefore, to design
practical experimental tasks, this study conducted interviews at a diabetes clinic, one of
the certified organizations of the National Diabetes Shared Care Network. Through the
interview, 6 medical personnel including 2 diabetes dietitians and 4 diabetes educators
(also registered nurses) identified the diabetes application functions most important and
fundamental to diabetes patients’ self-care. A feature list with 27 functions categorized
from a study of 40 diabetes targeted applications (Hoppe et al. 2017) was provided to
the personnel as the basis of important function identification. The selected functions
became the basis of tasks scenario design for the usability evaluation.

The task scenarios included (1) Enter blood glucose value before breakfast into the
application, (2) Enter blood glucose value after breakfast and enter food intake by
adding a photo of the meal into the application, and (3) View the blood glucose
measurement in a graph format.

Since the standard blood glucose value is different for before and after meal,
entering the “before” or “after” meal in the record is important. For diabetes patients
aiming for a target A1C of below 7%, blood glucose levels should mostly be under
130 mg/dl before meals and under 180 mg/dl after meals (Gebel 2011). For task one, a
blood glucose value before meal was provided to the participant. For task two, a blood
glucose value after meal was given. When using the applications, the picture of food
consumed should be taken first. After finishing the meal, patients measure and put the
glucose value with meal photo into the application. Therefore, a photo was provided in
the album of the iPhone.

(a) App 1 (b) App 2 (c) App 3

Fig. 1. The interfaces of the three evaluated diabetes applications.
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2.4 Procedures

The procedure of the experiment was as follows: All participants were informed about
the purpose and experimental process. To reduce the stress of participants, the mod-
erator highlighted that the purpose of the experiment was to evaluate the usability of the
mobile applications instead of the performance of participants. Basic information was
collected from the participants, including their age, frequency of using smart phone and
tablet, and education backgrounds. Participants were asked to use think-aloud protocol
as a strategy during the operation process.

Each task was printed on an A4-sized paper. Necessary information for task
completion was provided below the task scenario description, including given blood
glucose values of “before” or “after” breakfast information. For the task of entering
food intake, a meal photo was prepared in the photo album of iPhone. During the
operation, when the participants were not sure where to tap and asked for assistance,
hint was provided. The moderator suggested an area, such as the upper or lower part of
the screen, instead of directly pointing at the button. Following think-aloud protocol,
the participants were asked to describe the issues that influenced the usability of the
systems during the operation of mobile applications. After completing the three tasks,
the participants finished the SUS subjective assessment to evaluate the overall usability
of the applications. For each participant, the process of completing the three task
scenarios and SUS was repeated to evaluate the three diabetes self-care applications.

3 Results and Discussion

3.1 Quantitative Results

The SUS (System Usability Scale) means of the three evaluated diabetes applications
were first compared based on the scale matching the SUS scores, acceptability ranges,
and grade scale. This study used repeated measures ANOVA to analyze the SUS scores
of the three applications. The effect of gender on the SUS scores was analyzed with a t-
test. The three diabetes applications were referred to as App 1, App 2, and App 3 in the
results and discussion sections.

Developed by Brooke (1996), the ten-item SUS has been widely applied to
usability studies. Researchers further established the five grade scales and six adjective
ratings that correlates with the SUS score (Bangor et al. 2009) (see Fig. 2). Based on
the means of SUS scores, in terms of acceptability ranges, App 1 (M = 69.75) and App
2 (M = 65.42) were “marginal” while App 3 (M = 82.50) was “acceptable.” In terms of
grade scale, App 1 and App 2 received a “D” scale while App 3 received a “B” scale.

There was a statistically significant difference between groups (F(2,87) = 10.231,
p < .001). The results of the repeated measures analyses of variance revealed that the
SUS scores of App 3 were significantly higher than that of App 1 and App 2. Post-hoc
analysis using Scheffe indicated significant difference between the SUS scores of App 3
and App 1, as well as App 3 and App 2. The SUS scores did not differ significantly
between App1 and App 2 (Tables 2 and 3).
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An independent-sample t-test revealed no significant effect of gender on the SUS
scores of the three applications, App 1: t(28) = 0.807, p = 0.426; App 2: t(28) = 0.391,
p = 0.698; App 3: t(28) = 1.678, p = 0.104. For each application, both male and
female participants gave similar evaluations to the usability (Table 4).

Fig. 2. A comparison of the average SUS score in relation to acceptability scores, grade scale,
and adjective ratings (Bangor et al. 2009).

Table 2. SUS mean and standard deviation of the experimental data.

Application M (SUS score) SD Scheffe post hoc testa

App 1 69.75 15.18
App 2 65.42 17.23
App 3 82.50 12.90 3 > 1, 3 > 2
a1 = App 1; 2 = App 2; 3 = App 3

Table 3. Multiple comparisons: SUS scores of the three applications.

(I) App no. (J) App no. Mean difference (I-J) Std. error Sig.

1 2 4.3333 3.9263 .546
3 −12.7500* 3.9263 .007

2 1 −4.3333 3.9263 .546
3 −17.0833* 3.9263 .000

3 1 12.7500* 3.9263 .007
2 17.0833* 3.9263 .000

*The mean difference is significant at the 0.05 level.

Table 4. Independent sample t-test for gender effects on different apps

Application Male Female t p F

M SD M SD

App 1 67.50 16.39 72.00 14.05 −0.807 .426 0.060
App 2 64.17 14.19 66.67 20.26 −0.391 .698 1.608
App 3 78.67 11.87 86.33 13.12 −1.678 .104 0.347
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3.2 Qualitative Results

The following sections presents the usability issues identified by means of think-aloud
protocol when the participants operated the applications to complete the assigned tasks.
With the screenshots of the operation flow shown in the figures and description of the
operation procedure, these findings could be a reference for diabetes application
usability improvement and user interface (UI) design.

App 1. When opening App 1, the button entitled “Add a new record” at the bottom of
the interface (see Fig. 3(a)) enabled the participants to understand its function. When
entering blood glucose (see Fig. 3(b)), many participants were not sure where to tap
even though the “Tap here” hint was shown in the text field next to the mg/dl. Below
the mg/dl, another way of entering the blood glucose was using the slider, a horizontal
track with a control. By tapping the plus and minus symbol on either end of the slider,
the value could be adjusted. However, the function of the colorful slider was not clear
to most of the participants.

At the section of entering the before or after meal timing, the title “Event” was not
clear to participants (see Fig. 3(c)). After tapping the text field with rounded corners, a
picker with a scrollable list was displayed. In addition, even if the participants over-
looked the text field entering the before or after meal information, the blood glucose
value record could still be saved. However, the information was critical to blood
glucose self-care since before or after meal has different standards. Therefore, an error
prevention mechanism to assist the correct procedure was required.

In App 1, the items for entering various information were placed on the same
interface as a long form, including insulin amount, exercise, health condition, medicine

(a) The “Add a record” button (b) Enter blood glucose value (c) Enter before or after meal 

Fig. 3. Operation flow screenshots of App 1.
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taken, blood pressure, and body weight. However, participants found the interface
complex and confusing with too much content. Instead, only the items most important
to diabetes self-care should be displayed.

Except the “add a new record” button, the format of buttons in App 1 were ghost
buttons, the button bordered by a thin line (see Fig. 3(b)). To participants, the buttons
were difficult to find among the text on interface layout (Table 5).

App 2. When opening App 2, there were twelve buttons (see Fig. 1(b)). Therefore, the
participants need to spend more time searching for the place to enter blood glucose.
The button entitled “Physical measurement” was not immediately associated with
blood glucose. Instead of “Physical measurement”, before or after meal could be a
better description. Since the first button includes the functions of entering blood glu-
cose, blood pressure, heart beat, body weight measurement, the title of the button
should be adjusted to include the above functions yet simple to understand.

According to participants, after entering the blood glucose entering section, the
buttons on the top could not be noticed immediately since the green background color
blended with the color on the top of the interface (see Fig. 4(b)). However, when the
participants forgot to tap the before or after meal button, a reminder was provided by the
application. The application prevented the users from going to the next section without
recording before or after meal. The font size of the description above the buttons were
too small. Participants with presbyopia had difficulty reading the description.

In addition, the transparent design of the “after breakfast” button was not clear
enough. To several elderly participants, the color was too light to be noticed. Partici-
pants mentioned that both before and after meal font should be clearly displayed
simultaneously while the underline could be used indicate the selected button. When

Table 5. App 1 issues identified in think-aloud protocol.

App 1 Issue

Overall Larger font size would be helpful to the operation
Participants were not sure about where to tap next
The dark background color made the text and interface unclear

Enter blood glucose
value

The button entitled “Event” was not easily associated with before or
after meal
The function of the colorful bar and plus minus is not clear
Even if the before or after meal information was not selected, the
glucose record could still be saved

Enter food intake The function of “take a photo” and “upload a photo” should be
integrated in the same button
As a frequently used function, the photo upload function should be
moved to the upper part of the interface instead of locating at the very
bottom
The photo uploaded was not shown at the corresponding place

View graph of blood
glucose

The view graph button was not easily found
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the entered blood glucose value exceeds the standard level, App 2 provided an instant
reminder to the users.

The formant of buttons in App 2 was ghost button bordered by a thin line, with
transparent internal area consisting of plain text, as shown in the upper right corner of
the figure. For the layout, important buttons were placed on the upper right corner,
including the “add a new record” and “complete” buttons. Compared to App 3, Par-
ticipants spent more time searching for buttons when using App 2 (Table 6).

(a) Add a record button (upper 
right corner)

(b) Enter blood glucose value (c) Enter before or after meal by 
the buttons listed on the top

Fig. 4. Operation flow screenshots of App 2.

Table 6. App 2 issues identified in think-aloud protocol.

App 2 Issue

Overall Larger font size would be helpful to the operation
Participants were not sure about where to tap

Enter blood glucose
value

The menu page contains too many choices and buttons
The button entitled “Physical Measurement” was not immediately
associated with recording blood glucose
The buttons on the top cannot be noticed immediately
The before or after meal buttons should be clearly displayed

Enter food intake The function of “uploading a photo” has a plus sign (+) without other
indication; some participants found it hard to notice
When entering the photo album, the latest photo was displayed on the
very bottom of the list

View graph of blood
glucose

The view graph button was not easily found
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App 3. In App 3, participants found the “Next step” button useful because it provided
guidance to the continuing process (see Fig. 5(a)). After entering the blood glucose
value, the “Next step” button led users to the next section entering the before or after
meal where eight buttons were clearly displayed, including before meal, after meal,
before exercising, after exercising, fasting, before sleeping, midnight, or others (see
Fig. 5(b)). Once a button was tapped, the following question “Which meal?” was
presented below. With the question, four additional buttons were displayed, including
breakfast, lunch, dinner, and dessert (see Fig. 5(c)).

The format of buttons in App 3 were filled button with rounded corners. The tapped
buttons were colored while the other buttons remained unchanged. Compared to App 2,
the areas of App3 buttons were twice larger than that of App 2 (Table 7).

(a) The filled button “Next Step” (b) Before or after meal buttons (c) breakfast, lunch, dinner, or 
dessert buttons at the bottom

Fig. 5. Operation flow screenshots of App 3.

Table 7. App 3 issues identified in think-aloud protocol.

App 3 Issue

Overall Larger font size would be helpful to the operation
Enter blood glucose
value

The button for adding a new record did not provide text description

Enter food intake After selecting the meal photo, the “Complete” button was not easy
to tap because the sensing area was not clear

View graph of blood
glucose

The button entitled “Trend” was not easily associated with graph
view and blood glucose value record
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Comparison of the Applications. The major findings of the think-aloud protocol in
this study were compared and discussed in the following points: First, “Guidance” was
highlighted by the participants. Most participants found the guidance of App 3 helpful
since they did not need to spend much time thinking about what to do next. With the
“Next Step” filled button, the system directed users to the continuing procedure. In
contrast, the other two applications did not provide clear guidance. In App 1 and App 2,
various text fields for information inputting were displayed on an interface. Although
participants could input information with random sequence, most of them found the
user interface layout too complex.

Second, choices presented as buttons tend to help participants input information
more efficiently. In App 1, all choices of before or after meal were integrated in the
picker below the “Event” button. Therefore, the participants had to tap the “Event”
button first in order to see the scrollable list with eleven choices including before
breakfast, after breakfast, before lunch, after lunch, etc. In App 2, the choices of meal
were displayed as six buttons, including fasting, breakfast, lunch, dinner, before sleep,
and midnight. After tapping any of the six buttons, the submenu of before or after meal
was displayed. App 3 presented all choices of the before or after meal at once with
eight buttons, including before meal, after meal, before exercise, after exercise, fasting,
before sleep, midnight, and others. Users did not need to tap the button to see the
submenu. According to many participants, instead of using a picker, the choices should
be presented as buttons for better usability.

Third, issue with interaction area was identified. During the observation, when the
participants tried to tap a button but did not successfully hit the interaction area, they
tend to give up and try tapping other buttons, especially in App 2, the application with
the smallest buttons among the three applications. Therefore, the size and interaction
area of the button could be extended for an improved usability. According to the
research on elderly usage of interface, the surface of the interaction area should be
extended instead of being limited to a small area (Castilla et al. 2018). For instance, the
area of the buttons in App 3 were larger than that of the other two applications. To
participants, larger buttons were easier to tap. Previous research on the effect of button
size on performance and perceptions found that users generally had better performance
with medium to large buttons when using touchscreen (Tao et al. 2018).

Consequently, error prevention was important to usability. For blood glucose
monitoring, the before or after meal information is critical since the before or after meal
has different standards. Inputting the record with before or after meal is mandatory.
Therefore, the applications should assist the users in selecting before or after meal
choices labeling the entered blood glucose value. For App 1, the before or after meal
buttons could be skipped by mistake. In App 2, if the before or after meal buttons were
not tapped, a reminder preventing users from saving the record appeared. However,
many users could not find the “after meal” button due to its transparency. App 3
actively guided the participants to select before or after meal buttons during the
information input process. Error prevention, one of the identified usability principles
(Fung et al. 2016), should be highlighted in the design of diabetes applications.

In sum, based on the think-aloud protocol, participants mentioned that clear and
simple user interface layout would increase the usability of the diabetes applications,
especially to elderly users. Most importantly, “guidance” was frequently highlighted by
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participants. Applications for diabetes self-care should actively provide clear guidance
that led to the following steps instead of displaying complex information on the
interface. Font size and buttons should be larger for clear recognition, especially to
users with presbyopia. If the usability of the applications were insufficient, the elderly
users may give up using the applications.

4 Conclusion

This study evaluated and compared the usability of three existing diabetes self-care
applications by means of usability survey, SUS. Based on the results of SUS, the
usability of App 3 was significantly better than that of the other two applications.
According to the independent t-test, gender did not have a significant effect on the SUS
scores. Through think-aloud protocol, usability issues were identified in all three
applications. Issues highlighted by elderly participants should be taken into consider-
ation by designers since diabetes patients was composed largely of elderly people. With
the quantitative scores, the qualitative results of think-aloud protocol, and the presented
screenshots of the operation flow, the results could be applied to the interface design
and usability improvement of diabetes self-care applications.

References

Aiyegbusi, O.L., et al.: Development and usability testing of an electronic patient-reported
outcome measure (ePROM) system for patients with advanced chronic kidney disease.
Comput. Biol. Med. 101, 120–127 (2018)

Bangor, A., Kortum, P.T., Miller, J.T.: Determining what individual SUS scores mean: adding an
adjective rating scale. J. Usability Stud. 4(3), 114–123 (2009)

Brooke, J.: SUS: a quick and dirty usability scale. In: Jordan, P.W., Thomas, B., Weerdmesster,
B.A., McClelland, I.L. (eds.) Usability Evaluation in Industry. Taylor and Francis, London
(1996)

Castilla, D., et al.: Teaching digital literacy skills to the elderly using a social network with linear
navigation: a case study in a rural area. Int. J. Hum. Comput. Stud. 118, 24–37 (2018)

Chatterjee, S., Khunti, K., Davies, M.J.: Type 2 diabetes. Lancet 389(10085), 2239–2251 (2017)
Chrimes, D., Kitos, N.R., Kushniruk, A., Mann, D.M.: Usability testing of avoiding diabetes thru

action plan targeting (ADAPT) decision support for integrating care-based counseling of pre-
diabetes in an electronic health record. Int. J. Med. Inf. 83(9), 636–647 (2014)

Fu, H., McMahon, S.K., Gross, C.R., Adam, T.J., Wyman, J.F.: Usability and clinical efficacy of
diabetes mobile applications for adults with type 2 diabetes: a systematic review. Diabetes
Res. Clin. Pract. 131, 70–81 (2017)

Fung, R.H.Y., Chiu, D.K.W., Ko, E.H.T., Ho, K.K.W., Lo, P.: Heuristic usability evaluation of
University of Hong Kong libraries’ mobile website. J. Acad. Librariansh. 42(5), 581–594
(2016)

Gebel, E.: Back to Basics: Blood Glucose. http://www.diabetesforecastorg/2011/apr/back-to-
basics-blood-glucose.html. Accessed 24 Jan 2019

Harrati, N., Bouchrika, I., Tari, A., Ladjailia, A.: Exploring user satisfaction for e-learning
systems via usage-based metrics and system usability scale analysis. Comput. Hum. Behav.
61, 463–471 (2016)

14 M.-H. Hsieh et al.

http://www.diabetesforecastorg/2011/apr/back-to-basics-blood-glucose.html
http://www.diabetesforecastorg/2011/apr/back-to-basics-blood-glucose.html


Hoehle, H., Aljafari, R., Venkatesh, V.: Leveraging Microsoft’s mobile usability guidelines:
conceptualizing and developing scales for mobile application usability. Int. J. Hum. Comput.
Stud. 89, 35–53 (2016)

Hoppe, C.D., Cade, J.E., Carter, M.: An evaluation of diabetes targeted apps for Android
smartphone in relation to behaviour change techniques. J. Hum. Nutr. Diet. 30(3), 326–338
(2017)

Khajouei, R., Hajesmaeel Gohari, S., Mirzaee, M.: Comparison of two heuristic evaluation
methods for evaluating the usability of health information systems. J. Biomed. Inform. 80,
37–42 (2018)

Lin, K., et al.: Effects of depression, diabetes distress, diabetes self-efficacy, and diabetes self-
management on glycemic control among Chinese population with type 2 diabetes mellitus.
Diabetes Res. Clin. Pract. 131, 179–186 (2017)

Li, T.-C., et al.: Development and validation of prediction models for the risks of diabetes-related
hospitalization and in-hospital mortality in patients with type 2 diabetes. Metabolism 85, 38–
47 (2018)

Nanayakkara, N., et al.: Age, age at diagnosis and diabetes duration are all associated with
vascular complications in type 2 diabetes. J. Diabetes Complic. 32(3), 279–290 (2018)

Rose, K.J., Petrut, C., L’Heveder, R., de Sabata, S.: IDF Europe’s position on mobile applications
in diabetes. Diabetes Res. Clin. Pract. 149, 39–46 (2019)

Sonderegger, A., Schmutz, S., Sauer, J.: The influence of age in usability testing. Appl. Ergon.
52, 291–300 (2016)

Tao, D., Yuan, J., Liu, S., Qu, X.: Effects of button design characteristics on performance and
perceptions of touchscreen use. Int. J. Ind. Ergon. 64, 59–68 (2018)

Verkuyl, M., Romaniuk, D., Mastrilli, P.: Virtual gaming simulation of a mental health
assessment: a usability study. Nurse Educ. Pract. 31, 83–87 (2018)

A Usability Evaluation of Diabetes Mobile Applications 15


	A Usability Evaluation of Diabetes Mobile Applications
	Abstract
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Experimental Materials
	2.3 Experimental Task Scenarios Design
	2.4 Procedures

	3 Results and Discussion
	3.1 Quantitative Results
	3.2 Qualitative Results

	4 Conclusion
	References




