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Abstract: The T1DCoach mobile application is designed to educate patients—children with type
1 diabetes (T1D) and their caregivers and diabetes educators. The idea behind the mobile application
is that its users perform actions that the patient needs to perform in real life. These include measuring
blood glucose levels, operating the insulin pump, meal calculation, bolus administration, etc. These
in-application activities are performed on the patient’s digital twin. To increase user engagement,
gamification elements have been implemented in the application. An important element of the
T1DCoach mobile application is its interface, which should be adapted to very different groups of
users: children, their caregivers and educators. In addition to presenting the T1DCoach application,
the paper presents the stage examining the quality of the interface using three research groups:
children, their caregivers and educators. The research was conducted using the scenario method,
using eye-tracking, recording activities and thinking aloud. After the application testing sessions,
surveys were carried out using the System Usability Scale method and focus group interviews
were conducted. The research results are presented in the article along with the most important
recommendations for improving the application interface.

Keywords: type 1 diabetes education; mobile application; interface quality; eye tracking; thinking
aloud; System Usability Scale

1. Introduction

Continuous technological progress means that many activities and operations pre-
viously carried out in a traditional manner are replaced by activities performed using
computers and mobile devices, often via the Internet. This usually enables a significant
improvement in the efficiency of the activities undertaken, their acceleration, reduction of
costs and increase in their effects and benefits.

One of the sectors in which this process is particularly visible is medicine and the
medical area of patient support. The use of Internet solutions, including mobile solutions,
allows an increase in the level of knowledge and self-awareness of the patient, facilitation
of patient control in the periods between medical visits or tests, enabling of regular doctor–
patient contact during these periods, and support for regular self-reporting. Applications
that support patients in everyday life with a chronic disease, such as diabetes or depression,
and are educational, also support the process of faster implementation of the duties and
rules related to disease management. Moreover, this type of application is increasingly
used as a tool for collecting patient data by medical institutions [1–3].

However, research [4] has shown that there are no applications on the market sup-
porting the education process for patients with type 1 diabetes (T1D) and their caregivers.
Therefore, an effort was made to create such an application. T1D disease is genetic and
incurable. In short, it means that the patient’s body does not produce insulin, which is
necessary to maintain proper blood sugar levels. The only way to live with this disease
is to properly administer external insulin. Unfortunately, insulin doses depend on many
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factors, including the patient’s parameters and the dynamics of his/her disease, as well as
lifestyle, including food intake. T1D disease manifests itself among young people and they
are faced with the need to control many aspects of their lives.

Medical-related applications are becoming more and more popular, and therefore their
success on the market is conditioned by their appropriate quality and usability [5,6]. In
such a case, the quality of the Graphical User Interface (GUI) plays a very important role
in their evaluation by potential users. These applications should be ergonomic, efficient
and it should be easy to use and understand the interface, even by users who have no
experience with this type of program. Applications of this type can be classified as broad-
use applications, i.e., they are used by very different groups of users. This means that
the graphical user interface must be adapted to the needs of a wide audience, including
children [7]. Therefore, it is important to be guided by existing criteria and rules for
designing user interfaces [8] when designing and creating this type of software, which will
ensure a positive reception of the application by a potential user [9]. It is also necessary to
introduce into the application development process activities related to testing its GUI with
the participation of its potential users and using the research results to improve its quality.

Apart from the Introduction, the paper presents a short review of the literature on
software interface quality research, with particular emphasis on research on mobile appli-
cations with user participation. Then, the T1DCoach application and its interface as well as
the initial research plan are presented. The methods used in the study and the principles
of selecting research groups are also indicated. The research implementation process and
its results are considered in detail. The final part of the article presents a discussion of
the study results along with the main recommendations for improving the T1DCoach
application interface. The article ends with conclusions.

2. Literature Review

Application interface quality testing, called Usability Testing, is a technique used to
assess the interface quality by a control group consisting of future potential users [10].
The purpose of testing is to check how users manage the system while performing typical
(or project-defined) tasks. During these tests, researchers observe (including recording,
using various techniques for further research) their behavior and interactions with the
app’s GUI. During the tests, users from the control groups perform tasks by implementing
prepared software use scenarios. In this method, to identify problems related to usability,
quantitative data related to participants’ performance during the study, qualitative data
(cognitive problems), and the level of satisfaction of research participants with the use of
the application are examined. The study should involve homogeneous users (the so-called
research group) who represent the indicated Personas. As experience shows, the size of
a homogeneous research group (i.e., people with characteristics corresponding to those
of the Persona in areas important for cooperation with the IT system) should be from 6
to 8 people [11]. Another criterion for selecting the research group is experience in using
the IT system. When examining an interface, the main factor is the experience of using it.
There are three types of users: novices (without any experience), experienced users and
experts [12]. The interface requirements for each user group are different.

Usability research uses various techniques to obtain data on the effectiveness and
problems occurring when working with the IT system interface. These techniques are
divided into objective and subjective [13]. Objective techniques allow measurement of
work parameters such as the speed and quality of individual tasks, the number of clicks,
the fact that a task was completed or not within the assumed time, the number of errors
made or the number of calls for help. Subjective feelings about the quality of the interface
are examined using sociological techniques, such as surveys or interviews with research
participants.

The literature contains many publications on the evaluation of user interfaces for
mobile applications [14] and methods used during evaluation [15,16], including the eval-
uation of educational applications [17–19]. Depending on the purpose of the assessment,
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the size of the system and the general conditions for conducting the study, researchers
use different analysis methods. A combination of several different methods is also very
often used [20,21]. Prototyping methods [22,23], heuristic analysis [24,25], cognitive wan-
dering [26,27], expert tests [28], as well as a numerous methods with user participation
are used, including scenario testing methods and survey methods, e.g., the SUS (System
Usability Scale) survey [29]. More advanced techniques require specific tools. An example
is eye tracking [30,31]. This technique, as an objective method, allows for tracking the
eye activity of subjects while using, e.g., a website, web or mobile application, and can be
used for a multi-aspect analysis of GUI quality. This analysis may take into account not
only the indication of weak and strong features and interface points, but also detailed user
interaction with the application [32] and user activity in the application while performing
specific tasks [33]. The combination of subjective methods, such as surveys and in-depth
interviews, along with objective methods is very effective in the process of identifying
errors in the GUI, even in a small research sample. This approach allows for identifying and
hierarchizing problems related to the usability of the interface and indicating opportunities
to remove errors [34,35].

The aim of the paper is to present the quality testing stage of the T1DCoach application
interface using three research groups: children, their caregivers and educators.

This type of research most often uses a mixed method, which is why the method
of testing the application interface using the scenario method was combined with the
registration of activities by means of eye tracking, a SUS survey and a focused group
interview. During each research session, users first took part in a test study, then completed
the SUS survey assessing the usability of the application, and finally expressed their
opinions during a focus group interview.

3. Materials and Methods
3.1. T1DCoach Mobile Application

The T1DCoach application (https://play.google.com/store, accessed on 1 July 2024)
supports the education of the patient, as well as his/her caregiver and doctor, by shaping
correct behavioral habits of patients with type 1 diabetes. The application was created
using a simulation model [36] of a patient with T1D and his/her therapy. The simulation
model is the progenitor of the digital twin of a T1D patient.

T1DCoach also uses elements of gamification to increase the involvement of adolescent
patients in leading a proper lifestyle with type 1 diabetes. The application was created as a
result of the project “Supporting education in type 1 diabetes in adolescents—T1DCoach
mobile application” as part of the “Things are for people” program financed by the Polish
National Centre for Research and Development (Grant No. Rzeczy są dla ludzi/0062/2020-
00) and is available free of charge on Google Play (https://play.google.com/store, accessed
on 1 July 2024) for Android devices under the name: T1DCoach.

The basic functionalities of the T1DCoach application include modelling the results
of the required actions of a type 1 diabetes patient on his digital twin called GABI. The
digital twin is visualized using an avatar. The virtual avatar must eat, take insulin, control
the level of glucose in the blood (glycemia), operate the insulin pump, calculate boluses
(additional doses of insulin), etc. The graphically animated reactions (and there are 24 of
them) of the digital twin are adequate to the real ones, thanks to the developed and tuned
simulation model of a patient with type 1 diabetes [36].

T1DCoach is a mobile application dedicated to Android devices. It is educational, not
medical. Its task is to enable the care of a virtual patient, during which the user performs
the following activities:

• checks the current glycemia level and intervenes if it is inappropriate;
• composes meals, specifying carbohydrate substitutes, and serves these meals with

additional doses of insulin (so-called boluses);

https://play.google.com/store
https://play.google.com/store
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• observes the course of therapy over a longer period of time and, if the results are
unsatisfactory, reprograms the insulin pump (changes therapy recommendations)
and/or changes the nutritional plan.

From the main application window, which contains the basic screen element, i.e., the
animated avatar GABI, it is possible to access the four main functionalities offered by the
tested application (tiles at the bottom of the main screen—Figure 1):

1. MEALS—allows the management of meals: composing and serving meals, calculat-
ing carbohydrate replacements and calculating the size of additional insulin doses
(i.e., boluses);

2. INSULIN PUMP—enables the operation and management of the insulin pump (check
and top up the insulin level in the tank, replace the pump’s batteries, calculate insulin
doses, configure base settings, bolus settings and pump sensitivity settings);

3. GLUCOMETER—used to immediately measure the glucose level and display it in the
form of a notification;

4. CGM—(Continuous Glucose Monitoring) enables continuous, daily monitoring of
glycemia levels.
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3.2. Study Workflow

Research on the T1DCoach application interface began with planning. Figure 2 shows
the planed workflow for testing the T1DCoach application interface. It consists of three
stages: strategic planning, research implementation, postprocessing and report preparation.
Each stage consists of sequential or parallel actions that provide the specific results shown
in Figure 2.

3.3. Methods Used for Interface Quality Testing of T1DCoach Application

At the Strategic Planning stage (Figure 2), the user testing method was selected to test
the quality of the T1DCoach application interface. Three groups of users have been defined,
who are the natural recipients of the T1DCoach application: the Diabetic Patients, their
Caregivers and the T1D Educators.

Based on the literature review, own experience with similar research [21] and available
hardware and software, the following research techniques were selected (Figure 2):

• scenario with the participation of users, combined with eye-tracking techniques and
the think-aloud technique;
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• survey technique using the SUS questionnaire;
• focused group interview technique.

Appl. Sci. 2024, 14, x FOR PEER REVIEW 5 of 21 
 

 
Figure 2. Study workflow. 

3.3. Methods Used for Interface Quality Testing of T1DCoach Application 
At the Strategic Planning stage (Figure 2), the user testing method was selected to test 

the quality of the T1DCoach application interface. Three groups of users have been de-
fined, who are the natural recipients of the T1DCoach application: the Diabetic Patients, 
their Caregivers and the T1D Educators. 

Figure 2. Study workflow.



Appl. Sci. 2024, 14, 6583 6 of 20

3.3.1. Interface Testing Using Scenario Techniques

The scenario technique involves the implementation of specific actions in the system,
and the scenario is the foundation of the usability test. It enables verification of important
aspects of the quality of the tested application and consists of tasks that are presented to
users participating in the research and that are performed by them. Proper definition of
the scenario and developing the tasks according to which the tests are carried out is an
important issue that is of great importance for the success of the study [37]. While scenarios
represent higher-level descriptions [38], tasks define what end users should try to achieve
with the application under review. Each scenario contains at least one task, but most often it
includes several tasks [39]. Properly designed tasks should show the final goal and cannot
be step-by-step instructions. Research participants should complete the tasks one after
another. The description of the context of the task is also important because it can help
users become more involved in the experiment.

3.3.2. Eye-Tracking Research

Eye-tracking research allows determination of which elements attract users’ attention,
for how long and in what order. These tests are non-invasive and are carried out in
conditions similar to the normal use of a computer or smartphone. Research conducted
using this technique uses eye trackers, i.e., devices for recording, measuring and analyzing
eye movements, attention, blinks and changes in pupil diameter over time. The main
measures of attention are fixations and saccades. Fixations are moments of stopping
(focusing) the eyes on a specific point lasting approximately 100–300 ms. During fixation,
visual information is downloaded to the brain. In turn, saccades are rapid eye movements
lasting from 20 to 80 ms, associated with shifting attention to another place. Three to five
saccades occur in one second. When the eyes move, no visual information is transmitted to
the brain.

Fixation sequences (and their durations) create scan paths. Scan paths are visualized
in the form of circles of various sizes connected by lines representing the route followed
by a given user’s attention while performing actions in the application interface. It has
been observed that the course of scanning paths may be influenced by the tasks performed
by the experiment participant and various individual factors, such as gender, knowledge
or user experience [40,41]. This type of visualization is sometimes used to check the
effectiveness of user searches—longer scan paths may be interpreted as less effective
information search [42].

Due to the fact that the tasks performed are goal-oriented, various quantitative metrics
are used in eye-tracking research. These are:

• execution time of individual scenario tasks and the entire scenario,
• the average number and average duration of fixations and the average number of

blinks while performing individual scenario tasks (indicating cognitive load);
• success rate of completing individual tasks of the scenario and the entire scenario (as %).

3.3.3. Thinking-Aloud

When executing scenarios, in order to learn not only what the user is looking at, but
also what he or she is thinking, the thinking-aloud technique is used [43]. This involves
research participants expressing their thoughts aloud. These out-loud thoughts are recorded
and then analyzed.

3.3.4. Surveys and SUS

Testing the quality of the interface is complemented by surveys that allow obtaining
of users’ opinions and feelings about activities with the interface. The most popular and
widely used by practitioners is the SUS method.

This method is characterized by the simplicity and reliability of the measurements
performed. It takes the form of a questionnaire consisting of 10 statements. It is used
to quickly measure how people perceive the usefulness of the computer systems they
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use [44]. The word “system” in each question/statement may be replaced by “website”,
“mobile application”, “software” or “digital product”, because SUS is largely technology
neutral [45]. The SUS scale is usually used immediately after using the system is assessed,
without much thought and before any summary or discussion [46].

Each of the 10 statements in the SUS method is rated on a five-point Likert scale from
“Strongly disagree” to “Strongly agree”, which corresponds to a numerical range from 1 to
5 [45].

As a result of processing SUS evaluation surveys, an assessment of the subjective level
of satisfaction is determined for each study participant after working with the application.
This rating is determined for each participant and for the entire group of respondents. The
subjective level of satisfaction with working with the system for each user (j) is determined
according to the formula [45]:

SUSj = ( ∑
i=1,3,5,7,9

(
Sij − 1

)
+ ∑

i=2,4,6,8,10

(
5 − Sij

)
) ∗ 2.5 (1)

where:

i—question number from the SUS questionnaire (Q1, . . ., Q10);
Sij—rating of the j-th participant of the i-th question, where the rating “definitely not” is
mapped to the value 1 and “definitely yes” to the value 5 (Likert’s value).

Although SUS results (1) range from 0 to 100, they are not percentages. The overall
interface rating is the arithmetical average of individual users’ ratings. After testing
500 different systems, the average SUS value (so-called industrial average) was 68 [45].
Therefore, an SUS value above 68 is above the industrial average, and below 68 is below
it [45]. An SUS score of 68 is classified as acceptable.

3.3.5. Focus Group Interview

Immediately after the survey, a focus group interview is conducted with the partici-
pants. This technique belongs to moderated qualitative research and involves a directed,
focused conversation with research participants about specific problems. This interview
is used to better understand users’ behavior and learn about their feelings. The questions
asked and discussion may revolve around positive and negative elements of the interface,
as well as proposals for its modification. A group conversation on a specific topic usually
involves three to twelve participants [47]. Small groups are preferred, especially when the
topic requires deeper exploration and when participants have long and relevant experiences
that they want to share with other group participants [48]. The course of the conversation
is controlled by the moderator, whose role is to ask questions to the group and direct
the discussion to desired topics and problems. A general set of questions to encourage
discussion among focus group participants is prepared in advance, but questions can also
be added or modified in real time as needed. The information obtained from a group
interview is synergistic because participants, by presenting their feelings and observations,
simultaneously learn the opinions of other people, which may influence their initial point
of view.

3.4. Details of the Implementation of the Methods and Techniques Used

Based on the analysis of the functionality of the T1DCoach app, presented in its project
on the Use Case Diagram, seven research scenarios were defined:

S1. Measuring blood glucose using the glucometer function and reading it

S2. Measuring blood glucose using the CGM function and reading it

S3. The administration of the meal is preceded by the administration of a bolus

S4. Checking the history of meals and boluses

S5. Checking the condition and maintenance of the insulin pump
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S6. Changing the insulin pump settings

S7. Review achievements and scoreboard

Scenarios S1–S7 were tested by experts before the actual study on a group of users (the
so-called pilot). In each of the research scenarios, homogeneous tasks were separated, the
implementation of which was tracked and assessed separately.

An example of scenario S3 is shown in Figure 3.
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Additionally, training scenarios were developed for the experiment and were used to
pre-train users before the actual test.

For the purposes of the research, the standard SUS survey was expanded with the
following questions and assessments to be indicated (but not taken into account in deter-
mining the subjective level of satisfaction with working with the system—SUS points):

1. I think the user friendliness of the application is: terrible, poor, average, good, very good.
2. Rate the difficulty/ease of using the application: very difficult, difficult, fairly easy,

easy, very easy.
3. Are the functions offered by the application satisfactory? (fully satisfactory, satisfac-

tory, difficult to determine, problematic, unsatisfactory).

For the group interview in the presented experiment, three questions were developed
to initiate the discussion, which the moderator asked three groups of users of the T1DCoach
application, i.e., Patients, Caregivers and Educators:

1. Is the application visually attractive?
2. Can the application be useful in educating young people with type 1 diabetes?
3. Can the intuitiveness and ergonomics of the application interface be improved?

How?—Specify interface elements that should be changed/added.

The moderator wrote down the answers to these questions on a paper form, which took
into account four elements: attractiveness, usefulness, intuitiveness and other comments.

3.5. Research Groups

To test the usability of the T1DCoach application interface, the activities of the most
important actors in the system were planned: Patient, Caregiver and T1D Educator. Conse-
quently, three research groups were defined for the study: Patients (G1), Caregivers (G2)
and Educators (G3).

Homogeneous research groups were differentiated in terms of the following factors:
role (patients vs. healthy people around them), age (adolescents vs. adults), level of
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knowledge about T1D (none vs. high), education (primary vs. higher), ability to use a
smartphone (high vs. low), playing computer games (yes vs. no), etc.

The size of each research group was set at 10 people according to [49]. The research
participants had to deal with the tested interface of the application for the first time (apart
from reading the instructions, which not all of them did). They were therefore novices
to the interface being studied. However, they had substantive knowledge of T1D and
related concepts.

In order to become familiar with the application and the interface, users from all three
research groups were trained to perform two practice activities in the interface before the
actual study. This action allows the user to become familiar with the interface and work
with it. Thanks to this, the actual study simulates the work of users who have some, but
not too much, experience in working with the application.

The research group was provided by the Circle of Aid to Children and Youth with
Diabetes of the Lublin Regional Branch of the Society of Friends of Children.

3.6. Research Implementation
3.6.1. Preparatory Procedure

Before starting the actual research with users, the following preparatory activities
were carried out:

• a detailed research schedule was defined.
• participants were recruited for the study and given instructions on how to use the

application, asking them to familiarize themselves with it.

During the preparatory work for the actual study, the following tasks were carried out:

1. Research scenarios were selected and defined.
2. A research environment was prepared.
3. The tested T1DCoach software was installed on the laboratory equipment.
4. The correctness of the scenarios was verified and the deadline for their implementation

was determined.

3.6.2. Research Session Procedure

The following activities were performed during each research session:

1. Familiarizing participants with the general description of the system, emphasizing
their roles in the process of learning how to deal with T1D, handling a virtual patient,
assessing and monitoring his health, and using the dictionary of terms.

2. Informing participants about the principles of conducting research involving humans
and obtaining their consent to participate in the research.

3. Completion by the participants of a preliminary survey to determine the parameters
(metrics) of the participant (gender, age, school/class, profession/number of years
worked, experience in working with applications/IT systems, level of substantive
knowledge regarding the management of type 1 diabetes, time of daily work with a
computer/tablet/smartphone).

4. Calibration of the eye tracker (a process necessary for proper operation of the device).
5. Independent execution of scenarios by research participants (within the time limit set

by experts), under the supervision of a moderator.
6. Completion of the SUS evaluation survey by research participants, allowing for the

assessment of the subjective level of satisfaction of research participants with working
with the application.

7. After completing the tasks by a given group of participants (i.e., after all research
sessions of a given group), the moderator conducted a Focus Group Interview with
the participants. The questions asked and the discussion focused on positive and
negative elements of the interface, as well as proposals for its modification.
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3.6.3. Place of Testing

The research was carried out in the Laboratory of Interface Ergonomics belonging
to the Department of Computer Science of the Lublin University of Technology, Lublin,
Poland. They took place in a specialized room, lit without shadows, intended for testing
interfaces. Thanks to this, all research sessions were carried out in the same, standard
conditions. During the eye-tracking test, each participant sat on a comfortable, adjustable
chair, ensuring the correct position of the participant during the research—Figure 4. Two
moderators took part in each of the research sessions. The first one explained the details of
the study to the participants, constantly monitored the proper course of the experiment and
prepared records on the computer regarding the correctness and manner of performing
subsequent tasks by the research participants. The second moderator was responsible for
the efficiency of the devices used for recording and acquiring data, replaced the medical
lenses in eye-tracking glasses if necessary, and made sure that the participants adopted the
correct posture during the tests.
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3.6.4. Equipment Used

The following devices were used in the research:

• Moto g73 5G smartphone (Motorola, Inc., Chicago, IL, USA) running Android 13 with
a 6.5-inch IPS display with a resolution of 2400 × 1080 px. The smartphone has 8 GB
of RAM and a 256 GB disk, and is equipped with a Mediatek Dimensity 930 processor,
which has 8 cores. The T1DCoach application for testing purposes was installed on
this device.

• Pupil Invisible mobile eye tracker (Pupil Labs, Berlin, Germany), in the form of
glasses with a built-in video camera (30 Hz; resolution 1088 × 1080 px; visual range
82 × 82◦) for recording the scene in front of the research participant. A camera (200 Hz;
192 × 192 px) with an infrared illuminator is used to observe the eyes. The glasses are
connected via a cable to a module that records the image of the scene and eye activity.
The basic parameters of the eye tracker are sampling frequency of 200 Hz and accuracy
(in ideal conditions) of 0.6◦ (binocular).

• Recording module—OnePlus 8 smartphone running Android with dedicated Pupil
Invisible Companion software (v.3.5) installed, which, in addition to recording, also
automatically sends files to the Pupil Cloud, where they can be analyzed, downloaded
and subjected to further advanced analysis.

• Pupil Cloud online platform for storing, visualizing and analyzing eye-tracking data,
which uses the computing power of the cloud.
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3.6.5. Application Testing Session

The test studies were conducted by moderators—experts in interface research (Figure 5).
Test sessions were conducted individually. A single session lasted approximately 30 min.
All stages of the study were carried out during one day with participants from different
research groups, because, for example, for legal reasons, patients (children/adolescents)
came to the tests with their caregivers. While examining the T1DCoach application interface,
participants carried out the tasks presented to them, constituting research scenarios. Each
group of participants, Patients (G1), Caregivers (G2) and Educators (G3), performed the
same research scenarios. The tasks were carried out in such a way that the subject sat
at a desk on which, on a dedicated holder, there was a smartphone with the T1DCoach
application already running. The subjects were presented with individual tasks printed on
small cards. Each task was printed on a separate sheet of paper and changed on an ongoing
basis by the moderator. The initial state of the application as a whole was identical for each
research session (one member of the research group).
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3.6.6. Surveys and Focus Group Interviews

The SUS survey extended with additional questions (Section 3.4) was conducted
immediately after testing the application individually by each participant in the pencil-
and-paper mode. Children who had trouble reading and understanding the survey were
helped by their caregivers.

The focus group interview was conducted immediately after completing the survey.
The interview was conducted in small groups of three to five people. This allowed partici-
pants to express their opinions and comments immediately. The groups in the interview
consisted of representatives of different research groups: from G1 to G3. This was due
to organizational conditions because the test studies were completed synchronously by
people from different research groups (especially Patients and Caregivers, but not only).

3.6.7. Parameters of Research Implementation

Table 1 presents the workload data from the T1DCoach application quality testing process.

Table 1. Research workload.

No. Parameter Unit of Measurement Value

1 Number of research sessions pcs. 3 planned + 1 additional
2 Number of research participants pcs. 30 (10 for each research group)
3 Research implementation time (data acquisition) h 38
4 Labor consumption of data acquisition man-hour 152
5 Labor consumption of post-processing raw data man-hour 280

6 Labor consumption in developing
recommendations and reports man-hour 128

7 Report size pages 25 (without attachments)
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Interface quality testing is quite expensive. The presented study cost 560 man-hours
of highly qualified researchers equipped with expensive hardware and software.

4. Results

Research group G1 (Patients) consisted of four girls and six boys. The average age was
almost 10 years, weight 38 kg, height 145 cm and nearly 3 years’ duration of illness.

Research group G2 (Caregivers) consisted of five women and five men. The aver-
age age in this group was just over 42 years, education: secondary, and experience in
T1D—almost 3 years (which obviously correlates with the patients’ data).

Research group G3 (Educators) consisted of nine women and one man (this corre-
sponds to the demographics of the nursing profession). The average age in this group was
nearly 40 years, education: higher, and experience in T1D—over 11 years.

4.1. Application Interface Testing Results Obtained Using Eye Tracking

The analysis of eye tracker data obtained during testing of the application interface
allowed to determine the implementation times of individual scenarios by individual
research groups—Table 2.

Table 2. Average times in seconds of scenario implementation by individual research groups.

S1 S2 S3 S4 S5 S6 S7 Total

G1 8.3 64.0 344.4 71.1 27.0 353.4 110.3 978.4
G2 4.1 42.8 292.5 73.1 16.5 314.1 54.6 797.7
G3 2.9 54.0 308.5 52.9 26.4 217.8 51.4 714.0

Similarly, the processing of raw data allowed for obtaining of data on the aver-
age number of fixations during the implementation of scenarios by individual research
groups—Table 3.

Table 3. The average number of fixations during the implementation of scenarios by individual
research groups.

S1 S2 S3 S4 S5 S6 S7 Total

G1 19.4 178.1 914.0 209.2 87.3 1007.9 320.0 2735.9
G2 10.8 121.2 803.9 234.0 43.4 896.8 166.4 2276.4
G3 8.4 166.6 1008.3 150.1 84.6 830.2 146.1 2394.3

The values of the next metric—average fixation duration—are presented in Table 4.

Table 4. Average fixation time when implementing scenarios by individual research groups.

S1 S2 S3 S4 S5 S6 S7 Average

G1 350.6 318.6 302.2 292.7 236.4 319.5 268.2 298.3
G2 365.4 301.7 306.3 260.0 285.4 287.7 281.3 298.2
G3 224.8 196.2 187.8 198.1 181.3 214.9 186.7 198.5

The values of the next metric—the average number of blinks—are presented in Table 5.

Table 5. The average number of blinks while implementing the scenarios by individual research groups.

S1 S2 S3 S4 S5 S6 S7 Total

G1 2.6 7.2 54.5 12.3 4.3 63.9 13.4 158.2
G2 0.5 5.5 40.4 13.0 1.9 50.6 7.8 119.7
G3 1.0 15.9 85.7 18.3 6.6 62.4 12.8 202.7
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The research showed different effectiveness of the implementation of individual
scenarios by individual research groups—Table 6.

Table 6. The average success rate in % of scenario implementation by individual research groups.

S1 S2 S3 S4 S5 S6 S7 Average

G1 100.0 50.0 56.7 60.0 85.0 27.5 25.0 57.7
G2 100.0 100.0 66.7 80.0 95.0 70.0 55.0 81.0
G3 100.0 90.0 80.0 75.0 100.0 85.0 60.0 84.3

During the research, nearly 200 videos were obtained showing various interface
scanning paths by users during application tests. A small part of the records (approx. 5%)
were lost due to problems with saving them in the cloud. They were used for qualitative
analysis of eye-tracking data. Their examples are presented in Figure 6.
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The first example (Figure 6 on the left) shows the user’s difficulty in finding a product
from a long product list. This problem is the result of not using the available search engine,
which makes searching for ingredients cumbersome and time-consuming.

The second example (Figure 6 on the right) shows a common problem when composing
meals. After selecting the next product and determining its weight, the user does not add it
to the meal list and, as a result, the served meal does not contain the last product.

4.2. Results of Survey Research

The results of research using the SUS survey are presented in Tables 7–9 (red colored
numbers will be discussed in the Discussion section). These tables have the following
designations: Q1, . . ., Q10—numbers of questions in the SUS survey; P1, . . ., P10—numbers
of participants in the research group. Results below the industry average (i.e., 68) are
highlighted in red.

Statistical results of answers to additional questions (attached to the SUS survey),
presented in Section 3.4 are presented in Table 10.

4.3. Focus Group Interviews Results

Participants in the focus group interview repeatedly emphasized that:

• The application interface is “clear”, “simple”, “minimalist”, “understandable”, “intu-
itive” (in a positive sense).
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• The avatar used, its animation, colors and animation of its behavior (GABI) are posi-
tively associated with type 1 diabetes and its symptoms for the patient.

• Due to the psychology of adolescent boys, it was proposed to implement a male avatar
in the application: e.g., MIKI. The avatar should be selected when initially selecting
the parameters of the digital twin for simulation (gender, body weight, age, etc.).

Table 7. Results of the SUS survey for patients (G1).

Participant Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 SUS

P1 4 1 5 2 3 1 4 1 5 2 85.0

P2 5 3 4 5 4 4 4 3 3 3 55.0

P3 5 3 4 3 4 3 4 2 4 4 65.0

P4 4 3 3 2 4 1 4 1 4 2 75.0

P5 5 3 5 1 4 1 4 1 5 1 90.0

P6 2 4 3 2 5 4 4 5 2 1 50.0

P7 2 3 4 2 4 3 5 2 3 3 62.5

P8 2 1 5 2 3 2 5 1 4 2 77.5

P9 4 1 2 4 5 1 2 1 5 3 70.0

P10 4 2 4 2 4 2 5 2 2 1 75.0

max 90.0

min 50.0

avg 70.5

deviaton 12.6

Note: red numbers will discuss in Section 5.2.

Table 8. Results of the SUS survey for Caregivers (G2).

Participant Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 SUS

P1 4 1 4 1 4 2 5 1 4 2 85.0

P2 5 2 4 2 4 1 5 1 4 1 87.5

P3 5 4 4 2 4 2 4 1 4 2 75.0

P4 5 1 3 3 4 3 4 3 3 3 65.0

P5 5 2 4 1 4 2 5 1 4 1 87.5

P6 4 2 4 1 5 2 5 1 4 2 85.0

P7 3 2 2 3 1 4 2 4 2 2 37.5

P8 3 2 4 1 3 3 1 2 2 2 57.5

P9 3 4 2 5 3 2 3 2 2 5 37.5

P10 4 2 4 1 4 2 4 2 4 1 80.0

max 87.5

min 37.5

avg 69.8

deviaton 19.7

Note: red numbers will discuss in Section 5.2.
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Table 9. Results of the SUS survey for Educators (G3).

Participant Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 SUS

P1 5 2 4 2 4 3 5 2 4 3 75.0

P2 5 1 4 1 5 2 5 1 4 2 90.0

P3 5 1 4 1 5 1 5 1 4 1 95.0

P4 4 2 4 1 4 2 5 1 2 2 77.5

P5 4 2 3 2 4 3 4 2 3 2 67.5

P6 3 2 4 1 3 2 4 3 4 1 72.5

P7 5 1 4 1 5 1 5 1 4 1 95.0

P8 5 1 4 1 4 2 5 1 4 2 87.5

P9 5 1 4 3 4 4 4 2 3 2 70.0

P10 4 1 4 1 4 2 4 1 5 2 85.0

max 95.0

min 67.5

avg 81.5

deviaton 10.3

Note: red numbers will discuss in Section 5.2.

Table 10. Score values for additional questions for groups G1, G2 and G3 (*).

Values
G1—Patients G2—Caregivers G3—Educators

Friendliness Ease Satisfaction Friendliness Ease Satisfaction Friendliness Ease Satisfaction

Max 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Min 3.0 3.0 1.0 3.0 2.0 3.0 3.0 3.0 3.0

Avg 4.2 3.4 3.3 4.3 3.5 4.0 4.3 3.5 4.2

Deviation 0.7 0.7 1.1 0.7 1.1 0.8 0.7 0.7 0.6

(*) on a scale: 1—very small, . . ., 5—very big.

Interview participants highly assessed the usefulness of the T1DCoach application in
the practice of educators, caregivers and patients, emphasizing:

• friendliness and accessibility of the interface;
• a very interesting and useful idea;
• the application is very useful for teaching medical students.

Interview participants also highly appreciated the intuitiveness and ergonomics
of the T1DCoach application in the practice of type 1 diabetes education, pointing out
the following:

• easy to use without training—immediate use;
• use of familiar, common controls;
• correct and specialized vocabulary of the application;
• no runtime errors.

5. Discussion
5.1. Application Testing

The application testing results, presented in Table 2, indicate that the total average im-
plementation time of all scenarios in the Patient group (G1) was the longest and amounted
to 16 min and 18 s. Caregivers (G2) completed the scenarios in an average time of 13 min
and 18 s, while Educators (G3) took 11 min and 54 s. This shows that the most efficient
users of the T1DCoach application were Educators.
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The results presented in Tables 3–5 concern metrics that determine the cognitive effort
put in by research participants when implementing the scenarios. In the case of the number
of fixations and fixation duration, higher levels of these indicators indicate greater cognitive
effort. The number of blinks is interpreted differently—the lower the number of blinks, the
greater the cognitive effort.

The results regarding the average number of fixations (Table 3) for all scenarios show
that the most fixations occurred in the group of patients (G1)—2735.9. In the Educators
group (G3), there were an average of 2394.3 of these. The fewest fixations occurred in the
Caregiver group (G2)—an average of 2276.4.

The average fixation duration (Table 4) during the implementation of all scenarios was
almost the same in the Patient (G1) and Caregiver (G2) groups and amounted to 298.3 ms
and 292.2 ms, respectively. Much shorter fixations occurred in Educators (G3) and lasted
on average 198.5 ms.

In turn, the average number of blinks (Table 5) during the implementation of the
scenarios was 158.2 in the group of patients (G1). There were 119.7 of them in the Caregiver
group (G2). The highest number of blinks, i.e., 202.7, occurred in the Educators group (G3).

The average success rate of scenario implementation (Table 6) was clearly lower
in the group of patients (G1) than in the groups of caregivers (G2) and educators (G3)
and amounted to 57.7%, 81.0% and 84.3%, respectively, for the individual groups. All
participants had the greatest problems with completing the tasks in scenario S6 (changing
insulin pump settings) and in scenario S7 (reviewing achievements and the scoreboard). In
the Patients group (G1), the average success rate of these scenarios was 27.5% and 25.0%
for S6 and S7, respectively. This result was much lower than in the groups of Caregivers
(G2) and Educators (G3). This result is consistent with the practice of T1D treatment—
children do not change the insulin pump settings themselves due to the high complexity
and responsibility of this process [50].

The results of thinking aloud allowed us to identify three groups of problems: critical,
important and unimportant.

Critical problems include, among others: difficulties in detecting the side menu,
difficulties in finding how to set the weight of products, unclear distinction between the
“Add” (+) and “Confirm” (v) buttons, problems with the visibility of hidden products in the
“Food History” and lack of awareness of having a username, difficulties with identifying
user’s badges and the unintuitive way of presenting them in the “Champions Board”.

Significant problems included the use of identical icons for various functions, too
high sensitivity of sliders and their location too close to the edge of the smartphone screen,
inability to distinguish between an insulin base and a temporary base, and an invisible top
menu and its options.

In turn, minor problems included problems with finding the latest meal/bolus entries
located at the end of the list, failure to move to the previous/next day in CGM and
difficulties in finding the list of players (use of the name “Champions’ Board”).

As a result of the analysis of the think-aloud records, the following conclusions and
recommendations were formulated:

• adding hints and prompts for confirming important operations;
• changing the appearance and location of the slider;
• enabling weight entry from the keyboard;
• improving the visibility and intuitiveness of buttons;
• changing the order in the history of boluses/meals so that the latest entries are at the

beginning (top) of the list;
• adding clear separation of temporary base settings from insulin base settings;
• rebuilding the “Champions Board” so that the user can clearly see himself on the list

and his badges will be displayed automatically.
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5.2. Survey Research

The analysis of the SUS surveys indicates that all research groups showed a sub-
jective level of satisfaction higher than the industrial average, i.e., 68. The quality of
the T1DCoach application interface was best assessed by Educators (G3)—81.5 (Table 9),
followed by Patients (G1)—70.5 (Table 7), and the lowest among Caregivers (G2)—69.8
(Table 8). The average SUS value for all study groups was 73.9, which is significantly above
the benchmark: 68.

Additional ratings (apart from questions from the SUS methodology) were also higher
than average (on a Likert scale of 1–5, the average is 2.5) and amounted to over 3.3 for
Friendliness, Ease of use, and Satisfaction (Table 10). These ratings ranged from 3.3 to 4.3.

It should be emphasized that, despite the overall very positive ratings of the interface
quality in SUS surveys with proprietary extensions, some ratings do not exceed the industry
standard, i.e., 68 (Tables 7–9—red colors). A detailed analysis suggests the following reasons
for such assessments: poor knowledge of information technology, problems with using
mobile applications, and insufficient knowledge of diabetes problems and insulin pump
applications, as well as lack of sufficient reading comprehension skills (children).

5.3. Focus Group Interviews

Users’ statements during interviews confirmed the need for development of the
application, its usefulness and positive feelings towards its interface. They also allowed to
obtain a number of comments and recommendations, the most important of which was the
need to implement a male avatar.

6. Conclusions

The results of eye-tracking studies showed how the target users of the T1DCoach
application, divided into three groups, dealt with using the T1DCoach application: Patients
(G1), Caregivers (G2) and Educators (G3). Even though, in order to increase the effec-
tiveness of learning how to use the application, dedicated instructions were prepared for
each user group that show the application’s capabilities, people participating in usability
tests obtained different results. It turned out that the best achievements were achieved by
Educators, who performed the tasks included in the research scenarios the fastest, with the
least cognitive effort and with the fewest errors. In turn, Patients (G1) achieved the poorest
results and therefore had the greatest problems with implementing the scenarios. It can
therefore be assumed that the good results for Educators were related to their extensive
knowledge and experience of diabetes and high digital competences. The poorer results
for young Patients (G1) in using the application were most likely caused by lower skills in
coping with the disease. It is worth noting that computer skills facilitating the use of the
application also varied depending on age. They were higher in the older group of patients.

The basic conclusion from the SUS examination of the interface quality of the T1DCoach
mobile application is that the T1DCoach application interface exceeds the quality of the
industrial standard by over 8%. The high quality of the interface was therefore confirmed
in the study. Similar conclusions can be drawn from focus group interviews.

In addition to cosmetic changes to the interface, the research put forward the following
recommendations:

• implement a male avatar (done in the form of MIKI—Figure 7);
• do not limit the values entered into the application during validation (towards positive

values) (applies to bolus, food, etc.)—this is to teach responsibility in everyday life
(that requirement was not provided by the application developers);

• highlight the existence of a side menu;
• improve the visibility of meals in the Food History;
• lower the sensitivity of the sliders and add windows for entering values;
• change the order of displaying historical data so that the newest are at the top of

the list.
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