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ABSTRACT
Demographic aging presents new challenges and highlights the growing need for smart healthcare applications tailored to older 
adults. This paper presents the assessment of a mobile health application designed to facilitate the communication between 
healthcare providers and older adults, in the context of the Smart Bear Horizon 2020 project. The study describes a task-ori-
ented usability assessment, applying a mixed-method approach through the combination of quantitative metrics of performance, 
standardized usability assessment questionnaires (ASQ and PSSUQ), and interaction logs, along with qualitative user comments. 
For this purpose, 50 ICT specialists in digital health were engaged who conducted a structured, expert-based diagnostic evalua-
tion aimed at identifying usability barriers relevant to older adults prior to end-user testing. Usability was evaluated in terms of 
effectiveness, efficiency, and satisfaction, following the ISO 9241-11: 2018 standard. Results show an overall task completion rate 
of 83.5% and a PSSUQ score of 3.16 on a 7-point scale (lower scores indicating higher perceived usability). The findings reveal 
some critical usability issues, particularly in navigation efficiency and discoverability of specific system features. The study un-
derlines the importance of an expert-based, mixed-methods usability evaluation as an initial step in the design of mHealth appli-
cations for older adults. This process is crucial in identifying and resolving key usability challenges before engaging vulnerable 
user populations. The proposed method provides actionable guidance for developing and evaluating more inclusive digital health 
technologies, supporting expert-first usability testing as a best practice in the eHealth domain.

1 | Introduction

The proliferation of mobile health (mHealth) applications with 
features such as remote monitoring, personalized interventions, 
and ongoing support has transformed health care delivery, par-
ticularly for elderly users. Technology for monitoring health and 
fostering physical and cognitive well-being, while also lessen-
ing the burden on caregivers and reducing health care costs, is 
a growing necessity for those aged 65 and older. However, to 
promote health and well-being in older populations, such tools 
must be usable and accessible [1–5]. This suggests a potential im-
balance between supply and demand in assistive technologies. 

Despite their promising features, their value depends on ac-
tual uptake and, most critically, the ease of use by the target 
population.

There is a diverse landscape of available solutions, highlighting 
benefits such as cost savings and reduced caregiver stress, as 
well as concerns and challenges, including privacy, cybersecu-
rity, data ownership, infrastructure, and resource-related obsta-
cles [6]. In particular, the integration and utilization of data from 
smart home sensors and mobile devices that detect physiological 
parameters can enhance daily task management and interven-
tions, particularly for memory-impaired older adults [7]. These 
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technologies are reshaping traditional healthcare services, im-
proving quality of life and well-being, and promoting healthy 
aging through remote monitoring [7]. However, it is crucial to 
explore their effectiveness and acceptance among the aging 
population, and to analyze significant variations in the usage 
and demand for these apps, focusing on user-friendliness and 
safety [8]. Several studies have already demonstrated the prom-
ising role of these technologies in supporting older adults in 
health-seeking behavior [2, 9] and monitoring their activities in 
cases of cognitive impairment [10], with significant implications 
for future health services and policies.

Although the integration of Internet of Things (IoT) and smart 
home sensors offers significant potential for remote monitoring, 
the growing interest in this domain is evidenced by the shift 
toward discussing the suitability of traditional usability evalu-
ation methods for older adults. Researchers emphasize the need 
for measures that better reflect aging characteristics and recom-
mend adapting usability evaluation methods to better suit the 
elderly [11–14]. However, to the best of our knowledge, existing 
studies often focus on specific aspects such as satisfaction or 
learnability, and it remains unclear how best to combine expert 
evaluation with end-user feedback to optimize application de-
sign. Specifically, there is a lack of structured, multimethodolog-
ical approaches that precede large-scale deployment to identify 
critical usability barriers before they impact the final user. The 
literature shows substantial heterogeneity in how task-based 
evaluations are designed and reported for older adults, and stud-
ies do not always make explicit how task outcomes map to ISO 
9241-11:2018 dimensions, using both objective interaction mea-
sures and standardized questionnaires. This methodological 
variability is particularly relevant given the rapid diversification 
of digital health solutions for older adults, in which increasingly 
complex app ecosystems must be evaluated not only for poten-
tial benefits but also for usability.

To bridge the gap between the initial design and final user needs, 
the study presented here provides a task-based usability evalu-
ation of a mobile app for elderly health monitoring, aiming to 
assess and improve the first release of an mHealth app and to in-
vestigate its efficiency and effectiveness. Although focused on a 
specific mHealth application, the methodology and insights dis-
cussed are broadly applicable and can inform best practices for 
future mHealth solutions. The objective of this study was two-
fold: (i) to implement a rigorous expert-based diagnostic eval-
uation aimed at identifying usability barriers relevant to older 
adults prior to app deployment, and (ii) to establish a repeatable 
best practice methodology for mHealth development. The evalu-
ation involved 50 information and communication technologies 
(ICT) experts experienced in developing technological solutions 
to support older adults. A mixed-method evaluation was con-
ducted, including standard tools, open-ended questions, and in-
teraction log analysis. The results, obtained from data collected 
between October 2022 and December 2022, showed that the 
app was generally well received, with participants appreciating 
its clear, pleasant look and feel. However, several areas for im-
provement were identified, including navigation efficiency and 
the accessibility of certain functionalities. Overall, the evalua-
tion provides valuable insights into the app's usability and un-
derscores the importance of conducting usability evaluations 
throughout the design and development process.

In what follows, the mHealth application and the rationale for 
the evaluation are introduced along with the metrics and the 
tools applied to the usability evaluation in Section 2. The results 
and feedback obtained by technical experts are discussed in 
Section 3; then, the redesign of the app driven by the evaluation 
outcomes is outlined in Section 4. Finally, after discussing the 
conclusive remarks, limitations, and future direction in Sections 
5, the two paragraphs in the appendix include all the details re-
lated to the statistical analysis performed and of the qualitative 
feedback collected.

2 | Material and Methods

The evaluation process described in this paper represents the 
first step in a comprehensive assessment of the Smart Bear [15] 
2.1 mobile app. This phase, undertaken prior to its deployment 
to participants in the project pilots, was conducted to ensure that 
the app met the usability requirements of its target audience. For 
this reason, we conducted a task-based evaluation by involving 
ICT experts. The experts performed specific tasks to identify po-
tential areas of concern or shortcomings, highlighting aspects 
of the app's functionality or interface design that may negatively 
impact its usability. The adopted approach is a mixed quanti-
tative–qualitative evaluation methodology based on the ad-
ministration of standard tools, open-ended questions, and the 
analysis of data extracted from log files, where the involved ICT 
experts act as proxies for the elderly users to gain a thorough un-
derstanding of how users may interact with the app, identifying 
strengths and areas for improvement in the app design. At the 
same time, this evaluation process gave us the opportunity to 
define and experiment with a repeatable best practice methodol-
ogy for mHealth development, and the results, discussed in the 
next sections, have been used to drive and enhance the redesign 
of the app.

2.1 | Smart Bear Project

Smart Bear [15], a flagship project funded under the Horizon 
2020 program, has defined a robust IoT platform integrating 
wearable and medical devices, smart home sensors, and ad-
vanced methodologies for big data analytics. The platform en-
ables continuous monitoring of older adults' health conditions 
and, in synergy with the Smart4Health [16] and Holobalance [17] 
platforms, provides evidence to support personalized interven-
tions [18–20]. Through large-scale studies conducted across five 
European countries and involving thousands of older adults, the 
project demonstrated how such technologies can prevent, slow 
the progression of, or effectively manage these impairments, 
thereby improving quality of life while also yielding substantial 
reductions in healthcare costs.

2.2 | Smart Bear Mobile App

The mHealth application investigated in this study was designed 
to bridge the gap between complex clinical monitoring and the 
daily life of older adults. The design framework was driven by 
the need to balance robust medical data collection with the cog-
nitive and physical requirements of older adults. The primary 
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objective was to ensure high usability, addressing age-related 
challenges such as reduced visual acuity, possible difficulty 
interacting with small screens, and potential cognitive over-
load. Recognizing these factors, it was crucial to prioritize an 
interface that minimizes mental effort and prevents interaction 
errors. Due to the specific needs of the app's target users, who 
often manage cardiovascular, cognitive, and sensory impair-
ments, the app must serve as a simplified entry point into a com-
plex ecosystem. This complexity requires a systematic usability 
evaluation to ensure that technical interoperability does not lead 
to user exclusion.

An essential function of the app is collecting and harmoniz-
ing health data from diverse medical devices (e.g., oximeters, 
blood pressure monitors, and smartwatches) into a unified, 
FHIR-compliant format. From a design perspective, this 
centralizes information that would otherwise be fragmented 
across multiple interfaces, directly addressing the “app fa-
tigue” and confusion often experienced by elderly users when 
managing multiple health tools. The collected data remains 
available to the user at all times, empowering them through 
self-monitoring—a key factor in promoting health literacy and 
autonomy.

2.2.1 | Description of App Sections and Rationale 
for Evaluation

The architecture of the app is divided into modules that map 
directly to the specific vulnerabilities associated with advanc-
ing age. The app's main screen serves as a central hub for nav-
igating all functionality. Figure 1 shows the different button 

icons on the main screen, which allow the user to access the 
distinct app sections. To facilitate mental models, the inter-
face employs a color coded semantic system: Blue icons rep-
resent passive medical monitoring (e.g., Heart and Balance), 
whereas red icons denote active behavioral interventions (e.g., 
Diet and Medication). This distinction is intended to help 
users categorize tasks quickly, reducing the search time and 
cognitive load. The medical information varies according to 
the user profile, providing the user with the latest measure-
ments received from the relevant monitoring device, along 
with a comprehensive history of those measurements. For in-
stance, within the Heart section, users can navigate to screens 
for heart rate, pressure, weight, medication, activity, oximeter, 
and temperature, where both the most recent measurement 
and historical user measurements retrieved from the con-
nected devices are shown (see Figure 2). Meanwhile, other app 
sections, such as diet, medication, and rehabilitation for phys-
ical activity promotion, are displayed by default for all users, 
constituting the core components of independent living and 
active aging and thus requiring the highest level of cross-de-
mographic usability. These core functionalities were selected 
as the primary focus for our usability study because they rep-
resent high-frequency, high-cognition tasks. Medication man-
agement is a critical daily need for seniors, where errors can 
have immediate health consequences, making its interface 
a priority for error-prevention testing. Similarly, dietary log-
ging, intended to capture eating habits and daily food intake, 
involves data entry and navigating among different food sub-
sections, posing a significant challenge for users and leading 
to cognitive fatigue. Furthermore, the rehabilitation module, 
which delivers tailored exercise programs via instructional 
videos, presents unique usability challenges requiring users 

FIGURE 1   |   On the left is the main screen of the app used for the study. The buttons allow the user to access medical information (blue icons) 
and other sections related to healthy behaviors (red icons). On the right are the three sections of the app involved in the evaluation study: Diet, 
Medication, and Rehabilitation, which can be reached using the balance button.
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to maintain focus on a digital screen while performing phys-
ical movements, thereby demanding high levels of cognitive–
motor coordination.

2.3 | Adopted Usability Dimensions and Used Tools

In the study, we evaluate the usability by relying on the ISO 
9241-11:2018 definition [21]. Therefore, we considered the 
three dimensions of usability: effectiveness, efficiency, and 
satisfaction based on the participants' approach to the app 
sections and offered functionalities. These dimensions were 
evaluated for all tasks proposed to the participants and pre-
sented in Section 2.6.

•	 Effectiveness was assessed by the completeness and cor-
rectness of task completion, regardless of the effort put 
into completing the task. We operationalized this metric 
as the product of the tasks completion rate and the tasks 
correctness rate (effectiveness = completion × correctness), 
indicating whether users successfully navigate the app or 
encounter critical failures. In cases where outcomes lack a 
binary correctness criterion, effectiveness is simplified to 
the task completion rate, a standard practice in usability re-
search [22].

•	 Efficiency depends on the effort to complete a task in rela-
tion to the resources expended (number of clicks to solve the 
task and time taken to solve the task). These metrics were 
used as indicators of performance, that is, a measure of the 
outcome of the user's interaction.

•	 Satisfaction was considered in terms of perceived satisfac-
tion and acceptance of technology. Two of the most com-
monly used questionnaires in the literature were chosen: 
the 3-item After-Scenario Questionnaire (ASQ) [23] and 
the 16-item Poststudy System Usability Questionnaire 
(PSSUQ) [23]. The two questionnaires, ASQ and PSSUQ, 
were administered at the end of each task and after all 

tasks were completed, respectively. Specifically, the ASQ 
is used to assess users' experience regarding the facility 
in performing the task, the time required to complete it, 
and the level of assistance received during the process. 
The PSSUQ is used to collect subjective evaluations re-
garding system usefulness (SYSUSE), information quality 
(INFOQUAL), and interface quality (INTERQUAL). For 
both instruments, responses were recorded on a 7-point 
scale, where 1 corresponds to strongly agree and 7 to 
strongly disagree. The scale also includes a “not applica-
ble” (N/A) point. Finally, both questionnaires have been 
integrated with open-ended questions to collect sugges-
tions for app improvements.

2.4 | Participants

The study involved a sample of 50 ICT experts (age: mean 
42.09, SD12.04), recruited from the Research and Industrial 
partners of the Smart Bear project. These participants were 
experienced in digital health technologies and in the design 
and development of solutions tailored to the older adult popu-
lation. They were selected for their expertise in assessing the 
technical aspects of the app and in understanding specific 
challenges faced by older adults, such as limitations in vision, 
motor skills, and technology literacy, which informed their 
evaluation of the app. The participants were instructed to per-
form the task scenarios under conditions intended to reflect 
common usage contexts for older adults, in order to identify 
potential usability barriers, interaction breakdowns, and nav-
igation inefficiencies. In this context, the experts' technical 
background enabled a systematic and informed assessment 
of interaction design choices, interface consistency, and func-
tional complexity, which are known to affect older users. This 
expert-first approach aligns with established human–com-
puter interaction practices, in which early-stage analytical 
and task-based evaluations precede testing with the target 
end-user population.

FIGURE 2   |   Example of usage of the Smart Bear mobile app: On the left, a participant measures temperature using a thermometer, whereas on the 
right, an operator demonstrates how to access measurement history.
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The participants were recruited indirectly to ensure their 
anonymity. The experts belonging to the partner responsible 
for the development of the app were excluded from the study. 
We are aimed at involving at least 50 participants since scien-
tific literature highlighted potential limitations of the Nielsen 
“10 ± 2” sample size rule, recognizing that larger samples tend 
to identify more usability problems [24–27]. In particular, we 
considered the work of Schmettow [28], which, for a formative 
evaluation using a qualitative method, recommends at least 30 
participants. Even though this number of participants allows 
identifying most interface problems, we decided to increase 
it to 50 to account for a possible dropout rate due to errors in 
performing the evaluation remotely.

During the study, participants were asked to perform a technical 
assessment of the app. They did this by completing the proposed 
task scenarios (see Section 2.6), considering typical cognitive, 
perceptual, and motor constraints associated with older adult 
users. Afterward, they filled out questionnaires to provide their 
impressions of the app.

In addition to being ICT experts with experience in the health 
domain, participants in the study were required to be Android 
users willing to install the app being tested on their devices. 
This is because, as indicated in the following section, the app 
was only developed for Android devices.

2.5 | Apparatus and Data Collection

The study opted not to involve IoT devices due to logistical con-
straints and the focus on evaluating app functionalities and 
interface usability rather than device operation or integration. 
Providing IoT devices to all participants would have been im-
practical and costly. Evaluating their integration with the app 
would not have significantly contributed to assessing the core 
objectives of the study. Therefore, a mock-up version of the app 
was used exclusively to evaluate user interaction and usabil-
ity aspects without introducing the complexities of IoT device 
integration.

The mock-up version of the app was designed to work on an 
Android smartphone since the tested app was developed for the 
Android mobile operating system. No special equipment was 
needed for the study.

The version of the app used for the study was customized to 
simplify the remote execution. The app was able to track user 
actions during task execution, collecting information such as 
the number of clicks and the execution time anonymously and 
allowing questionnaire filling and answer collection directly in 
the app.

2.6 | Task Scenarios

Four task scenarios were defined in the study on top of the app 
sections: Diet, Medication, and Rehabilitation, since those are 
displayed by default for all users, regardless of their conditions, 
constituting the core components of the app. The instructions 
provided to participants were intentionally kept vague to avoid 

directing users toward specific sections of the app. In the follow-
ing, each task is presented by first reporting in italics the text 
provided to participants, followed by a detailed description of 
the actions participants are tasked to perform and the criteria 
for task completion.

Task 1 Using the app, fill in your eating habits and, in the end, 
answer the proposed questionnaires. In case of difficulties, use the 
Smart Bear mobile app manual. In this task, participants indi-
cate their eating habits by accessing the Diet section and com-
pleting the diet questionnaire. The task is considered complete 
once all questionnaire items have been answered.

Task 2 Using the app, fill in your daily food intake and, in the 
end, answer the proposed questionnaires. In case of difficulties, 
use the Smart Bear mobile app manual. In this task, partici-
pants report their daily food intake. Upon accessing the Diet 
section, they specify the quantities consumed for each listed 
category. This is accomplished by tapping on the correspond-
ing icons and entering the consumed quantities. The task is 
considered complete once all categories in the daily section 
have been completed.

Task 3 Using the app, perform (watching the video) all the re-
habilitation exercises proposed by the session, imagining you 
are in a situation of “no pain, no recent falls, no shortness of 
breath, and level of unsteadiness less than 5.” In the end, fill 
out the proposed questionnaires. Use the Smart Bear mobile app 
manual in case of difficulties. In this task, participants sim-
ulate a rehabilitation session by first accessing the Balance 
section and selecting the rehabilitation icon. This action initi-
ates the rehabilitation workflow, through which participants 
answer a series of questions regarding their perceived health 
status (as specified in the task text) to authorize access to the 
rehabilitation exercises. Once the session begins, participants 
acknowledge the safety instructions and proceed through the 
instructional videos associated with the exercises. The reha-
bilitation session consists of 17 exercises, each accompanied 
by a video that can be watched or skipped using the desig-
nated control. Between consecutive videos, the app presents 
questions concerning the participant's current health status, 
allowing them to continue or interrupt the session. The task 
is considered complete once all 17 videos have been either 
watched or skipped.

Task 4 Using the app, modify the timeframe of all the medications 
shown in the app by selecting 8:00 and 17:00 as new timeframes. 
In the end, fill out the proposed questionnaires. Please rely on the 
Smart Bear mobile app manual in case of need. In this task, par-
ticipants access the Medication section and select each listed 
medication to modify the administration timeframe as speci-
fied. The task is considered complete once all medications have 
been updated to the new timeframes.

2.7 | Procedure

The study was conducted remotely with the participation of 
50 individuals. Each technical partner designated process 
supervisors who were responsible for identifying and in-
volving three or four of their expert colleagues in the study. 
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Subsequently, each supervisor was asked to send each partic-
ipant detailed instructions for the execution of the test, which 
included (i) the description of the tasks to be performed, (ii) 
the APK file of the app to be installed on their device, (iii) the 
instructions for the installation, (iv) the user manual of the 
SmartBear mobile app, (v) the user id to be used in the app, 
chosen from those associated with their institution, and (vi) 
the order in which to perform the tasks to counterbalance the 
executions using a balanced Latin square.

The participants were first instructed to install and configure the 
app on their Android devices through the provided documenta-
tion. Additionally, the instructions clarified that (1) the app used 
for testing would simulate interactions with monitoring devices; 
(2) all interactions would be logged; and (3) at the conclusion of 
each task, the app would automatically administer after-task ques-
tionnaires (ASQ), along with a final questionnaire (PSSUQ) to rate 
the overall experience across all tasks.

Before beginning the task executions, participants were advised 
to take a tour of the manual to become familiar with the app in-
terface and to keep the manual easily accessible during task ex-
ecution for reference if needed. Following this, the participants 
proceeded with the execution of the task scenarios as indicated 
in Section 2.6.

After completing each task, the subjects filled in the ASQ ques-
tionnaire and the included open-ended question for the elicita-
tion of functionalities and the deepening of issues. Moreover, 
after the completion of all the tasks, each participant filled in 
the PSSUQ questionnaire and an additional item to keep track 
of the age of each participant. The total time for the execution of 
the user study can be summarized as follows:

•	 App installation—about 7 min.

•	 Review the user manual to familiarize yourself with the app 
interface—about 10 min.

•	 Task execution and task-level questionnaires repeated four 
times—about 28 minutes subdivided as follows:

·	 task execution—about 2 min.

·	 completion of task-level questionnaires—about 5 min.

•	 Poststudy questionnaires—about 10 min.

The entire procedure and the tools used have been administered 
in English since the participants involved in the task-based eval-
uation are all professionals accustomed to using English in their 
work practices.

2.8 | Collected Data and Evaluated Measures

Data have been collected anonymously to ensure no partici-
pant's activities and scores will be individually attributable. As 
mentioned earlier, the role of participants consisted of a techni-
cal assessment of the app by accomplishing the task scenarios 
and providing their impression by filling in the ASQ and PSSUQ 
questionnaires. In addition to such an explicit evaluation, each 
activity (and its respective timeframe) undertaken during the 

execution of each task was tracked in order to obtain a quantita-
tive evaluation (in terms of effectiveness and efficiency).

For such a quantitative analysis aimed at understanding how 
users performed the tasks, the following data were collected:

•	 user id used to configure the app, user_id;

•	 age of the user, user_age;

•	starting and ending timestamp for each task:
·	 starting point—> opening the Smart Bear App; 

task_start_timestamp;
·	 ending	 point	 —> all planned actions have been 

performed (end condition is different for each task), 
task_end_timestamp;

•	 clicked button and event timestamp for each task, to track 
all user actions and possible errors from the beginning to 
the end of the task and verify that the task is performed 
with the least number of clicks without navigating unnec-
essary app sections, button_clicked_event_timestamp.

To operationalize the interaction data, we defined the following 
specific constant values to categorize the click counts into discrete 
performance levels. In this context, the “right section” is the func-
tional area of the application that hosts the specific features or in-
formation necessary to satisfy the requirements of a given task.

•	 the expected number of clicks to complete the task (14 
for Task 1, 15 for Task 2, 32 for Task 3, and 4 for Task 4), 
number_of_clicks_expected_total;

•	 the number of clicks needed to reach the right app section, 
number_of_clicks_expected_to_right_section;

•	 the expected number of clicks to complete the task after reach-
ing the right section, number_of_clicks_expected_forTask;

Additional metrics included in the evaluation were as follows:

•	 the number of clicks made by each user to reach the right 
section, number_of_clicks_to_right_section;

•	 the number of clicks made by each user after reaching the 
right section, clicks_after_right_section;

•	 the ratio between the number of clicks and number_of_
clicks_expected_total, number_of_clicks_total_ratio;

•	 the ratio between number_of_clicks_to_right_sec-
tion and number_of_clicks_expected_to_right_section, 
number_of_clicks_to_right_section_ratio;

•	 the ratio between clicks_after_right_section and number_of_
clicks_expected_forTask, number_of_clicks_for_task_ratio;

•	 the time spent to complete a task, task_duration;

•	 the ratio between the time spent to complete a task 
and the shortest recorded time among the participants, 
task_duration_ratio;

These metrics were selected to provide insights into user in-
teraction within the app during task execution and to capture 
different dimensions of usability. To quantitatively assess the 
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app's usability, we selected a set of metrics designed to dis-
tinguish between navigational effort and task-processing 
workload, both of which are critical factors for older adults. 
Specifically, the number of clicks to reach the “right section” 
indicates how effortlessly users navigate to the intended area 
of the app. This information is particularly relevant for older 
adults, as complex navigation paths can exacerbate cognitive 
load. Conversely, the number of clicks performed after the 
right section is reached reflects the operational complexity of 
specific tasks, the “depth of user interaction.” By depth of user 
interaction, we refer to the intrasection workload required to 
complete the task, represented by the number of clicks and 
the engagement with different interface elements. We chose 
these metrics because they allow us to isolate both navigation 
efficiency and interaction depth, providing a granular view of 
where usability barriers occur, whether in navigating between 
app sections or in the interaction needed to execute the task. 
This distinction also allows for identifying if a failure is due 
to poor signposting (vision/cognition) or overly complex input 
requirements (motor skills/precision). The number of clicks 
made by participants was also compared with the expected 
total for each task and for each task phase. In this way, the 
ratio of total clicks made to expected total clicks evaluates 
overall efficiency; meanwhile, the ratio of clicks to reach the 
right section and the ratio of clicks after reaching the right 
section assess navigation and interaction efficiency more spe-
cifically. For the analysis of task duration, because no fixed 
timeframe was defined for each task, we used the shortest ob-
served completion time as a conservative reference. Since all 
participants were first-time users, no one benefited from prior 
familiarity with the app. We therefore computed task_dura-
tion_ratio as each completion time divided by the minimum 
observed time, enabling cross-comparisons and revealing in-
sights. The considered metrics (click count and task duration) 
and their normalization at the task level allowed different 
tasks to be compared correctly. This was needed to account for 
the inherent variations in task length and complexity. By ad-
dressing these structural differences, the resulting indicators 
provide a more precise representation of user effort, regardless 
of each task's intrinsic characteristics.

Regarding explicit feedback, to evaluate the user experience ac-
cording to the chosen standardized scales, we collected the scores 
for the ASQ and the PSSUQ questionnaires. Specifically, after 
each task we collected the scores on the three items of the ASQ 
questionnaire, related to the easiness of execution (easySatisfac-
tionAnswer), the amount of time to complete the task (timeSat-
isfactionAnswer), the level of support received throughout the 
process (infoSatisfactionAnswer). The total ASQ score is then ob-
tained by averaging the three responses. Together with the ASQ 
score, in relation to each performed task, we also collected the par-
ticipant's answer to this open-ended question: Describe your over-
all experience with the app highlighting strengths or weaknesses and 
any suggestions for improvement. For what concerns the feedback 
on the whole scenario, we collected the scores on the 16 items of 
the PSSUQ questionnaire, evaluating then the scores on its sub-
scales, named SYSUSE (System Usefulness as the average scores 
of Questions 1-6), INFOQUAL(Information Quality as the average 
scores of Questions 7-12), INTERQUAL (Interface Quality as the 
average scores of Questions 13-15), and an open-ended question. 
The overall score is evaluated as the average of Questions 1–16. 

The PSSUQ questionnaire also included a final open-ended ques-
tion, namely Please write your suggestions to improve the app, used 
to collect suggestions from the participants. For the computation 
of the average score, NA responses were handled according to the 
standard method outlined by the authors of the used question-
naires [23]. The NA responses were treated as nonresponses and 
excluded from the final average score because if an item is not 
appropriate for a specific task and users choose not to answer it, 
the questionnaire is still useful. Table 1 summarizes collected and 
evaluated data.

With regard to the operationalization of the usability dimen-
sions, the computation procedures adopted to evaluate effec-
tiveness and efficiency are detailed in the following. For what 
concerns the effectiveness, in our study, the tasks did not in-
volve producing “correct” or “incorrect” responses, but rather 
performing concrete actions that demonstrated the ability to use 
the app as intended. Therefore, task completion alone was con-
sidered a sufficient indicator and effectiveness was then calcu-
lated as the ratio between the total number of tasks completed 
by all users and the total number of tasks assigned (4 × Nusers) 
(eq. 1 in Table 2). Since each task is representative of a specific 
app functionality, the effectiveness has also been evaluated for 
each of the considered subsections of the app by evaluating each 
task completion rate (the percentage of users that were able to 
successfully complete the given task) (eq. 2 in Table 2).

Efficiency was assessed in terms of navigation effort, operation-
alized through the ratio between expected and observed user 
interactions, eq. 3 in Table 2. We did not consider efficiency in 
terms of time spent on the task due to the absence of a reliable 
baseline for expected task duration. Nevertheless, task duration 

TABLE 1   |   Quantitative and qualitative collected data and 
corresponding considered measures.

Collected Quantitative 
Data Quantitative Measures

user_id number_of_clicks_
total_ratio

user_age number_of_clicks_to_
right_section_ratio

task_start_timestamp number_of_clicks_
for_task_ratio

task_end_timestamp task_duration

number_of_clicks task_duration_ratio

Collected Qualitative 
Data

Qualitative Measures

ASQ scores ASQ overall score

PSSUQ scores (16 items) PSSUQ SysUse score

ASQ open questions PSSUQ InfoQual score

PSSUQ open questions PSSUQ InterQual score, 
PSSUQ overall score
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was recorded as discussed in Section 2.8 to support a cross-task 
comparison, as further specified in Section 3.1.3.4.

3 | Results and Discussion

3.1 | Quantitative Evaluation

Among the 50 participants, only 29 completed all the tasks (3 
users completed just one task, 6 users completed two tasks, 
12 users completed 3 tasks, and 29 users completed 4 tasks). 
Figure 3 displays the number of users who completed the tasks. 
We evaluated the app in the task-based scenario in terms of 
quantitative measures of effectiveness and efficiency.

3.1.1 | Effectiveness

Overall effectiveness, across 167 completed task observations 
(47 users completed Task 1, 36 Task 2, 42 Task 3, and 42 Task 
4), was 83.5%, with Task 2 exhibiting the lowest completion rate 
(72%), as shown in Figure 4. These results suggest usability is-
sues primarily related to diet-management interactions.

3.1.2 | Efficiency

Overall, navigation efficiency across all tasks was 45.2%, as 
shown in Figure 5, indicating a substantial deviation from the 
optimal interaction paths. Efficiency varied across tasks, with 
Task 1 exhibiting the highest navigation efficiency and Task 4 
the lowest. These results highlight difficulties in locating the 
appropriate sections and navigating between the features, par-
ticularly for tasks involving multi-step interactions.

3.1.3 | Differences Among the Tasks

This subsection describes the differences in interaction work-
load and duration across tasks. We evaluate (i) overall naviga-
tion effort, (ii) effort sin reaching the target section, (iii) effort 
within target section, and (iv) task duration (best case normal-
ization). Overall, Task 1 consistently required fewer interac-
tions, whereas Tasks 2 and 4 exhibited higher workload and 
variability.

3.1.3.1 | Navigation Effort. Table 3 and Figure 6 summarize 
the total-clicks ratio across tasks. Task 1 showed the lowest 
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FIGURE 3   |   Tasks completion.

TABLE 2   |   Equations considered to evaluate effectiveness and efficiency.

Ref. Dimension Equation

Eq. 1 Effectiveness Effectiveness = NCompleted tasks by all users∕4 ×Nusers

Eq. 2 Taski effectiveness = NTaski completed by all users∕Nusers

Eq. 3 Efficiency Navigation efficiency = expected clicks total

observed clicks
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effort (mean = 1.469 ), whereas Tasks 2 and 4 required substan-
tially more interactions (means = 2.594 and 2.609 , respectively), 
with higher variability.

A Kruskal–Wallis test confirmed a significant effect of task on 
navigation effort (�2 (3) = 37.583 , p = 3.46 × 10−8). Post hoc 
Dunn tests (Appendix A.1) indicated that Task 1 differed sig-
nificantly from Tasks 2–4, whereas no significant differences 
emerged among Tasks 2–4.

3.1.3.2 | Navigation Effort to the Right Section. Navigation 
effort to reach the target app section is summarized in Table 4 
and Figure 7. Task 1 showed the highest effort to locate the cor-
rect section (mean = 3.349), whereas Task 4 required the fewest 
interactions (mean = 1.297).

A Kruskal–Wallis test indicated a significant effect of task on this 
metric (�2 (3) = 18.356 , p = 3.714 × 10−4). Post hoc Dunn tests 
with Bonferroni correction (Appendix A.2) showed significant 

differences for Task 1 versus Task 4 and Task 3 versus Task 4, 
whereas the remaining comparisons were not significant after 
correction.

3.1.3.3 | Navigation Effort Within the Right Section. 
Effort after reaching the correct section is reported in Table 5 
and Figure 8. Task 1 showed the lowest within-section effort 
(mean = 1.201), whereas Tasks 2 and 4 required substantially 
more interactions (means = 2.613 and 2.386).

A Kruskal–Wallis test confirmed a significant task effect 
(�2 (3) = 69.496 , p = 5.473 × 10−15). Dunn post hoc tests with 
Bonferroni correction (Appendix A.3) indicated that Task 1 dif-
fered significantly from Tasks 2–4, whereas Tasks 2–4 did not 
differ significantly from each other after correction.

3.1.3.4 | Task Duration. Task duration was analyzed as a 
descriptive measure for cross-task comparisons using best 
case normalization (minimum observed time), defined as 
the ratio of each observed completion time to the shortest 
observed completion time (task_duration_ratio), as discussed 
in Section 2.8. Descriptive statistics for each task are reported 
in Table 6, and the corresponding distributions are shown in 
Figure 9.
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FIGURE 5   |   Navigation efficiency results per task.

TABLE 3   |   Navigation effort per task: mean, standard deviation (SD), 
and 95% confidence intervals (CI).

Task Mean (m) SD
95% CI 
(lower)

95% CI 
(upper)

Task 1 1.469 0.463 1.332 1.606

Task 2 2.594 0.988 2.260 2.929

Task 3 2.002 0.604 1.809 2.196

Task 4 2.609 1.755 2.040 3.178
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Overall, Tasks 1-3 exhibited comparable duration profiles, 
whereas Task 4 showed a higher mean duration and greater vari-
ability. However, a Kruskal–Wallis test did not reveal statistically 

significant differences among tasks (�2 (3) = 4.4424 , p = 0.2175), 
indicating that task duration differences should be interpreted cau-
tiously in this expert-based evaluation setting (Appendix A.4).
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FIGURE 6   |   Data distribution with respect to number_of_clicks_total_ratio.

TABLE 4   |   Navigation effort to the right section per task: mean, standard deviation (SD), and 95% confidence intervals (CI).

Task Mean (m) SD 95% CI (Lower) 95% CI (Upper)

Task 1 3.349 3.779 2.186 4.512

Task 2 2.029 1.823 1.402 2.655

Task 3 2.118 1.066 1.746 2.490

Task 4 1.297 0.777 1.038 1.556
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FIGURE 7   |   Data distribution with respect to number_of_clicks_to_right_section_ratio.
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Table 7 provides a comparative overview of performance, work-
load, and duration metrics across tasks.

3.2 | Qualitative Evaluation

This section synthesizes the qualitative data from the post-
task and postscenario questionnaires and the feedback from 
participants in the open-ended questions. This analysis 
complements the quantitative findings and helps to identify 
the usability concerns from the participants, which focus 
primarily on navigation, the clarity of interaction, and visual 
accessibility, which informs the redesign of the application 
(Section 4).

3.2.1 | After Task Evaluation

The ASQ was used by the participants to give feedback on their 
experience. The ASQ overall scores showed there was an overall 
moderate-to-high satisfaction across all of the tasks, and Task 2 
was the one that received the best satisfaction scores in all the cat-
egories of satisfaction from ease of use, quality of information, and 
time saving (Figure 10 and Table 8).

The open-ended feedback from the participants showed that 
there was low satisfaction and concern regarding clarity of 

navigation and how they are to interact with the system. These 
concerns from the participants were used to set the redesign pri-
orities in Section 4.

3.2.2 | Postscenario Evaluation

The PSSUQ was used to analyze the perception of overall us-
ability. The system received generally positive evaluations. 
The evaluation of usefulness (SYSUSE = 3.21), INFOQUAL 
(INFOQUAL = 3.36), and INTERQUAL (INTERQUAL = 2.92) 
were positive. The overall system usability score is 3.16 (Figure 11 
and Table 9).

However, despite the overall positive perception, feedback in-
dicated that there is still navigation and visual accessibility on 
smaller devices to improve. These aspects are further exam-
ined through qualitative feedback and informed the redesign 
process.

3.2.3 | Qualitative Feedback and Sentiment Analysis

Open-ended responses collected through ASQ and PSSUQ were 
analyzed to identify recurring usability themes. A BERT-based 
sentiment analysis was applied to summarize the overall polar-
ity of the feedback (Table 10).

TABLE 5   |   Navigation effort within the right section per task: mean, 
standard deviation (SD), and 95% confidence intervals (CI).

Task Mean (m) SD
95% CI 
(lower)

95% CI 
(upper)

Task 1 1.201 0.227 1.133 1.268

Task 2 2.613 1.076 2.249 2.977

Task 3 1.944 0.567 1.765 2.123

Task 4 2.386 1.436 1.914 2.858
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FIGURE 8   |   Data distribution with respect to number_of_clicks_ for_task_ratio.

TABLE 6   |   Task duration per task: mean, standard deviation (SD), 
and 95% confidence intervals (CI).

Task Mean (m) SD
95% CI 
(lower)

95% CI 
(upper)

Task 1 6.651 6.992 4.550 8.752

Task 2 5.215 4.366 3.641 6.789

Task 3 6.143 6.186 4.191 8.096

Task 4 12.520 15.483 7.568 17.472
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Across tasks, negative comments were primarily associated 
with navigation difficulties, nonintuitive icons, and layout is-
sues on smaller smartphone screens, whereas positive feedback 
highlighted the usefulness of core functionalities and the clarity 
of content once accessed. Task-specific feedback revealed that 
navigation issues were particularly prominent in Tasks 1 and 3, 
aligning with the quantitative findings on navigation effort and 
efficiency (Section 3.1.3).

Representative examples of positive and negative comments 
are reported in Appendix B. The consolidated qualitative find-
ings directly informed the redesign decisions summarized in 
Section 4.

4 | App Redesign After the Usability Evaluation

Following the evaluation results and the collected com-
ments, the app underwent a comprehensive redesign, incor-
porating significant improvements based on user feedback. 
Specifically, quantitative and qualitative findings were treated 
as complementary components of the evaluation rather than 

as independent analyses. Although quantitative metrics pin-
pointed where usability issues were discerned (e.g., tasks with 
increased navigation complexity and/or prolonged completion 
times), the constructive feedback collected through the ASQ 
and PSSUQ questionnaires supported in explaining why the 
issues occurred. Table 11 summarizes how quantitative us-
ability metrics and qualitative user feedback were jointly used 
to modify the design.

The redesign phase was directly informed by the combined 
interpretation of quantitative indicators and qualitative user 
feedback. This integration enabled the design team to trans-
late empirical usability findings into targeted and actionable 
design changes. User comments directly informed revisions 
of the app's content, visualization, and interaction, generally 
and, more specifically, for the three app sections involved in 
the study. Noteworthy enhancements encompassed refined 
UI elements, clearer indicators for scrollability, resolution of 
visualization bugs that occurred on some smartphones (see 
Figure 12 on the left), improvement of visualization prevent-
ing the keyboard from obstructing screen content, and intro-
duction of a more dynamic display of screens. Contextually, 
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FIGURE 9   |   Data distribution with respect to task_duration_ratio.

TABLE 7   |   Comparison among the four tasks. Higher values in effectiveness and efficiency indicate better performance, whereas higher values in 
effort and duration indicate, respectively, greater workload and longer completion time.

Metric Task 1 Task 2 Task 3 Task 4

Positive performance indicators

Effectiveness (%) 94 72 84 84

Navigation efficiency (%) 65 39 50 26

Workload and duration indicators

Navigation effort 1.469 ± 0.463 2.594 ± 0.988 2.002 ± 0.604 2.609 ± 1.755

Navigation effort to the right 
section

3.349 ± 3.779 2.029 ± 1.823 2.118 ± 1.066 1.297 ± 0.777

Navigation effort within the 
right section

1.201 ± 0.227 2.613 ± 1.076 1.944 ± 0.567 2.386 ± 1.436

Task duration 6.651 ± 6.992 5.215 ± 4.366 6.143 ± 6.186 12.520 ± 15.483
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FIGURE 10   |   ASQ scores.

TABLE 8   |   ASQ scores.

Score_type Task 1 score Task 2 score Task 3 score Task 4 score

ASQ_easySatisfaction_score 3.04 2.94 3.02 2.76

ASQ_infoSatisfaction_score 3.12 2.85 2.92 3.03

ASQ_timeSatisfaction_score 2.45 2.67 3.36 2.75

ASQ_overall_score 2.87 2.82 3.10 2.84
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FIGURE 11   |   PSSUQ scores.
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the user manual received an upgrade with clearer instructions 
to facilitate more straightforward navigation, contributing to 
a more user-friendly interaction with the app.

Significant enhancements were implemented in the section 
of the app dedicated to diet information, driven by insights 
gleaned from user questionnaires. The process of recording 
daily food intake underwent a thorough streamlining, elim-
inating redundant screens, and incorporating numerous user 
recommendations to elevate the overall user experience. In 
the original design, users would tap on the icon of the desired 
food category to enter the number of portions, triggering a 
pop-up dialog. Within this dialog, users could adjust portion 
amounts by tapping on corresponding buttons and then sub-
mitting their input. However, the redesigned version presents 
all food categories with buttons to adjust portions directly, 
eliminating the need for a pop-up dialog. Users can seamlessly 
tap buttons and submit their input without leaving the diet 
app (see Figure 12 on the middle). Additionally, in the diet 
questionnaire, where each question initially occupied the full 
screen, users faced difficulty in realizing the need to scroll to 
the next question. The redesigned version addresses this by 
featuring a thicker and always visible scroll bar on the right 
side of the screen, clearly indicating scrollability. After pro-
viding an answer, a button with a downward arrow appears at 
the bottom right corner, enabling users to effortlessly navigate 
to the next question. Although users can still manually scroll 
to the next question without using the button, this intuitive 
design improvement ensures a more user-friendly interaction 
with the app (see Figure 12 on the right).

Not all of the redesign suggestions were implemented because 
the app design and its features must comply with clinical 
guidelines, safety requirements, and operational constraints. 
Design examples include the Heart Rate, Weight, and Activity 

features, which are implemented in multiple areas of the 
app for users with different access profiles. No vegan op-
tions are present in the diet module because of adherence to 
Mediterranean diet criteria and the Mediterranean Diet Score 
questionnaire. Although multiple users suggested the ability 
to pause and resume exercises within the rehabilitation sec-
tion, this omission aligns with guidelines stating exercises 
must be completed in one uninterrupted session. These guide-
lines also require continuous monitoring to mitigate injury 
risk associated with the exercises and include self-assessment 
questions to monitor physical status.

Overall, the redesign process integrated suggestions aimed 
at improving usability while preserving safety, adherence to 
clinical guidelines, and consistency with the app's functional 
and clinical requirements.

5 | Conclusive Remarks, Limitations and Future 
Directions

In this work, we discuss the evaluation results of a mobile app 
designed to assist older adults with their healthcare-seeking be-
havior. The paper outlined a task-based user study executed by 
50 ICT experts from the digital health domain to obtain feed-
back on app sections and their general functionalities and to 
inform usability improvements. Specifically, the participants 
completed four representative tasks covering diet, medication, 
and rehabilitation features. A mixed-method evaluation proto-
col was employed. Usability was assessed, combining perfor-
mance metrics, standardized questionnaires (ASQ and PSSUQ), 
qualitative comments, and interaction logs.

The results show that the app was appreciated overall, especially 
for its clear and pleasant look and feel. Contextually, the evalu-
ation highlighted areas for improvement, particularly in navi-
gation efficiency and accessibility of functionalities, leading to 
a comprehensive redesign of the app. Overall, the study demon-
strates how a combined analysis of quantitative usability met-
rics and qualitative user feedback can effectively identify critical 
interaction issues and inform targeted design improvements in 
mHealth applications for older adults.

The findings align with prior work and support the use of an 
experts-first strategy to improve inclusivity while maintain-
ing methodological rigor in eHealth usability studies. Several 

TABLE 9   |   PSSUQ scores.

Score_type Score_value

PSSUQ_sysuse_score 3.21

PSSUQ_infoqual_score 3.36

PSSUQ_interqual_score 2.92

PSSUQ_overall_score 3.16

TABLE 10   |   Sentiment analysis on participants' comments.

Positive Negative Neutral

Number Value Number Value Number Value

ASQ Task 1 19 0.404687 25 0.531484 3 0.063830

ASQ Task 2 19 0.514018 15 0.404901 3 0.081081

ASQ Task 3 12 0.279919 23 0.553414 7 0.166667

ASQ Task 4 24 0.571163 11 0.262171 7 0.166667

PSSUQ scenario 15 0.318427 26 0.553913 6 0.127660

External comments 18 0.221393 64 0.778607 0 0



15 of 19

studies suggest that expert-based methods are a helpful first step 
in reducing participant burden and improving user-based test-
ing [29, 30] In practice, the approach can be applied to digital 
health and assistive technologies for older adults, where protect-
ing participant well-being is of utmost importance.

5.1 | Limitations

Although the performed study has provided valuable insights to 
improve the app, it is important to acknowledge its limitations 
to fully understand the context and the potential implications 

TABLE 11   |   Evaluation findings and redesign actions.

App section/task Quantitative evidence
Qualitative feedback 

(Appendix B)
Redesign actions 

implemented

Diet questionnaire (Task 1) High navigation effort 
to reach task section; 

moderate completion rate

Effort in locating the task 
entry point; uncertainty 
about icons, scrollability 

and portion quantities

Inclusion of more explicit 
entry points and labeled 

icons; addition of a 
persistent, thicker scroll 

bar; addition of an explicit 
navigation button to navigate 

through the questions

Daily food intake logging 
(Task 2)

High effectiveness but low 
efficiency in navigation

Need to reduce interaction 
steps to improve efficiency; 

confusion caused by 
pop-up dialogs

Removal of pop-up dialogs; 
modification button added to 
the main screen to increase 
the efficiency of interactions

Rehabilitation exercises (Task 
3)

High navigation effort; high 
interaction variability

Difficulty in locating the 
rehabilitation section; too 
long videos; lack of pause/

resume and indexing features

Enhanced video controls 
and improved navigation; 
improved structure and 

feedback for exercise 
flow and interaction

Medication management 
(Task 4)

Longest task duration; 
high variability

Unclear timeframes; 
difficulty in distinguishing 
start and end of the tasks; 

terminology issues

Improved timeframe 
visualization; clearer color 

coding; refined terminology 
and interaction cues

Global UI and navigation Consistently low navigation 
efficiency across tasks

Non-intuitive icons; hidden 
buttons; poor visibility 

on some devices

Refined UI elements; 
increased button visibility; 
resolution of visualization 

bugs; responsive layout 
improvements

Cropped display on the
initial screen Daily food intake Diet questionnaire

FIGURE 12   |   Redesign of the app. On the left is the cropped display that occurred on some smartphones. The previous and the redesigned version 
of the daily food intake are in the middle. On the right is the improved navigability of the diet questionnaire, with a clear indication of the need to 
scroll the page.
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of our findings. The study involved participants from the proj-
ect partners. This may have given them an advantage in under-
standing the app due to potential prior knowledge. As with any 
study based on user feedback, there is a degree of subjectivity 
involved. Despite our best efforts to standardize the evaluation 
criteria, personal biases and perceptions may have influenced 
the responses.

Moreover, the evaluation involved ICT experts rather than 
members of the target older-adult population. Although experts 
are well suited to identifying structural usability issues, they 
cannot fully replicate the interaction strategies, cognitive load, 
or physical constraints experienced by older adults.

The metrics used in this study were carefully selected to cap-
ture different aspects of usability. However, these metrics may 
not fully reflect real-world interaction patterns of the target 
population, as actual users might interact differently with the 
app due to differences in familiarity, cognitive strategies, or 
physical interaction capabilities. This is an inherent limitation 
of an expert-first evaluation and should be considered when 
interpreting the findings.

Accordingly, results should be interpreted as evidence of ear-
ly-stage usability issues and design directions, rather than as a 
definitive measure of usability for the older-adult population. 
Acknowledging the study limitations provides context for inter-
preting the findings and motivates future work.

5.2 | Future Directions

Conducting an initial expert-based evaluation is particularly 
important before releasing the app to end users, given the 
vulnerable characteristics of the target population. The ex-
pert-based evaluation described in this paper represents the 
first step of a broader, iterative usability assessment strategy. 
As a result of this investigation, the app underwent a redesign 
process.

Subsequent steps involve assessing the redesigned app by its tar-
get population under real use conditions through a set of large-
scale pilots in five different countries (Portugal, Italy, Greece, 
France, and Romania). The future evaluations target real user 
interaction data, usability, and technology acceptance, integrat-
ing metrics tailored to the specific needs of aging individuals 
and the healthcare context.

Future research should explore hybrid evaluation frameworks 
that mix expert reviews with participatory methods. This can 
help find a balance between efficiency, inclusivity, and re-
al-world validity across different user groups.
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Appendix A. Detailed Statistical Analysis

The statistical analysis was performed using the software R [31].

A.1 Navigation Effort: Statistical Details

Outlier Handling

For the number_of_clicks_total_ratio, outliers were removed using 
Tukey's boxplot rule, excluding values below Q1 − 1.5 × IQR  or above 
Q3 + 1.5 × IQR , where IQR = Q3 − Q1. After outlier removal, the 
number of observations was reduced from 167 to 161.

Inferential Statistics

Task-level differences were examined using a Kruskal–Wallis test 
as the normality assumption was violated (Shapiro test) and homo-
geneity of variances was not present. The analysis revealed a statisti-
cally significant effect of task on navigation effort (�2(3) = 37.583 , 
p = 3.463 × 10−8).Post Hoc Analysis

Pairwise comparisons were conducted using Dunn's test with 
Bonferroni correction for multiple comparisons. The results are 
reported below:

•	 Task 1 versus Task 2: z = 5.78 , p = 7.68 × 10−9 , 
padj = 4.61 × 10−8 (∗ ∗ ∗ ∗)

•	 Task 1 versus Task 3: z = 3.89 , p = 1.00 × 10−4 , 
padj = 6.01 × 10−4 (∗ ∗ ∗)

•	 Task 1 versus Task 4: z = 4.25 , p = 2.10 × 10−5 , 
padj = 1.26 × 10−4 (∗ ∗ ∗)

•	 Task 2 versus Task 3: z = −1.93 , p = 5.32 × 10−2 , 
padj = 3.19 × 10−1

•	 Task 2 versus Task 4: z = −1.55 , p = 1.20 × 10−1 , 
padj = 7.20 × 10−1

•	 Task 3 versus Task 4: z = 0.377 , p = 7.06 × 10−1 , padj = 1

A.2 Navigation Effort to the Right Section: Statistical Details

Outlier Handling

Outliers for number_of_clicks_to_right_section_ratio were removed 
using Tukey's rule (Q1 − 1.5 × IQR , Q3 + 1.5 × IQR), reducing ob-
servations to 149.

Inferential Statistics

Since normality assumptions were not met, task differences 
were assessed using Kruskal–Wallis, showing a significant effect 
(�2(3) = 18.356 , p = 3.714 × 10−4).

Post Hoc Analysis

Post hoc Dunn tests with Bonferroni correction yielded as 
follows:

•	 Task 1 versus Task 2: z = −1.24 , p = 0.216 , padj = 1

•	 Task 1 versus Task 3: z = 1.11 , p = 0.268 , padj = 1

•	 Task 1 versus Task 4: z = −3.14 , p = 0.00167 , padj = 0.01 
(∗)

•	 Task 2 versus Task 3: z = 2.23 , p = 0.0261 , padj = 0.156

•	 Task 2 versus Task 4: z = −1.80 , p = 0.0726, padj = 0.436

•	 Task 3 versus Task 4: z = −4.04 , p = 5.41 × 10−5 , 
padj = 3.24 × 10−4 (∗ ∗ ∗)

A.3 Navigation Effort Within the Right Section: Statistical Details

Outlier Handling

Outliers for number_of_clicks_ for_task_ratio were removed using 
Tukey's rule, reducing observations to 161.

Inferential Statistics

A Kruskal–Wallis test showed a significant task effect 
(�2 (3) = 69.496 , p = 5.473 × 10−15).

Post Hoc Analysis

Dunn post hoc tests with Bonferroni correction yielded as 
follows:

•	 Task 1 versus Task 2: z = 7.47 , p = 8.10 × 10−14 , 
padj = 4.86 × 10−13 (∗ ∗ ∗ ∗)

•	 Task 1 versus Task 3: z = 5.97 , p = 2.36 × 10−9 , 
padj = 1.41 × 10−8 (∗ ∗ ∗ ∗)

•	 Task 1 versus Task 4: z = 6.13 , p = 8.82 × 10−10 , 
padj = 5.29 × 10−9 (∗ ∗ ∗ ∗)

•	 Task 2 versus Task 3: z = −1.66 , p = 0.0966 , padj = 0.580

•	 Task 2 versus Task 4: z = −1.37 , p = 0.171 , padj = 1

•	 Task 3 versus Task 4: z = 0.272 , p = 0.786 , padj = 1

A.4 Task Duration: Statistical Details

Outlier Handling

For the task_duration_ratio, outliers were removed using Tukey's box-
plot rule (Q1 − 1.5 × IQR , Q3 + 1.5 × IQR), reducing the number of 
observations to 158.

Descriptive Statistics

Task duration was normalized using the shortest observed completion 
time as a best case reference. Descriptive statistics, including mean, 
standard deviation, and 95% confidence intervals for each task, are re-
ported in Table 6, whereas the distributions are illustrated in Figure 9.

Inferential Statistics

Since normality assumptions were not met, differences among tasks 
were evaluated using a Kruskal–Wallis test. The test did not reveal a 
statistically significant effect of task on duration (�2 (3) = 4.4424 , 
p = 0.2175), indicating that observed differences in task duration were 
not statistically significant.

Appendix B. Detailed Qualitative Feedback

This appendix outlines the specific qualitative information gathered 
from the open-ended questions from the ASQ and PSSUQ question-
naires. This adds to the findings already summarized in Section 3.2 and 
gives further insight into the redesign choices recounted in Section 4.

B.1 After-Task Qualitative Feedback (ASQ)

After the completion of every task, participants described their expe-
riences using open-ended comments. This feedback is depicted in an 
aggregated manner and the analysis is thematically focused on key us-
ability challenges and positive aspects for each task.

Task 1 Diet and eating habits.

The overall sentiment expressed by participants was predomi-
nantly negative. However, there were a few comments express-
ing appreciation toward the visual design of the app and the 
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simplicity of the questionnaire. The main usability issues re-
ported by the participants were:

•	 difficulty in locating the task entry point within the app;

•	 nonintuitive icons lacking textual labels;

•	 unclear categorization of food items and quantities;

•	 limited feedback when interacting with sliders and swipe-
based inputs.

Some participants suggested adding more specific labels to the icons, 
improving clarification of measuring units, and adding descriptive text 
to support data entry.

Task 2 Food intake logging.

Food intake logging feedback for Task 2 was overwhelmingly 
positive, with participants reaffirming the importance of the 
speed of the interaction and the usefulness of the functionality. 
Nevertheless, some reported usability problems are as follows:

•	 difficulty understanding the meaning of certain icons;

•	 the need to consult the user manual to complete the task;

•	 requests for quicker access from the home screen.

A few comments described personal issues (e.g., dietary preference), as 
opposed to issues with the app.

Task 3 Rehabilitation exercises.

Feedback for Task 3 showed a mixed sentiment. Positive com-
ments described the exercises as relevant and of good quality, 
and certain elements of the interface as clear. Negative commen-
tary focused on:

•	 difficulty in finding the rehabilitation section;

•	 excessive length of video sequences;

•	 lack of indexing or navigation within videos;

•	 issues with full-screen mode and video resumption.

Participants also reported frustration being compelled to restart videos 
after interruptions and suggested improving the video controls.

Task 4 Medication management.

Most participants provided a positive evaluation for Task 4 
and described the task as being easy to complete and quick to 
complete. Nevertheless, some issues were described, mostly 
concerning:

•	 ambiguity in modifying medication timeframes;

•	 insufficient visual distinction between start and end times;

•	 unclear terminology in some interface elements.

These comments are consistent with the increased task duration and 
variability observed in the quantitative analysis.

B.2 Postscenario Qualitative Feedback (PSSUQ)
The open-ended responses collected through the PSSUQ ques-
tionnaire allowed participants to reflect on the overall experi-
ence with the app. The overall experience ratings were mostly 
negative, although many participants highlighted positive as-
pects. Positive feedback emphasized:

•	 clarity of information once content was accessed;

•	 pleasant visual appearance of the interface;

•	 perceived usefulness of core functionalities.

Negative feedback mainly concerned:

•	 poor usability on smartphones with smaller displays;

•	 nonintuitive icons and unclear clickable elements;

•	 difficulties in accessing some functionalities without prior 
guidance;

•	 limitations in text readability and layout responsiveness.

Participants frequently suggested to increase the size of buttons, 
make the design more user-friendly, and make the user interface more 
prescriptive.

B.3 External Comments and General Suggestions
Additional open-ended feedback was collected through an ex-
ternal question, asking participants to describe their overall ex-
perience and propose improvements. As expected, the majority 
of the feedback was critical regarding the design and layout of 
the app, and the focus was on negative comments. Recurring 
themes included as follows:

•	 challenges in managing rehabilitation tasks and medication 
schedules;

•	 uncertainty about which interface elements were interactive;

•	 lack of pause or resume options during long rehabilitation 
activities;

•	 insufficient feedback after task completion.

Redesign suggestions entailed a more structured presentation of re-
habilitation exercises, as well as clearer help icons, scrolling cues, and 
completion indicators. The redesign choices outlined in Section 4 were 
informed by these insights.
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