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ABSTRACT
Digital assessment tools have recently gained significance in the
context of Parkinson’s Disease (PD) management, by offering in-
novative means for accurate symptoms’ monitoring. At the same
time, co-creation approaches have been used to ensure that these
tools meet users’ needs and requirements, which are essential for
their acceptance and broad use. As part of the Horizon Europe
AI-PROGNOSIS project, this study presents the results of an agile
co-creation session conducted within an iterative design process
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to develop a novel digital motor assessment test for people with
PD (PwPD), namely Comprehensive Motor Function Test (CMFT).
The constructs of the Technology Acceptance Model (TAM) were
explored with the feedback from 15 PwPD and clinical/technical
experts who were presented with design concepts of the first work-
ing prototype of the proposed CMFT. In this vein, three TAM-based
main themes emerged from the thematic analysis, i.e., Usability
(Theme 1), Ease of Use and Accessibility (Theme 2), and User En-
gagement (Theme 3). Overall, PwPD found the CMTF straight-
forward and easy to use. Several improvements were suggested,
including the need for clearer written instructions and visual aids
to ensure patients fully understand the proposed CMFT. Concerns
about privacy and ethical transparency, as well as the psychologi-
cal burden of long-term symptom tracking were also underlined.
These insights will guide future design iterations to ensure that the
CMFT better meets the needs and expectations of PwPD. Ongoing
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work focuses on refining the CMFT for the forthcoming clinical
validation trials.
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1 INTRODUCTION
Parkinson’s Disease (PD) is the second most prevalent neurode-
generative disease [1], affecting nearly 8.5 million individuals in
2019, and causing 329,000 deaths in the same year, reflecting over a
100% since 2000 [2]. Without an available cure and characterized by
significant motor and non-motor symptoms, PD is associated with
a high disease burden, resulting in 5.8 million disability-adjusted
life years (DALYs), an 81% increase since 2000 [2]. From a socio-
economic perspective, healthcare costs from PD-related care are
anticipated to rise with disease progression [3].

Digital assessment tools have recently gained significance in
optimizing treatment and improving the quality of life for people
with PD (PwPD). Using technologies, such as wearable sensors and
mobile apps, these tools not only provide a comprehensive and
granular view of symptom fluctuations compared to sporadic in-
clinic assessments [4], but are also advantageous in the context of
remote assessments [5]. Since their successful implementation heav-
ily rely on high user retention rates, grounding the development
of digital assessment tools in established theoretical frameworks
may address this potential shortcoming. In particular, the Technol-
ogy Acceptance Model (TAM) [6] theorizes that perceived ease of
use and perceived usefulness positively influence usage intentions,
which drive the adoption of new technologies. This underscores
the importance of aligning technology features with user needs
and requirements, which can be attained through a user-centered
and iterative design process. This process incorporates user feed-
back, resulting in meaningful and efficient solutions [7]. Therefore,
engaging users in idea generation, design, and testing using agile
co-creation methodologies significantly enhances the acceptability,
usability, and adoption of the final product [8]. During co-creation
activities, mock-ups and fidelity prototypes are used to visualize
key components, explore user interaction features, validate design
decisions, and test user responses, offering significant value through
multiple iteration cycles [9].

In this work, we introduce the Comprehensive Motor Func-
tion Test (CMFT), a novel digital assessment tool for PwPD. The
CMFT includes a series of motor tasks, particularly focused on
the assessment of balance and posture, grounded by the PD gold-
standard assessment, the Movement Disorder Society - Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS) Part III. Overall,

the CMFT aims to provide valuable insights into motor symptom
assessment (perceived usefulness) and make it easy for either PwPD
or health professionals to operate (perceived ease of use), aiming
to motivate its regular use. This tool will be integrated into a mo-
bile application, under the scope of the AI-PROGNOSIS project
(https://www.ai-prognosis.eu/). Here, we present the results from
the first AI-PROGNOSIS co-creation patient session, which aimed to
gather feedback on the mock-ups comprising the CMFT assessment
tasks.

This work is organized as follows: Section 2 provides background
information; Section 3 presents the methodology, including study
context, design, CMFT presentation, sample, data collection, vali-
dation, and analysis; Section 4 outlines the main findings and their
discussion, and Section 5 concludes the work.

2 BACKGROUND
In the field of digital assessment technologies, personalized inter-
ventions and motor assessment solutions have been explored to
enhance the quality of life and outcomes for PwP [10, 11]. Despite
strong support in the literature for digital assessment technologies,
their successful adoption depends on their ability to meet users’
needs and preferences. By involving end-users in iterative feedback
cycles throughout the design process, co-creation approaches help
tailor these tools to the specific requirements of the PD population
[8, 12]. Since co-creation approaches help tailor digital tools to
user requirements, several studies have used similar frameworks
to develop these technologies for PD. For example, Wannheden
and Revenäs [13] investigated co-care in PD management through
eHealth services, by exploring the needs and expectations of PwPD
and healthcare professionals. Using a participatory design approach,
a series of workshops resulted in a functional eHealth prototype
to support PD co-care [13]. Similarly, Kessler et al. [14] focused on
integrating medical and self-management approaches to improve
the quality of life of PwPD. A co-design approach was used to
gather feedback from PwPD, carers, and healthcare providers, high-
lighting the need for a collaborative care model including active
patient engagement and comprehensive support [14]. Grosjean et
al. [15] developed the eCARE-PD platform to address the needs
and expectations of PwPD and provide home care management
advice. A user-engagement approach identified key design features
and solved key issues, leading to a more interactive and acceptable
end product [15]. This work was extended by Monje et al. [16] in
the iCARE-PD project, where a co-design approach was used to
improve the usability and acceptability of sensor-based solutions
towards a community-centered integrated care model [16].

Understanding the unique needs and preferences of PwPD is
crucial for the successful development and implementation of these
technologies. This study presents the results of a co-creation session
focused on designing a novel digital assessment tool for PwPD,
specifically targeting motor skills such as balance and posture.

3 METHODOLOGY
3.1 Study context
This study is part of the AI-PROGNOSIS project, a Horizon Europe
research and innovation initiative that aims to advance PD diagno-
sis and care through novel predictive models combined with digital
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biomarkers from everyday devices. Considering the overall concept
of AI-PROGNOSIS, this study aims to identify the needs of rele-
vant stakeholders (e.g., PwPD, healthcare professionals, researchers,
developers) and effectively engage them in the co-creation of the
AI-PROGNOSIS toolkit for PD. In this line, the main objective of
the first AI-PROGNOSIS co-creation session was to gather relevant
feedback from PwPD concerning the proposed CMFT, aiming to
be integrated in the AI-PROGNOSIS mobile application. The co-
creation session was guided by design thinking principles, fostering
empathy, ideation, and collaborative problem-solving to develop a
user-centered assessment tool [7]. The feedback was based on dis-
cussing aspects regarding usability, user engagement, accessibility
and suggestions for improvement. By engaging patients in this pro-
cess, we aimed to align the proposed motor tests more closely with
the needs, preferences, and expectations of PwPD, thus enhancing
its relevance and effectiveness.

3.2 The proposed Comprehensive Motor
Function Test (CMFT)

The proposed CMFT includes a sequence of four motor items
adapted from theMDS-UPDRS, namely “item 3.8” (leg agility), “item
3.9” (arising from chair), “item 3.10” (gait), and “item 3.13” (posture).
These selected items included in the CMFT sequence focus on bal-
ance and posture, which are fundamental motor features affected by
PwPD [17]. Patients can either perform the CMFT independently or
with assistance. In this context, we created the first mock-ups using
the Figma design tool to visually represent the CMFT, including: a)
Main menu screen: lists the four motor tests in the CMFT sequence
(leg agility, arising from chair, gait, and posture); b) Set-up instruc-
tions screen: provides materials needed (chair, phone) and explains
phone placement 2 meters from chair at a 45-degree angle; c) Mo-
tor test instructions screen: details each motor test with written
and video instructions; d) Countdown screen: displays countdown
before starting CMFT; and e) Motor test recording screen: after
performing the CMFT, a feedback message is displayed, concluding
the test (see Figure 1).

3.3 Study Design
Overall, the structure of the co-creation session was organized
into several parts, as follows: a) welcoming the participants and
presentation of the session objectives; b) introduction of facilita-
tors/observers and clinical/technical experts; c) introduction of
PwPD, where they were prompted to share previous experiences
with assessments throughmobile apps; d) presentation of the overall
perspective of the AI-PROGNOSIS project; e) mock-ups presenta-
tion followed by an interactive panel discussion about the CMFT;
f) summary of key takeaways from the session and presentation of
next steps; and g) explanation of the online questionnaire regarding
participants’ satisfaction with the session. The main activity of this
co-creation session was the presentation of the CMFT mock-ups,
which were shared on the screen, aiming to provide a comprehen-
sive view of the proposed motor tests and its key elements (see
Figure 1). To ensure consistency and guide the interactive panel
discussion, the following questions were addressed based on the
TAM constructs:

• Usability and perceived usefulness: How useful do you
find the CMFT for assessing your motor function, particularly
balance and posture, compared to traditional methods? Con-
sidering ease of navigation and clarity of instructions, how
confident are you in using the CMFT effectively?

• Easy of use and accessibility: How easy do you anticipate
learning to use the CMFT, especially with Parkinson’s-related
motor difficulties in mind? Do you foresee any accessibility
barriers hindering your ability to interact effectively with the
CMFT?

• User engagement-intention to use: How likely are you
to incorporate the CMFT into your routine for motor function
assessment? To what extent do you find the CMFT engaging
compared to other assessment tools?

• User engagement-attitude towards using: How do you
perceive the overall user experience of the CMFT, and how does
it influence your enthusiasm to use it?

3.4 Sampling and Recruitment
The selection process of this co-creation session employed pur-
posive sampling, allowing for a deliberate and targeted selection
of participants who possessed relevant experiences and perspec-
tives. Individuals aged ≥ 18 years, with a PD diagnosis confirmed
by a neurologist, capable of understanding and communicating in
English through an online platform were considered eligible and
invited to participate. Moreover, the involvement of researchers
and clinical/technical experts from the AI-PROGNOSIS consortium
further enriched the session by bringing additional insights and
perspectives to the discussions. The participation in the session was
entirely voluntary, and participants were not offered any form of
compensation for their involvement. Participants provided verbal
informed consent before participating in the study.

3.5 Data Collection
The co-creation session took place on April 2024 and it was con-
ducted online, using the Microsoft Teams platform. The session had
a group size of 15 participants, including two facilitators/observers,
one clinical researcher, three technical experts, three senior re-
searchers on AI applications, and six PwPD (Table 1). This diverse
composition ensured a comprehensive exchange of perspectives
and expertise. To maintain a record of the co-creation session, audio
recordings were made, which were later transcribed to verbatim
and pseudo-anonymized to preserve confidentiality. The online
setting allowed for seamless communication and ensured that all
participants could actively engage in the discussions. The session
was guided by a female researcher with expertise in qualitative re-
search (last author SD), primarily posing questions and encouraging
group discussions to elicit participants’ opinions and experiences.
Participants were assured of the confidentiality of the discussions
and were informed that their involvement was voluntary. Prior per-
mission to audio-record the sessions was obtained. Transcriptions
were pseudonymized to maintain anonymity. To enhance the par-
ticipants’ comprehension of the session topics, relevant mock-ups
related with the CMFT were presented (see Figure 1). The session
followed a scripted guide consisting of seven main questions de-
signed to explore the opinions of participants regarding the design



DSAI 2024, November 13–15, 2024, Abu Dhabi, United Arab Emirates Alves et al.

Figure 1: Mock-ups of the Comprehensive Motor Function Test prototype presented during the co-creation session, including:
(a) Main menu screen, (b) Set-up instructions screen, (c) Motor test instructions screen, (d) Countdown screen, and (e) Motor
test recording screen.

of the CMFT for assessing motor skills, particularly balance and
posture (see section 3.3). A dedicated time frame of 70 minutes
was allocated for this session, allowing for in-depth discussions
and comprehensive exploration of the topics. After the co-creation
session, an online questionnaire was shared via Google Forms1
to assess participant satisfaction and gather valuable insights for
improving future sessions. The questionnaire comprised five ques-
tions, including two closed and three open-ended questions.

3.6 Data Validation and Analysis
In terms of capturing demographic information, the educational
backgrounds of the patients were categorized into distinct levels, us-
ing the International Standard Classification of Education (ISCED)
(from ISCED 0=Early childhood education to ISCED 8=Doctoral
degree or equivalent tertiary education level). This classification
allowed for a comprehensive understanding of the patients’ educa-
tional attainment and its potential influence on their perspectives
and experiences. Moreover, to ensure the rigor of the qualitative
analysis, a meticulous approach was followed. Two independent
researchers (BA and SD) undertook the analysis of all qualitative
data. Following the process of thematic analysis, an initial set of
codes was generated after familiarization with the data by reading
through the transcription and taking notes to identify potential
topics for analysis [18]. The codes were then grouped into poten-
tial themes and sub-themes, which were reviewed to ensure that
they were aligned with the data. Finally, the themes and sub-themes
were identified using clear and concise wording. The use of different
researchers enhanced the credibility and reliability of the analy-
sis, as it allowed for the cross-validation and consensus-building
of the identified themes and interpretations. Agreement on code
assignment was assessed using the kappa statistic, ensuring consis-
tency in the analysis process. A number of direct quotations from

1https://forms.gle/22Jd5spUqg6gF6mQ8

Table 1: Demographic characteristics of study participants.

Participants Characteristics Value

PwPD (n = 6) Age 49.83 ± 9.22 years
Sex (% males) 66.67 %
PD duration 2.40 ± 0.55 years
Education level Bachelor’s or Equivalent (66.67 %)

Master’s or Equivalent (16.67 %)
Doctoral or Equivalent (16.67 %)

Technology literacy Basic (16.67 %)
Intermediate (33.33 %)
Advanced (50 %)

Researchers (n = 5) Age 39.80 ± 11.10 years
Sex (% males) 60.00 %
Years working in the field 12.20 ± 7.43 years

Clinical Expert (n = 1) Age 42 years
Sex Male
Years working in the field 15 years

Technical Experts (n = 3) Age 48.00 ± 8.54 years
Sex (% males) 66.67 %
Years working in the field 19.33 ± 3.06 years

participants supporting the identified (sub)themes are included in
the following Section (Main Findings). Note that following each
illustrative quotation, there is an indication of which participant
stated it (PwPD=People with PD, CE=Clinical Expert, R=Researcher,
TE=Technical Expert).

4 RESULTS AND DISCUSSION
4.1 Main findings
The co-creation session included two facilitators/observers, one
clinical researcher, three technical experts, three senior researchers
on AI applications, and six PwPD (15 participants in total-Table 1).
The mean age of PwPD was 49.83 ± 9.22 years, with two females.
The average time since PD diagnosis was 2.40 ± 0.55 years, and the
majority of patients had an advanced level of technology literacy
(50%). The mean age of the technical experts was 48.00 ± 8.54, with
one female. The clinical researcher, a male, has over 15 years of
clinical experience (see Table 1).
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The main findings are outlined in Figure 2. Three main themes
emerged from the thematic analysis, namely: Usability (Theme 1),
Ease of Use and Accessibility (Theme 2), and User Engagement
(Theme 3). From the main themes identified in the session, various
subthemes were derived to further explore the discussions. The
level of agreement between the two researchers in identifying these
subthemes was assessed using the Kappa statistic. The obtained
score of 0.93 indicated an almost perfect agreement between the
two researchers. At the points of doubt, a discussion between the
researchers resulted in a reworked text, arriving to an 100% final
agreement across all subthemes.

Overall, the CMFT assessment tool was generally perceived as
clear and comfortable to use, with both written content and video
demonstrations being considered helpful. The perceived psycholog-
ical burden of long-term symptom tracking was considered an addi-
tional challenge. Participants found the concept of regular symptom
tracking feasible and preferred conducting assessments at home
for convenience. Several participants acknowledged the practical-
ity and time efficiency of the CMFT and expressed willingness to
engage in regular assessment using this tool. Data protection and
ethical considerations were discussed, which further underlined
the importance of transparency and privacy. The main findings for
each identified theme are briefly presented.

Usability (Theme 1).Most participants found the CMFT straight-
forward and easy to use. They reported feeling comfortable per-
forming this assessment, which was considered useful for symptom
monitoring between clinical appointments. Providing both written
content and video demonstrations was considered helpful for un-
derstanding how to perform the CMFT. However, it was suggested
that written instructions should be clearer. One participant high-
lighted the need of clarifying the intendedmovement speed for each
component of the motor tests. For example, while the leg agility
test should be performed as fast as possible, patients should use a
comfortable speed during the sit-to-stand, gait, and posture tests.
Nonetheless, the value of using both video and written instructions
was recognized, as follows: “I agree that the videos are very useful
because I thought there was slight ambiguity in the written text and
in the third frame... For me, it becomes very clear what to do when I
see the video” (PwPD#5). Moreover, a Clinical Expert noted, “It can
be seen as a complementary tool to clinicians” (Clinical Expert). This
perspective is aligned with the recognized role of digital technology
for PD, by supporting clinical decision-making, improving patient
outcomes and satisfaction, and thereby enhancing the quality of
care [19]. Overall, the panel discussion on usability aspects aimed
to ensure that the CMFT considers the ISO 9241-11:2018 guidelines,
promoting effectiveness, efficiency, and user satisfaction within the
intended context of use [20].

Ease of use andAccessibility (Theme 2). Participants reported
few practical issues with the CMFT, emphasizing the importance of
clear, standardized instructions and technical feedback. During the
discussion, proper smartphone placement and camera positioning
were considered crucial for increased accessibility, particularly for
patients with severe symptoms. For instance, having a smartphone
stand/support was considered useful for better camera adjustment
considering at-home assessments. In fact, the relevance of address-
ing these practical considerations is consistent with principles of
user-centered design in mHealth apps [4]. In this line, one patient

anticipated some difficulties for PwPD at later disease stages or
with more sever motor and/or cognitive impairments to perform
the CMFT in a home setting, as follows: “I was just wondering how
useful this would be for people in later stages of the disease. If you’re
in the later stages of the disease, when standing up, there could be bal-
ance issues, there could also be issues understanding the instructions.”
(PwPD#4). In this context, the following was added: “For those cases,
the CMFT can be performed with or without the caregiver or family
member” (Researcher#1). This highlights the importance of care-
givers and healthcare providers in supporting PwPD to improve
long-term compliance with digital assessment tools [4].

User engagement (Theme 3). All participants expressed will-
ingness to use the CMFT regularly due to its feasibility, convenience,
and time efficiency, especially if real-time updates are provided. All
patients found the concept of regular assessment every 2-3 weeks
through the CMFT both feasible and engaging. Most preferred to
do the assessment at home for convenience, such as saving time on
travel. One patient remarked, “For me, doing it at home would make
life a lot easier. What I would find engaging is having not necessar-
ily real-time feedback but regular updates” (PwPD#6). In addition,
a researcher added insights on future developments, as follows:
“Feedback is also a part of the whole AI-PROGNOSIS app, so in the
future, there will be a discussion on how we give the feedback to the
patients. Later on, it will be defined which part of the information
is given to the patients, to the doctors, and to the caregivers” (Re-
searcher#1). When prompted to share their insights on using the
app, participants considered the CMFT practical and time-efficient
(2-3 minutes). One patient noted, “This would definitely be the sort
of thing I like to do! It does seem very straightforward and something
that wouldn’t take up too much time. So that makes it something
that I could see myself doing” (PwPD#1). In general, participants’
positive remarks on aspects related to usability, accessibility, and
engagement potential are in line with the theoretical constructs of
the TAM model, namely perceived usefulness and perceived ease
of use, which determine user acceptance of health technologies
[6]. During the session, discussions have also arisen regarding the
psychological impact of long-term symptom monitoring. In fact,
this practice can be challenging for some people, who may feel
overwhelmed by regularly confronting symptom progression or
fluctuation; however, healthcare professionals can help address
these concerns by providing support, guidance, and resources [21].
Moreover, data protection and ethical issues were discussed, such
as transparency and privacy aspects. To address these concerns, it
was clarified that the video assessment will not be stored, only the
motion tracking data from the extracted features: “Just to clarify,
what we capture are the nodes (landmarks) of the body. These are
the data used to extract the biomarkers of assessment and not the
real video, so there’s no information about personal characteristics or
anything about yourself. There is no video going outside of your mo-
bile phone” (TE#2). The Clinical Expert confirmed that the app will
ensure user consent, ethical considerations, and compliance with
European data protection guidelines. In this line, WHO have been
emphasized that ethical considerations and human rights should
be central to AI health technologies to ensure their positive impact
[22].

Overall, the co-creation session provided valuable insights for en-
hancing the design of CMFT for integration into the AI-PROGNOSIS
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Figure 2: Overview of the main findings derived from the thematic analysis

app, suggesting its potential to provide clinicians with comprehen-
sive and objective data. Additionally, CMFT can empower PwPD to
proactivelymanage their condition through symptom self-assessment,
while enabling remote symptom monitoring has the potential to
reduce healthcare costs and improve the overall quality of life of
PwPD [19, 23].

4.2 Co-creation evaluation feedback
The online questionnaire responses, collected from eleven anony-
mous participants, aimed to evaluate overall satisfaction and pro-
vide insights for enhancing future agile co-creation design pro-
cesses. Main results are briefly summarised below.

Overall satisfaction. The majority of participants reported a very
positive experience, with 45.5% indicating a high level of satis-
faction and another 45.5% expressing satisfaction. Additionally, all
participants expressed their willingness to attend future co-creation
sessions. Participants appreciated the insights provided by PD pa-
tients to improve the design of the proposed CMFT. They valued
the presentation of innovative aspects, such as objective techniques
to assess motor skills related to posture and balance. Some partici-
pants also expressed satisfaction in being involved in PD research
that could benefit others and contribute to the development of an
innovative mobile app. The simplicity and straightforwardness of
the CMFT were specifically recognized.

Areas for improving. Some participants emphasized the impor-
tance of better planning the duration of the session and providing

clarity regarding the future sessions and the specific aims of the app.
There was some uncertainty about whether the app was intended
for research data collection or algorithm development for predicting
PD conditions. Suggestions for improvement included extending
the session duration to allow for more in-depth discussion and
providing regular feedback to keep stakeholders engaged. Clear,
detailed instructions and visual representations were emphasized
as necessary, particularly due to language barriers. One participant
also suggested to include interactive demo materials to help convey
what needs to be developed.

Overall, the collected feedback from all participants, including
PwPD and technical/clinical experts, highlighted several concerns
and suggestions for improving the proposed CMTF. To address
these, the following actions will be implemented: i) extending fu-
ture session duration for more in-depth discussions; ii) providing
clearer instructions and visual representations to ensure patients’
full understanding of the proposed motor tests; and 3) incorporating
regular feedback and eventual interactive materials to keep patients
engaged. Moreover, future work involves transitioning the CMFT
to full scale development and implementation using real-time Me-
diaPipe Human Pose Landmark for the identification of key 3D
body landmarks. Experimental work yielding promising results in
this direction is discussed in [24]. In addition, it is our intention to
continuously integrate stakeholder feedback and in parallel refine
the algorithms for data collection towards the preparation of the
clinical validation trials. Finally, comprehensive user testing in a
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larger cohort including different countries (i.e., UK, France, Spain,
Germany) and clinical centers is also expected to be conducted to
assess effectiveness of the CMFT in real-world settings.

5 CONCLUSION
Agile co-creation methodologies hold significant value within user-
centered design. The presentation of mock-ups and interactive dis-
cussion allowed for a thorough exploration of usability, accessibility,
and user engagement. The collaboration between the research team
and PwPD throughout this session was crucial for ensuring that
the CMFT meets the needs and preferences of its end users. While
the small sample size limits the generalizability of the findings, the
feedback from this session will inform further developments of the
CMFT within the AI-PROGNOSIS mobile app. Future steps will
include additional patient feedback and real-world user testing to
evaluate feasibility, acceptability, and user acceptance.
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