A digital platform to enhance

participant recruitment in clinical trials

Biomedical Engineering and Informatics
10. Semester - Group 10402
May 28, 2025




AALBORG
UNIVERSITY

«

Title:
A digital platform to enhance partici-
pant recruitment in clinical trials

Theme:
Master’s thesis

Project period:
P10, Spring semester 2025

Project group:
Group 10402

Participants:

Anne Sofie Nielsen

Kristin Sandberg Henriksen
Nikolaj Falk Jakobsen

Supervisors:
Pernille H. Secher (phl@hst.aau.dk)
Samuel Schmidt (sschmidt@hst.aau.dk)

Page Number:
Date of Completion: May 28, 2025

Copyright ©) Aalborg University 2025.
The content of this report is freely available
(with references), but publication may only

be pursued due to agreement with the author.

Biomedical Engineering and Informatics
Aalborg University
www.aau.dk

Abstract:

Introduction: Recruitment of partici-
pants for clinical trials is insufficient, with
up to 80% of trials failing to meet their
recruitment targets. Participants request
digital information about clinical trials,
but existing solutions do not address key
participant barriers. This Master’s thesis
aims to develop and evaluate a recruitment
platform.

Method: A digital recruitment platform
was developed through an agile software
process. A trial presentation for a clinical
trial was designed and evaluated through
a heuristic evaluation, an A/B test, and a
usability test. Participants were recruited
via social media advertisements and ran-
domly allocated to version A or version B
of the trial presentation.

Results: Over 26 days, the advertisements
generated 12,845 unique views, resulting in
272 website views and 16 recruited partic-
ipants. This corresponds to a conversion
rate of 0.12%, 0.61 participants per day,
and a cost of 105 DKK per participant.
The A/B test showed a conversion rate of
5.9% for version A and 5.8% for version B
(p = 0.976). The mean System Usability
Scale score for the usability test was 81 and
76.5, respectively (p = 0.446).
Conclusion: The platform successfully
recruited participants for the trial, how-
ever, no significant improvements in re-
cruitment efficiency or usability were ob-
served. Future research should explore per-
sonalized content and involve a diverse user
population.
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Abstract:

Introduktion: Rekruttering af deltagere
til kliniske forsgg er utilstreekkeligt hvor op
mod 80% af kliniske forsgg ikke nar deres
rekrutteringsmal. Deltagere efterspgrger
digital information om kliniske forsgg, men
eksisterende lgsninger adresserer ikke cen-
trale deltagerbarrierer.  Formalet med
dette kandidatspeciale er at udvilke samt
evaluere en rekrutteringsplatform.
Metode: En digitalt rekrutteringsplat-
form, blev udviklet gennem en agil soft-
ware proces. En forsggspraesentation
for et smerteforsgg blev designet og
evalueret gennem en heuristisk evaluer-
ing, A/B test og brugervenlighedstest.
Forsggsdeltagerne blev rekrutteret via an-
noncer pa sociale medier og tilfeeldigt
fordelt til version A eller version B af
forspgspraesentation.

Resultat: Over 26 dage skabte annon-
cerne 12.845 eksponeringer, hvilket gav 272
besgg pa hjemmesiden og 16 rekrutterede
deltagere. Dette svarer til en konverter-
ingsrate pa 0,12%, 0,61 deltagere per dag
og en pris pa 105kr per deltager. A/B
testen viste en konverteringsrate pa 5.9%
for version A og 5.8% for version B (p =
0,976). System Usability Scale scoren for
brugervenlighedstesten var henholdsvis pa
81 og 76,5 (p = 0,446).

Konklusion: Platformen rekrutterede
successfuldt deltagere til forsgget, men
forbedret effektivitet og brugervenlighed
kunne ikke pavises. Fremtidig forskning
bgr undersgge individualiseret indhold og
indrage en varieret brugergruppe.
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Reading instructions

To ensure clarity and consistency throughout the project, text in italics will be
used to highlight names or specific information for readability. Specific terms will
be written in full upon their first mention, followed by associated abbreviations in
parentheses. Appendices are supplementary material, providing additional knowl-
edge and information relevant to different parts of the project. References to specific
appendices are made throughout the project as ” Appendix X”, where X corresponds
to the appendix letter. To represent decisions made by the project group, the group
will be referred to as "the team.” This terminology will be used consistently in the

project and the associated collaboration portfolio.

Reference method

The project utilizes the Vancouver referencing style, which assigns consecutive num-
bers to citations. The first citation is labeled [1], followed by [2], and so on. A
sequentially numbered reference list at the end of the project provides complete de-
tails of the corresponding citations. If a citation appears before a full stop, it refers
to a specific sentence. If a citation appears after the full stop at the end of a section,

it applies to the entire section.

Use of Generativ Al

Generative Al has been used as an assistive tool, with ChatGPT-40 by OpenAl
serving as the primary model. The model guided the analysis of new domains,
system architecture, code implementation, and assisted with grammar and language

refinement.
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1 Introduction

Clinical trials play a pivotal role in the development and validation of new medical
treatments and technologies. To ensure safety and efficacy, clinical trials are system-
atically conducted to evaluate the effects of interventions on human participants [I].
Each year, thousands of clinical trials are conducted worldwide to collect data that
supports clinical research, involving millions of participants. In 2024, approximately
28,500 clinical trials involving around 21,800,000 participants were registered in the
ClinicalTrials.gov database [2]. However, the successful execution of clinical trials

depends on the ability to recruit participants, which is a major challenge [3].

Nearly 80% of clinical trials fail to meet their initial enrollment targets, resulting in
financial losses up to $500,000 per day for medical companies, while also delaying
access to potentially life-changing treatments for patients [4, [5]. In addition, ap-
proximately 12% of clinical trials are early terminated, primarily due to recruitment
challenges [6]. Trial delays and early termination of clinical trials result in wasted
research resources and raise ethical concerns for the enrolled participants. These

challenges have led to the following initiating problem.

1.1 Initiating problem

Why is the recruitment of participants in clinical trials a challenge?
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2 Problem analysis

Clinical trials are experimental studies designed to evaluate the effects of specific in-
terventions on human participants. These interventions can include pharmacological
treatments, medical devices, surgical procedures, physical or psychotherapeutic ap-
proaches, and rehabilitation strategies.[1] Participants in clinical trials are typically
categorized as either healthy volunteers or patients. Healthy volunteers are individ-
uals without the condition under investigation, while patients are those affected by
the specific disease or condition being studied [7].

The World Health Organization has defined 14 principles of Good Clinical Practice
to guide the conduct of clinical trials [§]. These principles can be broadly categorized
into four phases: Planning, Recruitment, Intervention, and Analysis & Reporting,

as illustrated in |[Figure 1

» Protocol design « Eligibility screening « Treatment delivery » Data validation
» Ethics approval « Informed consent « Safety monitoring » Final report

Figure 1: Overview of the clinical trial process divided into planning, recruitment,
intervention, and analysis & reporting. These phases are structured based on the
14 principles of Good Clinical Practice by the World Health Organization [8], with
each phase encompassing steps to ensure ethical and scientific conduct of clinical
trials.

In the planning phase, the researcher develops the trial protocol and related doc-
umentation, all of which must be ethically reviewed and approved by regulatory
authorities. This phase also includes the selection of qualified trial locations and
investigators. During the recruitment phase, eligible participants are identified, in-
formed about the trial, and asked to provide informed consent. In the intervention
phase, participants receive either the investigational treatment or control, while data
are collected and safety and protocol compliance are monitored. Finally, the analy-
sis & reporting phase involves managing and validating trial data, ensuring quality
assurance, and preparing a comprehensive trial report that presents the results and

conclusions of the trial.
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2.1 Challenges with clinical trials

Clinical trials encounter several challenges, including recruiting a sufficient number
of participants, ensuring diversity within the participant population, and retaining
participants throughout the trial [3, [@]. As illustrated in these challenges

are interconnected, as difficulties in one area often affect the others.

—

Figure 2: Overview of the interrelated challenges commonly faced in clinical trials.

Achieving diversity is particularly critical to enhance the generalizability of clinical
trial results across broader populations. However, 76% of participants identify as
white, resulting in the underrepresentation of other ethnic populations [10]. This im-
balance of participant population may compromise the external validity of findings
and obscure potential variations in treatment response across demographic popula-
tions. This issue is often linked to recruitment and retention challenges, as these
underrepresented populations may face barriers to enrollment. Addressing this is-
sue requires targeted outreach efforts, culturally sensitive trial designs, and fewer

barriers to participation for these underrepresented populations. 4, [11]

Another challenge is participant retention. Maintaining participants engaged through-
out a clinical trial is essential to preserve data integrity and ensure a sufficient sam-
ple size for reliable results. High dropout rates can lead to incomplete data and
introduce bias, potentially compromising the reliability of the findings. To enhance
retention, strategies such as regular follow-ups, flexible scheduling, and personalized

communication are necessary to maintain participant commitment and minimize

dropout. [12]
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A key contributor to these challenges is participant recruitment. The difficulties
in enrolling participants extend beyond simply reaching enrollment targets. Diffi-
culties often arise from stringent eligibility criteria and limited access to research
centers, which hinder the ability to assemble a diverse and representative study
population.[9] An estimated 80% of clinical trials fail to meet their planned re-
cruitment goals within the expected timeline, resulting in delays [4, [13]. In trials
involving pharmacological treatments, delays typically range from 21 to 27 months
[14]. Surgical trials experience average delays of around 12.2 months, while pediatric
studies have reported delays up to 2.2 years [5 [15]. These delays not only escalate
costs but can also threaten the feasibility of the trial, increasing the risk of early

termination.

Approximately 12% of clinical trials are terminated prematurely, leading to incom-
plete studies, wasted financial and human resources, and ethical concerns for par-
ticipants whose contributions may not produce meaningful scientific outcomes [6].
The primary reason for early termination is poor participant recruitment, which
accounts for approximately 43% to 57% of discontinued trials [6, 16]. Multiple stud-
ies [3, 177, 18] acknowledge that a critical factor contributing to these recruitment
challenges is the lack of awareness about clinical trials. Low awareness reduces the
potential number of eligible participants, hindering the achievement of enrollment
targets and slowing the progress of clinical research. To improve recruitment, en-
hancing the dissemination of trial information is essential for potential participants
to be informed about clinical trial opportunities, but also to receive guidance from
healthcare professionals about participation. However, when information is accessi-
ble, participants often remain hesitant to participate due to concerns about poten-
tial risks and uncertain benefits.[19] Several studies have shown that participants
encounter barriers and motivations when considering participation in a clinical trial
[20, 21]. In these studies, common factors affecting participation include the logis-
tics of attending the trial, the clarity and accessibility of trial information, perceived
risks and benefits, and the level of trust and connection with researchers. This high-
lights the need for recruitment processes that are better aligned with participants’

motivations and barriers.
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2.2 Recruitment process: Identifying participants

The recruitment process for clinical trials typically involves four sequential phases:
identifying participants, obtaining informed consent, screening for eligibility, and
enrolling participants into the trial, as illustrated in This structured
approach ensures that individuals are appropriately selected, fully informed, and

meet the required inclusion and exclusion criteria before enrollment [22].

Identify Participants Inform & Agreeing Screening Enrollment

Recruitment process

Figure 3: The four phases of the recruitment process in clinical trials: identify-
ing participants, inform and agreeing, screening, and enrolling. Each phase of the
recruitment process progressively narrows down participant eligibility, ensuring suit-
able candidates advance to enrollment.

Identifying participants involves a range of recruitment strategies that can gener-
ally be categorized into non-digital and digital approaches. Non-digital approaches
include distributing flyers, newsletters, and posters, relying on word-of-mouth or
community networks, and involving healthcare professionals to inform patients di-
rectly within clinical settings [I8, 23]. In contrast, digital approaches leverage tools
such as clinical trial registries, emails, websites, online advertisements (e.g., social
media), phone outreach, and mass media channels such as television or radio. Some
digital approaches also incorporate automated identification of eligible participants
using electronic health records [I7), [I§]. Furthermore, emerging technologies, such
as artificial intelligence, are being explored to automate chart reviews within elec-
tronic health records to identify potential participants more efficiently, although
these technologies are still under development [24]. Participant preferences for these
approaches can vary by demographic factors such as age. For instance, adults over

the age of 65 tend to favor less digitalized methods, such as receiving information
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via telephone [25], whereas younger individuals are more inclined to engage with

apps, websites, and other digital platforms [20].

A study by Zahren et al. (2021) [18] investigated how participants prefer to re-
ceive information about clinical trials and identified a gap between preferred and
actual information sources. While most participants prefer to receive information
from healthcare professionals and social media, only 11% reported receiving infor-
mation through social media. Similarly, although 47% of respondents preferred to
receive information through websites and clinical trial registries, only 19% of partici-
pants were informed through websites and 23% through registries. This discrepancy
highlights the need for digital recruitment strategies that are better aligned with

participant preferences to improve awareness and engagement.

2.3 Digital recruitment platforms

Digital recruitment has gained increasing popularity due to the ability to efficiently
reach broad and diverse populations. In particular, social media has demonstrated
great potential for expanding outreach while offering substantial time and cost sav-
ings compared to non-digital recruitment methods [4, 19]. Online platforms allow
targeted outreach to a specific population, thereby increasing the effectiveness of
recruitment efforts. Using platforms, such as clinical trial registers and online ad-
vertisements, enables tailored messaging to individuals who are more likely to meet
eligibility criteria. However, despite these advantages, participants have reported

challenges related to the usability of current digital recruitment platforms [5].

Current digital recruitment platforms provide web-based solutions where potential
participants can browse and sign-up for clinical trials. Examples of such platforms
include Antidote.me, MatchMiner.org, and Trialfacts.com. These platforms focus
on streamlining the recruitment process through features such as electronic consent,
algorithm-based trial matching, and various e-recruitment tools aimed at improv-
ing efficiency and participant engagement. Although many of these platforms are
designed with user-friendly interfaces, some individuals with limited computer or

internet access may find these platforms hard to navigate or confusing to use. Ad-
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ditionally, not all clinical trials are listed or accessible through these platforms,
which can result in missed opportunities for participation. Geographical restric-
tions further limit access, making it challenging for individuals in certain locations

to participate in available trials.[13]

Another digital recruitment platform is clinical trial registries, such as Clinical Tri-
als.gov, which are pivotal in connecting potential participants with ongoing trials
[3]. However, despite the importance of clinical trial registers, participants frequently
encounter difficulties navigating these registries. Challenges include understanding
complex technical language, interpreting inconsistently presented data, and assessing
eligibility for the trials. Furthermore, limited search functionality and the absence
of personalized content make it difficult for participants to identify trials that align
with their specific health condition.[27]

To create effective digital platforms, it is essential to understand and incorporate
insights from the participants. These insights form the foundation for designing user
experiences that meet users’ needs, preferences, and expectations. User experience
encompasses the entire interaction a user has with a digital platform, from initial
discovery to ongoing use and support. A well-designed user experience can increase
user engagement, satisfaction, and trust, all of which are critical for the success of

digital recruitment platforms.[2§]

A systematic literature search presented in Appendix [A]identified a study by Miller
et al. (2021) [I2] which evaluates an aspect of user experience on a digital re-
cruitment platform. The study employed A/B testing to compare versions of a
recruitment website featuring different media formats, such as images and videos.
The results showed no significant improvement in engagement based solely on the
type of media used. It is important to note that the intervention in the study was
limited to changing a single media element on the page shown to participants. More
meaningful improvements may be achieved by incorporating participant feedback
and addressing common barriers to participation. Improving clinical trial recruit-
ment may be achieved by leveraging targeted social media outreach in combination

with a digital recruitment platform designed to meet participant needs.
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3 Problem definition

Clinical trials have insufficient participant recruitment, often resulting in delays or
early termination of trials. The current barriers that hinder recruitment are the
logistical difficulties in attending trial visits, unclear trial information, uncertainty
about potential risks and benefits, and limited trust in the research process. En-
hancing the user experience of digital recruitment platforms may help overcome
these barriers by strengthening participant confidence in the enrollment process.

Moreover, targeted outreach strategies, such as social media, have shown potential in
increasing the visibility and reach of clinical trials by engaging a broader population
of participants. While social media can effectively generate interest, current digital
recruitment platforms rarely consider the user’s experience and how participants
interact with these platforms. As a result, the ability to convert initial interest
into active participation remains limited. This highlights the need for an integrated
approach that combines improved user experience design with targeted outreach.
By focusing on usability, transparency, and communication tailored to the needs of
participants, a digital recruitment platform has the potential to increase participant

enrollment and contribute to successful and efficient clinical trials.

3.1 Problem statement

How can a digital recruitment platform be developed to enhance participant enroll-
ment in clinical trials by improving user experience and utilizing social media for

targeted outreach, while addressing common recruitment barriers?

Page 8 of



Group 10402 Aalborg University

4 Solution strategy

To address the problem statement, the recruitment platform called ReLinkee will
be developed to reduce the barriers that often prevent potential participants from
enrolling in clinical trials, making the process simpler, accessible, and user-friendly.
The team represents the company behind ReLinkee, which will be developed as a
complete website, including a homepage, trial page, sign-up form, confirmation pop-
up window, privacy policy, and an about page. The official website can be accessed

at: www.relinkee.dk.

The intention with ReLinkee is to create an inclusive and user-friendly platform
that is accessible to all individuals, including healthy individuals and individuals
with health conditions, who may be interested in participating in clinical trials.
However, for this project, ReLinkee will be evaluated exclusively in the context
of individuals living with chronic pain. The evaluation is based on an ongoing
clinical trial titled Forsgg med personlig smertebehandling til patienter med kroniske
smerter, which investigates the use of transcranial magnetic stimulation, serving
as the use case for this project. The trial is led by researcher Daniel Ciampi de
Andrade and his team at Aalborg. Throughout the project, two versions of the trial
page were created: version A, created by the research team responsible for the trial,
and version B, designed by the team behind ReLinkee. Both versions have received
approval from the Scientific Ethics Committee for the North Jutland Region. The
designs of each version are provided in Appendix B]
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To guide the development of ReLinkee, a set of internationally recognized ISO stan-
dards will be used to guide the development of a secure and privacy compliant

solution using software standards. The ISO standards that will be applied are listed

in [Table 1l

Table 1: ISO standards guiding the development of ReLinkee.

ISO standard

ISO 12207:2017 [29]

Title

Systems and software engi-
neering — Software life cycle
processes

Summary

Defines a  comprehensive
framework of processes, activ-
ities, and tasks for managing
the software life cycle to en-
sure quality, consistency, and

standardization in software
engineering.
Defines a privacy framework
Information technology — Se- | outlining principles, actors,
ISO 29100:2024 [30] | curity techniques — Privacy | and safeguarding require-
framework ments for protecting personal

data in digital environments.
Provides
designing and implementing
IT architectures that support
privacy protection based on
defined services, capabilities,
and interfaces.

a framework for

Information technology — Se-
curity techniques — Privacy
architecture framework

ISO 29101:2021 [31]

Specifies a standardized struc-
ture for capturing, manag-
ing, and storing user consent
to ensure accountability and
compliance in digital systems.

Privacy technologies — Con-
sent record information struc-
ture

ISO 27560:2023 [32]

The ISO 12207:2017 [29] serves as a framework for the software life cycle with rec-
ommendations on developing, maintaining, and retiring software solutions. The
software life cycle consists of four processes: Agreement process, Organizational

Project-Enabling process, Technical Management process, and Technical process.

4.1 Agreement process

The agreement process ensures that involved organizations define and agree on their
roles, responsibilities, and obligations, establishing a mutual understanding before
commencing collaboration [29]. In this project, an agreement was established be-

tween the company and the researcher to explore whether ReLinkee could enhance
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participant recruitment for the clinical trial. This agreement specifies the responsi-
bilities and expectations for the collaboration, ensuring adherence to ethical guide-
lines, including obtaining informed consent from participants and compliance with

data protection regulations.

4.2 Organizational Project-Enabling process

The Organizational Project-Enabling process ensures that an organization has the
resources, structures, and support needed for successful project execution, including
planning, resource allocation, and quality control.[29] In this project, structured pro-
cesses were established early to coordinate planning, define team roles, and assign
tasks based on individual expertise. Resource allocation was managed continuously,
allowing the team to adapt to changing project tasks while maintaining alignment
with the requirements from the researcher and participants. Although not all ele-
ments of the Organizational Project-Enabling process were fully implemented, foun-
dational aspects such as life cycle management and structured coordination played

an important role in the project.

4.3 Technical Management process

The Technical Management process focuses on structured planning, progress track-
ing, and oversight of technical activities such as the development, operation, and
maintenance of software and systems, ensuring alignment with the project’s intended
goals [29]. In this project, a Gantt chart was used to plan and structure tasks, define
milestones, and track progress. This tool enabled a flexible approach, allowing the
team to review progress regularly and adjust workflows to meet deadlines. The chart
is illustrated in Section [10] in Additionally, the Technical Management
process emphasizes verification and validation to ensure the system is developed cor-
rectly and meets user requirements [29]. To validate ReLinkee, the team conducted

a heuristic evaluation, A/B testing, and usability testing.
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4.4 Technical process

The Technical process ensures a software system is properly planned, developed,
verified, validated, and maintained throughout the life cycle, covering requirements
definition, design, implementation, and ongoing support for stability, compliance,
and usability [29, 33]. In this project, the team adopted an agile development
approach consisting of two iterations, each including the phases of analysis, design,
implementation, and evaluation. FEach evaluation was structured using elements
from the usability testing process outlined by Salvendy and Karwowski [34, p.980-
900].

The first iteration was based on version B of the trail page. The findings of the first
iteration were used to refine and improve ReLinkee for the second iteration, with
the improvements compared to version A of the trial page. The comparison between
the two versions corresponds to the final results. These iterations are illustrated in

[Figure 4] which visualizes the progression from initial analysis to final results.

Version B

Iteration 1

[ Analysis H Design HlmplementationH Evaluation H Findings ]

Iteration 2 !

[ Analysis H Design HlmplementationH Evauation H Results ]

Figure 4: The agile software development process, including two iterations, each
comprising four phases: analysis, design, implementation, and evaluation. The two
versions of the trial page are incorporated at different stages across the iterations.
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5 Iteration 1

The first iteration centers on defining requirements derived from the needs of stake-
holders, serving as a guideline for the development of ReLinkee across the analysis,
design, implementation, and evaluation phases as illustrated in The focus

during iteration 1 will be on the trial page, sign-up form, and privacy policy.

Figure 5: Iteration 1 illustrating the process of analysis, design, implementation,
and evaluation through a heuristic evaluation. The findings from iteration 1 feed
into the next iteration.

5.1 Analysis

The analysis commenced by identifying the three stakeholders involved in developing
ReLinkee: the company, the researcher, and the participants. The company was re-
sponsible for building and maintaining the system, as well as recruiting participants.
The researcher provided the clinical trial description and conducted the trial while
adhering to ethical and legal data management practices. The participants influ-
enced the design choices and usability of ReLinkee through their personal needs and
experiences. Their feedback ensured that ReLinkee was intuitive, accessible, and
aligned with the user expectations for clinical trial recruitment. Each stakeholder

had specific needs crucial to ensuring ReLinkee functioned as intended.

Following ISO 12207:2017 [29], which emphasized the importance of managing stake-
holder requirements throughout the software development life cycle, these needs were
identified. To structure these needs, user stories were employed, following the for-
mat outlined by Kannan et al. (2019) [33], which had previously been successfully
applied in medical application development. This user story format enabled clear,
consistent articulation of the needs of the company, researcher, and participants,

guiding the further development of ReLinkee.
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5.1.1 Company and researcher needs

The company needs focused on system development and data management, with
attention to compliance with the General Data Protection Regulation (GDPR), in-
tegration with social media platforms, and the use of a secure, cloud-based solution.

The user stories for the company are listed in [Table 2

Table 2: A list of company needs derived from business requirements, each assigned
a unique ID (CN-X) for traceability.

ON-1 As a company, we want to comply with GDPR so that we can handle
personal data legally and transparently.

As a company, we want to use a cloud solution for our platform so that
CN-2 | the cost can be kept as low as possible, and it will be possible to scale
the company.

As a company, we want to use social media for recruiting participants,
as this has shown to perform better than conventional strategies.

CN-3

The researcher’s needs were derived from input provided by the collaborating re-
searcher, Daniel Ciampi de Andrade. These needs centered on GDPR, compliance,
the secure collection and transfer of personal data, and strict adherence to ethics
committee approvals during recruitment. To support these requirements, the re-
searcher emphasized the use of Research Electronic Data Capture (REDCap), a
secure, web-based platform widely used in academic research for managing surveys

and storing clinical data. The user stories for the researcher are listed in
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Table 3: A list of researcher needs derived from an interview with the researcher,
each assigned a unique ID (RN-X) for traceability.

ID Researcher needs

As a researcher, I want to ensure that all personal data is handled in
RN-1 | compliance with GDPR so that privacy, security, and data protection
regulations are met.

As a researcher, I need to collect and store participant contact data
(name, phone number, email) so that participants can be contacted for
trial-related communication while ensuring compliance with data protec-
tion regulations.

As a researcher, I want to securely transfer collected trial data, including
RN-3 | participant contact data, to REDCap so that all data is stored in a
structured, compliant, and accessible system for analysis and follow-up.
As a researcher, I want to ensure that my trial complies with ethics
RN-4 | committee approvals and that the trial follows ethical guidelines and
regulatory requirements.

RN-2

The needs of the company and the researcher, presented in [Table 2] and [Table 3

focused on the collection, processing, and transfer of personal data, including name,
email, and phone number. As this data was covered by GDPR, the company and the
researcher were required to implement compliant practices. To ensure GDPR com-
pliance, ISO 29100:2024 [30] was used as a framework to define privacy principles
and identify roles and responsibilities in data processing. The transfer of personal
data from the participant (the principal) to the company (the controller), the com-
pany became accountable for ensuring that the data was processed under the lawful
data processing. Following ISO 29100:2024 [30], this required the collection of valid
consent to the privacy policy. Based on this consent, the company subsequently
transferred personal data to the researcher (the third-party controller). To manage
consent properly and enforce appropriate security measures, privacy controls defined
in ISO 29101:2021 [31] were applied. These controls were implemented across three
layers: the Privacy Settings Layer, the Identity and Access Management Layer, and
the Personal Data Management Layer, each targeting specific aspects of privacy

protection.
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The Privacy Settings Layer presented a privacy policy aligned with the GDPR and
the 10 privacy principles provided by the Danish Data Protection Agency [35]. This
ensured that the processing of personal data complies with national and international
standards. Additionally, data processing was based on obtaining valid consent to ful-
fill the criteria of voluntary, unambiguous, specific, and informed consent as defined
by the Danish Data Protection Agency [36]. Participant consent was considered
voluntary and unambiguous only when given freely and through active agreement.
To be specific and informed, the consent process requires clearly defining the pur-
pose of data collection, identifying the data controller, and explaining the nature
of personal data processing. To document the participant consent, ISO 27560:2023
[32] defined 13 mandatory attributes when storing consent. The attributes ensured
traceability, accountability, and transparency in the collection and management of

consent.

The Identity and Access Management Layer required strict access control to ensure
only authorized users could access personal data. Access control was aligned with
the privacy policy, restricting access to personal data and ensuring the data was
contained within a cloud solution. The system used integrated secure authentica-
tion methods, such as multi-factor authentication, to verify the identity of users
requesting access to personal data. Access control should be granted based on the
principle of least privilege, ensuring that individuals only have access to the personal

data necessary for their tasks.

The Personal Data Management Layer required secure handling, storage, and trans-
mission of personal data. The personal data has to be validated before data was
securely stored within the cloud. To ensure data accuracy and security, personal
data was validated before transfer, and transfers to the cloud were authenticated
and encrypted [37]. Finally, all data was stored encrypted within the cloud in-
frastructure to ensure secure storage following ISO 29101:2021 [31I]. By following
these layers and ensuring that privacy controls were consistently applied, the system
met the regulatory compliance obligations, ensuring that personal data was handled

securely and in accordance with GDPR.
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5.1.2 Participants needs

The participants needs were based on statements from 23 individuals (6 males, 17
females, mean age 53 years) from Denmark, all of whom experienced chronic pain.
The general educational level was 3-4 years of higher education, with a positive
attitude towards new digital platforms and a positive perception of other people’s

intentions. Their digital skill and domain knowledge of clinical trials were generally

high. The user stories for the participants are listed in [Table 4]

Table 4: A list of participants needs derived from interviews participants, each
assigned a unique ID (PN-X) for traceability.

As a participant, I want the trial page to feature a visually appealing de-
sign with clear, intuitive navigation and well-organized sections so that I
can quickly locate and understand the information without feeling over-
whelmed by excessive text or confusing elements.

As a participant, I want a detailed and easy-to-read schedule that outlines
the total duration of the trial, specific time slots, and milestones so that
I can effectively plan my involvement and ensure the trial aligns with my
daily life.

As a participant, [ want the trial location to be communicated, including
the exact address, city, and distance details, so that I can determine if
the location is conveniently accessible and aligns with my geographical
constraints.

As a participant, I want a clear, transparent overview of potential risks,
side effects, and any specific health-related requirements so that I can
make an informed decision regarding my participation based on a thor-
ough understanding of what I am agreeing to.

As a participant, I want a clear description of the procedure, including
what the trial involves, without being overwhelmed with too much detail,
so that I easily understand what I am agreeing to and what is expected
of me.

PN-1

PN-2

PN-3

PN-4

PN-5

The participants needs presented in were translated into specific require-
ments, using principles identified from Garett et al. (2016) [38] and Brehmer et
al. (2016) [39]. Garett et al. emphasize strategies for creating engaging and visu-
ally appealing interfaces, including the use of pictures, icons, and navigation bars,
while Brehmer et al. highlight the use of timelines for enhancing engagement. In
addition, the clinical trial should be presented following the recommended struc-

ture from the Danish National Center for Ethics, with careful attention to headings
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and essential content [40]. This included the presentation of potential benefits and
risks associated with participation. To enhance participant understanding, the risks
were categorized as “Frequent/Non-serious” and “Rare/Serious,” helping to easily

distinguish between different levels of trial-related risk.

5.1.3 System requirements specification

Translating the stakeholders needs presented in [Table 2] [Table 3| and [Table 4] into

a clear and actionable System Requirements Specification (SRS) enabled the de-
velopment of a well-integrated and efficient system that addressed the stakeholders
priorities. These were structured according to the principles of requirement ab-
straction, clarity, traceability, and validation, as outlined in the IEEE Guide for
Developing System Requirements Specifications [41]. These SRS are presented in
and form the foundation for the subsequent design, implementation, and

evaluation phases.

Table 5: System requirements, each labeled with a unique ID (SRS-X) and accom-
panied by a detailed description. Each requirement is linked to one or more specific
stakeholder needs to ensure traceability. An exception is CN-3, which involves an
external solution integrated into ReLinkee and thus requires no system implemen-
tation.

ID System requirements Stakeholder Needs \
The system must comply with the section

SRS-1 | structure outlined in the guidelines provided PN-1
by the Danish National Center for Ethics.

SRS-2 The system musjc use plcturgs to enhance the PN-1, PN-5
visual presentation of the trial.

SRS-3 The system mu.st use icons to enhance the PN-1
visual presentation of the trial.

SRS-4 The system must display a navigation bar on PN-1
all pages.
The system must display the location of the

SRS-5 trial, including street address and city. PN-3
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ID
SRS-6

\ System requirements
The system must display a timeline of the
trial, marking the most important events.

Stakeholder Needs |
PN-2

SRS-7

The system must display the benefits and
risks (categorized as “Frequent/Non-serious”
and “Rare/Serious”) of the trial on the trial

page.

PN-4

SRS-8

The system must only present ethics-
approved recruitment material.

RN-4

SRS-9

The system must collect participant name,
phone number, email, and the version of the
trial page used.

CN-1, RN-1, RN-2

SRS-10

The system must transfer participant name,
phone number, email, and trial page version
to the researcher’s REDCap.

CN-1, RN-1, RN-3

SRS-11

The system must present a privacy policy
that complies with the 10 principles from the
Danish Data Protection Agency

CN-1, RN-1

SRS-12

The system must collect consent to the pri-
vacy policy.

CN-1, RN-1

SRS-13

The system must verify that valid consent
from the participant exists before processing
personal data.

CN-1, RN-1

SRS-14

The system must store the consent record
using the 13 attributes defined in ISO
27560:2023.

CN-1, RN-1

SRS-15

The system must enforce access control to
restrict access to personal data stored in the
cloud.

CN-1, CN-2, RN-1

SRS-16

The system must require multi-factor au-
thentication for access to cloud-based re-
sources.

CN-1, CN-2, RN-1

SRS-17

The system must validate personal data be-
fore the data is transferred to cloud storage.

CN-1, CN-2, RN-1

SRS-18

The system must encrypt all personal data
stored in the cloud.

CN-1, CN-2, RN-1

SRS-19

The system must use encrypted connections

when transferring personal data between the
cloud and REDCap.

CN-1, CN-2, RN-1

SRS-20

The system must authenticate REDCap as
an external recipient before transferring per-
sonal data from the cloud.

CN-1, CN-2, RN-1
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5.2 Design

To provide a structured overview of ReLinkee, [Figure 6|illustrates a use case diagram
presenting the interactions between actors and components. The diagram includes
five actors: Researcher, REDCap, Social Media, Participant, and the Company
employee, each representing different roles or systems that interact with ReLinkee

and the associated Website.

(ReLinkee
. Adverti on N
—t—> Start recruitment — Include )| social media >
Vs ~ Somaj {VIedla
Submit trial to . . .
ReLinkee View privacy policy
Click Advertisement
Researcher &— T
Include Extend
Recieve documentation -
~— of trial page for View trial page (
ethics approval /\
Access Personal Data ) | Participant
- Extend
Consent to
Incl — Sign-up for a trial
privacypoley e o
C\l)
( Transfer personal data Access
/\ personal data
REDCap Company
employee
Website
\_ Y,

Figure 6: The use case diagram providing an overview of the interactions of five
actors with ReLinkee and the associated Website.

The use case diagram illustrates the process by which the researcher submitted a
trial to ReLinkee. Following submission, the researcher received documentation of
the trial page, which required approval from the ethics committee before recruitment
could begin. Once approved, recruitment was initiated through trial advertisements

displayed on social media to attract potential participants. When a participant
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clicked on the advertisement, they were redirected to the Website, where the par-
ticipant could view the trial page and the privacy policy page. To sign-up, the
participant was required to actively provide consent to the privacy policy. A com-
pany employee accessed the personal data as needed to maintain and operate the
Website. Once the participant completed the sign-up process, their personal data
was transferred to REDCap, where the researcher could access the data. The Web-
site illustrated in was further divided into four modules: front-end, storage,

back-end, and Application Programming Interface (API), to build the architecture
as illustrated in [Figure 7}

e )

Website

Website design
(SRS-1to SRS-7)

Personal data

! (SRS-9)

Privacy policy

Front-end (SRS-11)
Module
Consent
SRS-12
\ ( ) )/
Request Update
4 )
\ Store consent
(SRS-14)
Ensure ethics compliance
(SRs-8) Store data - :\Sc';:seisst):ontrol
! Verify valid consent u
SRS-13; Authentication
Back-end ( i Storage (SRS-16)
Module Validat | dat Get data Mog 9|l
alidate personal data odule
(SRsS-17) ) Store personal data encrypted
(SRS-18)
- N\ ,
Transfer data Return message
A
Transfer personal data to REDCap
(SRS-10)
Q._o
d © Encrypt connection
(SRS-19)
API
Module Authenticate recipient
(SRS-20) )

Figure 7: The architectural diagram of the data flow within the Website. The front-
end module requests data from the back-end module, which updates the front-end.
The back-end module exchanges data with the storage module and receives a return
message from the API module. Each module refers to a specific SRS.
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5.2.1 Front-end module

The design of ReLinkee’s front-end focused on three main pages: the trial page, the
sign-up form, and the privacy policy page. The design of the trial page followed
the format outlined by the Danish National Center for Ethics [40] and fulfilled
requirement SRS-1, by organizing the content into six sections: purpose of the trial,

biological material, plan for the trial, benefits, risks, and side effects.

To meet requirements SRS-2, SRS-3, SRS-4, and SRS-6, visual elements, such as
images, icons, navigation bar, and timeline, were incorporated to enhance the repre-
sentation of the trial. The Risks and Side Effects section was further divided into two
categories: “Frequent/Non-serious” and “Rare/Serious” in accordance with SRS-7.
Finally, the trial location was placed at the top and bottom of the page with an
accompanying image fulfilling SRS-5. A low-fidelity design of the trial page was

created, as illustrated in [Figure §
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SRS-4 - Navigation bar

Trial title SRS-1 - Section structure

SRS-5 - Location of trial

SRS-2 - Graphical elements

Participate button

|/

Purpose of the Trial

SRS-1 - Section structure

Biological Material

SRS-6 - Timeline
SRS-1 - Section structure

Plan for the Trial

SRS-1 - Section structure

Benefits

SRS-1 - Section structure

Risks and Side Effects SRS-7 - Describe the risks

Frequent/Non-serious Rare/Serious

Location

SRS-2 - Graphical elements
SRS-5 - Location of trial

- J

Figure 8: A low-fidelity design of the trial page designed with the sections and
elements to address specific requirements from SRS-1 to SRS-7, with indications of
where and how each requirement is fulfilled.
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The design of the sign-up form aligned with requirements SRS-9 and SRS-12, in-
corporating fields for the participant’s name, phone number, and email address.
Additionally, a checkbox was included to ensure that consent was obtained in a

manner that was unambiguous, voluntary, and expressed through an active choice.

The low-fidelity design of the sign-up form is illustrated in [Figure 9|

4 N

[ sign-upform ___J X

SRS-9 - Personal data
SRS-12 - Privacy preferences

Submit button

&

Figure 9: A low-fidelity design of the sign-up form containing input fields for name,
phone number, and email address. Below the input fields is a checkbox and a
consent section, followed by a submit button. Each design element is linked to the
corresponding SRS.

To comply with SRS-11, a privacy policy page aligned with the 10 principles estab-
lished by the Danish Data Protection Agency [35] was incorporated on the Website.
This page was designed to clearly communicate the purpose of collecting and stor-
ing personal data. The privacy policy page also detailed how data usage could be
limited, outlined the defined retention period for data storage, and explained the

measures in place to restrict access to and disclosure of the data.

5.2.2 Storage module

To fulfill SRS-14, SRS-15, SRS-16, and SRS-18, the storage structure was designed
using an Entity-Relationship (ER) diagram, a widely used method in software en-
gineering for visualizing database structures [42]. illustrates the relation-
ships within the database through the ER diagram that outlines seven entities, along

with their attributes, interrelationships, and cardinality constraints.
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Figure 10: Entity-Relationship diagram illustrating the seven entities: Con-
sentTable, ParticipantTable, TrialTable, ResearcherTable, BenefitTable, Interven-
tionTable, and RiskTable. Relationships are depicted using diamond-shaped sym-
bols, with cardinalities indicated by numbers. 71”7 denotes a one-to-one or one-
to-many relationship from one entity, while "N” (many) indicates that multiple
instances from one table can be associated with a single instance of the related en-
tity. Primary keys (PK) uniquely identify records, while foreign keys (FK) create
links between tables and represent dependency relationships. Each table includes
the associated attributes.

Page 25 of



Group 10402 Aalborg University

The ParticipantTable and TrialTable had a many-to-many relationship, meaning a
participant could be affiliated with multiple trials, and each trial could include mul-
tiple participants. Similarly, the TrialTable and ResearcherTable shared a many-
to-many relationship, where a single trial may involve several researchers, and each
researcher could conduct several trials. The ParticipantTable, TrialTable, and Re-
searcherTable were linked with the ConsentTable through many-to-one relationships.
This relation meant each consent entry was uniquely associated with one participant,
one trial, and one researcher. However, a participant may give multiple consents, a
trial may have multiple consent entries, and a researcher could be linked to several
consents. Additionally, the TrialTable is connected to the BenefitTable, Interven-
tionTable, and RiskTable through one-to-many relationships. This indicated that
each trial could include multiple benefits, interventions, and risks, however, each

benefit, intervention, and risk was associated with one trial.

The 14 attributes of the ConsentTable were implemented to fulfill SRS-14 and to en-
sure compliance with ISO 27560:2023 by capturing key consent data such as scope,
purpose, timestamp, and version [32]. To fulfill SRS-15 and SRS-16, the storage
module incorporated role-based access control and multi-factor authentication. Ad-

ditionally, all personal data was stored in encrypted form, as required by SRS-18.

5.2.3 Back-end module

To fulfill SRS-8, SRS-13, and SRS-17, the back-end was designed using Object-
Oriented Programming, which was considered the preferred method for designing
complex solutions [43]. In Object-Oriented Programming, each element is repre-
sented as an object, which encapsulates attributes describing the characteristics
and methods defining the behavior. To illustrate the structure and relationships be-
tween these objects, a class diagram is used. illustrates the class diagram

for the back-end, containing four distinct classes.
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( TrialClass TrialControllerClass
+id:int - trialModel: Trial
+ researcher: Researcher(] - apiControlle(: RedCapApiController
+ trial_title: string + trialPage: TrialPage
+ short_title: string
+ purpose: string + loadTrial(trialld: int)
+ description: string 0..* + new Trial(trialld: int)
+ affiliation: string — + validateEthicsCompliance(trial: Trial)
+ affiliation_logo: string 1 + render(trial: Trial)
+ responsible_researcher: string + submitParticipantData(participant)
+ exclusion_criteria: string[] + validateParticipantData(participant: Participant)
+ inclusion_criteria: string[] + storeParticipantConsent(participant)
+ location_name: string + storeParticipantData(participant)
+ location_address: string + sendToRedCap(participant: Participant)
+ active_recruiting: Bool

+ approved_versions: int[]
- red_cap_api_url: string 0..*
+ slug: string

+ benefits: Benefit[]

+ interventions: Intervention(]
+ risks: Risk[]

+get()
+ set()
+ getByld(trialld)
A
0..*

0..* 1
ParticipantClass RedCapApiControllerClass
- id:int - baseApiUrl: string
- name: int - apiToken: string
- phonenumber: string - httpClient: HttpClient
- email: string
- C?ns?"tjid: int[] + validateHttpsConnection()
- trial_id: int[] + postToRedCapApi(endpoint: string, data: object)
+get()
+ set()

J

Figure 11: Class diagram illustrating the back-end model containing the four classes:
TrialClass, ParticipantClass, TrialControllerClass, and RedCapApiControllerClass.
Each class includes attributes and methods, with public access modifiers (4) and
private modifiers (-). Relationships between classes are depicted using multiplicities,
where numbers and asterisks (*) denote the possible number of associated instances.

The TrialClass was connected to the ParticipantClass with multiplicities indicating
a many-to-many relationship, meaning a trial could have zero or multiple partic-
ipants, and participants could be part of zero or multiple trials. The TrialCon-
trollerClass was also linked to the TrialClass in a one-to-many relationship, where
each trial was managed by one controller, but a controller could manage several
trials. Additionally, the TrialControllerClass was associated with zero or multiple
RedCapApiControllerClass, while each RedCapApiControllerClass was linked to one
TrialControllerClass.

To illustrate how the classes in and the tables presented in

interact with the trial page and the database, a sequence diagram was created, as

illustrated in
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Figure 12: Sequence diagram illustrating the interactions between participant, trial
page, classes, and databases. Participant interaction with the trial page triggers

a sequence of method calls handled by TrialControllerClass and TrialClass, which
retrieve trial data from TrialTable and store personal data in ParticipantTable.

When a participant entered the trial page, the Website initiated the loading process
of the trial using the method loadTrial with the requested trialld. This triggered
the TrialControllerClass to create an empty trial object from the TrialClass, calling
the getByld method to fetch the trial ID from the TrialTable. Once retrieved, the
populated instance was returned to the TrialControllerClass, which verified whether
the trial had sufficient approval. If approved, the trial data was rendered and dis-
played to the participant. If the participant signed up for the trial, the Website
triggered the signUp method. The TrialControllerClass validated the personal data
and stored consent and personal data in the ParticipantTable. This process returned

with either a success message or an error message, depending on the outcome.
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5.2.4 API module

The Website was designed to securely transfer personal data to REDCap in align-
ment with requirements SRS-10, SRS-19, and SRS-20. The API was designed to
enable safe and efficient data transmission. The API process began with the Tri-
alControllerClass collecting the required personal data, and the version of the trial
page used. This data was transmitted to the REDCapAPIControllerClass, which
validated the connection to REDCap and ensured that a valid response was received.
If validation failed, an error message was returned to the TrialControllerClass, oth-
erwise, the personal data was forwarded to REDCap. Upon receiving a response,
the API Controller checked for errors and returned a corresponding message to the
TrialControllerClass, ensuring that personal data was correctly transferred to the
researcher’s REDCap system. The detailed interaction is illustrated in [Figure 13|
presenting the data flow between system components during the data exchange pro-

Cess.

TrialControllerClass RedCapApiControllerClass REDCap

1

) sendToRedCap(participant) \fT\ . . |
v4 validateHttpsConnection() .
| | 2]

| | response: isValid
X response: error CEEE R e P TP P T TP TED I
l I postToRedCapApi(participant) |
| | ?

response: message
I response: error | R L L L LT . l
S u

I

X X !

Figure 13: Sequence diagram illustrating the interactions between the TrialCon-
trollerClass, RedCapApiControllerClass, and REDCap. The TrialControllerClass
transmits personal data to the RedCapApiControllerClass, which validates the data
and forwards it to REDCap. If any errors occur, a response is returned to the Tri-
alControllerClass.
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To protect personal data during transmission, the design required all transfers be-
tween the cloud and REDCap to be encrypted, thereby fulfilling SRS-19. Encryption
was designed to ensure personal data remained confidential and protected against
unauthorized interception during transmission. Furthermore, before any personal
data was sent, the Website was designed to authenticate REDCap to verify that
the external recipient was trusted and authorized to receive the information. This
authentication step was designed to fulfill SRS-20 and safeguard against accidental

or malicious data disclosure to unverified parties.

5.3 Implementation

The Website was implemented according to the design of the four modules: front-
end, storage, back-end, and API as outlined in [Figure 7. The modules were im-
plemented in the cloud platform Microsoft Azure, utilizing six integrated services:
Web App, Storage Queue, SQL Database, Key Vault, Application Insights, and Azure
Functions, with an underlying Privacy Control layer, as illustrated in [Figure 14]

~‘-f Privacy Control .,:"‘I
Microsoft Azure Solution

N
Key Vault Web App Application Insight
[&—— Getsecret - Log —| PP 9
® @ v

Get secret Store data Store data

'
Azure Functions Storage Queue SQL Database E
Get message —)| — _ H
sqL| '
@ S
|«
J

Figure 14: An architectural diagram illustrating the implementation of the recruit-
ment solution in Microsoft Azure. The architecture comprises six services supported
by an underlying privacy control layer.

-

In the implemented Microsoft Azure Solution, the participant interacted with the
Web App, which was connected to the Key Vault to securely store sensitive infor-
mation, such as the database connection string. Additionally, the Web App also
connected to Application Insights, which logged the number of randomizations and

button clicks on the sign-up form. The Web App also interfaced with two storage
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services: Storage Queue, which temporarily stored sign-up data for later transfer
to REDCap, and SQL Database, which held participant and consent information
in compliance with GDPR. For back-end processing, Azure Functions handled API
communication, retrieving personal data from the Storage Queue, and forwarding

the data to REDCap, where the researcher could access the data.

To ensure the secure storage of personal data, a Privacy Control layer was imple-
mented. This layer included authentication and access control, managed through
Microsoft Entra ID and Azure Role-Based Access Control. Microsoft Entra ID en-
forced multi-factor authentication and verified the identity of company employees
before granting them access to the Azure environment. Role-Based Access Control
ensured that each user was granted only the minimum permissions necessary to de-
velop and maintain the system. This approach increased transparency and control
over which employees had access to sensitive participant and researcher data. The

six services used in the Microsoft Azure Solution are described below.

5.3.1 Web App

The Web App allowed participants to view the trial page and sign-up for the trial,
requiring front-end and back-end components in the implementation. The front-end
was implemented with HTML 5, providing the structure, CSS used for styling, and

JavaScript to add interactive features and functionality. The front-end implemen-

tation of the trial page is illustrated in [Figure 15|
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Figure 15: A screenshot of the implemented trial page available at:
https:/ /relinkee.dk /TrialsPage

Forseg med personlig smertebehandling til patienter med
kroniske smerter

Aalborg Universitet, Selma Lagerlgfs Vej 249, 9260 Gistrup

Megd forskerne og her om forseget

Forseg med forskere ved Center for ((‘
Neuroplasticity and Pain pa AAU

8 uger e« Dansk & Engelsk

Ansvarlig forsker: Daniel Ciampi de Andrade
Laege & Ph.d. & Lektor
B Mulighed for smertelindring

Vi forventer, at du muligvis kan opleve lindring med transkraniel magnet stimulation

@ Transkraniel magnet stimulation er en sikker metoder
Mange kliniske forsgg har pavist, at transkraniel magnet stimulation er en sikker metode.

Formal med forsgget

Forskere ved Center for Neuroplasticity and Pain ved Aalborg Universitet s@ger forsggspersoner til en forsegsraekke, der skal undersgge, hvordan
magnet stimulation kan tilpasses hver enkelt patient i smertebehandling.

© ©)

Du kan deltage hvis: Du kan ikke deltage hvis:
o Du er mellem 18-80 &r o Duer gravid
o Du lider af kroniske smerter (dvs. smerter de fleste dage i e Duammer

tre méneder eller lzengere) o Du for nuvaerende lider af svaer depression (og dette er din

Dine smerter har en gennemsnitlig styrke pa mellem 3 og 9 primaere lidelse)
(p& en 0-10 smerteskala, hvor 0 er ingen smerte og 10 er
vaerst teenkelige smerte)

o Du har haft epilepsianfald

o Du har tatoveringer med metal i ansigtet

Du kan tale og forstd dansk eller engelsk
o Du har permanent make-up i ansigtet

o Du har et metalimplantat i hovedet (inklusive et implanteret
hereapparat)
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Plan for forseget
@ Indledende telefonsamtale(10 min.)
| Igbet af telefonsamtalen har du helt uforpligtende mulighed for at stille spargsmal og finde ud

af, om forsgget passer til dig. Herefter inviterer vi dig til et fysisk made, hvor vi gennemgar
forseget i detaljer og giver dig endnu en mulighed for at fa svar pa dine spgrgsmal.

@ Individuel méling af hjerneaktivitet(3-4 timer)

Her vil du blive bedt om at udfylde spgrgeskemaer, der omhandler din smerteoplevelse,
sgvnkvalitet, mobilitet og dit humer. Efter disse spgrgeskemaer skal du gennemgé en
undersggelse i form af mélinger af signaler fra din hjerne. Malingerne foregér ved hjeelp af heette
fyldt med elektroder, som du skal baere under forsgget. Disse malinger vil gere det muligt for os
at forstd, hvordan din hjerne reagerer p& de kroniske smerter, og dermed ggre os i stand til at
bestemme den bedste made, hvorpé vi kan p&fere magnet stimulationerne.

@ Uge 1: Daglige behandlinger i 5 dage(25. min per session)

Du skal deltage i fem forsggssessioner med magnet stimulation fordelt over en uge. Hver
session varer 25 minutter og indeholder 15 minutters p&fering af magnet stimulationer.

@ Uge 2-8: En ugentlig behandling(25 min. per session)

Du skal deltage i én ugentlig forsggssession over en periode pé syv uger. Disse
forsggssessioner varer ligeledes 25 minutter. Ogsa her bestar sessionerne af pafering af
magnet stimulationer i 15 minutter.

Nytte ved forseget

Forsegsoverblik

Indlende telefonsamtale

Opstart
Individuel méling af hjerneaktivitet

Uge 1: Daglige behandlinger i 5 dage

8 uger

Uge 2-8: En ugentlig behandling

Du vil kunne opleve en vis lindring af dine smerter i forbindelse med forsegget. Dog kan vi ikke garantere, at du vil opleve dette samt hvilket omfang
lindringen vil have. Endvidere kan vi ikke forudse varigheden af en eventuel lindring af dine smerter, ligesom det ikke vil vaere muligt at fortsaette med
forsegsprocedurerne efter afslutning af forsgget. Vi forventer endvidere, at den viden, der genereres i forseget, vil hjeelpe laeger og forskere til en
bedre forstdelse af sammenhasngen mellem magnet stimulationer og oplevelsen/falelsen af smerter. Dette kan give en bedre forstaelse af, hvordan
kroniske smerter pévirker vores hjerner og give mulighed for at udvikle mere mélrettede og personlige ikke-medicinske behandlingsmuligheder.

S &P

Ny viden om smertebehandling Potentiel smertelindring for
Projektet vil bidrage med ny viden om, deltagerne

hvordan magnet stimulation kan Som deltager i projektet vil du kunne
anvendes til effektiv behandling af opleve en vis lindring af dine kroniske
kroniske smerter. smerter.

Potentielle ulemper og risici ved deltagelse

9

Bidrag til videnskabelig
udvikling

Din deltagelse hjeelper med at udvikle
bedre behandlingsmuligheder for
fremtidige patienter, der lider af kroniske
smerter.

De metoder, som vi anvender i forsagene, er alle velafpravede og har vaeret anvendt i adskillige lignende forsgg badde hos CNAP og hos andre

forskningslaboratorier. Der foreligger ikke meldinger om langvarige bivirkninger ved metoderne.

Hyppige/ikke alvorlige Sjeeldne/alvorlige

En mulig bivirkning af magnet stimulationerne kan vaere Der en lille risiko for et epileptisk anfald (1/10.000), hvis
foregelse af stgjfalsomheden. Endelig kan du udvikle en du er disponeret herfor. Derfor vil vi bede dig udfylde et
let smerte i nakken eller hovedpine efter de farste spergeskema, som har til form&l at undersege, om du er
stimulationer. Dette vil normalt forsvinde af sig selv disponeret for epileptiske anfald.

efter kort tid og kraever sjeeldent behandling.
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Udelukkelse fra og afbrydelse af forsag
Den forsggsansvarlige kan til enhver tid veelge at afslutte din deltagelse i forsgget, hvis du reagerer uventet pé forsggets procedurer eller hvis det i
ovrigt viser sig, at du ikke kan gennemfgre forsgget. Forsgget som helhed vil blive stoppet, hvis det skulle vise sig, at forsegspersonerne generelt ikke

tolererer procedurerne i forsgget eller finder forsgget for udmattende.

Oplysninger om gkonomiske forhold
Forsgget er igangsat af lektor Daniel Ciampi de Andrade, Aalborg Universitet. Forsgget er finansieret af Det Europaeiske Forskningsrad (Consolidator
Grants 2022, modtaget af Daniel Ciampi de Andrade - EUR 120.000). Belgbet administreres af Institut for Medicin og Sundhedsteknologi, Aalborg

Universitet. Ingen af forskerne bag forsgget har gkonomiske interesser heri.

Adgang til forsagsresultater

Forsggets resultater offentliggeres uanset udfaldet.

Mead den ansvarlig forsker

Laege med ialisering i gi

-,
=

Nuvaerende stilling: Lektor pa Aalborg Universitet ved Center for

Neuroplasticity and Pain (CNAP)

Erfaring: Over 11 ars klinisk erfaring og 177 videnskabelige publikationer

Daniel Andrade

Forsker pd ReLinkee siden 2024

Sprog: Dansk & Engelsk

in Passion: Jeg interesserer mig for vurdering, diagnosticering og

S Bl B

behandling af personer med kroniske smerter.

C Tag kontakt til forskeren her )

Her skal det vaere
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Institut for Medicin og Sundhedsteknologi, Aalborg Universitet, Selma Lagerlafs Vej 249, 9260 Gistrup, Selma Lagerlgfs Vej 249, 9260 Gistrup

Godkendt hos Videnskabsetisk Komité
Forsgget er godkendt af Den Videnskabsetiske Komité for Region Nordjylland, sagsnummer N- 20230076.

Dine rettigheder som forsggsperson
Som forsggsperson har du ret til at treekke dig fra forsgget til enhver tid uden konsekvenser for din fremtidige behandling. Du vil blive informeret om
alle risici og bivirkninger, og dine personlige oplysninger behandles fortroligt i overensstemmelse med databeskyttelsesreglerne.

( Lzes om dine rettigheder her )
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Participants who decided to sign-up for the trial could click the ”Deltag i forsgget”
button shown in which directed the participant to the sign-up form
illustrated in [Figure 16 On the sign-up form, the participant was required to
complete the form and actively consent to the privacy policy by checking a box.

The implemented privacy policy page of ReLinkee can be found in Appendix [C|

Tilmeld dig, s& kontakter en forsker dig til en indledende telefonsamtale.

Navn *
Telefonnummer *
E-mail *

O Jeg bekrzfter, at jeg som forsegsperson har last og forstiet ReLinkee's privatlivspolitik. Jeg giver mit samtykke til, at
ReLinkee indsamler og overfarer mine personoplysninger til den ansvarlige forsker i overensstemmelse med
privatlivspolitikken.

Tilmeld dig

Figure 16: The implemented design of Relinkee’s sign-up form, showcasing the
layout and required input fields for trial sign-up and consent.

The back-end was implemented using ASP.NET, a framework for building web appli-
cations using Microsoft Azure. The back-end implementation of the sign-up process
is illustrated through a sequence diagram in[Figure 17, When a participant initiated
sign-up through the trial page, the submitParticipant method with inputData in the
ParticipantControllerClass was triggered. The input fields were validated, and trial
details were retrieved using the getTrial(id) function in the TrialServiceClass, which
returned the relevant trial object. This object was combined with the requestData to
construct the personal data, which was passed to the DbControllerClass and stored
in the ParticipantTable of the database. Additionally, personal data intended for
REDCap was added to the QueueTable, returning a success or failure message to

the participant.
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t - m m

Participant TrialPage ParticipantsControllerClass TrialServiceClass DbControllerClass ParticipantTable  QueueTable
| 1 1 ! 1 1 1
sign-up fT\ submitParticipant |
(inputData) ' validateFields() |
LS N |
getTrial(id)

return trial

X

add(participant)

insert
Participant

return Ok or Error

< ................................

I
I
I
I
I saveChangesAsync()
|
I
I
I

show return Ok or Error | ............................................................
Succes or Error GEEEELTEIEPITED

O (L T |

enqueueMessageAsync(redCapData)
il
return Ok or Error

Figure 17: The back-end implementation of the sign-up process for the participant
involved the trial view, three classes—ParticipantControllerClass, TrialServiceClass,
and DbControllerClass—and two tables: ParticipantTable and QueueTable.

5.3.2 Storage Queue and SQL Database

The implementation of storage was based on two services: Storage Queue and SQL
Database. The QueueTable was used by the Storage Queue to support the trans-
fer of personal data to REDCap, while the ParticipantTable was used in the SQL
Database to store participant records. These tables are presented in [Figure 18 In
the QueueTable, the fields trial_id, name, phone, and email were used to identify and
contact participants. The api_url field facilitated data transfer to REDCap, while
design_version indicated which version of the trial page the participant was presented
with. In the ParticipantTable, the fields participant_id, name, and email were used
to identify participants, and consent_date recorded when consent was given. The
tables followed the principle of data minimization, storing only essential personal

information to ensure compliance with GDPR requirements [44].
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e N e
QueueTable ==z ParticipantTable B )
trial_id participant_id
api_url name
name email
phone consent_date
email - J
design_version
- J

Figure 18: The tables for storage was defined for the Storage Queue and the SQL
Database. The Storage Queue used a table called QueueTable with corresponding
attributes, while the SQL Database used a table called ParticipantTable, which also
contained corresponding attributes.

5.3.3 Key Vault and Application Insights

The two services, Key Vault and Application Insights, were incorporated to en-
sure secure handling of sensitive credentials and to monitor system behavior for
performance and stability. Key Vault was implemented to securely store sensitive
information such as REDCap API keys and database connection strings. Rather
than embedding this information directly in the source code, the back-end retrieved
the sensitive information from the Key Vault. This approach minimized the risk
of credential exposure, supported maintainability, and helped prevent unauthorized
access. Application Insights was implemented to monitor how users interacted with
the Website, including the number of randomizations and button clicks. This be-
havioral data helped analyze usage patterns and improve the system’s design. In
addition, Application Insights logged successful operations and system errors, pro-
viding visibility into performance metrics and supporting debugging, maintenance,

and optimization.

5.3.4 Azure Functions

To enable the transfer of personal data to REDCap through API, Azure Functions

were implemented to asynchronously transfer data from the Storage Queue to RED-

Cap. This process is illustrated in |Figure 19|
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QueueTable RedCapQueueTriggerClass Key Vault
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( I ) RunAsync(message) I ) |
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response: error I k ]

I GetSecret(secretName)
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ExecuteAsync(request)

REDCap Application Insight

X

I
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7

I response: message

< ................................................
I I
| LogInformation(message) |
I R response: message I

X

Figure 19: The API implementation handled the process of transferring data from
the QueueTable in the Storage Queue to REDCap. The class RedCapQueueTrig-
gerClass managed this process by retrieving secrets from Key Vault, transferring the
data to REDCap, and logging the events in Application Insights.

The API flow began with personal data and consent being stored in the QueueTable

in the Storage Queue. The RedCapQueueTriggerClass fetched the message by calling

RunAsync. The message was deserialized and validated, after which the API key was

retrieved from Key Vault to communicate with REDCap. The data was transferred

to REDCap, and a success or error message was returned and logged in Application

Insights.
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5.4 Evaluation: Heuristic evaluation

A heuristic evaluation was used as the assessment method to determine the effec-

tiveness of the decisions made in the analysis, design, and implementation phases.
Purpose

The heuristic evaluation aimed to identify potential usability problems by evaluating
the design of ReLinkee against selected usability heuristics. Jakob Nielsen’s 10
usability heuristics [45], [46] were chosen as the framework for the evaluation, as it
is a well-used framework in the medical domain [47]. These heuristics served as
guidelines for assessing the functionality of ReLinkee based on human behavior and

information processing [45]. The 10 usability heuristics are listed below:

1. Visibility of System Status

2. Match Between the System and the Real World
User Control and Freedom

Consistency and Standards

Error Prevention

Recognition Rather than Recall

Flexibility and Efficiency of Use

Aesthetic and Minimalist Design

© 0 N o v w

Help Users Recognize, Diagnose, and Recover from Errors

10. Help and Documentation
Participants

Participants for the heuristic evaluation were recruited through Aalborg University.
The characteristics of each participant, including gender, age, and education, were
recorded [47]. In addition, each evaluator’s experience with heuristic evaluation
was captured, as this was considered to influence the outcome. A sample size of five
evaluators was chosen, as this has shown to be sufficient to identify 80 % of usability

problems [47].
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Procedure

Before the heuristic evaluation began, each evaluator received an introduction in-
cluding an overview of the evaluation process, the purpose of the assessment, and
an explanation of the usability heuristics to ensure a clear understanding of the
methodology. During the evaluation, each evaluator independently assessed ReLin-
kee by completing eight tasks on their laptop. The eight tasks were presented one
at a time and are presented below:
e Task 1: Can you find and access an ongoing trial?
e Task 2: Can you find the address where the trial will take place?
e Task 3: Can you find out how much time you need to allocate to participate
in the trial?
e Task 4: Can you play the video presentation of the trial?
e Task 5: Can you determine whether you meet the eligibility criteria for the
trial?
e Task 6: How is the balance between graphics and the amount of text?
e Task 7: Try to sign-up for the trial.

e Task 8: Can you find information about the team behind ReLinkee?

A facilitator from the team documented the problems identified during each task,
noting the related heuristics, recommendations, and severity level. This approach
aimed to ensure consistency among evaluators by systematically documenting is-
sues based on Jakob Nielsen’s 10 usability heuristics. Each problem’s severity was
assessed using Jakob Nielsen’s severity ratings, a scale used for assessing a digital so-
lution in the healthcare domain [48]. The severity rating scale for usability problems

is listed below:

0. No problem: This is not a usability problem at all
1. Cosmetic problem: No need to be fixed unless extra time is available
Minor problem: Fixing this should be given low priority

Major problem: Important to fix, and should be given high priority

Ll S

Usability catastrophe: Imperative to fix this before the product can be released
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To ensure that the heuristic evaluation was appropriately designed, a pilot test
consisting of a single session was conducted before the five evaluators carried out
the heuristic evaluation. Once all evaluators had completed their assessments, a
debriefing session was performed where evaluators collectively reviewed all problems
identified in the individual assessments. The problems were grouped into categories,
limited to those with a severity level between 2 and 4. Together, the evaluators
prioritized the three most positive and the three most critical aspects of the system

to guide future development [47].
5.4.1 Findings from the heuristic evaluation

Five evaluators (2 males, 3 females, mean age 30 years) from Aalborg University

conducted the heuristic evaluation. The characteristics of the evaluators are detailed

in [Table 6

Table 6: Characteristics of evaluators conducting the heuristic evaluation.

Evaluator 1 Evaluator 2 Evaluator 3 Evaluator 4 Evaluator 5

Gender Female Male Female Female Male

Age [year] 28 26 30 32 37

Education Ph.d. Research Assistant | Research Assistant Ph.d. Associate Professor
O (Cand.Scient) (Cand.Scient) (Cand.Scient) (Cand.Scient) (Cand.Scient)

Heuristic evaluations 5 05 5 5 05

performed [number]

The evaluators identified a total of 52 problems, identifying between 8 and 16 prob-
lems during their assessment. A comprehensive list of all 52 problems is provided in
Appendix provides an overview of the identified problems, categorized
by severity according to Jakob Nielsen’s 10 usability heuristics as assessed by the

evaluators.
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Figure 20: Distribution of the 52 identified usability problems across Jakob Nielsen’s
10 heuristics (x-axes), along with their corresponding severity levels as assessed
by the evaluators. The most frequently cited heuristics were 4. Consistency and
Standards with a total of 10 problems (19.2%), 5. Error Prevention with 9 problems
(17.3%), and 8. Aesthetic and Minimalist Design with 12 problems (23.1%).

From the performed debriefing session, three positive and three critical problems
were identified. The three positive aspects were all related to the design of ReLin-
kee. First, the minimalist design helped users to focus on the content. Second,
the aesthetics made ReLinkee feel credible. Third, the consistent use of icons and

uniform presentation of text made ReLinkee easier to navigate and improved the

discoverability of information.

The first critical problem was that the presented trial timeline was not intuitive. The
evaluators found the timeline difficult to estimate how much time that needed to
set aside for the trial and how frequently participation was needed. Second, during
the registration process, the information about which trial the user was signing up
for disappeared. Furthermore, there was no option to cancel the registration, and a
lack of clarity about what would happen after registration. Lastly, the video content
did not meet the expectations of the evaluators. The video failed to clearly explain
the purpose, execution, and expected outcome of the trial. The insights from the

debriefing will be used to improve ReLinkee in the next iteration.
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6 Iteration 2

The identified problems during the heuristics evaluation in iteration 1 will guide
improvements to ReLinkee. These improvements will be refined through analysis,
design, and implementation, followed by evaluation using an A /B test and a usability
test, as illustrated in |[Figure 21| The focus during iteration 2 will be the homepage,

about page, and confirmation pop-up window.

Iteration 2 :
| |
[ Analysis H Design Hlmplementation]—lz

Figure 21: Iteration 2 illustrating the process of analysis, design, and implemen-
tation, followed by parallel evaluation through A/B and usability testing. The
outcomes of these tests were incorporated into the results.

6.1 Analysis

As outlined in Section [5.4] 52 problems were identified during the heuristic evalua-
tion, including the three most critical problems highlighted by the evaluators. These
identified problems were intended to inform the improvements to ReLinkee. How-
ever, due to the ethical approval granted by the Scientific Ethics Committee for the
North Jutland Region, it was not possible to directly address 38 of the 52 problems,
as doing so would have violated the ethical approval of the trial page. As a result,
this analysis focused on the problems related to aspects other than the trial page.
Consequently, of the 52 problems identified, 14 were eligible for further analysis and
were categorized into eight system requirements presented in [Table 7]
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Table 7: Unique ID (SRS-2.X) for each requirement with a description in the detailed
requirement.

ID - Detailed requirement |
SRS-2.1 | The system must indicate currently ongoing trials on the homepage.
SRS-2.2 | The system must use consistent terms for clarity.

SRS-2.3 | The system must use consistent buttons for clarity.

The system must present illustrations useful for the trial purpose
SRS-2.4 ) .. i :
and provide additional information.
SRS-2.5 | The system must provide a clear, visible address.

The system must inform the participant which trial they are signing
SRS-2.6 i : .
up for upon completing the registration.
SRS-2.7 | The system must have a withdrawal option.

The system must provide clear and comprehensive information on
SRS-2.8
the about page.

6.2 Design

The design was based on the eight system requirements outlined in [Table 7] These
requirements were related to the homepage, about page, and confirmation pop-up

window, which will be elaborated below.

6.2.1 Homepage

The homepage was designed to indicate whether a trial was actively recruiting par-
ticipants. To fulfill SRS-2.1, an icon was placed on the clinical trial illustration
to indicate that the trial was ongoing. Additionally, the design of the homepage
revolved around using consistent terms, buttons, useful illustrations, and a visible
address to fulfill SRS-2.2, SRS-2.3, SRS-2.4, and SRS-2.5. A low-fidelity design of
the homepage is presented in the [Figure 22|
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SRS-2.3 - Button Menu

@ ———sRs-2.1- Ongoing trial

SRS-2.4 - lllustration

SRS-2.5 - Location of trial
\. J

Figure 22: A low-fidelity design of the homepage, where icons and boxes serve as
placeholders for content. Each design element is linked to the corresponding SRS.

6.2.2 About page

The about page was designed to fulfill SRS-2.8, to establish credibility by ensuring
participants could identify and trust ReLinkee. Furthermore, the about page was
designed with an emphasis on the consistent use of terminology to enhance clarity
and the inclusion of meaningful illustrations, in alignment with requirements SRS-2.2

and SRS-2.4. A low-fidelity design of the about page is presented in the
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SRS-4 - Navigation bar

SRS-2.4 - lllustration

Collaborative partners

- J

Figure 23: A low-fidelity design of the about page, where icons and boxes serve as
placeholders for content. Each design element is linked to the corresponding SRS.

6.2.3 Confirmation pop-up window

The design of the confirmation pop-up window was aligned with requirement SRS-
2.7 by incorporating a withdrawal option. Additionally, requirement SRS-2.6 was
considered, ensuring that the Website informed the participants about the specific

trial upon completion of the registration process. A low-fidelity design of the con-

firmation pop-up window is illustrated in [Figure 24]
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SRS-2.6 - Trial registration

SRS-2.7 - Withdrawal option

OK button

SRS-2.3 - Button
. J

Figure 24: A low-fidelity design of the confirmation pop-up window, where icons
and boxes serve as placeholders for content. Each design element is linked to the
corresponding SRS.

6.3 Implementation

The Website was implemented according to the design of the homepage, about page,
and confirmation pop-up window. The design was implemented in the Microsoft

Azure Solution, utilizing two integrated services: Web App and Application Insights,

with an underlying Privacy Control layer, as illustrated in [Figure 25

.........................................................

,f‘ Privacy Control .,:"‘.
. . N
Microsoft Azure Solution !
Web App . Application Insight '
- °9 :
& @ :
<
. J

Figure 25: An architectural diagram illustrating the implementation of the recruit-
ment solution in Microsoft Azure. The architecture comprises two services supported
by an underlying privacy control layer.
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6.3.1 Homepage

The implementation of the homepage was based on the presented design, with par-
ticular emphasis on the “Tilmelding aben” icon to indicate that the trial was actively
recruiting participants, as illustrated in A filtering functionality was im-
plemented, allowing participants to filter trials based on location. This aimed to

make the identification of relevant trials easier for potential participants.

ReLinkee Menu =

&

Alle Forseg Aalborg Odense Arhus Kebenhavn

““““““ @ Tilmelding aben

Har du kroniske
smerter?

Forseg med personlig smertebehandling
til patienter med kroniske smerter

Daniel Ciampi de Andrade

Aalborg Universitet, Selma Lagerlefs Vej 249,
9260 Gistrup

Gratis deltagelse « 8 uger

Figure 26: A screenshot of the implemented homepage available at: https:
//relinkee.dk/HomePage.

6.3.2 About page

The implementation of the about page was carried out according to the proposed
design, which emphasized the importance of clearly communicating the mission of
ReLinkee, identifying the founders of the company, and highlighting key collabora-
tors. Additionally, the about page was implemented with a focus on consistent use
of terminology to enhance clarity, as well as the inclusion of meaningful illustrations

to support user understanding. An illustration of the implemented about page is

presented in
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Relinkee - forbinder forskere og forsegsdeltagere Vores radgivere og samarbejdspartnerer

ReLinkee er en dansk forskningsplatform, der forbinder forskere med de rette deltagere - hurtigt, effektivt og

gennemsigtigt. Vores vision er at skabe en mere effektiv og inkluderende forskningsverden, hvor alle har mulighed for ReLinkee samarbejder med et team af erfarne fagfolk med mange &rs erfaring inden for Kiinisk forskning, salg,

at bidrage til medicinske fremskridt - uanset baggrund. marketing og ing af Med deres speciali viden arbejder vi malrettet p4 at optimere
rekrutteringsprocessen, age deltagelsen i Kliniske forsag og understatte forskning i nye behandlinger.

Vores mission

Vivil gare Kiinisk forskning mere tilgaengelig og sikre g, 54 pdag
nye behandlinger og forbedre sundhed. Vi ger et nemt for alle at deltage i Kiiniske forsag - uanset

99 atf o9 igtighed i processen. Samtidig beskytter vi Egon Toft Jannie Hedegaard
deltagernes privatiiv og data ved at faige strenge sikkerhedsstandarder og kun samarbejde med

Kilinisk forskningsradgiver Salgs- og marketingsrddgiver
videnskabsetisk godkendte forskningsprojekter.
) & @
Accellerer medicinske Gor forskning tilgengelig
opdagelser foralle privatliv og data
Mad ReLinkee teamet Daniel Andrade
Lektor AAU, Neurolog
ReLinkee er stiftet af Nikolaj og Anne Sofie, der begge har en bachelor i sundhedsteknologi. Vores passion er at gore lin]

en forskel i Kiinisk forskning ved at lette rekrutteringsopgaven for forskere og samtidig gare det nemmere for
forsagsdeltagere at finde og deltage i Kiiniske forsag. Med vores viden inden for sundhed og teknologi arbejder i for at

skabe en mere tilgaengelig, effektiv og gennemsigtig forskningsproces. Har du en passion for sundhedsinnovation og ensker at bidrage til

Bliv en del vores mission? Vi sager engagerede personer, der kan bringe nye
af vores team perspektiver og kompetencer il vores team.

Nikolaj Falk Jakobsen Anne Sofie Nielsen Har du et spargsmal?
stifter Stifter . .
o o Vores team hjalper dig 1 °
PR
) \
Hvis du har spergsmal eller har brug for mere 4
information, er vores team her for at statte dig. Uanset 4
om du er nysgerrig pA forsagsprocessen, dine N
muligheder for at deltage, eller de neste skridt, s4 tav ‘ . *
ikke med at tage kontakt. Vi hjeelper dig gerne hele ¢ <
vejen!, .
W
) kontakt@relinkee.dk -
Mariana Morales —
Praktikant

Figure 27: A screenshot of the implemented about page available at: https://
relinkee.dk/AboutPage.

6.3.3 Confirmation pop-up window

The design of the sign-up form in iteration 1 and the confirmation pop-up win-
dow in iteration 2 were presented to the collaborating researcher. In response,
the researcher requested that personal data be submitted directly to their RED-
Cap database through the researcher’s existing sign-up form. This introduced a
constraint on the implementation of the designed sign-up form and confirmation
pop-up window. As a result, the designed confirmation pop-up window was not im-

plemented. Instead, participants were redirected to the researchers’ sign-up form

on REDCap, which is presented in [Figure 28
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AAA
S

ICenter for Neuroplasticity and Pain

Venligst udfyld undersegelsen nedenfor.

Tak!

1) Navn
* must provide value

2) Email
* must provide value

3) Postnummer
* must provide value

4) Telefonnummer

* must provide value

5) Ved at klikke her accepterer du at dele disse data med
forskere fra Center for Neuroplasticity and Pain, Aalborg J

Universitet. Disse data vil blive opbevaret i en beskyttet
database inden for universitetets server og vil ikke blive
brugt af andre personer eller til forskning, der ikke er
relateret til vurdering og behandling af patienter med
smerte.

Hvis du ensker at fierne dit navn fra denne liste senere,
bedes du sende os en besked pa
forskning.dca@hst.aau.dk

Ved afslutningen af denne serie af undersegelser vil
denne database blive permanent slettet.

* must provide value

Submit

Figure 28: The sign-up form on REDCap provided by the collaborating researcher.

6.4 Evaluation: A/B test

An A/B test was used to determine the performance of the two trial pages, version
A created by the research team behind the trial and version B designed by the team
behind ReLinkee. The two trial pages can be found in Appendix

Purpose

The purpose of the A/B test was to evaluate whether version B led to more eligi-
ble participants being recruited compared to version A by investigating participant
enrollment. To evaluate this, the following null and alternative hypotheses were

formulated:

e Null hypothesis: There is no difference in participant enrollment between ver-

sion A and version B.

e Alternative hypothesis: There is a difference in participant enrollment between

version A and version B.
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To interpret participant enrollment, the metric conversion rate was employed. The
conversion rate was described as the proportion of participants who were successfully
recruited out of the total number of unique users on the Website. This metric served
as an indicator of the effectiveness of each version in encouraging user engagement.

The calculation for the conversion rate was:

Number of participants enrolled
ConversionRateyersion = . — x 100
Versio Number of unique users on the Website

In addition to the conversion rate, three other metrics were used to evaluate specific
aspects of the A/B test: recruitment rate, social media conversion rate, and cost

per participant. The calculation for these metrics was:

Number of participants enrolled

Recruitment Rate participant = : -
Days of active recruitment

Number of participant lled
umber of participants enrolle < 100

ConversionRatesocialMedia = . : : :
Number of unique views on social media

Cost of social media campaign

Cost partici =
Participant = 7 ber of participants enrolled

Participants

Participants for the A/B test were recruited through four paid advertisements on
Facebook and Instagram, targeting users based on gender (male/female), age (18-
45/46+), and location (Aalborg). The four advertisements can be found in Appendix
[El Upon interacting with the advertisement, users were assigned to either version
A or version B of ReLinkee using a block randomization algorithm. To ensure a
balanced allocation between the two versions in case of a low number of users, block
sizes of 2, 4, and 6 were used, as these have been recommended by Kim et al. (2014)
[49]. The sample size for the A/B test was determined through a power analysis

using G*Power [50]. A two-tailed Z-test was performed with a significance level of
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0.05, a power of 0.8, and a Cohen’s effect size of 0.8 [51, [52]. This resulted in a
total sample size of 56 participants, with 28 participants allocated to each of the

two groups, one for each version.

Procedure

The A/B test began by launching the advertisements on social media. If a par-
ticipant received the advertisement on Facebook or Instagram and engaged with
the advertisement, the participant was directed to the trial page of either version
A or version B. On the trial page, the participant could sign-up for the clinical
trial through the sign-up form. Participants who signed up were screened by the
team through a telephone conversation. The team was blinded to which version the
participant had signed up for. Participants who met the trial criteria were invited
to participate in the trial. To ensure the A/B test was properly designed, a pilot
test with a duration of one week from March 12th to March 16th was conducted to

ensure that the randomization algorithm worked as intended.

Data analysis

Statistical analyses were conducted to determine whether there was a statistically
significant difference between the conversion rates. The analyses were performed us-
ing IBM SPSS Statistics. A Z-test was conducted to examine whether the difference

in conversion rates was statistically significant.

6.5 Evaluation: Usability test

A usability test was used to understand participant behavior and preferences, as

well as uncover opportunities for improvement when using ReLinkee.

Purpose

The purpose of the usability test was to assess how users interacted with and nav-
igated ReLinkee to determine whether there was a difference in usability between
version A and version B. To evaluate the results of the usability test, the following

null hypothesis and alternative hypothesis were defined:
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e Null hypothesis: There is no difference in usability between version A and

version B.

e Alternative hypothesis: There is a difference in usability between version A

and version B.

To evaluate these hypotheses, the System Usability Scale (SUS) was used, as this
scale is a widely adopted tool for quantifying usability in software products [53].
The SUS consists of 10 questions, covering various aspects of usability, including the
need for support, training, and system complexity [54]. Each question was rated on a
five-point likert scale, ranging from one (strongly disagree) to five (strongly agree),
allowing the participant to express their level of agreement with each statement.

The 10 SUS questions applied can be found in Appendix [F]
Participants

Participants for the usability test were selected based on the following criteria: age
between 18 to 80 years, suffering from chronic pain (pain most days for 3 months or
longer), and speaking Danish or English, as these represent the criteria for the trial
presented on ReLinkee [55]. To promote balanced group distribution, participants
were stratified by gender to encourage equal gender representation in each group.
Within each group, participants were randomly assigned to either version A or ver-
sion B. The characteristics of each group were assessed using a nine-question survey
based on Salvendy and Karwowski [34, p.986-988]. These questions were used to
evaluate group similarity and describe the sample’s representativeness of the broader
population. The measured characteristics encompassed gender, age, culture, educa-
tional level, digital skills, previous experience with clinical trials, and the personality
characteristics: confidence in using new digital platforms and perception of other

people’s intentions. The nine questions can be found in Appendix [G]

The sample size for the usability test was determined through a power analysis using
G*Power [50]. Based on the assumption by Suria et al. (2024) [56] that SUS scores
are not normally distributed, a non-parametric two-tailed Wilcoxon-Mann-Whitney

test was conducted. The test was performed with a significance level of 0.05, a power
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of 0.8, and a Cohen’s effect size of 0.8 [51], [52]. This resulted in a total sample size

of 60 participants, with 30 per group.
Procedure

The usability test was conducted in a neutral setting with a facilitator from the team
instructing the participant. The test began by informing the participant about the
procedure and signing informed consent. This was followed by capturing the nine
questions about participant characteristics. Afterward, the participant was guided
through three task scenarios, which were designed to simulate real user interactions
on ReLinkee and conducted on the participant’s mobile phone. The first task was
to find a clinical trial on ReLinkee. The second task was to sign-up for the trial,
and the third task was to find information about the company’s mission. After
completing the tasks, the participants were asked to answer a SUS questionnaire at
the end of the test. A pilot test of the procedure was conducted with a total of 3
participants (1 male, 2 females, mean age 27 years) from Aalborg University. One

participant tested version A, while two participants tested version B.

Data analysis

Statistical analyses were conducted on participant characteristics and SUS scores for
the two versions. To perform the statistical analyses, the tool IBM SPSS Statistics
was used. A Shapiro-Wilk test was performed to assess whether the characteris-
tics were normally distributed. The test indicated that the variable of age was
normally distributed, whereas the remaining characteristics were not. Hereby, an
Independent-Samples T-test was performed for the variable of age, while Chi-squared
tests were conducted for the remaining characteristics to examine whether there was

a statistically significant difference between the groups.

A mean SUS score was calculated based on each participant’s ratings on the in-
dividual questions. The ratings on the five-point scale were converted to a score
ranging from zero to four. For odd-numbered questions (1, 3, 5, 7, and 9), the
contribution was calculated by subtracting one from the selected scale position. For

even-numbered questions (2, 4, 6, 8, and 10), the contribution was found by sub-
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tracting the rating from five. The sum of these contributions was multiplied by
2.5 to produce the SUS score, which ranges from 0 to 100, representing the overall
usability of ReLinkee. A Shapiro-Wilk test was performed to assess whether the
SUS scores were normally distributed. The test indicated that SUS scores were not
normally distributed, therefore, a Mann-Whitney U-test was performed to examine
whether there was a statistically significant difference between the groups of version

A and version B.
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7 Results

This section presents the results of iteration 2 based on the A /B test and the usability
test described in Section [6.4] and [6.5

7.1 A/B test

The A/B test was conducted from March 17 to April 11, allowing 26 days of ad-
vertisement exposure on social media. Version A was created by the research team
behind the clinical trial, while version B was designed by the team behind ReLinkee.
During this period, a total of 272 unique users visited ReLinkee, with the random-
ization algorithm assigning 49.6% of users to version A and 50.4% of users to version
B. An overview of the user distribution between the two versions of ReLinkee is pre-
sented in [Figure 29 In total, 135 users visited version A, while 137 users visited

version B. For both versions, 9 users were screened, and 8 were enrolled.

Social media | | Version A

i | Visited trial page Screening Enrolled
p /7' 135 users 9 users 8 users
Excluded = 1 user
S (‘
\ Version B
xl Visited trial page Screening Enrolled
- 137 users 9 users 8 users

N2

Excluded = 1 user

Figure 29: Users flow from initial contact through social media ads to final enroll-
ment in the trial, including the number of users retained at each stage.

For the versions, the conversion rate was measured separately to evaluate the effec-
tiveness of each version’s ability to achieve sign-ups. The conversion rate for users
who viewed version A was 5.9%, while the conversion rate for those who viewed

version B was 5.8%. The calculations are presented below:

8
ConversionRatey = 35 x 100 = 5.9%

8

ConversionRateg = 37 x 100 = 5.8%
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The performed Z-test showed a p = 0.976, which was greater than the significance
level of 0.05. This implied that the null hypothesis could not be rejected, which
indicated no statistically significant difference in the participant enrollment between

version A and version B. An overview of these findings is presented in

Table 8: Overview of the A/B test results, presenting the conversion rates for version
A and version B and the corresponding p-value.

‘ Version A ‘ Version B p-value ‘
Conversion rate | 5.9% 5.8% 0.976

7.1.1 Secondary recruitment metrics

Over the 26-day recruitment period, the advertisements on social media reached a
total of 12,845 unique views. This resulted in the enrollment of 16 participants at
a total cost of 1,693 kr, with 8 users from version A and version B. An overview of

the recruitment process is illustrated in

Social media | i Version A i | Total users recurited !

. ! | B through Relinkee |
/[ 8 users J 5
12,845
: . . o / 16 users ;
i | unique views P ;| 5

i 1 VersionB

( 8 users )

Figure 30: User flow from initial contact through social media ads to final enrollment
in the trial, including the number of users retained at each stage.

The conversion rate for social media was measured to assess the effectiveness of the
advertisements and the Website was found to be 0.12%. The calculation is presented

below:

16 participants
12,845 unique views

ConversionRatespcial Media = x 100 = 0.12%
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Additionally, the recruitment rate was calculated to be 0.61 participants per day,
and the cost per participant was 105 DKK. The calculations for the metrics are

presented below, and an overview of these findings can be found in

16 participants

Recruitment Rateparticipant = = 0.61 participants per day

26 days users

1,693 kr o
Cost participant = — = 105 kr per participant
16 participants

Table 9: An overview of recruitment metrics: recruitment rate, social media conver-
sion rate, and cost per participant.

Metric ‘ Result ‘
Recruitment Ratepqrticipant | 0.61

ConversionRatesocigiredia | 0.12%
OOStParticipant 105 DKK

7.2 Usability test

A total of 23 participants (6 men, 17 female, mean age 53.1 years) were recruited
for the usability test. All participants were Danish and reported living with chronic
pain. The majority of the participants had completed an education lasting between
3-4 years. Overall, participants demonstrated strong digital skills, a positive per-
ception of other people’s intentions, and expressed confidence in using new digital
platforms. Additionally, most participants reported prior experience with clinical
trials. Through stratification, the six male participants were randomly allocated
such that four were assigned version A and two version B. Furthermore, random
allocation of the 17 female participants resulted in nine being assigned to version A

and eight to version B.

Overall, the Independent-Samples T-test and the Chi-squared test showed p-values
above 0.05, indicating no statistically significant differences between version A and
version B across all participants’ characteristics. The characteristics of the partici-

pants for each version are summarized in [Table 10
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Table 10: Characteristics of version A and version B, including corresponding p-
values. The statistical significance level is at p < 0.05.

Category Version A Version B ‘ p-value ‘
Male: 4 Male: 2
Cauee: Female: 9 Female: 8 0-660
Mean age 52 years 54 years 0.694
Nationality Danish: All Danish: All -
Chronic pain Yes: All Yes: All -
Folkeskole: 2
Gymnasium: 1 Gymnasium: 2
Erhversudannelse: 2 Erhversudannelse: 1
Education Kort (1-2 ar): 1 0.372
Mellem (3-4 ar): 5 Mellem (3-4 ar): 6
Lang (5-6 ar): 2
Andet: 1
Disagree: 1
Good intentions Agrec: 6 i;ﬁ?Z ! 0.411
Strongly agree: 7 Strongly agree: 4
Strongly disagree: 1
Digital skills igﬁ?li 2 i;ﬁ?i L 0.114
Strongly agree: 10 Strongly agree: 4
Strongly disagree: 1
Disagree: 1 Disagree: 1
New digital platform | Neutral: 3 Neutral: 1 0.755
Agree: 5 Agree: 4 '
Strongly agree: 4 Strongly agree: 3
Strongly disagree: 3 Strongly disagree: 4
Disagree: 1
Clinical trials Neutral: 2 0.431
Agree: 2 Agree: 2
Strongly agree: 6 Strongly agree: 3
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7.2.1 System usability scale scores

The data collected through the SUS questionnaire, as described in Section 6.5
showed a mean SUS score of 81 for version A (£19.7) and 76.5 for version B (£18.8).
The performed Mann-Whitney U-test yielded a p-value of 0.446, which exceeds the
significance level of p < 0.05. This implied that the null hypothesis could not be re-
jected, which indicated no statistically significant difference in the usability between
version A and version B. The SUS scores for each participant in the usability test

are presented in [Table 11

Table 11: The SUS scores for each user for version A and version B, including
corresponding user demographics.

User  Gender Age ‘ Version ‘ SUS score
1 Male 25 A 85
2 Male 45 A 95
3 Male 64 A 85
4 Male 50 A 50
5 Female 66 A 30
6 Female 63 A 95
7 Female 47 A 95.5
8 Female 44 A 95.5
9 Female 49 A 90
10 Female 69 A 90
11 Female 71 A 7.5
12 Female 39 A 75
13 Female 49 A 80
Mean (SD) 81 (£19.7)
14 Male 38 B 85
15 Male 36 B 90
16 Female 47 B 90
17 Female 52 B 80
18 Female 56 B 82.5
19 Female 71 B 87.5
20 Female 77 B 42.5
21 Female 64 B 60
22 Female 32 B 97.5
23 Female 67 B 50
Mean (SD) 76.5 (+18.8)
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8 Discussion

This project aimed to explore how a digital recruitment system could be developed
to enhance participant enrollment in clinical trials by improving user experience and
leveraging social media for targeted outreach. Following the two iterations, ReLinkee
was developed and evaluated through an A/B test and a usability test. The A/B
test compared version A, created by the research team behind the trial, and version
B, designed by the team behind ReLinkee. The evaluation engaged 272 unique users
and successfully recruited 16 participants for the clinical trial presented on ReLinkee.
A systematic literature search was conducted, which can be found in Appendix [A]
to identify relevant studies, which serve as a reference point for comparing and

reflecting on the outcomes of ReLinkee.

8.1 Results: A/B test

The results from the A /B test indicated no statistically significant difference between
ConversionRate of 5.9% for version A and ConversionRateg of 5.8% for version
B. A systematic review by Whitaker et al. (2017) [57] reported a median conversion
rate of 4% (range 0.06%-29.50%) across 35 studies evaluating digital recruitment
systems utilizing social media. The review spanned multiple countries and involved
participants aged 13 and older. The study design was interventional (n=10) and
observational (n=25), targeting healthy individuals and individuals with various
health conditions. When comparing the ConversionRate, and ConversionRateg
from ReLinkee to the conversion rate reported by Whitaker et al., version A and
version B showed higher conversion rates, which suggests potentially effective re-
cruitment. However, the wide range of conversion rates presented by Whitaker et
al. indicates substantial variability, potentially influenced by the diverse trial char-
acteristics included in the systematic review. Given this difference, it remains uncer-
tain whether RelLiinkee’s observed conversion rates definitively represent recruitment

performance.
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A study by Miller et al. (2021) [12] explored the use of A/B testing on a recruitment
website targeting adults aged 70 and above at high risk of falling, offering a vitamin
D intervention. The study investigated two website versions and found conversion
rates of 7.2% (original version) and 5.7% (new version), and both conversion rates
were higher than those observed for ReLinkee. Several factors may explain Miller
et al.’s stronger performance. Firstly, the study utilized a multimodal recruitment
strategy that combined the digital platform with a non-digital approach tailored
to target the older population. This approach was different from ReLinkees, which
relies solely on social media as a recruitment strategy, which may not resonate as

effectively with certain demographics.

Moreover, trial characteristics, such as the type of intervention and participant in-
centives, could also have interfered with the conversion rate. The vitamin D sup-
plementation offered in Miller et al. is perceived as a safe and familiar intervention.
In contrast, the trial presented on ReLinkee involved on-site transcranial magnetic
stimulation, a procedure that may be perceived as invasive or unfamiliar. This type
of intervention not only introduces logistical barriers such as transportation to the
trial site but also raises potential concerns about side effects or discomfort, which
may deter participation. Lastly, Miller et al. offered financial incentives of $40 for
each of the three follow-up visits, which could have served as an additional motiva-
tor, enhancing the conversion rate. These differences underscore how the perceived
burden and benefits of participation, as well as the framing of the intervention, can

significantly influence conversion rates across studies.

8.1.1 ReLinkee recruitment efficiency

ReLinkee achieved a RecruitmentRate pariicipant 0f 0.61 participants per day,

a ConversionRategociaimedia Of 0.12%, and a Cost participant 0f 105 DKK. By compar-
ison, a study by Aily et al. (2023) [58] recruited participants with knee osteoarthri-
tis for a 12-week online training intervention using a Facebook-based strategy. The
study achieved a RecruitmentRatepayriicipant 0f 0.21 participants per day over 151
days, a ConversionRatesociainredia 0f 0.09% (32 participants from 33,319 unique

users), and a Costpgrticipant 0f approximately 340 DKK (USD 51.94) per partici-
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pant. Although Aily et al. and the trial presented on ReLinkee targeted similar
participant populations and used social media recruitment, ReLinkee outperformed
Aily et al. across all three metrics. ReLinkee recruited participants nearly three
times faster and at roughly one-third of the cost per participant. The improved
performance metrics may be attributed to ReLinkee, however, trial-specific char-
acteristics could also be influential. Aily et al. targeted participants with knee
osteoarthritis, a condition with a global prevalence of 16% [59]. This prevalence
is lower than the global prevalence of chronic pain (30%) [60], which is the target
population for the trial presented on ReLinkee. This broader target population for
ReLinkee likely provided a larger participant pool, potentially contributing to the

enhanced performance metrics for ReLinkee.

Another trial-related characteristic that may have influenced the results could be
the distinction between online and in-person interactions. Aily et al. conducted a
12-week online intervention, recruiting participants across the United States. This
format allowed for broader reach and potentially greater accessibility. In contrast,
the trial presented on ReLinkee was conducted in person over eight weeks in Aalborg,
relied on a geographically limited area. Despite the broader reach with the online
recruitment strategy used by Aily et al., ReLinkee yielded better results. While the
broader reach in Aily et al. likely gave access to a larger participant pool, this did
not translate into better recruitment performance. Additionally, a study by Cowie
et al. (2018) [61] targeted healthy adults (aged 60 years and older) for a Phase 1
pharmaceutical trial, recruiting 45 participants over 56 days. The study reported a
Recruitment Rate participant 0f 0.80, a ConversionRatesociainedia 0f 0.03% (142,228
unique users reached), and a Cost participant 0f 988 DKK (total recruitment cost of
USD 6,770). While Cowie et al. achieved a higher participant recruitment rate
than ReLinkee, the study’s approach was less effective at converting social media
reach into enrolled participants, and the cost per participant was nine times more
expensive than ReLinkee. The trial-related characteristics described in Cowie et al.
may have influenced the recruitment performance, with factors such as restrictive
eligibility criteria and the intensity of the intervention potentially playing a role.

The study employed stringent inclusion and exclusion criteria, targeting healthy in-
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dividuals aged 21 to 45 within specific BMI parameters and excluding participants
with various medical conditions. The intervention also involved an intensive ten-
day in-clinic stay with daily assessments, testing, and medication administration.
Contrary, the trial presented on ReLinkee had broader eligibility criteria, recruiting
individuals aged 18 to 80 with chronic pain, with a less extensive list of exclusions.
The clinical trial, presented on ReLinkee, was conducted over eight weeks, generally
involved shorter contact times. The highly selective eligibility criteria and the de-
manding ten-day in-clinic intervention in Cowie et al. likely account for their lower

social media conversion rate and higher cost per participant.

Collectively, these findings emphasize that, while ReLinkee seems to demonstrate
greater recruitment efficiency, direct comparisons with other trials should be made
with caution. The efficacy of recruitment is determined not only by the system
design but also by trial characteristics such as the target population, inclusiveness
of eligibility criteria, and intervention burden. These factors can vary between trials

and influence the recruitment efficiency metrics.

8.2 Results: Usability test

The usability test involved 23 participants, aged 25 to 77 years, with 60% having
completed a higher education. The usability test resulted in mean SUS scores of
80.5 for version A and a mean SUS score of 76.5 for version B, with no statistically
significant difference between the two versions. To further interpret these results,
the SUS scores were compared against the commonly accepted benchmark of 68
and the usability acceptability ranges proposed by Bangor et al. (2008) [62]. The
versions exceeded the numerical benchmark, placing version A and version B within
the acceptable range (mean SUS score > 70) of Bangor et al. scale, indicating an

acceptable level of usability [63] [64].

In comparison, a study by Valerian et al. (2018) [63] evaluated the usability of an
old and new version of a university website with 30 participants aged 15-60 years,
reporting SUS scores of 54 (old) and 70 (new). While the study showed improved

usability with the new design exceeding the benchmark, neither version reached
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the acceptable range according to Bangor et al. [62], as the SUS scores are within
the marginal range (between 50 and 70). A further comparison can be made with
the study by Hopstock et al. (2022) [64], which evaluated a web-based dietary
assessment tool involving 60 participants aged 60-74, the majority of whom had
higher education (73.3%). The study reported a mean SUS score of 55.5, falling
below the accepted benchmark of 68 and remaining within the marginal usability
range. Although Valerian et al. and Hopstock et al. reported lower mean SUS scores
than those obtained for versions A and B of ReLinkee, this does not necessarily imply
that ReLinkee offers a better user experience. The reliability of SUS scores is known
to be influenced by various participant characteristics, such as prior experience with
similar systems, trust in other people, and openness to new experiences have all been
shown to significantly affect usability ratings [65] [66]. These characteristics were not
reported in either Valerian et al. or Hopstock et al., making it unclear whether the
characteristics influenced users’ perceptions and interactions with digital systems.
However, the usability test of ReLinkee included these characteristics, as outlined in
Section [7.2]in [Table 10| with participants reporting higher levels of prior experience
with clinical trials, a strong willingness to try new experiences, and a general belief
in the good intentions of others. These characteristics may have contributed to the

higher SUS scores observed for ReLinkee.

8.3 Limitation of ReLinkee

ReLinkee engaged 272 unique users, indicating promising visibility and initial in-
terest. However, this did not result in a proportional number of sign-ups, raising

questions about the effectiveness of the two design versions.

The A/B test resulted in nearly identical conversion rates, which is difficult to
interpret due to the lack of detailed user information for each version. One limitation
was the lack of demographic or behavioral data on users exposed to each version.
Given the equal conversion rates, it would have been valuable to analyze whether the
users differed in meaningful ways, such as gender, age, personal characteristics, and
experience with the product. Without insights into these characteristics, it is unclear

whether the A /B test reached homogeneous or heterogeneous groups. This absence
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of user insight reduces the interpretability of the A/B test results and underscores
the need for detailed user profiling in future studies to support reliable conclusions.
However, one characteristic shared by all participants is their active presence on
social media, indicating a high level of comfort with digital platforms. This may have
contributed to the nearly identical conversion rates observed between version A and
version B, as the participants’ comfort with technology likely minimized the impact
of design changes on their attitudes toward using ReLinkee. Another limitation of
conducting the A /B test was the inability to identify which individual design changes
influenced user responses, as multiple elements were modified simultaneously, and no
element was tested in isolation. This design complexity made it difficult to identify
what worked and what did not. Even if one version had outperformed the other,
the absence of variable control made it challenging to attribute that difference to a

particular design element.

The usability test provided valuable insights into how users navigated and experi-
enced ReLinkee. However, several factors may have influenced the results and should
be considered when interpreting the findings. As highlighted in a study by Aiyegbusi
et al. (2020) [67], the level of facilitator involvement is an important methodologi-
cal consideration during the usability test. In cases where participants were guided
through specific tasks or received verbal information, there is a risk that their nat-
ural interaction with the interface was altered, particularly when users encountered
difficulties or were unable to complete tasks independently. Aiyegbusi et al. sug-
gest several strategies to account for such influences. One approach that could have
been applied during the usability test is the collection of data on task failures and
completion rates. This would have provided quantitative metrics to identify specific
interactions or tasks that posed usability challenges for participants. Furthermore,
the presence of an observer during testing introduces a potential source of bias.
Being watched can affect how participants behave, particularly in situations where
they may feel judged or evaluated. Ideally, usability testing would occur under con-
ditions that minimize external influence, allowing participants to engage with the
interface as naturally as possible. This external influence may have contributed to

positive user experiences and, consequently, to higher SUS scores.
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Another limitation relates to the composition of the sample group. As presented
in Section in [Table 6] participants in the usability test reported high technical
proficiency, a positive perception of other people’s intentions, and a positive attitude
toward new technologies. These factors likely contributed to an elevated mean SUS
score, whereas a different sample group with lower technical proficiency may not
have achieved a similarly high mean SUS score. It remains uncertain whether the

group is representative of the broader population of individuals with chronic pain.
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9 Conclusion

A digital recruitment system was developed using an agile software development
process and based on requirements gathered from participants, the researcher, and
the company behind ReLinkee. Through targeted outreach on social media, Re-
Linkee engaged 272 users and successfully recruited 16 participants for the clinical
trial presented on ReLinkee. Additionally, ReLinkee received usability ratings, with
mean SUS scores of 81 (version A) and 76.5 (version B), indicating an acceptable

level of user satisfaction.

Neither the A/B test nor the usability test revealed statistically significant differ-
ences between the two versions, indicating no enhancement in participant enrollment
and no improvement in user experience. Although ReLlinkee did not significantly
improve participant enrollment, the findings indicate a promising potential in lever-
aging social media to reach and engage participants. However, the acceptable mean
SUS scores may be influenced by participant characteristics, which could limit the
generalizability of the results. The characteristics include positive perception of
other people’s intentions and positive attitudes towards new technologies, and strong

digital competencies.

Future research should be focused on refined targeting strategies to optimize perfor-
mance outcomes by aligning recruitment efforts with user preferences and behaviors.
Additionally, evaluations should be conducted in more representative populations,

including individuals with a more neutral attitude towards new technologies.
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10 Collaboration portfolio

This master’s thesis integrated the team’s accumulated experiences from prior semesters
and project work. The collaboration portfolio places particular emphasis on articu-

lating the competence-based learning objectives.

Project management and planning

This project was structured using a Gantt chart, providing a visual representation of
the project timeline, including tasks, durations, and deadlines. At the beginning of
the project, the team used backcasting to define the goals and traced the necessary
steps in reverse, which encouraged a thoughtful approach to organizing milestones in
a logical order and distributing responsibilities. This approach helped to set realistic
deadlines and allocate resources effectively. As the project progressed, the Gantt
chart proved to be more than just a chart. The chart became a way to continually
assess the direction of the project, identify when adjustments were needed to avoid
bottlenecks, and ensure that tasks remained aligned with the goals, thereby the

team maintained progress and stayed on track throughout the project.

Throughout the project, there were a few times the team had to adjust the time
allocated to certain tasks. This was due to either underestimating the scope of the
tasks or misjudging the time to tackle the tasks. The team used different colors in
the Gantt chart to track these adjustments and mark whether the adjustment was
a delayed start or an extension. These added colors helped the team visualize how
the adjustments impacted the current workload and upcoming tasks. Furthermore,
it allowed the team to reflect on the planning process and improve the ability to

prioritize and allocate time more effectively moving forward. The Gantt chart is

illustrated in
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Figure 31: Gantt chart illustrating project tasks and their scheduled timeframes.
Each task is color-coded for clarity, with bar lengths representing task duration.
Red bars indicate tasks with delayed starts, while yellow bars denote tasks that
were extended. Abbreviations: V = vejledermgde, SS = statusseminar.

In addition to the Gantt chart, the team also used a shared calendar as a practi-
cal tool for coordinating group and individual activities. This allowed the team to
align the efforts while remaining mindful of personal responsibilities, which proved
essential in managing the complexity of the project. Having a transparent overview
of everyone’s availability not only reduced the risk of scheduling conflicts but also
encouraged a more considerate and accountable team dynamic. The ability to up-
date and adapt the calendar gave the team the flexibility to plan around unforeseen

changes without losing progress throughout the project.

Supervisors and external involvement

The team collaborated with a primary and a secondary supervisor, as well as a
researcher whose ongoing trial was crucial in shaping the platform. Each supervi-
sor provided guidance in their respective area. The primary supervisor provided
expertise in usability and methodological approaches, while the secondary super-
visor offered expertise within technical development and legal compliance. While
this multi-perspective support enriched the project, it also resulted in numerous
meetings and a broad range of inputs that occasionally made it challenging to navi-
gate priorities and maintain a clear direction. To manage this complexity, the team

prioritized internal alignment by regularly debriefing after meetings to discuss the
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feedback received, assess the relevance to the project’s goals, and decide collectively
which suggestions to implement. This helped ensure that input was integrated
thoughtfully, allowing the team to stay focused while still benefiting from diverse

perspectives.

In addition to the feedback from supervisors and the researcher, the team also re-
ceived input from external participants through the heuristic evaluations, A/B test-
ing, and usability tests conducted by the team. These activities generated valuable
user-centered insights that prompted the team to critically reassess design choices,
refine key functionalities, and ensure the platform aligned more closely with the
needs of the intended users. This iterative process not only improved the quality
of the recruitment system but also deepened the team’s understanding of how to

integrate user feedback meaningfully into system development.
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12 Appendix

A Systematic literature search

A systematic literature search was conducted following the methodology outlined by
Bartels et al. (2013) [68], which provides a framework for performing systematic and
organized literature searches. The first step involved defining the research question,

which is presented below:

What is known about the efficiency and user experience of digital platforms used for

the recruitment of participants in clinical trials?

Based on the research question, five concept areas were identified to guide and
structure the literature search: FEfficiency, User experience, Digital platforms, Re-
cruttment, and Clinical trial. Through an unstructured search, relevant synonyms
and related terms for each concept were identified. The systematic literature search
was performed across different search engines and biomedical databases, includ-
ing PubMed and Embase. Together, these databases cover approximately 90% of
medicine and health-related topics, ensuring the identification of relevant articles on
participant recruitment for clinical trials [69]. In addition, the IEEE database was
employed to identify high-quality technical and engineering publications [70]. For
each database, a search strategy was developed by structuring the identified syn-
onyms and related terms using the boolean operator 'OR’ and grouping elements
using parentheses, and combining the concept areas using the boolean operator
’AND’. This structured approach allowed for the systematic retrieval of approxi-
mately 200 articles, which is considered a reasonable number to review by looking

at titles and abstracts [68].

The literature search was conducted on May 1, 2025, and is documented in the five
search tables presented below. The search was divided into two main parts: the first
focusing on Efficiency, and the second on User FExperience. To ensure the relevance
of the records, all searches were filtered to include only articles written in English
and published within the last 10 years (2015-2025). After each table, the specific

search string used is provided, along with the total number of records retrieved.
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PubMed:

PubMed

Efficiency

Digital platforms

Recruitment

Clinical trials

” conversion rate” [tiab]
OR
”engagement rate” [tiab]
OR

" cost-effective” [tiab]

7 Internet-Based Intervention” [MeSH]
OR
website[tiab]
OR
web-based|tiab]
OR

"social media” [tiab]

”Patient Selection” [MeSH]
OR
“recruit®” [ti]
OR
enrollment[ti]
OR

accrualti]

”Biomedical Research” [MeSH]
OR
”clinical trial*” [tiab]
OR
"health research” [tiab]

95,431 results 88,256 results 32,403 results 425,988 results

The applied search string was:

("conversion rate” [tiab] OR ”engagement rate” [tiab] OR ”cost-effective” [tiab])
AND (”Internet-Based Intervention” [MeSH] OR website[tiab] OR web-based|tiab]
OR 7social media”[tiab]) AND (”Patient Selection” [MeSH| OR "recruit*”[ti] OR
enrollment [ti] OR accrual[ti]) AND (”Biomedical Research”[MeSH] OR ”clinical
trial*” [tiab] OR "health research” [tiab])

Results: 38 records

PubMed

User experience Digital platforms Recruitment Clinical trials

”User-Centered Design” [MeSH]
OR
7 usability” [tiab]

"Internet-Based Intervention” [MeSH]
OR
website[tiab]

"Patient Selection” [MeSH]
OR

"recruit*” [tiab)

”Biomedical Research” [MeSH]
OR

OR OR OR 7 clinical trial*” [tiab]
7user experience” [tiab] web-based |tiab] enrollment[tiab] OR
OR OR OR "health research” [tiab]

7a/b test*”[tiab]”
25,107 results

”social media” [tiab]) accrual[tiab]

88,256 results 32,403 results 425,988 results

The applied search string was:

(" User-Centered Design” [MeSH] OR usability[tiab] OR ”user experience” [tiab] OR
7a/b test*”[tiab]) AND (”Internet-Based Intervention” [MeSH| OR website[tiab] OR
web-based|tiab] OR ”social media” [tiab]) AND (”Patient Selection” [MeSH] OR "re-
cruit®’[ti] OR enrollment [ti] OR accrualti]) AND (”Biomedical Research” [MeSH]
OR 7clinical trial*” [tiab] OR "health research” [tiab)])

Results: 10 records
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Embase:

Efficiency

Digital platforms

Recruitment

Clinical trials

‘conversion rate’:ti,ab
OR
‘engagement rate’:ti,ab
OR

‘cost effective’:ti,ab

website:ti,ab
OR
'web based’:ti,ab
OR

"social media’:ti,ab

recruit®:ti
OR
enrollment:ti
OR

accrual:ti

"clinical trial*’:ti,ab
OR

"health research’:ti,ab

127,644 results

114,551 results

22,195 results

517,320 results

The applied search string was:

(‘conversion rate’:ti,ab OR ’engagement rate’:ti,ab OR ’cost effective’:ti,ab) AND
(website:ti,ab OR ’'web based’:ti,ab OR ’social media’:ti,ab) AND (recruit*:ti OR
enrollment:ti OR accrual:ti) AND (’clinical trial*:ti,ab OR ’health research’:ti,ab)
AND [english]/lim AND [2015-2025]/py

Results: 31 records

User experience

Digital platforms

Recruitment

Clinical trials

usability:ti,ab
OR
‘user experience’:ti,ab
OR
"a/b test*:ti,ab

website:ti,ab
OR
'web based’:ti,ab
OR

‘social media’:ti,ab

recruit®:ti,ab
OR
enrollment:ti,ab
OR

accrual:ti,ab

“clinical trial*’:ti,ab
OR

"health research’:ti,ab

29,516 results

114,551 results

22,195 results

517,320 results

The applied search string was:

(usability:ti,ab OR ’user experience’:ti,ab OR ’a/b test*’:ti,ab) AND (website:ti,ab
OR "web based’:ti,ab OR ’social media’:ti,ab) AND (recruit*:ti OR enrollment:ti OR
accrual:ti) AND (’clinical trial*”:ti,ab OR ’health research’:ti,ab) AND [english]|/lim
AND [2015-2025]/py

Results: 10 records
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IEEE:

IEEE

Digital platforms Recruitment Clinical trials
" digital platform” ”clinical trial*”
OR OR
website "recruit*” ”clinical research”
OR OR OR
"web-based” ”enrollment” "medical studies”
OR OR OR
”web platform” ”accrual” "healthcare trials”

OR

”social media”

OR

"health research”

81,324 results

11,918 results

6,014 results

The applied search string was:

("digital platform" OR "website" OR "web-based" OR "web platform" OR

"social media") AND ("recruit*" OR "enrollment" OR "accrual")

AND ("clinical trial*" OR "clinical research" OR "medical studies"
OR "healthcare trials" OR "health research")

Results: & records
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While these three databases provided access to relevant literature, the selection of
articles was further refined using inclusion and exclusion criteria to ensure alignment

with this project. Exclusion criteria were applied to eliminate literature not relevant

to the research question. The criteria are presented in [Table 12|

Inclusion ‘ Exclusion ‘

Articles which are written in English

Articles where full text is not accessible

Articles published within the last 10

years

Articles which include participants un-

der 18 years of age

Articles not reporting usability, engage-

ment, or recruitment outcomes

Articles not evaluating a digital plat-

form

Articles which are conference papers

Table 12: Inclusion and exclusion criteria for the structured literature search.

To visually represent the structured literature search process, a flowchart was devel-
oped inspired by the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework. illustrates the flowcharts corresponding
to the applied search strategies, aiming to identify studies on the efficiency and the
user experience of digital platforms that recruit participants for clinical trials. A
total of 97 records were identified across the three databases. After applying the
inclusion and exclusion criteria, 93 records were excluded, resulting in four records
included in the project. These four records identified through the systematic liter-

ature search are presented in [Table 13
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Filter on age (2015-2025)
Filter on language (English)

(n=70)

Records screened by publication type

c y v v
0 ("
© Records identified Records identified Records identified
2 from PubMed from Embase from IEEE
= (n=38+10 = 48) (n=31+10 = 41) (n=8)
(] \
=
A\ Y \
s ' ™~
Total records _ Duplicate records
(n=97) > removed
(n=27)
A\
\ 4 B

Records excluded

l

Records screened by title
(n=52)

\/

Records screened by abstract

SR 'SR

\J

- Conference paper
(n=18)

Records excluded

- No recruitment
(n=30)
- Children
(n=9)

Records excluded

- No digital platform

N

\J

(n=13) (n=4)
- No usability
(n=2)
- J
r R
/ Records excluded

Records included in the project
(n=4)

Records screened by full text - - No efficiency
n=7) o (n=2)
L - No user experience
* (n=1)
N J

Figure 32: A PRISMA diagram of the identification, screening, and inclusion process
resulting in four records being included in the project. For each step, the number of
excluded records is listed to the right. For each database, the total number of found
records is illustrated.
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Table 13: Overview of the included literature based on the structured literature
search. For each study, the aim, utilized method, and conclusion are listed.

Citation Aim

Miller et al.
(2021) [12]

To understand if A/B

testing could be used
to improve the effec-
tiveness of a recruit-

ment website.

Method Conclusion

An A/B test on a recruitment
website assigned older adults
(65+) to standard (A) or en-
hanced (B) versions. Engagement

and enrollment metrics compared

design effectiveness.

Using A/B testing plat-
forms in a clinical trial re-
cruitment website provides
a foundational understand-
ing of the role of this ap-
proach for optimizing con-
tent and enhancing recruit-

ment.

Whitaker et

al.  (2017)

57)

To systematically re-
view the literature on
Facebook’s  effective-
ness as a recruitment
for health

tool re-

search, focusing on
cost, speed, and de-

mographic reach.

A March 2017 systematic review
analyzed 35 FEnglish-language

papers (12 years, multiple

databases) on Facebook re-

cruitment metrics, cost, and

demographics.

Facebook is a cost-effective,
faster recruitment tool with
improved reach for young
and hard-to-reach demo-
graphics.  Limitations in-
clude internet access depen-

dency and overrepresenta-

tion of young, white women.

Aily et al.
(2023) 58]

To report Facebook
ad click-to-consent
conversion rates and

recruitment costs for

A 5-month secondary analysis of
a US-based telehealth OA study
(age 45+) tracked Facebook ad

recruitment through measuring

Despite low click-to-
consent, Facebook recruit-
ment efficiently enrolled 32

participants in 5 months at

(2018) [61]

geted Facebook adver-
tising’s effectiveness in
recruiting healthy in-
dividuals (60+) for a

Phase 1 clinical trial.

supplemented traditional recruit-
ment for a Michigan-based res-
idential Phase 1 trial, directing
potential participants to a land-

ing page for screening.

a telehealth OA study. | conversion metrics. low cost (USD 51.94/par-
ticipant), proving feasible
for older adults with OA
across the US.

Cowie et al. | To demonstrate tar- | An 8-week Facebook ad campaign | The Facebook campaign ef-

fectively recruited a full
cohort of 45 healthy el-
derly subjects within eight
weeks, proving to be a fast
and cost-effective recruit-

ment solution.
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B Version A and version B of trial page

[Figure 33| and [Figure 34]illustrate the two design versions of the clinical trial page.

Version A was developed by the research team responsible for the trial and can be
accessed via the following link: https://relinkee.dk /TrialsPageA. In contrast, version
B was designed by the team behind ReLinkee, incorporating user-centered design
principles aimed at improving usability and engagement. The trial page (version B)

can be accessed via the following link: https://relinkee.dk/TrialsPageB

Personligt tilpasset behandling af kroniske smerter
- personer med smerter i bevaegeapparatet

P4 Aalborg Universitet karer et videnskabeligt projekt angdende
personligt tilpasset ikke-farmakologisk behandiing af kroniske
smerter hos personer med smerter i bevageapparatet. Er du
interesseret? S4 lzes videre.

Kort om forseget

Tidiigere forskning har vist, at magnetstimulationer af hjernen
kan anvendes som supplerende behandling af fx kroniske
smerter. N&r magnetstimulationer af hjernen hidtil har veeret
anvendt, har metoden vzeret standardiseret uden hensyntagen
til de individuelle personers forskelle. Denne fremgangsmade
har bevirket, at kun omkring halvdelen har hatft gavn af
behandlingen og den anden halvdel ikke har oplevet en
virkning. Derfor udfarer vi et forsag med personer, der lider af
kroniske smerter for at undersage, hvordan behandiinger med
magnetstimulationer kan tilpasses hver enkelt person.

Behandling

bliver inddelt i tre der hver

Forleb

Informationsmade

Indledende undersogelse
(3-4 timer)

Behandling (8 uger)

a1 ea
Afslutning: spergeskemaer

Kontakt

Vil du vide mere om
projektet? eller Er du

iat deltage i

modtager en bestemt type aktiv
vil ske ved lodtrzekning, & det vil veere tilfzeldigt hvilken
gruppe, du skal deltage i. Forsaget vil starte med en raekke
indledende malinger, som vil vare cirka 3 timer hvor vi maler

i mens vi giver imulation. Ved denne
session vil du som forsagsperson ogsé skulle udfylde flere
spergeskemaer om din smerte. Herefter skal du deltage i fem
forsagssessioner med magnetstimulation fordelt over en uge.
Hver session varer 25 minutter og indeholder 15 minutters
péfering af magnetstimulationer. Slutteligt skal du deltage i én
ugentiig forsagssession over en periode pa syv uger. Disse
forsagssessioner varer ligeledes 25 minutter. Ogs4 her bestar

af pafaring af imulation i 15 minutter. Ved

afslutningen af de syv uger skal du udfylde de samme
spargeskemaer som ved starten af forsaget. Dette tager ca. 30
minutter. Der er mulighed for yderiigere at forlaenge forseget for
nogle forsagspersoner ved gensidigt anske. Forsaget finder
sted pa Selma Lagerlafsvej 249, Aalborg Universitet hvor du
bopael i Nordiylland vaere at foretraskke.

vores forseg?

Deltag i forsaget

F4 en uforpligtende samtale
om forseget.

Forskningsteamet bestar af:
Daniel Ciampi de Andrade
Enrico de Martino Margit
Midtgaard Bach Anne
Jakobsen Center for
Neuroplasticitet og smerte
(CNAP) Aalborg Universitet
Selma Lagerlofsvej 249 9260
Gistrup

Figure 33: Version A.
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Forseg med personlig smertebehandling til patienter med
kroniske smerter

Aalborg Universitet, Seima Lagerlafs Viej 249, 9260 Gistrup

Med forskerne og her om forss

Forseg med forskere ved Center for ((‘
Neuroplasticity and Pain p4 AAU

Deltag i forsaget

8uger + Dansk & Engelsk

Ansvarlig forsker: Daniel Ciampi de Andrade
Laege & Ph.d. & Lektor

& Mulighed for smertelindring
Vi forventer, at du muligvis kan opleve lindring med transkraniel magnet stimulation

@ Tronswanielmagnet simulaton eren sikker metoder
Mange Kiiniske forsag har pavist, at transkraniel magnet stimulation er en sikker metode.

Formal med forsaget

Forskere ved Center for Neuroplasticity and Pain ved Aalborg Universitet sager forsagspersoner til en forsagsraekke, der skal
undersage, hvordan magnet stimulation kan tilpasses hver enkelt patient i smertebehandiing.

(@) ©)]

Figure 34: Version B.
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C Privacy policy page

The implemented privacy policy page is illustrated in [Figure 35, The figure shows
that the privacy policy covers the following areas: an introduction to the handling of
personal information, contact details, the privacy policies themselves, cookies, data
storage, participant rights, contact information for the supervisory authority, and

finally, changes and updates. The full version of the ReLinkee privacy policy page

can be accessed via the following link: https://relinkee.dk/PrivacyPolicy

Privatlivspolitik

Her kan du lsese, hvordan vi indsamler og behandler dine personoplysninger.

Indledning

Denne privatiivspolitk (“Privatiivspolitik®) gzelder for ReLinkee (Vi",

“os" eller “vores"), nar vi behandler personoplysninger om dig, som .
forsagsperson. Kontaktoplysninger
Vier e for atde erer Huis du har spergsml tl vores
beskrevet i vores Privatlivspolitik, og vi er ansvarlige for at sikre, at e

dine inger behandles | med personoplysninger, kan du

geeldende databeskyttelseslovgivning. DI ERCLE

E-mail: kontakt@relinkee.dk
I vores Privatiivspolitik informerer vi dig om dine rettigheder samt

hvordan vi behandler og beskytter dine personoplysninger. Hvis du
har spergsmal vedrarende vores behandiing af dine
personoplysninger, er du altid velkommen til at kontakte os.

Beskyttelse af dine personoplysninger

'Som en del af vores arbejde i ReLinkee behandler vi en raekke personoplysninger om dig. Dette omfatter oplysninger, der direkte eller
indirekte kan identificere dig. Hos ReLinkee vaegter vi beskyttelsen af dine personoplysninger meget haijt og sikrer en forsvarlig
handtering af de oplysninger, som vi indsamler. Denne privatlivspolitik beskriver:

+ Behandiing af personoplysninger
+ Cookies
+ Dine rettigheder og klagemuligheder

Behandling af personoplysninger
For forsegsdeltagere [S]

Som forsagsdeltager kan du tiimelde dig til Kiniske forsag pa ReLinkee.dk. Hvis du tilmelder dig som forsagsdeltager,
indsamler og opbevarer vi felgende oplysninger direkte fra dig

« Navn: for at kunne identificere dig som forsagsperson

+ E-mail: for at forskeren kan sende yderligere informationer om forsaget eller bekraefte din timelding.

+ Dato og tidspunkt for tiimelding: registreres for at dokumentere, hvornar dine oplysninger er indsamiet, | overensstemmelse med GDPR
om sporbarhed.

g: registreres for at analyse og forbedring af brugeroplevelse.

Nedenstende oplysninger deles med den ansvariige forsker:
+ Navn: For at kunne identificere dig som forsagsperson
+ Telefonnummer: or at forskeren kan kontakte dig med oplysninger om forsaget.
+ E-mail:for at forskeren kan sende yderligere informationer om forsaget eller bekrzzfte din timelding,
+ Dato og tidspunkt for timelding: registreres for at dokumentere, hvornér dine oplysninger er indsamlet, | overensstemmelse med GDPR
om sporbarned

g: registreres for at analyse og 9

Retsgrundlag
Viindsamler og behandler dine personoplysninger til falgende formal:

+ Indsamling og overfarsel af oplysninger tlforskeren
Vi behandler di P4 vegne af d forsker. iat
16, st 1, litra f) og dit samtykic ti

0
behandiing af oplysninger (databeskytelsesforordningens artkel 6, stk. 1, ra a).
+ Forskerens behandiing af dine oplysninger
Nér dine oplysninger er  er det forskeren, som 0 i
med ing. Forskerens behandiing af dine opl baseret pa deres
, sti. 1, lra 1) eller

Varighed af opbevaring
Dine oplysninger opbevares, s& lenge forsaget er aktivt p3 ReLinkee samt 3 méneder efter forsagets afslutning, hvorefter
de automatisk slettes.

For forskere ©

Cookies
Ved beseg pé ReLinkee's hiemmeside bliver du bedt om at acceptere vores cookiepolitik via en cookie pop-up.
Vi bruger cookies til:

+ Atforbedre brugeroplevelsen
+ Webstatistik
+ Markedsfaring
Bemaerk, at hvis du afviser cookies, kan visse funktioner og tienester pa vores hiemmeside veere utilgzngelige. Vzer desuden
opmaerksom pd, at tredjeparter, sdsom sociale medier, kan pl ller anvende anden iia vores
hjemmeside.

—Se cookies dealier

Dataansvarlig

Relinkee er for af dine Kun betroede personer har adgang, og vi sikrer beskyttelse
mod utilsigtet sletning, misbrug eller anvendelse i strid med Data opbevares i EU. uden for EU vil
fremga tydeligt, og vi kontrollerer, at vores databehandiere har de nadvendige tekniske og organisatoriske sikkerhedsforanstaltninger
til at handtere data.

Vi deler kun dine inger med andre tredjeparter efter eksplicit samtykke fra dig.

Du kan il enhver tid kontakte os og 4 oplysning om, eller eventuelt en kopi af, hvilke nadvendige garantier, der udger grundiaget for
vores overfarsel af dine personoplysninger til modtagere uden for EU/EGS.

Vores er for s og behandler data efter instruks fra os. De har dermed ikke ret il selv at
beslutte, hvad dine personoplysninger skal bruges til, og vi bevarer kontrollen over i Vi har indgaet
med der sikrer, at for beskytielse af dine personoplysninger er passende.

Vi har p8 nuvzerende tidspunkt indgaet aftale med nedenstende leverander:
+ Microsoft (Azure)

Leverander af cloud-hosting og lagring af data. Microsoft behandler data pa vores vegne og i henhold til vores instruks. Der e
indgdet en databehandleraftale med Microsoft, som sikrer overholdelse af GDPR, herunder ved brug af EU-Kommissionens
standardkontraktbestemmelser (SCC) som nedvendig garanti for dataoverfersler uden for EU/E@S.

Microsofts databehandleraftale (DPA) kan findes her.

Dine rettigheder
Du har til en hver tid felgende rettigheder:

« Rettilindsigt i ine oplysninger.
« Rettil berigtigelse af urigtige oplysninger.
+ Rt at anmode om sletning af oplysninger.
+ Rettilat raekke dit samtykke tibage.
Du kan kontakte os via kontakt@relinkee.dk, hvis du ansker at gore brug af dine rettigheder. Vi bestraber os pa at besvare din
anmodning inden for 30 dage.

Kontaktoplysninger til tilsynsmyndigheden

Hvis du ensker at klage over vores behandling af dine oplysninger, kan du kontakte:
Datatilsynet

Carl Jacobsens Vej 35

2500 Valby

dt@datatilsynet.dk

www.datatilsynet.dk/kontakt

Andringer og opdateringer
Vi forbeholder os ret til labende at andre vores privatiivspolitik. Den gaeldende version vil altid vaere tilgaengelig p4 vores
hlemmeside. Ved vassentige @ndringer modtager du meddelelse herom

Senest opdateret: 28. Februar 2025

Figure 35: The implemented design of ReLinkee’s privacy policy page, showcasing

the layout and content structure
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D Heuristic evaluation outcomes

The evaluators identified 52 problems during the heuristic evaluation. is

a comprehensive list of these problems, including the task number, the associated

heuristic, the severity level, and a description of each issue.

Table 14: 52 problems found by the evaluators through the heuristic evaluation.

Opgave Heuristisk Sveerheds- SR
retningslinje | grad
Sveert at se, om forsgget er i gang. Der man-
! 0 ’ gler information pa ”forsiden”.
Hvad indebeerer opstart? Hvor ofte modtager
’ ’ ? deltageren behandling?
Der er ingen information om, hvad de 8 uger i
’ 0 ? toppen af siden refererer til.
Der er ingen information om betydningen af
’ 0 ’ dansk/engelsk i toppen af siden.
4 4 3 Talte og skrevne formal stemmer ikke overens.
Ingen forklaring pa ”banebrydende metoder”
! 0 ’ og andre specifikke begreber.
5 8 1 7 x” og "V overses let, hvis de ikke har farve.
Brgdteksten er for lille, isaer da siden ikke ud-
6 i ? nytter hele bredden.
7 3 3 Ingen mulighed for at fortryde tilmelding.
Der er ingen information om, hvad der sker
! i ’ efter tilmelding.
7 4 2 Formularen er et nyt og udefineret begreb.
Der mangler information om, hvilket forsgg
! ° ’ man har tilmeldt sig.
To knapper med forskelligt design, men samme
! i ! funktion. Forvirrende.
Ingen pre-screening; alle kan tilmelde sig uden
! 0 ’ at opfylde kriterierne.

Page 90 of




Group 10402 Aalborg University

Heuristisk Sveerheds-

Opgave Problem
retningslinje | grad

Sparsom information under "Om” — mangler
i ! ? mission, forskere og samarbejdspartnere.
8 8 2 DNA-billedet er irrelevant.
2 8 0 Det er ikke intuitivt, hvad adressen er.
Afspilningsknappen er muligvis ikke genk-
! ’ ! endelig for alle aldre.
4 8 1 7 x”-knappen er svaer at se
Systemet informerer ikke om, hvilket forsgg
! ° ? man har tilmeldt sig.
8 4 2 Atypiske placering af drop-down-menuen.
Siden ”Om” virker tom — der forventes mere
i ° ’ beskrivende tekst.
1 6 2 Er jeg pa den rigtige hjemmeside?
1 7 3 Ingen form for sundhedsfiltrering af forsgg.
Adressen fremstar utydelig, nar hele linjen er
? ! ’ understreget.
Det er sveert at danne et overblik over
’ ! ’ forspgsdesign og elementer.
Flere tidsperioder naevnes, men der gives ingen
’ ° ’ samlet forklaring.
4 3 1 7 x”-knappen pa videoen er sveaer at se.
Man forventer, at musen sendrer form over in-
! ! ’ teraktive elementer (video).
Manglende informationer om  forsggets
! i ! udfgrelse, formal og forventede resultater.
Brugere forstar ikke smerteskalaen. Tvetydig
° i ’ tekst i kriterierne.
5 10 3 Det er ikke muligt at oversaette siden.
7 7 2 Ikke tydlig placering af tilmelding
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Heuristisk Sveerheds-

Opgave Problem
retningslinje | grad

Mangelfuld information om mission, ReLin-
; ; ? kee’s formal og rollefordeling.
Der er usikkerhed om adressen er forsggets
2 ! ? lokation eller noget andet.
3 ) 3 Uklart, hvor meget tid forsgget kraever.
4 8 2 7 x”-knappen mangler pa videoen.
4 4 3 Der mangler information om i videoen.
4 4 3 Videoen introducerer ikke forsgget ordentligt.
Formal er maske ikke passende til inklusions-
° ’ ’ /eksklusionskriterierne.
6 7 3 Der mangler overblik over basisinformation.
Det er ikke klart, om man tilmelder sig et
! ° ! forsgg eller en telefonsamtale.
8 8 2 DNA-billedet skaber forvirring og fylder.
Mangelfuld information og uhensigtsmaessigt
i ! ? design pa ”Om”-siden.
Der er behov for mere uddybende information
2 ’ ’ om forsggets lokation.
3 ) 3 Forsggsplanen er uoverskuelig.
Der mangler information i videoen om formal,
! ! ; metode og fremgangsmade.
Uklar instruktion — sidder man i stol, eller skal
° ° ’ man cykle i en time?
Det er uklart, om forsgget er for kroniske
6 ’ i smerter eller raske personer.
6 7 3 Forsggsplanen og interventionen bgr beskrives.
Hvad sker der efter tilmelding? Skriv, at der
! ! ! sendes en mail.
Roller i teamet og teknisk support bgr
; ! ! beskrives mere detaljeret.
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E Advertisements for clinical trial

ReLinkee

Har du kroniske
smerter?

Et forspg med personlig
smertebehandling med transkraniel
magnet stimulation

Aalborg Universitet

e Gratis deltagelse

@ Mulig smertelindring

En godkendt og sikker metode

ReLinkee

Har du kroniske

smerter?
34 )
.\i t

Et forssg med personlig
smertebehandling med transkraniel
magnet stimulation

@ Aalborg Universitet
e Gratis deltagelse
e Mulig smertelindring

@ En godkendt ag sikker metode

RéLinkee

Har du kroniske
smerter?

Et forspg med personlig
smertebehandling med transkraniel
magnet stimulation

Aalborg Universitet

e Gratis deltagelse

@ Mulig smertelindring

@ En godkendt og sikker metode

RéLinkee

Har du kroniske
smerter?

Et forsgg med personlig
smertebehandling med transkraniel
magnet stimulation

Aalborg Universitet
e Gratis deltagelse
° Mulig smertelindring

En godkendt og sikker metode

Figure 36: The four advertisements displayed on Facebook and Instagram. The
top-left ad targeted males aged 1845, the top-right targeted males aged 46+, the
bottom-left targeted females aged 18-45, and the bottom-right targeted females aged
46+.
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F System usability scale questions

The SUS questionnaire was used in the usability test to assess the usability of
ReLinkee. Originally developed in English by Brooke et al. (1996) [54], however,

the questions were translated into Danish for this project and are listed below:

e Jeg tror, at jeg ville bruge dette system ofte.
e Jeg synes, systemet er ungdvendigt kompleks.
e Jeg synes, at systemet var let at bruge.

e Jeg tror, at jeg vil have brug for hjeelp fra en teknisk person for at kunne

benytte systemet.
e Jeg synes, at de forskellige funktioner i systemet var godt integreret.
e Jeg synes, at der var for mange uoverensstemmelser i dette system.
o Jeg forestiller mig, at de fleste mennesker hurtigt vil leere at bruge systemet.
e Jeg synes, at systemet var meget besveerligt at bruge.
e Jeg folte mig meget sikker i brugen af systemet.

e Jeg havde brug for at lsere en masse nyt, fgr jeg kunne bruge dette system.
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G Usability survey

The nine questions were used to investigate the characteristics of the participants.
The questions used in the usability test are used to capture age, gender, culture, edu-
cational level, agreeableness, digital proficiency, openness to experience and domain
experience as recommended in Salvendy and Karwowski [34] p.985]. The questions

are listed below:

e Hvad er dit kgn?

e Hvad er din alder?

e Hvad er din nationalitet?

e Hvad er din sidst afsluttede uddannelse?

e Lider du af kroniske smerter?

e Jeg stoler generelt pa, at andre mennesker har gode intentioner.

e Jeg er komfortable med at bruge min telefon til at navigere pa hjemmesider.
e Jeg foler mig tryg ved at bruge nye digitale platforme.

e Jeg har erfaring med kliniske forsgg.
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