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Abstract

Despite advancements in insulin deliv-
ery technologies, people living with di-
abetes continue to face a wide range of
unmet needs, including practical chal-
lenges, emotional strain and disruptions
to daily life. This project, developed in
collaboration with Novo Nordisk, uses a
user-centered approach to explore these
needs, identify key challenges, and pri-
oritize them based on their perceived
value.

Through deductive thematic analysis of
three qualitative studies, supported by
the Value Proposition Design frame-
work and a stakeholder workshop with
Novo Nordisk, 10 value propositions
were identified.

To prioritize these propositions, a pair-
wise comparison study was conducted
with 395 participants across four coun-
tries. The results were analyzed us-
ing the Bradley-Terry-Luce (BTL) and
Elimination-by-Aspects (EBA) models.
While the BTL model ranked "I trust
that my diabetes treatment is safe and
reliable” as the most important value
proposition, the EBA model identified
Treatment Confidence as the most val-
ued aspect and Physical Comfort as the
least. Overall, the EBA model provided
a significantly better fit.




Preface

Living with diabetes involves not only medical routines but also emotional, social, and practical
challenges that shape daily life. While advancements in insulin delivery have made treatment
more efficient, many people still face barriers that impact adherence, comfort, and overall
well-being. This project was developed in response to those unmet needs, with a focus on
understanding how individuals experience and navigate insulin therapy through the lens of their

everyday lives.

Conducted in collaboration with Novo Nordisk, the project takes a user-centered approach to
explore the experiences of people living with diabetes and translate those insights into actionable
value propositions. Rather than relying solely on technical performance or assumed priorities,
this work aims to surface what the users value most.

The project draws from three qualitative studies provided by Novo Nordisk, using thematic
analysis to identify key user needs. These needs were reformulated into first-person value
propositions, then prioritized through quantitative comparison involving participants from four
countries. The goal was not only to describe challenges but also to help guide innovation in a
direction that is both evidence-based and human-centered.

This report is structured to follow the process: from understanding the problem space
and theoretical grounding, through methodology and analysis, to the final prioritized value

propositions.
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Introduction

Novo Nordisk, headquartered in Denmark, is among the global leaders in diabetes care, known
especially for pioneering advancements in insulin delivery devices such as insulin pens. These
devices have revolutionized diabetes management by simplifying insulin injections, improving
dosing accuracy, and enhancing patient convenience and independence [Luijf and DeVries, 2010]
[Spollett, 2010] . Insulin pens have progressively become the preferred delivery method among
patients globally, recognized for their ease of use, portability, and precise insulin administration
capabilities [Anderson and Redondo, 2011][Asamoah, 2008].

However, despite the continuous innovations in insulin pen technologies, research consistently
highlights ongoing challenges that insulin pen users face. These challenges can be broadly
categorized into physical usability issues and psychosocial barriers. Usability studies reveal
that physical concerns such as injection-related pain, discomfort, dosing inaccuracies, and
challenges related to device handling remain prevalent [Tommasi and Silvestri, 2024][Sparre et al.,
2023][Goldman et al., 2023]. Such issues are especially pronounced among patient groups with
motor impairments, reduced dexterity due to arthritis, or those su ering visual impairments who
struggle with precise dosage settings [Scott, 1999][Williams and Schnarrenberger, 2010].

Complementing these physical challenges, large-scale studies such as the Diabetes Attitudes,
Wishes, and Needs (DAWN and DAWN2) highlight signi cant psychosocial barriers impacting
insulin pen users [Nicolucci et al., 2013]. These include emotional distress associated with daily
insulin management, stigma when injecting insulin in public settings, and disruptions to lifestyle
routines that ultimately a ect patient con dence, self-e cacy, and quality of life. The complexity

of these psychosocial factors often leads to inconsistent treatment routines and suboptimal
diabetes control [Nicolucci et al., 2013]. While numerous studies have documented these unmet
needs, there is currently a gap in systematically prioritizing these issues from a user-centered
perspective. Existing literature typically outlines and describes the unmet needs qualitatively or
guantitatively, yet rarely provides structured guidance on which unmet needs should be addressed
rst to achieve the greatest impact on patient well-being and treatment experience [Lamaro
et al., 2024][Bonet-Olivencia et al., 2023][Alsayed et al., 2024][Raposo et al., 2021]. Thus, despite
extensive knowledge of usability and psychosocial barriers, product development e orts may not
always align optimally with patient priorities, potentially leading to missed opportunities for
meaningful innovation.

In collaboration with Novo Nordisk, this project seeks to bridge this gap by categorizing and
prioritizing the unmet needs of people living with diabetes, using internal company data. By
doing so, this study intends to inform targeted product improvements that align closely with
user needs, ultimately enhancing user satisfaction, adherence to treatment, and overall quality
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of life.

1.1 Problem Analysis

This section explores the key challenges faced by people living with diabetes, focusing on two main
areas: physical usability issues and psychosocial barriers. These challenges impact individuals'
ability and motivation to adhere to insulin therapy, which in turn in uences treatment outcomes.

In addition, the section reviews existing research on these topics, highlighting gaps in how unmet

needs have been identi ed and prioritized.

Physical Usability Challenges

Insulin pens have been widely adopted due to their ease of use, convenience, improved dosing
accuracy, greater con dence in administering insulin correctly, and higher perceived social
acceptance compared to traditional vial and syringe methods [Anderson and Redondo, 2011].
For example, a study comparing the handling and accuracy of insulin administration found that
FlexPen, a pre lled insulin pen developed by Novo Nordisk to enhance ease of use and dosing
precision, was preferred over other methods [Asakura et al., 2009]. The choice of injection device
plays an important role in the treatment and management of diabetes, as illustrated in Figure 1.1
and discussed by Sparre et al. While the type and dosage of insulin are central to therapy, the
design of the delivery device itself has a signi cant impact on usability, treatment adherence,
and the overall experience of people living with diabetes [Sparre et al., 2023].

Figure 1.1. . The insulin injection device plays an important role in the success of diabetes management
[Sparre et al., 2023]
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However, despite continuous advancements, patients still encounter usability issues that can
compromise treatment adherence and glycemic control. These challenges include pain and
discomfort during injections, diculties in handling the device due to dexterity limitations,
dosing inaccuracies, and general usability concerns. [Tommasi and Silvestri, 2024][Sparre et al.,
2023][Goldman et al., 2023].

Research consistently highlights four primary categories of usability-related challenges: pain,
dexterity issues, dosing inaccuracies, and handling diculties. These categories are well-
supported in the literature and underscore the importance of device design in e ective diabetes
management:

~ Pain: Factors such as needle design, including length and diameter, signi cantly in uence
the pain experienced during insulin administration. Shorter and thinner needles have been
associated with reduced pain perception. Additionally, the number of bevels on a needle
tip can impact penetration force and patient comfort, with ve bevel needles showing
improved outcomes over three bevel designs. The number of bevels on a needle tip refers
to the number of angled cuts at the tip of the needle that in uence sharpness, penetration
force, and patient comfort during an injection [Praestmark et al., 2016] [Ponsiglione et al.,
2023]

Dexterity Problems: Patients with limited manual dexterity, particularly those with
conditions such as arthritis or diabetic neuropathy, often face signi cant challenges when
using insulin pens. Reduced grip strength, impaired ne motor control, and di culties
applying the necessary injection force can hinder proper insulin administration, leading
to potential dosing errors and reduced adherence to treatment. Research indicates that
both Type 1 and Type 2 diabetes patients frequently experience dexterity impairments,
which can make handling insulin devices more di cult and necessitate design adaptations
to accommodate their needs [Pfiitzner et al., 2011] Usability studies highlight that patients
with dexterity limitations bene t from insulin pen designs that minimize manual e ort and
simplify the injection process. For example, novel needle attachment mechanisms requiring
less force and fewer handling steps have been shown to improve ease of use [Hansen et al.,
2011]. Similarly, human-centered design approaches emphasize the need for insulin pens
that account for dexterity impairments, ensuring that users can reliably set and administer
their insulin dose without di culty [Watterson et al., 2022]

Dosing inaccuracies:  Dosing inaccuracies in insulin administration can signi cantly
impact glycemic control and patient safety. Several factors contribute to these inaccuracies:

1. Dose Increment Size:The granularity of dose adjustments plays an important role in
achieving precise insulin dosing. Insulin pens that allow for smaller dose increments,
such as half-unit adjustments, enable more accurate dosing, particularly bene cial
for patients requiring ne tuned insulin therapy. A study assessing a pre lled, rapid-
acting insulin pen capable of half-unit increments demonstrated high dose accuracy,
underscoring the importance of such features in insulin delivery devices [Kappes et al.,

2017]
2. Feedback Mechanisms:E ective feedback during dose setting and administration is

important to prevent dosing errors. Insulin pens equipped with clear, audible, or
tactile feedback mechanisms can enhance user con dence and accuracy. For instance,
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devices that provide an audible click for each dosage increment help reduce the risk
of dose measurement errors, thereby improving dosing accuracy [Asakura and Seino,

2005]
3. Priming Errors: Proper priming of insulin pens is essential to ensure accurate dosing

by removing air bubbles and ensuring the pen functions correctly. However, studies
have shown that a signi cant number of patients are unaware of the importance
of priming, often skipping this step, which can lead to inaccurate dosing and
compromised glycemic control [Cross, 2018][Truong et al., 2017]

" Handling Di culties: Handling di culties with insulin pens, such as size, weight, and
dose display clarity, can signi cantly impact usability, especially for patients with reduced
strength or visual impairments. A study evaluating the impact of human factors and pen
needle design on insulin pen injection found that design elements, including the physical
ergonomics of the pen, can inuence injection depth accuracy and consistency. This
underscores the importance of considering user strength and dexterity in pen design to
ensure proper insulin administration [Rini et al., 2019]. Additionally, ergonomic analysis
of insulin pens revealed that features such as trigger location and spring-assisted delivery
systems can reduce the force required for administration. Pens with lateral triggers and
ergonomic designs were found to require lower force for insulin delivery, enhancing usability
for patients with limited hand strength [Fendler et al., 2015].

Psychosocial Barriers

Psychosocial barriers can inuence the e ective use of insulin pens among individuals with
diabetes. These barriers encompass emotional distress, stigma and lifestyle disruptions, all of
which can negatively a ect treatment adherence and overall diabetes management. Addressing
these factors is essential for ensuring that insulin therapy is both accessible and sustainable for
patients.

" Emotional distress: Starting and continuing insulin therapy can trigger a range of

di cult emotions, including fear, anxiety, and a sense of personal failure [Hendrieckx et al.,
2021]. Some people view the need for insulin as a sign that their condition is getting worse
or that they haven't managed their diabetes well, which can lead to feelings of guilt or
hesitation to begin treatment [Hendrieckx et al., 2021]. A common psychological concern
is the fear of injections, which can discourage patients from adhering to prescribed insulin
regimens. In addition, anxiety about possible side e ects, such as hypoglycemia or weight
gain, can further contribute to emotional distress [Hendrieckx et al., 2021]. The DAWN2
study revealed that 14.8% of participants worldwide showed signs of depression, and 13.4%
reported a poor quality of life [Hall and Kalra, 2014]. This emotional distress can interfere
with self-management practices, including the consistent use of insulin pens

Stigma: Many individuals experience stigma associated with insulin use, particularly when
injections are required in public settings. Concerns about being judged, misunderstood,
or seen as unhealthy can lead to embarrassment and avoidance behaviors [Hendrieckx
et al., 2021].This discomfort can lead some individuals to delay or avoid taking insulin
as prescribed, which may impair glycemic control and increase the risk of complications.
Public or professional settings can increase feelings of vulnerability, as individuals may
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worry about drawing attention or being negatively perceived [Hendrieckx et al., 2021].
The DAWN2 study highlighted that 19.2% of UK participants experienced high diabetes-
related distress, with many attributing their distress to negative societal perceptions and
stigma surrounding insulin use. [Hall and Kalra, 2014].

Lifestyle Disruptions: Integrating insulin therapy into daily routines presents challenges
that can disrupt both personal and professional activities. The need for regular injections
can be perceived as inconvenient, especially in social situations, at work, or on vacation
[Hendrieckx et al., 2021]. Some individuals feel burdened by the need to carry insulin
pens and supplies or nd it di cult to coordinate mealtimes with insulin administration.
Concerns about insulin dependency can also play a role in lifestyle disturbances, as patients
may worry about the long-term implications of insulin therapy on their independence.
[Hendrieckx et al., 2021]. The DAWN2 study reported that 66. 9% of the participants
worldwide felt a signi cant burden from diabetes treatment, underscoring the challenges
in balancing therapy with daily life [Hall and Kalra, 2014].

Prioritizing Needs and Measuring Value

People living with diabetes face a range of challenges when using insulin pens, from practical
usability issues to emotional and social barriers. To support better treatment experiences, it's

important to understand which of these challenges matter most to users. This section looks
at three existing frameworks: Service-Dominant Logic, Human-Centered Design, and Value
Proposition Design, in order to explore how user needs can be organized and prioritized in a
structured, patient-centered way.

The Need for Prioritization in Insulin Pen Usability

Managing diabetes requires daily interaction with treatment devices, and the usability of insulin
pens plays a key role in supporting adherence and quality of life. However, the challenges people
face can vary widely, making it di cult to determine which issues should be addressed rst.

Previous research highlights two main approaches to prioritization in medical device design:

1. Patient-Driven Prioritization: Identifying which usability challenges cause the most
burden based on patient-reported experiences [Hendrieckx et al., 2021].
2. Value-Based Prioritization: Assessing how solving speci ¢ issues contributes to better

adherence, well-being, and clinical outcomes [Sparre et al., 2023].

Theoretical Perspectives on Prioritization and Value in Healthcare

Before exploring how unmet needs can be prioritized, it is helpful to look at existing

frameworks that inform value creation and decision-making in healthcare. The following

perspectives: Service-Dominant Logic, Human-Centered Design, and Value Proposition Design,
o er complementary approaches for understanding and ranking user needs in a structured,
patient-centered way.

Service-Dominant Logic (SDL)
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Service-Dominant Logic (SDL) emphasizes that value is co-created through interactions between
users and providers, rather than being embedded solely in the product itself [Vargo and Lusch,
2008; Edvardsson et al., 2011]. In diabetes care, this principle is re ected in initiatives like
the Diabetes Attitudes, Wishes, and Needs (DAWN & DAWNZ2) studies, which focused on
patient-de ned needs and the psychosocial aspects of diabetes management. These large-scale
studies involved patients, healthcare professionals, and policymakers to shape care strategies
more holistically [Nicolucci et al., 2013].

Human-Centered Design (HCD)

Human-Centered Design (HCD) ensures that medical devices are tailored to patient needs,
behaviors, and limitations rather than requiring users to adapt to the device [Gottgens
and Oertelt-Prigione, 2021]. In insulin pen development, HCD has informed ergonomic
improvements, visual accessibility enhancements, and simpli ed injection mechanisms. However,
an essential aspect of HCD is not just identifying usability challenges but also prioritizing them
based on user burden. This is done through iterative testing, user feedback, and real-world
usability assessments, allowing researchers to determine which barriers should be addressed rst
to maximize patient adherence and comfort [Hansen et al., 2011; Sparre et al., 2023; Tommasi
and Silvestri, 2024; Scott, 1999; Williams and Schnarrenberger, 2010].

Value Proposition Design (VPD)

Value Proposition Design (VPD) provides a structured framework for assessing which product
features create the most value for users [Osterwalder et al., 2014]. This approach categorizes
product attributes into the following:

~ User Pains: The most frustrating aspects of using a product.
" User Gains: The bene ts that make a product valuable.
~ Job-to-be-Done: The fundamental need the product is designed to ful Il.

In diabetes technology, VPD has been widely applied in the development of digital health
solutions that support insulin therapy. Research indicates that patients place high value on
insulin delivery devices that minimize the burden of treatment and integrate seamlessly into
daily routines. Features such as longer-lasting pre lled insulin pens, smart connectivity, and
ergonomic designs have been introduced to enhance the perceived value of insulin pens by
improving convenience and reducing pain perception [Giger et al., 2025].

1.2 Problem Statement

Despite advancements in insulin pen technology, signi cant physical and psychosocial barriers
persist, impacting adherence and diabetes management. While these challenges are well-
documented, structured approaches to ranking these challenges based on patient-reported burden
remain limited. This study aims to systematically categorize and rank these unmet needs to
inform product development e orts that enhance usability, adherence, and overall treatment
outcomes.
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Methods

The methodology used in this project is based on empirical data from Novo Nordisk's user

research, consisting of three qualitative studies that explore the lived experiences of people
managing diabetes. The following sections describe the data sources, analytical approach, and
theme identi cation process.

2.1 Generative Design Research (First Study)

Generative Design Research (GDR) study was designed to explore real-world experiences,
challenges, and perceptions of insulin pen users. Unlike traditional usability studies that focus on
speci ¢ device functionalities, GDR aims to explore users' broader lived experiences. This method
allows researchers to understand not only what users do but also why they do it, uncovering latent
needs and behavioral patterns.

Data Collection Methods

The data used in this study was collected through multimodal qualitative research techniques.
The primary data sources include:

1. Self-Recorded Video Diaries

~

661 self-recorded videos captured by insulin pen users over a two-week period.
" The rst week focused on general aspects of daily life, while the second week

speci cally explored diabetes management behaviors.
Participants documented their struggles, routines, and emotional responses to insulin

therapy.
2. Remote Probe Exercises: Participants were provided with structured re ection tasks
to complete at home.

A~

"~ Data recording habits: How patrticipants log and track their blood glucose levels.
" Challenges with diabetes self-careSituations where diabetes management became

di cult.
~ cSocial and environmental factors: How external circumstances such as work, family,

or stigma in uenced treatment adherence.
3. Co-Design Future Scenarios:

~ Researchers developed ve potential future scenarios for insulin pen technology.
~ Participants engaged in evaluating, modifying, and expanding these concepts.
" The co-design process aimed to validate pain points and explore innovation

opportunities.
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4. Empathy & Analysis Workshop: This session involved product developers, researchers,
and industrial designers.

The ndings from the Generative Design Research reveal ve key areas that re ect the lived
experiences, behaviors, and attitudes of people using insulin pens. These insights, based on
users' self-reported challenges and re ections, help illustrate the broader context in which insulin
therapy takes place.

Key Insights from the Generative Design Research:

1. Challenges with Diabetes Management: One of the key insights from the research
was that blood glucose (BG) monitoring plays a central role in diabetes management. Users
perceive BG readings as a measure of success or failure in controlling their diabetes, often
leading to frustration and fear when readings are unexpected or di cult to interpret.

~

BG readings dictate treatment decisions: Users described their approach as similar
to athletes monitoring performance metrics, as every reading prompts an evaluation

of whether their diabetes management is working.
The insulin pen itself is not perceived as a major challenge: Most di culties reported

by users were related to understanding BG uctuations, rather than insulin injection

itself.
Delays in insulin administration are common but not perceived as non-adherence:

Users postpone insulin injections rather than skipping them entirely, adjusting their
treatment to t their daily schedules.
2. Data & Data Recording: Users expressed di culties in recording, interpreting, and
acting on diabetes-related data. The study found that data collection is often done for
healthcare professionals (HCPs) rather than for personal use.

" Users nd data overwhelming: Many report keeping detailed logs but feel they do not

know how to act on the recorded information.
" There is no single standardized method for data tracking: Some users hand write

logs, others enter data manually into mobile apps, while some rely solely on BG

meter readings.
~ Data sharing with HCPs is cumbersome: Users want e ortless, seamless ways to share

data, but currently, the process is fragmented and inconsistent.
3. Hygiene: The research revealed that hygiene is not a primary concern for insulin pen
users, as current designs are perceived to be su ciently clean and safe. The main hygiene
concerns center around the needle rather than the pen itself.

" Users generally trust the cleanliness of their pens: Many keep their devices in

protective cases, ensuring they remain free from contamination.
Needle hygiene is a point of debate: Some users express concerns about reusing

needles, while others follow the common behavior of changing them less frequently for

convenience.
Durable and pre lled pens do not raise separate hygiene concerns: The perception of

hygiene does not di er signi cantly between reusable and disposable pens.
4. Durability:  Users generally do not perceive a di erence in durability between pre lled
and reusable pens, with environmental factors in uencing preference more than perceived
robustness.

A~
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" Users believe both plastic and metal pens will last as long as needed.
~ Environmental factors in uence preference for reusable pens, but sturdiness and

aesthetics do not signi cantly impact decision making.

5. Wastefulness: Environmental concerns are increasingly in uencing insulin pen prefer-
ences.

" Users express discomfort about disposing of entire pens instead of replacing cartridges.

Some prefer cartridge-based pens due to their lower environmental impact.

2.2 Research of Glucagon-Like Peptide-1 (GLP-1) (Second
Study)

Glucagon-Like Peptide-1 (GLP-1) is a hormone produced in the gut that helps control blood
sugar levels. It works by increasing insulin release, reducing the amount of glucose made by the
liver, slowing down digestion, and making people feel full. Because of these e ects, GLP-1-based
medications are used to treat type 2 diabetes and help with weight loss [Zheng et al., 2024] This
research focuses on Type 2 diabetes (T2D) management, particularly for GLP-1 patients. It
provides 7 insights based on user research with 10 GLP-1 patients in the US.

Key themes emerged from this research:

1. The Disconnect Between Treatment Structures and Everyday Life: Managing
diabetes extends beyond taking medications. It involves constantly balancing medical
guidelines with everyday life responsibilities and personal well-being. Patients report that
structured diabetes management routines often con ict with real-world activities, making
adherence challenging.

Diabetes guidelines emphasize strict BG monitoring, medication timing, and dietary
restrictions, yet social, professional, and personal commitments often disrupt these

plans.
Socializing, personal enjoyment, and daily routines often interfere with structured

diabetes rules, such as glycated haemoglobin (HbAlc) goals. HbAlc is a biomarker
used to measure long-term blood glucose levels in individuals with diabetes or
prediabetes. It re ects the average blood glucose levels over the past 2 3 months

[HbA, 2011].
Some patients skip or delay insulin injections or BG monitoring due to work demands,

family obligations, or special events. Some patients feel frustrated when they have to

choose between enjoying life and following strict diabetes rules.
Managing diabetes is not just about taking insulin but also requires adapting diet,

exercise, sleep patterns, and stress management strategies. Patients report feeling
overwhelmed by the constant e ort required to maintain their diabetes routine.

2. Blood Glucose (BG) Monitoring as a Source of Emotional Stress . For many
patients, monitoring blood glucose levels is emotionally draining rather than empowering.
Instead of serving as an actionable tool for improving health, BG readings often reinforce
feelings of failure when numbers uctuate unexpectedly.

Patients perceive BG levels as a judgment of how well they are doing, rather than a
tool for improving health. When BG levels are within range, patients feel successful.
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When readings are high, they feel like they have failed, even if they followed medical

advice.
Many struggle with unexpected high or low BG readings, despite consistent e orts

to follow dietary and medication guidelines. Patients often cannot identify why their

BG levels uctuate, leading to frustration, anxiety, and feelings of helplessness.
Continuous disappointing BG readings can lead to stress, burnout, and avoidance

behaviors. Some patients skip monitoring their BG levels altogether to avoid negative
emotional reactions.

3. The Role of Social Support and Emotional Burdens: Diabetes is often described as
a lonely disease, with many patients reporting a lack of understanding from family, friends,

and

even healthcare professionals. Without support, maintaining consistent diabetes

management becomes signi cantly harder.

Many patients feel entirely responsible for their diabetes care, with little outside help.
Some express frustration because others do not understand the daily challenges of

managing the condition.
Loved ones may o er misinformed advice, leading to tensions or resentment. For some

individuals, family members dismiss their struggles, making them feel invalidated and

unsupported.
When immediate support is lacking, some patients turn to online communities,

diabetes support groups, or distant acquaintances for guidance.
Those who receive emotional or practical support from a spouse, close friend, or HCP

nd it easier to maintain treatment routines. Encouragement from a trusted person
signi cantly improves adherence and motivation.

4. The Psychological Impact of Not Reaching Goals: When patients fail to meet their
BG targets or HbAlc goals, the psychological impact can be profound, often leading to
self-doubt, guilt, and avoidance behaviors.

~ Patients feel guilty and self-critical when they struggle to maintain stable BG levels.

Feelings of failure often lead to depression, stress eating, and lack of motivation.

" Some patients give up on monitoring or treatment adjustments, feeling that nothing

they do will make a di erence. In some cases, frustration causes patients to avoid
medical appointments.

~ Emotional distress increases cravings for comfort foods, making BG control even more

di cult. A lack of structured emotional support leaves patients trapped in a cycle of
self-blame and stress eating.

5. The Need for Structured Transitions in Diabetes Management: For many
patients, the process of adapting to diabetes is overwhelming, particularly during the early
stages of diagnosis.

~

Patients must unlearn old behaviors and adopt new self-care routines. Without
guidance, this transition feels disorganized and stressful.

" Many patients struggle in the early months after diagnosis or after a major medication

A~

change. Patients who lack structured transition plans often revert to previous

unhealthy habits.
When patients have a trusted HCP, they feel more con dent navigating changes. A

lack of continuity in care makes long-term adjustment harder.
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6. The Role of Self-Re ection and Goal-Setting: Patients bene t from personal goal-
setting, but external pressure does not drive motivation.

~ Patients who actively re ect on their habits are more engaged in diabetes management.
" When patients set realistic, personal goals, they feel successful and in control.

External pressure from HCPs or family can feel overwhelming.
7. The Burden of Self-Management and the Need for Accountability: Diabetes
requires constant self-monitoring, which can feel overwhelming without external support
or encouragement.

" Patients feel they carry the entire burden of their treatment. Sharing goals with an
HCP or family member improves engagement.

2.3 Living with Diabetes In India (Third Study)

The third study explores the Indian context of diabetes management, including cultural
in uences, access to healthcare care, stigma, nancial barriers, and perceptions of treatment.
The research gathered insights from people with diabetes (PwD) and healthcare professionals
(HCP) from di erent regions of India.

Key themes extracted from the report

1. Cultural and Religious In uences on Diabetes Management: Diabetes care in India
is heavily in uenced by cultural traditions, religious practices, and family expectations.
Food choices, fasting rituals, and home remedies impact diabetes management, sometimes
con icting with medical recommendations.

A~

Traditional food habits inuence diabetes control: Certain ethnic groups (e.g.,
Guijarati, Sindhi communities) have high-carb diets, making dietary modi cations
di cult. Rice consumption in South India is so ingrained in daily meals that HCPs

struggle to convince patients to reduce intake.
Religious fasting complicates diabetes management: Festivals such as Diwali,

Ramadan, and Karwa Chauth require fasting, often without water, which can severely
impact blood glucose levels. Many PwDs consult doctors before fasting, but adherence

to medical advice varies.
Strong belief in home remedies and alternative medicine: PwDs commonly consume

bitter gourd juice, turmeric, neem juice, and fenugreek seeds, believing these can
cure diabetes. Ayurveda and homeopathy treatments are widely practiced, and some

patients prioritize these over medical treatments.
HCPs often tolerate alternative medicine use: While doctors do not promote these

treatments, they avoid discouraging them outright, fearing patients might abandon
medical treatment. Some PwDs attribute blood sugar stabilization to home remedies,
leading them to discontinue insulin or prescribed medication.
2. Gender Roles and Family Responsibilities in Diabetes Care: In India, traditional
gender roles in uence who takes responsibility for diabetes management. Women often act
as primary caregivers, while men receive family support in managing their diabetes.
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~ Wives, daughters, or mothers take charge of managing diabetes for male family
members. They ensure dietary compliance, medication schedules, and medical

appointments.
If a woman has diabetes, she is often expected to manage it independently, without

disrupting household responsibilities. Household duties take priority over self-care,

leading to poor adherence to dietary and exercise recommendations.
Impact of COVID-19 on sedentary lifestyles, especially among women: Many women

became more housebound due to the pandemic, leading to reduced physical activity.
Social isolation and boredom have increased diabetes-related distress among women.
3. Social Stigma and Hidden Diabetes: Diabetes is often stigmatized in India, leading
many patients to hide their condition to avoid judgment or social consequences.

~ Young PwDs fear that having diabetes will reduce their marriage prospects. Families

avoid disclosing diabetes diagnoses when arranging marriages.
Many PwDs refuse to inject insulin in public or check blood sugar levels openly.

Finding a private space for injections at work or while traveling is a major challenge.
PwDs hide their condition from colleagues and extended family to avoid unwanted

attention and advice. HCPs note that stigma prevents some PwDs from seeking timely
treatment.
4. Limited Understanding of Diabetes and Late Diagnosis: Many Indian PwDs have
low awareness of diabetes complications and lack a clear understanding of its causes. As a
result, most diagnoses occur late, often when symptoms become severe.

A~

A~

" Many PwDs believe eating sweets is the sole cause of diabetes. Other risk factors,

such as sedentary lifestyles, genetics, and stress, are poorly understood.
Many PwDs are diagnosed only after experiencing severe symptoms such as giddiness,

excessive thirst, or extreme fatigue. Some T2D patients are hospitalized upon

diagnosis due to dangerously high blood glucose levels.
Many T1D patients have seen family members with diabetes and understand the

disease better. T2D patients, especially in rural areas, are often unaware of potential
complications.
5. Financial Barriers to Diabetes Management: Diabetes is a major nancial burden
for many PwDs in India, a ecting access to medication, testing, and consultations.

" Diabetes treatment is an out-of-pocket expense for most patients: Health insurance

rarely covers diabetes related expenses.
Many PwDs switch to cheaper treatment options due to cost concerns: Some patients

switch from insulin pens to vials and syringes to save money. Glucometers and test

strips are often purchased sparingly, leading to infrequent BG monitoring.
Many PwDs visit family doctors instead of specialists to avoid high consultation fees.

HCPs are reluctant to prescribe expensive treatments, fearing that patients will seek
cheaper alternatives elsewhere.
6. The Psychological Burden of Diabetes and Self-Management Stress: Diabetes
requires constant self-monitoring, which many PwDs nd mentally exhausting.

Diabetes is perceived as an unavoidable burden: Many PwDs feel that diabetes has
taken over their lives, making them constantly aware of their condition. The need for
lifelong treatment is psychologically overwhelming.
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~ Fatigue and stress are common barriers to treatment adherence: PwDs struggle with
energy levels, particularly in the afternoons. Diabetes-related stress and fatigue make
it harder to stay motivated.
7. Perception of Pen Injectors in Diabetes Management:

" PwDs generally perceive insulin pen injectors as more convenient, discrete, and easier

to use compared to vials and syringes.
" Many PwDs nd pens less painful due to the shorter needle, leading to better

adherence.
" Some PwDs still resist switching to insulin pens due to cost concerns, preferring

cheaper alternatives like vials and syringes.
Trust in HCP recommendations plays a key role in adopting insulin pens.

8. Challenges with Pen Usage and Administration:

" Some PwDs worry about injecting the wrong dose, missing doses, or unknowingly

using an empty cartridge.
" HCPs express concerns about incorrect administration, especially among patients with

low literacy or limited healthcare access.
" The need for better patient education on proper insulin pen use, including dose

adjustment and injection technigue.
9. Durability and Practicality of Insulin Pens:

" While PwDs appreciate the durability of reusable insulin pens, they also worry about

potential breakage or malfunctions.
Many PwDs expect reassurance from HCPs about the robustness of pens, especially

in harsh climate conditions.
" The ability to transport insulin pens safely and maintain temperature control is a

signi cant concern.
10. Economic Constraints A ecting Pen Adoption:

A~

~

Insulin pens are perceived as more expensive in the long run, despite their convenience.
Some PwDs switch back to syringes due to a ordability, despite preferring pens.

11. Need for Improved Training and Instructions:

HCPs demand detailed training and instructional materials from manufacturers before

con dently recommending insulin pens.
~ QR codes on packaging, video demonstrations, and step-by-step guides are suggested

to improve user condence. Some PwDs prefer live demonstrations or in-person
training sessions by nurses or diabetes educators.
12. DuraTouch Feedback and Design Perception:

A

PwDs nd the DuraTouch insulin pen visually appealing, with an easy-to-use design

and a smooth dose adjustment mechanism.
The short needle is perceived as an advantage, reducing pain and making injections

more tolerable.
HCPs raise concerns about ensuring the pen signals when it is running low or empty.
PwDs rely on HCPs' reassurance for product adoption, highlighting the importance

of strong medical endorsements.
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2.4 Thematic Coding and Word Frequency Analysis

Following the extraction of insights from the three studies, a total of 24 distinct themes and
72 supporting references were identi ed (see Appendix I). These themes were categorized under
each study and structured into a Word document, which was then imported into NVivo for
gualitative analysis. Each of the three studies was treated as a parent node, and the respective
themes were assigned as child nodes. All insights were coded accordingly.

To better understand the linguistic patterns across the studies and identify potential thematic
overlap, a Word Frequency analysis was conducted individually for each dataset. The
most frequently occurring terms were visualized as word clouds, allowing for a comparative
examination of recurring concepts and problem areas.

In the rst study (Figure 2.1), the most prominent terms include durable, pens, data,

bg (blood glucose), wasteful, and hygiene. This re ects a strong focus on the physical
characteristics of insulin pens, such as device wastefulness, pen durability, hygiene concerns,
and challenges related to blood glucose monitoring and data recording. Words likeecorded,
cumbersome, and change point toward di culties in data usage and behavior adaptation,
aligning with usability concerns.

Figure 2.1. Word Cloud from the First Study: Generative Design Research

In contrast, the second study (Figure 2.2) emphasizes psychosocial and emotional dimensions.
The most frequent terms include management, self, stress, support, motivation,
emotional, and structured. These words highlight the internal burden of diabetes self-
management and the need for external support, goal-setting, and structured transitions. Terms
such as goals, burden, reection, accountability, and lifestyle further underline the
emotional and behavioral themes that were prominent in this GLP-1 research.
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Figure 2.2.  Word Cloud for second Study: Research of Glucagon-Like Peptide-1

The third study (Figure 2.3) incorporates a broader cultural and socioeconomic context. Key
terms include pens, insulin, cost, switching, aecting, responsibilities, alternative,
stigma, diagnosis, and training. This vocabulary re ects concerns about a ordability,
stigma, and device usage across di erent demographics in India. Words such aswitching,
care, family, women, access, and limited reinforce the challenges posed by economic
constraints, gender roles, and inadequate education.

Figure 2.3.  Word Cloud for third study: Living with diabetes in India

The comparison across the three gures shows how each dataset re ects di erent aspects of
diabetes management:
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" The rst study highlights functional and usability concerns.

" The second study reveals emotional, behavioral, and social needs.

" The third study adds a strong contextual layer, emphasizing cultural, nancial, and
educational barriers.

Together, these ndings provided the foundation for identifying overlapping themes and merging
related topics into consolidated categories.

Following the frequency analysis, a detailed comparison was conducted between all references
and their associated themes. Using thematic coding and color-based clustering in NVivo, as
presented in Figure 2.4, similar themes across studies were grouped and merged.

Figure 2.4. Thematic structure in NVivo showing parent and child nodes. The three parent nodes
represent the original studies, while the child nodes re ect the 24 coded themes. Colored indicators
denote conceptual similarities across studies, which were later used to guide theme merging. The number
of references coded under each theme is shown in the References column.

This process reduced the initial 24 themes to 10 overarching categories, as shown in Table 2.1:
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Table 2.1.

Merged Themes Across the Three Studies

Merged Theme

First Study

Second Study

Third Study

BG Monitoring &
Emotional Stress

Challenges with Dia-
betes Management

Blood Glucose (BG)
Monitoring as a
Source of Emotional
Stress / The Psycho-
logical Impact of Not
Reaching Goals

Data & Data Data & Data Record-
Recording ing
Hygiene Hygiene

Device Durability

Durability / Waste-

Durability and Prac-

& Wastefulness fulness ticality of Insulin
Pens
Social Support & The Role of Social| Social Stigma and

Stigma

Support

Hidden Diabetes

Transition & Goal-
Setting Support

The Need for Struc-
tured Transitions in
Diabetes = Manage-
ment / The Role
of Self-Re ection
and Goal-Setting
/ The Burden of
Self-Management
and the Need for
Accountability / The
Disconnect Between
Treatment & Every-
day Life

Psychological Burden
of Diabetes & Self-
Management Stress

Cost & Accessibil-
ity

Financial Barriers
to Diabetes Man-
agement / Economic
Constraints A ecting

Pen Adoption

Need for Better

Education

Need for Improved
Training and Instruc-
tions / Limited Un-

derstanding of Dia-
betes and Late Diag-
nosis

Pen Usability &
Administration

Challenges with Pen
Usage and Adminis-
tration / Perception
of Pen Injectors /
DuraTouch Feedback
and Design

Lifestyle Con icts

Cultural & Religious
Inuences on Dia-
betes Management
/ Gender Roles and
Family Responsibili

17 af 90



2.4. Thematic Coding and Word Frequency Analysis Aalborg University

After merging the original 24 themes into 10 overarching categories based on conceptual similarity
and frequency analysis, all references were reassigned to the corresponding newly created themes
in NVivo. This step involved systematically reviewing each of the initial nodes and recoding the
associated insights under the merged categories.The process involved systematically identifying
and resolving redundant or overlapping insights across the original themes. Where repetition
was identi ed, the most representative and concise version of the insight was retained to reduce
duplication and enhance thematic clarity. The nal set of coded references under the 10 merged
themes formed the foundation for the value proposition development phase.

BG Monitoring & Emotional Stress.

This theme emerged from references in both the Generative Design Research and GLP-1 studies,
highlighting the emotional weight patients place on blood glucose (BG) readings. BG data is often
interpreted as a personal scorecard for success or failure, rather than a neutral health indicator.
Unclear or uctuating readings provoke anxiety, and many patients report feeling confused about
their meaning. The psychological burden intensi es when high BG readings result in guilt or
disengagement, sometimes leading to avoidance behaviors or emotional eating. Patients also
describe a pattern of postponing treatment rather than perceiving it as neglect, re ecting the
complex emotional negotiation involved in self-care routines. The most representative merged
insights for this theme are summarized in Table 2.2. All NVivo references associated with this
theme can be found in Appendix II.

Table 2.2. Theme: BG Monitoring & Emotional Stress

Ref # | Merged Insight
1, 2, 5 | BG readings are perceived as indicators of personal success or failure rather than [as
tools for proactive treatment planning.

3,6 Unclear or uctuating BG readings create stress and confusion, making self
management more di cult.

7,8, 11| High BG readings often lead to emotional eating or other unhealthy coping

T

strategies.
9, 10 | Failing to reach BG or HbAlc goals causes guilt and disengagement.
4 Delayed treatment is perceived as postponing rather than non-adherence.

Cost & Accessibility.

This theme, derived from the Indian Context study, centers around the nancial constraints
associated with diabetes treatment. Insulin therapy is largely nanced out-of-pocket in India,
making cost a decisive factor in treatment adherence. While insulin pens are preferred by many
due to ease of use and comfort, their higher cost over time leads some patients to revert to vials
and syringes. Even when patients favor pen devices, a ordability often takes precedence. These
trade-o s illustrate the tension between preferred treatment methods and economic feasibility.
The consolidated insights are shown in Table 2.3, and all NVivo references for this theme are
available in Appendix III.
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Table 2.3. Theme: Cost & Accessibility

Ref # | Merged Insight
1 Treatment is an out-of-pocket expense, limiting access to care.
2,4 Due to cost concerns, some patients switch from insulin pens to cheaper alternatives
like vials and syringes, even if they prefer pens.
3 Insulin pens are perceived as more expensive over time.

Data & Data Recording.

This theme captures challenges related to how diabetes data is recorded, interpreted, and shared
between patients and healthcare professionals. Across the rst study, participants reported
that while they regularly document blood glucose readings and other data, the ability to
interpret this information without professional input is limited. Healthcare professionals are
seen as gatekeepers of decision-making, and there is minimal con dence in adjusting treatment
independently. Additionally, the absence of a standardized or seamless way to share recorded
data results in frustration and ine ciencies during consultations. A summary of the consolidated
insights is presented in Table 2.4, and the complete references for this theme are listed in
Appendix V.

Table 2.4. Theme: Data & Data Recording

Ref # | Merged Insight
1 Recorded data is di cult to interpret without HCP guidance.
2 HCP recommendations are followed closely, with little con dence in making
independent treatment adjustments.
Data sharing with HCPs lacks standardization, creating ine ciencies.
4 The process of sharing and using data remains unclear and cumbersome.

w

Device Durability & Wastefulness.

This theme combines perspectives on product robustness, sustainability, and practical usability in
reusable and pre lled insulin pens. Reusable pens are widely preferred over pre lled alternatives
due to their perceived environmental bene ts and durability. Despite di erences in material
(plastic or metal), users generally trust the robustness of all pens and do not associate specic
materials with quality. Moreover, cartridge replacement in durable pens is not seen as a
barrier, and both pen types are viewed as functionally equivalent. However, unresolved concerns
remain around practical factors such as medical waste disposal, device malfunctions, and safe
transportation in varying environments. Merged insights from this theme are listed in Table 2.5,
and detailed NVivo references can be found in Appendix V.
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Table 2.5. Theme: Device Durability & Wastefulness

Ref # Merged Insight
1, 2,3, 10| Prelled pens are perceived as more wasteful than reusable or recyclable
alternatives, which are preferred due to their durability and environmental

bene ts.
4 Medical waste disposal is a challenge due to recycling barriers.
5,6 Durability is not associated with specic materials; robustness is trusted

regardless of whether pens are made of plastic or metal.
7, 8,9 | Durable and pre lled pens are perceived as equally functional and easy to use.

Hygiene.

This theme centers around perceptions of cleanliness and safety in the use of insulin pens. Overall,
hygiene is not perceived as a major concern, especially regarding the pen itself. Most users feel
con dent that their pens remain clean, particularly when kept in the protective cases. Concerns
are more often directed toward needle hygiene, although even among those who reuse needles,
few express discomfort or perceive hygiene as a pressing issue. Needle changing routines vary, but
the behavior does not appear strongly tied to hygiene concerns. Merged insights are summarized
in Table 2.6, and full references are listed in Appendix VI.

Table 2.6. Theme: Hygiene

Ref # | Merged Insight

1,2 Users generally trust that insulin pens remain clean, especially when stored in
protective cases.
3, 4 | Needle-changing routines vary, but infrequent changing is not generally linked tg
strong hygiene concerns.

Lifestyle Con icts.

This theme encompasses the social, cultural, and gender based tensions that interfere with
consistent diabetes self-management. In the Indian context, traditional food customs and
religious fasting often contradict structured treatment plans. Patients also report a widespread
reliance on alternative medicine, which is typically tolerated by healthcare professionals in
an e ort to maintain trust. Additionally, signi cant gender imbalances were noted: while
women frequently manage diabetes care for male family members, they receive less support
when managing their own condition. Domestic responsibilities further limit their capacity for
consistent self care. The merged insights are outlined in Table 2.7, and detailed references are
listed in Appendix VII.

Table 2.7. Theme: Lifestyle Conicts

Ref # | Merged Insight
1 Fasting and traditional food habits con ict with structured diabetes control.
2, 3 | Alternative medicine is frequently used alongside or instead of medical treatment
and is often tolerated by HCPs to preserve patient trust.
4,5, 6 | Women manage diabetes care for others but receive less support themselves, thus
self care is deprioritized due to household responsibilities.
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Need for Better Education.

This theme highlights gaps in both public and professional understanding of diabetes and its
treatment. Misconceptions, such as attributing diabetes solely to sugar intake, persist, and many
diagnoses occur only after severe symptoms arise. This re ects a lack of early education and
awareness. At the same time, healthcare professionals express the need for more structured
training resources before con dently recommending specic treatment tools such as insulin
pens. The merged insights are summarized in Table 2.8, and full references are available in
Appendix VIII.

Table 2.8. Theme: Need for Better Education

Ref # | Merged Insight
1,2 Lack of public awareness leads to misconceptions about diabetes and delayed

diagnosis.

3, 4 | Healthcare professionals require clear, structured training tools (videos, guides, Q

codes) to con dently recommend insulin pens and support patient education.

AJ

Pen Usability & Administration.

This theme includes patient and professional perspectives on the ease of use and reliability
of insulin pen injectors. Patients generally describe pens as convenient and less painful than
alternatives. However, both patients and healthcare professionals express concerns about
usability safety. Patients report anxiety about accidental underdosing or unknowingly using
empty cartridges. Similarly, HCPs highlight the risk of misadministration, especially among
patients with low literacy or limited instruction. A summary of the merged insights is provided

in Table 2.9, and all references are included in Appendix IX.

Table 2.9. Theme: Pen Usability & Administration

Ref # | Insight
1 Pen injectors are perceived as more convenient and less painful than alternatives.
2,5 | Fear of incorrect dosing and unknowingly using an empty cartridge creates anxiety,
HCPs also express concerns about proper insulin delivery and dosage accuracy.
HCPs worry about misadministration among those with low literacy.
4 DuraTouch is considered easy to use, with a smooth dose adjustment mechanism

w

Social Support & Stigma.

This theme illustrates the complex role of interpersonal relationships in diabetes self-
management. Many patients report feeling emotionally isolated due to a lack of understanding
from close family and friends. While some seek support through online communities, this
form of connection is often perceived as insu cient in day-to-day life. In contrast, patients
with strong emotional and practical support tend to experience better treatment adherence and
psychological well-being. Alongside these relational dynamics, stigma remains a barrier, leading
some individuals to avoid injecting insulin in public or delay treatment to avoid social judgment.

A summary of the merged insights is presented in Table 2.10, with full references available in
Appendix X.
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Table 2.10. Theme: Social Support & Stigma

Ref # | Merged Insight

1, 2, 4 | Patients often feel emotionally isolated; family and friends may not fully understand
their challenges, and online communities provide limited emotional support.

3 Strong social support improves treatment adherence and emotional well-being.

6, 7 | Stigma leads to hiding one's condition, avoiding insulin injections in public, and
delaying treatment due to fear of social judgment.

Transition & Goal-Setting Support.

This theme captures the challenge of transitioning into diabetes management and sustaining
motivation over time. Patients often nd it dicult to apply rigid clinical guidelines in the
context of daily life, especially when structured transition support is missing. While some succeed
through gradual planning and setting small goals, others feel overwhelmed by the burden of
managing their condition alone. Emotional fatigue, stress, and treatment neglect frequently
result from this burden. Support from healthcare professionals or trusted family members
signi cantly reduces the mental load and fosters con dence during adjustment. A summary
of merged insights is shown in Table 2.11, with references detailed in Appendix XI.

Table 2.11. Theme: Transition & Goal-Setting Support

Ref # Merged Insight
1, 2, 3, 4,5 | Patients struggle to integrate structured diabetes routines into everyday life,
especially when support during the transition is lacking.

6, 12 Motivational support from trusted healthcare professionals or family members
helps patients feel less burdened and more engaged.
7,8,9 Self-re ection, personal goal-setting, and gradual lifestyle planning enhance

con dence and treatment adherence.
10, 11, 13, 14| The mental and emotional toll of managing diabetes alone often leads to
fatigue, overwhelm, and treatment neglect.

2.5 Value Propositions Formulation

The next step in the process was to turn the reduced insights into value propositions. Each
insight was rewritten as a short statement that re ects something people with diabetes might
care about. After this, the statements were checked again for overlap, and those that repeated
similar ideas were matched.

The phrasing of the value propositions followed guidance from sources in survey and health
communication, including Internet, Phone, Mail, and Mixed-Mode Surveys: The Tailored Design
Method [Dillman et al., 2014], and the CDC's Everyday Words for Public Health Communication
[CDC, 2016]. To make the language feel natural and familiar, expressions often used in online
diabetes communities, like Facebook groups, were also considered. Research in survey design
shows that using everyday language helps people answer more accurately and with less e ort,
especially in online surveys [Dillman et al., 2014; Sudman et al., 1996]. The reduction of the
initial list was done only by removing value propositions that were overlapping. No other
inclusion or exclusion criteria were applied at this point. Osterwalder's Value Proposition
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Canvas [Osterwalder et al., 2014] was used as a framework, to guide the formulation of the
value propositions. Each insight was examined through the two main components of the canvas:
the Customer Pro le and the Value Map. The Customer Pro le helped clarify the perspective
of people living with diabetes by identifying:

" Job to be done: the tasks or challenges they try to manage in daily life.
" Pains: the barriers or frustrations that make those tasks di cult.
~ Gains: the outcomes or experiences they hope to achieve.

The Value Map was used to think about how possible products or services could support those
needs:

" Products and Services: what can be o ered to support their daily challenges
~ Pain Relievers: how those o erings can reduce or remove key barriers
" Gain Creators: how they can help people achieve their desired outcomes

Each insight from the analysis was taken through these steps.The process involved identifying the
underlying job, pain and gain, and then re ecting on what kind of support would help address
that. A detailed mapping of each individual insight to its corresponding value proposition can
be found in Appendix XlII. This includes the full Customer Prole and Value Map for each
insight, showing how speci c challenges, needs, and opportunities were translated into the nal
value statements. The resulting set of 19 value propositions is presented in Appendix XII.

2.6 Reducing the Number of Value Propositions

To reduce the number of value propositions to a manageable and actionable set, a workshop was
held by stakeholders from Novo Nordisk. The participants represented a variety of roles:

" User Researcher and UX Lead

" Industrial Designer and UX Lead

"~ Strategic Designer

" Mechanical Design & Device Project Lead
~ Commercial Device Project Lead

During the workshop, each value proposition was evaluated using the following four criteria:

1. Relevance: Is the proposition meaningful and important from the user's perspective?

Clarity: Is the proposition clearly worded and easy to understand?

3. Di erentiation: Does the proposition express a unique need not already captured by
other propositions?

4. Actionability: Can the proposition be translated into concrete design opportunities or
development decisions?

n

An example of how one participant applied these criteria to assess and prioritize value
propositions is shown in Figure 2.5. The gure illustrates how individual propositions were
evaluated based on their relevance, clarity, di erentiation, and actionability, leading to their
nal categorization.
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Figure 2.5. Example of how a participant categorized value propositions using the four evaluation
criteria. This example illustrates how clarity, relevance, di erentiation, and actionability informed the
overall prioritization.

After all value propositions had been reviewed against these four criteria, the participants
used the results of this assessment to inform a further prioritization process. Drawing on the
insights for relevance, clarity, di erentiation, and actionability, each value proposition was then
categorized into one of three levels of perceived importance:

~ Most important
" Somewhat important
" Less important

A visual example of this prioritization process is presented in Figure 2.6.

Figure 2.6. lllustrative example of a participant's categorization of value propositions. Based on their
assessment across the four criteria relevance, clarity, di erentiation, and actionability each proposition
was assigned a level of importance.

As part of the Clarity assessment, participants also suggested wording improvements for several
value propositions. These suggestions were reviewed and incorporated to ensure the nal wording
was clear and concise.

Based on the workshop results, 10 value propositions were selected. Each of these received a
Most important rating from at least two participants.
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To further enhance clarity and relatability, all value propositions were reformulated using rst-
person framing. For example, the initial formulation To have control over my diabetes
was revised to | feel in control of my diabetes. This shift is supported by research in
survey methodology, which shows that personalized and relatable question wording improve
comprehension, cognitive engagement, and the naturalness of response evaluation [Tourangeau
et al., 2000].Similarly, the use of personal, framing aligns with best practices in health-related
conjoint analysis. Studies in which respondents evaluate choices from a realistic, personal
perspective have been found to yield more valid and easily understood responses [Bridges et al.,
2011].

The nal selected value propositions are listed in Table 2.12.

Table 2.12. Final Value Propositions Selected Through Workshop Analysis

VP No. Value Proposition Mentions
1 | feel sure | am getting the right amount of medicine 4
2 | trust that my diabetes treatment is safe and reliable 4
3 | feel free to live my life alongside my diabetes 4
4 | feel con dent making decisions about my diabetes 4
5 | have a simple treatment routine 4
6 | can communicate easily with my healthcare provider 3
7 | feel in control of my diabetes 3
8 | experience as little pain as possible when taking my diabetes treatment. 2
9 | feel emotionally strong while living with diabetes 2
10 | get support when adapting to life with diabetes 2

2.7 Evaluating Methods for Prioritizing Value Propositions

Following the selection and re nement of the value propositions, the next step was to prioritize
them based on user preferences. This prioritization was conducted as part of a broader
international survey administered by Novo Nordisk, involving 400 participants across four
countries (100 per country). The survey primarily consisted of demographics and questions using
5-point Likert scales. The value proposition prioritization was embedded as a short segment at
the end of this survey, o ering a valuable opportunity to collect feedback from a large and diverse
sample in a realistic testing environment.

To make the most of this opportunity, it was important to reduce the number of value propositions
to a manageable set and select a prioritization method that would t seamlessly into the ow of
the survey, remain cognitively accessible and yield meaningful comparative data. Three methods
were considered: Best-Worst Scaling, Ranking by Elimination, and Pairwise Comparison. Each
was evaluated based on methodological rigor, cognitive demands, and t with the survey context.

Best-Worst Scaling (BWS)

Best-Worst Scaling requires participants to choose both the most and least important item from
a subset of options. It has been widely applied in healthcare and marketing research to generate
rich preference data and avoid issues such as scale use bias or central tendency bias [Hollin et al.,
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2022]. Scale use bias refers to systematic di erences in how respondents use rating scales, such
as consistently avoiding extreme options, while central tendency bias describes the tendency to
choose middle or neutral responses regardless of true preference.

However, BWS assumes that participants are willing and able to make strong comparative
judgments, which may be challenging when evaluating emotionally nuanced or closely related
statements. It also typically requires multiple sets of comparisons to be statistically robust,
which can increase cognitive burden and risk of disengagement if not carefully designed [Flynn
et al.,, 2007]. In the speci ¢ setting of this survey, BWS posed a potential risk of overload or
reduced response quality.

Ranking by Elimination (RBE)

Ranking by Elimination involves progressively removing the least preferred options until a nal
ranking emerges. This method mirrors decision-making processes found in real world settings
and can be e ective for narrowing down broad option sets [Tversky, 1972a].

However, RBE is vulnerable to early order bias and preference instability. Early order bias occurs
when initial eliminations disproportionately in uence the nal outcome. Preference instability
refers to inconsistent choices that can arise when participants struggle to rank closely related
or emotionally nuanced items. It also places considerable cognitive demands on respondents,
who must continually re-evaluate the remaining options [Bridges et al., 2011]. These challenges
may be particularly problematic when value propositions are perceived as similarly important or
emotionally complex.

Pairwise Comparison (PC)

Pairwise Comparison involves comparing two value propositions at a time and selecting the one
that feels more valuable. It has been successfully used in health research, decision analysis, and
usability studies for its simplicity and clarity [de Bekker-Grob et al., 2015]. By reducing complex
trade-o s to binary decisions, PC makes it easier for participants to engage meaningfully, even
when evaluating emotionally charged or overlapping concepts [de Bekker-Grob et al., 2015].

Pairwise Comparison was also a practical t for the survey conditions. Its simple structure
aligned well with the design of the broader questionnaire and the task places minimal cognitive
demands on participants and allow them to engage with the prioritization in a straightforward
way.
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3.1 Pilot Test

Following the selection of the prioritization method, the next step was to prepare the survey for
testing. The nal selected ten value propositions yield a total of 45 unique pairwise comparisons,
calculated using the simpli ed combinatorial formula:

n nin 1)
2 2

In this case,n =10, resulting in:

Here, n represents the total number of value propositions being compared. This formula
determines how many unigue pairs can be formed.

Each participant was randomly assigned 15 out of the 45 possible comparisons. Additionally, the
order of value propositions within each pair was randomized to mitigate potential order e ects,
ensuring that no single proposition consistently appears rst or second across tasks.

To evaluate both the clarity of the survey content and the feasibility of completing it within 5

to 7 minutes, a pilot test was conducted using a digital interface. The interface was developed

using HTML JavaScript , CSS and PHPR and hosted on Aalborg University's internal server.

It was designed specically for the pilot phase and included the following components: a

consent form, demographic questions (age, diabetes type, gender, education level), a brief
guide, and the pairwise comparison survey. The pilot interface can be accessed online at:
https://pdpl10-nicoleta.es.aau.dk/index.html.

Timing data were collected in two ways: total survey time (starting when participants began the
comparison tasks) and individual response time for each of the 15 comparisons. Time spent on
earlier pages, such as the consent form or demographics, was not included in the analysis, as the
focus was on the cognitive load and pacing during the core survey content. Recording individual
comparison times allowed for the identi cation of any patterns or speci ¢ value proposition pairs
that might consistently require more time to assess.
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The user ow of the interface followed this structure:
Consent form | Demographics ! Guide ! Survey .

A total of 13 participants completed the pilot test online, on personal devices. 9 identi ed as
female and 4 as male. 11 participants reported having Type 2 diabetes, while 2 participants
reported having Type 1 diabetes.

The recorded completion times for the 15 pairwise comparisons ranged from 3 minutes and 36
seconds to 6 minutes and 10 seconds. The average completion time was 4 minutes and 40 seconds,
with a median of 5 minutes and 2 seconds. Based on these results, it is concluded that the survey
can be completed within the targeted time window of 5 to 7 minutes.

In addition to overall duration, response times were recorded for each individual comparison.
While some comparisons occasionally took slightly longer than others, no consistent patterns
emerged across participants. That is, no speci ¢ value proposition pair, such as VP1 compared
with VP5, was found to consistently take longer to evaluate than others. The variation in timing
appeared to be random and participant specic, suggesting that the complexity or clarity of
particular comparisons did not systematically impact response time.

In paired comparison tasks, response reliability refers to how consistently a participant makes
judgments between alternatives. One way to evaluate this is by examining circular triads: speci c
patterns of preferences that violate the principle of transitivity. A circular triad occurs when
a participant prefers value proposition A over B, B over C, but then C over A. Such a cycle
indicates inconsistency in the participant's evaluation, as it contradicts the logic that if A is
better than B and B is better than C, then A should be better than C [Kendall and Smith,
1940]. The results indicated that 11 participants had fewer than 30% circular triads, suggesting
a generally consistent pattern of preferences. In contrast, two participants showed a circular triad
ratio of 50%, potentially indicating lower reliability. These two participants also completed the
task in considerably less time than the rest, which may point to super cial engagement with the
comparisons. Overall, the majority of responses re ected meaningful and structured distinctions
among the value propositions.

3.2 Survey

Novo Nordisk designed and commissioned the survey to be conducted among people living with
diabetes. As part of this initiative, the addition of the pairwise comparison module was proposed,
to be placed at the end of survey, within a 57 minute time slot. The survey was implemented
by SAGO , a global market research rm specializing in healthcare and consumer insights.
SAGO was responsible for participant recruitment, survey administration, and data collection.
Participants were nancially compensated to encourage participation.

The survey was conducted across four countries United States, Canada, Germany, and the
United Kingdom, with 100 participants from each country, totaling 400 respondents. Eligibility
was based on prede ned screening criteria: adults aged 18 75, currently diagnosed with Type
1 or Type 2 diabetes, and currently treating their condition with either insulin or GLP-1-based
injectable medications. A representative age distribution and an even spread across occupational
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categories were required.

The survey structure included screening items, main questionnaire sections, the pairwise
comparison module and demographic questions. The ow of the entire survey, including
integration of the comparison module, are illustrated in Figure 3.1.

Figure 3.1. Survey owchart showing participant screening, main survey components, and integration
of the pairwise comparison module.

The pairwise comparison module presented participants with repeated binary choices between
value statements related to diabetes management. Each participant was asked the following
guestion:

Which of the following two statements do you value most?

Note: You may see some statements more than once. This is intentional, as it helps
us understand how they are valued in di erent contexts.

The entire set of requirements for implementing the pairwise comparison module, delivered to
SAGO for execution, are presented in Appendix XIV.
The dataset received included an Excel le with two sheets:

~ One containing raw response data.
" One containing variable descriptions and labels.

Demographic and clinical characteristics collected as part of the broader survey are used in
subsequent analysis of the pairwise comparison data.
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Data Analysis

4.1 Descriptive Analysis

This section presents a descriptive summary of the dataset used for the study. The analysis
includes the demographic distribution of participants and their diabetes type classi cation.

A total of 395 participants were included in the dataset. The median interview length across all
participants was 7 minutes and 37 seconds. The gender distribution among participants is as
follows:

257 identi ed as male,
~ 136 identi ed as female,
~ 2 identi ed as non-binary.

In terms of diabetes type:

"~ 333 participants were diagnosed with Type 2 diabetes
" 62 participants have Type 1 diabetes.

These descriptive statistics provide an overview of the sample composition and serve as a
foundation for more detailed analyses in subsequent sections.

4.2 Paired Comparisons Analysis

This section presents the analytical approach and results derived from the paired comparisons
conducted in the study. The analysis begins by evaluating the reliability of participants' responses

through checks for consistency. A compound preference matrix was constructed and used to
estimate normalized preference scores via the Bradley Terry Luce (BTL) model. These scores

re ect how strongly each value proposition was preferred, on average, across all participants.

To further explore the underlying drivers of these preferences, the Elimination-by-Aspects (EBA)
model was applied. This model considers how speci ¢ aspects of the value propositions in uence
decision-making. A comparison between the BTL and EBA models was conducted to determine
whether participants' choices are better explained by a single preference scale or by multiple,
attribute-based considerations.

Response Reliability

To assess whether the participants have provided reliable responses, the data were examined for
patterns of transitivity. In a complete paired comparison design, where a participant evaluates
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all possible pairs ofN objects, the total number of possible unigue triads is given by the equation:

N3 N

T =
24

This formula calculates the number of unique combinations of three distinct items and evaluates
them for potential circularity [Kendall and Smith, 1940]. In this study, participants evaluated 15
out of the 45 possible pairwise comparisons between 10 value propositions, resulting in incomplete
comparison pro les. Consequently, not all potential triads could be analyzed for each participant.

A triad was only considered in the analysis if all three required pairwise comparisons were present
in the participant's data. For each participant, the proportion of circular triads was calculated by
dividing the number of circular triads by the number of valid triads available. Participants with

a circular triad proportion exceeding 30% were excluded from further analysis Lund et al. [2023].
As a result, 84 participants were removed from the dataset due to exceeding this threshold.

Compound Preference Matrix

After excluding participants with more than 30% circular triads, a compound preference matrix
was constructed. This matrix aggregates all pairwise judgments from the remaining reliable
participants. Each cell (i;j ) in the matrix represents the number of times value propositioni,

that corresponds to the row , was preferred over value propositiof, that corresponds to the
column.

The matrix is shown in Table 4.1.

Table 4.1. Compound preference matrix showing the number of times each value proposition was
preferred over another.

1 2 3 4 5 6 7 8 9 10

1 41 48 48 63 44 48 73 57 59
2 59 67 76 66 52 64 78 80 75
3 55 38 45 60 55 58 62 70 67
4 52 29 67 50 52 48 69 66 66
5 45 36 40 49 41 45 54 57 59
6 60 49 51 55 60 46 55 73 62
7 56 42 46 62 55 60 65 82 64
8 32 28 39 36 48 41 39 37 51
9 43 27 38 39 45 30 22 61 54
10 40 31 39 36 39 41 41 58 54

Bradley Terry Luce (BTL) model

The Bradley Terry Luce (BTL) model is a probabilistic model used to estimate the relative
preferences of items based on pairwise comparison data [Wickelmaier and Schmid, 2004]. It
assumes that each item has an underlying preference strength, and the probability of one item
being chosen over another depends on the ratio of these strengths.
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Using the compound preference matrix as input to the BTL model, a set of normalized preference
scores was estimated for each value proposition. These scores re ect the relative strength of
preference across all reliable participants. A higher score indicates a stronger overall preference.
The scores have been normalized such that the most preferred item has a value of 1.0 [Wickelmaier
and Schmid, 2004]. The resulting values are presented in Table 4.2.

Table 4.2. Normalized BTL preference scores for each value proposition.

VP Normalized Score

0.130
1.000
0.248
0.180
-0.203
0.324
0.403
-0.760
-0.724
-0.599

O©CoO~NOOUILAWDNPE

=
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Preference Scores with Con dence Intervals

Figure 4.1 presents the normalized BTL preference scores for each of the ten value propositions,
alongside 95% con dence intervals. These scores re ect the relative strength of preference across
all reliable participants, normalized such that the highest-scoring proposition is set to 1.0. The
con dence intervals provide a visual indication of the uncertainty surrounding each estimate.

The results show that the value proposition | trust that my diabetes treatment is safe and reliable
stands out clearly as the most strongly preferred, with a signi cantly higher score than all other
items and a relatively narrow con dence interval. Other highly rated propositions include | feel
in control of my diabetes, | can communicate easily with my healthcare provider, and 1 feel
free to live my life alongside my diabetes all of which received moderately positive scores and
overlapping con dence intervals, suggesting similar levels of preference.

On the lower end of the scale, propositions such ad experience as little pain as possible
when taking my diabetes treatment | feel emotionally strong while living with diabetes,
and | get support when adapting to life with diabetes were consistently rated lower, with
negative normalized scores and non-overlapping con dence intervals when compared to the
top propositions. This indicates a statistically meaningful di erence in how these items were
perceived.

Overall, the results suggest that participants placed the greatest importance on trust and
con dence in the safety and reliability of their treatment, while emotional support and physical
discomfort were less central in their evaluations.

32 af 90



4.2. Paired Comparisons Analysis Aalborg University

Figure 4.1. Normalized BTL preference scores for value propositions, with 95% con dence intervals.

Categorization of Value Propositions for EBA Modeling

The BTL model assumes that people always choose between two options based on a single,
consistent scale of preference. However, this may not re ect how people actually make decisions.
In some cases, two items may feel very similar, or the person may focus on di erent features
when comparing di erent pairs. To handle this, a more exible model called Elimination by
Aspects (EBA) was used [Lund et al., 2023]. The idea behind EBA is that people pay attention
to speci c features, or aspects, of the options they are comparing. If two items share the same
features, the choice might be based on other di erences [Tversky, 1972b]. This model allows
preferences to be based on more than one dimension. To apply the EBA model, ve aspects
were de ned based on the content of the value propositions:

Treatment Con dence (TC) : A general sense of trust, clarity, and understanding related
to how treatment is managed and delivered.

Emotional Aspects (EA) : The internal emotional experience of living with diabetes,
including how it a ects identity, mindset, and personal well-being.

External Support (ES) : Support or help received from healthcare providers or other

people.

" Time E ciency (TE) : How simple or time-saving the treatment is in daily life.

~ Physical Comfort (PC) : How comfortable the treatment is in terms of pain or physical
discomfort.

Each value proposition was reviewed and assigned to one of these categories. Table 4.3 shows
the full overview.
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Table 4.3. Categorization of value propositions into decision-making aspects. An X indicates the
presence of the aspect for a given proposition.

Value Proposition TC EA ES TE PC

| feel sure | am getting the right amount of medicine X

| trust that my diabetes treatment is safe and reliable X

| feel free to live my life alongside my diabetes X

| feel con dent making decisions about my diabetes X

| have a simple treatment routine X
| can communicate easily with my healthcare provider X

| feel in control of my diabetes X

| experience as little pain as possible when taking my X
diabetes treatment

| feel emotionally strong while living with diabetes X

| get support when adapting to life with diabetes X

Note: TC = Treatment Con dence, EA = Emotional Aspects, ES = External Support, TE =
Time E ciency, PC = Physical Comfort.

Elimination by Aspects (EBA)

To better understand how individual aspects in uenced participants' preference judgments, an
EBA model was applied using the binary aspect matrix. The EBA model estimates how strongly
each aspect contributed to choices across all pairwise comparisons. The results are presented in
Figure 4.2.

Figure 4.2. Estimated aspect weights from the EBA model with 95% con dence intervals.
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The results show that Treatment Con dence received the highest weight by a clear margin,
indicating it was the most decisive aspect in guiding preferences. Its con dence interval does not
overlap with those of any other aspects, suggesting a statistically meaningful dominance.

Emotional Aspects , External Support , and Time E ciency  had lower but very similar
weights, with substantially overlapping con dence intervals. This indicates that these three
aspects were perceived as comparably in uential in the decision-making process.

Physical Comfort received the lowest average weight, and its con dence interval did not overlap
with the other aspects, suggesting that this factor contributed signi cantly less to participants'
preferences.

Model Comparison: BTL vs. EBA

To evaluate whether participants' preferences were better explained by an unidimensional scale
or by multiple attribute-based considerations, a statistical comparison was made between the
BTL model and the EBA model.

A likelihood ratio test was conducted to assess whether the increased exibility of the EBA
model signi cantly improved the t. The test results are presented in Table 4.4

Table 4.4. Model comparison between the BTL and EBA models using log-likelihood and likelihood
ratio test.

Model Log-Likelihood Degrees of Freedom 2 (LR Test) p-value
BTL -3108.85 9 ,
EBA 5777 86 5 5337.98 <:001

This result indicates that the EBA model ts the observed data signi cantly better than the
BTL model, with a p value p<0.001. This suggests that participants' preferences were not
simply based on an overall ranking of value propositions but were instead in uenced by specic
perceptual aspects assigned to each item.

Model Diagnostics

To assess how well each model captures the structure of the observed preferences, standardized
residuals were computed and evaluated using normal Q-Q plots. These plots compare the
distribution of model residuals to the expected distribution under normality, with better tting
models showing closer alignment to the diagonal reference line.

Figure 4.3 presents the Q-Q plots for the BTL and EBA models. The left panel shows residuals
computed at the level of individual value propositions (VPs) under the BTL model, while the
right panel shows residuals aggregated at the aspect level under the EBA model. In the BTL
plot, the residuals show a moderate overall deviation from the theoretical quantiles. While the
points roughly follow the red dashed line, they moderately diverge across the full range. In
contrast, the Q-Q plot for the EBA model shows a much tighter alignment with the reference
line. The residuals are distributed more symmetrically and remain very close to the expected
values throughout.
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Figure 4.3. Normal Q-Q plots of standardized residuals for the BTL model (left, per value proposition)
and the EBA model (right, per aspect).

Residual Patterns Relative to Model Scores

The next diagnostic step was to examine whether the residuals are systematically related to the
model. Figure 4.4 displays this relationship for each model.

Figure 4.4. Relationship between residuals and model scores. Left: Value Propositions residuals versus
BTL worth scores. Right: mean residuals per aspect versus EBA weights.

In the BTL plot (left), several value propositions show notable deviations from the horizontal
reference line, indicating that some items are consistently over- or under-predicted by the model.
In contrast, the EBA plot (right) displays residuals aggregated at the aspect level, with each
point representing an aspect's residual plotted against its estimated weight. Here, residuals are
consistently centered near zero across all ve aspects, suggesting a better overall model t.
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Discussion

This chapter re ects on several factors that may have in uenced the outcomes of the paired
comparison analysis. While the BTL and EBA models helped uncover patterns in how people
living with diabetes evaluated the value propositions, certain methodological choices could have
a ected the results. These include how the value propositions were formulated, how aspects were
assigned and the characteristics of the participant sample.

Formulation Bias in Value Propositions

One of the primary factors that may have in uenced the observed results, particularly the

divergence between the BTL and EBA model ts, is potential bias in the formulation of the value

propositions themselves. Although a workshop involving ve participants from Novo Nordisk

was held to reduce the initial number of value propositions, the development of the ten items
was undertaken independently by one person, without direct involvement from individuals with

diabetes or clinical experts. Moreover, time constraints and limited prior experience in the
diabetes context may have contributed to a degree of subjectivity in wording and conceptual
coverage.

Because the EBA model relies on clearly de ned aspects to explain preferences, any overlap or
ambiguity in how value propositions are categorized can reduce its accuracy. For example, if a
proposition addresses both emotional and practical concerns but is assigned to only one aspect,
it may blur the distinctions the model is trying to capture. In contrast, the BTL model ranks

propositions along a single preference scale and is less a ected by this kind of overlap in meaning.

Future studies should consider a more systematic and collaborative approach to item formulation,
potentially involving participatory design with patients, clinicians, and domain experts. Pre-
testing value propositions using cognitive interviews or dimensionality reduction techniques such
as exploratory factor analysis could also help ensure clearer and more distinct aspect assignments.

Dimensional Assignment and Aspect Structure Validity

The Elimination by Aspects (EBA) model relies on a structured assumption: that each value
proposition represents one meaningful aspect of decision-making. In this study, ve aspects were
de ned to re ect common considerations in diabetes care, such as emotional well-being, treatment
simplicity, and physical comfort. Each of the ten value propositions was then manually assigned
to one of these aspects.

While this approach provided a clear foundation for EBA modeling, the assignment process was
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carried out independently by a single individual and was not validated through group review,
patient input, or formal testing. As a result, the aspect categorization may re ect subjective
interpretations, which could a ect the model's ability to capture how people actually di erentiate
between propositions.

In particular, the model assumes that the aspects are mutually exclusive and re ect distinct
psychological dimensions. However, in practice, some items may span multiple aspects or share
conceptual overlap. This can blur the distinctions EBA relies on and reduce its explanatory
power. For instance, a value proposition about feeling con dent may carry emotional and
practical implications at once, even if it was placed under just one category.

A more robust dimensional assignment would likely bene t from collaborative tagging involving
both domain experts and people living with diabetes. It could also be supported by methods
such as card sorting, factor analysis, or content validation panels. These steps could help ensure
that each aspect truly represents a unigue and consistent line of reasoning in how people evaluate
treatment-related preferences.

Model Interpretation: BTL vs. EBA

This study used two di erent statistical models to understand how participants made choices
between value propositions: the Bradley-Terry-Luce (BTL) model and the Elimination by
Aspects (EBA) model. While both are grounded in paired comparison theory, they rely on
di erent assumptions about how people make decisions.

The BTL model treats preferences as lying along a single underlying scale. It assumes that
participants compare items holistically and choose the one they prefer overall. This approach is
simple and e ective when preferences are consistent and not driven by speci c features of the
items.

In contrast, the EBA model assumes that people consider individual aspects of items and
eliminate options that lack desirable features. This allows the model to re ect more complex
reasoning, where preferences may shift depending on which aspects are present or absent in each
pair.

In the results of this study, the EBA model achieved a signi cantly better t to the data than the
BTL model, as indicated by a large likelihood ratio and a highly signi cant p-value. This suggests
that participants were not simply ranking items on a single scale but were likely considering
di erent factors when making their decisions.

At the same time, the improved t of the EBA model should be interpreted in context. As
discussed earlier, both the formulation of the value propositions and the assignment of aspects
may have introduced variability or noise. This means that some of the advantage observed in
the EBA model may also re ect how the items were structured, rather than a true di erence in
cognitive process.

Still, the comparison o ers useful insight. The fact that EBA outperformed BTL supports the
idea that people living with diabetes may weigh speci c features, like emotional reassurance or
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physical comfort, di erently depending on the choice at hand. This has important implications
for how patient preferences are captured and understood in research and product development.

Subgroup Insights

Beyond the overall preference patterns observed across all participants, segmentation o ers
the opportunity to uncover di erences in how speci ¢ subgroups prioritize various aspects of
diabetes treatment. Understanding such variations can support more tailored strategies in
product development and communication. To explore this potential, subgroup analyses were
conducted across four dimensions: medication type, country of residence, time since diagnosis
and age ranges. These subgroup comparisons aim to reveal whether the relative importance of
treatment aspects, such as emotional support, treatment con dence, or physical comfort, varies
in meaningful ways across di erent patient experiences and contexts.

GLP-1 Users Only

The rst segmentation focused on individuals using GLP-1 receptor agonists. By isolating
this group, the analysis aimed to determine whether their preferences were shaped by specic
treatment experiences.

Using the same Elimination by Aspects (EBA) modeling approach, aspect weights were re-
estimated for this subgroup. As shown in Figure 5.1,Treatment Con dence remained the
most in uential factor, closely followed by Emotional Aspects and Time E ciency

Figure 5.1. EBA aspect weights with 95% con dence intervals for GLP-1 users only.

While the relative ranking of aspects mirrored the full-sample model, their estimated weights were
more di erentiated. For instance, External Support carried less weight among GLP-1 users,
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possibly re ecting greater independence or con dence in managing their regimen. Similarly,
Physical Comfort remained the least in uential factor, suggesting that discomfort or pain
may be secondary to broader concerns about treatment control and emotional well-being. These
ndings suggest that while general preference trends persist, subtle shifts in the strength of
preference dimensions may emerge based on treatment type.

Comparison by Country

To investigate whether treatment preferences vary across geographic regions, the Elimination
by Aspects (EBA) model was applied separately for each country represented in the sample:
the United States (US), United Kingdom (UK), Germany, and Canada. The resulting aspect
weights, along with 95% bootstrap con dence intervals, are presented in Figure 5.2.

Figure 5.2. EBA aspect weights with 95% con dence intervals segmented by country.

Across all four countries, Treatment Con dence emerged as the most in uential aspect,
with Germany showing the highest weight for this factor. This indicates a strong, shared
emphasis on trust and clarity in treatment delivery across the sample, particularly among German
respondents.

Emotional Aspects and External Support received relatively consistent weights across
countries, with minor variation. UK and Canada participants placed slightly less emphasis
on Emotional Aspects, while German participants showed a modestly higher valuation of this
dimension.

Di erences became more pronounced foifime E ciency . Participants from Canada rated
this aspect signi cantly higher than their counterparts in Germany. This may re ect di ering
healthcare routines or expectations surrounding treatment convenience across national systems.
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Finally, Physical Comfort was the least in uential aspect in all four countries, though Canada
and the US exhibited slightly lower scores compared to Germany and the UK. These consistently
lower weights suggest that while discomfort may be a concern, it does not strongly drive
preference decisions relative to other factors.

Taken together, these ndings indicate that although general trends in aspect importance are
preserved across regions, subtle cross-national variations may re ect contextual di erences in
healthcare systems, patient expectations, or cultural attitudes toward treatment management.

Comparison by Time Since Diagnosis

In addition to geographic segmentation, participants were grouped based on how long they
had been living with diabetes. The goal was to explore whether the importance assigned to
di erent treatment aspects shifts throughout the course of patients' experiences. Participants
were categorized into ve diagnostic timeframes: less than 1 year, 13 years, 4 6 years, 7 15
years, and more than 15 years.

Figure 5.3 shows the EBA-estimated aspect weights for each group, along with 95% con dence
intervals.

Figure 5.3. EBA aspect weights with 95% con dence intervals by time since diagnosis.

Participants diagnosed less than one year ago placed greatest weight on Treatment
Con dence , followed by External Support and Emotional Aspects , which received nearly
equal weight. This suggests that early in the diagnosis journey, patients are especially focused
on gaining con dence in their treatment and value strong support systems, both practical and
emotional, as they adapt to their new routines.

Among those diagnosed forl 3 years , the results re ect a continued emphasis onlreatment
Condence , but here External Support is weighted nearly as strongly. This may indicate
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that while initial emotional needs may begin to stabilize, respondents in this stage still rely
heavily on external support and reassurance in managing their treatment.

For the 46 year group, Treatment Con dence stands out as the most valued aspect,
receiving a signi cantly higher weight than the others. This may indicate a growing emphasis
on trust in treatment during this stage of living with diabetes. Emotional Aspects , External
Support , and Time E ciency follow at similar but lower levels, suggesting a broader but
secondary concern with well-being and practical supportPhysical Comfort ranks lowest in this

group.

Participants with 7 15 years of experience displayed a clearer shiftTreatment Con dence
emerged as the most dominant aspect, whil&ime E ciency  rose substantially in importance.
Meanwhile, External Support dropped noticeably. These trends suggest that individuals in
this stage may have developed strong routines and are more focused on e ciency and control
rather than external guidance.

Finally, those living with diabetes for more than 15 years continued to prioritize Treatment
Condence , while also placing considerable weight onTime E ciency and Emotional
Aspects . This group assigned the lowest weight toExternal Support compared to other
segments, which may suggest a growing sense of self-su ciency over time. However, within the
group, Physical Comfort was ranked as the least important aspect.

In summary, preferences evolve gradually with years since diagnosis. Patients earlier in their
journey prioritize support and reassurance, while those further along place increasing value on
autonomy, e ciency, and emotional resilience.

Comparison by Age Group

To examine how preferences varied across di erent stages of life, the dataset was segmented into
four age groups: 18 24, 25 39, 40 59, and 60+, and the EBA model was applied separately to
each subgroup. Figure 5.4 presents the estimated aspect weights for each age group, along with
95% con dence intervals.

Participants aged 18 24 placed the greatest emphasis ofreatment Con dence and External
Support, suggesting a need for guidance and reassurance in managing their diabet&snotional
Aspects and Physical Comfort were also valued, whileTime E ciency was rated lowest in this
group,contrary to the general trend, wherePhysical Comfort ranked last. This may indicate that
younger adults prioritize support and con dence over convenience in their treatment experience.

Participants in the 25 39 group placed the highest value onfreatment Con dence and External
Support, followed closely byEmotional Aspects This suggests that while con dence in treatment
remains central, external encouragement and emotional well-being also play a strong role in
shaping preferencesPhysical Comfort was rated lowest in this group, indicating a lower priority
placed on physical ease compared to psychological and social factors.

In the 40 59 age group, Treatment Con dence remained the highest-rated aspect, followed by
Emotional Aspectsand then External Support This pattern is similar to that of the 25 39 group,
though with a slightly stronger emphasis on emotional well-being.Time E ciency and Physical
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Comfort were ranked lower, with the latter receiving the least weight.

Among participants aged 60 and above , Treatment Con dence had the highest weight of all
groups, andTime E ciency also saw a notable increase. This may re ect a desire for routines
that are not only trustworthy but also easy to manage. In contrast, External Support and
Physical Comfort were rated lower, suggesting greater independence and tolerance for physical
discomfort if con dence in treatment is high.

These age-based patterns suggest that while some aspects like treatment con dence are
consistently important, the strength of preference for emotional, supportive, or practical concerns
shifts over the life course.

Figure 5.4. EBA aspect weights with 95% con dence intervals segmented by age group.

Response Quality and Behavioral Patterns

In addition to the main analytical procedures, a complementary analysis was conducted to assess
potential response biases that may have in uenced participant behavior during the survey.

Figure 5.5 presents a Random Forest feature importance plot, showing the relative in uence of
di erent variables on participants' responses in the pairwise choice tasks. Notably, the positions
of the presented value propositions, speci cally whether an option appeared rst (Objectl) or
second (Object2), emerged as two of the strongest predictors of choice. Although the pairwise
comparisons were counterbalanced to avoid systematic ordering e ects, the data indicate a
substantial positional bias. Specically, 14 participants selected the rst-listed value
proposition in all 15 of their comparisons , While 2 participants consistently chose

the second-listed option . These behaviors suggest non-deliberative responding, potentially
re ecting inattention or disengagement.
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