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Abstract 
 
Extreme-user experiences have a unique potential to enhance designer creativity by altering 

one’s perception of their own designs. This shift in perception is achieved by incorporating the 

perspectives of extreme-users who experience the latent unmet needs among the rest of the 

population and have the potential to inspire design professionals. Works in the past have 

observed this potential (as the extreme-users) among the older adult users and users with 

reduced physical or cognitive abilities for the products, services, or systems (PSSs) that 

primarily target the mainstream general population users. While simulated experiences that 

emulate reduced physical and cognitive abilities are adopted to improve designers’ 

understanding of the needs among such extreme-users, they are seldom applied beyond the 

realms of assistive and inclusive design solutions, especially as a tool for design creativity. 

Therefore, there is an opportunity to advance creativity in mainstream PSSs design by systemic 

adoption of extreme-user experiences. In this thesis, we empirically test the underpinnings of 

extreme-user experiences and simulated extreme-user experiences for design creativity. We 

also analyse the necessity and impact of a systematic guided approach using extreme-user 

inspired design methods that inform designers of the experiences that would enhance the 

usability of their PSSs design. We finally present a framework that proposes four stages that 

one could adopt to design with extreme-user experiences. Additionally, we discuss the 

interactions between the Design Innovation (DI) process model and the proposed Extreme-user 

Experience Design Framework with which we aim to stretch the frontiers of the mainstream 

design process.  
 
Compliance with ethical standards 
 
All studies performed involving human participants were in accordance with the ethical 

standards of either the SUTD-Instituitional Review Board (IRB Approval No: 14-053, S-19-

217, 19-258) guidelines for Social, Behavioural and Educational Research (SBER) or the MIT- 

Committee on the Use of Humans as Experimental Subjects (COUHES Exempt ID: E-2495) 

guidelines for Educational Testing, Surveys, Interviews or Observation. Informed consent was 

obtained from all individual participants included in the studies.  
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Chapter 1  
1 Extreme-user experiences: What, why, and how.  

 
"Universal Design is the design of products and environments to be usable by all people, to 

the greatest extent possible, without the need for adaptation or specialized design." 

-Ron Mace 
 

We begin this thesis by providing an introduction to the extreme-user experiences (what?), the existing 

gaps, the motivation behind this thesis (why?), and the approaches we followed to addresses the gaps 

and develop a framework to design with the extreme-user experiences (how?).     

 

1.1 What are extreme-user experiences?  

If you like door handles that can be opened without a grip or if you enjoy the subtitles that let you 

appreciate movies in other languages, then you have been benefitting from products, services, or 

systems (PSSs) that primarily benefit users with reduced physical and hearing abilities. Similarly, there 

are various other PSS design solutions that were primarily designed for users with some form of 

physical or cognitive challenges. Recognition for such PSS led to concepts like "Universal Design," 

"Inclusive Design," and "Design for All" (S. Burgstahler, 2009; Mikus et al., 2020; Persson et al., 2015; 

University of Cambridge, 2017b). Though their origin and usage may vary, they all serve a common 

goal: to design products, services, systems, environments, and facilities for a diverse group of users 

with varying abilities (Persson et al., 2015).  

 

Past works provide a detailed analysis on this group of users with physical challenges as lead 

users and demonstrated their role as innovators for universal design solutions (Conradie et al., 2014). 

Holmquist et al. (2004) and Liikkanen et al. (2009) applied the term "Extreme-user" to refer to users 

who experience needs that are realised by the rest of the population, and have the potential to inspire 

design professionals. Liikkanen et al., compare this quality of extreme-users to that of the "Lead users" 

(Conradie et al., 2014; Urban & von Hippel, 1988) who are not only ahead of the population in 

experiencing such needs, but also generate solutions to address those needs. While extreme-users could 

be anyone who is ahead of the rest of the population (Lewrick, 2020), this thesis is interested in the 

potential of perspectives and needs derived from reduced physical and cognitive abilities. Therefore, 

this thesis uses the term 'extreme-user' to refer to this user group who experience needs that are latent 

among the general population and have the potential to inspire design professionals (Liikkanen, 2009; 

Raviselvam et al., 2019).  
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With the term extreme-user referring to a specific user group, extreme-user experiences refers to 

the perspectives and needs that are inspired by the extreme-user interactions with a PSS. The difference 

in terminology is to distinguish that applying extreme-user experiences is different from engaging the 

extreme-users. The latter directly involves extreme-users but the former helps designers to design for 

the extremes that are not accommodated by their designs. Works by Saunders et al. (2011) and Holtta-

Otto et al. (2010, 2018) identified functionality, architecture, external interactions, user interactions and 

cost as the five major characteristics of innovative products. Among which, innovative architecture, 

enhanced external interactions, and user centred interactions were the most influential. Based on these 

influential characteristics, we may shortlist user-interaction extremes, and other environmental and 

spatial extremes (external interactions), that influence user's experience with a PSS for the extreme-user 

experiences. In this thesis, we specifically study the impact of extreme-user experiences derived from 

reduced physical and cognitive abilities that influence user interactions, and briefly discuss other 

contextual extremes that influence the impact. Now that we have a better understanding of what they 

are, we will move on to why we want to use extreme-user experiences.  

 

1.2 Why extreme-user experiences? 

Awareness of concepts like inclusive design, universal design, and design for all has grown extensively 

over the past decade. Consequentially, nations and leading organisations are seeking to incorporate 

these concepts across their designs (John Clarkson & Coleman, 2015; Microsoft Design, 2018). To be 

more specific, the needs experienced by extreme-users are situationally experienced by the general 

population users as well (Vanderheiden, 2000). For example, a design that addresses the needs of users 

with reduced or no hearing ability would help the general population when they are within a noisy 

environment or an environment where they cannot rely on sound to capture attention. A range of 

products that are used by the general population derived their inspiration from the needs experienced 

by users with some form of physical challenges. Typewriters, Fiskars scissors that accommodate 

ambidextrous usage, OXO good grips (McAdams & Kostovich, 2011) that provide kitchenware that 

provides better grip, and recent inventions like Folks Kitchenware (Folks Kitchenware for the Blind, 

2018) and Eatsy (Mistry, 2020) that accommodate the cooking and dining needs of users with visual 

impairments are a few examples of such extreme-user inspired products that are preferred among the 

general population users. For example, both OXO Good Grips and Fiskars were designed based on the 

needs experienced by a niche population, such as users with limited hand strength and users with 

arthritis.  

 

To demonstrate this impact, Raviselvam et al. (2016) found that individuals from the general 

population would prefer products that had been altered to meet the demands of older adult users when 
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compared to the products currently available in market. The study results showed that around 89% of 

general population participants and 90% of the older adult participants preferred the day-to-day 

products redesigned to accommodate the needs of older adult users. Surprisingly, the response was even 

so for the products that did not receive any design criticism among the general population users. For 

example, only 8% of the general population participants experienced any need to redesign the existing 

design of the pull tab on soda cans. Yet 100% of the general population participants preferred the 

redesigned soda can that provided space to position their finger below the pull tab.  

 

With promising results that demonstrates the potential of designing for extreme-users, design 

science research tested the potential of simulated extreme-user experiences both as a tool to help 

understand extreme-users and as a tool for design creativity (Colwell, 2013; Genco et al., 2011; Lin & 

Seepersad, 2007). Though these perspectives are never a replacement for actual users, they add value 

to designers' engagement with the actual users (Kullman, 2016). Works that tested the effect of 

simulations and simulated scenarios demonstrated that such extreme-user experiences enabled 

designers to identify needs (Lin & Seepersad, 2007) and concepts (She et al., 2018) that benefitted from 

the extreme-user perspectives. These previous research show that the extreme-user experiences are a 

great resource that leverages the differences in human abilities and transfers that knowledge for a more 

successful design outcome. Despite this prevalence and awareness of the advantages of extreme users 

and simulated experiences, their applications are generally limited to assistive and inclusive design 

solutions. As a result, a deeper understanding of their benefits, limitations, and strategies to adapt them 

for mainstream design is essential. 

 

There are various ways to leverage extreme-user perspectives and needs, such as direct user 

engagement, user observation, and other approaches for user need analysis (Lauff et al., 2021; Lewrick 

et al., 2018; Otto & Wood, 2001; Ulrich et al., 2019). Wearable simulations are one such approach, and 

their unique feature is that they help obtain a first person experience about ability-based constraints 

associated with a design. By simulation, we refer to practical experiences that impose physical and 

cognitive challenges and encourage design practitioners to experience a perspective that is unlike their 

own and potentially identify insights beyond the typical user population. Inspirational to this thesis are 

the works on Empathic Lead User (ELU) and Empathic Experience Design (EED). The ELU and EED 

approaches studied the impact of simulated extreme-user experiences with associated factors and 

evidence for user-need gathering (Lin & Seepersad, 2007) and concept generation (Johnson et al., 

2014). Both ELU and EED impose physical restrictions that simulate the challenges experienced by 

extreme-users, thereby enabling the designers to experience a product, service, or system from an 

extreme-user perspective. These approaches provide supportive evidence on the impact of the 

perspectives derived from extreme-user experiences. Though past works have demonstrated that the 

extreme-user perspectives and simulations are capable of identifying needs that are latent among the 
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general population users (Raviselvam et al., 2014; Raviselvam et al., 2016b). They are, however, not 

extensively used in mainstream design. This thesis seeks to evaluate the potential value of extreme-user 

experiences in mainstream design and presents a framework for incorporating them into an existing 

design process.  

1.3 How does this thesis contribute to extreme-user experiences? 

Design methods provide a systematic guidance to approach design opportunities, where they are applied 

according to their role along in different phases or iterations of a design process. Recent works on 

inclusive design look at applying the perspectives of users with different types of reduced physical 

abilities along the design process. For example, Microsoft has an entire toolkit that guides users to 

derive design insights by considering the needs of such extreme-users, including needs from situational 

lack of ability (Microsoft Design, 2018). Similarly, the works of Engineering Design Centre at the 

University of Cambridge have led to tools and methods that extensively support Inclusive Design 

(Waller et al., 2015). Some of the design methods adopted by such tools for inclusive design include 

user personas that comprise users with diverse abilities, scenarios that include the needs of diverse 

users, physical challenge simulation tools, and contextual research  (Mikus et al., 2020; University of 

Cambridge, 2017b).  

 

Existing design processes for inclusive design refer to the ability of these approaches to 

generate creative design solutions. However, adopting such extreme-user perspectives as a tool for 

design creativity, which reveals users' latent needs, is rarely explored. This is especially true with PSSs, 

which may or may not be utilised by extreme-users with reduced physical or cognitive abilities, such 

as medical devices handled by healthcare professionals. In this thesis, we adopt a set of design methods 

that aim to address this gap in adoption of extreme-user perspectives as a tool for design creativity. The 

empirical studies presented in this thesis strengthen the understanding of some of the approaches used 

for inclusive designs and how they could be adopted for mainstream design solutions. Activity 

Diagrams (+Journey Map), Morphological Matrix, Contextual Need Analysis (CNA), and Scenarios 

are the design methods adopted in this thesis to facilitate systematic application of extreme-user 

experiences.   

 

The key goal of this research is to understand ways to adopt extreme-user experiences as a tool 

for user-centric PSS design. Figure 1-2 illustrates the structure and flow of this thesis. Chapters 2 to 6 

are organised to answer five research questions that shape the extreme-user experience design 

framework.  

 

We begin to answer this in Chapter 2 with two foundational studies that establish our basic 

understanding of extreme-user experiences. The first foundational study analysed the impact of 
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simulated scenarios to emulate extreme-user experiences by measuring design empathy and creativity 

among the participants. Outcomes of this study showed that the simulated scenarios that present 

extreme-user experiences have a significant impact on design empathy and creativity. This outcome 

helped answer the first research question: How effective are simulated extreme-user experiences at 

enhancing design outcomes?  

 

Although the results are positive and exciting, it was still unclear as to how the different types 

of simulated experiences could be adopted for different design opportunities. Therefore, the second 

foundational study tested if the type of extreme-user experience appropriate for a design should be 

selected based on the designer's intuition or through a systematic application approach that guides them 

through the process. The outcomes of this study show that a guided approach is significantly more 

impactful than intuition based selection of extreme-user experiences. Thereby answering our second 

research question: If simulated extreme-user experiences are impactful, how might we select the 

extreme-user experience(s) appropriate for a specific product service or system? 

 

Using the foundational studies, we could understand the potential of extreme-user experiences 

and the advantages of having a guided approach to adopt extreme-user experiences. To be widely 

adopted as a tool for PSS design, the extreme-user experiences need to have a significant impact for 

PSS that are not essentially or exclusively designed for extreme-users. The situational demands 

encountered by the general population users indicate the needs that are prominent among extreme-users 

but latent among the general population users. Then how about extreme-user simulations that are 

"situational"? Would they have the same effect as extreme-user simulations that were "direct"? We 

analyse this difference in Chapter 3 and infer that the situational extreme-user simulations produce more 

inclusive design concepts when compared to the direct extreme-user simulations by answering the 

research question: Do design outcomes differ between direct extreme-user experiences simulated 

scenarios and situational extreme-user experience scenarios? If so, how could we accommodate 

the differences in the extreme-user experience design framework?  

 

The findings from previous chapters are then used to explore methods for systematic 

application of extreme-user experiences to elicit design innovation and hidden insights. Two such 

modifications of the design methods employed for medical device design and inclusive privacy and 

security, respectively, are described in Chapters 4 and 5. Outcomes from both these chapters are used 

to answer the next research question: How effective are the guided systematic approaches to adopt 

extreme-user experiences?   

 

In Chapter 6, we formulate the findings from our studies and finally present a framework that 

embeds the adopted design methods across the 4D's design process followed by the Design Innovation 
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(DI) team (Camburn et al., 2017; (DI) Learning Modules, 2021; Lauff et al., 2019; Lauff et al., 2021; 

Seow et al., 2018; Tiong et al., 2019; Tushar et al., 2020) at the Singapore University of Technology 

and Design (SUTD). This design process is inspired from the UK Council's 4D's model, and 

distinctively combines concepts and foundations from design thinking, business model innovation, 

design engineering, and systems thinking. Figure 1-1 shows the description for each phase of the design 

process. Using the framework, we answer our final research question: How do the overall findings of 

this research contribute to designing with the extreme-user experiences? 

 
Figure 1-1 4Ds Design Process (((DI) Learning Modules, 2021; Lauff et al., 2021)) 

 

We conclude this thesis by sharing th key findings, interesting opportunities for designing with 

extreme-user experiences, and some limitations that are to be considered in the future.  

 

Opportunity  Statement SolutionOpportunity Space

Empathic mindset Visual mindset Cognitive mindset Active mindset

HEART (discover) EYES (define) MIND (develop) HANDS (deliver)

Identify & 
understand 
opportunities & 
needs 
collaboratively 
through co-creation 
with stakeholders.

Interpret & re-
frame needs, 
markets data,  
benchmarking & 
then map into 
visual models.

Ideate model 
design concepts 
based on critical 
opportunities 
then down-select 
according to 
viability.

Iteratively 
prototype & test 
concepts with 
stakeholders, 
explore potential 
risks & deploy 
strategically.
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1.4 Key Terminologies  

The literature presents us with a rich variety of terms regarding user groups and design concepts used 
in this research. Despite the fact that this thesis leverages the most on the perspectives of users with 
some form of physical or cognitive challenges, we do not want the term extreme-user experiences to be 
confined to user abilities alone. Some of the design methods we discuss in this thesis allow other 
extremes like environmental and contextual factors to complement the user ability-based extremes. 
Therefore, this section presents a mix of established terms combined with terms specifically adopted 
for this thesis.  
 
General-population user: The average majority users of a product, service, or system (PSS).  
 
Extreme-user: Extreme-user populations comprise the group of users whose needs are different from 
that of the general population of users of a product, service, or system (PSS). They experience needs 
that are latent among the general population and have the potential to inspire design professionals 
(Liikkanen, 2009; Raviselvam et al., 2019). For example, the older adult users and users with reduced 
physical or cognitive abilities would be examples of extreme-users for a product that primarily focuses 
on the mainstream general population users.  
 
Extreme-user experiences: The Cambridge English Dictionary refers to experience as the process of 
getting knowledge or skill from doing, seeing, or feeling things (Cambridge University Press, 2021). 
Extreme-user experiences refer to the process of getting knowledge or skill from doing, seeing, or 
feeling things inspired by adopting extreme-user perspectives.  
 
Situational extreme-user experiences: Refers to getting knowledge or skill from doing, seeing, or 
feelings things inspired from instances that highlight the similarity in needs experiences by extreme-
users and general population users. The term 'direct extreme-user experiences' will be used to represent 
extreme-user experiences when applied along with situational extreme-user experiences.  
 
Simulation tools or Emulation tools: Devices that help experience extreme-user inspired perspectives 
like  reduced vision, reduced physical strength, or reduced mobility.  
 
Simulated extreme-user experiences: Refers to practical experiences that impose physical challenges 
and encourage design practitioners to experience a perspective that is unlike their own and potentially 
identify insights beyond the typical user population. 
 
Design Methods: Systematic approaches for accomplishing specific design activities with an improved 
likelihood of success (Camburn et al., 2017; Cross, 2021; Jones, 1992; Otto & Wood, 2001).  Design 
methods likewise provide a language for design to enable communication amongst designers and teams, 
and enable designers to create results beyond their experiences and intuition. 
 
Design Process: A design process is "the set of activities by which designers develop and/or select the 
means to achieve a set of objectives, subject to constraints." (Tate & Nordlund, 1996). 
 
PSS: Product, Service, or system. 
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Chapter 2 
2 Simulating Extreme-user Experiences: Impact  

and Implementation   
 

"Our need will be the real creator" 

-Plato, 375 BC 

 

Simulation tools are widely adopted in different regions of the world and in different circumstances to 

achieve an empathic design experience. A wide range of ideation tools and techniques are available for 

designers and design teams to enhance creativity (Amabile et al., 2019; Daly et al., 2012; Genco et al., 

2012; IDEO, 2021; Jensen et al., 2009; Koronis et al., 2021; Lauff et al., 2021; So & Joo, 2017; White 

et al., 2012). Past research works have led to various tools and techniques to help designers understand 

specific user interactions with their designs; including wearable simulations (Battarbee et al., 2014; 

Goodman et al., 2008; Immel et al., 2014). A unique advantage of wearable simulations is that they 

could transform a designer's interaction with a design by providing a first-person experience of 

perspectives that are unlike their own. Thereby encouraging them to address the challenges they might 

have failed to visualise otherwise. This influence could be due to the increase in understanding of the 

challenges faced by the extreme-user population (Cardoso & Clarkson, 2012; Hosking et al., 2015). 

Especially, extreme-user experiences are more distil and are usually incomprehensible in a traditional 

design environment. Therefore, we adapted simulated extreme-user experiences as our core tool to 

convey extreme-user experiences.  

  

In this chapter, we share two research works that analyse two different aspects of extreme-user 

experiences. The first research examines the impact of simulated extreme-user experiences as a tool for 

design empathy and creativity. We present a compilation of two workshops that empirically tested the 

impact of simulated extreme-user experience scenarios on design creativity among 72 (Study 1: 36; 

Study 2: 36) participants. Concepts from the workshop participants are compared with the concepts 

shared by 13 participants with visual impairments using a novel metric adopted from psychology to 

calculate empathic accuracy. We also share the impact on design empathy through self-evaluations from 

workshop participants. 

 

The second study uses a pilot systematic application approach for extreme-user experiences 

and tests if there is a need for a systematic framework to implement them. Answering a similar question, 

Persad et al. (Persad et al., 2006) combined sensory, cognitive, and motor demands in their exclusion 

calculation approach to systematically comprehend the population of users who are not allowed to use 

a product. Their approach was to highlight the necessity for inclusive design, and they used user 
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interactions that excluded extreme-users from using their design. We wanted to test if a similar approach 

might be used to inform on the extreme-user experiences that a PSS could accommodate. We analyse 

its impact on 39 (Group 1: 20; Group 2: 17) participants based on the number of latent needs that they 

could identify with and without adopting the extreme-user experiences.  
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2.1 Impact of Extreme-user Experiences 

The study discussed below analyses the impact of simulated scenarios with visual impairment as an 

extreme-user experience. This work is under review for the International Journal of Design Creativity 

and Innovation (IJDCI) under the title Extreme-user Conditions to Enhance Design Creativity and 

Empathy- Application Using Visual Impairment. Following the SUTD policy on the inclusion of 

previously published work, we are including the work in its submitted form.   

Co-authors include Dr Dongwook Hwang, Dr Bradley Camburn, Karen Sng, Dr Katja Hölttä-Otto, and 

Dr Kristin L Wood. 

 

Raviselvam, S., Hwang, D., Camburn, B., Sng, K.H.E., Hölttä-Otto, K., Wood, K.L. (Under Review) 

Extreme-user Conditions to Enhance Design Creativity and Empathy- Application Using Visual 

Impairment. International Journal of Design Creativity and Innovation. 

 

2.1.1 Abstract 
Extreme-users who experience physical, sensory or cognitive challenges can help identify latent needs 

across a majority of the general population users. Identifying these latent needs may open doors to novel 

products, services, or systems. The empathic design techniques of simulation tools and scenarios allow 

designers to experience some extreme-user perspectives. However, research still lacks a thorough 

understanding of the potential impact of such techniques, especially their potential to address latent 

needs.  This paper strengthens the understanding of simulation tools and scenarios by analysing two 

workshops that applied simulated scenarios to empathise with users with visual impairments and adapts 

an empathic similarity metric to evaluate the empathic outcomes in addition to self-evaluated empathy. 

In addition to empathy, creativity is also measured for the concepts shared by 36 (x2) workshop 

participants and 13 participants with visual impairments. Empirical analysis of the results supports the 

potential of simulated scenarios in evoking participant creativity and empathy while being tested under 

two sequences of controlled studies. 
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2.1.2 Introduction 
Empathising with users is either a direct or indirect common goal for many need-finding and user-study 

techniques such as contextual need analysis, journey maps and personas (Brown, 2008; Camburn et al., 

2017; Chasanidou et al., 2015; (DI) Learning Modules, 2021; Green et al., 2009, 2005, 2006, 2004; 

Tushar et al., 2020). Moreover, products, services, or systems that enhance end-user interactions have 

proved to be successful in the market (Hölttä-Otto et al., 2018; Saunders et al., 2011). Reported research 

in the past few years has applied empathic modelling as a methodology that encourages designers to 

empathise with their end-users (Johnson et al., 2014). Consequently, empathic conditions and tools have 

been developed to improve user interaction in a more resource-efficient way to communicate certain 

perspectives of the users to and with designers (Battarbee et al., 2014; Goodman et al., 2008; Immel et 

al., 2014), especially the perspectives of extreme-users. Extreme-users are users whose experiences are 

more distal to the designer and thus more difficult to capture in a traditional design context. Common 

examples are older adult users or users who experience any form of physical or cognitive impairment 

or disability (Hannukainen & Hölttä-Otto, 2006; Raviselvam et al., 2016b).  

 

An extreme-user perspective not only helps to understand the extreme-user population, but it 

also helps identify latent needs among the general population users (Hannukainen & Hölttä-Otto, 2006; 

She et al., 2018; Vaughan et al., 2015). With the potential to identify needs that are latent among the 

general population users, simulating extreme-user perspectives could be one way by which designers 

may evaluate and design inclusive design solutions (Clarkson et al., 2013). Although an ideal case 

would be to actively engage extreme-users in all aspects of design development, simulated extreme-

user experiences possess the potential to evoke creativity among designers (Genco et al., 2011) and co-

creation with users (Frow et al., 2015; Kohler et al., 2011; Sanders & Stappers, 2008). 

 

Simulated extreme-user experiences have thus far been applied to ideate for a specific product 

or a specific goal, like understanding the user needs for a rehabilitation device (Vaughan et al., 2015), 

or generate design concepts to improve an existing design (Hannukainen & Hölttä-Otto, 2006; Johnson 

et al., 2014; Lin & Seepersad, 2007). This study rather tested the impact of a set of simulated 

experiences and captured participants' responses via open-ended questions to understanding the diverse 

potential of such simulated experiences. Outcomes of this study contribute to the understanding and 

usage of such extreme-user perspectives, especially as a tool to address latent, otherwise unidentified, 

needs. This is one of the initial steps to verify if simulated extreme-user scenarios could help designers 

identify the needs and generate ideas that they would not consider under normal circumstances. 
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2.1.3 Background Literature 

Extreme-users in Design  
The term 'Extreme-user' is not new in literature. Holmquist et al. (2004) and Liikkanen et al. (Liikkanen, 

2009) applied the term extreme-users to refer to users who experience a need that is rarely experienced 

by the rest of the population and has the potential to inspire design professions. Liikkanen et al. compare 

this quality of extreme-users to that of the “Lead users” (Conradie et al., 2014; Urban & von Hippel, 

1988) who are not only ahead of the population to experiencing such needs but also generate solutions 

to address those needs. Conradie (Conradie et al., 2014) provided a detailed analysis on the potential of 

users with disabilities as lead users and demonstrated their role as innovators for universal design 

solutions. A similar study considered general characteristics of empathic lead users with associated 

factors and evidence for user-need gathering (Lin & Seepersad, 2007). Building on these works, our 

study recognises users who experience some form of physical or cognitive impairment(s) as extreme-

users with a potential to inspire design professionals.  A range of products that are used by the general 

population users has derived their inspiration from such extreme-users. For example, shared in Figure 

2-1, both OXO good grips and Fiskars were designed based on the needs experienced by a niche 

population, such as users with limited hand strength and users with arthritis.  

  
Figure 2-1. OXO Good Grips Vegetable Peeler (left) and Fiskars Scissors (right) 

 

To further support the potential of such extreme-users, Raviselvam et al. (Raviselvam et al., 

2016b) showed that a set of day-to-day products redesigned to address the needs experienced by the 

older adult users, primarily due to their physical challenges, was accepted with great appeal among the 

general population users. The study results showed that 89% of the general population participants 

preferred the products that were motivated by the needs shared by the older adult users, even under 

situations where they were satisfied with the existing design of those products. Likewise, a recent study 

on Kickstarter showed that an extreme-user inspired product, OneHandPlate, that allows users to 

consume food with a single hand was among the most highly funded from a group of 200 product launch 

campaigns (Onehandplate, 2020; Srinivasan et al., 2020). Given the potential of extreme-user 

perspectives in design innovation, one such extreme-user perspective is the primary focus of this in-

depth study. Especially the change in creativity and empathy as they experience the simulated scenarios. 



 27 

Simulating Extreme-user Experiences 
By simulation, we refer to practical experiences that impose physical challenges and encourage design 

practitioners to experience a perspective that is unlike their own and potentially identify insights beyond 

the typical user population. Though simulations are never a complete substitute for real users, wearable 

simulations that restrict physical abilities or create situational disabilities have been tested and proven 

to be effective among both practitioners (Cardoso & Clarkson, 2012; Kullman, 2016; She et al., 2018) 

and design students in identifying contextual needs (Green et al., 2006; Lin & Seepersad, 2007) of a 

targeted extreme-user population. For instance, Sakamoto Aged Simulation Suit (Sakamoto Model 

Corporation, 2021), Adam Rouilly Age Simulation Set (Adam, Rouilly, 2021), and Ford's third age suit 

that simulate the challenges faced by the extreme-users (The Engineer, 2016) are exemplar cases where 

the simulation tools have been applied for younger adults to empathise with the older adult users. 

Moreover, the past two decades have seen growing research in simulation tools and their applications 

in inclusive design research (Langdon et al., 2010; Zitkus et al., 2013), education (Nicolle & Maguire, 

2003), products (Thomas, 2013) and user-interface design (Giakoumis et al., 2014). Specifically as a 

means to encourage an empathic approach to understand extreme-user interactions. Kullman (Kullman, 

2016) explored this potential of simulations and suggested ways to implement them as design tools that 

could help understand bodily complexities rather than tools that represent the experiences of users with 

physical challenges (extreme-users). Based on his curated case studies on wearable simulations, 

Kullman also highlighted the importance to understand the 'learning curves' (Latour, 2004) achieved by 

such wearable simulations.  

 

Among the works that leveraged on simulated extreme-user perspectives, the Empathic 

Experience Design (EED) and Empathic Lead User (ELU) approaches applied the simulation tools to 

empathise with an extreme-user population to generate novel design concepts (Genco et al., 2011) and 

needs (Vaughan et al., 2015) respectively. Both EED and ELU impose physical restrictions that 

simulate the challenges experienced by an extreme-user population, thereby enabling the designers to 

experience a product, service, or system from an extreme-user perspective. The work presented in this 

paper is derived from the EED approach and extends to test the influence of a set of simulated scenarios 

over concept ideation and design empathy.  

 

Creativity in Design  
Creativity, one of the essential 21st-century skills (Geisinger, 2016; World Economic Forum, 2020), 

has been a key element of engineering design for decades (Cropley, 2016; White et al., 2012). The 

literature discusses two types of creativity for 'Innovation Design', namely the out-of-the-box creativity 

that leads to unconventional new ideas and the creativity that leads to breakthrough by connecting 

existing yet unrelated concepts (Taura & Nagai, 2017). To leverage the complete potentials of human 

creativity, the design research community has studied various internal and external triggers that enhance 
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the same (Välk & Mougenot, 2019). The simulated scenarios studied in this paper were also designed 

as an internal trigger to help designers emotionally experience and exhibit groundbreaking, 

unconventional creativity. Initially associated solely with arts and aesthetics, design research in the past 

few decades has often strived to understand, define, and measure creativity  (Gero & Milovanovic, 

2020; Sarkar & Chakrabarti, 2011; Starkey et al., 2015). While creativity in designers could be 

influenced by factors like their interaction with a product (Bairaktarova et al., 2016) and designer's 

previous experiences (Hu & Reid, 2018),  priming designers, especially with simulated extreme-user 

perspectives, proved to be effective at evoking designer creativity (She et al., 2018). Measuring 

creativity in engineering design, thus far, has been defined and evaluated by different means such as 

novelty, originality, variety, aesthetics, usefulness, and generalizability (Oman et al., 2013; Plucker et 

al., 2004; Sarkar & Chakrabarti, 2011; Starkey et al., 2015).  

 

Among the factors that help measure creativity, novelty appears common across all evaluations 

for creativity in engineering design, and a few insist on the usefulness of a concept as well (Sarkar & 

Chakrabarti, 2011). With various dimensions of creativity being prominent areas of interest among 

design experts (IJDCI, 2013), it was important for us to define how we interpret and measure creativity 

while considering the limitations of a workshop based study, especially the end goal of the workshop, 

which was to build empathy for the targeted extreme-user population (users with visual impairments). 

A recent brain and behavioural study by Jung et al. (Jung et al., 2015) demonstrated the association 

between divergent thinking and creativity, thereby supporting the association between quantity and 

creativity. Since this study replicated the initial stages of ideation where divergent thinking is helpful, 

we focused on quantity, variety, and novelty of generated concepts as a measure of creativity. Therefore, 

the ideation performance of the participants of this study was evaluated based on the approach by Shah 

et al. (Shah et al., 2003) and Moreno et al. (Moreno et al., 2014), with minor modifications.  

 

Empathy in Design  
The term empathy is more than a century old, and its incorporation into design research has been 

prevalent over the past two decades. Empathy, an essential factor to enhance user-centred design, was 

adopted into design research from the field of psychology (Kouprie & Visser, 2009; McGinley & Dong, 

2011; Nicolle & Maguire, 2003). Since then, research in phycology and cognition has contributed 

immensely to our current understanding of empathy in design. For example, Bairaktarova et 

al.(Bairaktarova et al., 2016) tested various empathic design techniques and showed that empathy in 

design leads to feasible design solutions that accommodated the end-user experiences. It was 

highlighted by Surma-aho et al. (Surma-aho et al., 2018) that such empathic perspectives, when tested 

among novice designers, is more likely to be adopted during the early stages of the design process 

during which the primary focus is entrusted on the end-users. Whereas Dalton and Kahute (Dalton & 
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Kahute, 2016) recommend empathy as an essential element throughout the process. They also suggest 

that immersing oneself to experience end-user perspective is one of the effective approaches to 

empathise. The definition for empathy by Cuff et al. (Cuff et al., 2016) refers to empathy as,   

"an emotional response (affective), dependent upon the interaction between trait capacities and state 

influences… The resulting emotion is similar to one's perception (directly experienced or imagined) 

and understanding (cognitive empathy) of the stimulus emotion, with recognition that the source of the 

emotion is not one's own".  

 

Likewise, design research states perspective and ethical empathy are recommended as the two 

important steps to attain empathy in design (Gasparini, 2015; Heylighen & Dong, 2019). While ethical 

empathy relies on the designer's personal motivation to empathise with the end-users, our work focuses 

on perspective empathy, where the designer physically experiences the end-user perspectives. 

Simulated experiences being one of the immersive ways to empathise with end-user perspectives, they 

have been applied to attain perspective empathy in fields like nursing(Bas-Sarmiento et al., 2019), 

product design (Cardoso & Clarkson, 2012), psychology (Ando et al., 2011), and user-interface design 

(Giakoumis et al., 2014). Ways to measure outcomes of empathy has also grown extensively. This 

ranges from approaches as simple as self-evaluated empathic ratings (Bas-Sarmiento et al., 2019; 

Gerdes et al., 2010; Hojat et al., 2018) to analysis as detailed as the physiological signals (Chang-Arana 

et al., 2020). Among the existing measures for empathy, the empathic accuracy scale derived from the 

works of William Ickes (1983), and a simple self-evaluated empathy scale was used to analyse our data.  

 

2.1.4 Research Aims  
The primary aim of this work is to highlight the as yet unknown potential of simulated extreme-user 

perspectives and the challenges encountered while applying them for design creativity and empathy.  

We conducted two workshops with students and professionals, as part of a government agency 

supporting and enabling persons with disabilities, that introduced participants to experience scenarios 

with simulated visual impairment. The workshops included a briefing session on the experiences of 

users with visual impairments, followed by controlled studies related to design creativity and empathy. 

This paper discusses the outcomes of both the workshops while answering the following research 

questions:  

(1) How does a simulated extreme-user (visual impairment) perspective impact participant 

creativity and empathy?   

(2) How does a Briefing (awareness, knowledge) about the extreme-user experiences influence the 

impact of the Simulated Scenarios (activities)? What are the combined and independent effects 

of a Briefing and Simulated Scenarios?  
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2.1.5 Research Methodology  

Overview 
We studied two workshops that applied a simulated extreme-user experience to understand the impact 

of an extreme-user perspective on participant creativity and empathy. Briefings and Simulated 

Scenarios on visual impairment were used to help the workshop participants understand users with 

visual impairments.  

 

To capture the impact achieved throughout the workshop, data collection was executed along 

three different dimensions: (i) Pre-Workshop: Prior to the commencement of the workshop, (ii) Post-

Briefing: Once the participants receive a Briefing on users with visual impairments, and (iii) Post-

Simulation- After experiencing a series of Simulated Scenarios.  During Study 1 (S1), the workshop 

began with a Briefing followed by the Simulated Scenarios. S1 was conducted as part of a project 

sponsored by a Singapore public sector agency, implemented by a Singapore based NGO- ETCH 

Empathy (ETCH Empathy, 2019). The briefings were incorporated into the S1 workshop by ETCH 

Empathy as an approach to provide basic knowledge on the targeted extreme-user population. 

Therefore, a Post-Briefing questionnaire was included with a curiosity to understand the impact of such 

Briefing on creativity and empathy and the specific impact of the simulated scenarios.  

 

Due to the default structure of the workshops, S1 could not test the influence of the order in 

which the Briefing and simulated scenarios were presented. Hence, Study 2 (S2) was designed 

particularly to verify the independent and combined effect of the Simulated Scenarios and the potential 

influence of Briefings over the impact achieved from the Simulated Scenarios. Therefore, participants 

of S2 were recruited and assigned into two groups at random. Group 1 experienced the Simulated 

Scenarios followed by a Briefing, and Group 2 had the Briefing followed by the Simulated Scenarios. 

This chapter presents the findings of these two studies and discusses the impact of Simulated Scenarios 

in evoking creativity and empathy among the participants and the influence of Briefing in attaining the 

same.  

 

Study Participants 
S1 participants comprised students and professionals from the Singapore community with interest in 

and who volunteered for the workshop topics regarding the life challenges of people with physical 

disabilities and challenges and opportunities for improved inclusion. A total of 36 participants 

volunteered for this workshop and gave their consent to take part in the study. Participants' age group 

ranged from 18 to 55 with an average of 24.  
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As for S2, another group of 36 participants were recruited. Group 1 comprised 16 participants 

(Age range: 19-29; Average age: 23) and Group 2 comprised 20 participants (Age range: 19-35; 

Average age: 26). Participants were all graduate or undergraduate students or researchers who 

volunteered for the study by responding to an email that informed them about the study workshop. No 

monetary incentive was provided for the workshop participants to take part in the studies.  

 

In addition to the participants in S1 and S2, 13 participants with visual impairments were 

interviewed to verify the empathic impact of the workshops. The interviews took place at the Singapore 

Association of The Visually Handicapped (SAVH) (Singapore Association of the Visually 

Handicapped, 2019). The participants with visual impairments received a gift voucher worth 5 

Singapore Dollars as a token of appreciation for their time and participation. All procedures were 

executed as approved by the SUTD Institutional Review Board (IRB).  

 

The Experimental Design   
Figure 2-2 shows a flowchart of the research approach followed for both of the studies. Three question 

categories were collected to represent and understand the workshop outcomes, depending on the type 

of study and the corresponding workshop stages (Figure 2-2): (1) demography, (2) concept generation 

and (3) empathic self-evaluation. The sections that follow explain further about the corresponding 

workshops, the methods and the metrics used for study analysis. 

 

Figure 2-2 Research approach 

 

The workshop segments commenced only after the participants gave their consent to take part 

in the study. As illustrated in Figure 2-2, the participants answered a set of questions presented during 

the Pre-Workshop, Post-Briefing and Post-Simulation stages for approximately 10-15 minutes each.  

These questions included exercises where participants identified issues for persons experiencing visual 

impairment, followed by the generation of as many concepts as possible to address the issues. Concepts 

generated by the participants were specific responses to the following instruction:  
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'Please list as many potential solutions as possible to help solve the issues you listed. (You can even 

sketch them if they are design solutions)'.  

 

Similar to the workshop participants, the 13 participants with visual impairments were asked 

to list the issues they usually experienced and the potential solutions to help solve those issues. The 

Briefing segment provided a 15-minute information session on visual impairment. The Simulated 

Scenarios provided a one-hour simulated experience on visual impairment. The detailed procedure for 

each segment is explained in the sections that follow. 

 

Briefing  
During the Briefing session, participants were initially asked about their current knowledge about visual 

impairments, and they were then given an explanation on different types of Visual impairments, 

including the challenges faced by people with visual impairments. To understand the different types of 

impairments, the participants were given glasses that simulated those visual impairments (Figure 2-3). 

The glasses were used only to help participants learn about the different types of visual impairments. 

Participants were later introduced to CCTV (closed-circuit television) systems, used as video magnifiers 

by people with visual impairments for magnified viewing. Participants also participated in 

demonstrations about the use of a white cane that is commonly used by people with visual impairments. 

The only difference between the Briefing provided during S1 and S2 is that the latter used more detailed 

exemplar articles on the lives of people with visual impairment instead of the CCTV magnifiers 

introduced during the S1. Towards the end of Briefing, the participants received information on how 

people with visual impairments manage with their loss of sight, how they navigate from place to place, 

different types of visual impairments that exist, challenges associated with vision, and a few assistive 

devices that are currently in use.   

 
Figure 2-3. A workshop participant viewing a computer screen using visual impairment simulation 

glasses 
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Simulated Scenario 
For the Simulated Scenarios, the participants were split into five groups with six to eight participants 

per group. Participants experienced all the Simulated Scenarios within a dark room, where their visual 

abilities were inhibited. Due to the darkroom experience, the participants were led by volunteers with 

actual visual impairments throughout the workshop. Participants were exposed to four different 

scenarios: (1) a bus stop,  where they attempt to board a particular bus; (2) a garden, where they attempt 

to identify an artificial lavender smell; (3) a fruit market, where they seek to differentiate different fruits 

by taste; and (4) a house, where they navigate through the entrance, living room and dining space. Each 

group (of participants) followed the previous group as one group moved from one scenario to the other. 

Figure 2-4 illustrates the layout of the simulated scenarios experienced by the workshop participants 

while being led by a volunteer with visual impairment.    

 
Figure 2-4. Experimental setup for the simulated experience 

 

The ultimate goal of the Simulated Scenarios was to assist the participants in realising and 

experiencing the challenges faced during every day activities by a person with visual impairment. For 

example, during the first scenario at the bus stop, participants were asked to board a specific bus where 

they eventually ended missing the bus without being able to identify the bus number. Through these 

scenarios, participants could also apply their other senses such as taste, smell and touch so that they 

could relate themselves to how such senses are used by people with visual impairment. The participants 

also had a brief interaction with the volunteers with visual impairments to learn about their lifestyles 

and how they face such situations. The workshop ended with participants sharing their experiences with 

the rest of the participants. 

  

2.1.6 Metrics  

Creativity 
The following subsections provide a detailed description of how three overall metrics were used to 

measure the quantity, variety, and novelty of concepts shared by the participants.    
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Number of Concepts: Quantity  
Quantity refers to the total number of concepts that the participants generated as idea alternatives for 

resolving the issues faced by people with visual impairments. For this metric, Overall (total) and Non-

Repeated concepts were obtained for both the studies, allowing us to differentiate the concepts that were 

influenced and not influenced by the workshop stage. Overall concepts included every concept shared 

by the participants along each stage, whereas the Non-Repeated concepts included the concepts that 

were specific for each stage. Equation (2.1) ,from work by Moreno et al. (Moreno et al., 2014), explains 

the relationship between Overall (QO) and Non-Repeated (QNR) concepts.  

 

𝑄! = ∑𝐴𝑙𝑙	𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑠	𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 = 𝑄"# + 𝑅𝑒𝑝𝑒𝑎𝑡𝑒𝑑	𝑐𝑜𝑛𝑐𝑒𝑝𝑡𝑠                                                         ( 2.1)                        

 

Breadth of concepts: Categories  
Following the variety metric by Shah et al. (Shah et al., 2003), the breadth of concepts was calculated 

based on a binning technique that seeks to cluster the concepts based on higher-level categories that 

they belong to. For example, the concepts such as "public education" and "public awareness on helping 

the population" would be grouped into one category. Similarly, if a single participant mentions two 

concepts related to assistive tools and technology, those two concepts will be grouped into the same 

category and contribute as a single entry under the breadth of concepts, while the concepts' public 

awareness' and 'wearable assistive technology' would not be grouped together. Two raters 

independently 'open coded' (Khandkar, S. H., 2009) and clustered a sample set of concepts into 

categories as per the metric by Shah et al. and achieved a per cent agreement of 81% upon rater training. 

Following this agreement, one rater continued to categorise the rest of the concepts. Appendix A shares 

a detailed final list of categories used to calculate the breadth of concepts. This list was used to analyse 

the increase in concept categories perceived along different stages of the workshop.  

 

Uniqueness of Concepts: Novelty  
Novelty is defined as the uniqueness of a concept (Shah et al., 2003). The novelty metric was calculated 

using the categories that were generated to capture the 'breadth of concepts.' The frequency of concepts 

shared under a single category determined the novelty of the concepts shared under that category. 

Equation (2.2) was adopted to calculate the novelty of concepts:  

 

𝑆$ =
(&'(!)

&
x 10                                                                                                                                 ( 2.2) 

 

where Sj refers to the novelty score for a concept, j, that falls in a specific category, k, T is the total 

number of concepts across all categories, and Ck is the number of concepts in k. The final value falls 

within a range between 0-10 once multiplied by ten (Shah et al., 2003).  
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The same sample set of concepts that were used to test the interrater agreement for the 'breadth 

of concepts' was used to check for the interrater agreement on the novelty values obtained by each 

concept. A linear regression analysis was performed on SPSS Statistics (Version 25.0.0.1, IBM 

Armonk, N.Y., USA) for the novelty values from both raters.  The overall model fit was R2 = 0.94 with 

a significance of p<0.001.  

 

Empathy 
Two metrics for empathy, as described in Section 2.1.3, were used to measure the empathic impact 

attained by the simulated scenarios: Empathic Similarity (of concepts) and Empathic Self-evaluation 

(by participants). A detailed description of the two metrics are as follows:   

 

Empathic Similarity  
We adapted the empathic similarity metric from the empathic accuracy rating developed by Ickes 

(1983). Ickes developed a measure to describe the similarity of statements using the values 0 (no 

similarity), 1 (in between), and 2 (evident similarity). For our work, a similarity rating was provided by 

comparing each concept description shared by the workshop participants against the concepts shared 

by 13 participants with visual impairments. A percentage index for the empathic similarity is achieved 

by dividing the rating by 2 (maximum accuracy rating possible) and then multiplying the resultant value 

by 100. As a minor modification to Ickes's metric, this study assigned '1' as the empathic similarity 

value if the concept was in the same category (based on the categories used for Breadth of Concepts as 

listed in Appendix A) but not as specific as the concept shared by participants with visual impairments. 

For example, if "Uses other senses (during navigation) to compensate the loss of sight" is a concept 

shared by a participant with visual impairments, then the concept "Infrastructural enhancements, 

making them more friendly for visually handicapped" would receive '1', and the concept "Alert users 

with visual impairments of infrastructure through their other senses" would receive '2'. This approach 

towards evaluating empathy enabled the rating process to be straightforward and repeatable. Equation 

(2.3) demonstrates the metric adopted to calculate the empathic similarity percentage for each 

participant.  

𝐸*"#$%& =
∑ ,

'()
* 	×/001+

),-

"
                                                                                                                        (2.3) 

 

where 𝐸!!"#$% is the average empathic similarity percentage attained at each stage, 𝑁 is the number of 

participants and	𝐸!& is the average empathic similarity value attained by each participant i.   

 

Two design researchers independently applied the empathic similarity metric to rate a subset 

of the concepts and attained a Pearson correlation coefficient of 0.80. Upon attaining high correlation, 
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one of the raters continued to rate the remainder of the concepts. Table 2-1 provides the detailed key 

used by the researchers for the empathic similarity rating.   

 
Table 2-1 Empathic similarity key 

Empathic 

Similarity Score 
Key Characteristics 

2 

The concepts from workshop participants provide solutions to issues 

addressed by participants with visual impairments using the same terms or 

terms that are synonymous with it.  

1 

The concepts from workshop participants provide solutions to issues 

addressed by participants with visual impairments  at a broader level i.e., both 

comment belong to the same category. 

0 
Both content and category of concepts shared by workshop participants do 

not match with any concept shared by participants with visual impairments 

   

Empathic Self-Evaluation  
Empathy was also determined by empathic self-evaluation, where the participants were asked to 

evaluate their understanding of the issues experienced by people with visual impairments and their 

ability to solve those issues. Self-evaluation, a moral indicator of empathy (Bas-Sarmiento et al., 2019; 

Gerdes et al., 2010; Hojat et al., 2018), was used to capture participants' assessment of their 

understanding and ability to solve the issues faced by people with visual impairments. This evaluation 

used a five-point Likert scale that ranged from -2 to 2, with 0 referring to a neutral response about them 

being able to understand and solve the issues faced by people with visual impairments, -2 referring to 

strong disagreement and +2 referring to strong agreement.  

 

2.1.7 Analysis And Results 
The datasets from both studies failed the test for normality. Hence, the Wilcoxon Signed-Rank test, a 

non-parametric test for two related samples, was used on SPSS Statistics (Version 25.0.0.1, IBM 

Armonk, N.Y., USA) to compare the significance of the difference in outcomes between different 

stages. Given the smaller sample size, a repeated-measures ANOVA was also used to test the 

significance of the impact achieved from different workshop stages, with an assumption of normal 

distribution. Both these test results are discussed in the sections that follow. 

 

Number of Concepts: Quantity  
Table 2-2 shares a list of exemplar concepts generated by the study participants and the participants 

with visual impairments.  
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Table 2-2 Exemplar concepts shared by the participants 

 Workshop Stages Concepts 
S1

 P
ar

tic
ip

an
ts  

Pre-Workshop 

1. Infrastructural enhancements, making them more friendly for visually 
handicapped 

2. Modification of important infrastructure 

3. Education 

Post-Briefing 
1. Infrastructural elements in homes, transport hubs and public places, just to 

name a few 

Post-
Simulation 

1. Help them at bus stops/train stations to lookout for the transport and board 
the bus/train 

2. Longer time for them to cross  

3. Education on visually impaired issues and assets- in community- in school- 
in job place   

4. Inclusion in workplace  

Inclusiveness awareness 

S2
G

1 
Pa

rti
ci

pa
nt

s  

Pre-Workshop 

1. Utilizing their senses (hearing and touching)  

2. Alert visually impaired users of infrastructure through their other senses 

3. Design awareness when creating products and services 

Post- 
simulation  

1. Some facilitation of sound/voice that explains what things are? (maybe a bus 
stop has a button that they can press to hear when the next buses arrive.) 

2. Physical differentiation for money 

3. Some method for knowing which roads to take (maybe raised slabs for major 
routes) 

Post- Briefing 

1. Employment - use of special software for more computer-based jobs- call 
center 3. employment in basic jobs- waitress/ chef 

2. Innovations for the masses should conceptually take consideration for people 
who are unable to utilize one or more of their senses 

3. Workshops to explain to people to make them understand better. Devices 
and tools for more independence. 

S2
G

2 
Pa

rti
ci

pa
nt

s  

Pre-Workshop 

1. Guide dog  

2. Braille 

4. Attach RFID tags to person's belongings and have a device which is voice 
activated to direct person to device he wants 

 

Post-Briefing 

1. Encourage them to wear bright clothing to make themselves more visible, 
prominent such that pedestrians/drivers/cyclists can notice them from after 
and move out of the way in time 

2. Policies to level the inequality of treatment (other people's impressions of 
them) 

3. Help patients to independently find funding (e.g. startup opportunities etc.) 
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 Workshop Stages Concepts 

 

Post-
Simulation 

1. Automated carriages to help them move around. Inspire more public to be 
aware of their problems/challenges in life  

2. Include and consider more about this community in product development 

3. Design money that allows them to interpret 

Participants with visual 
impairments 

1. Bus company should alert drivers to stop and inform the bus number to the 
person if the person is with a cane 

2. Divide road for people and cyclists  

3. All schools to have a special needs office rather than having a separate 
physically challenged school  

4. Would like to see inclusive designs as technology enhances- personally 
believe in inclusive design 

5. Design a robotic chair that will take you to any place 

3. Public need to be aware that white cane represents visually challenged- bring 
awareness about condition 

 

 

Table 2-3and Table 2-4 display the number of Overall and Non-Repeated concepts listed along 

each stage of S1 and S2. Figure 5 displays the difference in the number of concepts shared during each 

stage, with the number of participants, 'n', mentioned within the brackets next to each stage. The 

difference in the number of concepts shared by the participants was evaluated by comparing the number 

of concepts shared during the Pre-Workshop and the Post-Briefing stages, the Pre-Workshop and the 

Post-Simulation stages, and the Post-Briefing and the Post-Simulation stages. In Figure 2-5, the 

horizontal bars display the p-value obtained from a Wilcoxon Signed Rank test between the outcomes 

for different workshop stages.  
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Figure 2-5 Number of overall concepts (and standard error) along all three workshop stages of the S1 

and S2 

 
Table 2-3 Quantity, breadth, and novelty of overall concepts (and standard deviation) for the post-

briefing and post-workshop stages of S1 and S2 (Order for S2G1 (highlighted) should be Pre-
Workshop, Post- Simulation, Post- Briefing) 

Measure Study Name 

Pre-Workshop Post-Briefing Post-Simulation 

Average SD Average SD Average SD 

Quantity 

S1 1.81 1.14 1.28 1.28 2.22 1.10 

S2G1 2.69 1.58 1.88 1.45 3.13 1.09 

S2G2 2.45 2.14 1.70 0.80 2.15 0.93 

Breadth 

S1 1.72 1.09 1.17 1.16 2.17 1.03 

S2G1 2.13 0.81 1.63 1.02 2.81 0.91 

S2G2 1.95 1.79 1.55 0.69 2.00 0.92 

Novelty 

S1 7.38 3.37 5.86 4.23 8.93 0.50 

S2G1 8.26 0.73 8.02 2.19 8.95 0.32 

S2G2 6.66 3.95 6.57 3.94 8.97 0.36 
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Table 2-4 Quantity, breadth, and novelty of non-repeated concepts (and standard error) for the post-
briefing and post-workshop stages of S1 and S2 

Measure Study Name 
Post-Briefing Post-Simulation 

Significance 
Average SD Average SD 

Quantity 

S1 0.83 0.81 1.25 0.87 0.042 

S2G1 1.31 1.30 1.88 1.15 0.093 

S2G2 1.35 0.99 1.60 0.94 0.356 

Breadth 

S1 0.81 0.79 1.22 0.80 0.032 

S2G1 1.13 1.02 1.75 1.00 0.085 

S2G2 1.20 0.83 1.50 0.89 0.256 

Novelty 

S1 5.26 4.20 8.98 3.20 <0.001 

S2G1 5.78 4.08 7.69 3.06 0.121 

S2G2 6.67 3.97 8.65 1.09 0.116 

 

The outcomes of Post-Briefing and Post-Workshop stages were alone compared for Non-

Repeated concepts. The results of the statistical analysis obtained using Wilcoxon Signed Rank test and 

repeated measures ANOVA are summarised below:  

� Wilcoxon Signed-Rank test results showed that the Overall number of concepts generated 

during the Post-Simulation stage of S1 and S2G1 were significantly higher (p-value <0.05) 

than those during the Post-Briefing stage of the workshop.  

� For the Non-Repeated (NR) concepts in Table 2-4, the Wilcoxon Signed Rank Test results 

showed that there was a statistically significant difference in the number of concepts 

shared between the Post-Briefing and Post- Simulation stages of S1.  

� With an assumption that the distribution is normal, repeated-measures ANOVA showed that 

there was a statistically significant effect of the workshop stages on the number of Overall 

concepts shared by the participants from both S1 (F(2,70)= 8.485, p= 0.001) and S2G1 

(F(2,30)= 8.862, p= 0.001). 

 

Breadth of Concepts: Categories  
Table 2-3 and Table 2-4 share the Overall and Non-Repeated average breadth of concepts for S1 and 

S2. Figure 6 shows the difference in the breadth of concepts shared during each stage with the number 



 41 

of participants, 'n', mentioned within the brackets. The horizontal bars share the p-values for the 

difference in means for the number of categories along the workshop stages.  

 

 
Figure 2-6 The breadth of overall concepts (and standard error) along all three workshop stages of 

the S1 and S2 

 

Listed below are the results of the statistical analysis run using Wilcoxon Signed Rank test and 

repeated measures ANOVA:  

� The results of the Wilcoxon Signed-Rank test indicated that S1 and S2G1 found a 

statistically significant increase (p-value <0.05) in the Overall number of concept 

categories shared between Post-Briefing and Post-Simulation stages.  

� It was also found that S1 and S2G1 showed a significant increase in the breadth of 

concepts categories between the Pre-Workshop and Post-Simulation stages.  

� For the Non-Repeated (NR) concepts shared in Table 2-4, the Wilcoxon Signed Rank Test 

results showed that there was a statistically significant difference in the number of 

concept categories shared between the Post-Briefing and Post- Simulation stages of S1.  

� The repeated-measures ANOVA showed that there was a statistically significant effect of the 

workshop stages on the Overall concept categories shared by the participants from S1 (F(2,70)= 

10.675, p< 0.001)) and S2G1 (F(2,30)= 7.326, p= 0.003).  

Uniqueness of Concepts: Novelty  
Table 2-3 and Table 2-4 display the Overall and Non-Repeated average novelty of concepts for S1 and 

S2. The horizontal bars in Figure 2-7 shows the p-value for the difference in the novelty of concepts 

shared during different workshop stages.  
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Figure 2-7 Novelty of overall concepts (and standard error) along all three workshop stages of the S1 

and S2 

 

The results of the Wilcoxon Signed-Rank test and repeated measures ANOVA are listed below:  

� In contrast to the results for Quantity and Breadth, outcomes of S1 and both the groups 

from S2 showed a statistically significant increase (p-value <0.05) in the Overall 

novelty of the concepts shared between Post-Briefing and Post-Simulation stages.  

� The increase in novelty was significant even among the Pre-Workshop and Post-

Simulation stages of both the workshops.  

� For S1, analysis on the Non-Repeated (NR) concepts (Table 2-4) showed a statistically 

significant increase in the novelty of concepts shared between the Post-Briefing and 

Post-Simulation, and Pre-Workshop and Post-Simulation stages of the workshop.  

� Outcomes of repeated-measures ANOVA showed that there was a statistically significant effect 

of the workshop stages on the novelty of concepts shared by the participants from S1 (F(2,70)= 

10.452, p< 0.001)). In contrast to the repeated measures ANOVA results for Quantity and 

Breadth, results of S2G1 participants did not show a significant effect (F(2,30)= 1.935, p= 

0.162), but this effect was significant on S2G2  participants (F(2,38)= 4.937, p= 0.012).   

Empathic Similarity 
Both Wilcoxon Signed Rank test and repeated measures ANOVA were used to test the statistical 

significance of the empathic similarity value for the concepts shared by the participants. Figure 2-8 

shows the average of the empathic similarity values achieved by the participants (𝐸!!"#$%) along 

different stages of S1 and S2.  A summary of the results are as follows:  
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Figure 2-8 The empathic similarity between the concepts (and standard error) shared by the 

workshop participants and the participants with visual impairments 

 

� The Wilcoxon Signed-Rank test results showed that S1 and both the groups from S2 

showed a statistically significant increase (p-value <0.05) in the empathic similarity 

value of the concepts shared between the Post-Briefing and the Post-Simulation stages.  

� The empathic similarity among the concepts was significant even among the Pre-

Workshop and Post-Simulation stages of both the workshops. 

� Outcomes of repeated-measures ANOVA also showed a significant effect of the workshop 

stages on empathic similarity for both the studies (S1: F(2,70)= 13.751, p< 0.001; S2G1: 

F(2,30)= 5.222, p= 0.011;  S2G2: F(2,38)= 15.079, p<0.001).   

 

Empathic Self-Evaluation 
Self-evaluation ratings for S1 were collected during the Pre-Workshop and Post-Simulation stages to 

understand the impact of the entire workshop on the participants' perception over their understanding 

and ability towards solving the issues faced by people with visual impairments. Whereas, S2 ratings 

captured the participants' self-evaluation on their empathy during all three stages and analysed both 

independent and combined impact of the workshop stages on empathic self-evaluation. Figure 2-9 and 

Figure 2-9 show the average empathic self-evaluation ratings captured for S1 and S2.  
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Figure 2-9 Empathic self-evaluation on the ability to understand the issues faced by people with visual 

impairments 

 

 
Figure 2-10 Empathic self-evaluation on the ability to solve the issues faced by people with visual 

impairments 

 

Listed below is a summary of the results derived from the statistical analysis. An outcome 

different from that of the quantity, novelty and breadth of concepts was observed from the self-evaluated 

empathy ratings from S2 participants. 

� For the self-evaluation on "their ability to understand (the issues faced by people with visual 

impairment)", the Wilcoxon Signed-Rank test results showed that there was a statistical 

significance between the Pre-Workshop and Post- Simulation stages.  
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� Similarly, ratings on their "ability to solve (the issues faced by people with visual 

impairments)", the outcomes were statistically significant between Pre-Workshop and Post- 

Simulation stages.  

� Among Group 1 participants, the difference in self-evaluated empathy rating on their "ability 

to understand (the issues faced by people with visual impairment)" was significant between the 

Pre-Workshop and Post- Simulation stages. Whereas, in contrast to the results from creativity 

metrics, the difference in self-evaluated empathy ratings on their “ability to understand” was 

not statistically significant between the Post-Simulated and Post-Briefing stages.  

� Similarly, the difference in self-evaluated empathy rating on their "ability to solve" was 

significant between the Pre- Workshop and Post-Simulation stages.  

� Among Group 2 participants, the self-evaluated empathy ratings on their "ability to understand" 

showed a significant increase between the Pre-Workshop and the Post-Briefing stages, the Pre-

Workshop and the Post-Simulation stages, and between the Post-Briefing and the Post-

Simulation stages. 

� The analysis showed similar results among Group 2 participants, where the self-evaluated 

empathy ratings were statistically significant between the Pre-Workshop and the Post-Briefing 

stages, the Pre-Workshop and the Post-Simulation stages, and between the Post-Briefing and 

the Post-Simulation stages.  

� Repeated measures ANOVA results demonstrated a significant effect of the workshop stages 

on empathic self-efficacy achieved through both the studies. This was true for their “ability to 

understand” (S2G1: F(2,30)= 20.828, p<0.001;  S2G2: F(2,38)= 17.806, p<0.001) and their  

“ability to solve” (S2G1: F(2,30)= 12.755, p< 0.001;  S2G2: F(2,38)= 12.539, p<0.001).   

� Both the evaluations for empathy showed no correlation to participant creativity.  

 

2.1.8 Discussion 
This section summarises the outcomes of the two workshops, executed as S1 and S2, where both the 

workshops introduced the participants to an extreme-user experience of visual impairment to evoke 

design creativity and empathy. The impact on creativity and empathy was analysed by gathering data 

at every stage of both workshops. Results are discussed in the context of the previously raised research 

questions.  

1) How does a simulated extreme-user (visual impairment) perspective impact participant creativity 

and empathy?   
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According to the maxim 'quantity breeds quality' (Diehl & Stroebe, 1987; Jung et al., 2015; 

Meadow & Parnes, 1959; Parnes & Meadow, 1959), an increase in quantity and breadth of concepts 

after the Simulated Scenarios may indicate that the participants could generate concepts that addressed 

the issues that they had not realised earlier. Section 2.1.7 showed that the S1 and S2G1 outcomes 

concurred with this by showing a statistically significant increase in the number, breadth and empathic 

similarity of the concepts shared along the Post-Simulation stage when compared to the Pre-Workshop 

stage of the study.  

 

Though the participants of S2G2 did not share the same outcome for number, breadth, and 

empathic similarity, the results for novelty support that the Simulated Scenarios encouraged the 

participants to generate concepts with significantly high novelty among the participants from S1 and 

both the groups in S2.    

 

Given the same order of workshop sessions followed for S1 and S2G2, one possible explanation 

for the observed discrepancy in the results could be the background and difference in design knowledge 

of the participants. Similarly, S1 showed a significant difference in the impact on number, breadth, 

novelty and empathy achieved by Briefing and Simulated Scenarios for both Overall and Non-Repeated 

concepts. Such consistent impact was not observed among Group 2 participants. The limited sample 

size in each workshop did not support further probing into this impact, yet it provides an important 

insight on how the application of such Simulated Scenarios needs to be adapted based on the 

background and knowledge of the participants.  

 

Nevertheless, the Non-Repeated concepts show both Briefing and Simulated Scenarios 

encouraged the participants to ideate concepts that were exclusive to each stage, and this impact was 

significantly high for Simulated Scenarios among a majority of the participants. Although this study 

does not focus on the individual differences among designers, the outcomes support that ideation 

through simulated scenarios could help generate new concepts despite any preconceived design fixation 

(Alipour et al., 2018; Linsey et al., 2010).   

 

Results based on the outcomes of the empathic self-efficacy values support the significant 

effect of Simulated Scenarios on the self-evaluated empathy among the participants (Figure 2-8 and 

Figure 2-9). While a Briefing about a user or a situation could help understand the users, simulated 

experiences have the potential to evoke better empathy towards the users.  Although works in past have 

paired empathy with creativity (Treadaway, 2007), the results of this study did not show any such 

correlation between the outcomes of empathy and creativity. This is in agreement with the findings 

from Chang-Arana et al. (Chang-Arana et al., 2020), where they showed that empathic accuracy, a 
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quantitative measure of designer empathy, might not essentially influence the ideation outcomes or 

even the psychological correlation with the end-user.   

2) How does a Briefing (awareness, knowledge) about the extreme-user experiences influence the 

impact of the Simulated Scenarios? What are the combined and independent effects of Briefings 

and Simulated Scenarios?  

Results from S1 do not provide a clear insight on whether the significant effect captured after 

experiencing the scenarios was an independent impact of the simulations or a combined effect of the 

Briefings and simulations together. Whereas the results from S2,  particularly the self-efficacy results, 

show that Briefing alone had little or no effect on the self-evaluated empathy ratings for their ability to 

solve. Results from S2 also show that irrespective of being independent or combined, Simulated 

Scenarios could enhance the ability of the participants to generate more concepts that empathise with 

the perspectives of people with visual impairments when compared to Briefing. Nevertheless, Figure 

2-9 shows that the participants from S2G2 expressed a relatively higher increase in their understanding 

of the users with visual impairments when compared to the participants from S2G1. 

 

Similarly, participants from both the studies showed a significant increase in the novelty of 

concepts shared, irrespective of the order in which they experienced the simulated scenarios (Figure 

2-7). Based on this impact, Briefings might not be independently sufficient to have an impact on 

creativity but might help amplify the impact on participants' understanding towards the target users. 

Therefore, it would be ideal to experience the Simulated Scenarios after a brief overview of the 

empathised extreme-user population in order to attain an effective influence over design creativity and 

empathy. 

 

2.1.9 Conclusions 
Both the studies detailed in this paper aim to gain a deeper understanding of implementing simulated 

extreme conditions of visual impairment as a means to increase design creativity and empathy. Two 

different approaches are followed to test the impact of visual impairment based Simulated Scenarios. 

Though S1 strongly supports the impact of the Simulated Scenarios as part of need-finding conceptual 

design, it does not verify how this impact could be shaped by the Briefing that is provided prior to the 

simulated experience. S2 delves deeper to ensure if the impact is consistent among designers even when 

applied independently without the influence of the information provided through a Briefing.  

 

In order to capture the independent and combined effect of Briefings and Simulated Scenarios, 

S2 divides the participants into two groups. One group experienced the Simulated Scenarios followed 

by a Briefing on visual impairment (Group 1), and the other group had a Briefing followed by the 

scenarios (Group 2). One difference that is observed between S1 and S2 is that the designers could 



 48 

produce more creative concepts right from the Pre-Workshop stage when compared to participants 

without a design background. This outcome among design practitioners could have been influenced by 

multiple contributing factors such as designer knowledge and experience, but analysis on those factors 

is beyond the scope of this paper. However, Simulated Scenarios did have a significant impact on 

participant creativity and empathy, and this could be further enhanced when Briefings are shared prior 

to the Simulated Scenarios.  

 

Limitations of the work include the influence of previous experience among the workshop 

participants. Thirteen workshop participants who took part in S1 were connected to someone who 

experienced vision loss, and two of them had themselves experienced it earlier (Hu & Reid, 2018; 

Linsey et al., 2010). This difference, when tested, did not show a significant effect on the answers 

provided by the participants, but there are chances that this difference in population (Hu & Reid, 2018; 

Linsey et al., 2010) and cultural differences among designers could have had an influence on the 

concepts shared by the participants (Felgen et al., 2004; Gautam & Blessing, 2009; Tan, 2016). Based 

on the results from S2, a designer's experience and expertise could be an influencing factor on the extent 

to which the simulated experiences could create an impact. In addition, it can be inferred from Table 

2-3and Table 2-4 that the current outcomes show a higher standard deviation. Therefore, better sample 

size and participant grouping based on their previous experience would be considerations for any 

potential expansion of these studies. Both the studies discussed in this paper provided supporting 

evidence to show the reliability of simulated experiences in evoking design creativity and empathy. 

With this, future work will aim to adopt these simulated extreme-user experiences not just to identify 

the needs among the extreme-users but also to identify the needs that are latent among the rest of the 

users. Future work will also focus more on a more intuitive approach to apply such extreme-user 

perspectives for design creativity. 
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2.2 Implementation of Extreme-user Experiences 

The study discussed below presents a pilot systematic application approach for extreme-user 

experiences. Based on the results, we infer that a systematic guided approach is significantly more 

impactful than a pure intuition-based approach. It is to be noted that, by following previous literature 

(Lin & Seepersad, 2007), we use the term extraordinary users instead of extreme-users to refer to users 

who experience some form of physical or cognitive challenges. This work has been published in the 

International Design Engineering Technical Conferences and Computers and Information in 

Engineering Conference. Following the SUTD policy on the inclusion of previously published work, 

we are attaching the work in its submitted form.   

Co-authors include Sujithra Raviselvam, Dr David Anderson, Dr Katja Hölttä-Otto, and Dr Kristin L 

Wood. 

 

Raviselvam, S., Anderson, D., Hölttä-Otto, K., & Wood, K. L. (2018, August). Systematic framework 

to apply extraordinary user perspective to capture latent needs among ordinary users. Proceedings of 

the ASME 2018 International Design Engineering Technical Conferences and Computers and 

Information in Engineering Conference (Vol. 51845, p. V007T06A013). American Society of 

Mechanical Engineers. https://doi.org/10.1115/DETC2018-86263.  

 

2.2.1 Abstract 
This study aims to provide a systematic framework to apply emulation tools that could help designers 

to experience an extraordinary user perspective (users with some form of physical or cognitive 

impairment). Past studies have supported the impact of using tools that emulate a physically restricted 

scenario to evoke creativity and empathy among designers. The proposed approach for Empathic 

Experience Design (EED) guides designers to have better leverage emulation tools to understand the 

latent design needs from recommended extraordinary user perspectives. The framework combines the 

physical parameters involved while interacting with a product with the interaction activities associated 

with the product. This combination is used to select empathy tools that will provide an interactive 

experience by eliminating those parameters. By eliminating the identified parameters, participants tend 

to look at the design needs from the emulated extraordinary user perspectives. The framework was 

tested with a pilot study in which 37 participants (20 participants for Treatment Group 1 and 17 

participants for Treatment Group 2) of ages 20-26 were asked to redesign a medical syringe. The 

extraordinary use cases implemented in this study are visual impairment, hearing impairment, low 

dexterity and single hand usage. The study not only tested the recommended systematic approach, but 

it also showed the application of an extraordinary user perspective to understand the general latent needs 

associated with medical devices that are less likely to be used by extraordinary users.  The results are 

promising evidence that a simple systematic approach to implement empathic design tools could have 
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a higher impact than an unguided instinct based approach to choose the tools. The results also show 

that, when applied efficiently, the approach could capture a wide variety of latent needs from potential 

extraordinary user perspectives'.   

 

2.2.2 Introduction 
Empathic Experience Design (EED) (Genco et al., 2012) and Empathic Lead User (ELU) (Vaughan et 

al., 2015) techniques evolved as methods to identify novel design concepts and needs by adapting an 

extraordinary user perspective. The term 'extraordinary users' here refers to people who experience 

some form of physical or cognitive impairment, and both these methods derive their motivation from 

the term "lead user," coined by Von Hippel (1986), to represent users who experience a need that is still 

latent among the rest of the population. Though the lead user theory leveraged expert users to foresee 

the non-obvious needs or design modifications for an existing mainstream product, research works that 

followed studied the lead user characteristics that are easy to access. For example, Lai and Shu (2014) 

studied and showed the ability of do-it-yourselfers to be lead users without any functional fixedness 

while Hannukainen and Holtta-Otto (2006) demonstrated the lead user capabilities among people with 

both genuine and situational disabilities. Similarly, studies by Conradie et al. (2014; 2016) and few 

other recent works also aimed to identify the lead user abilities among the extraordinary user population 

(Hölttä-Otto & Raviselvam, 2016; Raviselvam et al., 2014).   

 

There has also been extensive research on such empathy tools that emulate a situation that 

would help designers experience the perspective of extraordinary users like, users with visual 

impairment, hearing impairment (Raviselvam et al., 2017), older adult users (Raviselvam et al., 2014), 

etc. These tools and scenarios have not only proved to be useful in understanding the inclusive design 

needs with respect to the extraordinary users, but also proved to be impactful in increasing designer 

empathy and creativity (Raviselvam et al., 2016a).  

 

The extraordinary user perspectives from the EED and ELU methods were achieved by 

imposing physical restrictions or priming that emulate some form of physical impairment (She et al., 

2018). Research works have also explored the application of these empathy tools for purposes such as 

user interface design (Giakoumis et al., 2014; Keates, 2013; Mieczakowski et al., 2009) and automobile 

design, primarily to enable designers to understand the extraordinary user perspective. Another 

effective application of an extraordinary user perspective is to understand the percentage of users who 

get excluded from using a product due to their physical condition (Persad et al., 2006).  

 

The key goal of the framework put forth in the paper is to ease the process of deciding which 

empathy tool or tools are appropriate to understand an extraordinary user perspective. For this, the 
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present study applies the extraordinary user perspective to uncover the potential latent needs even for 

products that are not directly designed with extra ordinary users in mind.  

The product domain currently studied is medical devices. Medical devices are not often 

designed in a user centric fashion or by taking the use context into the account (Sharples et al., 2012; 

Ward & Clarkson, 2004). Further, they are used by medical personnel that are aging just as the rest of 

the population and by ones who are often stressed by shift work or by frequent interruptions (Hull et 

al., 2011; Rivera & Karsh, 2010). In other words, these devices are often used in at least situationally 

disabled conditions.  

This chapter discusses the outcome of a pilot study that explored the latent needs associated 

with a standard medication syringe, by answering the following research question: 

Does a systematic application framework to select the "extraordinary user empathy tools", enable the 

designers to better leverage extraordinary user perspectives when compared to an instinct based 

selection of the same tools?  

 

2.2.3 Overview of Implemented Systematic Application Approach  
The systematic application approach uses activity diagrams to capture users' interactions with a product 

and combines them with the physical parameters associated with it. Similar to the exclusion calculation 

approach by Persad et al. where they implement sensory, cognitive and motor demands to understand 

the population of users excluded from using a product (Persad et al., 2007), the systematic application 

approach proposes a guideline for designers to select the appropriate empathy tool from the wide range 

of available options.  The following section provides a detailed description of the steps involved: 

 

Step 1: Record every step of the user interactions with the product/ system to be designed, in 

the form of an activity diagram. The steps can be done either through observations or by hypothesising 

the potential user interactions (Otto & Wood, 1998). Given the aim to ease the user experience while 

interacting with a product, an activity diagram serves as a better method than e.g. use of a functional 

diagram. Figure 2-11 shares the exemplar Activity Diagram used to demonstrate the approach to study 

participants.  
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Figure 2-11 Activity Diagram of a medication needle and associated physical parameters 

 

Step 2: Identify the physical parameters associated with every user interaction recorded in the 

activity diagram.  displays a simple activity diagram for a medication syringe used in this study, along 

with the sample physical parameters involved at every stage. The physical parameters considered for 

this pilot study were vision, sound perception, single/ double hand usage and dexterity. Other 

parameters that could have been involved but were not considered for this pilot study are cognition and 

mobility.  

 

Step 3: Relate the identified physical parameters to the corresponding extraordinary user 

empathy tools that would eliminate those parameters. Figure 2-12 displays the different types of 

emulation tools used for this study and Table 2-5 shows the physical parameters considered in this study 

along with the corresponding tools to eliminate those actions by emulating an extraordinary use case 

scenario.  

 

Remove syringe 
from solution 

bottle

Position on the veinInject solutionRemove needle

Open packet

Dispose

Hold the syringe Fill in solution Inspect solution 
level (1.5ml)

Single hand 
dexterity

Single hand 
dexterity

Single hand 
dexterity & both 
hand usage

Single hand 
dexterity & Vision

Single hand 
dexterity

Single hand 
dexterity & Vision

Single hand 
dexterity & both 
hand usage

Both hand usage & 
Vision

Single hand usage



 53 

  
Figure 2-12 Extraordinary User Empathy Tools used in the study: (left to right) a visual impairment 
emulation eye mask, a single hand use indicator band, a limited dexterity emulation glove, and a 

hearing impairment emulator 

 
Table 2-5 Physical parameters and corresponding empathy tools 

 

 

 

 

 

 

 

 

Step 4: Ideate design needs and opportunities to improve the user experience while emulating 

the absence of identified physical parameters. The participants were instructed to use the 'single hand 

use band' to mark the dominant hand that will not be used while emulating a physically impaired 

scenario. Tools can be used separately or in combination to test the interactions listed in the activity 

diagram. For example, the eye mask can be used along with the single hand use band to experience the 

perspective of visual and physical impairment together. 

The proposed approach aims to enable designers to streamline and understand the application scenarios 

and activities for the empathy tools.  

 

2.2.4 Research Methodology 
Figure 2-13 Research illustrates the steps followed for the pilot study conducted to test the impact of 

systematic application of empathy tools, relative to tools being offered without any guidance.  
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All participants had completed their 'Introduction to Design' module during their previous year 

and hence were aware of many design tools and techniques. The study comprised of two phases: 1) 

Control phase and 2) Treatment phase. 

 

 
Figure 2-13 Research approach 

 

37 participants of ages 20-26 (average: 22 years) took part in the study. There were six female 

participants and 26 male participants, and five participants who declined to mention their gender. 

Participants were students from an undergraduate module on 'Engineering Design' at Singapore 

University of Technology and Design.  

 

Phase 1 started with a 10 minute briefing on the experimental flow and grouping arrangements 

of the participants. Participants were then introduced to the user interactions associated with a 

medication syringe, for a normal scenario of unpacking and administering medication. Questionnaires 

were then distributed to every participant, requesting them to list the specific design needs and design 

opportunities with respect to Size, Shape, Weight, Material, Safety, Ergonomics and other specific 

features associated with the given Syringe. Specific categories to capture the design needs for a 

medication needle was derived based from the need categories identified by Lin and Seepersad (Lin & 

Seepersad, 2007).  

 

To keep the study timings within the limited class duration of one hour, participants were given 

a total of 15 minutes to list the specific design needs (10 minutes) and opportunities (5 minutes). They 

were also asked their age and gender. No identifying information was collected from the participants; 
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instead, they were asked to draw a symbol of their choice that they would use throughout the workshop 

in order to enable tracking of each individual.  

 

Upon completion of the questionnaire for Phase 1, participants were divided into two groups 

during Phase 2. While both groups were provided with a treatment that aimed to test the impact of 

'extraordinary user empathy tools', Group 1 tested the impact of the tools when provided without any 

guidance framework and Group 2 tested the impact when provided with a guidance framework to select 

the tools. Group 1 participants were provided with a printed description of the empathy tools and Group 

2 participants were provided with printed description of the empathy tools along with the proposed 

guidance framework. 

 

The participants were seated in a lecture hall and hence they were divided based on their seating 

arrangement, with participants seated at the first four rows categorised as Group 1 and participants 

seated at the last six rows categorised as Group 2. In total, the number of participants (n_p) in Group 1 

was 20 (Age range: 21-26; Average: 22.8) and the number of participants in  

Group 2 was 17 (Age range: 20-23; Average: 21.9). The groups had enough distance in between so that 

the applied grouping approach prevented the Group 1 participants from being influenced by the 

framework provided to the Group 2 participants. The researchers approached the Group 2 participants 

in batches based on their seating and guided them with the given framework.  

 

For Phase 2, all participants were given a basic introduction on the tools that were provided and 

the impact of such tools in evoking designer empathy and creativity while initiating inclusive design 

solutions. Following the introduction, participants were divided into the two groups. Empathy tools 

were distributed equally among both the groups but participants from Group 2 were provided with an 

additional guidance based on the proposed systematic application framework that guided them with 

selecting the appropriate empathy tool.  

 

While both the groups were given five minutes in common to understand the empathy tools, 

Group 2 participants were alone given extra 5 minutes to understand the given framework. Similar to 

Phase 1, both groups were given 15 mins to list specific design needs and opportunities after 

experiencing the emulated extraordinary user interaction scenarios. Towards the end, participants were 

asked to reason and list the tools that they used during Phase 2. This was to understand the participants' 

choice of empathic design tools, when provided with and without guidance. Participants were also asked 

to list their previous experience with any such extraordinary user scenarios since previous connections/ 

experience might have a potential influence on participant response (Puccio & Grivas, 2009; 

Raviselvam et al., 2017).  
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2.2.5 Data Coding and Analysis 
The effect of the proposed framework and its potential to capture the latent needs among the ordinary 

users was achieved using the metrics for variety, latency and quantity. This paper, due to its focus for 

identifying latent needs, probed into the collected need statements and ignored the generated design 

opportunities. Therefore, all collected need statements were coded for variety and latency by the metrics 

explained below.  

 

Variety 
Variety was calculated to understand the breadth of the generated design needs using the variety metric 

by Shah et al. (2003) Two independent raters categorised a subsection of the need statements based on 

their similarity. The categories were iterated and finalised upon achieving a 91% agreement between 

both raters. The iterated categories were thereby used to capture the major details of the generated needs 

while reducing the noise. For example, needs like 'syringe should be compact' and 'smaller size' are 

both grouped under the category' dimension'.   

 

Latency 
Latency of a need statement was calculated based on four different factors: 1) Obvious 2) Realistic 3) 

Impactful 4) Implicit. The four factors were used as a means to define latency. To establish this, each 

recorded need statement was rated by two researchers with different design expertise (design 

automation and medical device design) on a 5-point Likert scale with 0 being low, 4 being high and 2 

being neutral. For example, statements like 'no leakage', 'easy to handle' and 'Easily exert force injection' 

scored "low" for latency and statements like 'Physical feedback on the plunger to indicate how much is 

being pulled' and 'Opening of packet must be easier to find, grasp and open' scored "high". Figure 2-14 
displays the metric used by the raters to rate the generated need statements. Any generated need 

statement that scored above neutral for all four factors was considered to be Latent. A 77% agreement 

was recorded as an inter-rater agreement, upon elimination of 1-point differences.  

 

 
Figure 2-14 Latency metric used to rate the need statements 

 

 

Value
Obvious Non-realistic Low-impact Non-implicit 0

1
Neutral Neutral Neutral Neutral 2

3

Non-obvious Realistic High-impact Implicit 4

Latency Metric
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Below is the description provided for each factor:  

1) Obvious- Is it an existing solution? How likely is it for you to think of this need? 

2) Realistic- Is there a real need? 

3) Impactful- Is it non-obvious and real?  

4) Implicit- How straightforward is the need? How hard is it to visualise?  

 

Quantity 
Quantity being the total number of needs generated by the users, this study focused only on the total 

number of non-repeated needs generated by the participants. This was done using the equation 

(Equation 2.4) by Moreno et al. (Moreno et al., 2014) that shows the relationship between the repeated 

(QTotal) and non-repeated ideas (QNR). 

 
QTotal= ∑ All Ideas Generated = QNR + Repeated Ideas                                                                   ( 2.4) 

 

2.2.6 Analysis 
After establishing acceptable levels of inter-rater agreement, the data was analysed for differences of 

latency in needs generated with the provided guidance for tool selection, relative to the needs generated 

through designer's instinct towards tool selection.  All categorised non-repeated ideas following Phase 

2 (treatment phase) were analysed to compare the difference in variety of needs generated by the 

participants from both groups. For this, a two-sample t-Test for equal variance was used following a F-

Test that confirmed the variance of two populations to be equal.   

 

Effectiveness of Systematic Approach Framework 
As expected, both treatment groups (Groups 1 and 2) were able to provide non-repeated need 

statements, in addition to the wide variety of needs shared during the Phase 1. Though the difference in 

sample means between the two groups was not significant, participants from Group 2 on average, shared 

more categories of needs as shown in Table 2-6.  

 

More interesting was the variety of needs shared by the participants under the categories that 

were related to the four empathy tools provided during Phase 2. Among the categories listed in Table 

2-6, Tactile Feedback, volume precision, audio, holding comfort, hand control, handling, automation 

and packaging are the bins that were directly related to the extraordinary use cases that were emulated.  
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Table 2-6 Categories used to group the needs 

Categories Identified 

Tactile feedback Device features 

Volume precision Device durability 

Audio Automation 

Hold and comfort Manufacturing 

Hand control Recyclability 

Handling Materials 

Safety Packaging 

Toxicity/sterility Comfort 

Dimensions 
 

 

  

A two-sample t-Test on participants' outcome for the number of specific 'extraordinary user' 

based needs did show a significant difference in the number of categories identified by both the groups. 

Table 2-7 below lists the outcome of this comparison as well as the average number of all non-repeated 

categories and needs shared by the participants from both the groups.  

 
Table 2-7 Two-sample t-Test results: Group 1 (N_P= 20) Vs Group 2 (N_P= 17) - Comparing average 
number of Non-Repeated Needs, Non-Repeated Categories And Non-Repeated Extraordinary Use 

Categories along with Std. Deviation, Std. Error and its Significance  

  Non-repeated Needs Non-repeated categories Non-repeated Extraordinary use 

categories 

Group 1 2 1 2 1 2 

Mean 2.2 2.53 1.95 2.2 1.45 2.07 

S.D. 1.24 1.25 1.09 1.08 0.89 0.88 

S.E. 0.27 0.32 0.25 0.28 0.20 0.23 

p-value 0.438 0.507 0.05 

Key  Significant difference 

 

Need Latency 
Following inter-rater agreement on the factors for latency, the percentage of ideas that scored high in 

latency was calculated for both the phases and compared. A Chi-Squared test on the latent needs 

identified by both the groups displayed a significant (p-value: 0.001) increase in the frequency of latent 
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needs shared during Phase 1 and Phase 2 but, this difference was comparatively higher among the 

participants from Group 2.   

 

 
Figure 2-15 Percentage of needs that score high for latency 

 

It is evident from Figure 2-15 that the participants with guidance on the tools (Group 2) to be 

used were able to realise a greater number of new latent design needs than the group without guidance. 

In Figure 2-15, n_needs denote the total number of needs shared by the participants and n_p represents 

the number of participants in each group. Table 2-8 lists few examples for regular and latent design 

needs classified based on the applied latency metric.  

 
Table 2-8 Example regular and latent needs shared by the participants from both the groups 

Regular needs Latent needs 

1. Non-corrosive material-not reactive to 

liquid (inert material) Non-toxic 

2. Need to know the amount ejected 

3. Painless 

4. Cannot trap air bubbles 

5. Sterile 

6. Needs to cater to laminar flow 

7. Safe extraction of needle allowed 

1. Hand shaped, fit contours of hand 

2. Hard to falsely trigger 

3. Easy grip of syringe (slip-proof) 

4. Position indicator to inject 

5. The product is rigid and will not shift when 

moved 

6. User can push/pull fluid with one hand 

7. User can spin/change finger grip/ manipulate 

product with one hand 

 

Empathy Tools Used 
The number of empathy tools used by the participants was also captured to understand the differences 

in choices made by the participants while selecting the appropriate empathy tool for ideation. 

Participants were asked to list the number of tools they used along with their reasons for choosing those 

tools. The outcome shown in Figure 2-16 shows that the difference in number of empathy tools used was 

7%
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higher among the participants from Group 2 and this difference proved to be significant (p-value= 

0.036) when tested with a two-sample t-Test. 

 

 
Figure 2-16 Average number of tools used with standard error 

 

The reasons shared by the participants regarding their choice of empathy tools provided insights 

on how a systematic framework for selecting the empathy tools helped the designers to explore all 

necessary perspectives and avoid unnecessary ones. For example, participants from Group 1 picked one 

or two tools based on their own instinct, or used all the four tools rather than using the three tools that 

were most relevant to the product. Table 2-9 lists the reasons given by participants from Group 1 and 

Group 2 for the empathy tools they used for need-generation.  

 
Table 2-9 Empathy Tools and Corresponding Reasons for Usage 

Tools used: Group 1 Reason 

• Low dexterity glove   • Syringes are hand operated- these are the most relevant 

impairments 

• Eye mask • Eyes and fluid accuracy is important in administering 

medicine 

• Noise canceller • To determine if hearing impairment affects usage of syringe- 

it doesn't 

• Hand band • Not enough grip Tests ergonomic usability with 1 hand. While 

possible to prime the syringe, it is difficult 1 handed. Screwing 

on adaptors can be tough as well  

Tools used: Group 2 Reason 

• Low dexterity glove  • To check impact of single hand dexterity on usage of syringe 

• Eye mask  • To check impact of vision on usage of syringe 

• Hand band • To check performance when only one hand is in use 

 

1.68
2.54

0.00

1.00

2.00

3.00

4.00
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2.2.7 Discussion 
This study evaluated the impact of a systematic approach to applying extraordinary user empathy tools 

in generating design needs for a standard medication syringe. An initial control study was conducted as 

Phase 1 to understand the baseline capability of the participants, where they were asked to share their 

initial need statements without the influence of any empathy tools.  The participants were later divided 

into two treatment groups during Phase 2. During this, one group was provided with the extraordinary 

user empathy tools with a basic explanation of the method and inclusive design concepts. The second 

group was additionally given an activity diagram for the medication syringe that incorporated the 

physical parameters (e.g. vision, single hand usage) involved during every stage of the activity diagram. 

They were also guided on the corresponding empathy tools that would help them emulate a physically 

challenged scenario to produce the corresponding extraordinary user perspective. 

 

The results show that the proposed framework to enhance the use of empathy tools has several 

major advantages over using designer instincts to decide the tools. The significant difference in 

participant response shared in Table 2-7 shows how it is likely that a design practitioner might miss a 

tool that provides a useful and relevant perspective. This is further supported by the reasons listed by 

the participant as shown in Table 2-9. For example, both the participants from Group 1 considered the 

one tool they picked to be the most relevant experience needed for a medication syringe.   

 

Though it is natural to perceive that a greater number of tools is more advantageous in 

experiencing the extreme user perspectives, random selection of these tools could be an inefficient use 

of resources. For example, a few Group 1 participants used all four empathy tools even though hearing 

is not relevant while considering the interactions with a medication syringe. This was avoided among 

the participants who followed the systematic approach.  

 

In addition to complementing the previous studies that proved an increased latency of design 

needs experienced from an extraordinary user perspective, this study also showed that a systematic 

approach could drastically increase the percentage (Figure 2-15) of such needs by leveraging on all 

possible extraordinary user perspectives that are relevant to a given product.    

 

Based on the outcome of this study, the research question, 'Does a systematic application 

framework to select the "extraordinary user empathy tools", enable the designers to better leverage 

extraordinary user perspectives when compared to that of an instinct based selection of the same tools?' 

can be answered as follows: Yes, a systematic application of the framework does enable designers to 

better leverage the available range of empathy tools that provide an extraordinary user perspective. 
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2.2.8 Limitations 
Being a pilot study to test the proposed approach, the study has its own limitations with regards to the 

sample size and other details. The shared outcomes are based on a small sample size of 37 participants 

divided into two groups with 20 and 17 participants respectively. External factors such as gender, age 

and previous experience was not considered due to this limited sample size. The sample size also 

prevented testing the influence of the activity diagrams alone. To compensate for this, the influence of 

the activity diagram was reduced by diverting the participants' focus to the identified physical 

parameters.   

 

2.2.9 Conclusions and Future Work 
The study results contain interesting insights about the way the empathy tools could be used when 

provided with and without a guiding framework regarding their association with the product that is 

being innovated. Below are a few key insights derived from this study: 

(i) Irrespective of the application approach, extraordinary user perspectives do help designers realise 

new needs. Yet, providing a systematic guidance on their application helps them understand and 

benefit more out of such extraordinary user perspectives.  

(ii) Guiding the designers towards the appropriate empathy tools has the potential to inform them about 

the necessary empathic lead user perspective, which in turn could result in the identification of 

more latent needs among the ordinary user population as well. 

(iii) Moving further, the approach will be tested by expanding the sample size and by including the 

influence of other external factors. 

(iv) The latency metric was implemented as a tool to validate the need statements and will need further 

revisions to ensure its reliability. 

 

The approach was also a step towards establishing a systematic way to choose and decide on the 

variety of empathy tools that are available to provide an extraordinary user experience. This research 

aims to build a set of systematic design approaches that would incorporate such empathy tools with the 

current design methods. This aims to encourage and ease the implementation of extraordinary user 

perspectives for industries that do not necessarily target the extraordinary user population e.g. medical 

devices that are operated by the ordinary users.  
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2.3 Chapter 2: Conclusions and key findings  

This chapter presents two foundational studies that analyse the impact of simulated extreme-user 

experiences and tested if there is a need for systematic adaptation of extreme-user experiences by 

answering two research questions.  

 

How effective are simulated extreme-user experiences at enhancing design outcomes?  

The extreme-user experiences presented via simulated scenarios demonstrated their capability to evoke 

design creativity and empathy; thereby demonstrating their potential to enhance the overall design 

outcomes. These results assured that adopting extreme-user experiences in a design process could 

significantly contribute to provoking creative new perspectives among designers. This led us to the next 

research question,  

 

If simulated extreme-user experiences are impactful, how might we select the extreme-user 

experience(s) appropriate for a specific product, service, or system? 

With a variety of extreme-user experiences that could enhance design outcomes, it is not a 

straightforward decision to choose extreme-user experiences appropriate for a PSS. Outcomes of the 

second foundational study highlighted that, without a guiding framework, participants are more likely 

to choose the extreme-user perspectives based on their instinct. The systematic approach provides a 

guided framework to leverage the right extreme-user experiences, thereby resulting in more latent needs 

and appropriate, resource-efficient use of extreme-use experiences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 64 

 

Chapter 3 
3 Simulated Extreme-User Experiences: Types  

and Application 
 
 

“We can’t solve problems by using the same kind of thinking we used when we created 

them.” 

-Albert Einstein 

 
 
We conclude our previous chapter with the findings that supported the higher potential of systematically 

applied extreme-user experiences in identifying the latent design needs by evoking designer creativity 

and empathy. With this understanding of the impact of simulated extreme-user experiences and their 

implementation, this chapter tests the difference in impact attained from direct and situational extreme-

user experiences. As discussed in Chapter 1, the needs experienced by extreme-users and general 

population users overlap during the instances where the general population users experience situational 

impairments (Vanderheiden, 2000). In this chapter we compare the differences in design outcomes 

achieved from adopting situational extreme-user experiences and direct extreme-user experiences. This 

work has been published in Studies in Health Technology and Informatics- Volume 282: Universal 

Design 2021: From Special to Mainstream Solutions under the title Simulation Tools for Inclusive 

Design Solutions. Following the SUTD policy on the inclusion of previously published work, we are 

attaching the work in its submitted form.   

Co-authors include Sujithra Raviselvama, Dr Shiroq AL-Megren, Dr Kyle Keane, Katja Hölttä-Otto, 

Kristin L. Wood, And Maria C. Yang.  

 

Raviselvam, S., Al-Megren, S., Keane, K., Hölttä-Otto, K., Wood, K. L., & Yang, M. C. (2021). 

Simulation Tools for Inclusive Design Solutions. In Universal Design 2021: From Special to 

Mainstream Solutions (pp. 210-218). IOS Press. DOI: 10.3233/SHTI210398. 

 

3.1 Abstract  

Disability has been redefined by the World Health Organization as a function of a person’s interaction 

with the environment and not merely an innate part of a person. This redefinition highlights the need 

for inclusiveness in design solutions. To aid this, we apply and test the potential of different tools that 

restrict designers’ physical abilities at deriving inclusive design perspectives among designers. Various 

tools and simulated conditions are often adopted in user-centered design to sup-port need-finding by 
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eliciting rich data on users’ needs and guide designers to empathize with users. Simulation tools that 

restrict designers’ physical abilities have been applied to understand certain perspectives of people 

with physical challenges, yet these tools lack the ability to evoke an inclusive design perspective among 

designers. Through a co-creation workshop, participants were exposed to two forms of simulations: 

direct and situational physical impairments. This was achieved using different tools that simulate the 

same physical restriction. In this study, a noise-canceller and earphones were used to simulate a reduced 

hearing attention. Participants were asked to generate user needs and design functions by applying both 

the simulation tools. The study results comprise the outcomes of 33 participants who volunteered to 

participate in a co-design workshop that provided a venue for them to interact and work alongside users 

with physical challenges. This paper analyses the inclusiveness attained through different types of 

simulated conditions. With a growing need to create tools and technologies that delight the user, it is 

necessary to equip designers with the tools that would help them with the process. The study 

demonstrates the application and impact of one such tool. 

3.2 Introduction 

Definitions for both Universal Design and Inclusive Design insists on accommodating the design needs 

experienced by a diverse group of users (Preiser & Ostroff, 2001; University of Cambridge, 2017b). 

Awareness of inclusive design practices has encouraged designers to explore various ways to understand 

the perspectives of such diverse user groups - particularly the older adult users and users who experience 

physical challenges (Cardoso & Clarkson, 2012; Raviselvam et al., 2016b). Simulating a type of 

physical impairment, to an extent, has enabled designers to understand the perspectives of users with 

physical impairments. The Third Age Suit, developed in 1990 by the Ford Motor Company (The 

Engineer, 2016), was one of the initial simulation tools developed to offer engineers a deeper 

understanding of older adult users’ needs while driving. Few other simulations suits include several 

generations of AGNES (Age Gain Now Empathy System) age simulation suits developed by the 

AgeLab at MIT (AgeLab, 2019) and the GERT suit by Produkt + Projekt Design team (Groza et al., 

2017). 

The use of simulation tools such as AGNES and GERT have proven effective by design 

practitioners (Cardoso & Clarkson, 2012; Kamikubo et al., 2018),  and as an educational approach to 

teaching design students about need-finding (Pivik et al., 2002). Nevertheless, disability simulations 

have been criticized due to their focus on what it would be like to newly acquire a disability without 

accounting for coping mechanisms learned through life experiences (Bennett & Rosner, 2019; Colwell, 

2013; French, 1992; Kamikubo et al., 2018; Kiger, 1992; Nario-Redmond et al., 2017). A meta-analysis 

was carried out to evaluate the impact of ten studies that assessed attitude change when simulating 

cognitive, visual, hearing, and orthopedic impairments (Flower et al., 2007). The review findings show 

that there were only small attitude changes, and, in fact, in some, the change was for the worse. Another 



 66 

review of ten studies that simulate visual and auditory hallucinations found participants displaying 

negative emotions and physical distress (Ando et al., 2011). In spite of the speculations on the 

application of simulation tools in impacting the attitude towards people with physical challenges, they 

have proven to be impactful at evoking empathy (Nario-Redmond et al., 2017) and creativity among 

design practitioners (Genco et al., 2012; Lin & Seepersad, 2007; Raviselvam et al., 2016a). 

In addition, inclusive design studies and products support that designs that address the needs 

experienced by users with physical challenges, in a way address the needs that are latent among the 

general population users. Products such as OXO GoodGrips houseware, typewriters, Folks kitchenware 

for blind (Holmes, 2018; McAdams & Kostovich, 2011), StickEar (Yeo et al., 2013) and GrOpener 

(Sheth, 2020) are some examples of creative design solutions that were inspired from the needs 

experienced by people with physical challenges. Building on this, our previous work simulated different 

types of physical challenges to test its effect on participants’ ability to apply them to identify latent user 

needs in medical device design (Raviselvam et al., 2018, 2019). The aim was to build medical devices 

that reduced physical demands when necessary and enable inclusive interfaces. Although the simulated 

scenarios were effective at enabling the study participants to identify latent design needs, the participants 

seldom viewed them as an inclusive design solution. Majority of the needs were conceptualized as a 

need that would specifically assist people with physical challenges and not as a need that could enable 

inclusive user interaction. For example, with a blindfold (simulating reduced visual attention) as the 

applied simulation tool, the participants frequently quoted ‘…to help users with visual challenges.’ 

To explore the possibilities of applying simulation tools to evoke design solutions that are more 

inclusive, this work studied the impact of simulating situational physical impairments and its impact on 

design outcomes. Situational impairments have always been insisted as a secondary reason to have more 

inclusive design solutions. This refers to physical challenges that are experienced due to a particular 

context. For example, a mother carrying a child is a single-handed user during that particular situation 

(Vanderheiden, 2000). Yet, simulating such situational disabilities is a less explored space for inclusive 

design ideation. We test the impact of simulating situational disabilities by comparing them against a 

simulated physical impairment while answering the following research questions. 

1) Does the design outcome differ between a simulated physical challenge and a simulated situational 

impairment? 

2) Does the order and type of simulation impact the inclusiveness among the derived design 

concepts? 

 

3.3 Research Methodology 

This study was part of the Humanistic Co-design workshop that enabled the participants to work 

alongside users with physical challenges in Chennai, India. Thirty-three individuals (8 Female, 25 Male) 
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participated in the study. Situational and direct simulation of hearing impairment was chosen as the case 

study. The situational hearing impairment, in this case, referred to a situation where a user has 

compromised hearing attention while listening to music on the earphones. To understand any potential 

order effects on the outcome, the participants were randomly assigned to two groups. Figure 3-1 

illustrates the implemented research approach.  

 

 

 

 

 

 

 

 

 

 

 

 

The term ‘Design functions’ implied ‘what must be done to the design’ in order to achieve the identified 

user needs  (Otto & Wood, 2001). The study procedures met the criteria for exemption, where an 

Exemption Evaluation was submitted and approved by Massachusetts Institute of Technology’s 

Committee on the Use of Humans as Experimental Subjects (COUHES). The situational and direct 

simulation of hearing impairment was achieved using two conditions: 1) Noise- canceller: direct hearing 

impairment simulation and 2) Earphones: situational hearing impairment simulation. The order in which 

the participants experienced the conditions differed based on their assigned group. As illustrated in 

Figure 1, participants from Group 1 experienced the condition with Earphones followed by the Noise-

cancellers, and Group 2 experienced the condition with Noise-cancellers followed by the Earphones. 

To test the given conditions, the participants were given a scenario and were asked to place 

themselves in the user’s perspective and engage in the simulated scenario. The simulated scenarios 

placed the participants at a busy train station in Chennai, India, where they intend to board a train to a 

particular destination. Train tickets with four varied destinations (Gao, Delhi, Mumbai, and Bangalore) 

were distributed amongst the participants and platform numbers (1 to 4) were placed at various locations 

in the study room. The noise was introduced to the room via Bluetooth speakers to replicate the 

ambience of a noisy station. Additionally, a number of researchers were scattered amongst the 

participants and were asked to imitate strangers asking for directions to a certain platform or inquiring 

about a departure time for a particular train. Platform announcements were carried out audibly by one 
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Figure 3-1 Research approach 
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of the researchers and constituted the following: “The train heading to ‘CITY’ will be departing from 

platform ‘PLATFORM NUMBER’ in ‘MINUTES’ minutes.” 

In the Noise-canceller condition, the scenario was presented as follows: 

“Your user is at a noisy train station in Chennai. There is an announcement being made about a 

rescheduled timing of their train to a particular destination. Your user is a person with hearing 

impairment and may not be able to hear the announcement. How would you design an announcement 

system that addresses this situation?” 

3M noise-cancelling headgears with additional earplugs were distributed among the 

participants. After reading the scenario, the participants were asked to put on the earplugs and the noise 

cancelling headgear to simulate hearing impairment. The simulated scenario as described above 

commenced as soon as all participants were in their simulation for direct hearing impairment gear. 

Figure 3-2 shares a scenario from the Noise-canceller condition. 

 

 

In the Earphone condition, the scenario was presented as follows: 

“Your user is at a noisy train station in Chennai. There is an announcement being made after a 

rescheduled timing of their train to a particular destination. You user is listening to music using noise-

cancelling headphones and may not be able to hear the announcement. How would you design an 

announcement system that addresses this situation?” 

For this scenario, participants were asked to bring and use their own earphones. The simulated 

scenario commenced once the participants started to play music on their earphones. Following each 

scenario that lasted for 10 mins, using a google form, participants were given 15 minutes to record the 

user needs and design functions that are important to improve the design of the simulated announcement 

system. The identified design functions were used to evaluate the study outcomes. 

Figure 3-2 Participants experiencing the noise-canceller condition using a noise-cancelling headgear 
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3.4 Results and Analysis 

The design functions were coded to categorize them based on the inclusiveness of the design functions 

shared by the participants. They were categorized into the categories: 

Inclusive: The proposed design would benefit both users with hearing impairments and the rest of the 

general population users. 

Assistive: The proposed design would benefit users with hearing impairments but would not be 

preferred by the rest of the general population users. 

Excluding: The proposed design would not benefit users with hearing impairments 

Vague: Not a clear design description 

 

Two researchers, one with an engineering design background and one with computer science 

and design background, rated a sample of the design functions shared by the participants based on the 

above-mentioned categories. Upon achieving 84.2% similarity between the ratings provided by both the 

researchers, one researcher continued to bin the rest of the design functions. Table 3-1 lists the total 

number of design functions listed by the participants from both groups under each category. 

 

Table 3-1 The number of design functions listed by the participants from Group 1 and Group 2 

 Group 1 (n= 15) Group 2 (n= 18) 

Categories Earphones Noise-

cancellers 

Noise-

cancellers 

Earphones 

Inclusive 12 15 12 12 

Assistive 0 1 8 2 

Excluding 2 1 0 4 

Vague 3 1 2 1 

Total number of 

ideas 

17 18 22 19 

 

Results displayed in Table 3-1 shows that the Earphones condition was more impactful towards 

generating Inclusive design solutions among the Group 1 participants. To understand this further, Table 

3-2 shares the percentage of ‘Inclusive vs Only Inclusive’, ‘Assistive’ vs ‘Only Assistive’ and 

‘Excluding’ vs ‘Only Excluding’ design functions. While ‘Inclusive’ refers to the percentage of 

inclusive design functions identified by all participants, ‘Only Inclusive’ refers to the percentage of 

inclusive design functions listed by the participants whose ‘Inclusive’ category design function(s) were 

neither accompanied by ‘Assistive’ nor ‘Excluding’ category design functions. Similarly, ‘Only 
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Assistive’ and ‘Only Excluding’ refers to design functions that were not paired with either of the other 

two categories. 

 

Table 3-2 Percentage of Inclusive, Assistive and Excluding design functions shared by the participants 

 Group 1 (n= 15) Group 2 (n=18) 

Categories Earphones Noise-cancellers Noise-cancellers Earphones 

Inclusive 86% 86% 61% 67% 

Only Inclusive 64% 78% 44% 61% 

Assistive 0% 7% 44% 5% 

Only Assistive 0% 0% 28% 5% 

Excluding 14% 7% 0% 22% 

Only Excluding 7% 7% 0% 22% 

 

A comparison between Table 3-1 and Table 3-2 shows that although the Earphones condition 

encouraged more inclusive solutions among both the groups, this impact was more prominent among 

Group 1 participants who started with the Earphones (Situational impairment) condition. Table 3-3 lists 

some of the ideas listed by the participants based on their categories. 

 
Table 3-3 Exemplar design functions shared by the participants 

Categories Design functions listed by the participants 

Inclusive 

• We could send a message to the passengers about the updates. 

• This would require a centralized display board. 

• By Placing Digital display on the platform which will be changed by 

getting any response. 

Assistive 

• Adding sign language and making it visible to everyone so Hard of 

hearing can understand. 

• A hearing aid can be given at free of cost and it can be user-friendly 

that is much more compatible and convenient. 

• A function to identify if an announcement is being made through a 

voice recognition system and alert the user. 

Excluding 
• By voice repeat announcement again. We need to design a noise filter. 

• Automatically lower music volume. 
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Vague 
• Should be easy to use even to kids. Getting persons attention. 

• Transfer of timely information. 

3.5 Discussion 

This study is structured with a goal to understand the impact of simulated situational impairments in 

generating inclusive design solutions. Two scenarios with compromised  hearing abilities are simulated. 

While one condition directed the participants to improve the user experience of a person with hearing 

impairment, the other condition directed them to improve the user experience of a person listening to 

music over earphones. With this, we answer the two research questions introduced earlier as follows. 

1) Does the design outcome differ between a simulated physical challenge and a simulated situational 

impairment? 

Results observed in Table 3-1 and Table 3-2 support that the design functions identified by the participants 

did get influenced by each simulated condition. One interesting aspect observed among the design 

functions is that a majority of the assistive design functions added an additional task to the end-user. For 

example, a wearable that captures the sound and converts it as information that can be perceived by the 

user with hearing impairment. Whereas a majority of the inclusive design functions did not impose any 

additional gadget or a wearable for the user. Although both the situations expected the participants to 

design for a situation with compromised hearing attention, situational impairments evoked a higher 

percentage of inclusive design suggestions and reduced the inclination to assistive solutions. 

2) Does the order and type of simulation impact the inclusiveness among the derived design concepts? 

This could be answered from Table 3-2 where the Participants from Group 1 who experienced the 

simulated situational hearing impairment (Earphones) followed by simulated hearing impairment 

(Noise-cancellers), continued to maintain a higher number of inclusive design functions even under a 

direct simulation of hearing impairment. In Group 2, while the percentage distribution was split between 

Inclusive and Assistive designs under the condition with Noise-cancellers, the percentage of Excluding 

design functions increased after experiencing the Earphones. This could be due to the possibility that 

the participants had already listed an inclusive or assistive design function during the previous stage and 

hence preferred to provide a solution more specific for the situational impairment situation. Based on 

the current outcomes, it would be preferable to experience a simulated situational impairment followed 

by direct simulation of a physical challenge. Further analysis is necessary to verify if this would be the 

preferable order to apply the simulations that result in more inclusive design outcomes.



 

 

3.6 Limitations and Future Work 

This study is a preliminary work that explores the potential of applying a simulated situational 

impairment for inclusive design solutions. A small sample size that did not accommodate a rigorous 

statistical analysis was one of the primary limitations. Future works will focus on expanding the sample 

size to verify this outcome and study the impact of other potential external influencing factors, such as 

participant’s previous experience, gender, and other demographic contexts. Following that, other types 

of situational impairments for vision, dexterity and single-hand usage would be tested to verify if the 

study outcomes hold true for other types of physical challenges. 

3.7 Conclusion 

A comparison between situational and direct simulation of hearing impairment was executed. The 

situational and direct simulation of hearing impairment was explored with two conditions: noise-

canceller and earphones. Participants were randomly assigned into two groups to examine any potential 

order effects on the outcome (Group 1: headphones followed by noise-cancelling simulation; Group 2: 

noise-cancelling followed by earphones). In either condition, participants were given a scenario, which 

was then followed by a form to collect participants perception of user needs and design functions that 

are desired to improve the design of the simulated announcement system. The findings support the 

potential of situational impairments in evoking more inclusive design outcomes and reduced the 

inclination to propose assistive solutions. This impact was more prominent for the first group (Group 

1) that was exposed to the situational condition followed by the direct simulation. This experiment is 

one of the initial attempts to study if incorporating inclusive perspectives in simulated scenarios could 

evoke inclusive design solutions. 

3.8  Chapter 3: Conclusions and Key Findings 

To answer our research question:  

Do design outcomes differ between direct extreme-user experiences simulated scenarios and 

situational extreme-user experience scenarios? If so, how could we accommodate the differences 

in the extreme-user experience design framework?  

The outcomes suggest that simulated situational impairments could generate more inclusive design 

solutions than simulated direct impairments as a standalone. Therefore, there is a difference in the type 

of design outcomes attained from apply situational and direct extreme-user experiences. Given that an 

application of extreme-user experiences in mainstream design demands more inclusive solutions than 

assistive solutions, it would be ideal to apply situational extreme-user experiences when designing 

mainstream design solutions that target a wider population of users.  
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With Chapters 2 and 3 focusing on simulated extreme-user experiences, their impact and 

implementation, Chapters 4 and 5 will test the outcomes derived from systematic application of these 

extreme-user experiences.   
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Chapter 4 
4 Systematic Application of Extreme-user 

Experiences: Medical Device Design  
 

“Research is turning the unknown into reality.” 

― Steven Magee 
 

Based on the foundational and implementational understandings from Chapters 2 and 3, this section 

shares the preliminary results that tested the influence of the Activity Diagram (with Journey Map) on 

design needs and ideas generated by the students of a Medical Device Design Course at SUTD. The 

study applies the extreme-user experiences along the initial stages of the design process to help design 

students identify the latent needs of six different medical devices. Students used Activity Diagrams for 

a systematic application of extreme-user experiences. Six teams with a total of 25 students took part in 

the study. Outcomes support the potential of extreme-user experiences in capturing the latent design 

needs in medical device design. We apply an evolved version of the Latency metric shared in Chapter 

2 to validate the identified needs and discuss the latency metric's impact in evaluating the latency of 

design needs.  

 

4.1 Abstract 

Extreme-user experiences refer to experiences that simulate the extremes of user abilities like reduced 

or no visual attention or auditory attention. Inspired by the needs experienced by the users who 

experience physical or cognitive challenges, extreme-user perspectives can make designers understand 

their designs from an inclusive design perspective and yet address the latent needs experienced by their 

users. This study applies the extreme-user experiences along the initial stages of the design process to 

help design students identify the latent needs of six different medical devices. Students used Activity 

Diagrams for a systematic application of extreme-user experiences. Six teams with a total of 25 students 

took part in the study. Outcomes support the potential of extreme-user experiences in capturing the 

latent design needs in medical device design. We apply a latency metric to validate the identified needs 

and discuss the metric's impact in evaluating the latency of design needs.  
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4.2 Introduction 

Biomedical Engineering education has evolved significantly over the past 50 years by adapting to the 

trends and resources available in engineering education (Linsenmeier & Saterbak, 2020). Design-

embedded education is one such adaptation (Tamsin & Bach, 2014). Consequently, design processes 

and corresponding design methods are gaining increased attention in Healthcare education (Cafazzo & 

St-Cyr, 2012; Ranger & Mantzavinou, 2018). While various adaptations of design processes are 

available ((DI) Learning Modules, 2021; Gericke & Blessing, 2012; IDEO, 2021; University of 

Cambridge, 2017b), they ultimately aim to encourage a user-centric design approach that teaches 

creative and innovative mindsets.   

 

A user-centric design approach is even more important in medical devices as user interactions 

with medical devices form a critical part of a successful healthcare system, mainly due to multiple 

stakeholders who interact and experience the medical devices. In addition, medical device design 

demands compliance towards various other regulatory and ethical factors (Cafazzo & St-Cyr, 2012; 

Wass & Vimarlund, 2016). Considering these factors that influence medical device design, Lerner et 

al. (Lerner et al., 2006) define the role of Design in Biomedical Engineering as: 

"Design in biomedical engineering means the conception, creation and/or fabrication of devices, 

instruments, fixtures, procedures, methods, algorithms or simulations intended to benefit health and 

wellness, including means to interrogate, analyze or otherwise define operating or physical 

parameters." 

 

It has been a couple of decades since the release of 'To Err is Human' (Kohn et al., 2000) which 

demonstrated a need for Human Factors Engineering (HFE) in healthcare design. There is currently an 

increase in the attention given to fix the device rather than fixing the user (Cafazzo & St-Cyr, 2012). 

As a result, Design processes and HFE approaches strive to ensure the efficient functioning of these 

devices by considering the physical and cognitive limitations in human abilities (Saidi et al., 2019; 

Shouhed et al., 2012). Yet, works acknowledge that this change in healthcare is still in its developing 

stage compared to other industry counterparts like aviation (Parker, 2015). Studies highlight that the 

increased weightage for error prevention imposes limited opportunities for innovation and consideration 

for contextual factors. For example, a device that is successful in terms of regulations might not be a 

real-world success. HFE adapts Design Thinking processes to complement user-centric design (Saidi 

et al., 2019).  

 

Biomedical Engineering education modules allow students to develop solutions to the real-

world design issues imposed by medical devices and helps them adopt a user-centric approach to 

address the needs shared by healthcare professionals (Hanumara et al., 2013; Linsenmeier & Saterbak, 
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2020; Wall et al., 2017). The study shared in this paper complements the current efforts to bring a user-

centric mindset through the systematic application of extreme-user experiences. Extreme-user 

experiences that adapt the perspectives of users with some form of physical or cognitive challenges 

possess the ability to bring creative new perspectives among designers (Genco et al., 2012; Lin & 

Seepersad, 2007; Raviselvam et al., 2016a).  

 

This study adapts extreme-user experiences to enable students to experience their designs under 

limited physical abilities. Given that healthcare professionals experience various situational challenges 

to their physical and cognitive abilities under high-stress scenarios (Dias et al., 2018, 2019; Kennedy-

Metz et al., 2021; Ward & Clarkson, 2004; Zenati et al., 2020), a systematic adaptation of such extreme-

user experiences could help designers understand the latent yet essential needs that could influence user 

experience.  

 

Assistive and inclusive design research usually apply simulated extreme-user experiences to 

impose physical restrictions that limit the abilities of designers and students (AgeLab, 2019; Cardoso 

& Clarkson, 2012; Deane et al., 2008; Kullman, 2016; Ranger & Mantzavinou, 2018; Vaughan et al., 

2015). While it is ideal and essential to engage actual users, these experiences can influence designers' 

creativity to approach a user need. Therefore, this research applies wearable simulations as a design 

tool that imposes situational physical limitations for creativity through extreme-user experiences and 

not as a replacement for actual user engagement. Our previous study (shared in Chapter 2) with 

undergraduate students showed that a systematic application framework that guides them through the 

process is more effective than an intuition-based approach to applying such perspectives (Raviselvam 

et al., 2018). This study shares the systematic approach followed and tested among 25 students from 

six different design teams who worked on six healthcare design projects proposed by the healthcare 

professionals in Singapore. The approach discussed in this chapter comprises a combination of Activity 

Diagram ((DI) Learning Modules, 2021; Otto & Wood, 2001) and extreme-user experiences. Parallel 

or sequential blocks connected through arrows form the Activity Diagram that helps break down user 

interactions with a product service or system. Through this study, we seek answers to the following 

research questions:  

1) How do students respond to the systematic application of extreme-user perspectives in medical 

device design?  

2) What are the specific design outcomes derived from applying the extreme-user perspectives?  

 

4.3 Research Methodology  

The Healthcare Design Course at the Singapore University of Technology and Design is a 12-week 

long course offered for senior year undergraduate students and graduate students as an elective for the 
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Engineering Product Development (EPD) Pillar (epd.sutd.edu.sg). This study engaged all 25 students 

from the 2019 cohort, where one was a first-year graduate student, and the remaining 24 were senior 

year undergraduate students. The age group of the students ranged from 21 to 26 (average 23). The 

researcher assured the students that their response to the study would not affect their course grades, and 

the study did not collect any personal identifiers from the students. All study procedures followed the 

regulations and approval from the SUTD International Regulatory Board (IRB).  

 

4.3.1 Week 1 and Week 2: 
During Week 1 of the course, healthcare professionals from hospitals and medical device design 

companies in Singapore shared their project pitches based on the design needs they experienced. Among 

the 12 proposed projects, students selected six projects on a first-come, first-serve basis. Following are 

the shortlisted projects with their description.  

 

1) Catheter Guidewire Safety: As the name suggests, catheters use guidewires during a 

catheterization procedure. Clinicians remove the guidewires once catheter insertion is complete. 

There are rare instances where the guidewire gets left behind in the patient's body, leading to 

stringent guidelines/checklists that guide the healthcare professionals—this project aimed to prevent 

healthcare professionals from leaving the guidewires behind after the catheterization procedure. 

2) Biopsy Needle Stabilization: Biopsies is a procedure that helps diagnose pathological tissue with 

minimal invasion. The needles used for such biopsy procedures are guided freehand to the precise 

tissue area, but maintaining the angle and precision required is challenging once the clinicians 

release the needle from their hands. This challenge leads to several iterations, tissue damage, and 

increased exposure to radiation—this project aimed to design a stabilizer that holds the biopsy needle 

in place and enhances its usability.  

3) Traction Device for Shoulder Dislocation: A commonly dislocated joint in the human body is the 

glenohumeral joint at the shoulder. Relocating the dislocated joint could take an hour or two, 

depending on the availability of a skilled professional. This project wanted a design solution to 

effectively relocate the shoulder within a short duration without a need for sedation.  

4) Guidewire Introducer: Endovascular procedures are a less invasive alternative for more complex 

surgical procedures. Depending on the procedure, this task demands the healthcare professional to 

thread the guidewires multiple times to the respective sites for intervention. This project aimed to 

automate the process of introducing the guidewire to increase the efficiency of the procedures.  

5) Neonatal Health Monitor: It is crucial to monitor the independent functioning of a Newborn as the 

baby adapts to the conditions outside the womb. The current capacity at Singapore hospitals 

outnumbers nurses at the ratio of 1:140. Therefore, this project aimed to build a neonatal monitoring 

system that will aid nurses in monitoring Neonates' health status. 
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6) Cuffless Blood Pressure Measurement: Blood pressure is one of the primary vitals measured at 

hospitals. However, this demands more time and attention from the nurses, especially the positioning 

of the cuff.  Hence, this project focused on developing a cuffless non-intrusive way to measure Blood 

Pressure among hospitalized patients. 

 

During Week 2, the students started their literature reviews, benchmarking, and user interviews 

to strengthen their understanding of the project and user needs. Following Week 2, Week 3 and Week 

4 focussed on testing the impact of the systematic application approach for extreme-user experiences. 

Figure 4-1 shares the step-by-step research approach followed and their time distribution during Week 

3 and Week 4.   

 

 
Figure 4-1 Research approach 

 

4.3.2 Week 3- Phase I: 
At the beginning of Week 3, students had their briefing on Activity Diagrams ((DI) Learning Modules, 

2021; Lauff et al., 2021; Otto & Wood, 2001). Students were already aware of the Activity Diagrams 

from the Introduction to Design Course offered during their freshmen year. Following this, teams 

created an Activity Diagram for the existing medical procedure followed for their respective projects. 

Students recorded their responses for each phase of the study using separate questionnaires. Students 

listed the user needs they had captured from their user interviews and benchmarking and highlighted 

any additional needs they could identify from their Activity Diagram. The researcher informed the 

teams that every team member had to agree with the final set of needs and the Activity Diagram before 

submitting their questionnaire sheets.  

 

In between Week 3 and Week 4, the Activity Diagrams and needs were verified and transcribed 

by a design researcher. The researcher printed the transcribed set of needs and Activity Diagrams for 

each student to refer to during Week 4.  
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4.3.3 Week 4: 
Week 4 comprised two phases: Phase II and Phase III. One of the students was not present during Week 

4; therefore, we had 24 students participate in Phase II and Phase III.   

 

Phase II: Teams already had their potential design concepts ready for their respective projects 

by Week 4. Before proceeding to individual responses, teams again generated Activity Diagrams for 

their likely design concept to ensure common understanding among all teammates. Once the teams 

developed their Activity Diagrams, students were given individual coded questionnaire sheets along 

with the transcribed Activity Diagrams and needs identified during Week 3. Coded questionnaires 

helped differentiate individual responses without collecting personal identifiers from each student. 

Students did not flip through the questionnaires until they arrived at the corresponding stages. Each 

student had 15 minutes to revisit the initial set of needs they had identified as a team and amend them 

if the needs had evolved in between.  

 

Among the questionnaires, students had a list of variables that could influence a user's 

experience with their medical devices. The variables included extreme-user experiences like vision, 

hearing, and other spatial extremes. Table 4-1 shares the list of extreme-user variables used for the 

study. Although this study did not apply the environmental extremes, this list helped understand the 

variables associated with the user's experience of respective medical devices without receiving guidance 

from the proposed systematic application framework. Students proceeded to the next phase once they 

set aside their filled questionnaires.  

 
Table 4-1 List of user experience variables  

User Demography 

Ethnicity  
Gender  
Language 
Age (Older Adults above 65)  
Age (Kids) 
Height 
Physical Challenges 
None (Anyone can use my product)  
Other: 

Use Environment 

Temperature  
Weather 
Space required 
Height at which the product is placed 
Sound 
Other: 

User Interactions 
Visual 
Auditory 
Tactile (Touch) 
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Spatial 
Memory 
Physical Strength 
Both hand usage 
Finger Dexterity 
Olfactory (Smell) 
Gustatory (Taste) 
Other: 

 

Phase III: This phase involved identifying and applying wearable simulations that reduced 

physical abilities using the systematic application approach tested in Chapter 2. Students received a 10-

minute briefing on extreme-user experiences and their potential in medical device design. Following 

this, they had five minutes to familiarise the given wearable simulations. 

4.4 Metric Used: Latency Metric 

Due to the unavailability of any published metric to calculate latency, we developed a metric for latency 

to understand the impact on the needs identified at each phase. We applied the initial version of this 

metric for the pilot study that tested the need for a systematic application framework in Chapter 2. The 

version shared here is modified based on the observations from the previous study. Latency refers to 

the needs that are important yet not obvious to the average user. The metric comprises the factors that 

define latency, like impact and the implicit nature of the needs. Raters used the definitions below as the 

key to evaluating the latency of needs. In this version, a four-scale evaluation was adapted to overcome 

the 'social desirability bias' (Garland, 1991) that could influence the ratings. The scale ranged from 

'Strongly Agree' to 'Strongly Disagree.'  

 

• Impactful: The need has the potential to create a real difference. This need will delight the user.  

• Obvious: In all circumstances, the majority of the users will express this need. If 20 users are 

interviewed, the majority will share this need. 

• Inefficient: This will not have a positive effect on the user experience. It is not going to improve 

the experience with the product, service, or system.  

• Implicit: This is not a standard requirement shared by the user. Not a common requirement 

given to the designers. 
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Figure 4-2 Flow followed to determine the latency of a need 

 

Figure 4-2 illustrates the flow followed apply the four factors used to determine latency. The factors' 

Obvious' and 'Inefficient' were used to verify the consistency of responses received for 'Inefficient' and 

'Implicit,' respectively. Table 4-2 gives an exemplar rating for the needs identified for a medical device 

that helps thread guidewire during the catheterization procedure (one of the projects shared in this 

chapter). Due to the current rudimentary structure of the metric, we categorized any need that received 

Strongly Agree or Agree for 'Implicit' and 'Impactful,' and Strongly Disagree or Disagree for 'Obvious' 

and 'Inefficient' as 'Latent needs'. 

 
Table 4-2 Exemplar latency ratings for needs identified for a medical device 

Needs Source Impactful Implicit Obvious Inefficient 

Bio-compatible Requirements +2 -2 +2 -2 

The product needs to 

allow for quick and 

intuitive threading 

User +2 +1 +1 -1 

Be integrated with the 

catheter 

User 

observation 
+2 +1 -1 -2 

Product needs to be easily 

handled with one-hand 
Ideation +2 +2 -2 -2 
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4.5 Experimental Results  

4.5.1 Latent Needs 
Student outcome evaluations validated: 1) Impact on Needs: the type of design needs identified by the 

students during each phase of the study, and 2) Understanding of Extreme-user variables: Number of 

appropriate extreme-user variables students could identify.  

Impact on Needs 

 

We evaluated the impact on needs using the number of latent needs identified by the students. 

Table 4-3 shares an exemplar set of design needs shared by the students. Appendix B shares a detailed 

list of needs shared by each team. Table 4-4 highlights the total number of needs and latent needs 

identified by each team. It shows that the students could generate more Unique and Latent needs after 

applying the extreme-user experiences.  

 
Table 4-3 Exemplar set of latent and non-latent needs identified by the participants 

Exemplar Latent Needs  Exemplar Non-latent needs 

• Less demand on memory 

• The device should be functional under single-

handed use, for both left and right hand(s) 

• Specific to guidewire used, not easily hacked 

• The product needs to be less visual with its 

outputs 

 

• Less demand on memory 

• The device should be functional under single-

handed use, for both left and right hand(s) 

• Specific to guidewire used, not easily hacked 

• The product needs to be less visual with its 

outputs 

 
 

Table 4-4 Number of needs and latent needs identified by the teams during Phase I, Phase II, and 
Phase III 

 Phase I Phase II Phase III 

Projects Needs Latent 

Needs 

Needs Latent 

Needs 

Needs Latent 

Needs 

Project 1: Catheter Guidewire Safety 5 1 6 0 6 2 

Project 2: Biopsy Needle Stabilization 
 

8 0 4 0 17 4 

Project 3: Traction Device for Shoulder 

Dislocation 
 

9 0 0 0 12 2 

Project 4: Guidewire Introducer 
 

11 1 1 0 6 2 

Project 5: Neonatal Health Monitor 
 

5 1 3 0 9 5 

Project 6: Cuffless Blood Pressure 

Measurement 
 

5 0 0 0 9 6 
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 Phase I Phase II Phase III 

Projects Needs Latent 

Needs 

Needs Latent 

Needs 

Needs Latent 

Needs 

 43 3 14 0 59 21 

 

In addition, the Activity Diagrams shared by the teams helped compare the changes 

implemented by the students based on the needs they identified before and after applying the extreme-

user experiences. Table 4-5 shares a few notable changes observed in the Activity Diagrams illustrated 

by the students.  

 

The students prominently identified needs related to the challenges that could arise due to 

reduced dexterity, visual attention, distractions, and single-hand usage. For example, students from 

Project 4 understood the need to make their device reduced-dexterity proof to ensure that the clinicians 

do not operate the wrong functions. They also assured that their device is ambidextrous to make it easier 

for their clinicians. In addition, students identified more user experience-specific needs after applying 

the extreme-user experiences. They could locate specific touchpoints of user interaction where their 

design should be more conscious of the use context, especially when there is a time constrain. For 

example, dexterity was a concern when the clinicians had to thread the guidewire during a procedure 

compared to the dexterity needed to hold a patient's arm.  

 

 
Table 4-5 Notable differences in activity diagrams shared during Phase II and Phase III 

Specific Activity Illustration- 

Phase II 

Specific Activity Illustration- 

Phase III 

Type of Design 

Change 

  

Modifications to 

accommodate 

single hand 

usage when 

multiple tasks 

happened in 

parallel.  

Adjust 
needle

Insert 
Needle

Adjust 
trajectory

Re
m

ov
e 

ne
ed

le

Incorrect

Needle 
Holder

Grip Needle 
with 

Instrument

Adjust needle 
Trajectory

Insert 
Needle
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Introduced a 

button to avoid 

triggering the 

guidewire by 

accident.  

  

Introduced an 

informative 

display to help 

non-experts. 

 

 

 

4.5.2 Applying Extreme-user variables 
The extreme-user variables questionnaire helped observe the impact of the proposed approach on 

identifying and applying extreme-user experiences that influence a user's interaction with a device. 

Outcomes showed that the student's ability to determine the appropriate extreme-user variables 

improved after using the systematic approach along their design process. This increase in similarity 

between Phase II and Phase III was significant when analysed using a paired sample t-Test (t (22) = 

3.5, p<0.005) on SPSS Statistics (Version 25.0.0.1, IBM Armonk, N.Y., USA).  Yet, we also identified 

gaps that proper guidance could fix while applying the extreme-user experiences. Figure 4-3 shows the 

similarity in extreme-user perspectives identified by the design researcher versus those identified by the 

students.  
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Figure 4-3 Similarity in extreme-user variables (physical parameters) identified by the researcher and 

the students (with standard deviation) 

4.6 Discussion 

The foundational study shared in Chapter 2 compared the impact achieved by guided and non-guided 

approaches to apply extreme-user experiences showed that a guided approach is more impactful at 

helping designers leverage the most from the extreme-user experiences. Research works on creativity 

highlight the intrinsic and extrinsic triggers for creativity, and design research has focused on various 

methods that contribute towards the same over the past decades. The study in this chapter shows that 

the simulated extreme-user perspectives served as one such extrinsic trigger for creativity.  

 

The results showed that the students could identify a significantly higher number of latent needs 

after applying the extreme-user experiences. Similarly, they were able to identify a greater number of 

extreme-user experiences appropriate for their devices. Despite the significant increase in the similarity 

between the researcher and the students, the impact was not uniform.  

Following are the inferences from the outcomes of this study that applied the Activity Diagrams to 

identify extreme-user experiences appropriate for medical device design.  

There was an overall increase in the number of needs, including latent needs, generated by the 

students. In addition, students could identify specific user interaction-based needs that the users could 

experience while interacting with their designs. The type of needs listed after applying the extreme-user 

experiences demonstrates the specificity in the identified needs. For example, after Phase II, the needs 

shared (Appendix B) reflected an in-depth perception of specific interactions with their designs. 

Observations on student responses shared additional inferences that could help future expansions of the 

proposed approach: 
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a) The responses shared by the students showed a disparity in their understanding of certain 

extreme-user variables. For example, most students did not state spatial awareness as a user-

experience variable that influences the user's interaction with the product. Whereas spatial 

awareness has a strong influence on a healthcare professional's attention, especially when 

dealing with surgical procedures. For example, in Project 4, the design aims to help physicians 

thread a guidewire during a surgical procedure that demands increased spatial attention. Yet, 

but none of the students from Projects 4 identified this variable. 

b) Similarly, while height was associated with the need to stand while interacting with the 

product, students did not interpret it in such a manner. For example, the extreme-user variable 

questionnaire had 'Other' as an option to fill in any variable not captured in the list. Students 

used this option to list 'the need to stand while interacting with the product' as an extreme. 

These discrepancies reflect a lack of understanding of such variables. Hence, we need to 

provide clear definitions of the extreme-user variables before implementing the proposed 

approach.  

c) While students identified physical factors such as vision, hearing, and hand usage as impacting 

extreme-user variables, only a few linked physical challenges to extreme-user variables. This 

understanding would be essential, especially while designing home healthcare solutions 

handled by a wide range of users, unlike the devices used in clinical settings. Home healthcare 

is one area of application where designers could use the proposed approach to evaluate the 

inclusiveness of specific designs. This inference is in line with the approach followed by the 

Cambridge Engineering Design Centre (Goodman et al., 2011; Ning et al., 2019; University 

of Cambridge, 2017b), where they used user activities to calculate the exclusion imposed by a 

device.    

d) Although few students did not indicate certain associated extreme-user variables, their 

rationale for their needs showed the influence of such variables. For example, Student 14 from 

Project 4 did not identify any of the primary extreme-user variables provided in their variable 

list. Still, they had identified a need to address limited dexterity while interacting with the 

device. Therefore, the impact of applied extreme-user experiences could be even higher than 

reflected in the data.  

e) The needs identified by a few participants focussed more on the applied extreme-user 

perspective than on the design aspects of the device, thereby listing accommodation for 

extreme-user experience as a need. For example, needs like 'support single hand interaction' 

or just 'dexterity'. Such needs do not share the design aspects, like which component needs to 

support single-hand interaction or dexterity.  
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The needs and Activity Diagrams shared by the students helped assess the design changes that 

appeared after applying the extreme-user perspectives. Detailed observations from the needs and 

activity diagrams generated by the students include:   

a) Design modifications accommodated instances where the users would find it challenging to 

use both hands (refer to Table 4-5).  

b) Detailed understanding of user-interaction-related needs. For example: 'Ease of use' was a 

common need identified before experiencing the extreme-user perspective. Whereas, after 

experiencing the extreme-user perspectives, students listed more specific design needs like 

'Easy to adjust (strength and dexterity) and Easy to use (less demand on memory)' to ease the 

users' experience with their design.  

c) Students had an increased awareness of the physical and cognitive abilities needed to interact 

with their devices. The majority of the needs shared in Appendix B, after applying the extreme-

user experiences, demonstrates its association with the user's interactions with their devices.  

d) Identification of instances where users will need to be informed about the device's status and 

how this information should not rely on visual attention alone. For example: 'Audio cue for 

the readings. Give readings without visuals.' shared by students from Project 6 to inform 

nurses of the blood pressure values (Appendix B).  

e) Increase in needs that addressed any potential user-interaction-related error or mishap. For 

example, the students from Project 4 identified 'Clear distinction/ indication if the direction 

of movement- Lights/ clear indicator' to prevent the users from selecting the wrong direction 

of insertion for their automated Guidewire introducer.   

4.7 Limitation and Future works 

The main limitation of our study is the small sample size. Any future expansion of this work needs to 

test the effectiveness among a wider sample size. In our future work, we aim to make the proposed 

approach more systematic by incorporating it with the findings from cognitive load theory. Cognitive 

load theory states that a user's mental demand increases when multiple interactions simultaneously rely 

on the same resource centre or modality(Dias et al., 2018; Mousavi et al., 1995; Sepp et al., 2019). For 

example, spatial and visual attention are linked to the same resource centre in the brain. Therefore, a 

key question for future expansion of the proposed approach is  

'How might we guide designers to identify appropriate interactions where extreme-user perspectives 

could be applied and thereby generate user-interactions that reduce the mental demand experienced by 

healthcare professionals?'  

 

This study applies the latency metric that was adapted to evaluate the needs generated by the 

students. But this metric is still at its rudimentary state, and it will need to be validated further before 

any formal adaptation as a latency evaluation metric. Nevertheless, the responses received from 
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healthcare professionals who used the latency metric helped understand their perspective over the 

generated needs. Therefore, future works could also look into adapting the metric to establish good 

communication with healthcare professionals. Another potential application of this metric could be to 

rank the ideas based on their latency and user preference. For example, needs that receive Strongly 

Agree for both 'Implicit' and 'Impactful,' and Strongly Disagree for both 'Obvious' and 'Inefficient' can 

be a 'High Priority Latent needs'. Needs that receive Strongly Agree for 'Implicit' and Agree for 

'Impactful' or vice versa, and Strongly Disagree for 'Obvious' and Disagree for 'Inefficient' or vice versa 

can be 'Medium Priority Latent needs'. 

 

Similarly, the needs that receive Agree for both 'Implicit' and 'Impactful', and Disagree for both 

'Obvious' and 'Inefficient' can be a 'Low Priority Latent needs'. It is to be noted that latent needs are not 

necessarily the primary needs, but they add value to the users' primary, more obvious needs. This 

ranking of needs could help student teams to include the needs that would delight the user. 

 

4.8 Conclusions  

This chapter considers an approach for a systematic application of extreme-user perspectives to 

complement the design processes adapted for medical device design education. The outcomes share the 

impact observed on student projects that addressed six real-world medical device design opportunities 

proposed by clinicians who interact with the respective devices. This study is part of a larger framework 

that systematically applies extreme-user experiences throughout the design process. We believe the 

approach shared in this chapter could help medical device design professionals to have a first-person 

experience on the nuances of user needs that get missed in the current design process and build better 

designs that could prevent the mishaps associated with medical device design.   

 

4.9 Chapter 4: Conclusions and Key Findings 

The study considered in this chapter adopts a combination of Activity Diagrams and Journey Maps to 

systematically identify the extreme-user experiences appropriate for six medical devices and tested the 

impact on the needs and concepts generated by the participants. The outcomes from this study share 

fascinating results and demonstrate the potential of extreme-user experiences in changing designers' 

perceptions over their design solutions. This study applies direct extreme-user experience simulations 

to alter participant design perspectives. As a result, we notice that some of the identified needs directly 

reflect the physical challenge they encountered by adopting the extreme-user experiences. These needs 

are vague and without any design context. Therefore, the systematic application approach shared in the 

next chapter applies system functions with the morphological matrix to balance the focus on the user 

and device (J. M. Hirtz et al., 2001).  
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Chapter 5 
5 Systematic Application of Extreme-User 

Experiences: Inclusive Privacy and Security 
 

“User-centered design means understanding what your users need, how they think, and how 

they behave – and incorporating that understanding into every aspect of your process.” 

 

-Jesse James Garrett 

 

Previous chapters demonstrate the benefits of extreme-user experiences and the potential of situational 

extreme-user experiences in guiding more inclusive design solutions. We also tested systematic 

application of extreme-user experiences and its impact in identifying latent user needs in medical device 

design. This chapter empirically tests another systematic application approach that focuses on concepts 

developed by applying situational extreme-user experiences. The morphological matrix method is 

adapted to enable concept development based on extreme-user experiences. Eighteen experts from 

security, human-computer interactions, and design participated in the study. This study was part of a 

collaboration project that focused on ensuring inclusive privacy and security in mobile phone browsers 

for older adult users. In comparison, the analysis shared in this thesis focuses on studying the impact of 

the morphological matrix as a tool to generate inclusive design solutions. We compare the outcomes 

with the concepts generated by applying older adult user persona and a control with no user profile. We 

test the concepts developed from all three methods among 30 users from different age groups (above 

21).  

5.1 Introduction 

Inclusion in UI/UX design is well recognised and advocated by various organisations and research 

groups, and it has become even more critical with a growing need for usable security. Consequentially, 

there is an increase in recognition of the role of humans in building such cybersecurity systems. Usable 

security is a broad topic, and various factors determine the usability of an interface. Lennartsson et al. 

(2020) recently explored the key aspects of usable security based on the previous five years of research. 

Adaptability to a user’s abilities, the time needed to ensure security, simplicity, and consistency are 

some of the aspects identified through their review. Alternatively, there is also a focus on providing 

sufficient resources that equip developers to build usable security mechanisms (Acar et al., 2016; 

Senarath et al., 2019; Senarath & Arachchilage, 2018). Despite such increasing interest for usable 

security, the existing user interface, especially on mobile phones, are becoming even more complex for 

extreme-users like older adults (Petrovčič et al., 2018). 
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Recent works highlight the necessity for better UI/UX solutions that holistically address the 

needs experienced by older adult users (Petrovčič et al., 2018). Even with the existing recommendations 

and guidelines, only a fraction of the works diligently includes them in their design (Almao & 

Golpayegani, 2019; Nurgalieva et al., 2019). This gap in design accommodation for diverse user groups 

is becoming an even more significant threat in smart cities and nations like Singapore. A whopping 

82% of older adult users (above 55 years) are internet users in Singapore (Singapore Digital Marketing 

Statistics 2020, 2021), and over 56% of the older adult users are smartphone users (Han et al., 2021). 

Being a nation with a diverse population of users adopting smart technology, Singapore has seen a 

significant rise in scams over recent years. The year 2020 saw a 65.1% increase in the number of scams 

reported compared to 2019. Despite the efforts to bring awareness, users still fall victim to cybercrimes 

like e-commerce and bank phishing scams (Singapore Police Force, 2021). While the current steps are 

more around developing awareness among users, developers need to understand the role of user 

interfaces in delivering unusable security.  

  

With growing awareness of the benefits of inclusive design, most works focus on the needs 

experienced by extreme-users like the older adult users as an assistive or specific need shared by a niche 

user group. While rich resources contribute to participatory design with the older adult users (Gorski et 

al., 2020), not many provide a systematic approach to adopt inclusive design perspectives for creative 

design concepts that could benefit more users (Erdtman et al., 2021; Pardo, 2018; Zeagler et al., 2018).  

  

Chapter 2 in this thesis demonstrates the overlap in the primary and latent needs among older 

adult users and general population users, respectively. From Chapter 3, we understand that situational 

extreme-user experiences can evoke more inclusive design perspectives compared to direct extreme-

user experiences. The study discussed in this chapter proposes an adaptation of morphological matrix 

to systematically apply situational extreme-user perspectives for design ideation. Morphological 

matrices are used to conceptualise and ideate new ways of tackling design opportunities. A 

morphological matrix comprises a set of system functions that contribute to building a complex system. 

Each system function receives multiple design solutions shared in rows and columns in the form of 

texts or figures (Fargnoli et al., 2006; J. Hirtz et al., 2002; J. M. Hirtz et al., 2001; Jensen et al., 2009). 

Several research works have leveraged this method to generate diverse concepts within a short duration 

(Bryant et al., 2009; LIU Xi-ze & LIU Xi-ze, 2012; Williams et al., 2011). Designers could ultimately 

have concepts that systematically combine different combinations of solutions to achieve each system 

function. This study applied a morphological matrix to convey the system-level adjustments that were 

required to accommodate the extreme-user experiences without attaching them to the extreme-user 

abilities or disabilities. We compare the outcomes with the ideation outcomes using older adult user 

personas (Camburn et al., 2017; Lauff et al., 2021) that shared direct extreme-user perspectives and a 

control that did not provide any extreme-user perspectives. The second half of the study tests if the 
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design concepts from the ideation phase are preferred among the older adult users and the general 

population users.  

 

Ultimately, we aim to answer the research question, “How does the morphological matrix transform 

the situational extreme-user needs into inclusive design solutions?” 

5.2 Research Methodology 

The study commenced by using three opportunity statements based on the needs experienced by older 

adult users. The needs were extracted from a study that looked into the privacy and security related 

challenges experienced by the older adult users in Singapore regarding mobile phone interfaces 

(Pakianathan, 2020). How Might We (HMW) statements were used to frame the extreme-user inspired 

opportunity statements ((DI) Learning Modules, 2021; Lauff et al., 2021). The three opportunity 

statements were: 

 

Opportunity Statement 1: How might we redesign the detection of malicious URLs to prevent 

phishing? 

Opportunity Statement 2: How might we improve password hygiene among users to reduce 

password compromise risks? 

Opportunity Statement 3: How might we provide critical information on apps’ data collection in a 

format that is easy to understand for the users? 

 

A total of 18 experts with experience in cybersecurity, human-computer interaction, and design, 

participated to ideate for the three opportunity statements by adopting three methods for ideation. The 

acceptance for a set of concepts generated during the ideation phase was tested among 30 users who 

represented both the older adult users and the general population users. All study participants were 

smartphone users and residents of Singapore. Participants signed up for the study using the participant 

signup forms distributed by leveraging Singapore’s design research ecosystems like social media 

groups and research forums. Participant distribution comprised 12 young adult users (21-54), six young-

old adult users (55-64), and 12 older adult users (65 and above) (Age, 2019). Participants between 55-

64 were grouped separately to make the age distribution distinct between the older adult users (extreme-

users) and the general population users (Raviselvam et al., 2016b; Singapore Department of Statistics, 

2020). Each study participant was provided with vouchers worth SGD10 as compensation for their time 

and effort. All study procedures followed the protocol approved by the SUTD Institutional Regulatory 

Board (IRB). Figure 5-1 displays the research approach followed for the study.   
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Figure 5-1 Research approach 

 

The following section divides the research approach into two phases: 1) Ideation phase and 2) Usability 

testing phase. 

 

5.2.1 Ideation Phase 
 

This phase tested the difference in outcomes from using three different methods for ideation: control 

with no extreme-user prompt, morphological matrix with situational extreme-user prompt, and personas 

with direct extreme-user prompt. The persona method was included as a backup to produce older adult 

user-centric needs if the morphological matrix failed to provide the desired outcomes. The participants 

were divided into three groups, each of which used the three ideation methods in a different sequence 

to mitigate order influence. The participants applied the methods independently but provided feedback 

on each other’s final concepts as a team. Table 5-1 shares the workshop order and corresponding 

opportunity statements provided for each group.  

 
Table 5-1 Workshop order and opportunity statements shared for each group 

  Group 1 

(6 participants) 

Group 2 

(6 participants) 

Group 3 

(6 participants) 

Phase 1: Opportunity 

statement 1 (15 mins) 

No prompt- Individual Morph Matrix- Individual Older adult user Persona- 

Individual 

Phase 2: Opportunity 

statement 2 (15 mins) 

Morph Matrix- Individual Older adult user Persona- 

Individual 

No prompt- Individual 

Categorise
needs 

gathered 
from elderly 

users

Recruit 
expert 

participants 
and assign 
them to an 

ideation 
group

Gather user 
feedback on 
generated 

design concepts

Transcribe 
design 

concepts

IDEATION PHASE USABILITY TESTING 
PHASE

Derive 
Opportunity 
Statements

Group 1
(2 x 3 participants)

Group 2
(2 x 3 participants)

Group 3
(2 x 3 participants)
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  Group 1 

(6 participants) 

Group 2 

(6 participants) 

Group 3 

(6 participants) 

Phase 3: Opportunity 

statement 3 (15 mins) 

Older adult user Persona- 

Individual 

No prompt- Individual Morph matrix- Individual 

Break 

Final stage- 1 hour Team feedback 

 

We conducted a pilot study with three participants to ensure the overall approach and the timing 

provided were sufficient for ideation. Based on the pilot, three-person teams worked efficiently by 

leaving enough time for feedback. Hence, the participants were divided into three main groups with 

two sub-groups comprising three participants in each. This arrangement ensured that the groups had 

sufficient time to provide feedback on the final set of concepts. Miro (https://miro.com), a visual 

collaboration platform, was used for participants to share their concepts. Prompts provided for each 

method are as follows: 

 

Control- No Prompt:  
The control without any extreme-user prompt provided the participants with the opportunity statements 

alone without further information on their target users. For example, participants from Group 1 started 

the workshop with just the opportunity statement, “How might we redesign the detection of malicious 

URLs to prevent Phishing?” This method assisted us in comprehending the target users who the experts 

typically considered. 

 

Situational Extreme-User Prompt:   
The situational extreme-user prompt provided a scenario where the need experienced by the older adult 

users overlaps with the needs experienced by the general population users. The scenarios design method 

helps describe the context in which the PSSs are used (Fuglerud et al., 2020; Lauff et al., 2021). It 

provides the “how (application context)”, “where (environment context)”, and “who (user context)” 

aspects of the PSS usage.  

 

To use the morphological matrix to convey situational extreme-user experiences, we:  

1) Extracted the system functions without linking them to the extreme-users. 

2) Shared situational extreme-user scenarios in which the general population users have a similar 

need for the systems function indicated. 
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Table 5-2 shares the extreme-user experiences, system functions and corresponding situational 

extreme-user scenarios used for each opportunity statement. One of the current measures to security, 

followed by the older adult users, was to verify the information with their family members or their 

trusted social circle.  

 
Table 5-2 Extreme-user need and corresponding systems function and situational extreme-user 

scenarios 

Opportunity 

Statements 

Extreme-user need, and corresponding systems function and situational 

extreme-user experience scenario 

Opportunity 

Statement 1 

User Need 1: A social ecosystem* to quality check an unknown link/URL  

Systems function: Check unknown link/URL within a social ecosystem 

Situational extreme-user experience scenario: Less tech-savvy individuals rely on 

their social circle to verify if links are authentic or if a service is legitimate.  

User Need 2: Create a connection security verification mechanism 

Systems function: Verify URL 

Situational extreme-user experience scenario: Users have a misconception that the 

lock symbol means the site is secure, but there is an increasing number of phishing 

sites using SSL certs with similar-looking URLs, especially during a time-critical 

situation. Therefore, users need a simple and straightforward way to understand the 

credibility of the links. 

Opportunity 

Statement 2 

User Need 1: Encourage/support users to maintain good password hygiene:  

Systems function: Support maintain good password hygiene  

Situational extreme-user experience scenario: Due to Password reuse, hackers 

could exploit other services used by the user, not changing the password after a 

compromise, sharing passwords with social circles based on contexts like 

emergencies. 

User Need 2: Allow for co-management of passwords 

Systems function: Allow password co-management  

Situational extreme-user experience scenario: There might be certain 

situations/contexts where passwords might have to be shared with/needed by trusted 

parties (spouse/children etc.) for performing transactions. Contexts/Situations such as 

getting emergency help or having shared accounts for Netflix/telco bills etc. 

Opportunity 

Statement 3 

User Need 1: Convey critical data privacy-related information to the user 

Systems function: Convey information 

Situational extreme-user experience scenario: Very few users pay attention to the 

terms & conditions and app permissions required when installing an app or 
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Opportunity 

Statements 

Extreme-user need, and corresponding systems function and situational 

extreme-user experience scenario 

subscribing to a digital service. The primary reasons being the complexity of the 

information and the time constraints while installing the app. 

User Need 2: A social ecosystem* to support a user in assessing critical data privacy 

concerns in an application:  

Systems function: provide social ecosystem to assess data privacy 

Situational extreme-user experience scenario: Individuals rely on their social 

circles like friends and colleagues for concerns/clarifications regarding application 

privacy and trustworthiness. 

*Social ecosystem refers to virtual support received from reliable individuals in a social circle 

 

We wanted to capture the type of concepts that would arise if verification with the social circle was 

a system function requirement combined with situational extreme-user scenarios as shown in Table 5-2. 

This was combined with a systems function that listed another design need currently experienced among 

the older adult users, like ‘connection security verification mechanism’ to verify if the URLs are secure. 

These two system functions also allowed us to ascertain the type of concepts preferred among older 

adult users.  

 

Direct Extreme-User Prompt 
Personas are fictional characters developed to represent different user types (Fuglerud et al., 2020; Lauff 

et al., 2021; So & Joo, 2017). Goal-directed personas (Dam & Siang, 2021) that define the exact need 

of the users were used to provide direct extreme user prompt where the participants could link the given 

opportunity statement to the needs experienced by older adult users. Figure 5-2 shares an exemplar 

persona profile and description used with opportunity statement 1.  
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Figure 5-2 Persona profile shared for opportunity statement 1 

 

5.2.2 Usability Testing Phase 
Figure 5-3 displays the physical and digital prototypes that share the certificate information of a URL 

where the users could find the source information. We began the usability testing phase by capturing 

the user feedback for the existing interface. We also provided the participants with prototypes of two 

websites that are frequently used in Singapore. One of the prototypes was fake. Participants were asked 

to identify the fake website but using all the information, including the certificate information and URL. 

We proceeded with the concept testing after gathering feedback on the existing interface.  

 

To test if the concepts from the ideation phase were preferred among the older adult users and 

the general population, we conducted an extensive usability testing phase. Due to time and resource 

constraints, we narrowed it down to a set of concepts proposed for the first opportunity statement, “How 

might we redesign the detection of malicious URLs to prevent Phishing?”. We conducted one-on-one 

interviews with 12 young adult users between the age group 21-54, six young-old adult users within the 

age group of 55-64, and 12 older adult users above 65. The interviews lasted between 45 minutes to 

one hour. Both digital and paper prototypes were used to gather user feedback on the usability of the 

proposed concepts. The paper prototypes were used to make it easier for the users to refer back while 

providing their feedback. Participants rated their preference for each concept and shared the rationale 

behind their choice.  
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Figure 5-3 Physical and digital prototypes used for the study 

 

5.3 Experimental Results 

5.3.1 Ideation Phase 
Each expert participant ideated 12 concepts: three from control, six from the morphological matrix, and 

three from persona. Participants were asked to pitch one concept as their final idea for each opportunity 

statement. Concepts derived through the morphological matrix were represented as a concept 

combination that addressed each systems function. Ultimately, the participants narrowed down from 

216 concepts to 54 final concepts.  Figure 5-4 shows Miro boards from one of the participant groups 

and highlights few concept examples.  
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Figure 5-4 Example Miro board ideation outcomes 

 

For analysis,  two researchers coded a sample of the concepts shared by the participants. An interrater 

analysis using Kappa statistics was performed on SPSS Statistics (Version 25.0.0.1, IBM Armonk, 

N.Y., USA) to determined consistency among raters. The interrater reliability was Kappa= 0.784 

(p<0.001), which is substantial agreement, so one rater continued to code the rest of the data. The codes 

were used to differentiate inclusive, excluding, and assistive concepts. Similar to the codes used in 

Chapter 3, the following keys were used to rate the concepts.  

• Inclusive: The proposed design would benefit both older adult users and the rest of the general 

population users.  

• Assistive: The proposed design would benefit older adult users but would not be preferred by 

the rest of the general population.  

• Excluding: The proposed design would not benefit older adult users. 

• Vague: Not a clear design description. 

 

Figure 5-5 shares the types of concepts generated by participants based on the design method 

adapted for their opportunity statements. Results show that irrespective of the order of application, the 

morphological matrix leads to more inclusive design solutions. While the numbers of concepts are 

relatively small due to the small group size, it is to be noted that the participants were experts in their 
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field. This could be significantly different for a larger user group (as observed in Chapter 3). In 

concurrence with the previous studies discussed in this thesis, situational extreme-user needs lead to 

more inclusive design outcomes when compared to direct extreme-user needs.  

 

 
Figure 5-5 Types of concepts shared by each group for the three methods 

 

The inclusivity of a concept was determined based on the design of the proposed interface. 

Table 5-3 shares the categorisation of concepts from Opportunity Statement 1, whose usability will be 

tested in the next phase.  

 

 
Table 5-3 Types of concepts shared for opportunity statement 1 

Method  Inclusive Interface  Excluding Interface Assistive Interface 
Concepts 
shared using 
control with 
no extreme-
user prompt 

Interface to share the URL 
info: 
- *Forced attention: using a 

colour-coded display. 
- *Forced attention: using a 

large font.  

- Long press: Click and 
hold to see information 
about the URL. 

- Credit score: provided as 
a browser extension. 

- A dedicated application.  

 

Concepts 
shared using 
morphological 
matrix 
method 

Systems function: Support 
maintain good password 
hygiene  

Interface for the social 
ecosystem: 
- Engage tech-savvy peers 

to verify. 
 

 

0

1

2

3

4

5
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7

Inclusive Excluding Assistive Inclusive Excluding Assistive Inclusive Excluding Assistive

Group 1 Group 2 Group 3

Type of concepts shared by participants from each group

No Prompt Morphological Matrix Persona
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Method  Inclusive Interface  Excluding Interface Assistive Interface 
- Verify trust: Knowing 

who can be trusted within 
the social ecosystem. 

- Engage tech-savvy peers 
to verify. 

- Dedicated social groups: 
Engage admins who take 
down phishing links. 

- A Small icon to show the 
number of friends who 
trust the website.  

Systems function: Allow 
password co-management: 
- Provide visual indicators 

better than lock and 
display security scanning 
status.   

- Colour of the URL bar 
change depending on its 
credibility.   

- Automatic link checkers 
on URLs shared in 
chats—Colour to indicate 
threat level.  

Concepts 
shared using 
Persona 

Interface to share the URL 
info: 

- *Display a unique icon if 
the URL is verified.  

- *Use colours to warn if an 
email is suspicious.  

- Use colours to warn if a 
URL is suspicious.  

Interface to share the URL 
info: 

- Use logos to represent the 
URL’s path.  

To avoid phishing 
websites: 

- Avoid clicking on 
advertisements. 

- Verify sender 
before clicking 
links.  

 
*Similar to the existing interface.  

 

When asked to ideate for employing situational extreme-user scenarios to create a social ecosystem, the 

experts’ key focus was on ensuring the trustworthiness of the scenarios. In reality, the majority of the 

older adult users in Singapore heavily relied on their social circle due to the complexity of the current 

interface. Yet, there are no existing measures to build a trusted means of verifying a URL’s credibility. 

The Usability Testing Phase shed more light on the inclusiveness of the concepts from a user 

perspective.   
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5.3.2 Usability Testing Phase 
None of the 30 participants, including the young adult users, could identify the fake website from the 

real during the usability testing. Two young adult user participants could recognise the wrong URL 

after the researchers informed them of their wrong choice. Yet, the young adult user participants gave 

a significantly high rating on the usability of the existing approach to verify the credibility of a URL.  

 

The usability testing phase helped understand the type of concepts preferred among different 

user groups despite their difference in acceptance for the existing interface. It can be inferred from 

Table 5-4 that seeking help from a social circle, as expected, was highly preferred among the older adult 

users compared to the young-old adult users and young adult users. More interestingly, participants 

from all age groups, including the older adult users, chose the forced attention design that helped them 

make their own decisions. In addition, an artificial intelligence (AI) based validation of the URLs was 

widely preferred among all our participants as long as they could verify the trustworthiness of the AI.   

 
Table 5-4 Response from each user group for concepts generated from opportunity statement 1 

 Concept Concept 

Type 

Young Adult 

Users 

Young-Old 

Adult Users 

Older Adult 

Users 

Submit Social Circle Inclusive 2.58 2.50 4.08* 

S.D.  1.24 1.38 1.16 

Submit Outside Social 

Circle 

Inclusive 
3.17 3.17 3.00 

S.D.  1.40 1.47 1.28 

Submit AI Inclusive 3.33 3.17 3.83 

S.D.  1.23 1.17 0.83 

Trust for Social Circle Inclusive 3.25 2.33 4.00* 

S.D.  1.29 0.82 0.85 

Trust for Outside Social 

Circle 

Inclusive 
3.33 2.33 2.58 

S.D.  1.23 1.21 1.24 

Trust for AI Inclusive 3.50 4.00 3.75 

S.D.  1.09 1.26 0.97 

Trust Score- Forced 

Attention 

Inclusive 
4.00 3.83 4.50 

S.D.  1.13 1.17 0.52 

Trust Score- Long Press Excluding 2.42 3.00 3.08 

S.D.  1.08 0.89 1.24 
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 Concept Concept 

Type 

Young Adult 

Users 

Young-Old 

Adult Users 

Older Adult 

Users 

Visual Warnings Inclusive 4.58 4.83 4.83 

S.D.  0.51 0.41 0.39 

Rate Crowd workers Inclusive 3.55 3.00 3.08 

S.D.  1.13 1.22 1.31 

*Significantly (p-value < 0.05) high compared to the groups highlighted in green. 

 

5.4 Discussion 

Among the concepts shared in Table 5-3, the persona methods’ concepts were simpler and more 

accessible. Yet, the Experts in this study tried to make the design more straightforward and accessible 

for the older adult users when they applied the older adult user personas. Yet, most of the needs designed 

by applying situational extreme-user experiences with specific system attributes lead to more inclusive 

design solutions preferred by most of our participants.  

 

Two key inferences are made from the concepts shared in Table 5-3 and the user preferences 

shared in Table 5-4.  

1) Reassuring our findings from Chapter 2, the direct application of extreme-user perspectives has 

the potential to evoke concepts that a wider population would prefer—for example, visual 

warnings proposed by adapting extreme-user experiences. Yet, as demonstrated by the study 

shared in Chapter 3, there are also chances of stigmatisation that could make the design more 

assistive than inclusive. For example, avoid clicking on advertisements is guidance rather than 

a design modification. 

2) The concepts from the morphological matrix show that sharing system attributes and 

corresponding situational extreme-user scenarios could motivate designers to identify creative 

yet inclusive design solutions. For example, verifying within a social circle was an informally 

followed way of verifying information among the older adult users in Singapore; presenting 

this scenario encouraged designers to address the trust concerns among the older adult users. 

In addition, our expert participants also recommended automated link checkers, which was one 

of the preferred solutions among the all three participant groups. The majority of our user 

participants from the testing phase conveyed that they would rather be independent than depend 

on others.   

3) While the participants in the no prompt group also recommended forced warning, they also 

shared a greater number of excluding concepts when compared to the remaining two groups. 

This might not be an ideal outcome if we want to cater to a wider population of users.   
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To answer our research question:  

How does the morphological matrix transform the situational extreme-user needs into inclusive 

design solutions?  

 

The morphological matrix design method is adopted as a practical approach for ideation by 

researchers in various fields of design due to its focus on the functional aspects of a solution (Gherardini 

et al., 2020; Nagel et al., 2008; Suzianti et al., 2019). This focus on functional aspects was the rationale 

behind adopting the morphological matrix to apply extreme-user perspectives systematically. The 

HMW statements used for the opportunity statements also helped to guide the ideation process. 

Although tested with a small sample size, the system functions and situational extreme-user scenarios 

enabled the expert participants to generate more inclusive solutions than assistive solutions. While the 

specific system functions highlighted the design need at a systems level, the situational extreme-user 

scenarios conveyed the necessity to address the need. This combination makes this adapted version of 

the morphological matrix an effective tool to apply situational extreme-user experiences for design 

ideation.  

5.5 Limitations and Future Directions 

Due to the COVID-19 situation, the Ideation phase had to be conducted online; hence we could not 

apply the simulated scenarios. Research studies show that the personal connection to an extreme-user 

population could, to an extent, attain similar impacts in the absence of simulated scenarios (Raviselvam 

et al., 2017). Since our extreme-user population and the situational extreme-user scenarios were not 

distal to the participants, we implemented the study in the absence of simulated scenarios. Any future 

expansion of the work could test if a simulated experience of the same would lead to concepts that 

address unique aspects of inclusive privacy and security. Although the study engaged 18 domain experts 

in an insightful ideation session, the small sample size was another limitation to this study. Future works 

can focus on observing the impact at a larger scale and explore opportunities to adapt the methods for 

complex systems where different systems interact with each other.  

5.6 Chapter 5: Conclusion and Key Findings 

This study is one of the first to systematically apply situational extreme-user perspectives using a 

morphological matrix for design ideation and empirically test user responses. While works in the past 

have adapted the morphological matrix design method to convey user needs for assistive design and 

inclusive design (O’Rourke, 2015), this would be the first attempt to apply them with situational 

extreme-user scenarios that lead to inclusive design outcomes. We leveraged the morphological 

matrix’s focus on functions to convey extreme-user needs for inclusive usable privacy and security and 

studied the acceptance of the concepts generated among the users. This study involved two existing 

design methods to develop design concepts: morphological matrix and persona. While we did not 
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modify the Persona method, we modified the morphological matrix to systematically convey situational 

extreme-user scenarios. HMW statements were also adopted to convey the extreme-user inspired needs 

to our expert participants. This combination of HMW statements with system functions served as an 

effective approach to guide an extreme-user experience inspired ideation. We also compared the 

concepts generated by applying two other approaches and discussed the different types of concepts 

generated using each approach. We believe this adaptation of the morphological matrix would 

encourage more extreme-user inspired innovation during the ideation phase of the design process.  

 

Based on the study results from Chapters 4 and 5, we answer the research question How effective are 

the guided systematic approaches to adopt extreme-user experiences?   

  

Outcomes from Chapters 4 and 5 demonstrated the advantages of a guided approach to adopt 

extreme-user experiences. We systematically adapted design methods like Activity Diagrams, Journey 

Maps, Contextual Need Analysis, Scenarios, HMW statements, Systems function, and Morphological 

Matrix to leverage the extreme-user experiences. This approach to applying extreme-user experiences 

enabled our study participants to: 

1) Identify specific points of user interactions where adopting an extreme-user experience would 

benefit the most. 

2) Identify PSS specific latent needs that would delight their users. 

3) Derive systems function associated with the extreme-user inspired needs and transform them into 

inclusive design concepts that cater to a wider population.  

4) Avoid potential stigmatisations that could occur from associating a need with a specific extreme-

user population rather than focusing on the larger impact. 

5) Ultimately, adopt PSS appropriate extreme-user perspectives throughout the design process. 
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Chapter 6 

6 Extreme-User Experience Design Framework 

 

"The method of science is tried and true. It is not perfect, it's just the best we have, And to 

abandon it, with its skeptical protocols, is the pathway to a dark age." 

-Carl Sagan 
 

Previous chapters of this thesis demonstrates the impact of extreme-user experiences and empirically 

tested a set of design methods that systematically implement extreme-user experiences to attain specific 

design goals. Various works advocate extreme-user perspectives as part of their design framework. For 

example, Microsoft has their inclusive design framework where they recommend applying extreme-

user perspectives for inclusive design (Microsoft Design, 2018). Similarly, the Cambridge Engineering 

Centre has a whole suite of methods and process for inclusive design (University of Cambridge, 2017b). 

Universal design, on the other hand, has a set of principles and frameworks for the structuring of 

environments that aim to address the needs of extreme-users with some form of physical or cognitive 

challenges (S. E. Burgstahler & Cory, 2010; Connell et al., 2001; National Disability Authority, 2020; 

Singh & Tandon, 2018). While concepts like inclusive design and universal design have been studied 

for decades, design researchers have recently started to recognise the potential of extreme-user needs 

in designing products, services, or systems (PSSs) that address the latent needs in general population 

users.  

 

With growing interest in extreme-user inspired design concepts and creative perspectives 

inspired by extreme-user experiences, there is a need to develop tools that make their adoption more 

intuitive and systemic. Systematic guidance that enables designers and creators to leverage extreme-

user experiences could transform how they perceive their design impact, especially in improving the 

quality of users' lives and thereby enabling economic transformation (Silva et al., 2021). This chapter 

provides a systematic application framework for adopting extreme-user experiences and highlights its 

contribution to the SUTD-MIT International Design Centre's Design Innovation (DI) process model 

(Camburn et al., 2017; Lauff et al., 2021).  Before we move on to the framework, however, we must 

review the theories that underpin it. 

 

Design methods and processes form the core of the proposed framework. The Cambridge 

Dictionary defines a method as "a particular way of doing something." Like scientific methods, design 

methods are not rigid, but they provide a systematic approach to support design practices (Cross, 1993; 

Göransdotter, 2020). Design methods have been around for more than half a century. They have grown 



 106 

in importance to the extent that they can be found in various disciplines like sustainability, inclusion, 

healthcare, additive manufacturing,  and automation (Cooper, 2019). This multi- and cross-disciplinary 

applicability have encouraged design researchers to adopt existing design methods and processes to 

accommodate the demands of specific disciplines (Inglesis Barcellos & Botura, 2018). For example, 

the Design Innovation with Additive Manufacturing (DIwAM) approach by Perez et al. (2019) presents 

an adaptation of design methods and principles to accommodate growing opportunities in additive 

manufacturing. Similarly, Anderson et al. (2018) presented an adaptation of a design process that 

integrates computation to accommodate the unique needs of design automation.  

 

A design process is "the set of activities by which designers develop and/or select the means to 

achieve a set of objectives, subject to constraints" (Tate & Nordlund, 1996). The objectives are met 

using a set of goal-appropriate design methods throughout the design process. Some well-known design 

process models include the works by Pahl and Beitz (Pahl & Beitz, 1988), Otto and Wood (Otto & 

Wood, 2001), Dym (Dym, 1994), Pugh(1991), and Ulrich et al. (Ulrich et al., 2019). The recent DI 

process model adapted in this thesis (Camburn et al., 2017) provides a framework through the interplay 

and flexibility of design processes, methods, and principles that benefit designers. The framework 

inspired by this thesis proposes four stages to implement extreme-user experiences along the design 

process, and each stage aligns with the Discover, Define, Develop, and Define phases of the DI process. 

The four stages include: 

1) Identify: To leverage the extreme-user experiences appropriate for a PSS.  

2) Derive: To focus on impact evoking user interactions.  

3) Ideate: To transform extreme-user inspired needs into exceptional design outcomes.  

4) User Testing: To verify the impact of resulting ideas.  

 

Ultimately, we provide an extreme-user experience design framework with a set of empirically 

tested design methods that guide through Discover, Define, Develop, and Deliver phases, as illustrated 

in Figure 6-1. From this point of the thesis, the term 'framework' will only be used to refer to the 

extreme-user experience design framework.   
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Figure 6-1 Extreme-user Experience Design Framework 

 

The extreme-user experience design framework comprises a core method and adaptations from 

existing methods like Activity Journey Map, Contextual Need Analysis, How Might We (HMW) 

statements, Systems function, and Morphological matrix. The final part of this section will discuss the 

integration of the framework with the existing DI process model.  

6.1 Design Methods for Extreme-User Experiences  

We will first share the adaptations of the existing five design methods and then proceed to the core 

design method of this framework, the extreme-user simulated scenario. We will introduce each design 

method, its implementation protocol, and expected outcomes. 

 

6.1.1 Activity Journey Map 
Activity Journey Map is conceived as a combination of the Activity Diagrams and the Journey Mapping 

methods adopted for the study shared in Chapter 4. Activity Diagrams use sequential and parallel block 

diagrams to capture user activities that allow users to interact with a PSS (Otto & Wood, 2001). The 

user activities highlight the steps that complicate a user's interactions with a PSS, allowing the designer 

to associate problematic steps with the physical abilities needed for that specific interaction. In 

comparison, Journey Mapping visualises user interactions and user emotions while interacting with a 

PSS focusing on the touchpoints and channels for interaction. While touchpoints are similar to the user 

interactions (activities) in an Activity Diagram, channels refer to the mediums through which the users 

interact with a PSS (Salazar, 2016). Journey Mapping captures the user's likes, dislikes, and interactions, 

leading to frustration or joy across their overall interactions with a PSS over time (Howard, 2014). Both 

DI Process Extreme-user Experience Design 
Framework Corresponding Design Methods

Discover 
Identify:
To leverage the extreme-user experiences 
appropriate for a PSS.   

• Extreme-user Simulated Scenarios 
• Contextual Need Analysis (CNA)
• Activity Journey Map

Define Derive:
To focus on impact evoking user interactions.

• Extreme-user Simulated Scenarios
• Systems function
• How Might We Statements

Develop
Ideate:
To transform extreme-user inspired needs 
into exceptional design outcomes. 

• Extreme-user Simulated Scenarios
• Systems function
• Morphological Matrix 

Deliver User testing:
To verify the impact of resulting ideas. 

• Extreme-user Simulated Scenarios
• Activity Journey Map
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these methods are proven ways to understand a user's interaction with a PSS (Camburn et al., 2017; 

Lauff et al., 2021); while one focuses on the design, the other concentrates on the user. The emotions 

captured using Journey Maps help identify the specific interactions that are unpleasant or physically 

challenging for the user. Combining Activity Diagrams with Journey Maps allows us to visualise the 

physical demands and emotions they incur and systematically identify if we could eliminate a physical 

demand by applying appropriate extreme-user experiences.   

  

We briefly discussed implementing this combination of Activity Diagram and Journey 

Mapping in our second foundational study discussed in Chapter 2 and empirically tested its impact with 

six medical device design projects shared in Chapter 4. Here, we present Activity Journey Map as a 

method to accommodate extreme-user experiences.   

 

Method Implementation  
The goal of the Activity Journey Map is to systematically identify the extreme-user experiences that 

could benefit a PSS design. Table 6-1 shares the steps involved in adopting the Activity Journey Map, 

and Figure 6-2 shares a template to implement them.  

 
Table 6-1 Step-by-step guidance to adapt the Activity Journey Map 

Steps Description 

 Step 1 Depict the user interactions with a PSS as actions and verbs using an Activity 

Diagram. For example, activities like 'open package' or 'track progress'. 

Step 2 Indicate user emotions during each interaction. For example, happy, frustrated, 

indifferent, sad. 

Step 3 Determine the physical abilities (demand) needed to execute each interaction. For 

example, open package- both hand usage; track progress- vision.  

 

Step 4 Use wearable simulations* that eliminate specific physical demands.  

Step 5 Use user emotions to identify critical points for improvement. List the user needs 

that, when addressed, would accommodate the absence of the identified physical 

demand. The latency metric from Chapter 4 can be used to prioritise the needs. 

Step 6 Test with users and share experiences. Check how similar or different are they from 

what you anticipated. 

*The direct or situational extreme-user simulations can be applied depending on the desired 

outcomes. Refer to the Extreme-User Simulated Scenarios method for further information on 

adapting direct and situational extreme-user experiences.  
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Figure 6-2 Template to apply extreme-user experiences using Activity Journey Map 

Potential Outcomes:  
- Identify PSS-appropriate extreme-user experiences 

- Uncover creative design perspectives  

- Identify latent user needs 

- Develop inclusive design solutions  

- Test usability of final design outcomes 

  

6.1.2 Contextual Need Analysis  
Contextual enquiry is a vital part of any user-centric design process, especially as a tool to gather user 

satisfaction with any PSS. Contextual Need Analysis (CNA) helps understand how users' interaction 

with a PSS would vary according to the use conditions or circumstances (Green, 2005; Green et al., 

2009, 2008; Lauff et al., 2021). This quality makes CNA an ideal tool for extreme-user experiences 

since the contexts of use can enable or disable users. A circular doorknob (University of Cambridge, 

User Interaction User Interaction

User Interaction
User Interaction

• Physical ability needed 1
• . 
• .

• Physical ability needed 1
• . 
• .

• Physical ability needed 1
• Physical ability needed 2 
• . 
• .

• Physical ability needed 1
• Physical ability needed 2 
• . 
• .

Apply extreme-user 
experience to eliminate 

physical demand 1

Apply extreme-user 
experience to eliminate 

physical demand 1

Apply extreme-user 
experience to eliminate 

physical demand 1 and 2

Apply extreme-user 
experience to eliminate 

physical demand 1 and 2

User 
Emotion

User 
Emotion

User 
Emotion

User 
Emotion



 110 

2017a), for example, poses a challenge under circumstances where the user needs both hands to carry 

a heavy object or a laptop and a coffee cup, like our user in Figure 6-3.  

 

 
Figure 6-3 Exemplar context where a circular doorknob hinders user interaction 

 

Various domains of design research have leveraged CNA to understand different facets of user 

interaction with a PSS. For example, Tushar et al.(2020) used CNA to understand user's interactions 

with buildings to develop smart energy systems. One can find similar applications of CNA in domains 

like additive manufacturing (Perez et al., 2019), medical device design (Surma-aho et al., 2021), 

assistive technology (Walker & Sangelkar, 2017) and many more. In addition, contexts identified using 

CNA could help predict unique scenarios that impact users' experience with PSSs (Camburn et al., 

2017). The purpose of using CNA with extreme-user experiences is to identify the scenarios that would 

challenge a user's ability to interact with a PSS. CNA encourages designers to focus on the how 

(application context), where (environmental context), who (user context), and why and when (use 

context) aspects that influence a design. Contexts identified with a PSS help build different scenarios 

for users' interactions.  

 

Method Implementation   
In our framework, CNA works alongside the Activity Journey Map, where they both gain information 

from each other. Environmental context (where) and user context (who) extremes for a PSS helps 

identify the extreme-user contexts. For example:  

 

• Environmental extremes: This can include outdoor and indoor extremes like weather extremes, 

surroundings, noise level, dust, other users, etc.  

• User extremes: Extremes of user abilities like the absence of visual and auditory attention, lack of 

physical strength, absence of mobility, etc.   

 

 Table 6-2 shares the step-by-step procedure to adapt CNA to accommodate extreme-user experiences.  
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Table 6-2 Step-by-step guidance to adapt the Contextual Need Analysis  

Steps Description 

Step 1  List different extreme-user contexts of usage for the selected PSS. 

For example:  

Environmental extremes: This can include outdoor and indoor extremes like weather 

extremes, surroundings, noise level, dust, other users, etc.  

User extremes: Extremes of user abilities like the absence of visual and auditory 

attention, lack of physical strength, absence of mobility, etc.   

 

Step 2 Use Activity Diagrams to find basic abilities needed to interact with the PSS under the 

listed extreme-user contexts.  

Step 3 Build scenarios by applying extreme-user demands identified using Activity Diagrams.  

Step 4 Test the usability of the PSS under selected scenarios*.   

Step 5 Discover a diverse set of extreme-user experience-based needs.  

*While scenarios usually help test user interactions in different contexts, simulated scenarios enable 

the designers to experience the contexts. An example template to incorporate CNA for extreme-user 

experience would be: 

{Extreme-user demand} + {Extreme-user} = Extreme-user Experience Scenario 

User with {Extreme-user demand}, interacting with {product/service/system} {Environmental/ Spatial 

extremes} 

 

Potential Outcomes  
• Uncover creative design perspectives  

• Identify latent user needs 

• Understand overlap in needs among extreme-users and general population users. 

 

6.1.3 Systems Function 
The systems function represent the desired actions from a PSS. The most common type of functional 

model in engineering design is the flow-based functional model (function structure) derived from the 

Pahl and Beitz method (J. Hirtz et al., 2002; Otto & Wood, 2001; Pahl & Beitz, 1988; Stone & Wood, 

2000; Tomko et al., 2017). A black box model and a sub-functional model are the two levels of 

abstractions for functional models. While the black box models are stand-alone and represent high-level 

transformations based on the design requirements for a PSS, the sub-function model breaks the black-
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box model into specific flow transformations of materials, energies, and signals. Stone and Wood 

(2000) introduced this as the functional basis for design, where a function is typically stated in 'verb-

object' form that refers to 'what must be done' to address an identified need. The functional basis was 

developed as a formal taxonomy for function representation in order to enhance and simplify 

information communication among scholars (Hirtz et al., 2001; Kurfman et al., 2001).  Systems function 

provide a simple yet efficient approach to transform user actions into desired functionality of the design 

(Otto & Wood, 1998).  The systems function express descriptors to represent the operations that are to 

be accommodated by the PSS in the form of function and flow (Hirtz et al., 2001). Many design experts 

have formulated ways to interpret design functions (Sangelkar & McAdams, 2013; V. Srinivasan et al., 

2012). For example, Rosenman and Gero (1998) emphasised the need for functional reasoning as a vital 

component of the design process' life cycle. Systems function gained added attention and were 

represented in different variants with the adoption of mechanical engineering approaches in systems 

design (Stone & Chakrabarti, 2005). Example systems function would be 'verify URL' and 'provide 

non-visual feedback' where 'verify' and 'provide' refer to the functions.  

 

An issue we encountered while testing the extreme-user experiences was that the participants 

might list the extreme-user demand as a need. For example, single had usage would be listed as a need, 

which could lead to ability-based stigmatisation in the final design (Bichard et al., 2007; Dankl, 2013; 

Hersh, 2013). A functional basic representation would eliminate this issue by focusing on the device 

functions rather than the user functions (Hirtz et al., 2001), thereby leading to non-stigmatised design 

solutions for the given PSS. Lauff et al. (Lauff et al., 2021) provide an even evolved form of 

representing systems function that integrates users' emotion by providing a "verb + (noun + elaboration) 

+ adverb/adjectives" form of structuring systems function. For example, “Monitor + (baby + when 

unattended) + constantly”. This form of capturing systems function can be an efficient way to add 

extreme-user experience inspired need by avoiding stigmatisation. For example, 'provide + (non-visual 

feedback+ when a user is visually distracted) + without hindering actions' adds context-relevant 

information to the systems function. Hence this form of evolved systems function representation is 

adapted to the framework.   

 

Method Implementation   
The systems function can be generated based on the needs identified from the CNA or Activity Journey 

Maps. This method did not have specific adaptations to accommodate extreme-user experiences, but 

they played a key role in streamlining the needs generated by applying the extreme-user experiences. 

Table 6-3 shares the step-by-step procedure to adapt the systems function to accommodate the extreme-

user experiences. 
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Table 6-3 Step-by-step guidance to adapt the Systems function  

Steps Description 

Step 1  Derive systems function* that corresponds to the critical points for improvements 

identified using extreme-user experience with Activity Journey Map. 

Step 2  List them as function-flow pairs that represent the design transformations required to 

ease user interaction. For example, capture user attention, provide feedback.  

Step 3  Extract sub-functions that contribute to the identified system function. 

Step 4 Use the sub-functions to guide ideation. 

*Systems function could be an efficient approach to understanding extreme-user experiences' 

outcomes among novice designers like students (Chapter 5). They can be combined with extreme-user 

experience to guide the ideation process as implemented in Chapter 5.   

 

Potential Outcomes: 
- A better representation of extreme-user experience inspired outcomes 

 

6.1.4 How Might We Statements (Opportunity Statements) 
How Might We (HMW) statements are a simple, widely adopted approach to form opportunity 

statements (IDEO, 2021; Lauff et al., 2021; Odell Keller, 2019). They make it easier to decide on the 

impact and feasibility of addressing the identified needs ((DI) Learning Modules, 2021). In this study, 

the HMW statements were used to narrow down the identified systems function for ideation.  

 

Method Implementation   
The HMW statements are combined with the systems function as shared in the template below for 

implementation. Table 6-4 shares the step-by-step procedure to adapt the HMW statements to 

accommodate extreme-user experiences.  

"How might we {extreme-user experience inspired system function} to {what we want to achieve}?" 

For example, below is a HMW statement generated based on the needs experienced by the older adult 

users 

How might we {improve password hygiene among users} to {reduce password compromise risks}? 
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Table 6-4 Step-by-step guidance to adapt the HMW statements 

Steps Description 

Step 1  Generate HMW statements for the critical systems function and frame the extreme-user 

inspired HMW Statements*. 

Step 2  Use the HMW statements to guide Ideation.   

* It is to be noted that other existing design methods like Affinity Diagram (Camburn et al., 2017; (DI) 

Learning Modules, 2021; Lauff et al., 2021) could be used to narrow down the systems function. 

 

Potential Outcomes:  
- Guide ideation during the Develop Phase of the design process. 

 

6.1.5 Morphological Matrix  
Morphological matrices are widely used to envision and brainstorm novel approaches to design 

challenges. The morphological matrix is comprised of necessary sub-systems functions that contribute 

to building a complex system. Each sub-system function receives multiple design solutions shared in 

rows and columns in the form of texts or figures (Fargnoli et al., 2006; Jensen et al., 2009). Several 

research works have leveraged this method to generate diverse concepts within a short duration (Bryant 

et al., 2009; Liu et al., 2012; Williams et al., 2011). Designers could ultimately have multiple concepts 

that systematically combine different combinations of solutions that contribute to each sub-system 

function. The morphological matrix served as one of the ideal methods to accommodate the extreme-

user inspired systems function. Table 6-5 lists the steps involved to adopt a morphological matrix for 

extreme-user experiences, and Table 6-6 Template to adopt the Morphological matrixTable 6-6 shares 

a template we followed to adapt the morphological matrix for extreme-user experiences. 

 
Table 6-5 Step-by-step guidance to adapt the Morphological matrix 

Steps Description 

Step 1 List the sub-functional requirements to address the selected system function shared 

in the HMW statement(s). 

Step 2 Add the extreme-user inspired design functions to the morphological matrix shared 

in Table 6-6. 

Step 3 Include the extreme-user inspired need that will be satisfied by addressing the listed 

sub-functional requirements. 

Step 4 Ideate* concepts to address each sub- functional requirement. 
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*Share both situational and direct extreme-user needs if ideating for assistive or inclusive design 

solutions. The selected concepts could be tested by applying the Activity Journey Map method. 

 

 
Table 6-6 Template to adopt the Morphological matrix 

"How might we {extreme-user experience inspired system function} to {what we want to achieve}?" 

Design sub- functional 

requirements  

Concept 1 Concept 2 Concept 3  

System Sub-function 1 

(Corresponding situational 

extreme-user experience 

inspired need) 

Concept to address the 

sub-function. 

Concept to address the 

sub-function. 

… 

System Sub- function 2 

(Corresponding situational 

extreme-user experience 

inspired need) 

Concept to address the 

sub-function. 

Concept to address the 

sub-function. 

… 

… … … … 

 

Ultimately, in our adaptation for extreme-user experiences, the morphological matrix inspired multiple 

creative design concepts.  

 

Potential Outcomes  
- Generate inclusive design solutions  

- Adopt creative design perspectives for ideation 

 

6.1.6 Extreme-User Simulated Scenarios 
The Extreme-user Simulated Scenarios method is extracted from the empirical study shared in Chapters 

2 and 3. The goal of this method is to provide procedural guidance to apply extreme-user simulations. 

As discussed in the two chapters, simulated extreme-user scenarios are often adapted for design 

innovation and creativity. Design processes and methods, at their core, aim to integrate rational and 

analytical skills with human intuitive abilities for efficient and functional design outcomes (R. Dam & 

Siang, 2018). The adoption of extreme-user perspectives, on the other hand, is heavily reliant on 

intuition. While they could be widely adopted to understand the needs experienced by an extreme-user 

population (Adam, Rouilly, 2021; AgeLab, 2019; Cardoso & Clarkson, 2012; Goodman et al., 2008), 

they are seldom leveraged for design creativity. The ELU approach by Hannukainen & Hölttä-Otto 

(2006) was one of the initial works that tested the potential of extreme-user perspectives in identifying 
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latent needs in general population users. Kullman (2016), in his review on extreme-user simulations, 

advised that such tools be viewed as a means of changing designers' perceptions rather than as a 

representation of extreme-user experiences. The extreme-user simulated scenarios are designed to be a 

tool that helps designers to interact with their designs from a perspective unlike their own. This method 

also enables the designers to foresee the overlap in needs experienced among the extreme-users and 

general population users (Vanderheiden, 2000) by applying direct and situational extreme-user 

scenarios. Scenarios, in general, help represent the context in which PSSs are used. With extreme use 

cases being a recommended part of the Scenarios method (Lauff et al., 2021), systematic adoption of 

direct and situational extreme-user scenarios guided through this framework could transform the 

insights gathered from scenarios.     

 

A paper for universal usability by Vanderheiden (2000) was one of the initial works to discuss 

situational constraints. These situational constraints are even applied as design considerations in various 

works (Chourasia et al., 2014; Sarsenbayeva et al., 2017; Tigwell et al., 2018; Vanderheiden et al., 

2020; Wobbrock, 2019). An example set of direct extreme-user experiences and corresponding 

situational extreme-user experiences for the ones applied in this thesis are listed in Table 6-7.  

 
Table 6-7 Example direct and situational extreme-user experiences 

Direct Extreme-user Experiences Situational Extreme-user Experiences 

Visual Impairments  Visual Distractions while using a mobile phone 

or communicating with another person 

Hearing Impairments Listening to music or being in a noisy 

environment 

Physical Impairments on one hand Carrying a bag or a child on one hand 

Physical Impairments on both hands User carrying heavy objects on both hands or 

users executing tasks that require both hands.  

Reduced finger dexterity Users wearing gloves and cold temperatures 

(Chen et al., 2010) 

 

Method Implementation  
Table 6-8 shares the step-by-step guidance to adopt simulated extreme-user experiences and the 

intended outcomes depending on the design phase during which it is used.  
Table 6-8 Step-by-step guidance to adapt extreme-user experiences into the design process 

Steps Description 

Select  Choose a design phase appropriate method(s) from The framework. For example, 

Activity Journey Map and Morphological Matrix.   
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Apply Adopt the design method to systematically identify the extreme-user demands that 

impact users' interaction with the PSS. These are the extreme-user perspectives 

appropriate for the selected PSS.  

Simulate  Engage in simulated scenarios that present situational extreme-user experiences*, 

with or without accompanied by direct extreme-user experiences.  

Test Test the usability of the existing or new PSS while experiencing the simulated 

scenarios. Are the user interactions accommodating the extreme-user demands?  

Transform Attain extreme-user experience inspired design outcomes that are appropriate for 

each design phase.  

Design Phase Specific Final Step 

Discover: 

Identify 

List the needs that, if addressed, would accommodate the extreme-user demands. 

Are they latent?  

Define: 

Derive 

Build opportunity statements by using the identified latent needs. Down select and 

list the design functions required to satisfy the identified latent needs.  

Develop: 

Ideate 

Generate design concepts that would accommodate the necessary design functions.  

*Situational extreme-user experiences are more impactful if the primary goal is design creativity.  

Situational extreme-user demands followed by direct extreme-user demands are more impactful if 

the end goal is to present the overlap in needs experienced by extreme-users and general population 

users.  

 

Potential outcomes: 
- Effectively adopt simulated extreme-user experiences. 

- Discover latent user needs. 

- Design creativity. 

- Design inclusion. 

Figure 6-4 illustrates the Extreme-user Simulated Scenarios as a method card highlighting the steps 

to follow, potential outcomes, and the role of situational and direct extreme-user experiences. 

Figure 6-5,Figure 6-6,Figure 6-7, and Figure 6-8 shares the incorporation of each of the five 

methods and the Extreme-user Simulated Scenarios across the three stages of the proposed 

framework.  
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Figure 6-5 Design methods that contribute to the Identify stage of the framework 

 

 

 

 

IDENTIFY
To leverage the extreme-user experiences appropriate for a PSS. 
Framework Methods: Extreme-user Simulated Scenarios, CNA, Activity Journey 
Map.
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• Depict the user interactions with a PSS as actions and verbs using an Activity 

Diagram.

• Indicate user emotions during each interaction. For example, happy, frustrated, 

indifferent, sad.

• Determine the physical abilities (demand) needed to execute each interaction. 

• Use wearable simulations that eliminate specific physical demands. 

• Use user emotions to identify critical points for improvement. List the user needs 

that, when addressed, would accommodate the absence of the identified physical 

demand. Latency metric from User Testing stage can be used to discuss the 

latency of the needs.

• Test with users and discuss experiences. Check how similar or different are they 

from what you anticipated.

• List different extreme-user contexts of usage for the selected PSS.

• Use Activity Diagrams to find basic abilities needed to interact with the PSS 

under the listed extreme-user contexts.

• Build scenarios by applying extreme-user demands identified using Activity 

Diagrams.

• Test the usability of the PSS under selected scenarios.

• Discover a diverse set of extreme-user experience-based needs.

Contextual Need 
Analysis (CNA) 

Activity Journey 
Map

Recommend 
extreme-user 

contexts

Recommend 
extreme-user demands to 

build scenarios
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Figure 6-6 Design methods that a contribute to the derive stage of the framework 

 

 

 

 

DERIVE
To focus on impact evoking user interactions.
Framework Methods: Extreme-user Simulated Scenarios, Systems Function, 
How Might We Statements.
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• Derive system functions that correspond to the critical points (needs) for 

improvements identified using Activity Journey Map. 

• List them as function-flow pairs that represent the design transformations required 

to ease user interaction. For example, capture user attention, provide feedback.

• Extract sub-functions that contribute to the identified system function.

• Use the sub-functions to guide ideation.

• Combine HMW statements with the design functional requirements to frame 
extreme-user inspired HMW Statements.

"How might we {extreme-user experience inspired design functional 
requirement} to {what we want to achieve}?"

For example, below is an HMW statement generated based on the needs 
experienced by elderly users

How might we {improve password hygiene among users} to {reduce password 
compromise risks}?

• Use the HMW statements to guide Ideation. 
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Figure 6-7 Design methods that a contribute to the ideate stage of the framework 

 
 
 
 
 
 
 
 
 
 

IDEATE
To transform extreme-user inspired needs into exceptional design outcomes. 
Framework Methods: Extreme-user Simulated Scenarios, Systems Function, 
How Might We Statements, Morphological Matrix.
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• List the sub-functional requirements to address the selected extreme-user inspired 

design functional requirement shared in the HMW statement(s). 

• Add the sub-functional requirements to the morphological matrix. 

• Include the situational extreme-user inspired needs that will be satisfied by 

addressing the listed sub-functional requirements. 

• Develop concepts to address each sub-functional requirement. 

Systems 
Function

How Might We 
Statements

Morphological 
Matrix

Used as 
input for 
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Figure 6-8 Design Methods that contribute to the user testing stage of the framework 

 
 
 
 
 

USER TESTING
To verify the impact of resulting concepts. 
Framework Methods: Extreme-user Simulated Scenarios, Activity Journey Map.
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• Depict the user interactions with the new PSS design as actions and verbs using 

an Activity Diagram.

• Indicate anticipated user emotions during each interaction. For example, happy, 

frustrated, indifferent, sad.

• Determine the physical abilities (demand) needed to execute each interaction. 

• Discuss how the new design eliminates specific physical demands. 

• List the number of latent needs addressed by the new design. Use the Latency 

metric given below to discuss the latency of each addressed need. 

• Test with users and discuss experiences. Check how similar or different are they 

from what you anticipated.

Is the need Impactful?

Is it an Implicit need?

Is it Obvious?

Is it Inefficient?

Disagree/ 
Strongly Disagree

Agree/
Strongly Agree

Disagree/ 
Strongly Disagree

Disagree/ 
Strongly Disagree

Agree/
Strongly Agree

Agree/
Strongly Agree

Agree/
Strongly Agree

A Latent Design Need

Disagree/
Strongly Disagree Not a Latent Design 

Need

Latency Metric

Impactful: The need has the

potential to create a real

difference. This need will delight

the user.

Obvious: In all circumstances,

the majority of the users will

express this need. If 20 users are

interviewed, the majority will

share this need.

Inefficient: This will not have a positive effect on the user experience. It is not

going to improve the experience with the product, service, or system.

Implicit: This is not a standard requirement shared by the user. Not a

common requirement given to the designers.
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6.2 Proposed Framework and the DI Process Model 

We thus far summarise the design methods adopted to apply extreme-user experiences throughout the 

design process. Every method, its implementation approach, potential outcomes, and observations were 

derived based on our empirical study results. While this thesis focuses on a selected set of methods, we 

believe they can be utilised in conjunction with the DI process model. This framework brings substantial 

value to the overall DI process model by improving the process, method, and people elements in ways 

that follow. 

 

6.2.1 Process:  
As illustrated in Figure 6-9, each method in the Framework can work alongside or feed information to 

the DI process model. We also believe that the Activity Journey Map from the "Identify" stage of the 

framework could be applied to test the usability of the prototypes and iterate during the Deliver phase 

of the DI process.   

 

 
Figure 6-9 Interconnection between the Framework and the DI process model  

 
6.2.2 Method: 
The five adapted methods and the Extreme-user Simulated Scenarios provide a guided yet flexible 

approach to applying extreme-user experiences. With the DI process model emphasising the importance 

of extremes (Camburn et al., 2017; Lauff et al., 2021), a systematic application method would be highly 
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beneficial in revealing the instances of obtaining high impact by implementing extreme-user 

experiences. 

6.2.3 People:  
The Framework is built by systematically embedding extreme-user experiences throughout the 

framework, enabling designers to develop their ideas with creative new perspectives. People are at the 

heart of the DI Process, and it seeks to empathise with their needs throughout. The framework embedded 

with DI would enable the designers to empathise with unique user perspectives that could help uncover 

the latent design needs among a larger group of users.  

6.3 Framework: Conclusions and Future Directions 

Every method discussed in this chapter were selected to address specific challenges encountered while 

adopting extreme-user experiences. The proposed templates are derived from the research studies 

shared in Chapters 2-5. While various research domains adopt extreme-user experience simulations, 

there are no systematic approaches to guide their implementation. The framework aims to bridge this 

gap by presenting design methods that could be used to apply extreme-user experiences during different 

phases of the design process.  

To answer How do the overall findings of this research contribute to designing with the extreme-

user experiences? 

  

This framework is one of the initial attempts to systematically embed extreme-user experiences 

in mainstream design. Every method used in this framework challenges designers' acceptance of their 

design ideas and helps them foresee specific user experiences they might not consider otherwise. With 

users and their interactions with the PSSs forming the core of the framework, it can be adopted for any 

domain that involves direct user interactions with PSSs. This thesis demonstrated its application in two 

different domains and derived the design methods that lead to the impact observed in both domains. 

We proposed an Extreme-user Simulated Scenario method that reflects our observations from the 

foundational studies and the differences observed between direct and situational extreme-user 

experiences from the study shared in Chapter 3. Together they form the framework to adopt extreme-

user experiences.   

 

It was an exciting experience to apply the adapted design methods in different domains, and we 

see opportunities to expand it further into other domains. Especially with identifying and addressing 

latent user needs at different points of user interactions in systems design. Similarly, we see various 

areas where future works could bring significant value to the proposed framework. One of them is 

creating a repository for direct extreme-user experiences and their equivalent situational extreme-user 

experiences. Identifying latent needs was one of the expected outcomes of extreme-user experiences, 

but there was no formal way to validate the latency of a need. Hence, we developed a metric to evaluate 
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latency, tested it, and evolved it further based on our study requirements. This metric could be tested 

more robustly to validate its impact among designers. Validation could include identifying the best 

ways to represent the four factors (impact, obviousness, efficiency, and implicitness) considered for 

latency. It would be interesting to apply the complete framework through the design process to see if 

the transitions between stages are seamless and gain insights on resources that would support the same. 
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Chapter 7 
7 Insights, Conclusions, and Future Directions  

“It’s not ‘us versus them’ or even ‘us on behalf of them.’ For a design thinker it has to be  

‘us with them'” 

-Tim Brown 

7.1 Insights  

This thesis empirically tests and answers five research questions to understand and adopt extreme-user 

experiences as a design tool. We mainly employed simulation tools and scenarios since they provide 

designers with first-hand knowledge of the extreme-user experiences. The following are some of the 

insights derived from answering our five research questions.  

 

o Simulated extreme-user experiences enable designers to experience their designs from a 

perspective that is unlike their own. As a result, inspiring new design concepts that are more 

sensitive to the various user needs imposed by their PSS.  

o Systematic use of extreme-user experiences can greatly improve designers' capacity to discover 

latent user needs by highlighting the experiences that impact their PSS.   

o Situational extreme-user simulations, as opposed to direct extreme-user simulations, can lead to 

more inclusive design solutions by highlighting the overlap in demands between the extreme users 

and the general population users. 

o Using design methods as a tool to apply extreme-user experiences, one may extract different layers 

of information that systematically relate user needs to specific user interactions and finally develop 

design concepts that address user needs at various levels of granularity. 

7.2 Conclusions and Future Directions  

Immense resources contribute to design processes, methods, principles, and design frameworks. In 

some ways, it can seem like a jigsaw puzzle, with each piece contributing to the puzzle's overall 

cohesiveness and comprehension. This thesis started with a desire to unfold the potentials of extreme-

user experiences as part of the puzzle. With growing evidence that supports the role of extreme-user 

experiences in addressing the latent needs among general population users (Conradie et al., 2014; 

Raviselvam et al., 2016b), we built a tool that promotes their adoption in mainstream design while also 

addressing the concerns around simulated extreme-user experiences. The framework provided in 

Chapter 6 is the result of careful observation and insights gained from Chapters 2 to 5. The framework 

comprises four stages that address the gaps that currently hinder the holistic adoption of extreme-user 
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experiences into the design process. Although the framework can be an independent tool, we propose 

combining it with the DI process model (Lauff et al., 2021) to create a repository of methods that 

facilitate multiple aspects of user-centric design.  

 

 The thesis also introduces two novel metrics introduced to evaluate the latency of an identified need 

and the empathic accuracy of the concepts developed using extreme-user experiences. Despite their 

rudimentary nature, the metrics were vital for assessing the impact of extreme-user experiences. As a 

result, this thesis makes two contributions: a primary contribution in the form of a framework for 

designing with extreme-user experiences and a secondary contribution in the form of two metrics that 

have the potential to be more robust forms of evaluating the impact of extreme-user experiences. The 

limitations of this thesis open opportunities for future research. For example, we used a limited number 

of simulation tools and scenarios to test the impact of extreme-user experiences. It is to be noted that 

the design methods and the framework proposed explores a set of ways to systematically apply extreme-

user experiences in design, and this can be expanded further to accommodate various other design 

methods (Lauff et al., 2021). Expanding the simulation tools, design methods, and resources to adopt 

extreme-user experiences would add immense value and enhance the role of extreme-user experiences 

in design. Future extensions of this work could also investigate the unique adjustments necessary to 

apply this framework to various domains. For example, to accommodate them for medical device design 

where strong guidelines and regulatory requirements already bombard the designers.  

 

Another domain that can extensively leverage this framework is design education, where 

inexperienced designers could learn to appreciate diverse user needs and develop more inclusive design 

concepts. The overall outcomes of this thesis assure that the extreme-user experiences are impactful at 

providing insights for mainstream design concepts. Future research could also apply this framework to 

facilitate the exchange of information between the extreme-users and general population users. With 

this, we believe and sincerely hope that this framework can evolve into a tool that allows actual extreme-

users to be creative contributors in design innovation.  

 

 

 

 

 

 

 

 

 

 



 128 

8 Bibliography 

Acar, Y., Fahl, S., & Mazurek, M. L. (2016). You are Not Your Developer, Either: A Research Agenda 

for Usable Security and Privacy Research Beyond End Users. 2016 IEEE Cybersecurity 

Development (SecDev), 3–8. https://doi.org/10.1109/SecDev.2016.013 

Adam, Rouilly. (2021). AGE SIMULATION SET. Adam,Rouilly. https://www.adam-

rouilly.co.uk/products/clinical-skills-simulators/age-simulation/ak060-age-simulation-set-for-

height-155-170-cm 

Age. (2019). Https://Apastyle.Apa.Org. https://apastyle.apa.org/style-grammar-guidelines/bias-free-

language/age 

AgeLab, M. I. T. (2019). AGNES (Age Gain Now Empathy System) | MIT AgeLab. 

http://agelab.mit.edu/agnes-age-gain-now-empathy-system 

Alipour, L., Faizi, M., Moradi, A. M., & Akrami, G. (2018). A review of design fixation: Research 

directions and key factors. International Journal of Design Creativity and Innovation, 6(1–2), 

22–35. https://doi.org/10.1080/21650349.2017.1320232 

Almao, E., & Golpayegani, F. (2019). Are Mobile Apps Usable and Accessible for Senior Citizens in 

Smart Cities? (pp. 357–375). https://doi.org/10.1007/978-3-030-22012-9_26 

Amabile, T. M., Amabile, T. M., Collins, M. A., Conti, R., Phillips, E., Picariello, M., Ruscio, J., & 

Whitney, D. (2019). Creativity in Context: Update to The Social Psychology of Creativity. 

Routledge. https://doi.org/10.4324/9780429501234 

Anderson, D., Perez, K. B., Xuereb, Z., Otto, K., & Wood, K. (2018). Design Processes of Design 

Automation Practitioners. ASME 2018 International Design Engineering Technical 

Conferences and Computers and Information in Engineering Conference. 

https://doi.org/10.1115/DETC2018-85436 

Ando, S., Clement, S., Barley, E. A., & Thornicroft, G. (2011). The simulation of hallucinations to 

reduce the stigma of schizophrenia: A systematic review. Schizophrenia Research, 133(1–3), 

8–16. 

Bairaktarova, D., Bernstein, W. Z., Reid, T., & Ramani, K. (2016). Beyond Surface Knowledge: An 

Exploration of How Empathic Design Techniques Enhances Engineers Understanding of 

Users’ Needs. 12. 

Bas-Sarmiento, P., Fernández-Gutiérrez, M., Díaz-Rodríguez, M., Carnicer-Fuentes, C., Castro-Yuste, 

C., García-Cabanillas, M. J., Gavira-Fernández, C., Martelo-Baro, M. de los Á., Paloma-Castro, 

O., Paublete-Herrera, M. del C., Rodríguez-Cornejo, M. J., & Moreno-Corral, L. (2019). 

Teaching empathy to nursing students: A randomised controlled trial. Nurse Education Today, 

80, 40–51. https://doi.org/10.1016/j.nedt.2019.06.002 



 129 

Battarbee, K., Fulton Suri, J., & Gibbs Howard, S. (2014). Empathy on the edge: Scaling and sustaining 

a human-centered approach in the evolving practice of Design. IDEO. 

Bennett, C. L., & Rosner, D. K. (2019). The Promise of Empathy: Design, Disability, and Knowing the 

“Other.” Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems - 

CHI ’19, 1–13. https://doi.org/10.1145/3290605.3300528 

Bichard, J.-A., Coleman, R., & Langdon, P. (2007). Does My Stigma Look Big in This? Considering 

Acceptability and Desirability in the Inclusive Design of Technology Products. In C. 

Stephanidis (Ed.), Universal Acess in Human Computer Interaction. Coping with Diversity 

(Vol. 4554, pp. 622–631). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-540-

73279-2_69 

Brown, T. (2008). Design thinking. Harvard Business Review, 86(6), 84–92, 141. 

Bryant, C. R., Bohm, M., Stone, R. B., & McAdams, D. A. (2009). An Interactive Morphological Matrix 

Computational Design Tool: A Hybrid of Two Methods. 249–261. 

https://doi.org/10.1115/DETC2007-35583 

Burgstahler, S. (2009). Universal Design: Process, Principles, and Applications. DO-IT. 

Burgstahler, S. E., & Cory, R. C. (2010). Universal design in higher education: From principles to 

practice. Harvard Education Press. 

Cafazzo, J., & St-Cyr, O. (2012). From Discovery to Design: The Evolution of Human Factors in 

Healthcare. Healthcare Quarterly, 15 Spec No, 24–29. 

https://doi.org/10.12927/hcq.2012.22845 

Cambridge University Press. (2021). EXPERIENCE | Meaning in Cambridge English Dictionary. 

https://dictionary.cambridge.org/dictionary/english/experience 

Camburn, B. A., Auernhammer, J. M., Sng, K. H. E., Mignone, P. J., Arlitt, R. M., Perez, K. B., Huang, 

Z., Basnet, S., Blessing, L. T., & Wood, K. L. (2017). Design Innovation: A Study of Integrated 

Practice. V007T06A031-V007T06A031. https://doi.org/10.1115/DETC2017-68382 

Cardoso, C., & Clarkson, P. J. (2012). Simulation in user-centred design: Helping designers to 

empathise with atypical users. Journal of Engineering Design, 23(1), 1–22. 

https://doi.org/10.1080/09544821003742650 

Chang-Arana, Á. M., Piispanen, M., Himberg, T., Surma-aho, A., Alho, J., Sams, M., & Hölttä-Otto, 

K. (2020). Empathic accuracy in design: Exploring design outcomes through empathic 

performance and physiology. Design Science, 6, e16. https://doi.org/10.1017/dsj.2020.14 

Chasanidou, D., Gasparini, A. A., & Lee, E. (2015). Design Thinking Methods and Tools for 

Innovation. In A. Marcus (Ed.), Design, User Experience, and Usability: Design Discourse (pp. 

12–23). Springer International Publishing. https://doi.org/10.1007/978-3-319-20886-2_2 

Chen, W.-L., Shih, Y.-C., & Chi, C.-F. (2010). Hand and Finger Dexterity as a Function of Skin 

Temperature, EMG, and Ambient Condition. Human Factors, 52(3), 426–440. 

https://doi.org/10.1177/0018720810376514 



 130 

Chourasia, A., Nordstrom, D., & Vanderheiden, G. (2014). State of the science on the Cloud, 

accessibility, and the future. Universal Access in the Information Society, 13(4), 483–495. 

https://doi.org/10.1007/s10209-013-0345-9 

Clarkson, P. J., Coleman, R., Keates, S., & Lebbon, C. (2013). Inclusive Design: Design for the Whole 

Population. Springer Science & Business Media. 

Colwell, C. M. (2013). Simulating disabilities as a tool for altering individual perceptions of working 

with children with special needs. International Journal of Music Education, 31(1), 68–77. 

Connell, B., Jones, M., Mace, R., Mueller, J., Mullick, A., Ostroff, E., Sanford, J., Steinfeld, E., Story, 

M., & Vanderheiden, G. (2001). What is universal design. The Center for Universal Design. 

Conradie, P., Couvreur, L. D., Saldien, J., & Marez, L. D. (2014). Disabled persons as lead users in 

product innovation: A literature overview. 10. 

Conradie, P. D., Herregodts, A.-L., De Marez, L., & Saldien, J. (2016). Product Ideation by Persons 

with Disabilities: An Analysis of Lead User Characteristics. Proceedings of the 7th 

International Conference on Software Development and Technologies for Enhancing 

Accessibility and Fighting Info-Exclusion, 69–76. https://doi.org/10.1145/3019943.3019954 

Cooper, R. (2019). Design research – Its 50-year transformation. Design Studies, 65, 6–17. 

https://doi.org/10.1016/j.destud.2019.10.002 

Cropley, D. H. (2016). Creativity in engineering. In Multidisciplinary contributions to the science of 

creative thinking (pp. 155-173). Springer, Singapore. 

Cross, N. (1993). A History of Design Methodology. In M. J. Vries, N. Cross, & D. P. Grant (Eds.), 

Design Methodology and Relationships with Science (pp. 15–27). Springer Netherlands. 

https://doi.org/10.1007/978-94-015-8220-9_2 

Cross, N. (2021). Engineering design methods: strategies for product design. John Wiley & Sons. 

Cuff, B. M. P., Brown, S. J., Taylor, L., & Howat, D. J. (2016). Empathy: A Review of the Concept. 

Emotion Review, 8(2), 144–153. https://doi.org/10.1177/1754073914558466 

Dalton, J., & Kahute, T. (2016). Why Empathy and Customer Closeness is Crucial for Design Thinking. 

Design Management Review, 27(2), 20–27. https://doi.org/10.1111/drev.12004 

Daly, S. R., Yilmaz, S., Christian, J. L., Seifert, C. M., & Gonzalez, R. (2012). Design Heuristics in 

Engineering Concept Generation. Journal of Engineering Education, 101(4), 601–629. 

https://doi.org/10.1002/j.2168-9830.2012.tb01121.x 

Dam, R. F., & Siang, T. Y. (2021). Personas – A Simple Introduction. The Interaction Design 

Foundation.  

Dam, R., & Siang, T. (2018). What is Design Thinking and Why Is It So Popular?. Interaction Design 

Foundation. 

Dankl, K. (2013). Style, Strategy and Temporality: How to Write an Inclusive Design Brief? The 

Design Journal, 16(2), 159–174. https://doi.org/10.2752/175630613X13584367984866 



 131 

(DI) Learning Modules, D. I. (2021). Design Innovation Learning Modules—Modules. Dimodules. 

https://www.dimodules.com/dilearningmodules 

Dias, R. D., Ngo-Howard, M. C., Boskovski, M. T., Zenati, M. A., & Yule, S. J. (2018). Systematic 

review of measurement tools to assess surgeons’ intraoperative cognitive workload. The British 

Journal of Surgery, 105(5), 491–501. https://doi.org/10.1002/bjs.10795 

Dias, R. D., Zenati, M. A., Stevens, R., Gabany, J. M., & Yule, S. J. (2019). Physiological 

synchronization and entropy as measures of team cognitive load. Journal of Biomedical 

Informatics, 96, 103250. https://doi.org/10.1016/j.jbi.2019.103250 

Diehl, M., & Stroebe, W. (1987). Productivity loss in brainstorming groups: Toward the solution of a 

riddle. Journal of Personality and Social Psychology, 53(3), 497. 

Dym, C. L. (1994). Engineering Design: A Synthesis of Views. Cambridge University Press. 

Erdtman, E., Rassmus-Gröhn, K., & Hedvall, P.-O. (2021). Universal Design as Guiding, Striving and 

Unifying: A Qualitative Study about how Universal Design is Understood, Practised and 

Realised in Contemporary Sweden. Scandinavian Journal of Disability Research, 23(1), 158–

168. https://doi.org/10.16993/sjdr.770 

ETCH Empathy. (2019). Etch Empathy. https://www.etch.sg 

Fargnoli, M., Rovida, E., & Troisi, R. (2006). The morphological matrix: Tool for the development of 

innovative design solutions. In 4th International Conference on Axiomatic design, ICAD (pp. 

1-7). 

Felgen, L., Grieb, J., Lindemann, U., Pulm, U., Chakrabarti, A., & Vasantha, G. V. A. (2004). The 

impact of cultural aspects on the design process. Design 2004: Proceedings of the 8th 

International Design Conference, 1475–1480.  

Flower, A., Burns, M. K., & Bottsford-Miller, N. A. (2007). Meta-analysis of disability simulation 

research. Remedial and Special Education, 28(2), 72–79. 

Folks Kitchenware for the Blind. (2018). James Dyson Award. 

https://www.jamesdysonaward.org/2018/project/folks-kitchenware-for-the-blind/ 

French, S. (1992). Simulation exercises in disability awareness training: A critique. Disability, 

Handicap & Society, 7(3), 257–266. 

Frow, P., Nenonen, S., Payne, A., & Storbacka, K. (2015). Managing Co-creation Design: A Strategic 

Approach to Innovation. British Journal of Management, 26(3), 463–483. 

https://doi.org/10.1111/1467-8551.12087 

Fuglerud, K. S., Schulz, T., Janson, A. L., & Moen, A. (2020). Co-creating Persona Scenarios with 

Diverse Users Enriching Inclusive Design. In M. Antona & C. Stephanidis (Eds.), Universal 

Access in Human-Computer Interaction. Design Approaches and Supporting Technologies 

(Vol. 12188, pp. 48–59). Springer International Publishing. https://doi.org/10.1007/978-3-030-

49282-3_4 



 132 

Gasparini, A. (2015). Perspective and use of empathy in design thinking. In ACHI, the eight 

international conference on advances in computer-human interactions (pp. 49-54). 

Gautam, V., & Blessing, L. (2009). Cultural Influences on Design Processes—An Empirical Study. DS 

58-9: Proceedings of ICED 09, the 17th International Conference on Engineering Design, Vol. 

9, Human Behavior in Design, Palo Alto, CA, USA, 24.-27.08.2009, 115–122.  

Geisinger, K. F. (2016). 21st Century Skills: What Are They and How Do We Assess Them? Applied 

Measurement in Education, 29(4), 245–249. https://doi.org/10.1080/08957347.2016.1209207 

Genco, N., Johnson, D., Hölttä-Otto, K., & Seepersad, C. C. (2011). A Study of the Effectiveness of 

Empathic Experience Design as a Creativity Technique. Volume 9: 23rd International 

Conference on Design Theory and Methodology; 16th Design for Manufacturing and the Life 

Cycle Conference, 131–139. https://doi.org/10.1115/DETC2011-48256 

Genco, N., Johnson, D., Seepersad, C. C., & others. (2012). A study of the effectiveness of empathic 

experience design as a creativity technique. ASME 2011 International Design Engineering 

Technical Conferences and Computers and Information in Engineering Conference, 131–139. 

Gerdes, K. E., Segal, E. A., & Lietz, C. A. (2010). Conceptualising and Measuring Empathy. British 

Journal of Social Work, 40(7), 2326–2343. https://doi.org/10.1093/bjsw/bcq048 

Gericke, K., & Blessing, L. (2012). An analysis of design process models across disciplines. DS 70: 

Proceedings of DESIGN 2012, the 12th International Design Conference, Dubrovnik, Croatia. 

Gero, J. S., & Milovanovic, J. (2020). A framework for studying design thinking through measuring 

designers’ minds, bodies and brains. Design Science, 6, e19. 

https://doi.org/10.1017/dsj.2020.15 

Gherardini, F., Petruccioli, A., Dalpadulo, E., Bettelli, V., Mascia, M. T., & Leali, F. (2020). A 

Methodological Approach for the Design of Inclusive Assistive Devices by Integrating Co-

design and Additive Manufacturing Technologies. In T. Ahram, W. Karwowski, A. Vergnano, 

F. Leali, & R. Taiar (Eds.), Intelligent Human Systems Integration 2020 (pp. 816–822). 

Springer International Publishing. https://doi.org/10.1007/978-3-030-39512-4_124 

Giakoumis, D., Kaklanis, N., Votis, K., & Tzovaras, D. (2014). Enabling user interface developers to 

experience accessibility limitations through visual, hearing, physical and cognitive impairment 

simulation. Universal Access in the Information Society, 13(2), 227–248. 

https://doi.org/10.1007/s10209-013-0309-0 

Goodman Deane, J., Waller, S. D., & Clarkson, P. J. (2008). Simulating impairment. Proceedings of 

(Re) Actor3, the Third International Conference on Digital Live Art, 21–22. 

Goodman-Deane, J., Waller, S., Williams, E., Langdon, P., & Clarkson, P. (2011). Estimating 

exclusion: A tool to help designers. Loughborough University. Conference Contribution. 

https://hdl.handle.net/2134/8954 

Göransdotter, M. (2020). Transitional design histories (Doctoral dissertation, Umeå universitet). 



 133 

Gorski, P. L., Acar, Y., Lo Iacono, L., & Fahl, S. (2020). Listen to Developers! A Participatory Design 

Study on Security Warnings for Cryptographic APIs. In Proceedings of the 2020 CHI 

Conference on Human Factors in Computing Systems (pp. 1–13). Association for Computing 

Machinery. https://doi.org/10.1145/3313831.3376142 

Green, M. G. (2006). Enabling design in frontier contexts: A contextual needs assessment method with 

humanitarian applications. The University of Texas at Austin.  

Green, M. G., Jensen, D., Seepersad, C. C., & Wood, K. L. (2009). Design for frontier contexts: 

Classroom assessment of a new design methodology with humanitarian applications. 

International Journal of Engineering Education, 25(5), 1029. 

Green, M. G., Linsey, J. S., Seepersad, C. C., Wood, K. L., & Jensen, D. J. (2006). Frontier Design: A 

Product Usage Context Method. 2006, 99–113. https://doi.org/10.1115/DETC2006-99608 

Green, M. G., Palani Rajan, P. K., & Wood, K. L. (2004). Product Usage Context: Improving Customer 

Needs Gathering and Design Target Setting. Volume 3a: 16th International Conference on 

Design Theory and Methodology, 2004, 393–403. https://doi.org/10.1115/DETC2004-57498 

Green, M. G., Tan, J., Linsey, J. S., Seepersad, C. C., & Wood, K. L. (2005). Effects of Product Usage 

Context on Consumer Product Preferences. 2005, 171–185. 

https://doi.org/10.1115/DETC2005-85438 

Green, M. G., Tan, J., Linsey, J. S., Seepersad, C. C., & Wood, K. L. (2008). Effects of Product Usage 

Context on Consumer Product Preferences. 171–185. https://doi.org/10.1115/DETC2005-

85438 

Groza, H. L., Sebesi, S. B., & Mandru, D. S. (2017). Age Simulation Suits for Training, Research 

andDevelopment. In S. Vlad & N. M. Roman (Eds.), International Conference on 

Advancements of Medicine and Health Care through Technology; 12th—15th October 2016, 

Cluj-Napoca, Romania (pp. 77–80). Springer International Publishing. 

https://doi.org/10.1007/978-3-319-52875-5_17 

Han, M., Tan, X. Y., Lee, R., Lee, J. K., & Mahendran, R. (2021). Impact of Social Media on Health-

Related Outcomes Among Older Adults in Singapore: Qualitative Study. JMIR Aging, 4(1), 

e23826. https://doi.org/10.2196/23826 

Hannukainen, P., & Hölttä-Otto, K. (2006). Identifying customer needs: Disabled persons as lead users. 

In International Design Engineering Technical Conferences and Computers and Information in 

Engineering Conference (Vol. 42584, pp. 243-251). 

Hanumara, N. C., Begg, N. D., Walsh, C. J., Custer, D., Gupta, R., Osborn, L. R., & Slocum, A. H. 

(2013). Classroom to Clinic: Merging Education and Research to Efficiently Prototype Medical 

Devices. IEEE Journal of Translational Engineering in Health and Medicine, 1, 4700107–

4700107. https://doi.org/10.1109/JTEHM.2013.2271897 

Hersh, M. A. (2013). Deafblind people, stigma and the use of communication and mobility assistive 

devices. Technology and Disability, 25(4), 245–261. https://doi.org/10.3233/TAD-130394 



 134 

Heylighen, A., & Dong, A. (2019). To empathise or not to empathise? Empathy and its limits in design. 

Design Studies, 65, 107–124. https://doi.org/10.1016/j.destud.2019.10.007 

Hirtz, J. M., Stone, R. B., McAdams, D. A., Szykman, S., & Wood, K. L. (2001). Evolving a Functional 

Basis for Engineering Design. Volume 4: 13th International Conference on Design Theory and 

Methodology, 63–73. https://doi.org/10.1115/DETC2001/DTM-21688 

Hirtz, J., Stone, R. B., McAdams, D. A., Szykman, S., & Wood, K. L. (2002). A functional basis for 

engineering design: Reconciling and evolving previous efforts. Research in Engineering 

Design, 13(2), 65–82. https://doi.org/10.1007/s00163-001-0008-3 

Hojat, M., DeSantis, J., Shannon, S. C., Mortensen, L. H., Speicher, M. R., Bragan, L., LaNoue, M., & 

Calabrese, L. H. (2018). The Jefferson Scale of Empathy: A nationwide study of measurement 

properties, underlying components, latent variable structure, and national norms in medical 

students. Advances in Health Sciences Education, 23(5), 899–920. 

https://doi.org/10.1007/s10459-018-9839-9 

Holmes, K. (2018). 5 Ways Inclusion Fuels Innovation. Mismatch. 

https://mismatch.design/stories/2018/09/16/5-ways-inclusion-fuels-innovation/ 

Holmquist, L. E. (2004). User-driven innovation in the future applications lab. Extended Abstracts of 

the 2004 Conference on Human Factors and Computing Systems  - CHI ’04, 1091. 

https://doi.org/10.1145/985921.985995 

Hölttä-Otto, K., Otto, K., Song, C., Luo, J., Li, T., Seepersad, C. C., & Seering, W. (2018). The 

Characteristics of Innovative, Mechanical Products—10 Years Later. Journal of Mechanical 

Design, 140(8). https://doi.org/10.1115/1.4039851 

Hölttä-Otto, K., & Raviselvam, S. (2016). Guidelines for Finding Lead User Like Behavior for Latent 

Need Discovery. DS 85-2: Proceedings of NordDesign 2016, Volume 2, Trondheim, Norway, 

10th - 12th August 2016, 339–348.  

Hölttä-Otto, K., Saunders, M., & Seepersad, C. (2010). The Characteristics of Innovative, Medical 

Devices. Journal of Medical Devices-Transactions of The Asme, 4(2), 027519. 

https://doi.org/10.1115/1.3443171 

Hosking, I., Cornish, K., Bradley, M., & Clarkson, P. J. (2015). Empathic engineering: Helping deliver 

dignity through design. Journal of Medical Engineering & Technology, 39(7), 388–394. 

https://doi.org/10.3109/03091902.2015.1088090 

Howard, T. (2014). Journey mapping: A brief overview. Communication Design Quarterly, 2(3), 10–

13. https://doi.org/10.1145/2644448.2644451 

Hu, W.-L., & Reid, T. (2018). The Effects of Designers’ Contextual Experience on the Ideation Process 

and Design Outcomes. Journal of Mechanical Design, 140(10). 

https://doi.org/10.1115/1.4040625 



 135 

Hull, L., Arora, S., Kassab, E., Kneebone, R., & Sevdalis, N. (2011). Assessment of stress and 

teamwork in the operating room: An exploratory study. The American Journal of Surgery, 

201(1), 24–30. https://doi.org/10.1016/j.amjsurg.2010.07.039 

Ickes, W. (1993). Empathic accuracy. Journal of personality, 61(4), 587-610. 

IDEO. (2021). Design Kit. https://www.designkit.org/methods/how-might-we 

IJDCI, E. board of. (2013). Perspectives on design creativity and innovation research. International 

Journal of Design Creativity and Innovation, 1(1), 1–42. 

https://doi.org/10.1080/21650349.2013.754657 

Immel, S. R., Kiff, R. E., Armstrong, J. L., & Stone, R. B. (2014). A Physical Hand Tremor Simulator 

for Use With Inclusive Design Research. V011T14A025-V011T14A025. 

https://doi.org/10.1115/IMECE2014-38246 

Inglesis Barcellos, E. E., & Botura, G. (2018). Design Thinking: User-Centered Multidisciplinary 

Methodology Based on People and Innovation. In J. I. Kantola, T. Barath, & S. Nazir (Eds.), 

Advances in Human Factors, Business Management and Leadership (pp. 173–182). Springer 

International Publishing. https://doi.org/10.1007/978-3-319-60372-8_17 

Jensen, D., Weaver, J., Wood, K., Linsey, J., & Wood, J. (2009). Techniques To Enhance Concept 

Generation And Develop Creativity. 2009 Annual Conference & Exposition Proceedings, 

14.1167.1-14.1167.23. https://doi.org/10.18260/1-2--5808 

John Clarkson, P., & Coleman, R. (2015). History of Inclusive Design in the UK. Applied Ergonomics, 

46, 235–247. https://doi.org/10.1016/j.apergo.2013.03.002 

Johnson, D. G., Genco, N., Saunders, M. N., Williams, P., Seepersad, C. C., & Hölttä-Otto, K. (2014). 

An experimental investigation of the effectiveness of empathic experience design for 

innovative concept generation. Journal of Mechanical Design, 136(5), 051009. 

Jones, J. C. (1992). Design Methods. John Wiley & Sons. 

Jung, R. E., Wertz, C. J., Meadows, C. A., Ryman, S. G., Vakhtin, A. A., & Flores, R. A. (2015). 

Quantity yields quality when it comes to creativity: A brain and behavioral test of the equal-

odds rule. Frontiers in Psychology, 6. https://doi.org/10.3389/fpsyg.2015.00864 

Kamikubo, R., Higuchi, K., Yonetani, R., Koike, H., & Sato, Y. (2018). Exploring the Role of Tunnel 

Vision Simulation in the Design Cycle of Accessible Interfaces. Proceedings of the Internet of 

Accessible Things on - W4A ’18, 1–10. https://doi.org/10.1145/3192714.3192822 

Keates, S. (2013). Designing user interfaces for “ordinary users in extraordinary circumstances”: A 

keyboard-only web-based application for use in airports. Universal Access in the Information 

Society, 12(2), 205–216. https://doi.org/10.1007/s10209-012-0276-x 

Kennedy-Metz, L. R., Dias, R. D., Stevens, R. H., Yule, S. J., & Zenati, M. A. (2021). Analysis of 

Mirrored Psychophysiological Change of Cardiac Surgery Team Members During Open 

Surgery. Journal of Surgical Education, 78(2), 622–629. 

https://doi.org/10.1016/j.jsurg.2020.08.012 



 136 

Khandkar, S. H. (2009). Open Coding. University of Calgary, 23. 

Kiger, G. (1992). Disability Simulations: Logical, Methodological and Ethical Issues. Disability, 

Handicap & Society, 7(1), 71–78. https://doi.org/10.1080/02674649266780061 

Kohler, T., Fueller, J., Matzler, K., Stieger, D., & Füller, J. (2011). Co-Creation in Virtual Worlds: The 

Design of the User Experience. MIS Quarterly, 35(3), 773–788. 

https://doi.org/10.2307/23042808 

Kohn, L. T., Corrigan, J. M., & Donaldson, M. S. (2000). To Err is Human: Building a Safer Health 

System (Institute of Medicine (US) Committee on Quality of Health Care in America, Ed.). 

National Academies Press (US).  

Koronis, G., Casakin, H., & Silva, A. (2021). Crafting briefs to stimulate creativity in the design studio. 

Thinking Skills and Creativity, 40, 100810. https://doi.org/10.1016/j.tsc.2021.100810 

Kouprie, M., & Visser, F. S. (2009). A framework for empathy in design: Stepping into and out of the 

user’s life. Journal of Engineering Design, 20(5), 437–448. 

https://doi.org/10.1080/09544820902875033 

Kullman, K. (2016). Prototyping bodies: A post-phenomenology of wearable simulations. Design 

Studies, 47, 73–90. https://doi.org/10.1016/j.destud.2016.08.004 

Kurfman, M. A., Stone, R. B., Rajan, J. R., & Wood, K. L. (2001). Functional Modeling Experimental 

Studies. Volume 4: 13th International Conference on Design Theory and Methodology, 267–

279. https://doi.org/10.1115/DETC2001/DTM-21709 

Lai, S.-L., & Shu, L. H. (2014). Do-it-yourselfers as Lead users for Environmentally Conscious 

Behavior. Procedia CIRP, 15, 431–436. https://doi.org/10.1016/j.procir.2014.06.078 

Langdon, P., Persad, U., & John Clarkson, P. (2010). Developing a model of cognitive interaction for 

analytical inclusive design evaluation. Interacting with Computers, 22(6), 510–529. 

https://doi.org/10.1016/j.intcom.2010.08.008 

Latour, B. (2004). How to talk about the body? The normative dimension of science studies. Body & 

society, 10(2-3), 205-229. 

Lauff, C., Menold, J., & Wood, K. L. (2019). Prototyping Canvas: Design Tool for Planning Purposeful 

Prototypes. Proceedings of the Design Society: International Conference on Engineering 

Design, 1(1), 1563–1572. https://doi.org/10.1017/dsi.2019.162 

Lauff, C., Wee, Y. H., Teo, K., Png, S., Amanda, S., Collopy, A., Vargas, B., & Wood, L. K. (2021). 

Design Innovation Methodology Handbook – Embedding Design in Organizations (SSRN 

Scholarly Paper ID 3860569). Social Science Research Network. 

https://doi.org/10.2139/ssrn.3860569 

Lennartsson, M., Kävrestad, J., & Nohlberg, M. (2020). Exploring the Meaning of “Usable Security.” 

In N. Clarke & S. Furnell (Eds.), Human Aspects of Information Security and Assurance (pp. 

247–258). Springer International Publishing. https://doi.org/10.1007/978-3-030-57404-8_19 



 137 

Lerner, A., Kenknight, B., Rosenthal, A., & Yock, P. (2006). Design in BME: Challenges, Issues, and 

Opportunities. Annals of Biomedical Engineering, 34, 200–208. 

https://doi.org/10.1007/s10439-005-9032-1 

Lewrick, M., Link, P., & Leifer, L. (2020). The design thinking toolbox: A guide to mastering the most 

popular and valuable innovation methods. John Wiley & Sons. 

Lewrick, M., Link, P., & Leifer, L. (2018). The Design Thinking Playbook: Mindful Digital 

Transformation of Teams, Products, Services, Businesses and Ecosystems. John Wiley & Sons. 

Liikkanen, L. (2009). Extreme-user approach and the design of energy feedback systems. In 

International Conference on Energy Efficiency in Domestic Appliances and Lighting (pp. 16-

18). 

Lin, J., & Seepersad, C. C. (2007). Empathic lead users: The effects of extraordinary user experiences 

on customer needs analysis and product redesign. Proceedings of the ASME 2007 International 

Design Engineering Technical Conferences and Computers and Information in Engineering 

Conference, 289–296. 

Linsenmeier, R. A., & Saterbak, A. (2020). Fifty Years of Biomedical Engineering Undergraduate 

Education. Annals of Biomedical Engineering, 48(6), 1590–1615. 

https://doi.org/10.1007/s10439-020-02494-0 

Linsey, J. S., Tseng, I., Fu, K., Cagan, J., Wood, K. L., & Schunn, C. (2010). A Study of Design 

Fixation, Its Mitigation and Perception in Engineering Design Faculty. Journal of Mechanical 

Design, 132(4), 041003. https://doi.org/10.1115/1.4001110 

Liu, X. Z., Qi, G. N., Fu, J. Z., Fan, B. B., & Xu, J. (2012). A design process model of integrated 

morphological matrix and conflict resolving principles. Journal of Zhejiang University 

(Engineering Science), 46(12), 2243-2251.  

McAdams, D. A., & Kostovich, V. (2011). A framework and representation for universal product 

design. International Journal of Design, 5(1). 

McGinley, C., & Dong, H. (2011). Designing with Information and Empathy: Delivering Human 

Information to Designers. The Design Journal, 14(2), 187–206. 

https://doi.org/10.2752/175630611X12984592780005 

Meadow, A., & Parnes, S. J. (1959). Evaluation of training in creative problem solving. Journal of 

Applied Psychology, 43(3), 189–194. https://doi.org/10.1037/h0046040 

Microsoft Design. (2018). https://www.microsoft.com/design/inclusive/ 

Mieczakowski, A., Langdon, P., & Clarkson, P. J. (2009). Modelling Product-User Interaction for 

Inclusive Design. In C. Stephanidis (Ed.), Universal Access in Human-Computer Interaction. 

Addressing Diversity (pp. 559–567). Springer. https://doi.org/10.1007/978-3-642-02707-9_63 

Mikus, J., Høisæther, V., Martens, C., Spina, U., & Rieger, J. (2020). Employing the Inclusive Design 

Process to Design for All. In International Conference on Applied Human Factors and 

Ergonomics (pp. 69-76). Springer, Cham. 



 138 

Mistry, N. (2020). These tableware designs use a silicone flap to improve the visually impaired’s eating 

experience | Yanko Design. https://www.yankodesign.com/2020/07/08/these-tableware-

designs-use-a-silicone-flap-to-improve-the-visually-impaireds-eating-experience/ 

Moreno, D. P., Hernández, A. A., Yang, M. C., Otto, K. N., Hölttä-Otto, K., Linsey, J. S., Wood, K. L., 

& Linden, A. (2014). Fundamental studies in Design-by-Analogy: A focus on domain-

knowledge experts and applications to transactional design problems. Design Studies, 35(3), 

232–272. https://doi.org/10.1016/j.destud.2013.11.002 

Mousavi, S. Y., Low, R., & Sweller, J. (1995). Reducing cognitive load by mixing auditory and visual 

presentation modes. Journal of Educational Psychology, 87(2), 319–334. 

https://doi.org/10.1037/0022-0663.87.2.319 

Nagel, R. L., Midha, P. A., Tinsley, A., Stone, R. B., McAdams, D. A., & Shu, L. H. (2008). Exploring 

the Use of Functional Models in Biomimetic Conceptual Design. Journal of Mechanical 

Design, 130(12). https://doi.org/10.1115/1.2992062 

Nario-Redmond, M. R., Gospodinov, D., & Cobb, A. (2017). Crip for a day: The unintended negative 

consequences of disability simulations. Rehabilitation Psychology, 62(3), 324–333. 

https://doi.org/10.1037/rep0000127 

National Disability Authority. (2020). What is Universal Design | Centre for Excellence in Universal 

Design. http://universaldesign.ie/What-is-Universal-Design/ 

Nicolle, C., & Maguire, M. (2003). Empathic Modelling in Teaching Design for All. Loughborough 

University, 5. https://hdl.handle.net/2134/722 

Ning, W., Goodman-Deane, J., & Clarkson, P. J. (2019). Addressing Cognitive Challenges in Design – 

A Review on Existing Approaches. Proceedings of the Design Society: International 

Conference on Engineering Design, 1, 2775–2784. https://doi.org/10.1017/dsi.2019.284 

Nurgalieva, L., Jara Laconich, J. J., Baez, M., Casati, F., & Marchese, M. (2019). A Systematic 

Literature Review of Research-Derived Touchscreen Design Guidelines for Older Adults. IEEE 

Access, 7, 22035–22058. https://doi.org/10.1109/ACCESS.2019.2898467 

Odell Keller. (2019). The “HOW MIGHT WE” Method | Design Thinking Acitivity. Odell Keller. 

https://www.odellkeller.com/the-how-might-we-method/ 

Oman, S. K., Tumer, I. Y., Wood, K., & Seepersad, C. (2013). A comparison of creativity and 

innovation metrics and sample validation through in-class design projects. Research in 

Engineering Design, 24(1), 65–92. 

Onehandplate. (2020). https://www.kickstarter.com/projects/onehandplate/onehandplate-eat-

independently-despite-limited-mobility 

O’Rourke, P. (2015). A Participatory Design Framework For Customisable Assistive Technology. 

https://doi.org/10.21427/D7WC83 



 139 

Otto, K. N., & Wood, K. L. (1998). Product Evolution: A Reverse Engineering and Redesign 

Methodology. Research in Engineering Design, 10(4), 226–243. 

https://doi.org/10.1007/s001639870003 

Otto, K., & Wood, K. (2001). Product Design: Techniques in Reverse Engineering, Systematic Design, 

and New Product Development. 2001. New York: Prentice-Hall. 

Pahl, G., & Beitz, W. (1988). Engineering design: A systematic approach. NASA STI/Recon Technical 

Report A, 89, 47350. https://ui.adsabs.harvard.edu/abs/1988STIA...8947350P 

Pakianathan, P. (2020). Towards Inclusive Design for Privacy and Security: Perspectives from an Aging 

Society. https://www.usenix.org/conference/soups2020/presentation/pakianathan 

Pardo, A. F. S. (2018). Inclusive Design as a Source of Innovation: A Case Study & Prototype on Soccer 

Spectatorship. 92. 

Parker, S. H. (2015). Human Factors Science: Brief History and Applications to Healthcare. Current 

Problems in Pediatric and Adolescent Health Care, 45(12), 390–394. 

https://doi.org/10.1016/j.cppeds.2015.10.002 

Parnes, S. J., & Meadow, A. (1959). Effects of “brainstorming” instructions on creative problem solving 

by trained and untrained subjects. Journal of Educational Psychology, 50(4), 171–176. 

https://doi.org/10.1037/h0047223 

Perez, K. B., Lauff, C. A., Camburn, B. A., & Wood, K. L. (2019). Design Innovation With Additive 

Manufacturing: A Methodology. ASME 2019 International Design Engineering Technical 

Conferences and Computers and Information in Engineering Conference. 

https://doi.org/10.1115/DETC2019-97400 

Persad, U., Langdon, P., & Clarkson, J. (2007). Characterising user capabilities to support inclusive 

design evaluation. Universal Access in the Information Society, 6(2), 119–135. 

https://doi.org/10.1007/s10209-007-0083-y 

Persad, U., Langdon, P. M., & Clarkson, P. J. (2006). Inclusive Design Evaluation and the Capability-

demand Relationship. In J. Clarkson, P. Langdon, & P. Robinson (Eds.), Designing Accessible 

Technology (pp. 177–188). Springer-Verlag. https://doi.org/10.1007/1-84628-365-5_18 

Persson, H., Åhman, H., Yngling, A. A., & Gulliksen, J. (2015). Universal design, inclusive design, 

accessible design, design for all: Different concepts—one goal? On the concept of 

accessibility—historical, methodological and philosophical aspects. Universal Access in the 

Information Society, 14(4), 505–526. https://doi.org/10.1007/s10209-014-0358-z 

Petrovčič, A., Rogelj, A., & Dolničar, V. (2018). Smart but not adapted enough: Heuristic evaluation 

of smartphone launchers with an adapted interface and assistive technologies for older adults. 

Computers in Human Behavior, 79, 123–136. https://doi.org/10.1016/j.chb.2017.10.021 

Petrovčič, A., Taipale, S., Rogelj, A., & Dolničar, V. (2018). Design of Mobile Phones for Older Adults: 

An Empirical Analysis of Design Guidelines and Checklists for Feature Phones and 



 140 

Smartphones. International Journal of Human–Computer Interaction, 34(3), 251–264. 

https://doi.org/10.1080/10447318.2017.1345142 

Pivik, J., McComas, J., MaCfarlane, I., & Laflamme, M. (2002). Using virtual reality to teach disability 

awareness. Journal of Educational Computing Research, 26(2), 203–218. 

Plucker, J. A., Beghetto, R. A., & Dow, G. T. (2004). Why Isn’t Creativity More Important to 

Educational Psychologists? Potentials, Pitfalls, and Future Directions in Creativity Research. 

Educational Psychologist, 39(2), 83–96. https://doi.org/10.1207/s15326985ep3902_1 

Preiser, W. F. E., & Ostroff, E. (2001). Universal Design Handbook. McGraw Hill Professional. 

Puccio, G., & Grivas, C. (2009). Examining the Relationship between Personality Traits and Creativity 

Styles. Creativity and Innovation Management, 18(4), 247–255. https://doi.org/10.1111/j.1467-

8691.2009.00535.x 

Pugh, S. (1991). Total Design: Integrated Methods for Successful Product Engineering. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/qre.4680070210 

Ranger, B. J., & Mantzavinou, A. (2018). Design thinking in development engineering education: A 

case study on creating prosthetic and assistive technologies for the developing world. 

Development Engineering, 3, 166–174. https://doi.org/10.1016/j.deveng.2018.06.001 

Raviselvam, S., Anderson, D., Hölttä-Otto, K., & Wood, K. L. (2018). Systematic Framework to Apply 

Extraordinary User Perspective to Capture Latent Needs Among Ordinary Users. Proceedings 

of the ASME 2018 International Design Engineering Technical Conferences and Computers 

and Information in Engineering Conference., Volume 7: 30th International Conference on 

Design Theory and Methodology. Quebec City, Quebec, Canada. 

https://doi.org/10.1115/DETC2018-86263 

Raviselvam, S., Hölttä-Otto, K., & Wood, K. L. (2016a). User extreme conditions to enhance designer 

empathy and creativity: Applications using visual impairment. ASME 2016 International 

Design Engineering Technical Conferences and Computers and Information in Engineering 

Conference, V007T06A005-V007T06A005. https://doi.org/10.1115/DETC2016-59602 

Raviselvam, S., Noonan, M., & Hölttä-Otto, K. (2014). Using Elderly as Lead Users for Universal 

Engineering Design. In Universal Design 2014: Three Days of Creativity and Diversity (pp. 

366-375). IOS Press. 

Raviselvam, S., Sanaei, R., Blessing, L., Hölttä-Otto, K., & Wood, K. L. (2017). Demographic Factors 

and Their Influence on Designer Creativity and Empathy Evoked Through User Extreme 

Conditions. Proceedings of the ASME 2017 International Design Engineering Technical 

Conferences and Computers and Information in Engineering Conference. 

https://doi.org/10.1115/DETC2017-68380 

Raviselvam, S., Subburaj, K., Wood, K. L., & Hölttä-Otto, K. (2019). An Extreme User Approach to 

Identify Latent Needs: Adaptation and Application in Medical Device Design. Volume 7: 31st 



 141 

International Conference on Design Theory and Methodology, V007T06A011. 

https://doi.org/10.1115/DETC2019-98266 

Raviselvam, S., Wood, K. L., Hölttä-Otto, K., Tam, V., & Nagarajan, K. (2016b). A Lead User 

Approach to Universal Design—Involving Older Adults in the Design Process. Studies in 

Health Technology and Informatics, 229: Universal Design 2016: Learning from the Past, 

Designing for the Future, 131–140. https://doi.org/10.3233/978-1-61499-684-2-131 

Rivera, A. J., & Karsh, B.-T. (2010). Interruptions and Distractions in Healthcare: Review and 

Reappraisal. Quality & Safety in Health Care, 19(4), 304–312. 

https://doi.org/10.1136/qshc.2009.033282 

Rosenman, M. A., & Gero, J. S. (1998). Purpose and function in design: From the socio-cultural to the 

techno-physical. Design Studies, 19(2), 161–186. https://doi.org/10.1016/S0142-

694X(97)00033-1 

Saidi, T., Mutswangwa, C. T., & Douglas, T. S. (2019). Design Thinking as a Complement to Human 

Factors Engineering for Enhancing Medical Device Usability. Engineering Studies, 11(1), 34–

50. https://doi.org/10.1080/19378629.2019.1567521 

Sakamoto Model Corporation. (2021). Aged Simulation Suit. https://www.sakamoto-

model.com/product/simulation/m176/ 

Salazar, K. (2016). How Channels, Devices, and Touchpoints Impact the Customer Journey. Nielsen 

Norman Group. https://www.nngroup.com/articles/channels-devices-touchpoints/ 

Sanders, E. B.-N., & Stappers, P. J. (2008). Co-creation and the new landscapes of design. CoDesign, 

4(1), 5–18. https://doi.org/10.1080/15710880701875068 

Sangelkar, S., & McAdams, D. A. (2013). Mining Functional Model Graphs to Find Product Design 

Heuristics With Inclusive Design Illustration. Journal of Computing and Information Science 

in Engineering, 13(4), 041008. https://doi.org/10.1115/1.4025469 

Sarkar, P., & Chakrabarti, A. (2011). Assessing design creativity. Design Studies, 32(4), 348–383. 

https://doi.org/10.1016/j.destud.2011.01.002 

Sarsenbayeva, Z., van Berkel, N., Luo, C., Kostakos, V., & Goncalves, J. (2017, November 28). 

Challenges of Situational Impairments during Interaction with Mobile Devices. 

https://doi.org/10.1145/3152771.3156161 

Saunders, M. N., Seepersad, C. C., & Hölttä-Otto, K. (2011). The Characteristics of Innovative, 

Mechanical Products. Journal of Mechanical Design, 133(2). 

https://doi.org/10.1115/1.4003409 

Senarath, A., & Arachchilage, N. A. G. (2018). Why developers cannot embed privacy into software 

systems?: An empirical investigation. Proceedings of the 22nd International Conference on 

Evaluation and Assessment in Software Engineering 2018, 211–216. 

https://doi.org/10.1145/3210459.3210484 



 142 

Senarath, A., Grobler, M., & Arachchilage, N. A. G. (2019). Will They Use It or Not? Investigating 

Software Developers&#x2019; Intention to Follow Privacy Engineering Methodologies. ACM 

Transactions on Privacy and Security, 22(4), 23:1-23:30. https://doi.org/10.1145/3364224 

Seow, O., Tiong, E., Teo, K., Silva, A., Wood, K. L., Jensen, D. D., & Yang, M. C. (2018). Design 

Signatures: Mapping Design Innovation Processes. ASME 2018 International Design 

Engineering Technical Conferences and Computers and Information in Engineering 

Conference. https://doi.org/10.1115/DETC2018-85758 

Sepp, S., Howard, S. J., Tindall-Ford, S., Agostinho, S., & Paas, F. (2019). Cognitive Load Theory and 

Human Movement: Towards an Integrated Model of Working Memory. Educational 

Psychology Review, 31(2), 293–317. http://dx.doi.org/10.1007/s10648-019-09461-9 

Shah, J. J., Vargas-Hernandez, N., & Smith, S. M. (2003). Metrics for measuring ideation effectiveness. 

Design Studies, 24(2), 111–134. https://doi.org/10.1016/S0142-694X(02)00034-0 

Sharples, S., Martin, J., Lang, A., Craven, M., O’Neill, S., & Barnett, J. (2012). Medical device design 

in context: A model of user–device interaction and consequences. Displays, 33(4), 221–232. 

https://doi.org/10.1016/j.displa.2011.12.001 

She, J., Seepersad, C. C., Holtta-Otto, K., & MacDonald, E. F. (2018). Priming Designers Leads to 

Prime Designs. In H. Plattner, C. Meinel, & L. Leifer (Eds.), Design Thinking Research: 

Making Distinctions: Collaboration versus Cooperation (pp. 251–273). Springer International 

Publishing. https://doi.org/10.1007/978-3-319-60967-6_13 

Sheth, S. (2020). A bottle opener for champions | Yanko Design. 

https://www.yankodesign.com/2017/04/04/a-bottle-opener-for-champions/ 

Shouhed, D., Gewertz, B., Wiegmann, D., & Catchpole, K. (2012). Integrating Human Factors Research 

and Surgery: A Review. Archives of Surgery, 147(12), 1141–1146. 

https://doi.org/10.1001/jamasurg.2013.596 

Venkatesh, A. M. (2021). MEASURING DESIGN IMPACT ACROSS DISCIPLINES, INDUSTRIES 

AND SCALE (Masters Dissertation). 

Singapore Association of the Visually Handicapped. (2019). https://savh.org.sg/ 

Singapore Department of Statistics. (2020). Recommendations on Definition and Classification of Age. 

National Statistical Standards. 

Singapore Digital Marketing Statistics 2020. (2021). https://digitalinfluencelab.com/singapore-digital-

marketing-statistics-2020/ 

Singapore Police Force. (2021). Singapore Police Force. http://www.police.gov.sg/Media-

Room/News/20200504_OTHERS_Police_Update_On_Scams_Situation_January_To_March

_2020 

Singh, R., & Tandon, P. (2018). Framework for improving universal design practice. International 

Journal of Product Development, 22(5), 377–407. https://doi.org/10.1504/IJPD.2018.093433 



 143 

So, C., & Joo, J. (2017). Does a Persona Improve Creativity? The Design Journal, 20(4), 459–475. 

https://doi.org/10.1080/14606925.2017.1319672 

Srinivasan, S., Lee, H. Y., Li, Z. F., & Camburn, B. A. (2020, August). The Impact of Prototyping on 

Crowdfunding Success. International Design Engineering Technical Conferences and 

Computers and Information in Engineering Conference (draft accepted). 

Srinivasan, V., Chakrabarti, A., & Lindemann, U. (2012). A Framework for Describing Functions in 

Design. DS 70: Proceedings of DESIGN 2012, the 12th International Design Conference, 

Dubrovnik, Croatia, 1111–1122. 

https://www.designsociety.org/publication/32079/A+FRAMEWORK+FOR+DESCRIBING+

FUNCTIONS+IN+DESIGN 

Starkey, E. M., Gosnell, C. A., & Miller, S. R. (2015). Implementing Creativity Evaluation Tools Into 

the Concept Selection Process in Engineering Education. Volume 3: 17th International 

Conference on Advanced Vehicle Technologies; 12th International Conference on Design 

Education; 8th Frontiers in Biomedical Devices, V003T04A016. 

https://doi.org/10.1115/DETC2015-47396 

Stone, R. B., & Chakrabarti, A. (2005). Special Issue: Engineering applications of representations of 

function, Part 1. AI EDAM, 19(2), 63–63. https://doi.org/10.1017/S0890060405050067 

Stone, R. B., & Wood, K. L. (2000). Development of a Functional Basis for Design. Journal of 

Mechanical Design, 122(4), 359. 

https://www.academia.edu/3435805/Development_of_a_functional_basis_for_design 

Surma-Aho, A., Björklund, T., & Hölttä-Otto, K. (2018). An analysis of designer empathy in the early 

phases of design projects. DS 91: Proceedings of NordDesign 2018, Linköping, Sweden, 14th-

17th August 2018. 

Surma-aho, A., Hölttä-Otto, K., Nelskylä, K., & Lindfors, N. C. (2021). Usability issues in the operating 

room – Towards contextual design guidelines for medical device design. Applied Ergonomics, 

90, 103221. https://doi.org/10.1016/j.apergo.2020.103221 

Suzianti, A., Mubarak, A., Edrisy, F., Sausan, A. R., Lalita, C. N., & Usman, X. (2019). Inclusive 

Design of Teaching Aids for Social Science Learning Process for Elementary and Middle 

School Students based on Creative Mini PC Raspberry Technology. IOP Conference Series: 

Materials Science and Engineering, 692, 012046. https://doi.org/10.1088/1757-

899X/692/1/012046 

Tamsin, M., & Bach, C. (2014). The Design of Medical Devices. International Journal of Innovation 

and Scientific Research, 1(2), 127–134. 

Tan, C. (2016). Understanding creativity in East Asia: Insights from Confucius’ concept of junzi. 

International Journal of Design Creativity and Innovation, 4(1), 51–61. 

https://doi.org/10.1080/21650349.2015.1026943 



 144 

Tate, D., & Nordlund, M. (1996). A design process roadmap as a general tool for structuring and 

supporting design activities (CONF-961239-). Article CONF-961239-. 

https://www.osti.gov/biblio/501727 

Taura, T., & Nagai, Y. (2017). Creativity in Innovation Design: The roles of intuition, synthesis, and 

hypothesis. International Journal of Design Creativity and Innovation, 5(3–4), 131–148. 

https://doi.org/10.1080/21650349.2017.1313132 

The Engineer. (2016). Ford’s Age Suit. Wonderful Engineering. 

https://wonderfulengineering.com/fords-age-suit-lets-you-experience-life-as-a-104-year-old-

man/ 

Thomas, J. (2013). Empathic design: Research strategies. Australasian Medical Journal, 6(1), 1–6. 

https://doi.org/10.4066/AMJ.2013.1575 

Tigwell, G. W., Menzies, R., & Flatla, D. R. (2018). Designing for Situational Visual Impairments: 

Supporting Early-Career Designers of Mobile Content. Proceedings of the 2018 Designing 

Interactive Systems Conference, 387–399. https://doi.org/10.1145/3196709.3196760 

Tiong, E., Seow, O., Camburn, B., Teo, K., Silva, A., Wood, K. L., Jensen, D. D., & Yang, M. C. 

(2019). The Economies and Dimensionality of Design Prototyping: Value, Time, Cost, and 

Fidelity. Journal of Mechanical Design, 141(3). https://doi.org/10.1115/1.4042337 

Tomko, M., Nelson, J., Nagel, R. L., Bohm, M., & Linsey, J. (2017). A bridge to systems thinking in 

engineering design: An examination of students’ ability to identify functions at varying levels 

of abstraction. Artificial Intelligence for Engineering Design, Analysis and Manufacturing, 

31(4), 535–549. https://doi.org/10.1017/S0890060417000439 

Treadaway, D. C. (2007). Using Empathy to Research Creativity: Collaborative investigations into 

distributed digital textile art and design practice. Proceedings of the 6th ACM SIGCHI 

Conference on Creativity & Cognition, 10. 

Tushar, W., Lan, L., Withanage, C., Sng, H. E. K., Yuen, C., Wood, K. L., & Saha, T. K. (2020). 

Exploiting design thinking to improve energy efficiency of buildings. Energy, 197, 117141. 

https://doi.org/10.1016/j.energy.2020.117141 

Ulrich, K., Eppinger, S., & Yang, M. C. (2019). Product Design and Development (7th edition). 

McGraw-Hill Education. 

University of Cambridge. (2017a). Reach and Dexterity. 

http://www.inclusivedesigntoolkit.com/UCdex/dex.html 

University of Cambridge. (2017b). What is inclusive design? 

http://www.inclusivedesigntoolkit.com/whatis/whatis.html 

Urban, G. L., & von Hippel, E. (1988). Lead User Analyses for the Development of New Industrial 

Products. Management Science, 34(5), 569–582. https://doi.org/10.1287/mnsc.34.5.569 



 145 

Välk, S., & Mougenot, C. (2019). Towards Creativity Stimulating Design Intervention for 

Multidisciplinary Innovation Teams. Proceedings of the Design Society: International 

Conference on Engineering Design, 1(1), 239–248. https://doi.org/10.1017/dsi.2019.27 

Vanderheiden, G. (2000). Fundamental principles and priority setting for universal usability. 

Proceedings on the 2000 Conference on Universal Usability, 32–37. 

https://doi.org/10.1145/355460.355469 

Vanderheiden, G., Lazar, J., Jordan, J. B., Ding, Y., & Wood, R. E. (2020). Morphic: Auto-

Personalization on a Global Scale. In Proceedings of the 2020 CHI Conference on Human 

Factors in Computing Systems (pp. 1–12). Association for Computing Machinery. 

https://doi.org/10.1145/3313831.3376204 

Vaughan, M. R., Seepersad, C. C., & Crawford, R. H. (2015). Creation of Empathic Lead Users From 

Non-Users via Simulated Lead User Experiences. ASME 2014 International Design 

Engineering Technical Conferences and Computers and Information in Engineering 

Conference. https://doi.org/10.1115/DETC2014-35052 

Von Hippel, E. (1986). Lead Users: A Source of Novel Product Concepts. Management Science, 32(7), 

791–805. https://doi.org/10.1287/mnsc.32.7.791 

Walker, A. S., & Sangelkar, S. (2017). Design Exploration of Affordable Refreshable Braille Display 

Technology for Low-Income Visually Impaired Users. Volume 2B: 43rd Design Automation 

Conference, V02BT03A012. https://doi.org/10.1115/DETC2017-67247 

Wall, J., Hellman, E., Denend, L., Rait, D., Venook, R., Lucian, L., Azagury, D., Yock, P. G., & 

Brinton, T. J. (2017). The Impact of Postgraduate Health Technology Innovation Training: 

Outcomes of the Stanford Biodesign Fellowship. Annals of Biomedical Engineering, 45(5), 

1163–1171. https://doi.org/10.1007/s10439-016-1777-1 

Waller, S., Bradley, M., Hosking, I., & Clarkson, P. J. (2015). Making the case for inclusive design. 

Applied Ergonomics, 46, 297–303. https://doi.org/10.1016/j.apergo.2013.03.012 

Ward, J., & Clarkson, P. (2004). An analysis of medical device-related errors: Prevalence and possible 

solutions. Journal of Medical Engineering and Technology, 28(1): 2-21. Journal of Medical 

Engineering & Technology, 28:1, 2–21. https://doi.org/10.1080/0309190031000123747 

Wass, S., & Vimarlund, V. (2016). Healthcare in the age of open innovation – A literature review. 

Health Information Management Journal, 45(3), 121–133. 

https://doi.org/10.1177/1833358316639458 

White, C., Wood, K., & Jensen, D. (2012). From brainstorming to C-sketch to principles of historical 

innovators: Ideation techniques to enhance student creativity. Journal of STEM Education: 

Innovations and Research, 13(5), 12. 

Williams, C. B., Mistree, F., & Rosen, D. W. (2011). A Functional Classification Framework for the 

Conceptual Design of Additive Manufacturing Technologies. Journal of Mechanical Design, 

133(12). https://doi.org/10.1115/1.4005231 



 146 

Wobbrock, J. O. (2019). Situationally-Induced Impairments and Disabilities. In Y. Yesilada & S. 

Harper (Eds.), Web Accessibility: A Foundation for Research (pp. 59–92). Springer. 

https://doi.org/10.1007/978-1-4471-7440-0_5 

World Economic Forum. (2020). The future of jobs report 2020. Geneva: World Economic Forum. 

https://www.weforum.org/reports/the-future-of-jobs-report-2020. 

Yeo, K. P., Nanayakkara, S., & Ransiri, S. (2013). StickEar: Making everyday objects respond to sound. 

Proceedings of the 26th Annual ACM Symposium on User Interface Software and Technology, 

221–226. https://doi.org/10.1145/2501988.2502019 

Zeagler, C., Gandy, M., & Baker, P. M. A. (2018). The Assistive Wearable: Inclusive by Design. 12, 

26. 

Zenati, M. A., Kennedy-Metz, L., & Dias, R. D. (2020). Cognitive Engineering to Improve Patient 

Safety and Outcomes in Cardiothoracic Surgery. Seminars in Thoracic and Cardiovascular 

Surgery, 32(1), 1–7. https://doi.org/10.1053/j.semtcvs.2019.10.011 

Zitkus, E., Langdon, P., & Clarkson, P. J. (2013). Inclusive Design Advisor: Understanding the Design 

Practice Before Developing Inclusivity Tools. 8(4), 18. 

  



 147 

9 Appendix A: Chapter 2 

Solution categories used in clustering design concepts for evaluation of breadth and 
novelty of concepts 

Solution category Guideline Example 

Technology- 

general 

Any statement that refers to scientific or engineering 

developments for people with visual impairments 

without providing any context to where it could be 

applied. 

Advanced technology. 

Design suggestions that mention including needs of 

people with visual impairments while designing 

mainstream products  will not come under this 

category 

Products that include the needs 

of people with visual 

impairments to regular 

products. 

Technology-  

context 

Comments that provide scientific or engineering 

solutions along with the context where it could be 

applied.  
 

Incorporate voice feedback to 

enable using the device. 

Does not include design suggestions that mention 

including needs of people with visual impairments 

while designing mainstream products. 

Products that include the needs 

of people with visual 

impairments to regular 

products. 

Inclusiveness 

Inclusion in this case refers specifically to concepts 

that insist on how a solution could be used by both 

visually impaired and rest of the users.  
 

Include the needs of people with 

visual impairments while 

building a product. 

This need not include concepts that are an 

improvement to specifically benefit people with 

visual impairments. . 

Provide braille interface - this is 

an improvement to specifically 

benefit people with visual 

impairments so this will not be 

directly considered as inclusive. 

Involve 

Concepts that recommend direct involvement of 

people with visual impairments to derive solutions. 
 

Engage people with visual 

impairments while creating 

solutions. 
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This does not involve solutions that recommend an 

inclusive design solution that could be used by both 

visually impaired and rest of the users. 

Consider the needs of people 

with visual impairments while 

designing for rest of the 

population. 

cost 

Includes comments related to affordability and other 

expense related issues.  

Affordabile assistive tools. 

Does not include support government or non-

government organizations. 

Policies to support people with 

visual impairments. 

Education 

Any response that addresses the challenges faced by 

people with visual challenges during and related to 

schooling. 
 

Provide facilities to have proper 

education. 

Does not include comments that address other 

interpretation issues due to lack of vision. 

Enable mobile phones to read 

signages. 

Medical care 

Any response that refers to healthcare and providing 

treatment to help people with Visual impairments.  

Providing good medical 

facilities. 

Does not include care or attention needed from family 

members. 

Attention from family 

members. 

Tech-less 

Any response that provides a non-technological 

solutions to issues faced by people with Visual 

impairments.  
 

Braille to enable counting 

currencies. 

Does not include concepts that solve the issues 

through technology 

Device to convert text to 

speech- to help read currencies. 

Navigation 

Includes  solutions that specifically help people with 

Visual impairments to move around without making 

any changes to the existing infrastructure. These are 

solutions that apply changes at the user's end to ease 

moving from one place to another. 
 

Tools to help navigate from one 

place to another. 

Does not include  solutions that modify the 

infrastructure to make it accessible for people with 

visual impairments. 

Manage uneven roads. 

Infrastructure 
Any concept that recommend modifying the 

architectural and structural components to make it 

more accessible for people with visual impairments. 

Audible sign boards. 
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These are solutions that apply changes to the existing 

surroundings and facilities to ease moving from one 

place to another.  
 
Does not include concepts that provide a generic 

solution to ease navigation. 

An app to inform bus timing 

safety 

Any response that specifically addresses the 

vulnerability of people with visual challenges to 

danger.  
 

Being aware of dangers they 

would encounter while walking 

on the road 

Does not include responses that recommend 

infrastructural enhancements without being specific 

about addressing a potential danger.  

Manage uneven roads 

Family 

Statements that specifically include solutions based 

on family and family based support received by 

people with VIs. 
 

Acceptance from family 

members 

Does not include statements that comment on their 

challenges related to general public. 

Acceptance among general 

public 

Dependence 

Statements that encourage trust and reliability on rest 

of the population.  
 

Accept help from rest of the 

population 

Does not include the comments that refers to how 

supportive the general population needs to be.  

Create awareness to eradicate 

social stigma 

Compassion 

Includes any comment that encourages rest of the 

population to empathize (understand things from the 

perspective of people with VIs) or support people 

with VIs. 
 

Empathize with the people with 

VIs 

Does not include comments that encourages a general 

understanding to avoid lack of knowledge among rest 

of the population. 

Workshops to encourage 

awareness 

Awareness 

Concepts that address lack of knowledge about the 

people with Visual impairments among the rest of the 

population and how they could be educated about 

that. 
 

Educating people on 

appropriate ways to help the 

people with VIs 
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Does not include concepts that directly encourage rest 

of the population to empathize or support people with 

VIs. 

Stop stigmatizing people with 

VIs 

Adaptation 

Includes any comment that refers to challenges 

related to people with visual challenges integrating 

with rest of the population- how it is and how it should 

be.  
 

Social integration 

Does not include solutions where the  solutions adapt 

to the needs of people with VIs. 

Designs that consider the needs 

of people with Visual 

impairments as well 

Career 

Includes comments that address employment and 

other income opportunities for people with VIs. 
 

More opportunities to match 

their skill 

Does not include comments that describe about 

desires and ambitions in detail at a more personal 

scale.  

Provide opportunities to fulfil 

their dreams 

Aspiration 

Includes comments that describe about the non-

income related desires and ambitions of people with 

Visual impairments individuals in detail at a more 

personal scale.  

Provide opportunities to fulfil 

their dreams 

Does not include career specific comments that are 

related to income and earning. 

Career opportunities 

Interaction 

Includes comments that express the communication 

challenges faced by people with Visual impairments 

while communicating with the rest of the population. 
 

Understanding concepts 

explained by others 

Does not include challenges faced while interacting 

with tools and technology. 

Understanding recent 

technology 

Transition 

Concepts related to the period where the people with 

Visual impairments experience a phase where they 

understand or learn to live with VIs. 
 

Support during transition 

periods in life 

Does not include concepts that refer to challenges 

faced on a regular day to day basis.  

Ease communicating with rest 

of the population 
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Organiztion 

Comments that refer to support required from the 

government or NGOs.  
 

Policies catered for people with 

VIs 

Does not include the support from the general public.  Avoid societal stigma 

Abstract 

Concepts that are not well defined and hard to 

interpret. 

Clothes 

Does not include concepts that provide a context of 

application. 

Color indicating clothes 
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10 Appendix B: Chapter 4  

Needs Identified with and without extreme-user experiences 
 
Project Needs identified without 

Extreme-user experiences  
Needs identified with Extreme-user 
experiences 

Catheter Guidewire 
Safety 

Phase I 
1. Integrated into 

Seldinger's procedure- 
compatible with current 
equipment 

2. Fool-proof mechanism 
 - not reliant on human 
efforts 
 - not operated through 
weak visual clues 

3. Specific to guidewire 
used, not easily hacked 

4. Cannot overly lengthen 
procedure duration-> 
should be doable < 
10mins 

5. Low change in cost-
price 

 

Phase III 
1. Quick threading 
2. Auto-check to ensure 

guidewire ejection  
3. Single hand usage 
4. Quick and intuitive threading 
5. Less visual with its outputs 

[not working on visual 
reminders] 

6. Reduce visual demand  
 

Phase II 
1. Ease of use 
2. Biocompatibility 
3. Ensure guidewire 

removal 
4. Prevent procedure 

without removal of 
guidewire 

5. Biocompatible 
6. Intuitive/ergonomic 

Biopsy Needle 
Stabilization 

Phase I 
1. Stability 
2. Sterility 
3. CT-Scan Compatible 

material 
4. High degree of freedom  
5. Ease of setup  
6. Weight 
7. Ergonomic 
8. Price 

Phase III 
1. Single hand use 
2. Easy to adjust (strength and 

dexterity) 
3. Easy to use (less demand on 

memory) 
4. Small volume- do not hinder 

movement 
5. Transparent to CT-Scan- 

Reduce Visual obstruction 
6. Design needs to be user 

friendly, single hand usage  
7. Size and shape of our product 

must be catered to single hand 
usage  

8. Thin/palm size-hand size/ 
comfortable to operate 

Phase II 
1. Robustness 
2. Manoeuvrability 
3. Accuracy 
4. Durability/ Strength 
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9. Single hand dexterity-small 
mechanisms/parts of the 
needle that the clinician has to 
manipulate  

10. "Both hand usage- some 
activities have to have 2 hands 
to complete, and some 
activities are required to be 
done concurrently" 

11. "Vision- The entire procedure 
requires vision to complete" 

12. Device needs to be obvious 
enough 

13. Device needs to be small 
enough to hold easily 
(Ergonomics) 

14. Device is easily operable. 
Requires less strength & easy 
to adjust 

15. Dexterity- device needs to 
have suitable grip & size to 
allow for easier usage/ 
manipulation 

16. Vision- device needs to have 
parts that are large enough to 
be easily visualised due to 
constant interaction 

17. Both hand usage- due to nature 
of holding needle, device 
should be functional under 
single-handed use, for both left 
and right hand(s) 

Traction Device for 
Shoulder Dislocation 

Phase I 
1. Safe shoulder 

dislocation 
reduction  

2. No sedation 
treatment 

3. Minimal manual 
assistance (Nurse) 

4. Short time 
consumption (10-
15 mins) 

5. Fits arm sizes/ sides 
left/right 

6. E-stop (Safety) 
7. Ease of setup and 

use for the Nurse 
(reduce time 
consumption) 

8. Wipe down 
disinfectant 

9. Non bulky design 
 

Phase III 
1. Doctor start treatment -> ease 

of initial set-up (includes 
action & speed, time) 

2. Doctor verification -> A 
signalling system to notify the 
doc when the procedure is over 
to come & check 

3. "Visual aspect: Able Sighted- 
to gain information from pre 
and post x-rays/ visual 
understanding of the patient's 
condition" 

4. "Physical Stable- Stable stance 
and motion is required to 
manually perform the 
treatment" 

5. Strength to perform reduction 
6. Dexterity to hold on to patient 

arm 
7. Vision and dexterity to 

identify/verify effectiveness 
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Phase II 
NIL 

8. Need to have grip on the 
patient's wrist 

9. Need to view if humeral head 
enters socket 

10. Need stand on the floor to 
apply force on patient's arm 

11. Need to hear when humeral 
head enters socket 

12. Need to see x-ray to determine 
if treatment can be done 

Guidewire 
Introducer 

Phase I 
1. Handheld device 
2. Can fit in various 

dimensions of wires 
3. Electronically 

controlled 
4. Splash proof 
5. Eo sterilization 

compliance 
6. Ambidextrous usage 
7. <10 sec operation 
8. Hulas/ wires threading 
9. Dummy proof 
10. Emergency stop 
11. Allow 2 directional 

movement 

Phase III 
1. "The device needs to have 

dexterity proof controls so that 
the clinician does not 
accidentally operate the wrong 
functions at the wrong time- 
This is a single handed 
dexterity issue" 

2. Clear distinction/ indication if 
direction of movement- 
Lights/ clear indicator 

3. "Coil guidewire & soak in 
water:  

4. Reverse the reeling of wire to 
be distinguished: 

5. Different button (varying 
colours) -> to clearly identify 
reeling in and reeling out" 

6. Ambidextrous usage at handle 
& trigger part 

Phase II 
1. Easy to insert wire/ 

catheter/ etc. x fast 

Neonatal Health 
Monitor 

Phase I 
1. Safely wake the baby up 

without injury 
2. Using hypo allergenic 

materials in contact 
with neonates' skin 

3. Integration to current 
system. Leverage on 
existing devices used in 
the hospital  

4. Device/product should 
be user friendly 

5. Reasonably priced, cost 
effective solution 

Phase III 
1. Reduce the frequency on the 

need of both hand usage 
2. Reduce the need for nurse to 

attend to baby if there is a false 
alarm  

3. Reduce the frequency of nurse 
having have to visually inspect 
if baby is breathing 

4. The device/ solution should 
monitor the vital data from 
infant and alert caretaker with 
minimum/zero human 
intervention 

5. The device/solution should 
control oxygen flow without 
human intervention 

Phase II 
1. Notify nurse if neonate 

still doesn't breathe 
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even with the oxygen 
stimuli 

2. IOT based alert system 
3. Alert nurses even when 

if system shows success 
in walking baby 

6. The device should wake up 
baby without the help of a 
nurse 

7. Reduce the need for finger 
dexterity by automating the 
process 

8. Reduce the need for both hand 
usage by having another 
system to achieve the same 
outcome 

9. Reduce the frequency or 
urgency to visually inspect the 
baby by using a system that 
automates 

Cuffless Blood 
Pressure 
Measurement 
 

Phase I 
1. Precision and accuracy  
2. Intrusiveness 
3. Repeatability 
4. Price  
5. Ease of use 

Phase III 
1. Remove the use of cuffs 
2. Get an alternative way of 

measuring BP without getting 
pressure physically 

3. Make aged nurses/doctors 
easily press the buttons 

4. Read off values 
5. Audio cue for the readings. 

Give readings without visuals 
6. Eliminate need of stethoscope 
7. Must be able to operate with 

one hand 
8. Low dexterity friendly 
9. Should not rely on sound or 

vision only 

Phase II 
NIL 

 
 
 


