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Co-designing wearables: the importance of enabling a lack of 

consensus within the design process 

This paper explores, through two case studies, the importance of enabling a lack 

of consensus between stakeholders, during the co-design process, and it’s impact 

on developing wearable technologies and supporting resources. The case studies 

focused on Juvenile Idiopathic Arthritis (JIA) Parkinson’s disease. These projects 

used a co-design approach with population-specific stakeholder groups to 

develop an interlinked suite of tools and wearables that enabled improved 

condition management. Iterative prototyping was the primary method. 

Throughout this process, points of tension, negotiation and/or a lack of consensus 

emerged – particularly around which needs should take priority. Tangible 

artefacts and prototypes were used to explore these tensions, creating space for 

different perspectives and in-depth dialogue. The resulting interventions evolved 

into interconnected systems which addressed population needs. This paper 

highlights how a lack of consensus strengthens the co-design process and 

resulting interventions, and the role that artefacts and prototypes play in 

navigating and negotiating disagreement.  
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Introduction 

Early models for designing healthcare interventions tended to consult users at the 

beginning of the design process to understand the unmet need, developing separately 

and presenting the final intervention back to the population. However, this neglected the 

wealth of lived experience that users have, and often resulted in interventions that 

missed the mark due to a lack of understanding around specific use context. Designing 

healthcare technologies for long-term conditions presents particular challenges, with 

diverse stakeholders such as patients, families and healthcare professionals often 

holding differing priorities, experiences, needs and expectations that shape how 

interventions are understood and developed. As a result, alternative methods were 

developed which involved users throughout the design process: Co-design, Patient and 



Public Involvement, Experienced Based Co-design and Participatory Design. These 

methods allow participants’ lived experience to shape the interventions, leading to more 

meaningful outcomes. This paper focuses on the use of co-design, defined as “a practice 

where people collaborate or connect their knowledge, skills and resources in order to 

carry out a design task” (Zamenopoulos and Alexiou, Co-design As Collaborative 

Research 2018). 

Literature surrounding the benefits of co-design in healthcare is prevalent; 

however, the majority tends to focus on the overall process and outcome, often framing 

engagements as seamless and highlighting how users were involved in decisions. Whilst 

this is beneficial, discussing processes involving conflict, a need for negotiation or even 

a total lack of consensus is equally, if not more, important, providing practical guidance 

for researchers. Comparatively less attention has been given to how such moments 

unfold within co-design or materially mediated workshops, or how sustained lack of 

consensus influences and impacts subsequent design outcomes. This is particularly key 

within populations where there is significant condition and symptoms variability, and 

therefore contexts and experiences are inherently unique.  

This paper explores how co-design processes, and specifically the use of 

making, artefacts and prototypes, enable and mediate lack of consensus through two 

case studies, one involving the Juvenile Idiopathic Arthritis (JIA) population (Case 

Study 1(CS1)) and one involving the Parkinson’s population (Case study 2(CS2)). Both 

conditions vary considerably in how they manifest, with a range of symptoms that affect 

people in different ways, resulting in diverse use contexts. The author defines tension as 

points of momentary friction, lack of consensus as unresolved divergence and 

negotiation as the process of managing these situations. Rather than treating 

disagreement as something to be resolved, this paper approaches these dynamics as 



integral, and useful aspects of co-design. Firstly, it explores the benefits of enabling a 

lack of consensus within the co-design process. Secondly how artefacts and prototypes 

can be used as vehicles to navigate and negotiate this space. Finally, the effect and 

impact on the resulting wearables and their supporting resources. In doing so, it 

contributes a conceptual framing of lack of consensus as an innovation driver within 

healthcare co-design, alongside insight into how material approaches shape negotiation 

and divergence in wearable device development. 

Background 

Wearables within healthcare 

Healthcare systems face reduced healthcare resources and increasing pressure on 

limited services, alongside policy commitments to digital innovation and supported self-

management (World Health Organisation 2024), (Darzi 2024). ‘Supported self-

management’ refers to “the ways that health and care services encourage, support and 

empower people to manage their ongoing physical and mental health conditions 

themselves” (NHS 2019), such as healthcare interventions to help with monitoring, 

symptom management or condition knowledge.  

Evidence suggests that many health technologies fail to translate into meaningful 

patient benefit (Slattery, Saeri and Bragge 2020). Recent reviews of wearables for older 

populations report discontinuation and abandonment due to lack of health literacy, and 

concerns around trust, stigma, discomfort and hyperfocus on condition (Ferguson, et al. 

2021) (Bertolazzi, Quaglia and Bongelli 2024). Paediatric populations are similarly 

under-served (Jones and Walters 2023), facing challenges including smaller sample 

sizes, smaller anatomy, low production volumes and reduced return on investment 

(Jones and Walters 2023) (Melvin, et al. 2023). A major contributing factor to 

engagement failure is insufficient stakeholder involvement throughout the design 



process, resulting in a lack of awareness of population and context specific barriers and 

enablers. This is particularly significant in long-term conditions, which often span 

diverse age groups or have diverse and fluctuating symptoms, where experiences and 

needs vary widely.  

Co-design as a framework 

Co-design “moves away from the aim of designing things (objects) towards the aim of 

designing ‘Things’ (socio-material or socio-technical assemblies)” (Slattery, Saeri and 

Bragge 2020). Interaction between stakeholders becomes a driver of innovation rather 

than a linear consultation process. Co-design has been increasing in prevalence due to 

growing qualitative evidence demonstrating its benefits (Grindell, Sanders, et al. 2022). 

Through making and tangible artefacts, co-design translates lived experiences, abstract 

ideas and tacit knowledge into material forms, that enable richer dialogue (Langley, 

Wolstenholme and Cooke 2018) (Heiss and Kokshagina 2021). Sanders and Stappers’ 

Say, Do and Make tools further illustrate how generative methods elicit deeper forms of 

tacit and latent knowledge (Sanders and Stappers 2020), exploring and teasing out 

hidden realities.  

Importantly, co-design enables collaboration between diverse stakeholders 

(Crabtree, et al. 2020) particularly within healthcare contexts, (Langley, et al. 2019). 

Whilst collaboration and building shared understanding is often emphasised, the 

literature offers comparatively less guidance on how disagreement and divergence are 

negotiated in practice.  

Lack of Consensus as Creative Driver 

Within the literature, there is a disagreement in terms of the role that consensus or lack 

of, should have within the co-design process. Sanoff positions consensus decision-

making as central to effective collaboration (Sanoff 2010). Burr and Larsen oppose this 



view, arguing that “[stakeholder] intentions that are crossing each other, or even 

conflicting, are [in fact] essential to innovation” (Buur and Larsen 2010). This positions 

tension not as failure but as valuable and productive, capable of surfacing hidden 

barriers and enabling deeper dialogues.  

Agonistic participatory design extends this argument (Bjorgvinsson, Ehn and 

Hillgren 2012), drawing on Mouffe’s concept of agonistic democracy, which seeks not 

to “eliminate passions nor to relegate them to the private sphere to render rational 

consensus possible, but to mobilise [them] towards the promotion of democratic 

designs” (C. Mouffe 1999). Rather than assuming rational consensus, agonistic 

approaches encourage “mutually vigorous but tolerant disputes among groups united by 

passionate engagement” (Bjorgvinsson, Ehn and Hillgren 2012). A key aspect of 

agonistic democracy is simultaneously encouraging disagreement whilst maintaining 

respect for differing viewpoints (C. Mouffe 1993) (Kraff 2020), mirroring a key 

characteristic of co-design aiming to reduce power dynamics to enable equal 

collaboration. Without space for conflict and negotiation, consensus risks becoming 

“false compromises” and “low hanging fruit” resulting in diluted interventions 

(Yndigegn 2015) - a one size fits all which fits no one. Whilst some healthcare-focused 

examples exist (Gronvall, Malmborg and Messeter 2016) (Tindall, et al. 2021), the 

majority of discussion remains rooted in urban design (Le Bail, Baker and Detienne 

2020) or participatory design in a broader sense (Kraff 2020). There remains limited 

exploration of how sustained lack of consensus unfolds within healthcare intervention 

co-design.  

Artefacts as negotiators  

The literature acknowledges and emphasises “the importance of negotiating 

perspectives” (Andersen and Mosleh 2021) during the design process but offers limited 



examination of how artefacts actively mediate multi-stakeholder tensions. Bjorgvinsson 

et al termed this notion as ‘thinging’, deriving from ancient Nordic and Germanic 

societies where things were forums by which “disputes were dealt with and political 

decisions were made” (Bjorgvinsson, Ehn and Hillgren 2012). Modern day ‘thinging’ 

creates artefacts that act as drivers and provocations during the design process. In this 

framing, artefacts allow differences and controversies to co-exist, while possibilities are 

explored (Bjorgvinsson, Ehn and Hillgren 2012). They externalise tensions and 

conflicts, enabling both collaboration across “social worlds” (Zamenopoulos, Lam, et 

al. 2021) as well as negotiation and communication on a deeper level (Rygh and 

Clatworthy 2018). Through their tangibility, artefacts transform abstract or difficult to 

articulate concerns into visible and contestable points, enabling shared understanding, 

discussion and negotiation in action.  

A blurring of the role of artefacts and prototypes 

There is a distinction made in the literature between artefacts and prototypes, with 

artefacts positioned as sites of tensions and conflicts whereas prototypes are more 

closely aligned with the future product (Andersen and Mosleh 2021). This distinction 

implies that conflict may be sidelined in favour of reaching a convergent end goal. 

Sanders and Stappers similarly argue that ‘things’ are “not forerunner[s] of the future 

product, but a vehicle for observation, reflection, interpretation, discussion and 

engagement” (Sanders and Stappers 2014). This parallels the divergent and convergent 

phases of the Double Diamond (Design Council 2002).  

However, such separation risks overlooking the possibility that prototypes 

themselves may also function as sites of tension and negotiation. This paper therefore 

questions a strict artefact-prototype distinction, exploring how both can be used as 

mediators of divergence within co-design processes. 



Taken together, this body of literature highlights that co-design processes 

inevitably involve multiple perspectives that do not always align. Whilst collaboration 

and participation are frequently emphasised within healthcare design, there remains 

limited discussion of how moments of disagreement unfold within materially mediated 

workshops, or how sustained lack of consensus shapes subsequent design decisions. In 

this paper, tension is understood as moments of friction, lack of consensus as 

unresolved divergence, and negotiation as the process of working through competing 

perspectives. Through the following case studies, this framing is used to explore how 

artefacts and prototypes can enable such dynamics to surface and be navigated within 

healthcare wearable co-design. The conceptual sequence is shown in Figure 1. 

Method 

This paper takes a case study approach using a mixed method portfolio of research 

through design methods. This was applied to two co-design case studies, to analyse the 



impact of disagreement and conflict in enabling improved co-designed interventions. 

CS1 focused on the co-design of the wearable itself whilst CS2 focused on the 

supporting resources to a wearable, the service pathway, training resources and 

feedback loops. 

CS1 involved key stakeholders (n=60) within the Juvenile Idiopathic Arthritis 

(JIA) population over a two-stage process to develop wearable interventions for 

improved independence and functional ability. CS2 involved key stakeholders (n=50) 

within the Parkinson’s population to develop an improved outpatient service, enabling 

patients to have greater control over their condition management. In CS1, the reported 

total (n=60) includes stakeholders engaged across both the initial co-design stage and 

subsequent proof-of-concept phase; CS2 totals (n=50) reflect clarified counts across all 

recorded co-design and evaluation activities. Participants were recruited using 

purposive maximum-variation sampling to ensure representation of differing lived 

experiences, intentionally recruiting across condition severity, age, gender, care context 

and stakeholder role. Recruitment was conducted through clinical champions and 

community pathways, iteratively monitoring and adjusting recruitment where gaps 

emerged (e.g. under-represented, condition severity, care contexts). The methods 

involved within the case studies included participatory and co-design workshops, 

making of tangible artefacts and prototypes and stakeholder evaluation where 

participants were actively involved in shaping and co-designing the interventions. The 

stakeholders involved aimed to represent a cross-section of key players within each 

condition, resulting, for CS1, in the inclusion of healthcare professionals, children with 

JIA, their parents/carers and teachers. For CS2, this included, healthcare professionals, 

community organisations providing services for people with Parkinson’s, people with 

Parkinson’s and their partners/ carers. Data was captured predominantly through visual 



tools such as drawings, sketches and written notes during the sessions. The iterative 

artefacts and prototypes acted as physical manifestations of questions previously 

discussed, both acting as a visual tool to summarise previous discussion, whilst also 

provoking further reflection and dialogue. Ethical approval was obtained at the start of 

each study, adhering to strict university guidelines. Participant information sheets 

thoroughly detailed what the study involved, with two different versions provided for 

children with JIA, one aimed at age 7-11 and the other 12-16. Opportunities to ask 

questions were provided prior to consent. Fully informed consent was obtained at the 

start, and strict ethical procedures were followed throughout, ensuring data privacy and 

sensitive handling due to the involvement of potentially vulnerable populations. The 

involvement of clinical champions in both projects ensured an ongoing awareness of the 

condition and sense-checking activities to mitigate unintended distress or negative 

consequences. 

This paper reports a thematic analysis and evaluation of these case studies 

providing insights into how the iterative interventions changed and shifted in response 

to points of tension, negotiation and complete lack of consensus, and the resulting 

impact of their design. The co-design process in each study was analysed using a hybrid 

deductive and inductive approach. The core concepts (tension/negotiation/lack of 

consensus) were deduced from the literature, while codes and themes were developed 

inductively from the workshop data. The data was coded on three levels, firstly coding 

instances where a prototype or artefact was used, of those, points of tension, negotiation 

and lack of consensus were identified. From this analysis, themes emerged which were 

then coded across all findings to verify and synthesise: co-design approach (CD), use of 

materiality/tangibility (MT), making visible the invisible (VI), revealing hidden 

behaviours (HB), artefacts and prototypes to negotiate (APN), perspective-shifting (P), 



prototype as provocation (PAP),and tailoring (T) as shown in figure 2 which shows an 

extract of the thematic analysis process. The author then referred back to field notes and 

photographic documentation to examine each example in depth, reflecting on how 

tensions unfolded and how they shaped subsequent decisions. Analytical reflections 

were recorded throughout to support consistency in how instances of tension, 

negotiation and lack of consensus were interpreted and applied across the dataset.   



An example of this coding process is as follows. Within the Parkinson’s case 

study (CS2), the tracking symptoms activity functioned simultaneously as an 

exploratory artefact and an emerging prototype and was therefore coded as ‘Both’ in 

Figure 2. Interaction with this tool revealed a point of tension (POT), as differing views 

emerged regarding the value and burden of systematic symptom tracking. This instance 

was further coded thematically to reflect the use of the co-design approach (CD), use of 

materiality/tangibility (MT), making visible the invisible (VI), revealing hidden 

behaviours (HB), artefacts and prototypes to negotiate (APN), perspective-shifting (P) 

and prototype as provocation (PAP). Through negotiation with the tool, the healthcare 

perspective shifted to understand the benefit from the patient perspective, resulting in 

the further co-development and inclusion of the activity in the pack. 

Limitations of this study include the fact that the conclusions drawn are from 

only two case studies. Comparative analysis of a greater number of case studies is 

therefore required to validate these arguments. Furthermore, the findings of this paper 

are not representative of the views of all stakeholder groups within the JIA and 

Parkinson’s population due to the limited number of participants involved from each 

population. Further research is needed to consider the impact of context and how this 

may shift across different cultures and how these findings may be applied to different 

patient groups. 

Findings 

The analytic coding matrix (figure 2) identifies instances where artefacts and prototypes 

functioned as points of tension (POT), negotiation (N) or a sustained lack of consensus 

(LoC). The following examples illustrate how these dynamics shaped subsequent design 

decisions across the two case studies. 

CS1 (designing interventions with the JIA population) 



The first case study resulted in a suite of interconnected wearables responding to 

distinct stakeholder priorities: a pain management tool (P1), a motivational 

physiotherapy tool (P2), a communication tool (P3) and a condition management app 

(P4). P4 did not progress to the proof-of-concept stage due to funding constraints. These 

emerged through iterative co-design with each concept shaped by stakeholder input. 

 

 

Figure 3 shows a snapshot of initial ideas to respond to these unmet needs. 

Stakeholder feedback on the interventions was highly positive with one parent saying, 



“these products would help so many children with this condition, particularly in 

learning to manage it better”. 

 

Noteworthy points of tension, negotiation or a lack of consensus  

A key point of tension emerged when designing P1, the pain management tool, 

around stakeholder desires and the size requirements of the technology. P1 was a 

wearable, and it was therefore assumed that as small a size as possible would be the 

preference to reduce potential stigma. However, interaction with rough prototypes 

revealed that a visible physical aid could instead validate an otherwise invisible 

condition. The reason for the lack of engagement with current aids was due to their 

‘clunky’ and medical-looking exterior. Interacting with a “forerunner of the end 

product” (Sanders and Stappers 2014), enabled this point of tension to be further 

explored, uncovering key barriers, prompting targeted development. 

An important point of negotiation was when designing the overall form for P2, 

the motivational physio tool, exploring how to make it the most ergonomically 

accessible. Artefacts were used involving four different forms: cylindrical, square, 

triangular and octagonal in profile. Preferences were recorded using images and stickers 

as shown in figure 4.  



 

 Disagreement amongst the children resulted in terms of whether the cylindrical 

or octagonal form was preferable. By using the artefacts in different scenarios, it 

became clear that the profile edges made it easier to grip but that the smooth texture of 

the cylindrical form had a pleasing tactility. This disagreement through ‘thinging’ 

enabled a deeper understanding of population needs. During the stage two proof-of-

concept study, a surprising point of tension was uncovered - the fact that the physio tool 

was upper-limb specific. Through interacting with the prototypes, children, parents and 

healthcare professionals articulated that they were already motivated to do hand 



stretches, “I get to use putty, so it is fun”, emphasising the need for a lower-limb 

focused tool. This tension highlighted the ability of artefacts and prototypes to make 

visible the invisible or hidden tensions within a design development process. 

A significant point of lack of consensus was the initial priorities of the 

stakeholder groups with each group feeling a different unmet need should be the 

focus. Children with JIA wanted help with their joint pain “so [they] do not have to stop 

doing fun things” whilst their parents wanted help to better manage and understand the 

condition as “it was scary and frustrating knowing something was not right”. Healthcare 

professionals wanted to improve physio adherence, as this would aid pain management. 

Teachers, however, desired assistance in understanding when children with JIA needed 

help, as disbelief often led to strained pupil-teacher relationships. Each group felt their 

need should be the focus due to their lived experience with prioritisation of one group 

potentially alienating the others, resulting in an intervention that was “low hanging 

fruit” (Yndigegn 2015). As a result, a product was co-developed for each stakeholder 

priority. These initial prototypes are shown in figure 5. 



 

CS2 (designing interventions with the Parkinson’s population) 

The second case study focused on developing a resources pack and pathway to support 

use of a wearable and overall self-management of Parkinson’s. The outcome included 

symptom tracking tools, informational resources and a personalised ‘passport’ 

document, as shown in figure 6. Stakeholder feedback was highly positive with users 

saying it “helped me understand Parkinson’s a lot more” and that it “empowers you… 

to dig in a bit more”. 



 

Noteworthy points of tension, negotiation or a lack of consensus  

A key point of tension and resulting negotiation was the value in including the tracking 

symptoms activity, where a range of symptoms would be tracked through marking 

their level of severity on heat maps periodically, as shown in figure 7.  

 

 

 

 



Initially, the healthcare professionals felt that it would overcomplicate the 

monitoring process and be overwhelming for the users, given the number and variety of 

potential motor and non-motor symptoms related to Parkinson‘s disease. Whereas 

people with Parkinson’s and their carers wanted that extra level of understanding and 

control over their symptom management. A combination of ‘thinging’, in this context 

meaning abstracting the concept to enable debate and disagreement, and mock up 

prototypes of the potential activity, enabled the value of the activity to become clear. 

The stakeholder’s input shaped the resource into a manageable activity that enabled 

users to select a sub-set of up to five symptoms most impacting their lives at that time, 



and monitor these closely for signs of significant change, supporting empowered self-

management. 

  

The passport, as shown in figure 8, provided key information on the 

individual’s Parkinson’s disease and wider information around them as a person. This 

demonstrated significant sustained lack of consensus. This concept was initially borne 

from people with Parkinson’s desire to be seen as more than their condition whilst 

enabling them to describe their needs to family members, employers or other key 

people. During initial prototype engagement, there was great division among the 

community with some finding it useful, whilst others disregarded it entirely. Those who 

disregarded it felt there may be potential value in it, just not for their circumstances. 



This lack of consensus remained due to individual preference. The fact that this 

disagreement was not discouraged meant that those who personally did not want it felt 

that their perspective had been considered, empowering them to contribute as they could 

see the value of the passport as a self-management resource for others. This enabled the 

resource to be co-developed to the point of use, making it available for those who 

needed it.  

A significant point of lack of consensus was the number of resources to 

include and the size of the pack itself. In the latter stages of the co-design process, as 

the resources became more tangible, it became clear it was cohesive but also large and 

bulky. There was a resulting lack of consensus across stakeholder groups and within 

groups themselves. Some felt the amount of information was empowering, enabling 

users to feel confident in self-management, whilst others wanted to drastically reduce 

the content, seeing it as overwhelming and potentially distressing; continued 

disagreement persisted in which elements to remove. As a result, it was decided that an 

element of individual tailoring would be encouraged, with the design supporting 

individuals to be able to select elements they wanted to engage with and when, so as not 

to overwhelm, ensuring sensitivity to their context. 

Summary of key guiding themes 

From the thematic analysis of each case study, the following key messages emerged. 

These themes formulate a backdrop of practical guidance for design researchers, which 

will be explored in the subsequent section:  

• Co-design is vital to creating a meaningful intervention, designers should not 

design solely based on assumptions of a population’s difficulties. Rather than 

hindering innovation, a lack of consensus can drive creativity by challenging a 

design, ensuring it meets the unmet need(s) it was designed for, with individual 



tailoring being one response to a lack of consensus, creating a toolkit of 

interventions 

• Materiality and tangibility are core both to cooperation within the co-design 

process but also in negotiating disagreement, to externalise, elicit, provoke or 

challenge. Tensions can result from any constraints in the design process; they 

are not confined to stakeholder interactions.  

• Artefacts and prototypes are useful tools to reveal hidden behaviours, revealing 

invisible or intangible concepts, enabling conversations, widening or shifting 

perspectives, negotiating different viewpoints and strengthening the criticality of 

the design response. 

• Artefacts provoke or challenge discussion, whilst prototypes primarily test. But 

within co-design settings, prototypes can do both, acting as a provocation tool as 

well, blurring the boundary between ‘thinging’ and testing. There is a value in 

using them in tandem. 

• Negotiation is often the natural follow-up to a lack of consensus which the use 

of artefacts and prototypes can enable. 

• Across both cases, tensions surfaced when assumptions met lived realities, 

negotiation was enabled through tangible ‘things’ that externalised perspectives, 

and, where divergence persisted, the design response shifted toward in response, 

tailoring or creating toolkits. 

Discussion 

In the discussion, tension refers to moments of friction, lack of consensus refers to 

unresolved divergence and negotiation refers to the process of managing these 

situations. 

 

 



Co-design is vital, do not design based on assumption. 

A designer’s assumptions of a population’s difficulties are not sufficient to design an 

engaging and useful product for that population (Bertolazzi, Quaglia and Bongelli 

2024). As shown through the case studies, involving people with lived experience 

during the co-design process brings infinite value, shaping the result into something 

meaningful. They are the end user, so they should be involved in the design. Whilst 

market scoping holds value in assessing the current intervention landscape, current 

interventions are not necessarily the ‘right’ approach. This was particularly true in the 

JIA project when designing the shape of P1 (the pain management tool) and P2 (the 

motivational physio tool), with current products on the market perpetuating forms that 

were uncomfortable and often not used. By involving stakeholders in the design from 

the outset, their actual needs became clear along with the reasons for the lack of 

engagement. These findings echo other examples of co-design within healthcare 

contexts, particularly in facilitating multi-stakeholder collaborations (Heiss and 

Kokshagina 2021) (Langley, Wolstenholme and Cooke 2018). This notion that co-

design is vital to creating a meaningful healthcare intervention is not novel, but there 

lacks sufficient robust evidence in the literature that the resulting interventions lead to 

improved health outcomes (Grindell, Coates, et al. 2022). Initially, this paper therefore 

serves as a contributing voice emphasising the benefit of using a co-design approach.  

A lack of consensus can drive creativity 

For many, tensions, disagreements or an outright lack of consensus could arguably be 

seen as severe barriers to a productive design process; at face value they could be seen 

to stultify the process, with those involved unclear how to proceed. This paper opposes 

this view, repositioning tensions as a springboard for broader creativity and stronger 

interventions. A co-design process in healthcare encompasses stakeholders from 

different backgrounds, contexts and ages. As a result, the multiple perspectives and 



viewpoints, in line with co-design principles, enable a process that is vigorous, lively, 

engaging, active and involving, enabling equal collaboration and exploration. Naturally, 

passionate discourse will lead to moments of tension and disagreement, as the 

stakeholders feel empowered to better share their viewpoint and gain a sense of 

ownership over the developing design. These moments should be harnessed and used to 

dig deeper into the topic, teasing out key insights, thereby acting as drivers of 

innovation. This can be evidenced through both CS1 with the diverging stakeholder 

priorities and through CS2 when deciding the amount of resources and resulting 

size of the pack. In both cases, these topics caused a lack of consensus. In CS1, leaning 

into the lack of consensus broadened the creative possibilities and scope of the 

interventions that should be developed, transforming one product into a toolbox of 

possibilities. In CS2, it pushed the intervention to include a breadth of detailed 

resources which would apply to most people with Parkinson’s when self-managing. 

Crucially, it also resulted in the idea for a tailoring approach allowing users to engage at 

their own pace. Tailoring was found to be a viable solution to a lack of consensus, 

particularly in conditions which vary significantly in manifestation, but also to 

accommodate variations in desired level of understanding. Through both these 

examples, a lack of consensus can therefore be seen to be reframed as an enabler to 

creative opportunities adding to the emerging discourse in the literature.   

The importance of the tangible to elicit, provoke, reveal and negotiate 

Tangible artefacts and prototypes are crucial within the co-design process, helping to 

elicit deeper insights and navigate points of tension. This can be seen throughout the 

findings from CS1 and 2 in figure 1, particularly when considering the size of P1 and 

the use case of P2. In the first instance, the tension was not between stakeholders but 

rather between the designer, stakeholder desires and physical constraints of the 

technology. The physical constraints were an abstract concept until manifested in 



artefacts and rough models, enabling these somewhat intangible and conflicting 

elements to be considered in a physical way. In response, the form evolved. Whilst 

larger than originally intended, the soft rounded form removed a sense of bulkiness with 

the white exterior helping further lighten the wearable. The idea of making it appear as 

a blank canvas, encouraged children to draw on and customise their device during the 

study helping give a sense of ownership and control. When considering the case of P2, 

it was only through interaction with physical artefacts and prototypes that a point of 

tension was revealed and resulting conversation around unmet need opened, calling into 

question its initial focus on hand stretches. Through interacting with the tangible 

objects, children and their parents were able to articulate the greater need for motivation 

for lower limb stretches, negotiating and shifting the resulting wearable focus. This 

underlines the power of the tangible and making as a method to unlock tacit knowledge, 

further building upon Sanders and Stappers Say, Do, Make (Sanders and Stappers 

2020). It also echoes Bertolazzi, Quaglia and Bongelli, and the idea of ‘egocentric bias’ 

(Bertolazzi, Quaglia and Bongelli 2024) potentially derailing a product from the actual 

need of the population for which it is designed, underlining the importance of 

meaningful stakeholder engagement throughout the design process and their ongoing 

evaluation of the evolving intervention, pushing it to be of true use and benefit. 

Artefacts and prototypes as tools to make visible the invisible 

Artefacts and prototypes act as powerful externalisations of these different viewpoints 

enabling disagreement and negotiation on a deeper level. Within the literature, artefacts 

are associated more with abstracted notions, acting as focal points of tensions and 

conflicts. Whereas prototypes are more associated with “the end goal of creating future 

practices or products” (Andersen and Mosleh 2021), often seen as less relevant to 

negotiating tensions as by its nature, it would be assumed to favour consensus. This 



paper shows both how artefacts and prototypes can be used in holding space for tension 

and posit the idea that prototypes add an additional layer, strengthening stakeholder 

involvement and therefore, the resulting intervention. Artefacts were crucial within both 

case studies, particularly when designing the upper limb form of P2 in CS1 and when 

developing the tracking symptoms activity in CS2. By abstracting P2 to the base 

shape, stakeholders were able to play and interact with it, exploring through touch. The 

artefacts therefore acted as prompts to consider different elements such as ease of grip, 

tactile feedback and how they would use the object in different contexts. They acted as 

focal points to articulate and verbalise different thoughts, particularly ones in tension 

with each other, such as the fact that the edges provided improved grip but that they 

liked the smoothness of the cylindrical version. Within CS2, the tracking symptoms 

concept was abstracted into an interactive scenario activity to act as a method to debate 

its value. The use of ‘thinging’ in this context involved paper interactive activities that 

were iteratively added to by different stakeholders throughout the discussions. This was 

particularly powerful in negotiating the tensions between the healthcare professionals 

and people with Parkinson’s, as the objects acted as a way for people to voice (and test) 

their opinions. Even if it was in contention with someone else’s, talking through the 

object added a level of detachment, meaning stakeholders did not feel as though their 

opinion was being personally attacked, enabling a deeper exploration. The ‘things’ also 

acted as physical reminders of what someone had said, helping to reduce power 

dynamics between different stakeholders as one person’s opinion could not be easily 

ignored, given their contribution was there for all to see. 

Artefacts provoke, whilst prototypes test; in co-design they can do both  

Although more rooted in the end product, prototypes hold a value in marrying 

stakeholder needs and desires with the commercial reality. This is shown in CS1 when 

developing the shape for P1, with the technological constraints dictating a larger size 



than was assumed to be desired. It was only through interacting with the “forerunner of 

the future product” (Sanders and Stappers 2014) that the child’s desire for a visible 

product became clear. This enabled negotiation of a possible point of contention 

between the technological constraints, stakeholder needs and designers’ assumptions. 

Within CS2, the passport exemplifies the value in using prototypes. In this 

circumstance, the prototypes brought a sense of reality to the concept, which teased out 

the point of contention around the passport’s potential benefit. Whilst in principle 

everyone could see its value, it was not suitable for everyone as it did not resonate with 

their experience of the condition. In this way, prototypes can be seen to add value to the 

co-design process in enabling and holding space for a lack of consensus through making 

concepts tangible.  

Using artefacts and prototypes together 

Rather than prioritising the use of either artefacts or prototypes, there is a value in using 

them in tandem. The tracking symptoms activity in CS2 is a powerful example of 

using both artefacts and prototypes. The initial artefacts were useful to externalise 

opinions and negotiate power dynamics. However, it was through the addition of more 

realistic prototype versions of the activity that healthcare professionals were able to 

appreciate its’ value. The prototype form grounded it in the clinical reality, allowing 

them to understand how it would empower people with Parkinson’s without being 

onerous on either the people with Parkinson’s side or their own workload, resulting in a 

strong addition to the resources pack.  The use of prototypes and artefacts is dependent 

on the context and the stage of development when co-designing. Linking back to the 

earlier association with the Double Diamond (Design Council 2002),  artefacts can be 

more aligned with initial (divergent) stages, whilst prototypes can link more to when the 

intervention is more developed (convergent). Artefacts enable a freedom to explore an 

idea through physical objects, whilst prototypes ground the object in a sense of reality. 



These case study examples serve to highlight how convergent phases can loop back 

iteratively to repeating divergent stages, positing the idea that prototypes do not always 

progress to solutions but can act as provocation, reframing and supporting a greater 

blurring of artefact-prototype roles. Both are crucial to negotiate and explore points of 

tension and lack of consensus, eliciting deeper insights and resulting in a more 

meaningful intervention that has benefited from a truly involving co-design process. 

Negotiation  

Negotiation acts as the natural follow-up to tension, disagreement or lack of consensus, 

it is human nature to want to know why someone feels a certain way or holds a certain 

viewpoint. Negotiation is the process by which stakeholders can dig deeper into an 

issue, uncovering the drivers and understanding why different solutions would or would 

not work. There can be a tendency to drive towards convergence on a singular point of 

consensus, but as shown through both CS1 and CS2, this is not always possible and 

therefore should not be the desired endpoint. This paper suggests that it should instead 

focus on being aware of the different perspectives and different possibilities, using 

tangible creative methods to hold space and understand points of tension, disagreement 

and lack of consensus through digging deeper. In some cases, digging deeper leads to a 

point of consensus, as in CS1 when designing the shape and form of P2 in the first 

instance, with the users eventually converging on an octagonal form with a smooth 

tactile surface, and subsequently shifting the use case from upper limb to lower limb. 

Similarly, in CS2, when developing the tracking symptoms activity, with stakeholders 

agreeing on a final form that was empowering but not too onerous. In other cases, the 

lack of consensus remains despite further negotiation as with the different stakeholder 

priorities in CS1 and when developing the passport in CS2. In both instances, the 

stakeholders remained in disagreement over the approach, however, through the co-

design process this disagreement became a creative opportunity. Subsequently, it is 



important to highlight that neither consensus nor a lack of consensus should be aimed 

for, but rather the co-design process should be used as a method to explore and expand 

upon different viewpoints and perspectives, enabling the creation of one or more 

interventions in response. 

Effect and impact on the resulting wearables and supporting resources 

Throughout this paper, the effects and impacts of enabling a lack of consensus and 

using artefacts and prototypes within a co-design process have been highlighted. These 

can be more broadly grouped into three categories: impacts on the process of designing 

the interventions, impacts of the interventions themselves, and impacts on stakeholder 

relations. Enabling a lack of consensus created an innovative atmosphere, where 

differing viewpoints were encouraged to spur innovation, with the artefacts and 

prototypes helping to balance creative flexibility with real-world constraints, such as in 

the example of the form of P1 (JIA) or the tracking symptoms activity (Parkinson’s). 

This encouraged reflection and iteration of the designs, negating the possibility of a 

“one-size fits all” approach. The resulting interventions were context and population- 

sensitive. Tailoring was used as a direct result of a lack of consensus both in the 

example of diverging stakeholder priorities (JIA) and the amount of resources included 

(Parkinson’s). This approach both broadened the intervention focus whilst supporting 

stakeholder ownership of and independence in, managing their condition. The 

interventions also encouraged and strengthened stakeholder relations through their use. 

This is reflected in the toolkit of interventions (JIA) with each initially borne from a 

different stakeholder group need, by not prioritising one over the others, the collective 

group shaped each one, resulting in distinct products with users finding huge value in all 

three. The tracking symptoms activity (Parkinson’s) underscores this, creating an 

environment that encourages an open dialogue around symptoms between a person with 



Parkinson’s, their carer and healthcare professional, empowering their condition 

management.  

Conclusion 

Across both case studies, it is evident that had a co-design process involving tangible 

artefacts and prototypes not been used, and had tensions not been allowed to surface, 

the resulting interventions may have reflected “low-hanging fruit” (Yndigegn 2015). 

Instead, co-design dismantled power hierarchies and enabled stakeholders to 

meaningfully shape the interventions, feeling empowered to share vulnerable 

standpoints, and contextual realities. The use of ‘things’, both artefacts and prototypes, 

facilitated deeper exploration, challenged assumptions, supported multi-stakeholder 

collaboration and mediated moments of disagreement and negotiation. This resulted in 

stronger interventions that were physically, emotionally and contextually appropriate. 

Enabling tension and lack of consensus allowed stakeholders to feel valued 

within the process, contributing to an active rather than consultant role. This is 

particularly significant within the wearable space, where interventions become intimate 

extensions of how individuals manage their condition and present themselves. In both 

case studies, moments of divergence pushed discussions beyond surface-level concerns, 

uncovering more subtle needs, resulting in a toolbox within the JIA project (CS1) where 

individual wearables emerged from distinct unmet needs, and a supportive resource 

pack within the Parkinson’s project, supporting adaptation and tailoring in practice.  

To conclude, this paper does not argue that consensus or a lack of consensus 

should be deliberately sought. Rather, it highlights the importance of remaining 

attentive to the dynamics of co-design, allowing disagreement to surface, and holding 

space with tangible tools. Whilst conflict and divergence can feel uncomfortable, the 

case studies demonstrate that tangible tools and making can undertake part of the work 



of facilitation, externalising viewpoints, and enabling collective reflection and 

discourse.  When allowed to unfold, tension and lack of consensus can act as generative 

forces and drivers within healthcare innovation.  

Through analysing these case studies, this paper contributes a reframing of lack 

of consensus as a productive tool within healthcare co-design and offers insight into 

how artefacts and prototypes can act as navigators and negotiators in wearable 

development, creating interventions that are meaningful, engaging and empowering for 

their respective populations. Further research should explore how these dynamics shift 

across different condition contexts and assess the longer-term healthcare impacts of 

interventions shaped through such processes. 

Case Study 1 was supported by The Health Foundation under Grant number 1119597 and Case 

Study 2 was supported by The Children’s Hospital Charity under Grant number CA20001 
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