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COMMENT

“How would you handle this?” The impact 
of embedding early patient and public 
involvement in a biomechanical computational 
engineering doctoral research project
Tinashe Munyebvu1*, Gloria Lillywhite2, Nehruvita May2, Charles Burson‑Thomas1, Carmel McGrath3,4,5, 
Cheryl Metcalf6, Martin Browne1 and Alex Dickinson1 

Abstract 

Background  Engineering is often described as a technology-driven field. However, whilst frameworks exist 
to engage with stakeholders, patient and public involvement (PPI) is not often undertaken in projects that have 
a quantitative methodology, such as engineering. This can have an impact on research quality, relevance, accessibil‑
ity and experience. This is especially significant in a biomechanical engineering context where the end-user is often 
a person with an experience or living with a condition that the researcher does not have.

Aim  This paper aims to provide a commentary on the first steps taken to embed PPI into a biomechanical engineer‑
ing doctoral research project, and the outcomes and learnings that have come from this experience.

Methods  Three members of the public living with hand osteoarthritis (OA) were involved in the early-stage PPI 
consultations. These sessions aimed to openly discuss the hand OA lived-experience, current treatments and consid‑
erations for the project.

Results and Discussion  Early-stage PPI allowed a deeper understanding of the hand OA lived experience and prompted 
further PPI activity within the biomechanical engineering research project. Subsequently, a long-term partnership 
with public contributors was established, shifting the project’s focus from purely developing a computational model 
to addressing three PPI-identified priorities: (1) patient variability, (2) joint instability, and (3) raising hand OA awareness, 
using both computational modelling and public engagement methods. Though the number of contributors was small, it 
allowed for meaningful and long-lasting partnerships to be developed. Based on the learnings from this approach, eight 
recommendations were developed for researchers seeking guidance on integrating PPI in similar research. These include 
leveraging the power of storytelling, introducing PPI into the research as early as possible, investing in training and plan‑
ning, establishing a meaningful partnership with members of the public, understanding the commitment, maintaining 
flexibility, providing consistent feedback and diversifying research efforts.

Conclusion  This project has demonstrated PPI can inspire ideas and guide critical thinking and technical work‑
flow, uncovering solutions that might not emerge without collaboration. Although the evidence-base is limited, we 
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Introduction
The social responsibility of engineers
According to the Engineering Council, engineering activ-
ity “can have a significant societal impact and engineers 
must operate in a responsible and ethical manner, rec-
ognise the importance of diversity, and help ensure that 
the benefits of innovation and progress are shared equi-
tably and do not compromise the natural environment 
or deplete natural resources to the detriment of future 
generations.” [1]. Engineering, as a culture rather than 
a practice, has sometimes been viewed as a field that is 
technology-focused, socially isolated, and with aims that 
do not always align with community objectives [2–4]. For 
instance, in their 2014 paper, Cech describes a “culture 
of disengagement” in engineering education. They define 
this as “a constellation of beliefs, meanings and practices 
that frame the way profession members conceptualize 
their professional responsibility to the public.” [4]. Cech 
attributes this culture of disengagement to be most evi-
dent in the process of defining the problem (i.e. the first 
stage of the research cycle which involves identification 
and prioritisation), where they directly state, “engineers 
decide what considerations are integral to their design 
responsibilities for a particular technological puzzle and 
what concerns they can bracket”. According to Cech, 
this approach can lead to an exclusion of non-technical 
stakeholders and public welfare considerations. In the 
subsequent decade there has been a push in engineer-
ing education to encourage better community engage-
ment and train engineers who possess and value a diverse 
range of technical and non-technical skills [5–7]. The 
term ‘holistic engineer’ has been widely adopted to repre-
sent engineers who possess knowledge and skills beyond 
technical expertise. These professionals have non-tech-
nical skills that come from an awareness of their ethical 

and professional responsibility and the societal impact 
of engineering. This is emphasised by Canney and Biele-
feldt who state that “recognizing the many non-technical 
dimensions of engineering projects is central to our view of 
social responsibility because it focuses on identifying the 
needs of others and working with all affected parties to 
find appropriate solutions.” [7].

The Professional Social Responsibility Development 
Model (PSRDM) [8] explores the attitudes of individual 
engineers toward professional responsibility and their 
role in addressing societal issues. To achieve this, engi-
neers must develop both personal social awareness and 
professional skills, along with an understanding of their 
combined strength. The National Institute for Health and 
Care Research (NIHR) defines Patient and Public Involve-
ment (PPI) as research carried out with or by members of 
the public rather than to, about or for them [9–11]. Thus, 
PPI and its associated democratic principles may be an 
enabler of a PSRDM development model as it advocates 
a public-researcher partnership to address the needs of 
those who may benefit or be otherwise impacted by the 
research [12, 13].

The scope for PPI in biomechanical engineering
Biomechanical engineering is an interdisciplinary field 
that benefits from collaboration with non-engineers 
such as but not limited, clinicians, surgeons, and policy-
makers. However, it remains largely technology-driven. 
PPI in research ensures that studies focus on outcomes 
important to the public. Literature shows that PPI in 
health research can enhance design, quality, relevance, 
accessibility, and experience [14–17]. There exists a 
wide range of health research studies that have embed-
ded PPI in their work, including but are not limited 
to cancer [18, 19], mental health [20] and HIV [21, 22] 

advocate that PPI has a place in quantitative-heavy research fields such as engineering, especially biomechanical 
engineering where people are often the end-users of research outcomes.
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Plain English Summary 

Patient and public involvement (PPI) is not often undertaken in engineering-based research projects. This commentary pre‑
sents the process and impact of integrating PPI into a biomechanical engineering doctoral research project about the hand 
joints. Members of the public living with hand osteoarthritis (OA) were consulted at the start of the project to identify research 
priorities from a lived-experience perspective. Following these consultations, an active and long-term partnership with these 
public contributors was established. Patient variability, joint instability and raising OA awareness were identified as research 
priorities to address using computational modelling and public engagement methods. As a result, this project evolved 
from a technology-driven biomechanical engineering project to one driven by PPI. We present a set of learnings from this 
experience that highlight practical priorities for researchers seeking to include PPI in their research.
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research. Although PPI has been actively encouraged by 
engineering research bodies in recent years [1, 23, 24], 
PPI is rarely implemented or reported in biomechanical 
engineering projects, particularly those using quantita-
tive methodologies, which may discourage researchers 
with limited PPI experience from integrating it into their 
work.

The UK’s National Health Service (NHS) reported lim-
ited evidence of PPI impact on quantitative data analysis 
and attributed this to a lack of involvement rather than 
reporting, highlighting the scope for more PPI in quan-
titative-based projects [25]. In their systematic review 
of published PPI literature in health research published 
between 1995 and 2009, Boote et  al. [26] found more 
examples of the public being involved in qualitative com-
pared with quantitative empirical research,  speculating 
that researchers may find it easier to involve the public 
in qualitative rather than quantitative research. How-
ever, statisticians, Pfannkuch and Wild, state that context 
knowledge is needed to do even the most purely technical 
role effectively [27]. PPI represents a means of addressing 
the democratic principles of research and recognises that 
patients/public “have a personal experience of disease 
that is not available to most researchers, but that comple-
ments researchers’ analytical skills and scientific perspec-
tive.” [28]. This is particularly significant in a biomedical 
field where the public are the end-users of engineering 
research outcomes. These are the exact principals that 
encouraged the inclusion of the lived experience perspec-
tive in the biomechanical engineering doctoral research 
project discussed in this commentary.

When we refer to “engineering” being largely technol-
ogy-driven, we are referring to engineering in a “research” 
context rather than a “design” context. Design engineers 
are relatively conscious of the needs of users and other 
stakeholders, and this is evidenced through the exist-
ence of the Design Council who advocate for frameworks 
such as the Double Diamond or IDEO, which have been 
practising human-centred design since their beginning 
in 1978 [29, 30]. Similarly, areas of research where the 
engineering is more linked to a kind of ‘designed’ prod-
uct/device whose use is the person’s/patient’s choice are 
more likely to use public-centred approaches. Therefore, 
this paper puts forward an argument for more active PPI 
in biomechanical engineering research projects whereby 
the public-centred approach is less established, such as in 
a computational modelling context.

Clinical context: project background
Osteoarthritis (OA) is the most common musculoskeletal 
joint condition, affecting millions of people in the age-
ing global population [31–35]. OA in the hands is highly 
prevalent [36, 37]. As well as causing chronic pain, hand 

OA can have a significant impact on hand function, limit-
ing an individual’s ability to perform everyday tasks.

Computational modelling is often used in biomechani-
cal engineering to assess joint mechanics and degenera-
tion in conditions such as OA [38]. In 2020, a four-year 
doctoral research project began with the initial aim of 
leveraging a unique dataset of finger kinematics, com-
puted tomography (CT) and magnetic resonance (MR) 
imaging of ten consenting participants (5F:5  M, mean 
age 31yrs, range 27 – 37yrs), who were free from hand 
or wrist disease or injury (IRAS Ref: 14/LO/1059). The 
data was collected between 2012 and 2016 at the Uni-
versity of Southampton/Southampton General Hospital 
[39] and ethical approval was granted for Secondary Data 
Analysis use (ERGO Ref: 61718). However, at the con-
ception of the research project, it was not decided how 
the datasets would be used to develop a computational 
model. Suggestions such as evaluating treatment options 
and rehabilitation strategies were proposed by members 
of the interdisciplinary research team. However, a public 
perspective was lacking, and it was important for us to 
include voices that represented the OA lived-experience 
to better understand how these models can be used to 
support end-users in the future.

The quantitative and largely independent nature of 
computational modelling especially when compared to 
clinical studies whereby engaging with the public is a fun-
damental part of the process, made this particular pro-
ject an appropriate case study for exploring the impact 
of PPI in engineering fields where it is less established. 
Consulting members of the public was initially intended 
for the project planning stages. However, PPI is often 
encouraged to be actively incorporated at every possi-
ble stage, and the enthusiasm from both the contributors 
and researchers during the first few meetings about this 
project evidenced the value of maintaining and deepen-
ing this partnership. This commentary is the story of the 
project’s restructure, whereby after early-stage work with 
the public contributors, it evolved from a technology-
driven biomechanical engineering project to a PPI-driven 
biomechanical engineering project, which incorporated 
both computational modelling and public engagement 
methods to address PPI-identified research priorities.

This first-hand account of PPI in an engineering con-
text is co-authored by the doctoral research student 
(TAM), two public contributors (GL and NM) and five 
supporting academic members of staff. The author group 
worked together for 4 years. Written and verbal consent 
was obtained to include all information shared in this 
publication.

Aim
This commentary aims to describe:
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(1)	 how we first implemented public involvement in a 
biomechanical engineering doctoral research pro-
ject;

(2)	 the outcomes of the early-stage PPI work and how 
it informed the project structure; and

(3)	 the overall process and impact of PPI on the 
research project.

Methods
This publication was written in accordance with the 
short-form Guidance for Reporting Involvement of 
Patients and the Public (GRIPP2) checklist [40]. The fol-
lowing sections are dedicated to outlining the design 
and implementation of the early-stage PPI consultations 
which influenced the initial reprioritisation of the PPI 
elements of the engineering project.

Terminology used
We use ‘public contributor’ to describe the members of 
the public on the research team. Throughout this paper, 
we refer to Patient and Public Involvement (PPI) when 
discussing the public contributors’ influence on the pro-
ject’s design, development and delivery. Patient and 
Public Involvement and Engagement (PPIE) is used to 
describe activity that encompasses both involvement and 
engagement.

People involved
Three members of the public were involved within the 
first six months of the project, with two of the three pub-
lic contributors continuing their involvement throughout 
the project’s duration. All three contributors were female, 
over fifty years old, currently living with either clinically 
confirmed or suspected OA in their hands. The sever-
ity of symptoms vary between the contributors, ranging 
from mildly to severely impacting their quality of life. 
They all volunteered to be part of this project and had 
no previous experience of PPI to this degree. They were 
recruited through the Saints Foundation—a charitable 

organisation run by a local football club [41]. Saints 
Foundation are a ‘social prescriber’ for the NHS. They 
provide weekly exercise sessions that promote regular 
exercise and independence within the local community. 
Reimbursement was offered to all public contributors 
involved.

Stages and nature of involvement
The initial consultations during the project design stage 
were conducted in accordance with the GRIPP2 check-
list [40], UK Standards for Involvement [11], and NIHR’s 
briefing PPI notes for researchers [42]. Ethical approval 
was not required as persons were acting in an advi-
sory role (Briefing Note 5). However, ethical approval 
(ERGO62720) was sought for dissemination purposes, 
allowing consent to capture the discussions and con-
tributors’ lived-experiences in the form of interactive and 
collaborative notes (Jamboard, Google Inc., California, 
USA), and share them at conferences, in publications or 
on social media.

A ‘terms of reference’ (see Supplementary File 1) docu-
ment was created and distributed to everyone who would 
be present during the session. This document included 
information on the purpose, location and format of the 
meetings, how the meetings would be conducted and 
data protection considerations. We recognised that there 
wasn’t much guidance or case-study based evidence 
of PPI in this field of research and thus, we sought out 
shadowing opportunities of colleagues undertaking PPI 
to help gain knowledge in how to run meetings, capture 
impact and reimburse contributors.

Four one-hour sessions were held online via video 
conferencing software (Zoom, Zoom Communications, 
Inc., California, United States of America), due to trans-
mission control rules during the COVID-19 pandemic. 
Each session was organised around discussion prompts 
(Table 1). These discussions were made as general as pos-
sible to ensure that the conversation remained open to 
all perspectives to minimise the risk of researcher bias. 
This was also done to reassure public contributors that 

Table 1  Discussion Prompts for each consultation session

Session no Discussion prompt

1 ∙ What are your opinions on currently available OA treatments?
∙ What do you think of this computational modelling research project?

2 ∙ What movements/actions are most difficult to do living with hand OA?
∙ What considerations should researchers have in mind when developing tools 
to investigate OA?

3 ∙ What activities of daily living are mostly impacted by hand OA?
∙ What techniques do you use to manage your symptoms?

4 ∙ What is the public perception of hand OA?
∙ What recommendations would you give to researchers developing treatment?
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there is no ‘right answer’ and allow both the research-
ers and public contributors to learn from each other in a 
spontaneous manner. As well as open conversations, dis-
cipline-specific language was avoided to ensure that the 
conversation was accessible to everyone, and feedback 
would be readily given.

Capture or measurement of early‑stage 
consultations
Points discussed verbally during the sessions were 
recorded in the form of hand-written and interactive 
electronic notes (Jamboard, Google Inc., California, 
USA). These notes acted as a written record of the session 
and were sent via email to attendees. This allowed every-
one to access, edit, and delete any information they felt 
did not represent what was discussed. After the last ses-
sion, the notes were collected, summarised and reviewed 
by all parties. The process and impact of this public 
involvement work on the doctoral project was evaluated 
using impact logs (see Supplementary File 2) adapted 
from a People in Health West of England (PHWE) tem-
plate [43].

We created spaces for reflection to ensure the interpre-
tation of the discussion was accurately documented. For 
instance, both researchers and public contributors were 
invited to write blog posts that would be published online 
to depict their experience during this stage of the project 
[44].

Study results and discussion
Becoming a PPI‑driven biomechanical engineering project
During the sessions, public contributors were keen to 
share their views and expertise. A particularly impor-
tant aspect of the discussions was the impact of hand OA 
upon everyday living.

“[The researchers] … who were running these sessions 
were quite surprised by some of the things that are 
affected by arthritis and what we have to do to over-
come it. Simple things we take for granted like sew-
ing, writing a letter, opening those childproof caps, 
or trying to. Even gripping a bread knife or picking 
something up, when we are in the throes of a flare-up 
can be nigh on impossible.”
– Public contributor talking about the researchers 
[44]

The discussions about lived-experience ultimately 
outlined the main factors that the public contributors 
felt could be considered in biomechanical engineering 
research. As a team (researchers and public contribu-
tors), we explored these factors and self-categorised them 
into three main groups (Fig. 1):

(1)	 General Experience: Factors that describe daily 
experience of living with hand OA.

(2)	 Considerations for researchers: Factors that public 
contributors feel could be more thoroughly consid-
ered in biomechanical research about hand OA

(3)	 Recommendations for interventions and research 
tools: Opinions on research tools and inventions 
that researchers could also consider.

The discussions with public contributors allowed for 
an improved governance of the project as a whole. For 
myself as the researcher (TAM), it widened my under-
standing of hand OA and its impact on everyday life, 
opening up the discussions to topics that I had yet to 
prioritise in my literature search and determination of 
the research question. Overall, the discussions with the 
public contributors encouraged me to look beyond the 
computational methods as the main project output and 
instead, explore the ways that the project could address 
the priorities identified by the public contributors.

This led to the diversification of our research outputs 
into two methodological groups:

(a)	 computational modelling and,
(b)	 public engagement,

to acknowledge three core PPI-identified research pri-
orities. These included (1) patient variability, (2) joint 
instability and (3) hand OA awareness. This restructure 
also reprioritised the inclusion of the public contributors 
in the design, development, dissemination and evalua-
tion of the project (Fig. 2). The PPI approach throughout 
the project alternated between consultative, collabora-
tive and co-productive. The selected approach depended 
on the stage of research and contributors’ preferred level 
of involvement. An overview of the PPI approach, along 
with associated impacts and outcomes across all stages of 
the research project is presented in Table 2.

PPI influence on computational modelling
Whilst the datasets do not represent an OA population, 
we highlight the potential of generating a transferable 
modelling methodology from an exemplar dataset, albeit 
free from hand or wrist disease or injury, that could be 
used to address population variability [46], predict risk of 
disease progression [38] and develop future pipelines for 
data more representative of the OA community.

Discussing data representativeness and model usabil-
ity with our public contributors allowed our methodol-
ogy to be scrutinised early on. Their influence guided 
the technical workflow, providing context to research 
efforts and supporting critical thinking. For instance, 
the prioritisation and generation of a statistical shape 
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Fig. 1  Key hand OA lived-experience factors discussed during early-stage PPI consultations

Fig. 2  Final project plan (template inspired by Racine et al. [45]) detailing aims, objectives and methods influenced by PPI-identified priorities 
(patient variability, joint instability, OA and PPI awareness) and a summary of the public contributor role for each
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model to characterise the geometric variability with the 
data population came from the PPI discussions around 
patient variability. In addition, the emphasis on joint 
instability and it being likened to a “loss of function” by 
the public contributors also inspired correlation analysis 
between shape and kinematic data, further characterising 
the data population. This analysis revealed that if trained 
with additional CT images, the model may be of use for 
investigating further the apparent associations between 
joint conformity, which plays a role in stabilising the joint 
during movement, and movement quality, that may be 
descriptive of joint stability.

The resultant models created are first publicly avail-
able statistical shape models of the fingers’ skeletal anat-
omy generated from living participants ([47]). The finger 
models describe a small, homogeneous population, and 
assumptions cannot be made about how it represents 
individuals outside the training dataset however, the 
published model can supplement gross anthropomet-
ric datasets with additional shape information [48, 49], 
reaffirming its value for publishing open-source; another 
decision affirmed by contributors and academics alike.

PPI influence on public engagement
Research questions are often formulated using published 
literature and although it frequently reports hand OA to 
be highly common [36, 37, 50]], [50–52] the language 
used can  influence our awareness of its impact on an 
individual’s quality of life. For example, when discuss-
ing the burden of OA, Litwic et  al. [53] state that “even 
though the symptoms are often less disabling than when 
the knee or hip joints are involved, it can still significantly 
interfere with hand function.”. In our PPI discussions, it 
was felt that this was an unfair statement since no one 
type of OA is more or less debilitating, they all mani-
fest and impact quality of life in different ways. This type 
of comparison could lead to a gap in hand OA under-
standing, influencing people’s decision to seek treat-
ment or help. For instance, Dziedzic et al. [54] reported 
that whilst hand OA is common and has a significant 
impact and associated disability, many people living with 
the condition perceive that nothing can be done. Using 
semi-structured interviews, another study by Hill et  al. 
[35] explored the experiences of adults aged 50 years and 
over, living with hand OA and reported that a key goal 
for them was to maintain independence; meaning they 
wanted to be self-reliant despite the limitations hand OA 
pose on daily living. In addition, they stated that hobbies 
and interests tended to be forgotten about to avoid the 
frustration associated with the inability to do them at the 
same pace or precision.

During the PPI consultations, we learnt a great 
deal about hand OA from each other and that helped 

recognise that public engagement efforts were  needed 
to raise hand OA awareness within public and research 
communities. It has been judged unlikely that we would 
have got to this outcome without incorporating PPI; 
therefore, it was equally important for us to share our 
experiences of working together and in turn, increase PPI 
visibility   within engineering spaces  as the project 
developed.

Alongside the development of the computational mod-
elling efforts, public engagement content was co-pro-
duced with public contributors to engage various target 
groups. Designing and publishing a website dedicated to 
sharing the hand OA experience and attending a number 
of community events allowed us to both raise OA aware-
ness and disseminate this project’s outputs. As the only 
known doctoral research project within the mechani-
cal engineering department at the University of South-
ampton incorporating PPI in the research process, we 
hypothesised that this was not because other researchers 
did not want to, but because there is  limited  guidance or 
teaching on how to incorporate PPI in such a field. There-
fore, as part of our public engagement efforts, we also 
co-created educational PPI material for the mechanical 
engineering undergraduate students at the university.

Theory development
This research project transformed from a purely quan-
titative biomechanical analysis activity to a project 
influenced by the hand OA lived-experience, advocat-
ing for mutual learning with stakeholders often under-
represented (compared to clinicians and surgeons) in 
computational modelling work. Two of the three origi-
nal contributors continued to be involved after the con-
sultations up until the project’s completion. Therefore, 
though the number of contributors was small, we estab-
lished meaningful and long-lasting partnerships. While 
the quality of the partnerships formed between research-
ers and the public are considered to significantly influ-
ence the effectiveness of PPI [13], we also acknowledge 
the enhanced robustness a larger and more diverse group 
could provide and encourage that for future studies.

Biomechanical engineering especially lends itself to a 
PPI-driven research approach since research often con-
cerns a health condition that impacts a population. This 
further strengthens the relevance of the statement from 
Hewlett et al. [28] that patients “have a personal experi-
ence of disease that is not available to most researchers, 
but that complements researchers’ analytical skills and 
scientific perspective”. Our experience in this project has 
led us to strongly agree with this idea of complementary 
skills and its benefits to collaborative research, which is 
often highlighted as a requirement for effective multidis-
ciplinary teams [55, 56].
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Many practices in engineering design encompass the 
principles of PPI, such as the Design Council’s Double 
Diamond framework and human factors, and thus we do 
not believe our paper to be the first to delve into seeking 
non-engineer expertise. However we do specifically focus 
on the scope of public involvement in the development 
of engineering research. While there has been encour-
agement from bodies, such as the UK’s Engineering and 
Physical Sciences Research Council (EPSRC) [23, 24] and 
the Engineering Council [1], there are limited published 
examples of PPI in engineering research contexts. To 
avoid devaluing PPI, Ocloo and Matthews [57] suggest 
that researchers need to be trained and supported when 
undertaking public involvement. They state that by devel-
oping models of healthcare that are more co-designed 
and co-produced between all stakeholders, we can move 
beyond tokenism, share power, and create more equity in 
the decision-making process. This highlights the impor-
tance of increasing both the education and evidence-
base of PPI in quantitative-based methodology as even 
if there has been a recent commitment to PPI from the 
engineering community, conceptual and practical bar-
riers can still exist due to a lack of understanding from 
researchers regarding what it involves, how to support a 
diverse range of lay members, and the difference between 
PPI and qualitative research methods [58]. To support 
continued efforts to increase PPI in quantitative research, 
we need to continue contributing to the evidence base 
and share the lessons we have learned, including the suc-
cesses and the challenges, from this approach.

Impacts
This commentary presented the outcomes of early-stage 
consultations with members of the public living with 
hand OA and how they influenced the project’s structure. 
Their involvement notably influenced and supported crit-
ical thinking, encouraging a new perspective and attitude 
toward the involvement of public members in engineer-
ing and quantitative methodological research. The overall 
impacts include:

Establishing and developing meaningful PPI relationships

a.	 An active, ongoing and supportive partnership with 
two public contributors who were involved through-
out the project.

b.	 Frequent project updates and brainstorming meet-
ings were organised with public contributors, par-
ticularly during the more co-productive stages of the 
project.

c.	 Public contributors were invited to take and subse-
quently accepted roles of equal standing to support-
ing academics in the Project Steering Group

d.	 Main changes/benefits for the doctoral researcher 
(TAM): A new perspective and attitude toward the 
involvement of public members in engineering/quan-
titative methodological research, driving the restruc-
ture of the project and advocacy for mutual learning 
with stakeholders often underrepresented (compared 
to clinicians and surgeons) in our work.

e.	 Main changes/benefits for the public contribu-
tors (GL/NM): New opportunities to get involved 
in research relating to their lived-experience, con-
tributing to research methods and attitude shifts to 
research within the department of mechanical engi-
neering at the University of Southampton; working 
with researchers to encourage others to work with 
members of the public in similar ways.

Providing a case study for a PPI‑driven biomechanical 
engineering project

a.	 A project plan was designed to address considera-
tions for researchers suggested by public contribu-
tors. These centred on:

	 ai.	 Computational methods to assess bone joint 
shape and motion trends between patients to 
define levels of variability and joint instability.

	 aii.	 Public engagement efforts to raise awareness of 
hand OA and the value of PPI including con-
ducting workshops and developing digital and 
physical resources.

b.	 Additional considerations were made to (1) address 
the representativeness and useability of compu-
tational modelling outcomes by making our work 
accessible to potential end-users and inviting col-
laborators to contribute to them and (2) engage with 
community groups and the biomedical engineering 
community, in particular early-stage engineers, to 
raise OA awareness and encourage active PPI prac-
tice.

c.	 This project plan was continuously reviewed during 
Steering Group meetings (gathering of supervisory 
team, public contributors, students working in a sim-
ilar field and stakeholders). A stakeholder map was 
created to outline the influence and interest of those 
involved or engaged during the project.

Creating a PPIE network

a.	 We expanded our support network to include more 
individuals who advocate for this approach to engi-
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neering research and expanded our public network 
to include more voices (lived and non-lived experi-
ence) for current and future involvement and dissem-
ination purposes.

b.	 We created and delivered ‘PPIE in Engineering’ train-
ing material for early-stage biomedical engineering 
students to encourage more consideration of the 
public voice in their work. We also hosted opportuni-
ties for students to consult with us on best practice 
for incorporating PPI in their largely quantitative 
analysis-based projects.

c.	 We established a consistent presence at local events 
to share our progress and invite members of the pub-
lic to join the network.

Recommendations for including PPI in quantitative‑based 
research projects
These are not a ‘how to’ guide, instead an insight into the 
key takeaways from four years of experience of working 
with members of the public in a field that is largely driven 
by technology. These were written to summarise our key 
learnings and to encourage engineers in seeking research 
design input from the public.

The power of storytelling

“For me, public involvement is important because 
you are getting all the information directly, not 
from books, journals, or other research but from the 
patients with OA pain of the hands.”
– Public contributor [44]

Something that connects us all is that we each have a 
story to tell. Storytelling lends itself well to PPI and devel-
oping partnerships, because stories can inspire, empower, 
build empathy and educate, facilitating that element of 
PPI which encourages mutual learning [59]. Storytell-
ing helps to establish connections between both people 
and ideas. We can learn facts from published literature or 
technical information from fellow researchers, but there 
are also things we can learn from the public such as per-
spectives and experiences that researchers often do not 
have and yet are often overlooked. PPI encourages focus 
on these areas and complements the resultant design, 
development and dissemination of the selected research 
methods. Listening and valuing the public’s expertise 
and the courage it takes to tells one’s story for the sake of 
research is crucial in developing purposeful research and 
accessible outputs.

“Most scientists/engineers/academics/clinicians 
developing treatments for arthritis don’t have it. As 
a result, they can’t fully empathise, they can’t ‘feel’ 

what it’s like to live with arthritis – they need people 
with arthritis in the team to help all those involved 
in the project fully understand the condition.”
– Supporting Academic [44]

Starting early

“[The researchers] … who were running these sessions 
were quite surprised by some of the things that are 
affected by arthritis and what we have to do to over-
come it. Simple things we take for granted like sew-
ing, writing a letter, opening those childproof caps, 
or trying to. Even gripping a bread knife or picking 
something up, when we are in the throes of a flare-up 
can be nigh on impossible.”
– Public contributor  [44]

As a project timeline progresses and research meth-
ods have been established, people are more reluctant 
to make changes, so we suggest involving members of 
the public at the earliest stage possible. A question we 
were often asked throughout the project by engineers, 
was “How does PPI make a difference?” Here, we would 
invite people to look at PPI as something you do rather 
than something you measure. Listening to someone’s 
story can help to improve your understanding of a con-
dition or a consensus of a research tool in an area you 
are working in, increasing the awareness of the societal 
impact of the research. Engineers often work together to 
develop research tools and thus, PPI can remove the bar-
rier between them and the public, broadening the possi-
ble project outputs. PPI is evolutionary and thus difficult 
to predict how it will impact a project, therefore, leaving 
room to enact change by starting early is important.

Training/Planning

“PPI group was not only interesting but very inform-
ative especially in the way that [the researcher] took 
notes and put them on the Jamboard. She was so 
very organised and her excellent technical skills with 
the computer meant that any points we made in our 
discussion were quickly put on the screen.”
– Public contributor [44]

Barriers to implementing PPI in research are frequently 
attributed to a lack of understanding [57]. Planning is 
crucial for the smooth running of PPI activities and com-
municating with public contributors during a long-term 
project. Understanding the difference between involve-
ment, engagement and participation is also important in 
helping to distinguish your intentions. While most use-
ful when starting, we also stress the importance of seek-
ing out guidance and reading up on relevant frameworks 
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throughout the project. We commonly used: The GRIPP2 
checklist [40], the UK Standards for Public Involvement 
[11], and the NIHR briefing notes [42] for PPI guidance 
and documentation from the National Co-ordinating 
Centre for Public Engagement (NCCPE) [60] for engage-
ment guidance. We also advocate for learning on the job, 
therefore if there is a fellow researcher integrating PPI in 
their work, reach out to them for advice or an opportu-
nity to shadow them to learn more about what it takes to 
involve members of the public in a research project and 
engage with different community groups.

Establishing partnership/project governance

“These sessions weren’t about taking information 
from contributors; there was a mutual exchange 
of experience and mutual respect for everyone 
involved.”
– Postgraduate Researcher [44]

“Nothing about me, without me”—the core principle of 
patient-centred care and decision-making embodied by 
various patient advocacy groups such as Patient Research 
Exchange and The Patient Association [61]—perfectly 
summarises the rationale behind establishing a work-
ing partnership with members of the public. Public con-
tributors are members of the research team, steering the 
project and governing its outcomes. You are a team. A 
contributor’s  perspective is equally  valuable for shaping 
the purpose and outcomes of technical work and there-
fore, they should be consulted and treated with the same 
respect as a technical specialist or fellow researcher. How 
you value people’s input and time, plan meetings, com-
municate outside of meetings, and reward their efforts 
will contribute to the type of partnership cultivated. 
Avoiding tokenism, sharing power, and creating more 
equity in the decision-making process is easier when we 
move away from a transactional approach of working 
with the public to a reciprocal one. PPI can influence all 
stages of the research cycle; so when in doubt, ask the 
contributors how they would like to be involved and if 
their expectations are being fulfilled.

Commitment

“[PPI] showed me that engineering continues to be 
technology-driven rather than patient-led. How can 
we expect people to use the technology we design if 
we haven’t considered their perspectives or needs in 
the design process? One way to do that is by involv-
ing them at every stage possible.”
– Postgraduate Researcher [44]

Dawson et  al. [13] argue that the success of PPI   is 
highly dependent on the relationships cultivated with the 

public contributors, in other words, one’s commitment 
to PPI. In an engineering context, the PPI commitment 
entails the researcher dividing their efforts between con-
ducting the project on a technical-level to cultivating a 
partnership with public contributors and engaging with 
the different research communities. Viewing PPI as part 
of the research process and something that drives the 
project’s needs, rather than something extra to do, may 
help to map the required efforts and resources needed. 
As discussed Canney and Bielefeldt [7], this demonstrates 
the power of recognising the “non-technical dimensions 
of engineering projects” whereby skills including com-
munication, budgeting, presenting to large audiences, 
managing expectations and note-taking compliment the 
process. These skills are just as important as the technical 
skills it may take to conduct the project as they ensure 
the smooth running of multiple different activities, facili-
tate transparency with all stakeholders and help provide a 
clear projection of the project’s expectations.

Flexibility

“I hope that we can continue to work together and 
share our experience with the wider community 
because it has been great to see how our partner-
ship has evolved since we first met and how many 
more opportunities we can create to share our work 
and communicate to researchers the value of public 
involvement.”
– Postgraduate Researcher [44]

Making sure contributors can be involved at every pos-
sible stage is ideal but listening and respecting their pre-
ferred level of contribution for different activities is just 
as important. Working together in this way means the 
project must take a more holistic approach whereby the 
needs of all, including the researcher, the public contrib-
utors, supporting academics, the general public and the 
research community,  can be managed. To this end, it is 
important to diversify your communication approaches 
for each group. For instance, it’s important to ask the 
public whether the method that the project outputs have 
been presented resonates with them and reflects any pre-
vious contributions and if not, meetings can be organised 
to discuss alternative solutions. Managing expectations 
is reliant on strong communication, transparency and 
accountability. Being open, adapting to PPI outcomes and 
developing meaningful relationships with the public is 
incredibly beneficial as it may lead to new and unforeseen 
solutions or research outlooks. Lastly, it is important to 
see mistakes and misunderstandings as acceptable parts 
of the process. If you are honest with contributors, they 
will be honest with you. It may not be initially clear how 
to incorporate lived-experience insights into the project 
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design but embracing the  public-researcher partnership 
and being authentic and flexible will help. As discussed 
by Staley and Barron [62], learning is a PPI outcome.

Consistent feedback

“Having input about our feelings towards arthri-
tis and what we do to carry on normal life has felt 
like we are at last being listened to as well. I hope 
that more input from the patients will be taken into 
account as well in the future.”
– Public contributor [44]

Feeding back to public contributors on acknowledge-
ment, study progress, success and impact, is widely rec-
ognised as a common point of neglect by researchers 
conducting PPI [63, 64]. This feedback is crucial as it 
reinforces the concept of an equal partnership and elimi-
nates the transactional nature of research. There will be 
stages  of the research process that the researcher under-
takes independently, especially in an engineering context 
where data collection may include experimentation and 
testing of research material. It is important that you keep 
communication active by  recording  what was done and 
how PPI did or did not influence the work and provide 
contributors with this feedback even during the times 
where PPI is less embedded. After being involved  , con-
tributors appreciate evidence of their words/views being 
taken into account but also transparency of where it was 
not. This can also inform their contribution to future 
work. One way consistent feedback can be facilitated 
is by creating a steering group and inviting contribu-
tors to become members alongside supporting staff and 
stakeholders. Regular steering group meetings can play 
a crucial role in fostering a reciprocal relationship by 
providing a regular platform to keep everyone informed 
about the progress of the project and allow the opportu-
nity for everyone to give feedback and suggest changes.

Diversification of efforts
The focus of quantitative-based projects revolves around 
data collection, processing and analysis. This project 
has shown how PPI encourages the clarification of the 
research question and prioritisation of research efforts 
with the consideration of an additional perspective, 
notably that of the lived-experience. Thus, PPI can help 
to determine the purpose of the technical investigations 
adopted; shifting our attitude from designing a pro-
ject around the technology to using the technology as a 
means to address the needs of public contributors. This 
further emphasises how the technical (i.e. the computer 
programming, clinical or mechanical testing) and non-
technical (i.e. developing working partnerships with the 
public or investing in interactive and accessible forms of 

steering a meeting) elements of a project can work side-
by-side to define the research priorities, develop new 
ideas, acknowledge the public’s contributions, and at the 
very least make the research outputs more accessible.

Conclusion
Developing a meaningful partnership between the public 
contributors allowed for the restructure of this doctoral 
research project, enabling a much heavier PPI influence 
than initially planned or published for a computational 
biomechanical engineering project. Involving members 
of the public can help generate ideas and guide engineer-
ing workflow; leading to solutions that may never have 
surfaced without collaboration. Although the evidence-
base is limited, PPI has a place in quantitative-research 
driven fields such as engineering, especially biomedi-
cal engineering where people are often the end-users 
of research  outcomes. In its simplest form, engineering 
is about using scientific knowledge to address people’s 
needs; how better to understand those needs than to 
consult, collaborate and co-produce with the public?
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