Smith et al. Health Research Policy
Health Research Policy and Systems (2024) 22:6

https://doi.org/10.1186/512961-023-01076-5 and Systems

: : : : ®
Planning, implementing and governing ety

systems-based co-creation: the DISCOVER
framework

Niamh Smith"" ®, Michail Georgiou'?, Mohammad S. Jalali* and Sebastien Chastin'*

Abstract

Background Increasingly, public health faces challenges requiring complex, multifaceted and multi-sectoral
responses. This calls for systems-based approaches that facilitate the kind of collective and collaborative thinking

and working required to address complexity. While the literature on systems thinking, system dynamics and the asso-
ciated methodologies is extensive, there remains little clear guidance on how to plan, govern and implement partici-
patory systems approaches within a co-creation process.

Methods We used a three-step process to develop DISCOVER, a framework for implementing, and governing
systems-based co-creation:

Stage 1: We conducted a literature analysis of key texts to identify well-documented methods and phases for co-
creation using a systems approach, as well as areas where gaps existed.
Stage 2: We looked for the most appropriate methods and approaches to fill the gaps in the knowledge produc-
tion chain.

Stage 3: We developed the framework, identifying how the different tools and approaches fit together end-to-end,
from sampling and recruiting participants all the way through to responding with an action plan.

Results We devised DISCOVER to help guide researchers and stakeholders to collectively respond to complex social,
health and wider problems. DISCOVER is a strategic research planning and governance framework that provides

an actionable, systematic way to conceptualise complex problems and move from evidence to action, using systems
approaches and co-creation. In this article, we introduce the eight-step framework and provide an illustrative case
study showcasing its potential. The framework integrates complementary approaches and methods from social net-
work analysis, systems thinking and co-creation literature. The eight steps are followed sequentially but can overlap.

Conclusions DISCOVER increases rigour and transparency in system approaches to tackling complex issues going
from planning to action. It is being piloted in environmental health research but may be suitable to address other
complex challenges and could be incorporated into research proposals and protocols for future projects.
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formulation, Co-creation

*Correspondence:

Niamh Smith

niamh.smith@gcu.ac.uk

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-9255-2528
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12961-023-01076-5&domain=pdf

Smith et al. Health Research Policy and Systems (2024) 22:6

Introduction

Systems-based approaches have been adopted widely
across many disciplines, and it is therefore near impos-
sible to remain informed on the totality of the systems
literature; computer scientists, geographers, economists,
psychologists, social scientists and increasingly health
professionals and epidemiologists talk using systems lan-
guage. Despite the extensive range of writings on systems
in different subject areas, there are shared conceptual
foundations. A system can be defined as an intercon-
nected assembly of components, where the presence of
components impacts the system’s behaviour, and the sys-
tem undergoes changes when components are altered
or removed [1, 2]. The arrangement of components in a
system collectively serves a specific purpose, sometimes
outlined by distinct boundaries that set the system apart
from its environment. Over time, systems and their envi-
ronments co-evolve [3]. Systems can comprise numerous
subsystems, each with its components that could also
function as independent systems.

All systems are to be regarded as an adaptive whole, as
entities. To comprehend and make sense of the complex-
ity of a system, systems thinking can encourage abstract
thinking, widening the gaze rather than looking at com-
ponent parts separately. Systems thinking involves under-
standing how component parts in the system are linked
and connected, appreciating the counterintuitive effects
within a system, and recognising that changes to a system
may result in unintended consequences [1, 2].

Practitioners of systems thinking must remain aware of
their personal perspectives and biases, recognising that
their viewpoints shape how they understand systems [1].
Additionally, openness and respect for diverse perspec-
tives are vital within a safe environment, as conflicting
interests may arise among individuals [4]. Working with
groups of people is not always straightforward and col-
laborative research often entails navigating challenges
arising from diverse perspectives, communication hur-
dles, and coordination intricacies. Systems approaches
offer a valuable means to harmonise and integrate diver-
gent viewpoints by illuminating the interconnectedness
and interdependencies among various perspectives [5].

Contextualising the system and identifying potential
barriers to future change are also crucial aspects of sys-
tems thinking, enabling context-sensitive actions [5].
Finally, it is important to note that models and maps of
systems are not replicas of the real world; they don'’t offer
complete explanations for situations. Employing a sys-
tems approach can provide a novel perspective for con-
templating and understanding complex causal relations,
for example in public health, by reframing and recontex-
tualising what is happening and why.
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Systems thinking and systems-based approaches are
promising tools to address the complexity in public
health [6-8]. Several diverse methods can be considered
‘systems-based’ Most of these involve developing a visual
representation of the system as this can aid the interpre-
tation of data and any decision-making processes [9].
Reality is complicated, and so diagrams can help com-
municate specific features of a situation. Causal Loop
Diagrams are visual tools used to represent and analyse
complex systems, emphasising the causal relationships
between variables [10]. These can be developed by indi-
viduals or through participatory approaches like Group
Model Building (GMB) [11] and Participatory Systems
Mapping (PSM) [4]. GMB/PSM can help address the
complex and multifaceted nature of many complex public
health issues and encourage collaboration and dialogue
between academia, industry, the government and the
public, which can lead to more innovative and nuanced
approaches to public health research [12].

To date, systems approaches have been used to under-
stand a variety of ‘wicked problems’ within public health,
including adoption of new medical technologies [13, 14],
the effectiveness of health care systems [8, 15], sustain-
ability of public health interventions [16], substance use
[17, 18], the determining factors which influence sed-
entary behaviours [19, 20] and levels of obesity [21-24],
neonatal mortality [25], among others. Traditionally,
research in public health has heavily relied on experimen-
tal designs, following a deductive process to test hypoth-
eses. While these methods have successfully uncovered
disease causes and mechanisms, they might fall short in
grasping the complexities of broader health contexts [12].
Complex public health issues require holistic and multi-
dimensional approaches; they cannot be entirely resolved
through traditional linear, analytical approaches.

Our research team studies the complex relation-
ships between urban blue spaces (e.g. rivers, canals and
lakes) and health. Urban blue spaces have shown prom-
ise as effective public health assets, but how these spaces
should be used, managed and revitalised to affect health
positively is still largely unknown [26]. We recognised
that any changes to blue spaces affect an extensive sys-
tem of actors, including land owners, waterway manage-
ment agencies, third sector organisations, government
bodies and local people, to name a few. We needed to
understand the needs and experiences of a wide range of
actors before any recommendations for how these spaces
should be used or managed were endorsed. The need to
consider the wider system surrounding blue spaces led us
to adopt a systems-based lens to the research and explore
the myriad of tools and methods which fall under the
umbrella of ‘systems thinking’
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The challenge we now face is that the practice of navi-
gating complexity is complicated. Systems thinking and
systems mapping literature is vast and growing rapidly.
Before approaching any systems-based project, one must
spend time trawling methods and materials. Those who
would like to use systems approaches do not often have
the resources for this preliminary work. The facilitation
of PSM and GMB processes are well established [10,
11]. What is lacking is a procedural meta-methodology
to guide researcher through the entire process, end-to-
end, from sampling and recruiting participants all the
way through to reporting of outcomes. The term ‘meta-
methodology’ describes a high-level framework which
encompasses multiple subprocesses, enabling the suc-
cessful management of a research project [27]. This paper
aims to develop a heuristic meta-methodology, called
DISCOVER, for planning, implementing and governing
a systems based process. We use ‘heuristic’ to emphasise
the practical problem-solving nature of the meta-meth-
odology. The heuristic meta-methodology compliments
and build on exiting systems thinking methods, combin-
ing them into an end-to-end workflow to address com-
plex problems.

Methods
Developing DISCOVER
We used a three stage process to develop DISCOVER:

Stage 1: We conducted a literature analysis of key
texts to identify well-documented methods and
phases for co-creation using a systems approach,
as well as to identify missing steps in the knowledge
production chain.

Stage 2: We looked for the most appropriate methods
and approaches to fill the gaps in the knowledge pro-
duction chain.

Stage 3: We developed the framework, identifying
how the different tools and approaches fit together
end-to-end, from sampling and recruiting partici-
pants all the way through to responding with an
action plan.

Stage 1

Firstly, we reviewed key textbooks on participatory sys-
tems mapping and systems approaches [10, 11, 28-30].
Our rationale and aim was to create an over-arching
framework that combines diverse system methods and
necessary key steps into an end-to-end co-creation pro-
cess. For this we had to study the different steps required
in the process and develop guidance about how to
sequence the most appropriate and relevant methods.
Therefore, we purposefully only reviewed textbooks ini-
tially, as these are foundational starting points. Also, as
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we were specifically looking at systems thinking and
mapping methods, textbooks provide comprehensive
explanations and overviews of well-documented research
practices. On the other hand, methodological journal
articles tend to deal with improving detailed methodo-
logical aspects too specific for our purpose and articles
that apply system thinking tend to lack specific reflec-
tions on how methods were chosen and conducted,
mainly due to word limits. From there, we scanned ref-
erence lists of the textbooks and looked at key journal
articles. While reviewing, we used Cochrane’s ‘Popula-
tion, Intervention, Comparison, and Outcome’ (PICO)
to analyse the literature [31]. PICO is a widely recognised
tool to help researchers develop clear and focused ques-
tions that can guide their search for relevant literature as
well as support in the evaluation of this evidence [31]. We
asked:

P: What population is involved in the systems
approach/systems mapping? (Population)

I: How was systems mapping used? (Intervention)

C: How did the authors discuss the output in rela-
tion to the study’s sample population, and did they
acknowledge potential variations in output that may
arise from using a different group of participants?
(Comparison)

O: What is the output of the systems mapping pro-
cess, and to what extent should participants be
involved in reviewing and verifying the results? Addi-
tionally, how engaged were participants throughout
the systems mapping process? (Outcome)

Stage 2

We engaged with literature on sampling in qualitative
[32] and quantitative [33] research to construct a model
appropriate to make sampling for systems mapping more
transparent.

Social network analysis informed DISCOVER as a
database can be created to catalogue organisations and
stakeholders associated with the issue, followed by a sur-
vey to assess their interconnectedness. The resulting net-
work map offers a comprehensive view of the network’s
structure, serving as a crucial foundation for the subse-
quent phases of research.

This stage combined ‘social network analysis, ‘purpose-
ful sampling, and ‘stratified sampling’ to Identify par-
ticipants. Combining these sampling techniques offers
several advantages, including increased representative-
ness, diversity, and a more nuanced understanding of
the target population. Social network analysis centrality
measures can be used to identify important or influen-
tial individuals within a network. Centrality is a measure
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of the extent to which an organisation is connected to
others within a social network. High network centrality
indicates that an organisation or individual is well-con-
nected. By using centrality as an indicator for sampling,
organisations with the potential for wide reach, influ-
ence over other organisations, and high social capital are
represented.

Purposeful sampling is a non-probability sampling
method commonly used in qualitative research, where
the researcher deliberately selects participants based on
specific criteria or characteristics related to the research
question or topic [34]. All the different sectors relevant
to the issue must be considered, and researchers can aim
to include at least one person from each relevant sector.
Stratified sampling is more commonly used in quantita-
tive research and ensures a representative and diverse
sample by selecting participants based on specific crite-
ria [35]. Participants can also be sampled based on the
Quadruple Helix Model to gain a sample from academia,
industry, government, and civil society [35]. Combining
sampling methods may reduce bias in sampling by cre-
ating a more representative selection process of partici-
pants to form the co-creation group.

We acknowledged that GMB and PSM are already well-
established methodologies. Variations on these methods
were reviewed. Variable elicitation and then the connect-
ing of these variables are key stages across all methods,
and so these were considered essential to our frame-
work. Furthermore, making the maps digestible enough
to be ‘usable’ was important as was ensuring they were
representative of peoples’ understanding of the system.
It was then important that we explored how the maps
may evolve and change through different scenario testing
techniques. These steps are already largely covered in the
existing literature of GMB and PSM, but there are limita-
tions on suggested methods to use for this.

Finally, it was vital that we considered the impact of the
project and the best way to move from evidence to action
[36]. In the textbooks we reviewed, finalising the map
tended to be the final steps of systems mapping processes
and there was little guidance on how to use the maps to
enact change [10, 11, 28-30].

From the emerging literature, Co-creation was deemed
an appropriate approach for developing policy recom-
mendations. Co-creation, which has its roots in the par-
ticipatory research paradigm and has been traced back to
the 1970s (166), represents a promising approach to pub-
lic health challenges (167). It can enhance the effective-
ness and impact of health interventions, particularly for
complex public health issues like the obesity epidemic,
persistent poverty, and food insecurity, which often pose
challenges to resolving, especially for vulnerable popu-
lations (168). Additionally, co-creation addresses the
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growing demand from the public to be actively involved
in research, ensuring that health interventions are bet-
ter aligned with their specific needs and circumstances
(167). Such aims align with the ideas presented in sys-
tems thinking and systems mapping literature. Therefore,
combining these approaches was an appropriate final
step in the framework.

Stage 3

We used the analysis in Stage 2 to develop the framework,
identifying how existing systems thinking and mapping
tools as well as other complementary approaches could
be placed together to form an end-to-end workflow. We
then used the framework for an illustrative case study
example and use this throughout this paper to contextu-
alise the theory.

Case study of north Glasgow

Our research has focused on the canals in North Glas-
gow as a case study. Socioeconomically, North Glasgow
is generally considered to be one of the more deprived
areas of the city, with higher rates of poverty, unemploy-
ment, and poor health outcomes, compared to other
areas [37]. Such parts of Glasgow also experience lower-
quality greenspace than wealthier neighbourhoods [38].
We have researched the health benefits of living near
the canals and found that its regeneration has led to
improved health outcomes, including reduced risk of
non-communicable diseases [39] and the canal being a
protective factor against the negative impact of socio-
economic deprivation on mental health [40]. Qualitative
research supported these findings with evidence support-
ing the canals as local therapeutic landscapes [41].

With our evidence to support the benefits of living near
blue spaces, we sought to understand how best to use and
manage them for population health benefits.

Our DISCOVER process was conducted during the
COVID-19 pandemic. This led to our process being con-
ducted entirely remotely using digital communications
and mapping tools. Ethical approval was obtained from
the School of Health and Life Sciences at Glasgow Cal-
edonian University (code:HLS/PSWAHS/19/208).

Results

On analysis of the key texbooks, we recognised that
there are many tools to guide the facilitation of partici-
patory mapping. For example, Hovmand et al. (2013)
introduce group model building using structured small-
group facilitated exercises which they call ‘scripts’ [28],
and Barbrook-Johnson and Penn (2022) cover many dif-
ferent types of systems mapping, including Participatory
Systems Mapping (PSM) [10]. However, what was lack-
ing was the preceding and final stages needed to address
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complex problems. For example, concerning who to
invite as participants for GMB workshops, Scriptapedia’s
has a ‘who is in the room?’ section, but does not guide the
user on how to select such people [28]. Additionally, Bar-
brook-Johnson and Penn (2022) suggest that researchers
should “cover all parts of the system... keep group size
small but maintain diversity” (p69) and “you want to get
a good spread of people, representing different views and
knowledge of different parts of a system” (p146), but do
not explicitly say how this might be achieved in practice
[10]. Furthermore, Van den Belt has a large section on
‘setting the participant group’ (p64) for Mediated Model-
ling workshops, but again this is abstract and theoretical
and does not provide a structured approach [30].

A further limitation of existing methodologies is that
there is little in the way of actionable output from many
participatory systems mapping exercises; the maps are
viewed as a final step, but there is little evidence of how
to use these maps for action. Therefore, we saw a need for
a final stage which aims to respond to the problem.

To encapsulate and simplify the process of planning,
implementing and governing a system based co-creation
approach, we created an acronym to systemise research
and increase the robustness. The word DISCOVER was
an effective acronym as following the framework allows
users to discover responses to complex problems. DIS-
COVER is a simplified, practical framework that can be
adopted to assist users with governing and conducting
their systems-based co-creation process and allow them
to arrive at a response to a problem strategically and
transparently.

We devised DISCOVER as a strategic, eight-step
framework that provides an actionable, systematic way
to address complex problems using participatory co-
creation. The eight steps are followed sequentially but
can overlap (Fig. 1). The process is iterative and previous
steps can be revisited as needed as understanding of the
problem changes.

The DISCOVER framework enhances existing systems
mapping processes by providing a meta-methodology
which is systematic and transparent. It firstly incorpo-
rates more careful consideration of participant sam-
pling (Database and Identify), and secondly, encourages
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practical strategies for utilising the system maps to drive
positive change (Respond). The steps, aims, objectives
and suggested methods for each step are detailed in
Table 1.

Database

Network mapping and analysis is a way to visualise rela-
tionships between people in a network, showing who
the actors are, how they are related and how these rela-
tionships are characterised [43]. By examining the pat-
terns and structures of relationships, it is possible to gain
insights into the dynamics of the network and how it
functions as a whole. For example, network mapping can
be used to identify central players or hubs within a net-
work and to understand the role different individuals or
groups play in the network.

Data for network analysis can be obtained in two ways.
Egocentric data can be collected by asking one person to
describe their network and who is connected [53]. Socio-
metric data is the complete set of relations among people
in a network, including both direct and indirect ties and
is collected by asking many people about the network
[53]. Socio-metric data collection is most appropriate for
this step.

Blue space example

We collated an exhaustive database of all organisations
operating around the canals in Glasgow, our study site,
through a systematic geographical search of businesses,
social enterprises and third-sector organisations. We
also used contacts at our university, Google maps, and
snowballed contacts from partner organisations. We
searched social media and attended community engage-
ment breakfasts in North Glasgow. Socio-metric data
were collected using an online survey asking partici-
pants to provide a short biography of the organisation
they represented. They were asked to rate their collabo-
ration status with other organisations: Yes, we currently
collaborate; Yes, we have collaborated in the past; No,
but we would like to collaborate in the future; No, and
we are not interested in future collaboration. The final
part of the survey asked participants if they were inter-
ested in the next steps in the research. If interested, they

e Y Vg YVe YVNe YW Y Wa YW

D | § €
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DATABASE IDENTIFY SHARE

CONNECT OPERATIONALISE

VALIDATE EVOLVE RESPOND

Fig. 1 DISCOVER framework for planning, implementing and governing systems-based co-creation. Arrows show direction of travel
through the meta-methodology, acknowledging that at some stages the system mapping process is iterative and stages may be revisited



Page 6 of 16

(2024) 22:6

Smith et al. Health Research Policy and Systems

[0S] suonenys xajdwod ul
sobueyd snonigquie asodoid 01 UoIIOe JO SULIO)
MU 31e[NWINS ued Juswabebus yang -abueyd

9AIIS0d In0ge BUlIg 01 WSISAS B Ul 9USAISIUI
ued aMm alaym seale eubis syutod abesana

[6¥] Ajigewlyuod pue

‘Aujigepuadap ‘Alljigeiajsuel) ‘AN jIgIpaID eI
IN0J UO YD1easal S35SISSe LDIYM ‘UOI1D3||0D Blep
AKrewud aaizeyjenb ul INobu pue SSaUIYIIOMISNIY
BULINSUS 10§ }JOMBWIRLY SUJODUIT PUR BN 35N
[s2] sauedipiied yum ¥oayd Jaquisul S1ayDieasay

si1ayio buoule

“PHDILS ‘NN “BIS1S ‘WisusA 31| sebexoed Buisn
[8¥] sweibelg dooT [esned) dojaAsp SI1aydieasay
(/1] Bupjew-uolsidap 1oy jeuonesado

9Q 0} |9pOW 3y} 3sljeuolielado pue suyal 0}
00| PUB SUOIII3UUOD 343 103SSIP SI9YDIeasay

91eudoidde se sajgeliea payl
-D1]9 193UU0D 0} PalIAUL 3. Ssyuedidilied [/ -5y
(@yl) ydeibip diysuoneai-1a1ur Ue 19n11sUoD)

[7] sopIinb Buiddeyy swa1sAS

Kio1edidied Jo/pue [87] s3duds bulp|ing [9pow
dnoig moj|oy ued asay] "uolissas buiddew Aioy
-edpipied e 03 payaul ale syuedidiled paynuap|

[G€] anssI xa|dwod ayy 03 puodsal 03 palinbai
951142dxa JO Y1peaiq Syl pUe [#1] SIsAjeue 3iom

-1aU [e20s '[S€] [9PON XI|9H d|dnipenpd ayi Aq
Ayiens pue buljdues njasodind asn
[€¥]

pasa1deieyd ale sdiysuolie|al 953yl Moy pue
pa1e|al aJe A3yl MOY ‘3Je $I01DB Yl Oym Buimoys
‘siomiau e ul 9jdoad usamiag sdiysuoiie|al
351|ensiA 03 sisAjeue pue buiddew yiomiaN

[rv]

SI0MIBU 11241 INOgEe SISP|OY LIS ||e Bupise Ao
-INS 3UIJUO Ue Ybnoly} p1ep d1IBW-01D0S 123]|0D)
[¢#] S3023UOD BUlISIXa Bulsn pue ‘suadxe Yim
Buibebus ‘elpaul [e1D0S ‘S1UaAS BuIOMIBU
‘soyoueas buiddew gam ‘Buiwioisurelq bupel
-0dlI0DUl ‘SI9P|OY IS JO YDIPSS DIIRUIRISAS VY

SiSAjeue oAl
-B1IeU PUB SISA|euR YI0M1aU BUISN WR1sAS Syl Ul
syulod obeIaAd| A3Y AHIUSPI S19YDIeasaY |3

uonewlIojul buissiw 1oy

¥o3yd pue sdiysuolieas Jo uonejussaidal el
-N22€ U. 2INSU3 A11Ie|D 153 01 SI9P|OYYEIS LM
dew pasijeuonesado syl XPayd-IaqUIBIA "L A

abexoed

21emyos e buisn sweibeiq dooT [esned) e ojul
@yl ay1 sijeuoiiesado s1ayieasay ‘70
SSWODINO PUB SISALIP

Ayuapl pue gy| 9yl 9sAjeue siaydieasay |0

S9|geeA 12ouU0)) suedpiied 1D

Aouasedsueny s| aJay3 1ey3 0s

e1ep ||B JO UIBLIO Y1 JUSWINDOP SI9YDIeSaY ‘€S
UOI1E1IDI| 3|CBlIIeA 1DNPUOD SI9YDIeasay ‘7S
13yd1easal e Aq paiel

-1]128 (A||en1IA JO UOSIad Ul) UOISSSS UOIeald
-02 B UlYiM ool s|enplAipul payliuspl 9yl *LS

SUOISSaS UONBID-02 31 Joj syuedidn
-Jed 123]9s pue AJluapl 03 142942 SIy1 asN 7l
Buidwes jnjasodind 1oy 1sIp9Yd € 3siAeq ||

21emyos buiddew buisn

9segelep S|yl Wol dew 310miau e 33Npold €(d
19432601 yiom Asy1 moy pue

suolles|ueblo ||e INOGe UoIIeWIo| 129100 '2d
wia|goid 2y} uj pR3saIUl SI9pIoY

-9e1s JO 95egRIRP AIISNBYXD UR YsI|arIsT ' |d

Bunsal ssai1s pue buip|ing oleu
-325 YBNOIY} 9A|0AS Seap| uonde pue dew ay|

syuedidiued yum dew
SWIS1SAS 31 JO SSDUIYLIOMISNIL DU 318PI[eA O]

3|geuonde s|
1118y 05 dew WL1sAs 2y asijeuonesado o]

S3|geleA USaMI]
sdiysuone|al a10|dxa pue seapl 193UU0d O

w?)
-goid 3y Uo 3dU3PIAS pue S6PIMOUS dIeyS O]

suolssas bujddew swa1sAs ul a1edidiled oy sje
-NpIAIpUL JO a|dues aAleIUaSaIdal B Ajauspl O

anss| ay1 punole buneisado suonesiuebio pue
9|doad Jo 3}1om1au a1 dew A||ed11ewslsAs o]

IANTOAT suonde 23s pue dew 3y
1591 01 JoY19601 SISyRW-UOISIDP Bulig—3

SISP|OYSHLIS JOUI0 YLM PUR UO[IeaId
S1 Ul paAjoAul 35041 Yum dew 3yl 31YdIVA—A

WIRISAS ||N} Y3 S101dap pue 9jgesn si
13ey3 0s dew siyy ISITYNOILYYIJO—0

951019xa buiddew suwa1sAs e ybnoiya
seapl JI9Y) | JINNOD siuedidnied—o

9s11adxa pue saoualadxa J19yl JYYHS 01

1ay3ab03 syuedpipied paynuapl buug—s

syuedidied areudoidde A41INIAl—]

s1apjoyaxes Jo ISyavLYQ e 21eaiD—a

spoylaw paisabbng

SaAIA[qO

wiy

deis

$9DUDIS21 PUB SPOYIDW PR1sabBNs ‘SaA11D3[qO ‘SWile Paiedosse 3yl pue YIA0DSIJ 4O sdais L ajqel



Page 7 of 16

(2024) 22:6

Smith et al. Health Research Policy and Systems

[zS] dew swa1sAs ay1 woy

92USPIAD 3Y1 UO paseq ‘Uejd uonoe ayy

dojanap 03 sIaxewl UOISIDSP pue SIapjoyayels
[BIAUSNUI YIM SPOYISW UOIIeII-0D 35

[1G] Uonde JO Seale pue W)

-SAS 9Y3 Ul SUOIIUSAIDIUI [BlIUR10d SSNDSIP 01 Blp
-ade1duns woly 1d1ds seap| uondy, syl 1depe ued

Aorjod

adeys 01 9>uapIAS se ue|d UONDe Yl 3N "€y
uofrIOqE)

-|02 2in1n} paseaidul 1o skemyred 18310 pue
sjujod UOID. 3|qRINSEaW 'UOWIWIO0D AJIUSp| ‘7Y
w|qoid ayi 03 puodsal 03

‘UOISIA paJeys e ‘Ue|d UOID. Ue 31ea1>-0D) ‘| Y

ue|d uonoe ue yum wa|qoid syl 0y puodsal o]

SUOIIBPUSUILIODRI JO 195 B BuIdO[aAsp A|9AI1D3)
-103 Ag wiajqoud xa|dwod ay1 01 ANOJSIY—Y

spoylaw paysabbng

saA1d3(qo

wiy

daxs

(penunuod) L ajqeL



Smith et al. Health Research Policy and Systems (2024) 22:6

could provide contact details. Finally, participants had
the opportunity to suggest other organisations that may
have been missed, which allowed for snowball sampling.
The research team piloted this survey before it was dis-
seminated. The survey was distributed through email and
social media (Facebook and Twitter), with personalised
follow-up emails at fortnightly intervals. Data collected
from the survey was mapped using KUMU, an online
visualisation tool that allows users to create interactive
diagrams and network maps (Fig. 2). The social network
map was instrumental to establishing the research con-
text; from this map we could identify the most influential,
most connected organisations as well as those which are
smaller, but may still be significant to our research. The
experience helped us become more familiar with the var-
ious types of organisations, which in turn made us more
knowledgeable of the context, politics and nuances of
relationships when conducting the co-creation sessions.

Identify

This step employed stratified purposeful sampling which
ensures a representative and diverse sample by selecting
participants based on specific criteria [35]. The ‘Identify’
sample is stratified using the Quadruple Helix Model,
sectors of expertise and network analysis metrics. This
process reduces bias in sampling by creating a fairer
selection process of participants to form the co-creation
group.

The Quadruple Helix Model recognises the need for
collaboration between science, policy, industry and
society within innovation [35]. The breadth and diver-
sity of participants are deemed critical for participatory
research over any form of statistical representation [35].
Therefore, deciding on the sectors of expertise required
to respond to a problem is essential. Expert groupings
should include individuals and organisations who are
affected by the changes as well as those who can affect
change.

Once the data is mapped, network analysis can be
computed to help assist which organisations should be
identified as participants. The most influential individu-
als within a network can be identified using centrality
metrics. Centrality is a measure of the extent to which
an organisation is connected to others within a social
network. High network centrality indicates that an
organisation or individual is well-connected, potentially
highlighting the organisations’ wide reach, influence
over other organisations or their social capital in having
capacity to build trust across the network.

The network map can be validated through member
checking with several individuals to scrutinise the con-
nections. Furthermore, it may be interesting to note the
degree to which different types of organisations stick
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together (homophily) and the extent to which different
organisations reciprocate in acknowledging the collabo-
rative relationship [54]. Homophily is interesting to con-
sider as to understand social structure and the underlying
social forces that influence the formation of relationships
and can also help explain why certain groups may be dis-
advantaged in terms of access to resources and oppor-
tunities, as they may be more likely to form ties with
individuals who are similar to them but also share their
lack of resources [55].

Blue space example

The criteria developed for our project are displayed in
Additional file 1: Appendix 1. Researchers exploring
methods for co-creation advise 10-12 participants to be
included in the co-creation process to allow for dropout
throughout the process [56]. Each participant was repre-
sented by a number, and collectively, all criteria should be
met. This was a flexible and iterative process; if required,
people could be invited to participate at a later stage as
needed.

Share

The Share step brings participants together to elicit the
variables they understand to be a part of the system to
gain a comprehensive understanding of the system as a
whole. Hovmand et al. (2012) propose script for group
model building [51]. We detail an adapted script used
for the ‘Share’ step in Additional file 1: Appendix 2. The
facilitator asks participants to note as many variables
as possible on post-it notes or the digital equivalent.
These are then discussed as a group and duplicates are
removed. Where there are conflicting views, the vari-
ables can be ‘parked’ for discussion later to avoid disrupt-
ing the flow. Systems thinking requires practitioners to
acknowledge multiple worldviews; no one person has the
same understanding of any situation. Conflicting opin-
ions are valuable and ensure that ideas are challenged
[5]. While achieving full consensus may be challenging in
many cases, it remains crucial to reach a point where a
pragmatic decision can be made. Without reaching this
stage, progress and forward momentum can be impeded.
Participatory systems mapping involves eliciting core
variables from participants and uses scripts to prompt
the co-design of a map [57]. Stakeholders may also have
varying views and understanding of other issues, includ-
ing how to define and characterise the complex problem
under investigation and the boundaries of the system.
Therefore, it is important at the start of the process to
establish the researchers’ understanding of the issue and
explain the rationale behind the project and research
question.
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Blue space example
We ran an online mapping session, as COVID-19 restric-
tions prevented face-to-face research. Our goal was to
have participants elicit all key variables that we should
consider when thinking about blue spaces and health.
We used Microsoft Teams and a Mural online white-
board for the Share and Connect steps. Participants
added their ideas to the Mural board. It was important
that they shared variables based on evidence garnered
from research, their lived experiences or professional
expertise.

The facilitator then went through all the variables with
the participants to identify duplicates. We then arranged

variables into a circle, where one side focused on ‘ena-
blers’ These variables had a positive sentiment. The other
side listed ‘inhibitors; variables with a negative sentiment
that were potential barriers in the system (Fig. 3).

Connect

This step requires participants to start thinking about the
links between the variables to construct an inter-rela-
tionship digraph (IRD) [45-47]. Participants are guided
to review the variables elicited through ‘Share’ and must
think about how these are related to each other. They
can then connect these variables with a series of lines,
creating the IRD. Through this process, participants are
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encouraged to consider all possible direct interactions
between the variables. This process acknowledges the
collective expertise of the participants, allowing them to
share their perspectives and discuss links between the
variables.

Infographics and other visual representations of fun-
damental ideas are used to interpret data, convey com-
plex information and aid decision-making processes [58].
Representing systems through visual models is at the
core of most systems approaches for managing complex
issues. Systems studies employ standardised systems dia-
grams as they allow for a neat visualisation and simplifi-
cation of how ideas and processes are interconnected.

Blue space example

In our project, participants developed a complex IRD,
which showed the variables involved in the system of
Canals and Health and the connections between them
all (Fig. 4). Following the Share step, participants were
invited to think through all of the possible connections
that exist between the variables. All participants had
access to the interactive whiteboard space and were
invited to draw lines between the variables. Red and Blue
lines were used to differentiate between polarity of the
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connections lines (see below for more on polarity). This
IRD was achieved in one online session through discus-
sion and participants having the opportunity to justify
their choices. In total there were 26 variables connected
through 208 connecting lines.

Operationalise
Following the completion of an IRD, researchers must
dissect the connections and look to refine and Opera-
tionalise the model to be operational for decision-making
[47]. It is necessary to work through the data generated
and synthesise the finding to operationalise the model,
using a software package like Vensim, Stella, KUMU,
STICKE, among others. Through this process, the
researcher can look for feedback loops, shown through
causal loop diagrams (CLDs). CLDs are an essential tool
for diagramming the feedback structures of systems,
used to visualise and communicate causal relationships.
They represent qualitative mental models of their crea-
tors. Simulation models like stock and flow diagrams and
agent-based models can be developed from a CLD.

The components and language used within CLDs must
be understood in order to make sense of them [48]. Cau-
sality refers to the relationship between two variables.
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A Reinforcingloop B ¢ Balancing Loop D

Fig.5 Types of feedback loops within CLDs

The direction in which these relationships occur is indi-
cated by polarity, which can be either positive or nega-
tive. Polarity is positive if changes in A and B are in the
same direction i.e. both increase or both decrease. There
is negative polarity when the changes in C and D are in
the opposite direction i.e. C increases but D decreases
and vice versa (Fig. 5).

The central components of CLDs are feedback loops.
Feedback loops exist where changes in the system act as
a catalyst through over variables to either reinforce or
balance the initial change (Fig. 5). Reinforcing feedback

loops signify amplifying effects. These are sometimes
referred to as having an ‘avalanche’ effect. Walking
through the reinforcing feedback loop, if A is assumed
to increase, it results in an increase in B, which in turn
causes further increase in A compared to the initial
change, creating virtuous cycle (the loop between A and
B in Fig. 5). If A is assumed to decrease, the loop creates
a or vicious cycle. On the other hand, balancing Loops
signify a dampening effect in the system. Within the bal-
ancing loop in Fig. 5, an initial increase in variable C in
return results in a decrease in C (and vice versa). Loops
can be analysed by exploring whether the narrative of the
loop creates reinforcing or balancing behaviour. Loops
can be given titles to indicate which way the reader
should follow the loop, allowing for easier interpretation
of the diagrams. Further information on this process has
been well documented (see [10] chapter on Participatory
Systems Mapping).

Blue space example

Researchers worked through the IRD to unpick the
loops surrounding how urban blue spaces affect health
and all of the different variables that must be consid-
ered when thinking about changes to urban blue spaces.
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As technology develops, automated tools are emerging
that convert the online post-it notes with lines between
them into causal loop diagrams (e.g. Sticky Studio). This
software was unavailable at the time of our project, so
the Operationalise step was completed manually; we
systematically looked at each connection and remapped
it in an organised way in Kumu. Although time-con-
suming, manually conducting this step allowed us nar-
ratively work through the connections, which allowed
us to become more familiar with the data and ultimately
understand the system better.

CLDs can be used as seed models for quantitative sim-
ulation models, however, such methods were deemed
unnecessary to this project. Although the complete CLD
is not included in this paper, a future publication will pre-
sent it in detail and focus on the findings and recommen-
dations derived from it.

Validate

Guba and Lincoln’s framework for ensuring trustworthi-
ness and rigour in qualitative primary data collection can
be used, which assesses research on four criteria: cred-
ibility, transferability, dependability, and confirmabil-
ity [49]. Examples of ways to assess these dimensions of
trustworthiness are presented below.

Blue space example

We used a series of techniques to achieve the four dimen-
sions of trustworthiness in our study. We used triangula-
tion, where we used multiple sources of data, including
quantitative evidence from the literature on the relation-
ships between blue space and health, the output from the
co-creation sessions and from follow up interviews with
additional participants, to cross-check and validate find-
ings. Comparing our map to existing literature allowed us
to assess its generalizability and external validity [49].

We used member checking where we broke down the
CLD into smaller loops and invited participants to nar-
ratively work through these to test clarity, ensure an
accurate representation of relationships and check for
missing information [25]. Using smaller loops is essen-
tial to ensure participants can understand and follow
the details, otherwise using a full CLD at once would be
overwhelming for participants which reduces the output
of validation step. Including member checking ensured
that the whole process of creating the CLD was partici-
patory, from its initial conception to the refinement. In
addition to member checking with participants, we also
presented the operationalised map to stakeholders as
we continued working with them including govern-
ment officials, third sector organisations and at various
online events. This step allowed us to gain feedback on
the map and authenticate that the visualisation accurately
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depicted the consensus of how the canals work to influ-
ence health as a system.

We considered the dependability of findings, through
conducting peer debriefings where we invited other
researchers to review the research process and provide
feedback. It was also crucial for us to maintain impartial-
ity and be continually reflexive throughout the research
process [49]. Following each encounter, the main
researcher would write reflective notes on the session
and discuss these with colleagues shortly after.

Evolve

The development, refinement and analysis of the CLD
expose key pathways and leverage points in the system,
where potential strategies can be introduced to influ-
ence how it operates. These leverage points signal areas
where we can intervene in a system to bring about posi-
tive change. Such engagement can stimulate new forms
of action to propose ambitious changes in complex situ-
ations [50]. Engaging with CLD also allows us to antici-
pate and assess potential unintended consequences of
any future changes. Often when interventions in a system
fail, policy resistance mechanisms were not taken into
account or not anticipated. The CLD may also highlight
gaps in our current understanding and could be used to
identify areas of future research.

Blue space example

The development, refinement and analysis of the CLD for
the blue space and health system enabled the identifica-
tion of key pathways and leverage points where potential
interventions could be introduced to influence the sys-
tem’s functioning. We identified that the data generated
from DISCOVER aligned with the four key mechanisms
that we understand to link blue space and health; physi-
cal activity, social interaction, stress reduction and the
environmental conditions [59]. Actions which addressed
these mechanisms were likely to bring about positive
change as they aligned with existing evidence but also
reflected the world views of participants.

Respond

The CLD and the action plan, developed through an
analysis of the pathways, leverage points, and resulting
scenarios, can inform innovations and policy change [5].
If policy changes are made, based on the CLD, it will be
necessary to revisit the CLD to monitor any changes in
proposed programs or interventions over time. Policy-
makers and urban planners must work flexibly to address
the dynamic and adaptive properties of health systems,
and engaging with CLDs can be a step towards achiev-
ing this. Furthermore, scaling such policies so that they
can be shared as examples of good practice globally is an
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exciting prospect, which will also require an understand-
ing of contexts and complexity [60].

The Respond step allows us to plan for significant and
sustained change where interventions at many levels of
the system work together synergistically. Participants
propose their ideas to formulate an action plan for mov-
ing forward [61]. To develop the action plan, one can
explore potential actions that are both highly scenario-
dependent, as well as those that appear robust in their
impact when considered within most scenarios [62]. At
this stage, existing policy stress testing methodologies
can provide valuable insights into potential vulnerabili-
ties and weak points of interventions, helping reinforce
them and make them more robust and resilient [63].

Blue space example
The final Respond step was actioned through a final
two-hour online workshop. Key decision-makers work-
ing around blue spaces and health were invited to par-
ticipate via email. We worked in partnership with the
Hydro Nation Chair Research & Innovation Programme
to integrate their expertise in policy and reduce siloed
working. In particular, we worked with their ‘Innovation:
Place’ representative, who aims to develop and enhance
the links between the Scottish water sector’s drive to net
zero and the creation of greener, fairer, flourishing places.
This partnership allowed us to improve the communica-
tion and dissemination of our research, helping us reach
a wider audience with our policy recommendations. We
drew on this partnership to attract key decision mak-
ers to our final co-creation session, and having them as
a ‘gatekeeper’ encouraged other people to accept the
invitation to participate [64]. The aim of the workshop
was “To co-create a Blueprint for Improving Health and
Health Inequality using Blue Spaces” The agenda for our
session is detailed in Table 2.

Following this final session, actions were thematically
analysed and grouped into sets of actionable recom-
mendations. These centres around the four mechanisms

Table 2 Agenda for two-hour'Respond’ co-creation session
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we know to exist between blue space and health: physi-
cal activity, socialisation, mental health and wellbeing,
and the environment. There are 12 actions in total, which
encompass and synthesise the findings from our DIS-
COVER process. In a future article, we will provide fur-
ther details of the output from the DISCOVER process.

If policy changes are made, based on our recommenda-
tions, it will be necessary to revisit the CLD to monitor
any perturbations in proposed programs or interventions
over time. Policymakers and urban planners must work
flexibly to address the dynamic and adaptive properties
of health systems, and engaging with CLDs can be a step
towards achieving this. Following this research, we will
be interested in further understanding how our findings
can be scaled up sustainably across Scotland.

Discussion

This paper has introduced the eight steps of the DIS-
COVER framework illustrated with a case study of how
it has been used to respond to a complex problem. DIS-
COVER is an end-to-end planning and governance
framework that offers a practical, systematic approach
to address complex problems using a systems-based
approach through co-creation.

Building on existing systems methods

Group model building (GMB), which emerged as a way
to extract mental models from stakeholders, allow-
ing them to provide their perspective on a problem
and propose solutions [11], is central in DISCOVER.
Variations on the method exist, including ‘medi-
ated modeling’ [30], ‘participatory system dynamics’
[47], participatory systems mapping [4] and ‘commu-
nity based system dynamics’ [65], yet all are largely
based on GMB principles. Perspectives and collective
understanding shift throughout the modeling process
as people share their thoughts, discuss core factors
and collectively analyse the problem, with the aim of

Time (minutes) Task Description

10 Welcome and Introduction Welcome participants. Introduce the research on blue spaces and introduce
the delivery team

15 Activity 1 What existing efforts have been made to improve health using blue spaces?

10 Introduction to systems thinking Thinking through the consequences of actions

15 Activity 2 What other actions could be taken to improve health using blue spaces?

10 Break

15 Activity 3 Prioritise actions through voting

30 Activity 4 Breakout room task to develop actions

15 Next Steps and Close

Outline next steps and invite feedback
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overcoming some of the problems intrinsic to linear
thinking and nonparticipatory, siloed decision-making.

The DISCOVER framework complements GMB
methods. The Share, Connect and Operationalise steps
are effectively steps in a GMB project. Yet, DISCOVER
augments the GMB process by having initial (Database
and Identify) and finalising (Validate, Evolve, Respond)
steps, to improve the planning and governing of the
process, and respond to the output. Particularly, the
first two steps systematically support with how to sam-
ple for GMB to ensure there is diversity in participants
following a transparent process. This careful planning
should ultimately improve the validity of the model.
How to select participants for GMB tends to be vague
in previous literature [10, 28, 30]. The Database step
develops an exhaustive list of all possible people or
organisations who have a vested interest in the topic
and the social network analysis helps highlight ‘influ-
encers’ within a network. The Identify checklist then
incorporates different methods of sampling to create
a transparent framework for sampling participants,
something which is largely absent in the literature to
date [10, 11, 28-30].

Working virtually

DISCOVER was developed as an online process. Tra-
ditional GMB has taken place in person. However, dur-
ing the COVID-19 pandemic, many researchers had no
option but to move their GMB process online. This led
to strides in innovative ways to conduct GMB workshops
[66]. In our own research project, the move to online
research required intensive upskilling as we had to navi-
gate the best methods of online engagement. Also, all
of our stakeholders had to move their own work online
and adapt to alternative ways of working, which ulti-
mately slowed down the stakeholder engagement pro-
cess. Online research potentially ended up leading to
higher engagement from some key stakeholders who
may not have been able to commit to in person sessions.
The exponential improvements that took place in digi-
tal engagement tools and online meeting platforms also
meant that the data collection and analysis process was
probably more efficient than if we had conducted GMB in
person, although this is impossible to compare. However,
there were some drawbacks with online data collection
as it was more difficult to reach community groups. At
the time, community groups were on the front line react-
ing to the COVID-19 situation and did not all have the
capacity to engage. We therefore waited until restrictions
eased and met some community group representatives in
person to ensure we did not miss their input, which ulti-
mately prolonged data collection.
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Strengths and limitations

A key strength is that DISCOVER is pragmatic and
usable, guiding the user through the entire process in a
systematic and transparent way. It ensures rigour and
transparency in the research process as reporting can
follow the same format as the framework, thus guiding
the reader through the process. A further strength of the
framework is that it is not entirely prescriptive; there are
suggested methods for each step, but a number of alter-
native tools and methods could potentially be adopted
should they still meet the objectives and aim. Other pol-
icy areas might be better suited to different analytical and
collaborative methods, thus creating space for the differ-
ent needs of researchers.

The framework is not without its limitations. We acknowl-
edge the “fallacy of misplaced concreteness’, the issue of
treating abstract concepts as if they were concrete physical
objects, which can result in misunderstandings or oversim-
plifications [67]. This fallacy occurs when we mistake the
abstract representation of something for the thing itself,
rather than recognising it as a symbol or mental construct.
It can lead to reification, the process of treating an abstract
idea as if it were a real thing, and can be a barrier to effective
communication and critical thinking. For example, reduc-
ing ‘sense of community’ to one variable may run the risk of
oversimplifying the concept. To avoid this it is essential to
maintain a reflective and critical approach, continually ques-
tioning the assumptions and simplifications made through-
out the DISCOVER process. The Identify step also reduces
the risk of reification by ensuring a diverse group of stake-
holders are included in the process. We recognise that the
model we created is a context-specific snapshot representa-
tion of the world and therefore should be considered as such.

Conclusions

We have developed the DISCOVER framework for plan-
ning and governing system thinking co-creation. The
framework increases rigour and transparency in system
approaches to tackling complex issues going from plan-
ning to action. We invite others to use DISCOVER for
their projects. The framework could be incorporated
into research proposals and protocols for future projects.
Finally, we welcome any feedback and refinement of the
framework in the future.
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