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Abstract 
Background: There is growing interest in conceptualising

public health problems such as physical inactivity as the outcome
of multiple interacting factors within complex systems. A systems
approach includes consideration of the indirect as well as direct
impacts of interventions, the contexts within which they take
place, the relations between the multiple factors at play, and the
ways in which systems adapt in response to changes. This study
involved working with stakeholders involved in a city-wide phys-
ical activity promotion programme in Derby, UK to investigate
whether a conceptual map of the local physical activity system
could be a useful tool to help improve the planning and implemen-
tation of the programme.

Methods: We produced draft conceptual maps of the major
modifiable drivers of physical activity in the city, based on the
existing literature on determinants and correlates of physical
activity, then refined them in a series of stakeholder meetings. The
maps were used to explore ways in which the existing programme
took a systems approach, and how it might be enhanced. Semi-
structured interviews were subsequently undertaken with stake-
holders to assess their views on the contribution of the mapping
approach. 

Results: Feedback from stakeholders described the mapping
as valuable, especially in helping to identify the limitations of the
original approach taken in the city. 

Conclusions: Even a very simple application of systems think-
ing can be a useful tool for disaggregating the key factors driving
a system, helping to identify areas that merit greater attention, and
supporting effective action.

Introduction
Regular physical activity provides many important health ben-

efits.1 Physical activity (PA) promotion is an important component
of public health approaches to the prevention of non-communica-
ble diseases (NCDs) and maintenance of functional capacity and

quality of life into older age.2 However, public health and associ-
ated strategies and investment to date have not had a significant
influence on population levels of activity, which remain low in
most countries.3,4

The evidence for the health and associated social and econom-
ic benefits of PA is extremely strong. However, the evidence base
remains weak for effective strategies to achieve the long-term
increases in activity levels across the life course that are required
to achieve population-level improvements in health and other
important outcomes.5 Although evidence on effective approaches
for increasing PA among individuals or groups exists, the litera-
ture is dominated by studies on short-term, small-scale, individu-
al-level interventions, with significant challenges remaining in
how to implement at scale.6

A growing appreciation of this problem has helped to drive an
increasing emphasis on approaches to increasing PA that operate
at multiple ‘levels’ and/or in multiple domains, tackling a broad
range of determinants of PA behaviour. The socio-ecological
model addresses multiple influences on an individual’s health,7
from personal factors through to the socio-political system, and it
has been used to help plan interventions at multiple levels.8,9 For
example, in the UK a number of multi-level community-wide
approaches based on the socio-ecological model have been used to
promote PA, such as Local Exercise Actions Pilots10 and Cycling
Demonstration Towns.11 These approaches to promoting PA
recognised the varied influences on health and implemented a
range of interventions to tackle them. This included using
behavioural interventions – such as those that encourage people to
consider the merits and demerits of becoming more active in order
to support them in developing their own personal strategies -
alongside efforts to make the physical environment more
amenable to PA, while also attempting to change social norms
around being active. However, to date, these approaches have paid
little regard to the potential for interactions between the different
‘levels’ of intervention12 or the drivers of the structural factors that
influence physical activity, and have tended to be centrally-admin-
istered programmes that implemented standardised approaches
irrespective of the nature of the local PA system. 

Significance for public health

This paper has shown the value of using systems mapping to help stakeholders interested in complex public health problems take a broader view of the topic.
This includes disaggregating the key factors driving a system, helping to identify areas that merit greater attention, and supporting effective action. This
approach can be applied to any complex public health problem. 
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More recently, there has been an increasing focus on consider-
ing public health challenges - including physical inactivity - as the
outcome of multiple interacting factors within complex systems.
This came to prominence in the UK with the UK Government
Foresight report on obesity13 which introduced the concept of com-
plex systems thinking to a broad public health audience. Complex
systems can be considered as a collection of elements (e.g., sub-
systems, sectors), with interconnections between those elements,12
and other characteristics including feedback, non-linearity, adapta-
tion, and emergence.14 Systems approaches emphasise the impor-
tance of studying a whole system and its dynamic relations, rather
than single elements in isolation.12 For example, a traditional eval-
uation of a programme aimed at encouraging families to walk their
children to school might focus primarily on the impact on rates of
walking. A systems approach, however, might identify a number of
indirect but potentially important impacts such as changes to social
norms; improved road safety; reduced acceptability of car driving;
reductions in carbon emissions and other pollutants affecting air
quality; and improved social interaction. An appreciation of these
wider and connected impacts, and the relations between them may
lead to a more nuanced understanding of the factors that might
influence PA across the local system.15

The role of systems maps 
A useful first step in exploring complex systems is to produce

a conceptual ‘map’ of the multiple factors that constitute the sys-
tem being considered and the ways that they interact. This can
have a number of functions, including communicating multiple
factors and the cross-sectoral nature of the influences on health
outcomes for policymakers; illustrating the breadth of opportuni-
ties to influence the system; strengthening partnerships, and iden-
tifying key areas for action that may represent significant policy
leverage.15 These maps can be developed in close consultation
with the community affected16,17 and may include contributions
from expert stakeholders.12

This study built on an approach described by Allender et al.16
who worked with communities in Australia to develop causal loop
diagrams based on community perceptions of determinants and
causes of obesity. These causal loop diagrams (CLDs) show the
key determinants or influences on an outcome as nodes on the
map, with the connections between them shown as lines.  The aim
of this project was to investigate whether systems mapping could
be a useful tool to help improve the planning and implementation
of a city-wide PA programme, through promoting the use of sys-
tems thinking.     

Derby: a City on the Move - a population approach to
promoting physical activity 

Efforts to promote PA at town or city-wide level provide a nat-
ural geographical focus, with the administration of public infras-
tructure usually controlled by a local government agency, who can
therefore make changes to local environments to promote activity.
There are several examples of town-wide or area-wide approaches
to PA promotion, from international case studies of pioneering car-
dio-vascular disease prevention programmes18,19 through to more
recent initiatives.10, 11,20-22 These studies have tended to take a
multi-level rather than a systems approach, with the exception of
the Healthy Towns programme in the UK, which was partly
informed by systems thinking.23 More recently, Sport England (the
government agency responsible for promoting sport and PA in
England) has announced funding for city-wide programmes to pro-
mote PA using a ‘whole systems approach’.24 One such project is
‘Derby: a City on the Move (DaCotM)’ which began as an ambi-
tious partnership approach to tackle physical inactivity for those

who live, work or study in Derby, UK. The project was funded
until December 2018 through Sport England’s ‘Get Healthy, Get
Active’ funding stream and through in-kind contributions from a
consortium of partners that included higher and further education
establishments, community trust organisations and the local gov-
ernment. The original vision for DaCotM was to achieve sustained
changes in PA behaviour through the adoption of what has been
described as a ‘whole systems approach’. Evaluation methods for
the programme included quantitative and qualitative data collec-
tion and analysis, focusing primarily on changes in PA status of
inactive individuals accessing the programme. DaCotM was cho-
sen for this study as it was conducted at a citywide level; was
focused on PA; had set out to take a systems approach; and had not
previously explored the potential role of systems mapping. 

Methods 
The initial phase of this project focused on mapping the factors

influencing PA in the city, and using this map to explore relations
between the programme and the existing PA system. There was
insufficient time in the project to generate a map with stakeholders
from scratch, so in order to expedite the process a draft map was
produced (by NC and HR), based on the existing literature on
determinants and correlates of PA.25-27 This draft map was present-
ed to stakeholders who then amended it to reflect the specific char-
acteristics of the local context. 

A half-day workshop was held with key local stakeholders
from the DaCotM consortium including local government organi-
sations, registered charities and further and higher education
providers. Following an introductory session that explained the
conceptual basis of systems approaches to PA promotion, the ini-
tial draft map was presented to the stakeholders. They were asked
to consider if there were any important factors omitted from the
map and if any of the elements of the map should be amended or
removed.  This led to a number of changes being made and resulted
in a revised map (Figure 1). Stakeholders then considered three
core questions:  
i. What are the main areas of action for the Derby: a City on the

Move programme?
ii. What are the main types of action shown on the map that are

likely to make a material difference to population levels of
physical activity in Derby?

iii. What data are already being collected that could be used to
measure the impact of the programme?  
Following a discussion of these questions, the systems map

was then re-drawn to include the additional nodes and connections
that had been proposed by the group, and these revised maps were
then taken to a second meeting. This was attended by a broader
group of stakeholders, based on recommendations from the first
workshop. The focus of this meeting was i) to discuss the actions
that had been identified and where they were located on the map,
and ii) to identify the data that were being collected across the PA
system and how they might inform the evaluation of the pro-
gramme. These questions were also explored in subsequent tele-
phone interviews with stakeholders.

Semi-structured interviews were conducted in May 2018,
approximately six months after the meetings in which the systems
maps had been drafted and discussed.  The interviews focused on
the process of mapping and discussion; how useful or otherwise
people had found the process; whether it provided direction for
their programme; and ideas for changes to the process if it were
conducted again. The interviews were undertaken with a conve-
nience sample of six of the key stakeholders who had been
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involved in the process. These stakeholders were selected as peo-
ple who had been engaged in the mapping process; had been
involved in strategy development across the City; and represented
a range of different professional sectors (academia; transport;
sport; local government). Interviews were approximately 30 min
long and conducted using a discussion guide. They were recorded
and transcribed verbatim. Transcripts were analysed and coded by
one researcher (NC) with a sample checked by another (HR).
Meeting notes and written comments from the mapping sessions
(approximately 12-15 attendees per session) were used to corrobo-
rate the findings from the interviews where possible. Thematic
analysis of all the data focused on the key themes emerging with
an a priori focus on the usefulness of the mapping process for pro-
gramme planning and implementation. In keeping with the collab-
orative nature of this project, three of the interviewees were subse-
quently invited to become co-authors on this paper (DR, CB and
MF). 

Ethical approval for this research was obtained from the
Human Science Ethics Committee at the University of Derby in
advance of the interviews. Written informed consent to participate
was obtained from all participants, who were informed that their
responses would be published.  

Results  
The feedback from the initial meeting group (approx. 12 atten-

dees) identified a number of minor revisions to be made to the draft
map; these are highlighted in Figure 1. The resulting map shows
what the stakeholders present in that meeting regarded as the main
high-level influences that operated on the outcome of total PA in
Derby, as well as on three specific domains of activity: walking for
transport; cycling for transport, and sport and active recreation. 

Figure 2 presents the main areas of activity within DaCotM
identified by the stakeholders. This shows that the primary focus
had been on individual level behaviour change, through the provi-
sion of information and social marketing campaigns. 

This analysis underlined three key issues: 
1. Stakeholders highlighted that their programme had been pri-

marily focused on the interpersonal domain, shown on the
right-hand side of the systems map;

2. Stakeholders agreed that the built and natural environments
had a key influence on PA (shown primarily on the left of the
systems map) but the programme had not been designed to
incorporate environmental interventions up to that point;

3. Stakeholders stated that changing social norms was a key aim
of the programme but analysis of the systems map showed that
there had been little activity pursuing this aim to date.
Finally, stakeholders discussed data collection (Figure 3).

Discussions identified a number of issues: 

                            Brief Report

Figure 1. Initial system map (shown in black and blue) with additions made at the first meeting (highlighted in red).
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1. The programme was collecting core data on PA participation
using surveys. It had set up data collection systems using rou-
tine data (such as the Active Lives Survey28 to monitor
changes in the main outcomes of the programme: PA participa-
tion (and participation in the specific modes of activity such as
sport and active travel); 

2. The programme was also collecting some data on attitudes and
barriers to PA but this was primarily among people attending
specific PA sessions and was not at a population level; 

3. Despite having identified social norms around PA as a key
issue in the city, no data were being collected on social norms
around PA, or on awareness of the programme; 

4. Stakeholders reported that there was a wealth of data on envi-
ronmental and transport issues that were being collected rou-
tinely by the local authority, but these were not currently avail-
able to or used by the programme.  
Following this analysis, recommendations were made to i)

broaden the programme; ii) take more of a systems approach in the
future work of the programme, and iii) consult with local authority
colleagues to identify a wider set of indicators. 

Interviews 
Interviewees were all extremely positive about the experience.

All interviewees said the development and use of the maps had
been worthwhile and interesting; the only substantive negative
comments were that several interviewees wished the systems work

had been done sooner, in more depth, and involving more people.     

If we hadn’t gone through this process we wouldn’t have been
in a position to inform some of the direction of that group … the
overarching message that should come through is that we as
partners across the city want to achieve a whole system approach
... without this process I am pretty sure that would not have come
through 

A number of stakeholders said that the process had helped
them to see the ‘bigger picture’. As professionals involved in PA
promotion they were aware on a basic level that there was a mul-
titude of influences on behaviour that were interrelated, but each of
them tended to work in their own ‘silos’. The mapping process
appeared to have helped break down some of the barriers between
these silos: 

I think what this process has done is increase the awareness
that …people need to step outside of what they are doing tradition-
ally and look at things slightly differently.  

The diagrams are really, really useful because it starts to build
up a conversation which … clarifies some thinking around the sys-
tem and actually the inter-dependencies of it… 

A related aspect is the extent to which the process helped

                                                                                           Brief Report

Figure 2. Initial analysis of the system map.
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stakeholders to see and begin to understand the complexity within
the local PA system.  Respondents reported that they found the
complexity approach useful in helping them to see a wider variety
of perspectives: 

Until I had been involved in it I didn’t appreciate the complex-
ity of how it could all come together and how the things that I had-
n’t necessarily considered… 

Often people throw the term [‘whole system approach’]
around without really understanding it.  Now…there is a lot of
understanding. 

Some stakeholders said that while they may have found the
overall systems map a little daunting at first, it increased their
understanding of the role that they played in the wider system, and
helped them to see themselves as ‘part of the solution’: 

In a way it was helpful for them to see …that they were an
important part of this…they have a very vital role to play in the
areas that they work in but they are part of a very big picture… and
this process really helped to show that and was very, very clear in
identifying …what else need to be looked at and was very impor-
tant…

Key players 
One of the most tangible findings was that the stakeholders

recognised that in order to adopt a systems approach, a broader
range of partners needed to be engaged.  

It has brought home the stark reality of how many gaps there
are in this…we are still some keys players short in this 

Some of the mapping you have done illustrates where some of
those gaps are and how we need to bring in different agencies both
from an evaluation, monitoring and intervention perspective 

In particular, it was seen that there was insufficient representa-
tion from the transport and environment departments of the local
authority.  As a result, a number of people from other disciplines
such as transport and planning were invited to join the consortium
shortly after the meeting, and the PA programme was broadened
and rebranded as Move More Derby. The mapping and consulta-
tion process was also seen to be helpful in terms of broadening the
range of data that might be considered to be relevant to PA promo-
tion. For example, the map prompted discussions about the impor-
tance of the quality of parks and green spaces, and further investi-
gation showed that the local authority regularly collected data on
public perception of local parks. This indicator had not been seen
previously to be a part of the PA system, but stakeholders said they
now saw that a wider view of the PA system also implied a wider
view of what constituted relevant data: 

                            Brief Report

Figure 3. Initial analysis of the data collection systems. 
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Looking at the sheer volume of data recording different
things…there is a huge potential resource of data that we as a
city and as a partnership we can potentially tap into and inform
interventions or population-wide services…that is something that
has been really helpful 

Potential improvements
Interviewees were asked whether aspects of the mapping and

development process could be improved.  There was a very strong
feeling among most participants that the main drawback was that
insufficient numbers of people had been involved. Consulting a
broader range of stakeholders was felt to be important to ensure the
widest variety of perspectives: 

The only thing I would say about the process that it did do in
hindsight is that we probably needed more people involved in that
conversation   

You can almost see two half days workshop where you’ve got
60 or 70 people doing that process and taking it and refining it
some more so that we actually have a fuller picture of the system.

Discussion  
Physical activity is a behaviour that is influenced in complex

ways by a wide variety of determinants, from individual to socio-
economic factors.  Like many other public health issues, it lends
itself to a systems approach, bringing together stakeholders from a
range of sectors and disciplines to identify and then implement
coordinated actions across the system.  

A number of case studies where systems approaches were used
to address public health problems have been described previous-
ly.12,16,17 However, these examples used more sophisticated
approaches than the one we applied here. This project took a much
simpler approach that focused primarily on the elements within the
system, and deliberately did not attempt rigorous identification of
relations between factors, leverage points, or feedback loops.
Nevertheless, feedback from stakeholders showed that even this
simple approach of disaggregating the key factors driving a system
and helping to highlight areas that might merit greater attention
was seen to have been valuable, especially in helping to show the
limitations of the approach that had previously been taken in the
city.

Limitations of this study
This study took a deliberately simple, pragmatic approach,

with the aim of producing practical and actionable recommenda-
tions for changes to the programme. However, even within this
context there are a number of ways in which it could have been
improved. Firstly, more feedback from a wider range of stakehold-
ers would have added to the strength of the findings, and their
credibility and influence within the local system. Secondly, it
would have added strength to the study to add further interviews at
a later date to explore longer-term changes to the programme. 

The maps produced are relatively basic in their design, and we
have also subsequently developed the mapping techniques from
these early approaches, including use of new mapping software
that allows for more explicit construction of putative causal path-
ways and feedback loops.

Conclusions
This study shows that even a simplified approach to systems

mapping can help to develop systems thinking among stakehold-
ers, and may be a welcome approach to help people conceptualise
the broad context in which a public health programme operates.
This approach thus has important potential for use in other towns
and cities where public health challenges require responses across
systems. Future developments could include taking a more sophis-
ticated approach to develop causal loop diagrams, using them as
tools to identify and explore feedback loops and potential levers29
for influencing the PA system over the short, medium and long
term, and then applying this learning to develop more effective and
sustainable interventions.
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