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About PIN 
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Econometrics, Cardiff University, Durham University, University of Sunderland, SQW, University of 
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Preface 
 

This project was generously supported by the Productivity Insights Network and was 
intended to continue pioneering work initiated in a previous round of funding to apply a 
system dynamics approach to understanding the productivity puzzle over the long term 
and to develop a framework through which to unpack the effect of Brexit on 
productivity in Northern Ireland.  
 
The original project proposed multiple steps – the first of which was to dynamically 
map the system of factors related to productivity outcomes to establish a baseline 
structure, which would then be tailored to the Northern Ireland context. Through a 
review of literature and of longitudinal data, we hoped to identify and understand the 
impact of prior economic shocks in order to develop hypotheses that we could use to 
test our system map and to inform hypotheses about what we might expect as the 
Brexit deadline drew nearer and passed. 
 
Unfortunately, the award was processed in the Spring of 2020 and shortly after a much 
greater shock in the form of Covid-19 came to dominate everyone’s existence and 
disrupt research timelines. The advent of Covid-19 meant that it was (nearly) 
impossible to distinguish the effects of Brexit from other shocks related to the 
pandemic. This challenged the project’s original aim and forced the team to reconsider 
what contribution it could make. Similarly, the pandemic strained the research team, 
limiting their time on the project and (more crucially) access to the longitudinal data 
necessary for the initial phases of the analysis.1 This complication was coupled with 
the fact that even the basic system mapping phase turned out to be much more 
complicated and difficult than we had anticipated, forcing us to acknowledge that the 
project would have been incredibly ambitious and difficult to deliver even in the best of 
times. 
 
However, we felt that the project still had value to PIN – no one had attempted to 
generate a comprehensive system dynamics map of the productivity space before and 
producing such a map would yield important insights both about the system but also 
how to adapt this methodology to answer core policy questions. This report lays out 
that methodology, lessons learned in the process of applying it, and early insights from 
the maps generated.2 We hope that this will serve as a foundation for future research 
and demonstrate the power of this approach to understanding the productivity puzzle 
in the UK and beyond. 
  

                                                 
1 Comparable data at the regional scale is difficult to obtain in the best of times but did not exist in digital 
form going back as far as we wanted to analyze. We discovered that many data sets had to be 
reconstructed manually from sources only available in Belfast. While there were potentially some 
workarounds, we opted to focus on the core of the project in the hopes that we could take up this part at 
a future date. With travel still limited, this seems unlikely.  
2 Note that this is one of several pieces of output. We have also produced a systematic literature review, 
discussed in more detail below, that was designed to inform our thinking about how the literature sees 
how the elements of the system interact.  
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Adopting a Systems Perspective on the Productivity Puzzle: Early 
Insights and Methodological Lessons 
 
Jen Nelles 
Adam Brown 
Conor Meehan 
Tim Vorley 

 
Abstract 
 
Elsewhere, we have argued that scholarship on what has become known as the “productivity 
puzzle” might benefit from a different approach (Nelles, Vorley, and Brown 2021, Vorley and 
Nelles 2020). We propose and alternative approach adopting systems thinking to 
conceptualized and study productivity in order to understand productivity as a multifaceted 
problem and seek solutions that transcend thematic silos. This report briefly surveys systems 
thinking generally and in the policy context before outlining the experiments and methodology 
that we adopted to generate a series of system dynamics maps. These maps, that focus on 
themes of infrastructure, education and skills, and finance and trade each contain interesting 
insights and demonstrate the potential of the systems approach. That said, our experience 
with these methods is probably best described as mixed. Despite these challenges, we argue 
that there is value in continuing to apply and develop this approach.  
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Moving from concept to practice generating new insights on productivity performance 
 
The UK has struggled to grow productivity since the advent of the Global Financial Crisis, only 
cresting the pre-crisis peak in 2016 and registering an estimated 18% lower than if pre-crisis 
trends had continued (Crafts and Mills 2019). Productivity performance is also notably weak 
relative to other countries (Department for Business Innovation & Skills 2015). The UK also 
faces high levels of spatial inequality with 72% of regions (NUTS3, 2016) performing below the 
UK average (McCann 2020, Zymek and Jones 2020, Nguyen 2019). 
 
Even before the Covid-19 pandemic, these patterns had prompted alarm and renewed interest 
among researchers and policy makers in finding levers to restart the country’s productivity 
engine. As the UK continues to grapple with the wide-ranging impacts of the pandemic and 
looks to reinforce growth and resilience, productivity is again a central plank in recovery 
strategies. The Build Back Better (HM Treasury 2021) plan for growth references productivity 
68 times and establishes productivity growth as the central goal of its three pillars. It seems 
like that the forthcoming refreshed Industrial Strategy will also feature productivity prominently 
as both a goal and foundation for recovery. 
 
However, as these evolving strategies focus on the same goals as ever – such as improving 
skills, infrastructure, and business innovation – there is no reason to expect that they will have 
substantial impacts on long-term3 productivity growth. In fact, research documenting three 
decades of productivity policy demonstrate notable consistency and only incremental 
innovation (Cook, Hardy, and Sprackling 2020). In this context, weak progress towards 
reestablishing pre-2008 productivity growth patterns is not surprising and suggests that we still 
have a lot to learn about what factors, and hence policy levers, can affect productivity 
outcomes. 
 

The case for systems thinking 

 
Elsewhere, we have argued that scholarship on what has become known as the “productivity 
puzzle” might benefit from a different approach (Nelles, Vorley, and Brown 2021, Vorley and 
Nelles 2020). This research begins by acknowledging that we are not alone in pursuing 
alternative approaches to generate insights into this (now perennial) puzzle, and also in 
recognizing that not all scholars perceive the problem in the same ways. In our work, we 
observe that the extraordinarily rich scholarship on productivity (in all of its forms) tends to 
focus on either a very high-level (e.g., national or international patterns and their causes) or 
occurs in thematic silos with some, but not consistent, interaction across themes (Nelles et al. 
2021). While the academic research does exhibit some cross-engagement, policy actors 
continue to conceptualize the factors affecting productivity as separate pillars, foundations, 
and research programs. While this is certainly not the cause of the productivity slowdown, it 
does suggest that research and practice have potentially overlooked important dynamics that 
may be reducing the effectiveness of policy interventions. 
 
We propose and alternative approach adopting systems thinking to conceptualized and study 
productivity. In brief, systems thinking is a set of tools and a framework for exploring problem 
spaces as (parts of) complex adaptive systems (Mitleton-Kelly 2015). It conceptualizes the 
social world as a set of systems – that is, structures of actors, relationships, and rules – 
characterized by complexity. These systems exhibit attributes such as interdependence 
between elements, nonlinear dynamics, emergent behavior, and path dependence (Cairney 
2012) that enable researchers to see beyond silos and generate insights about how systems 
function. In this approach, problem spaces are embedded in broader contexts and explaining 
observed outcomes requires searching out and understanding the impacts of 

                                                 
3 Short-term growth may spike as the economy recovers from the economic shock of the pandemic. 



 

 
 

 7 

interdependencies, interactions, feedback loops, and sources of interference in order to better 
design (and experiment with) policy. 
 
This shift in perception tends to resonate with decision makers, who often acknowledge that 
policy timelines, bureaucratic structures, formal and informal constraints on interdepartmental 
operability, and conservative risk cultures all conspire to reinforce business-as-usual and 
siloed practices.4 However, even absent these challenges and in departments with healthy 
appetites for innovation, questions remain about how to implement systems thinking in the 
practice of policy making. In short, while the systems concept is sound how you “do” systems 
in policy remains complicated and esoteric. 
 
This project was designed to address this problem and experiment with translating systems 
thinking from concept to practice. While it originally had more applied aims (see Preface), at its 
core it always sought to expand on previous work adapting a systems approach to productivity 
policy (Nelles, Brown, and Vorley 2020). Where in our previous work we identified general 
guidelines for systems thinking this project aimed to develop a framework to demonstrate 
more concretely the value of the systems approach to productivity research within the 
Productivity Insights Network and beyond. 

 

A challenging but potentially ‘productive’ way forward 
 
To that end, this report briefly surveys systems thinking generally and in the policy context 
before outlining the experiments and methodology that we adopted to generate a series of 
system dynamics maps. These maps, that focus on themes of infrastructure, education and 
skills, and finance and trade each contain interesting insights but most significantly 
demonstrate the potential of the systems approach. That said, our experience with these 
methods is probably best described as mixed. Yes, if properly executed, this research can 
generate significant understanding and is an effective tool to identify and target areas for 
further research. However, it is expensive, time consuming, and, in a policy space as large as 
productivity, incredibly ambitious. Furthermore, the results require interpretation and, more 
often than not, represent a beginning rather than an end to the search for understanding. 
 
Despite these challenges, we argue that there is value in continuing to develop and apply this 
approach. First, the resulting maps are useful tools to fuel policy discussions. Visualizations of 
interactions in the policy space can be a powerful touchpoint and provoke insights and 
innovation. Indeed, participants involved in the mapping process (see How do we do it?) 
reported that the act of mapping changed how they thought about the productivity problem in 
their areas of expertise. Secondly, these maps can also help researchers establish the depth 
and breadth of our knowledge. The relationships depicted sometimes map to well-worn 
literatures. In other cases, these highlight areas where there is still some uncertainty and 
debates still rage about the nature, direction, and causes of key effects. This can help us 
explore gaps and challenge assumptions in new ways, as well as service as scaffolding for 
visual literature reviews. We explore other insights in the conclusion and discussion. 
Ultimately, maps like these can be used to inform models and simulations that can enable 
researchers and decision makers to test hypotheses and develop projections to help inform 
policy. While our experience suggests that this is possible, it also emphasized the resources 
and expertise required to do so productively. 
 
 

  

                                                 
4 This is anecdotal based on our interactions over the past three years with various UK government 
departments and agencies. 
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A brief overview of systems thinking 
 
Complexity theory – which underpins the systems approach – has been developed across 
wide variety of disciplines, including the life sciences, philosophy, cybernetics, and more in 
addition to public policy (Mingers 2014, Forrester 2007, Byrne and Callaghan 2013). In each of 
these fields, theorists observed that outcomes appear to be influenced by effects that are often 
difficult to predict but that, once made clear, illustrate the importance of understanding chains 
of events and causes beyond linear relationships. Researchers have coined terms to describe 
these effects such as nonlinearity, randomness, collective dynamics, hierarchy, and 
emergence, among others. These are characterized as “a deck of attributes that have proved 
ill-suited to our intuitive and augmented abilities to grasp and comprehend” (Krakauer 2019, 
xxix) and so are often mistaken for the inexplicable or hidden. These puzzles are well-known 
in public policy. Carefully designed interventions often fall short of expectations or create 
unanticipated consequences. Systems approaches can shed light on the “hidden worlds” that 
influence outcomes. 
 
Systems thinking distinguishes complicated problems from those that are complex. 
Complicated problems have causes that can be easily identified and that can be addressed 
piece-by-piece and for which success is a relatively permanent solution (Poli 2013). 
Complicated problems can be broken down and solved modularly and solutions can be 
replicated and are permanent unless contexts change. Complex problems, by contrast, have 
multiple causes, some of which can be hard to trace, and that interact with one another in 
unpredictable ways. Complex problems are also dynamic because they exist in dynamic 
problem spaces – there is no single permanent solution – and are therefore more accurately 
managed than solved. Raising a child is often cited as an example of a complex problem. So, 
too, are the objects of much public policy. The economy is a system characterized by 
complexity. Mitchell (2009, p. 13) defines this as one “in which large networks of components 
with no central control and simple rules of operation give rise to complex collective behavior, 
sophisticated information processing, and adaptation via learning or evolution”.5 Systems 
thinking, then, is about exploring effects beyond our own silos and learning the dance of 
managing complex systems (Poli 2013, Rhodes et al. 2010, Eppel and Rhodes 2018, Burnes 
2005). 
 
As we mentioned in the introduction, policy audiences are generally receptive to this 
perspective and academics understand its potential. However, both struggle with the difficulty 
of applying these principles in practice. How can we contribute effectively when systems 
theory argues that no one can fully comprehend the whole system and in which there are no 
universal rules? The simplest answer is that first, we must draw a map. Secondly, we must 
interpret it, and thirdly, we must experiment. This report is concerned with the first exercise – 
establishing the rough boundaries of the system in which we operate. 
 
 

  

                                                 
5 Cairney (2012) highlights six of the most common features of complex systems: interdependence and 

feedback loops; non-linear relationships; self-organizing properties (emergence); and path dependency. 
For policy effectiveness, recognizing these features of complexity is critical. Central to this is 
understanding that while systems are made up of components that interact non-linearly the complexity 
of the system itself is not a function of the components but the result of the interactions between them 
(Cilliers 2016, Meadows 2008). As a result, real comprehension requires more than just a list of 
variables. 
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How do we do it? System dynamics mapping as an approach and methodology 
 
Mapping is the primary mechanism through which analysts attempt to understand interactions 
between elements of a system and an outgrowth of the field’s origins in computer simulation 
methodologies. Causal loop diagrams are the standard way to visualize system dynamics and 
are used both after simulations to communicate model-based insights and before to articulate 
hypotheses (Homer and Oliva 2001). These types of diagrams have also been adapted for 
system description and policy analysis. In this guise, the mapping exercise is primarily 
qualitative and designed to inject systems ‘thinking’ into problem solving: 
 

‘Causal loop’ qualitative system dynamics enhances linear and ‘laundry list’ 
thinking by introducing circular causality and providing a medium by which 
people can externalise mental models and assumptions and enrich these by 
sharing them. Furthermore, it facilitates inference of modes of behaviour by 
assisting mental simulation of maps (Wolstenholme 1999, 4). 

 
Causal loop diagrams (and other archetypes) are types of cognitive maps - an umbrella term 
for mental models of a system, consisting of variables and the causal relationships between 
those variables (Özesmi and Özesmi 2004). Typically, cognitive maps are discussed in 
relation to how individuals perceive the systems in which they are embedded and how those 
systems work and to illustrate the cause-and-effect relations between factors in a simple and 
symbolic way. In systems approaches, these are most frequently produced in collaborative 
processes such as participatory mapping exercises, (group) concept mapping, and fuzzy 
cognitive mapping. 
 

Text based approaches 
 
While these processes are well-established, we were keen to explore other methods to 
develop system maps. This is partly because the effectiveness of these participatory depends 
so much on the experts included and, as such, may exclude certain viewpoints. While these 
can be mitigated with judicious research design there is still a chance that research biases and 
expectations can affect outcomes. In a previous study of productivity policy in Northern 
Ireland, we analyzed the evidence base of the Economy 2030 Industrial Strategy to generate a 
map of how the documents described the system and the links between core elements. While 
this text-based approach also presented some challenges, we felt that it reduced bias6 and, 
because it did not rely on live expert opinions, helped to identify blind spots that stakeholders 
were not aware of (Nelles, Brown, and Vorley 2020). This methodology had the potential to be 
more accessible to non-specialists – i.e., it did not require expertise in participatory system 
dynamic mapping methodologies – and thus might be more portable to the policy sphere. 
 
Our original plan was to rely predominantly on this form of text-based analysis. We intended to 
use the evidence reviews produced for the Productivity Insights Network and published in the 
Productivity Perspectives volume (McCann and Vorley 2020). These were intended to survey 
the literature and identify gaps in our knowledge and covered a wide variety of themes. We 
thought that these would enable us to roughly sketch a series of thematic maps, identify key 
relationships, and highlight where Co-Is felt that the evidence base was thin. We then planned 
interviews with the experts that wrote the chapters to check and challenge the maps that we 
produced and to explore whether there were branches of literature that they had omitted due 
to chapter length or tone considerations. While we knew that the product would fall short of a 
comprehensive system dynamics map produced other ways, we reasoned that it was an 
acceptable compromise to get as broad of a map of our knowledge of productivity dynamics as 

                                                 
6 Though it should be said that it did not eliminate it – see Nelles, Brown and Vorley (2020) for more 
details on these.  
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possible in the time allotted to the project. Also, we hoped that, when combined with the 
results of a parallel systematic literature review, we would be able to extract some interesting 
conclusions about the state of the field and where fruitful areas of inquiry might lie. 
 
However, we encountered some challenges. First, the thematic reviews were not all equally 
comprehensive, which meant that we began to question our text base. We experimented with 
introducing additional texts but struggled to find a way to justify their inclusion without being 
systematic in each thematic area. This put pressure on our timetable, especially as we 
experimented with several different alternatives before changing course completely. Secondly, 
even if the underlying evidence base had been comprehensive enough, the research team 
had difficulty in evaluating the texts. First, with multiple researchers it is still a long process to 
do well, even with one source document, and results need to be checked and agreed. Getting 
agreement about the relationships described in the text was one of the most difficult steps as 
researchers from different disciplines – a deliberate design feature of the project – often had 
difficulty understanding each other’s perspectives. Finally, our discussion with experts yielded 
mixed results. While they often added more detail to the maps and challenged some of our 
conclusions, it seemed as if they were hesitant to be too critical. This may partly have been 
because we were presenting their own work back to them but may also have been related to 
the fact that the system dynamics mapping process was foreign to them and they felt they 
lacked the expertise to suggest more in-depth changes. 
 
After several months of trial and error, we conceded that what we had mapped was interesting 
but because it was produced with different methods would not be easy to reconcile and was 
not up to our standards. Ultimately, we decided to scale back our ambitions by concentrating 
on a few specific thematic areas and return to accepted participatory mapping techniques 
described below. Importantly, this did not dissuade us from pursuing a hybrid text/participatory 
approach in the future. However, it did highlight how important the evidence base and 
establishing analytical procedures are to doing this kind of research. 
 

Participatory mapping 
 
Group model building, or participatory mapping, is a facilitated discussion between a group of 
experts, with the aim of creating a system dynamics model that reflects the shared 
understanding/insights of these experts (Scott 2019, Vennix 1996). These group discussions 
will encourage a more dynamic and fruitful discussion compared to the one-to-one interaction 
with experts, and modelling serves as a valuable tool for improving communication and 
generating insights from these experts.  
 
What we mean by the latter is that the very act of modelling itself is helpful in making 
assumptions and insights more explicitly communicated, an outcome that can often prove 
particularly valuable when experts with deep knowledge are speaking on a topic. This draws 
on constructivist psychology, which suggests that individuals can interactively and collectively 
combine experience to develop internal associative representations that help to catalog, 
interpret, and assign meaning to environmental stimuli and experiences (Gray, Zanre, and 
Gray 2014, Raskin 2002, Kokkinos et al. 2018). By keeping the conversation grounded in the 
clear language of cause and effect, we will be able to untangle assumptions that can lead to 
clearer insights on how exactly certain factors are related to productivity. The validity and 
evidence for these assumptions can then be challenged by other experts in the discussion. 
The goal is not necessarily to only come up with causal connections which are certain, but 
also to expose areas where there are many assumptions being made, and where further 
research is needed.  
 
Due to travel restrictions, we carried out these group model building sessions online on 
Google Meet or Zoom platforms. We aimed to have at least three 90-minute sessions in total, 
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each of which was held with 3-5 experts on a different topic. Generally, group model building 
sessions would be held with slightly larger groups (5-10) but we felt that in the digital format 
smaller groups would work better.  
 
In these sessions, experts were given a brief overview of the purpose of the project, and of the 
system dynamics method. We then introduced the topic for which these experts have been 
selected and begin asking them about the factors that they feel are most relevant to that topic. 
For example, if the topic is the relationship between ground transport infrastructure and labour 
productivity, we began by determining which variables best represent ground transport 
infrastructure and then which factors affect and are affected by these variables, in relation to 
productivity.  
 
As the experts are speaking, we created a model using the kumu.io software on a shared 
screen, and the participants were asked if what was modelled accurately reflects their views. 
This provides an opportunity to make assumptions explicit and aimed to stimulate some 
discussion between the experts (for example, on how certain factors are related, or on which 
factors are most important).  
 
Our goal was that by the end of the session we created a system dynamics model that 
explains the causal connections between productivity and the topic of choice. The research 
team then spent some time tidying up the diagram, created a presentation, and shared it with 
the experts. If the experts provided feedback/suggested changes, these were incorporated into 
these models. For each topic, we had three iterations of system maps. We then integrated 
these into a single model for each topic, also embedded in a presentation that documented 
core relationships and highlighted areas where we were not certain about our interpretations. 
These were also shared with experts. 
 
This approach was not without its challenges. During the pandemic it was sometimes difficult 
to secure agreements from experts to participate in group mapping sessions and coordinate 
schedules. Occasionally, technical difficulties interrupted the flow of discussion. Moderating 
the session without the benefit of full physical cues was also more difficult. However, for the 
most part, participants took to the process and made useful contributions. We sometimes had 
difficulty agreeing on core definitions, which burned up time and challenged group dynamics. 
Reconciling the maps was also quite difficult in some cases and we ended several sessions 
with a number of loose ends that suggested there was more to do. That said, as expected, the 
results appeared to be more comprehensive than our other attempted methods and, in the 
process of interacting with a group of experts (rather than a single researcher as in the check 
and challenge model), the researchers gained significant new knowledge about dominant and 
emerging research on productivity in these core topics. 
 

 
Findings 
 
This section discusses some of the main findings from our mapping sessions. However, before 
continuing we want to stress two points. First, we want to reiterate that any system dynamics 
map is one representation of a system. Their “accuracy” is very much open to interpretation. 
As such, they are best used as tools to visualize aspects of a complex problem space and do 
not make any claims of comprehensiveness or truth. Second, we recognize that this approach 
is very much limited by our focus on only three thematic areas. One of the most important 
aspects of system thinking is resistance to modular or siloed research and interpretations. 
Developing system maps thematically is a version of the same error. The original aim was to 
stitch together these more manageable maps into a meta map. With only three maps, that task 
cannot be completed. However, on each map, we highlight areas of overlap to show 
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intersections between them and how, even at this early stage, it is possible to see how a meta 
map might come together. 
 
This research focused on maps in infrastructure, human capital and education, and investment 
and trade. Each section contains the consolidated map for the theme, details about the 
mapping session, and highlights critical insights. Different elements of each map will stand out 
to different observers, so we acknowledge that we are only highlighting a selection. Those new 
to reading these maps would benefit from locating factors that stand out as important to them 
and considering the chains of relationships that lead to and from them. While these are often 
intuitive, they sometimes do contain unexpected elements and help the observer to think about 
consequences up and down chains of influence. Other signals to look out for are the letters B 
and R that occur in the middle of causal loops. B refers to a balancing loop, where the chain of 
relationships ultimately functions to keep the system in balance (e.g., a thermostat). R 
indicates a reinforcing loop, where iterations across the chain compound to intensify effects 
(e.g., as is thought to be happening with climate change). Finally, connections indicated with a 
dashed line indicate connections that we think are there but that are either debated or unclear. 
These different ways of extracting insights demonstrate the value of this approach. At their 
best, these maps help us to identify and questions assumptions, think carefully about effects 
beyond linear causal relationships, and enable us to confront complexity with greater context 
and, hopefully, stimulate innovative thinking about thorny policy problems. 
 

Infrastructure 
 
The infrastructure workshops took place in November and December of 2020. They each had 
four participants, in addition to the research team. This session focused on one specific type of 
infrastructure – transportation infrastructure – in order to limit the scope of inquiry. While this 
was by design, we acknowledge that a broader definition might have resulted in a very 
different kind of map. In some ways, this map was less revelatory than some of the others – at 
least to the participants – because the language of systems and system maps have been 
developed and used within the field of transportation. However, often, those maps depict 
influences between infrastructure systems (e.g., road and rail) more broadly rather than 
exploring their impacts on productivity 
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Figure 1: Consolidated system dynamics map – Transportation infrastructure 

 
This map shows that infrastructure, like many of the other themes, does not influence 
productivity directly. Rather, infrastructure investment influences a wide variety of other factors 
that themselves interact in various ways to affect changes in productivity outcomes. That 
infrastructure exists at such a distance from productivity, yet influences so many factors crucial 
to it – such as access to skills or degrees of business competition – in different ways explains 
why it is so difficult to quantify its effect (Docherty and Waite 2020). Even the generalized 
costs of transportation do not feed directly into productivity. Rather these are filtered through 
factors such as hours worked, labour practices, and business connectivity. While connections 
with agglomeration effects, the price and location of housing, and potential working 
(productive) hours are clear – and discussed in the literature – here we make these chains 
explicit even if these do not capture the full range of nuance. More surprising were links with 
business structures and decision making – about capital investment or expectations of 
resource availability, for instance, and specialization, and innovation (alluded to in connection 
with firm group knowledge and agglomeration). These are areas that might be explored in 
more detail.  
 
Also notable are the overlaps with other maps – skills and skills mismatches emerged as focal 
points in discussions about housing and labour pools and are also emerged as central to the 
human capital and education map and were even discussed as part of the trade and 
investment map.  



 

 
 

 14 

 
This map exhibits a number of interesting causal loops. For instance, the more connected a 
business area is, the more demand for transport in that region there will be. This in turn will 
spur greater investment in transport infrastructure in that area. These investments are likely to 
reduce traffic congestion, which decreases travel time and Generalised Cost (a term we are 
using to represent several factors that relate to the cost of travel), which then increases 
business connectivity even further. This creates a reinforcing feedback loop, named R1 in the 
model. This loop essentially says that better connected areas are more likely to get better 
infrastructure investments, which in turn leads to even better connectivity. However more 
demand for transport also increases the use of cars that leads to more congestion and 
ultimately less connectivity (in terms of speed of getting from A to B), which counteracts the 
investment effect, as shown by balancing loop B4.7 Importantly, this simple depiction shows 
how a variety of feedback effects can operate simultaneously and how outcomes will depend 
on the relative strength of these effects and how much lag exists in the system. 
 
 

Human capital and education 
 
These workshops took place in January and February 2021, and each included three 
participants. This session focused on human capital and education, which we understood to 
be related but different concepts. In each, we invited participants to explore how these were 
related to each other, and to productivity, and in each case the discussion first turned to 
defining and understanding human capital as a multifaceted concept. 
 
Here, the connections between our proposed variables and productivity were more direct and 
explicit. Human capital, for example, was thought to directly and positively influence 
productivity although it also had indirect effects through innovation and managerial skills 
pathways. While our discussions all referenced formal education and training, a significant 
proportion of discussions centered on highlighting and elaborating the importance of soft skills 
as well as the social factors that influence firm hiring decisions, skills matches, access to 
education and training, and ‘success’ in the workplace. The paucity of discussion around 
formal education was notable across all workshops. This was somewhat surprising as human 
capital was one of the maps we were most successful in developing in the textual analysis 
phase and all levels of formal education, access, and equality issues featured prominently in 
that depiction. In part, this highlights a limitation of the group mapping format. If the discussion 
does not go there, then a feature will not appear on the map. That doesn’t mean that the map 
is ‘wrong’, it just means that it cannot claim to be complete. It is important to recall that this is 
true of any system dynamics map, but this demonstrates how obvious gaps are possible. That 
said, the discussion focusing on this less well-understood aspect of the human capital – 
productivity relationship underlined that this was an emerging and compelling area of research 
and areas where more research is needed. 
 
This map overlapped significantly with our other maps to the extent that each of them mention 
skills in one way or another. Similarly, availability of capital, technology investment and 
adoption, managerial capacity, and intangible factors all appear in various guises in the 
investment and trade map. This highlights the importance of exploring, through these maps, 
where exogenous factors that are features of the broader ecosystem affect firm decisions 
(individually and in aggregate).  
 
 

                                                 
7 For more insights and a more detailed explanation of the elements of the map see our presentation 
here. 

https://comeehan.kumu.io/ground-transport-infrastructure-and-productivity
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Figure 2 Consolidated system dynamics map - Human capital and education 
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We identified two notable reinforcing feedback loops in this system map: one around tech 
skills (R1), and another one around productivity reinvestments (R2). In the first loop, 
innovation and technology diffusion affect demand for skills and, consequently, skills training 
programs. This will increase/upgrade the skills available in the economy and may positively 
impact innovation as a result, restarting the reinforcing loop. Interestingly, there are likely to be 
lags in this process and so the loop is not always immediately reinforcing. Accounting for these 
lags shows how insufficient supply of skills can act as a brake on innovation and diffusion 
processes. In R2, improvements in labor productivity will tend to enable increases in firm 
sizes, which enhances their ability to invest in productivity enhancing activities – in this case, 
training. This, typically on-the-job, training improves not only technical skills but develops 
managerial and soft skills, enhancing processes related to technology and innovation adoption 
that can contribute to increases in productivity. Notably, there are points of interruption for this 
loop. Firm size does tend to increase propensity to reinvest in productivity, but firms in the UK 
are also reluctant to invest in training as skills shortages and competitive labor markets lead to 
more frequent employee turnover and even ‘poaching’ in some sectors. This is captured in the 
‘financial risk of investing in skills’ cluster of factors. 
 

Investment and trade 
 
The investment and trade sessions were among the most difficult to convene and run in March 
and April of 2021. We had a number of last-minute cancelations and had to reduce the number 
of sessions to two and run one of them with a single participant. Ideally, we would have 
rescheduled the third session but issues with lining up participants and coordinating schedules 
led us to proceed with the analysis of two maps. This resulted in a map with more than usual 
loose ends and unconnected ideas. 
 
This topic was interpreted quite broadly by participants to include factors that affected 
investments in firms – in physical capital and intangible capital, for instance – as well as 
effects on human capital and skills and factors related to how access to different types of 
finance, and different types of financial contexts, affect investment decisions. Of particular 
interest were factors that prompted firms to prioritize investments in human capital over 
physical capital (and vice versa) as each had different implications for productivity. As with the 
previous map, a potentially major factor, in this case trade, was notably absent. This is 
especially notable given the relatively deep literature on the effects of trade and foreign direct 
investment on competition, innovation, and, ultimately, productivity. Again, this speaks to the 
breadth of the topic and highlights how these maps need to be interpreted as partial depictions 
of systems to be debated and refined through further research. However, it also indicates that 
participants felt that firm investment decisions were the more important element to explore in 
this setting. While this map is slightly less busy than some of the others, there was lots to 
discuss around the elements that were included – particularly around links between human 
capital investment and training (which linked into the human capital map) and cycles of labor 
demand. 
 
Unlike other maps, this one contains several ‘orphaned’ concepts. These are factors that 
emerged from discussions but were not explicitly, or clearly enough, connected to others in the 
map. We have included these for reference. A future wave of research could seek more 
feedback from participants on how to connect these, if at all.  
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This map also includes several feedback loops. B1 shows the relationship between wages, 
demand for labor, and propensity for capital investment. Essentially, (all things equal) as 
wages increase, firms are more likely to invest in capital over labor, which depresses demand 
for workers and exerts downward pressure on wages. B2 shows how skills shortages increase 
wages, enticing more workers to the labor pool in highly demanded areas, can tamp down 
skills shortages. This shows a similar relationship as in the previous map on skills and human 
capital and depicted as a technology-innovation-skills loop. Importantly, this map more 
explicitly highlights that these effects tend to be quite lagged. Perceptions of skills shortages 
lag actual shortages (depicted by the hashed line), which means that investments in human 
capital – particularly to build up training and skills programs in areas of high demand – will 
tend to come years after shortages are actually identified. Another interesting feature of this 
map is that chains of feedback loops are evident with specific elements of the system 
intersecting with multiple feedback processes. Depending on the desired result of policy 
interventions, it will be important to consider not only factors with direct relationships but how 
they are being affected by reinforcing or balancing cycles (and what lags might influence 
outcomes as those cycles play out).  
 
Of all of the maps, we felt that this one had the most potential to be developed further to plug 
gaps. However, the interesting interpretation of which investments were most important 
provides a relatively rich demonstration of the breadth of investments within firms that are 
thought to affect productivity. How these factors balance or reinforce one another could be a 
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fruitful area of inquiry and particularly useful for government programs aimed at increased firm 
investment in innovation. 
 

Discussion and conclusions 
 
This report provided a birds-eye and reflective view of how a systems approach can be applied 
to unpack the productivity puzzle. From this review, it is safe to say that “it’s complicated”. 
Even with this small set of maps, we were able to highlight some important features of the 
systems approach and some relevant findings for research into productivity. 
 

Substantive lessons 
 

 Overlaps between maps demonstrate how thematic boundaries are largely 
artificial and highlight the value of considering a systems approach. In each map, 
there were multiple overlaps with other maps in this series and connections appeared 
in sometimes unexpected places. While these reinforce the advantage of a systems 
approach (for instance, linking skills with themes of finance and investment), frequently 
occurring intersectional themes can point to areas where joining up might yield 
particular benefits. 

 Balancing and reinforcing feedback loops show dynamics in context. The 
mapping process has the benefit of making assumptions explicit and of describing 
dynamics rather than just inputs. Each map has several feedback loops that show 
important recursive chains but also links the elements within them to other chains and 
processes. While often these feedback loops were already recognized by experts their 
embeddedness in broader systems permits greater insights into what can augment or 
mitigate loops. Several feedback effects can operate simultaneously and how 
outcomes will depend on the relative strength of these effects and how much lag exists 
in the system. The finance map particularly shows this kind of chain of feedback loops, 
which again highlights how linear reasoning can overlook important dynamics. 

 Time matters. System maps provide a useful overview of how factors within them are 
related. But it is important to remember that is not the whole story. Time is an important 
dimension that is particularly difficult to depict but is vital to understanding how, when, 
and how intensely effects are felt. This is well-known in the systems literature (see 
Meadows 2008) but was particularly evident in loops in both the skills and investment 
maps. There we highlighted how despite reinforcing loops connecting skills demand 
and supply there are often delays between the emergence of skill needs (prompted by 
technologies, for instance) and the establishment of training programs at scale to fill 
that demand. 

 
Adopting these methods in practice is neither straightforward nor particularly accessible. No 
matter how long the session or detailed the analysis, the resulting maps can make no claim to 
comprehensiveness and so are tools that need to be used with caution. The learning curve is 
steep, and care must be taken at every step to design the research to be as useful as possible 
while avoiding the trap of claiming too much of the results. We summarize some of our core 
methodological takeaways from the project below along with some reflections about how the 
systems approach might be adapted in future research. 
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Methodological lessons 
 

 Comprehensive text-based approaches rely on extensive and rigorously selected 
evidence bases that take time to assemble and analyze but can be very powerful if 
properly executed. Combining this type of analysis with a systematic literature review 
might be one way to ensure rigor and comprehensiveness. Given the magnitude of 
literature required in a subject area as wide and deep as productivity, cutting-edge 
analytical techniques being developed with machine learning and AI might find 
applications here. 

 “Sketch” analyses based on single (or a small number of) thematic review 
documents might still be possible but relies heavily on the quality of the source 
documents. One possible avenue for future research would be to develop selection 
criteria and evaluation strategies for this kind of pared-down analysis. Developing this 
approach may generate the quickest “wins” and provide a framework that can be 
adapted and replicated for deeper dives within themes and subsystems. 

 Participatory mapping is still a gold standard8 for system dynamics mapping. It 
has a well-established methodology and generates insights for both researchers and 
participants. As an instance of immersive/experiential scholarship the experience has 
value beyond the artifact it generates (in this case, the map). Future projects should 
consider adopting this exercise, even if a system map is not the ultimate goal, as a 
mechanism to collectively establish the intellectual boundaries of the field of study and 
identify areas of uncertainty and debate. 

 System dynamics maps are beginnings, not ends. We cannot emphasize enough 
that, because of the limitations inherent in all of these methodologies, system maps are 
not definitive, nor do they contain “answers”. They are useful as tools and should be 
considered as such.  

 Reading maps can be difficult and they often require deeper interpretation. 
System dynamics maps can be intimidating. There are a lot of elements and significant 
chains, and effects are not always obvious. Furthermore, even where arrows are clear, 
the reason elements were connected are not always intuitive on a static map. The 
kumo.io software enables annotations, which are crucial to understanding the 
dynamics at play. All of our maps are also accompanied by presentations that break 
down the sections and include notes with open questions and detailing assumptions. In 
short, putting a map, however comprehensive, in front of a decision maker may 
generate more confusion than insight. This highlights the importance of careful 
interpretation and skill in presenting these ideas. 

 
Despite the variety of insights we were able to extract from these maps, our experiences raise 
valid questions about whether the results justify the investment of time and resources. 
However useful and intuitive the systems approach is in the abstract, applying it is devilishly 
difficult. Projects like this, which support pioneering and experimental research methods, help 
to push boundaries and encourage innovation in thinking and researching complex problems 
such as the productivity puzzle. We have no doubt that these methods could be further refined 
and more robust research designs developed to maximize the utility of results while mitigating 
some of the challenges we encountered. We acknowledge that the learning curve was steeper 
than anticipated and that more might have been extracted under the supervision of a more 
skilled project leader. But we also highlight that this work was conducted in a very difficult time. 
The research team hopes that the lessons presented here can help guide future efforts at 
adopting this analysis and that there will be further opportunities to do so. 
 

  

                                                 
8 That said, as we have demonstrated, this method is not without drawbacks. 
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