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Systems mapping: How to 
build and use causal models of 
systems

By Pete Barbrook-Johnson @bapeterj
& Alexandra S. Penn @DrAlexPenn



The book is out now 
and free…

https://link.springer.com/book/10.1007/978-3-031-01919-7
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https://link.springer.com/book/10.1007/978-3-031-01919-7


What is in this book?
oRich Pictures

oTheory of Change diagrams

oCausal loop diagrams

oParticipatory Systems Mapping

oFuzzy Cognitive Mapping

oBayesian Belief Networks

oSystem Dynamics

Introduction

7 methods chapters

Cross-cutting chapters

Conclusion
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oEach one has…

○What are they?

○How do you do it?

○Common issues and ‘tricks of the trade’

○What are they good and bad at?

○A brief history

○Getting started



What is in this book?
oWhat data and evidence can you use to build 

system maps?

oRunning workshops

oComparing, choosing, and combining methods

Introduction

7 methods chapters

Cross-cutting chapters

Conclusion
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Why did we 
write the book?
●Timely

○Surge in interest

○Entry point for societal challenges

●Confusion around systems mapping

○ is it one thing?

○underestimate differences

○Few guides that bring together 
different approaches in a way that 
reflects use and current interest

● Our former selves!
● People who want to get a sense of what 

systems mapping is
● People thinking about using systems 

mapping
● People who want to use a specific 

method
● People who know one method well but 

want to expand
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Who is it for?



What is systems mapping?
●Many definitions and types

●Easy to agree

○Describe a system

○Modelling

● In this book

○Focus on cause and influence

○Network of nodes and edges
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How do these methods relate to each other?
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How can systems mapping be useful?
● Help us think
● Help us orient ourselves
● Help us synthesise and connect information
● Help us communicate
● Help us extrapolate from assumptions to 

implications
● Surprise us!
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Rapid methods 
rundown
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Rich Pictures
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Method RP

Level of focus Situations within a system

Type of map Drawings, narrative

Mode of construction Free-form

Emphasis on participation High

Mode of analysis Thematic

Ease of use Easy

Key contributions Inclusive and flexible

Key constraints
Not a model
Difficult to share findings
No quantitative output

When most appropriate When participation and rich 
expression are wanted

Bell, S., & Morse, S. (2013a). How people use rich pictures to help 
them think and act. Systemic Practice and Action Research, 26, 

331–348. https://doi. org/10.1007/s11213-012-9236-x



Theory of Change
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Method ToC

Level of focus Intervention

Type of map Flexible, diagrammatic, cause 
and effect logic

Mode of construction Start with outcomes and 
intervention, and connect

Emphasis on participation Neutral

Mode of analysis No formal analysis

Ease of use Easy

Key contributions
Discipline intervention logic, 
plan intervention design and 
evaluation

Key constraints
No analysis
May exclude important wider 
context

When most appropriate
When focussed on one 
intervention, when flexible 
‘framing tool’ wanted

DSD, SASSA and UNICEF. (2012). The South African child 
support grant impact assessment: Evidence from a survey of 

children, adolescents and their households. UNICEF South 
Africa.



Causal Loop Diagrams
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Method CLD

Level of focus System engine and feedbacks

Type of map Qualitative, cyclic, causal relations

Mode of construction
Start with system engine and 
feedback loops, build out
Often use systems archetypes

Emphasis on participation Neutral

Mode of analysis Qualitative dynamics

Ease of use Easy – medium

Key contributions
Focus on feedback loops and ‘system 
engine’.
Gives qualitative sense of dynamics

Key constraints Can produce v stylised system
No quantitative output

When most appropriate
When feedbacks or dynamical 
behaviour important, and 
quantification not required Moizer, J., & Tracey, P. (2010). Strategy making in social 

enterprise: The role of resource allocation and its effects on 
organizational sustainability. Systems Research and Behavioral

Science, 27, 252–266. https://doi. org/10.1002/sres.1006



Participatory Systems Mapping
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Method PSM

Level of focus System

Type of map Qualitative, cyclic, causal relations

Mode of construction Start with focal factors and build out, 
info on factors and links

Emphasis on participation High

Mode of analysis
Bespoke analysis using submaps, 
network analysis, causal flow, and 
stakeholder info

Ease of use Medium

Key contributions

Using submaps, network analysis, 
causal flow, and stakeholder 
information to make sense of large 
maps

Key constraints Difficult to share findings
No quantitative output

When most appropriate

When participation emphasised, 
when flexibility of construction and 
analysis wanted, when large, 
inclusive maps desired.

PaUWicipaWoU\ S\VWem Map of Whe
Eden caWchmenW 
ZaWeU and enYiUonmenW V\VWem

LegeQd

PRViWiYe caXVaO cRQQecWiRQ

NegaWiYe caXVaO cRQQecWiRQ

CRPSOe[ RU XQcOeaU caXVaO cRQQecWiRQ

NXPbHU RI ZHOO
SaLG MRbV

EPSOR\PHQW

AJHLQJ
SRSXOaWLRQ

APRXQW RI
SRYHUW\ aQG
GHSULYaWLRQ

MHQWaO KHaOWK aQG
ZHOObHLQJ RI

ORFaOV

AIIRUGabOH
KRXVLQJ

RHWaLQLQJ \RXQJ
SHRSOH ORFaOO\

PRSXOaWLRQ
GHPRJUaSKLFV

UaQJH

SHUYLFHV (H.J.
GRFWRUV, bXVHV,

VFKRROV)

APRXQW Rf
deYeORSPeQW (L.e.
hRXVLQg, LQdXVWU\,

LQfUaVWUXcWXUe)

TKULYLQJ (UXUaO)
FRPPXQLWLHV

QXaOLW\ Rf dLVWLQcWLYe
OaQdVcaSe chaUacWeU

MHQWaO KHaOWK aQG
ZHOObHLQJ RI

YLVLWRUV

RHFUHaWLRQaO
RSSRUWXQLWLHV IRU

YLVLWRUV

RHFUHaWLRQaO
RSSRUWXQLWLHV IRU

ORFaOV

WaWHU TXaOLW\ SRLO KHaOWK aQG
IHUWLOLW\

APRXQW RI VRLO
HURVLRQ

NXPbHU RI
LQGXVWULaO

GLVFKaUJHV

GRRG VOXUU\
PaQaJHPHQW

APRXQW RI VOXUU\

APRXQW RI UaLQIaOO

GRRG IaUP
QXWULHQW baOaQFHV

E[FHVV QXWULHQWV
LQ VRLO FHUWLOLVHU LQSXWV

EGXFaWLRQ aQG
aGYLFH

LaQG
PaQaJHPHQW

SUaFWLFHV

FaVW ÁRZV (UXQRII)TUaQVSRUW
V\VWHPV

UQSaYHG URaGV
aQG WUaFNV

VHJHWaWLRQ FRYHU
VWUXFWXUH

CXOWXUaO QRUPV

IQWHQVLW\ RI
IaUPLQJ (LSU)

IQFHQWLYHV IURP
SROLF\ AJULFXOWXUaO SROLF\

FLQaQFLaO YLabLOLW\

GRRG VRLO
PaQaJHPHQW

KH\ IXQFWLRQ RU
RXWFRPH

FaFWRU

ThiV PaS ZaV deYeORSed aV SaUW Rf a ZideU SURjecW
deOiYeUed b\ MRWW MacdRQaOd aQd CECAN, fRU DefUa,
e[SORUiQg Whe XVe Rf a V\VWePV aSSURach aW Whe caWchPeQW
OeYeO.¬FRU PRUe iQfRUPaWiRQ RQ Whe SURjecW SOeaVe cRQWacW
BUeQdaQ BURPZich
(bUeQdaQ.c.bURPZich@PRWWPac.cRP).

ThiV V\VWeP PaS haV beeQ cUeaWed b\ a gURXS Rf ORcaO
aQd UegiRQaO VWaNehROdeUV iQ Whe EdeQ caWchPeQW acURVV
WhUee ZRUNVhRSV aQd fXUWheU biOaWeUaO diVcXVViRQ beWZeeQ
JaQ aQd JXQe 2020.¬ The PaS VhRZV Whe caXVaO
cRQQecWiRQV beWZeeQ diffeUeQW facWRUV iQ Whe V\VWeP aQd
Ne\ RXWcRPeV RU 'fXQcWiRQV' fRU Whe caWchPeQW.

FRU PRUe iQfRUPaWiRQ abRXW Whe PaS, SOeaVe geW iQ WRXch
ZiWh AOe[ PeQQ aQd PeWe BaUbURRN-JRhQVRQ
(a.SeQQ@VXUUe\.ac.XN / S.baUbURRN-
jRhQVRQ@VXUUe\.ac.XN)

RHVLOLHQW ORFaO
EGHQ HFRQRP\

RHVLOLHQW UHJLRQaO
HFRQRP\

HHaOWK RI
FRPPXQLWLHV

% RI OaQG
FRPPHUFLaO
ZRRGOaQG
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% RI OaQG ZHWOaQG
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TXaOLW\ RI VaOW

PaUVK
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% RI OaQG
PRRUOaQG (LQ

JRRG FRQGLWLRQ)

% RI OaQG QaWLYH
ZRRGOaQG (LQ

JRRG FRQGLWLRQ)
% RI OaQG aUabOH
OaQG (LQFO PaL]H)

% Rf OaQd SeUPaQeQW
gUaVVOaQd (aQd LQ
gRRd cRQdLWLRQ)

NaWXUH UHFRYHU
QHWZRUNV

WaWHU aYaLOabLOLW\
IRU HFRV\VWHPV

APRXQW Rf ZaWeU fRU
SXbOLc ZaWeU VXSSO\

APRXQW RI ZaWHU
IRU aJULFXOWXUH

APRXQW RI JRRG
TXaOLW\ KabLWaW

(RWKHU)

% RI OaQG
SHaWOaQG (LQ JRRG

FRQGLWLRQ)

BLRGLYHUVLW\

GRRG aLU TXaOLW\
(NO[, SO[,
aPPRQLa)

CaUbRQ VWRUaJH

FaUP
LQIUaVWUXFWXUH

FRQGLWLRQ

UQUHJXOaWHG
ZaWHU abVWUaFWLRQ

IRU aJULFXOWXUH

COLPaWH FKaQJH

LaQG GUaLQaJH
(aJ aQG

PRRUOaQG)

SORZ ÁRZV
(VXbVXUIaFH) UUbaQ ÁRRGLQJ RXUaO ÁRRGLQJ

WHaWKHU
H[WUHPHV (VWRUP

aQG GURXJKW)

EQJLQHHUHG
VROXWLRQV IRU

ÁRRGLQJ

NFM aQG SUDS
(XUbaQ)

FORRG
PaQaJHPHQW

FaUPHU QRQ-
IaUPHU TUXVWLQJ
UHOaWLRQVKLSV¬

WLOOLQJQHVV WR
FKaQJH SUaFWLFHV
(IaUPHUV aQG OaQG

PaQaJHUV)

CRQVROLGaWLRQ RI
IaUPV

FaUPHU VRFLaO
FaSLWaO

SXGGHQ FKaQJH /
FULVLV

FLVK VWRFNV EFRQRPLF YLabLOLW\
RI ÀVKLQJ LQGXVWU\

MRGLÀHG ZaWHU
bRGLHV (H.J.

ZHLUV, FaQaOLVHG)

MaUNHW SULFHV

GHQHUaWLRQaO
FKaQJH/

KaQGRYHU
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LVVXHV
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PRlic\: 
ThUee SRlic\ facWRUV haYe
been added WR Whe maS.
TheVe VhRZ Whe inÁXenceV
Rf WheVe SRlicieV Rn Whe
V\VWem. TheVe aUe nRW Whe
Rnl\ UeleYanW SRlicieV fRU
Whe caWchmenW. PleaVe Vee
Whe fXll UeSRUW fRU a mRUe
cRmSUehenViYe liVW.

PROLF\ IaFWRU

WaWHU FUaPHZRUN
DLUHFWLYH

AJULFXOWXUaO
VXbVLGLHV (H.J.

CAP / ELM)

SROZa\ CRaVW
AONB

PaQaJHPHQW
SOaQ

Bromwich, B., Penn, A. S., Barbrook-Johnson, P., & Knightbridge, J. 
(2020). Systems analysis for water resources: Final report. Defra 

report. http://randd. defra.gov.uk/ (search for WT1512)



Fuzzy Cognitive Mapping
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Method FCM

Level of focus System

Type of map Semi-quantitative, cyclic, causal 
relations

Mode of construction Start with focal factors and build out, 
quantify connections

Emphasis on participation High

Mode of analysis
Compute impact of factors, rank, ‘run’ 
to equilibrium. Comparing network 
structures.

Ease of use Medium

Key contributions

“Quick and dirty dynamics” or relative 
causal importance of factors. 
Examination of stakeholder mental 
models

Key constraints Analysis results highly sensitive to 
assumptions

When most appropriate

When quick comparative semi-
quantification wanted.  
When implications of assumptions, 
consolidation of inputs to relative 
size of impacts desired.
When participation emphasised.

Kok, K. (2009). The potential of Fuzzy Cognitive Maps for semi-quantitative 
scenario development, with an example from Brazil. Global Environmental 

Change, 19(1), 122–133. https://doi.org/10.1016/j.gloenvcha.2008.08.003



Bayesian Belief Networks
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Method BBN

Level of focus Intervention to outcomes within a system

Type of map Quantitative, acyclic, causal relations

Mode of 
construction

Start with outcome and build back, or start 
with intervention and build down, define 
conditional probabilities

Emphasis on 
participation Neutral

Mode of analysis Estimate effects of interventions, or 
contribution of factors to outcomes

Ease of use Hard

Key contributions

Estimate impacts and contributions 
quantitatively. 
Quantification with low risk of producing 
meaningless analysis.

Key constraints Strong constraints on structure of map

When most 
appropriate

When low-risk quantification wanted, when 
quantitative analysis of contributions to 
outcomes wanted

Bromley, J. (2005). Guidelines for the use of Bayesian 
networks as a participatory tool for Water Resource 

Management. MERIT. http://nora.nerc.ac.uk/id/ eprint/3300/



System Dynamics
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Method SD

Level of focus Dynamical problem

Type of map Quantitative, cyclic, stock and flow, 
causal relations

Mode of construction Start with system engine, and 
feedback loops, build out and quantify

Emphasis on participation Neutral

Mode of analysis Simulate dynamics through time

Ease of use Hard

Key contributions Simulate aggregate dynamics.
Explore feedback loops quantitatively.

Key constraints
Time consuming.
Empirical validation often required.
Sensitive to assumptions.

When most appropriate
When full rigorous simulation wanted, 
when feedbacks/dynamical behaviour 
considered important

Kapmeier, F., & Gonçalves, P. (2018). Wasted paradise? 
Policies for Small Island States to manage tourism-

driven growth while controlling waste generation: The 
case of the Maldives. System Dynamics Review, 34(1–

2), 172–221. https:// doi.org/10.1002/sdr.1607



Cross-cutting 
chapters
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Types of data and evidence
● Defending need for participation

● Qualitative

○ qual data -> systems map

○ good software support

● Existing evidence

○ systems mapping as rapid evidence review / 
systematic review

● Quantitative

○ maps as visualisations of statistical analysis

○ network estimation
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● In reality, we should 
combine to meet our 
goals



Running workshops
● Planning

○ purpose, who, when, timeplan

● Venue, materials, tech

○ where, tables and chairs, walls, 
paper and pens, IT, existing maps

● Facilitation

○ plan, prompts, know the method, 
practice, group dynamics, giving 
away power, breaks, working in 
pairs

● Recording
● Post-workshop
● Common issues

○ power dynamics, disagreement, 
confusion, disengagement, burnout

● Doing it online

○ easier attendance, interaction far 
worse, shorter but more sessions, 
software nuances vital, physical and 
online create wholly different 
experiences, burnout
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Compare and choosing methods
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Concluding thoughts
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Conclusion

30

● Lessons

○ Some systems mapping methods 
are simple

○ But the systems mapping method 
space is confusing and ill-defined

○ Differences are underestimated

● Final messages

○ Choose methods with purpose

○ Do we want value from process, 
outputs, or both

○ Do we want participation or 
conceptual rigour

○ Maps as living documents

○ Learn as many methods as 
possible

○ Advocate for wider philosophy of 
steering complex systems



Thanks!
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● @bapeterj & @DrAlexPenn
● peter.barbrook-johnson@ouce.ox.ac.uk & 

a.penn@surrey.ac.uk
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