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But it is doubtless impossible to approach any human problem with a mind free 
from bias. The way in which questions are put, the points of view assumed, 

presuppose a relativity of interest, all characteristics imply values, and every 
objective description, so called, implies an ethical background. 

 
Simone de Beauvoir 

The economy itself is a construct, a set of values and framing devices, 
animating particular practices and institutions. 

Henrietta L. Moore



Source: Andersson C., Törnberg A. and P. Törnberg (2014) “Societal systems–complex or worse?” Futures 63: 145-157. 



Overview: Systems Thinking (ST)

Finds its origin (arguably) in the emergence in the 1930-40s of Ludwig von Bertalanffy’s 
general systems theory (GST) and interdisciplinary practice (physics + biology): 

o A general science of wholeness to understand better complex open systems 
o Hard versus soft systems thinking 
o Initially top-down but recently moved towards heterogeneity and micro-diversity 
o Less applied in economics and to sustainability issues, viewed as a socioeconomic problem 

(some exceptions, mainly the work kick-started by Forrester in around the 1960s)

Cybernetics:  
Self-regulating 
deterministic 
closed systems

Dynamic systems 
theory: non-linear, 

self-organising, 
open systems

GST: 
hierarchical 
open systems

Based on Verhoeff et al (2018) “The theoretical nature of systems thinking. Perspectives on 
systems thinking in biology education”, Frontiers in Education 3(40)



Overview: Complexity Science (CS)
_Originating in the work of Warren Weaver (complexity theory, 1940s) and largely shaped by the Sante 
Fe Institute: 

o Power of computers and cross-disciplinary collaboration 
o Favours a bottom-up approach 
o Research programme drawing on a range of thinking & approaches 

_Complexity economics as an example of increasingly successful application of complexity science in 
social sciences 

o Coined by Brian Arthur (1980s) 
o Argued to be unifying heterodox strands of economics research (e.g. institutional economics, 

evolutionary economics, ecological economics, post Keynesian economics)

Image source: Bristol Centre for Complexity Sciences

Warren Weaver Brian Arthur



Some commonalities and differences

• Both aim to push science towards a more holistic and inter-disciplinary approach 
• Economics has found a more fertile ground in complexity studies relative to systems 

thinking 
• CS a narrower / more in-depth positivist emphasis: propagation of change through 

interconnected (micro-) behaviour  
• Contemporary ST a wider, both interpretative and positivist approach, rooted in 

cognitive processes and societal epistemologies 
• CS regarded by some as a subset of ST

Image source: RePrac Research Methods: https://reprac.co.nz/
research-methods-positivism-v-s-post-positivism/ 

Image source: Based on Louise Chan et al (2016) slides available at: 
https://www.slideshare.net/sykeshea/interpretivist-paradigm-ctl-1018-

lesely-louisa-noelle?from_action=save 
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Definitions

Both lack a commonly-agreed / standard definition 

Systems Thinking: An iterative learning process that aims to  
 “replace a reductionist, narrow, short-run, static view of the world with a 
holistic, broad, long-term, dynamic view, reinventing our policies and institutions 

accordingly”   
Sterman JD (2006), Learning from Evidence in a Complex World, American Journal of Public Health 96(3) 

Complexity Science: A movement in sciences (rather than a theory), concerned with  
 “how aggregate patterns form from interactions between elements in a 
system, and how the latter adapt as a response to these overall formation patterns” 

Arthur W B (2014) Complexity and the Economy, Oxford University Press 

Complexity studies in economics focus mostly on the learning and adaptive behaviour of 
micro-level heterogeneous agents and their network interactions that evolve into wider 
systems with particular emergent properties and characterised by non-linear self-organising 
dynamics (Foster 2005, Mitchell 2009)



Systems thinking

1. Holism & 
interconnectedness

2. System 
boundaries & 

structures

3.Open systems 
and non-linear 

irreversible 
dynamics

4. Heterogeneity 
and sub-optimality

5. Uncertainty and 
endogenous 
innovation 

6. Feedback loops, 
system constraints 
and time delays  

7. Self-
organisation, 

emergent 
behaviour and 
regime change

Core concepts and principles 
depicting Systems Thinking 

and Complexity Science

Complexity 
science



Property 1: Holism & interconnectedness
• ST focuses on interactions between system components as a function of the system as a 

whole 

• CS also prioritises the importance of interactions within and across systems when exploring 
the emergence of complexity (Foster 2005) 

• “The whole is different from the sum of its parts and their interactions” (Richardson 2004) 

• E.g. Approaching building systems as epistemological constructs, rather than as physical or 
place-based entities  
•  A more in-depth understanding of occupant-dwelling interactions and how actors attach meaning to various 

energy technologies or appliances in buildings

Image source: Gerd Leonhard  “Technology versus humanity”:  https://
www.techvshuman.com/read-preview/ Source: CIB (1999) Agenda 21 on Sustainable Construction, CIP publications 
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Property 2: System boundaries & structures

• Boundaries delineate what is inside and what is outside 
the system of our immediate concern, between 
internalities and externalities, but which are fluid and 
dependent on mental models (Cabrera et al 2008, Higgins 
2015) 

• Advances mental efforts that would uncover new 
endogenous sources of system behaviour (Richardson 2011) 

• E.g. Endogenising actor habits as a function of institutions 
and as part of social and cultural practices (Shove 2010) 

• Hierarchical (ST) versus non-hierarchical (CS) system 
structures 

• “Dissipative structures” (work of Ilya Prigogine) 

• The concept of “panarchy” developed in ecological 
economics (Holling 2001) acknowledging that complex 
systems can be both hierarchical and overlapping in their 
structure

Source: Taken from https://www.resalliance.org/panarchy 
based on Holling CS (2001) “Understanding the complexity 
of economic, ecological and social systems”, Ecosystems 4: 

390-405 

https://www.resalliance.org/panarchy
https://www.resalliance.org/panarchy


Property 3: Open systems and nonlinear irreversible dynamics

• Fuzzy boundaries and dissipative structures are intrinsically linked to “open systems” 

• Open systems: “there is import and export, and, therefore, change of the components”, 
as opposed to close systems: “no material enters or leave it” (Bertalanffy 1950). 

• Complex systems exhibit a variety of nonlinear dynamics, as its components operate of 
different temporal and spatial scales (Fontana 2010) 

• E.g. Conceptualising the built environment as an open social ecological system (Moffat 
and Kohler 2008)

Source: Moffat S and Kohler N (2008) “Conceptualising the built 
environment as a social-ecological system”, Building Research & 

Information 36(3): 248-268



Property 4: Heterogeneity and sub-optimality

• Emergent phenomena in complex systems are 
attributed to interactions of heterogeneous 
agents with heterogeneous expectations 

• People make choices differently through a 
combination of inductive thinking, rational 
behaviour, social comparison, imitation, 
repetitive behaviour and the cognitive limitations 
of the actor (Arthur 1999) 

• Sub-optimal or underperforming behaviour of 
systems is acknowledged in systems thinking 
(Sterman 2006) 

• E.g. Heterogeneity in the type of buildings, 
actors involved (life-cycle analysis) 

• E.g. spatial heterogeneity: social and 
environmental relationships underpinning urban 
systems are differentially distributed in space 
(Pickett et al 2017)

Pickett S.T.A. et al (2017) “Dynamic heterogeneity: a framework 
to promote ecological integration and hypothesis generation in 

urban systems”, Urban Ecosystems 20:1-14



Property 5: Uncertainty and endogenous innovation

• Innovation is inherently uncertain 

• Complexity economics as a subset of CS sees these as drivers of complex system 
dynamics embedded in historical irreversible time 

• For example, strands of complexity economics (e.g. Post Keynesianism) explicitly 
acknowledge fundamental uncertainty and its role in influencing investments and finance 

• Actor responses to uncertainty within a complex adaptive system is a mechanism for 
emergent and intentional adaptation (Khan et al 2018) 

• ST allows for flexibility in addressing uncertainty when dealing with innovation projects 
and processes  

• E.g. Innovative urban planning approaches are emerging to better deal with unforeseen 
changes: Resilience planning approach (e.g. Filippi 2018) or the Complex adaptive 
systems approach (e.g. Nel et al 2018)



Property 6: Feedback loops, system constraints and time delays

• Feedback loops: the hallmark of ST, when describing system dynamics, interdependencies and 
interactions 

• Feedback loops entail circular causality across both space and time, and are populated by 
short and long-run time-delays 

• ST feedback loops: reinforcing and balancing 
• CS feedback loops: positive and negative (or increasing and diminishing returns in economics)

Source: Higgins (2015) Economic Growth and Sustainability: Systems Thinking for a Complex World, Academic 
Press, Elsevier



Property 7: Self-organisation, emergent behaviour and regime 
change

• Self-organisation: central concept in CS, 
less-emphasised in ST – absence of a 
central control element 

• Both ST and CS: Emergent behaviour are 
distinguishing features of a complex 
system  

• Regime change and the conditions that 
lead to transformational change vs 
equilibrium/non-equilibrium debate 

• E.g. Self-organisation: buildings designed 
for and managed by the users, i.e. user 
participation at all stages of the 
building’s life cycle (Schalcher 2009)

Alternative futures for urban-eco-systems: Ravets J (2015) “From 
urban systems to urban-eco-systems”, Environmental Scientist 

124(2), 17-23



Systems thinking and complexity science could help 
advance sustainability research on the built environment  

 
 

Let’s collectively debate and identify new research 
potential 

 
 
 

Email: s.scrieciu@ucl.ac.uk  

mailto:s.scrieciu@ucl.ac.uk
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