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Systems Thinking in Chemistry Education

• An international project of IUPAC

• STICE is a framework with the goal of 

articulating learning objectives and strategies to 

infuse systems thinking into secondary and 

post-secondary chemistry education

• Places chemistry learners at the centre of a 

system of learning connected through 3 nodes 

or sub-systems

• 3 nodes interact and provide feedback to each 

other 

• System of learning experienced by the students 

has emergent properties arising from these 

interactions







Why 
Systems 
Thinking?

• Shift from reductionist to a more holistic 

approach

• Reductionist approach means that we understand 

complex systems by the analysis of their simpler 

components

• Successful in increasing scientific knowledge 

• In education a reductionist approach (learning of 

discrete, unconnected facts out of context) is not 

consistent with how people learn.

• Understanding facts does not lead to an 

understanding of a discipline overall

• Students learn most meaningfully when they can 

connect what they learn to the context in which it 

applies.

• Reductionist approaches claim an objective view 

of science but ignore the human influence on 

how science is done and how data is interpreted



Endangered 
Elements –
benefits and 
issues

Periodic Table of Endangered Elements
(European Chemical Society, 2019)



Systems 
Thinking

• Complements reductionist approach

• Challenges facing mankind such as sustainability and 
climate change are global and holistic

• Chemists play central role in creation of new 
technologies but current practices of consumption are 
not sustainable

• Future chemists need to think holistically and 
systematically to maximise resource efficiency and 
minimise hazards and pollution

• Science research and learning informed by system 
thinking will focus on

• The system as a whole not just a collection of parts

• How a system changes over time

• Variables that cause behaviours

• Organisation and interrelationships between the 
parts of a system

• How systems-level phenomena emerge from 
interactions between the system’s parts

• The interactions between a system and its 
environment

(Orgill et al., 2019)







Definitions

Systems 

• exist at multiple scales (macro, micro etc)

• have purpose

• all parts must be present for a system to carry 

out its purpose

• order of arrangement affects performance of a 

system

• systems maintain stability through feedback

Systems thinking

• visualizes the interconnections and 

relationships between the parts of the system

• examines behaviour that changes over time

• examines how systems-level phenomena 

emerge from interactions between the system’s 

parts



A systems 
thinking 
hierarchy

Orgill, M., York, S., & MacKellar, J. (2019). Introduction to Systems Thinking for the Chemistry 
Education Community. Journal of Chemical Education. doi: 10.1021/acs.jchemed.9b00169



STICE - the 
molecular basis of 
sustainability

• Foregrounds Earth and Societal systems node

• “the ways in which the material basis of society 

and economy underlie considerations of how 

present and future generations can live within 

the limits of the natural word”

P.G. Mahaffy, S. A. Matlin, T. A. Holme, J. M. Whalen. Integrating the molecular basis of sustainability into 
general chemistry through systems thinking. J. Chem Educ. 2019 



The most 
important 
technological 
invention of 
the 20th

century?

N2(g)  +  3H2(g)  ⇌ 2NH3(g)

A failure of systems thinking in chemistry education??

• NH3 synthesis in equilibrium chapter of textbooks 
(sanitised sidebar about Fritz Haber)

• Classroom treatment and assessment focuses on 
system responses to changing concentrations, 
temperature and pressures (including calculations)

• No connection usually made between chemical 
reaction and either the survival of 40% of our planet’s 
human beings or the threat to our planetary 
boundaries of our massive fixed nitrogen footprint.



YOUR 
TASK

Generate a systems thinking map for the 

Haber process

Some questions to ask:

• Where do the starting materials come 

from?

• What about the energy involved in 

production?

• What are the intended and unintended 

consequences of the use of the 

product?

• What happens to the product when it 

is no longer used?











Systems 
Thinking 
Maps

• Using variant of systemigrams

• Similar to concept maps, with a key distinction.

• The goal is to explicitly incorporate the 

knowledge of boundaries on the stuff you are 

interested in (which is going to be a system)

• Visualise the complexity and interactions across 

parts of a system, with minimal prose. 

• Start with the ‘the core’

• Consider the systems inputs, and its outputs 

(consequences)

• Then….what  ask what happens as we change the 

boundaries on the system

• Add in subsystems

Where the starting materials come from

Energy involved in production

Intended and unintended consequences of the use 

of the product

What happens to the product when it is no longer 

used



Systems 

Thinking 

Maps

THE CORE:

Connecting with 

current content



Systems 
Thinking 
Maps

Add in 
subsystems:

Reaction 
conditions



Systems 
Thinking 
Maps  

Add in 
subsystems:

Where the 
starting 
materials come 
from

Energy involved 
in production



Systems 
Thinking 
Maps

Add in 
intended and 
unintended 
consequences







What is the 
place of STICE 
in the future 
of chemistry 
education in 
NZ?


