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Review 

Impactful environmental psychology needs formal 
theories
Anne E Urai1, Fabian Dablander2 and Jan Willem Bolderdijk3

Changing individual and collective behavior is critical to 
addressing the climate and ecological crisis. Environmental 
psychology is thus well-positioned to contribute knowledge to 
guide impactful climate action. However, we argue that it is not 
living up to its full potential, partly because its theories often 
remain verbal. Formalizing theories — expressing them in the 
precise language of mathematics or computer code — is 
especially important to give substance to thinking about 
complex systems, where nonlinearities and feedback loops 
make the effect of interventions hard to predict. Formal theories 
increase conceptual clarity and mechanistic understanding, 
advance cumulative science, enable ‘in silico’ intervention 
testing, and improve integration into policy-relevant models. We 
illustrate how environmental psychologists can start 
incorporating theory formalization in their work.
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Introduction
Understanding and changing human behavior is crucial to 
addressing the climate and ecological crisis. Environmental 
psychology can help us understand how individuals can be 
encouraged to act more pro-environmentally and engage 
in collective climate action [1]. To increase its impact, 

environmental psychology has recently been called to 
focus on high-impact behaviors and individuals [1,2]; de
velop, curate, and analyze large-scale datasets [3,4]; im
prove measurement practices [5,6]; and improve the 
theoretical basis for interventions [7,8].

Here, we argue that to further increase its impact, en
vironmental psychology needs formal theories. This is 
especially crucial as behavioral science increasingly takes a 
‘systems view’, explicitly conceptualizing behavior as 
arising from interactions between individual, social, and 
environmental factors [9,10]. Complex systems, which consist 
of multiple interacting components characterized by non
linear relationships, feedback loops, and emergent properties, 
are notoriously difficult for humans to understand and 
predict [11,12] (see Box 1 for glossary). Without the help of 
formal theories, systems thinking thus risks remaining a 
vague collection of concepts rather than a powerful way to 
understand, predict, and influence behavior.

In this article, we explain what formal theories are, how 
to build them, and their many benefits for impactful 
environmental psychology. These include increasing 
mechanistic understanding, advancing cumulative sci
ence, enabling ‘in silico’ intervention testing, and im
proving integration into policy-relevant models.

What are formal theories?
Environmental psychology is rife with theories [13,14], in
cluding the Theory of Planned Behavior, Value Belief Norm 
theory, and Protection Motivation Theory. Virtually all these 
are verbal theories, which use natural language (such as English 
or Dutch) to explain how various components (e.g. values, 
beliefs, norms) together produce some behavior (e.g. buying 
‘green’ products or joining the climate movement). Psy
chology at large has long been criticized for being dominated 
by such ‘soft’, verbal theories, leading to a fragmented em
pirical literature that is difficult to integrate across domains 
[15–18]. In many fields of study, including cognitive science, 
physics, and biology, verbal theories are therefore considered 
only the first step towards a formal theory expressed in the 
language of mathematics, formal logic, or computer models.

Formalization starts with a candidate verbal theory. As fa
miliar to most environmental psychologists, theory- 
building involves identifying all relevant parts of a target 
system and specifying their interrelationships. These can 
be represented in a conceptual box-and-arrow diagram that 
captures the theory’s assumptions [19,20] (Box 1).
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Implementing the parts and their relationships in 
mathematical equations and/or computer code results in 
a formal model that instantiates the theory (see Box 2 for 
the different steps, and the paper by Fried [21] for a 
discussion on the definition of theories vs. models). This 
formalization process makes the model generative [22]. 
We can now use computer simulations to generate 
theory-implied data [16]: synthetic, quantitative data 
that reflect the theory’s predictions. This is a crucial 
advantage over verbal theories, enabling us to more 
precisely deduce the predictions that the theory and its 

assumptions imply. Importantly, formalization often re
veals predictions that were not clear from the verbal 
theory (see Robinaugh et al. [16] Figure 1, for a clear 
illustration of this point).

The process of formalization is often accompanied by 
the uncomfortable realization that one’s verbal theory is 
vague on what the relevant components exactly are and 
how they precisely influence each other [17,23]. Since 
natural language is imprecise, formalizing one’s as
sumption tests logical consistency and conceptual 

Box 1 Glossary.  

- Verbal theory: a theory expressed in natural language (such as English) that aims to explain phenomena in the world.
- Formal theory: a theory expressed in the precise language of mathematics, logic, or computer code.
- Formal or computational model: a (often simplified) instantiation of a theory that specifies its components and their interrelationships, typically 

implemented in computer code that can generate predictions through simulation.
- Complex system: a system with multiple interacting components characterized by nonlinear relationships and feedback loops.
- Feedback loop: a process where the output of a system is fed back as an input; can be positive (reinforcing) or negative (balancing).
- Emergent properties: properties that parts of a system do not display on their own, but emerge when they interact in a system.
- In silico: experiments performed using computer models. In biology, this is contrasted with ‘in vitro’ studies of biological samples in a dish or ‘in 

vivo’ experiments in live organisms.

Box 2 Formalizing theories: a very short primer.  

What does it take to build formal theories? Many types of models exist. Particularly relevant to environmental psychology may be systems 
dynamics models [48] and agent-based models [23,49].

Here, we largely follow Borsboom’s ‘theory construction methodology’ [22] but expand on step 3.
1. The best start of a formal theory is to choose a phenomenon of interest and a ‘soft theory’ that explains it (also called verbal theory or prototype 

theory). This stage will be familiar to many environmental psychologists.
2. Design the model. This can be done on paper or with dedicated software, such as M-tool [20]. A common starting point for models of system 

dynamics is box-and-arrow diagrams.Define and visualize the components or constructs that make up the model.

a. Determining the right level is crucial: are the components individual humans (with beliefs, behaviors, or emotions), groups, or societies [23]? 
Models with few components can be a good starting point to build intuition.

b. Articulate how the various components interact. For each link, do we know, for example, the direction (uni- or bidirectional), weight (high/ 
low), and functional form (linear, sigmoidal) [16]? Do the interactions include feedback loops, temporal dynamics (e.g. delays), or a spatial 
structure (e.g. a social or physical network)?

3. Construct the model, now with code.

a. For systems modeling and basic simulation, VenSim can be freely downloaded for educational purposes. For agent-based modeling 
specifically, NetLogo is a good software [43]. Coding up your own model from scratch is a powerful way to inspect all the choices that may 
or may not be relevant. A good textbook to start coding models in R is provided in Ref. [50].

4. Verify and validate the model against data. This can be done by simulating the model’s predictions (‘theory-implied data’) and by inspecting 
(visually or using statistical tests) if these produce reasonable behavior, and specifically the patterns that you are interested in understanding.

a. Check the model’s robustness using sensitivity analyses: how do predictions depend on the modeling choices you made? This stage often 
shows surprises and is important for building intuition for the effects of our assumptions.

b. In some cases, we can calibrate parameters of the model using empirical data (also called ‘model fitting’): tuning the model elements so they 
match certain phenomena in our data. The model’s predictions should then be tested on new data.

5. Lastly, step back from your model and assess its overall worth. What aspects of the model could be simplified, or expanded? Which range of 
phenomena can your model explain, and which alternative model variants may be informative? Does the model predict new phenomena that 
could be experimentally tested? The scientist now enters a spiral of iterative theory development [22].

a. Open science practices, especially sharing of well-documented code to accompany a paper’s methods section, are crucial to make formal 
theory building truly cumulative.
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clarity [12]. The process of formalization often reveals 
the source and extent of imprecision in verbal theories. 
It also helps with specifying what empirical data would 
be needed to arbitrate between different modeling 
choices, for example, whether relationships are linear or 
not, or how individual characteristics are distributed 
across a population (see Ref. [24] for an example of 
formalizing the ‘extinction of experience’ theory). Im
portantly, formalization is only as useful as the initial 
verbal theory is appropriate, valid, and empirically 
supported [19]. To avoid a false impression of mathe
matical precision that might come with abstract for
malization, formal theories need to be grounded in real- 
world phenomena and data (Box 2).

Formal theories for grounded systems thinking
Formalizing theories often brings to light counter
intuitive predictions that quickly surpass human cap
abilities of mental simulation [11,12]. Complex systems, 
where feedback loops, delays, nonlinearities, and emer
gent properties mean that the net effect of interventions 
becomes hard to predict, are especially difficult for hu
mans to understand and intuit [11]. Behavioral science, 
including environmental psychology, is increasingly 
drawn to concepts from complex systems theory [9,10], 
including the notions of ‘tipping points’ [25] and ‘at
tractor landscapes’ [26], to conceptualize behavior 
change as a system moving between alternative states 
over time. This move towards systems thinking risks 
remaining vague when not grounded in formalized the
ories.

The most common theories in environmental psy
chology often (implicitly) assume that relationships 
between constructs are static and linear — they lack 
crucial elements that characterize complex systems. 
The Theory of Planned Behavior [27], for instance, is 
an example of a box-and-arrow diagram that implicitly 
assumes a one-directional relationship between ante
cedents of a behavior (e.g. attitudes, subjective norms, 
perceived behavioral control) and their outcome (e.g. 
pro-environmental behavior). Such a theory can be 
thought of as the representation of a simple system 
with unidirectional, linear effects. However, this 
overlooks crucial elements of complex systems such as 
feedback loops: what the theory considers outcomes 
may also influence antecedents. For instance, a posi
tive experience with some pro-environmental beha
vior (e.g. taking the bus instead of the car) can lead to 
more positive attitudes towards that behavior [28], and 
one’s publicly visible pro-environmental actions can 
influence other people’s perception of the social norm 
[29], which in turn influences individual behavior. 
Formal modeling can help researchers simulate the 
effects of such reinforcing feedback loops and thus help 
to understand how behavior evolves over time, within 
individuals, and across groups.

Formal models are especially helpful to predict the 
sometimes counterintuitive effects of interventions. 
Interventions such as disruptive climate protests may 
trigger a host of feedback effects across different time
scales, making the ultimate effect hard to predict. 
Formalization of these can help to anticipate whether 
well-intentioned interventions may backfire.

Benefits of formal theories
There is, simply put, nothing quite so practical as a good 
(formal) theory. Here, we list some benefits for en
vironmental psychology, which can ultimately advance 
its real-world impact.

Increasing mechanistic understanding
Formal theories can increase understanding of the psy
chological mechanisms that give rise to behavior. They 
allow us to go beyond statistically describing patterns 
observed in data towards providing a working model of 
the mechanisms and processes that explain how and why 
a behavior came about and changes over time. In many 
fields, mechanistic insight has been key towards greater 
understanding and ultimately intervention in a system. 
For instance, knowing the structure of the DNA mole
cule allowed us to precisely understand the molecular 
mechanism behind long-known patterns of inheritance. 
For environmental psychology, such mechanisms may 
range from individual cognition to the spread of beha
viors through social networks.

At the cognitive level, for instance, Liu et al. [30]
showed that people perceive a greater impact of climate 
change when presented with binary data (history of lake 
freezes: yes or no) as opposed to continuous data (history 
of average winter temperatures). A formal Bayesian 
model was able to reproduce this phenomenon. Cru
cially, the model also gives insight into why humans 
behave this way: binary data points create an illusion of 
sudden shifts, even when underlying changes are gra
dual. The model provides an explanation of the beha
vioral effect in terms of fundamental, well-studied 
cognitive processes, and allows predicting people’s per
ception of shifts in new data [30].

Formal models can also provide a mechanistic under
standing of interactions between individuals. In well- 
studied laboratory coordination games, seemingly stable 
social conventions can undergo sudden ‘tipping points’: 
once a convention starts shifting, it tends to become self- 
reinforcing and changes quickly to a new stable con
vention [31]. These patterns can be simulated using 
formal models of interacting agents who aim to co
ordinate. This shows how — close to the system’s tip
ping point — just a few additional people adopting a 
new convention can tip the whole group towards a new 
convention. Importantly, formal modeling can explain 
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the behavioral mechanisms that determine why social 
tipping happens: only when individuals aim to co
ordinate on a shared convention (conformity), stick with 
habits (status quo bias), and follow trends (sensitivity to 
dynamic norms) does the game’s group dynamics display 
classic tipping points [32].

Going beyond surveys and laboratory tasks, formal 
models can also be used to explore what mechanisms 
give rise to real-world behavior and the impact of po
licies. In an example from public health, between- 
country differences in mask-wearing behavior during 
COVID-19 could only be explained when simulating the 
interaction between disease progression, policy signals, 
and socio-cultural and economic factors such as risk 
perception and social norm adherence [33,34]. This 
shows how even under simplified assumptions (e.g. that 
all people in a country can be represented by an idea
lized average), formal models can explain between- 
country differences in aggregate behavior that may 
otherwise seem hard to understand.

While formal theories can help us understand the me
chanisms giving rise to behavior, they are not necessarily 
the best tools for prediction. If prediction is the primary 
goal, tools from machine learning are likely better suited 
[35], especially in combination with large-scale, well- 
curated datasets of environmentally relevant behavior 
[3]. However, recent work has started to use ‘deep 
learning’ approaches, especially large language models, 
for theory development in psychology ([36], but see 
Ref. [37]).

Advancing cumulative science
Formal theories advance cumulative science by pro
viding precise, testable predictions, making it possible 
to unambiguously identify whether a theory is sup
ported or contradicted by empirical data. If a theory 
stays verbal, it makes imprecise or even ambiguous 
predictions, and it can often be reinterpreted to ac
commodate conflicting findings [38]. This makes 
verbal theories difficult to falsify, and they continue to 
stick around or ‘fade away as people lose interest’ [39]. 
Choosing a verbal theory comes down to personal 
preference, and theories become like toothbrushes:no 
researcher wants to use anybody else’s [40]. In con
trast, the precision of formal theories leads to risky 
predictions, allowing researchers to rigorously test 
theories across diverse contexts, leading to refine
ments, extensions, or even rejection of the theory in 
light of contradictory evidence. In this way, for
malization is crucial for cumulative science [41,42].

Formal theories also provide a structured framework for 
generating ‘risky’ predictions. This makes research more 
targeted and systematic, ensuring that new studies di
rectly contribute to theory refinement. For instance, the 

idea of the 25% ‘social tipping point’ (stating that a 
quarter of a population adopting a new convention can 
cause the whole group to change to the alternative) was 
first derived from a simple computational model [31]. 
The model made the risky prediction that tipping points 
would lie around 25% of a population (depending on 
both population size and individuals’ memory length), 
which was later confirmed by empirical data [31].

Enabling ‘in silico’ intervention testing
Formal models enable simulating how different inter
ventions might play out in the real world, given our 
best understanding of the system under study. Such ‘in 
silico’ intervention testing is an efficient way to assess 
the effectiveness, cost, or speed of different interven
tions. It also helps clarify the robustness of these es
timates and their sensitivity to assumptions and 
modeling decisions [24,43]. This can help in selecting, 
evaluating, and adjusting interventions for impactful 
behavior change, before testing them in costly field 
studies.

For example, Hoffmann et al. [44] used an agent-based 
model, parameterized with survey data, to study how 
pro-environmental behavior (e.g. avoiding car use, in
stalling solar panels, or urban greening) spreads across 
neighborhoods. In their model, pluralistic ignorance (a 
shared misperception of others’ opinions) can keep a 
social system stuck in a norm everybody dislikes, such as 
front yards covered in concrete tiles. They then simu
lated the effects of two interventions, finding that 
whereas increased communication between neighbors 
has only a short-lasting effect on behavior, enhanced 
visibility of the same behavior leads to higher adoption 
rates. This suggests that improving visibility (e.g. signs 
or stickers) may be an effective intervention target to 
boost the spread of pro-environmental behavior through 
neighborhoods, setting the stage for testing this in a field 
study ([45] chapter 4).

Improving integration into policy-relevant models
Formal theories can help integrate insights from en
vironmental psychology into policy-relevant 
Integrated Assessment Models (IAMs), which com
bine narratives of how society will develop in the 
future with coupled components that include cli
mate, energy, and the economy. However, IAMs 
often include extremely crude assumptions about 
how humans make environmentally relevant deci
sions [46,47]. Currently, many common theories in 
environmental psychology are neither precise nor 
unified enough to be easily integrated into IAMs [13]. 
Formalization is thus an important step to be able to 
integrate (environmental) psychological theory into 
policy-relevant models.
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Conclusion
As the climate and ecological crisis worsen, environ
mental psychologists are increasingly focused on real- 
world impact. Formal theories can improve the field’s 
impact by increasing conceptual clarity and mechanistic 
understanding, advancing cumulative science, enabling 
‘in silico’ intervention testing, and allowing for better 
integration into policy-relevant models. Formalization is 
especially critical to give proper substance to reasoning 
about complex systems, where nonlinearities and feed
back loops make the effect of interventions hard to 
predict. We hope that this short piece provides a starting 
point for environmental psychology to move towards a 
stronger focus on formal theories, ultimately increasing 
its real-world impact.
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