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Encouraging pro-environmental behaviour is necessary to reduce CO,
emissions and limit global climate change. Many reviews and meta-analyses
have been published examining the effectiveness of interventions to

promote pro-environmental behaviour. Yet, it remains unclear which
interventions are most effective, when and why. Because interventions

are more likely to encourage pro-environmental behaviour when

they target key determinants of the relevant behaviour, it is critical to
understand which interventions target which determinants. We introduce a
classification system that links six types of interventions to 13 determinants
of environmental behaviour. Our classification enables a theory-based
understanding of when and why interventions are effective (or not) in
encouraging pro-environmental behaviour and provides guidelines to
practitioners to selectinterventions that are most likely to change the key
determinants of a specific target behaviour, and thus likely to be the most
successful in changing behaviour in the given context.

Mitigating global climate change is one of the most urgent challenges
of the twenty-first century. To limit global warming to 1.5 degrees
or lower, unprecedented changes are needed from governments,
industry and communities’. Individuals can contribute to mitigating
climate change by changing their behaviour and lifestyles—for exam-
ple, by using less fossil-fuel-based energy, travelling more sustainably,
purchasing fewer products and switching to a plant-based diet’. The
mostrecent report of the Intergovernmental Panel on Climate Change
indicates that changes in demand, including individual behaviour
changes, could reduce CO, emissions by 40% to 70% by 2050, com-
pared with current policies'. Individual behaviour that reduces CO,
emissions, and environmental harm more generally, is referred to
as pro-environmental behaviour®. Even though many people across
the globe believe in the reality and human causes of climate change
and express concern about climate change, people can do more to
reduce their climate impact and their environmental impact more
generally>°. Motivating people to adopt (more) pro-environmental
behavioursis therefore a key challenge.

Inresponse to this challenge, many studies have examined which
interventions are effective in promoting pro-environmental behaviour.
Theinsights gained from these studies have been consolidated inmany
systematic literature reviews. At the time of writing, over 50 reviews
and meta-analyses have been published on the extent to which differ-
entinterventions can promote pro-environmental behaviour (see the
Supplementary Information for the full details). These reviews have
consistently come to the same general conclusion: while most interven-
tions have the potential to encourage pro-environmental behaviours,
theresults vary considerably across studies’ . Animportant question
that follows is: when are interventions (most) effective, and how can
their effectiveness be ensured in practice? Reviews and meta-analyses
have sofarnotbeenabletoidentify when anintervention works or does
not work well and why this might be the case'*. A more robust under-
standing of how interventions work in changing pro-environmental
behaviour is thus urgently needed.

To better understand when and why interventions are effective,
we propose that it is necessary to develop a robust and theory-based
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understanding of the mechanism by which interventions ultimately
lead to behaviour change. Within the behaviour change literature,
it is typically implied that behaviour change interventions do not
directly change behaviour. Rather, interventions target one or more
determinants of behaviour (thatis, variables thatinhibit or enable the
behaviour*®), whichin turnresults in behaviour change. Thisimplies
that an intervention will be most effective if it targets key determi-
nants of the relevant behaviour**™. For example, the effectiveness
of a campaign to reduce meat consumption by making people aware
of the environmental consequences of meat consumption will be
more effective when lack of awareness of these environmental impacts
indeed affects the decision to eat or not eat meat. Taking into consid-
eration which determinants are targeted by which interventions is
therefore important to answer the question when and why particular
interventions are effective or not. Yet, so far, this mediating effect of
determinants between interventions and behaviours has been mostly
overlooked. There have been no systematic efforts to theorize about
whichinterventionstarget which determinants, and researchers mostly
donotmeasure changesin psychological variables when they evaluate
the effectiveness of interventions.

A more systematic consideration of which interventions target
which determinants can also address another issue in the literature—
namely, the lack of consensus on how interventions should be grouped
and analysed. Researchers who conduct meta-analyses and reviews
typicallyinductively determine their own criteria by which they classify
interventions®'®, which has resulted in two problems. First, interven-
tionsthat affect behaviourindifferent ways are often grouped together.
For example, information about the causes of climate change affects
behaviour in a different way than the provision of feedback on the
environmentalimpact of one’sbehaviour, because they target different
determinants of behaviour (as explained in more detail below). Evensso,
some meta-analyses group the provision of information and feedback
together into a single category and then draw conclusions about the
effectiveness of this overarching category®. This makes it difficult to
determine when and why particular interventions were or were not
effective. In addition, the use of inductive approaches has resulted in
inconsistent classifications of the same studies. For example, a study
ontheeffects of goal setting and commitment making'® was classified
as a commitment intervention in one meta-analysis® but was consid-
ered a choice architecture intervention in another'. This means that
meta-analyses are not comparable—even when they include the same
intervention studies—and can reach different conclusions.

In sum, to accelerate the behaviour changes needed to keep cli-
mate change limited to 1.5 degrees, a better understanding of when
and why interventions are effective to promote behaviour change is
urgently needed. We propose that to understand the effectiveness
of interventions, it is necessary to understand which interventions
target which determinants of environmental behaviour. A large body
of literature on the determinants of environmental behaviour has
developed over the years, indicating which factors inhibit or encour-
age pro-environmental actions*?°?2, Yet, it remains unclear which
interventions target which determinants. In this Review, we integrate
literature on the determinants of environmental behaviour and inter-
ventions, and we propose a classification system that links six types
ofinterventions to 13 determinants of environmental behaviour. This
classification provides atheory-based understanding of whenand why
interventions are effective or not effective, and it helps researchers
to classify interventions more consistently within and across reviews
and meta-analyses. Thisis necessary to build aconsistent and reliable
evidence base for the design and practical application of behaviour
changeinterventions.

Determinants of behaviour and interventions
We define determinants of environmental behaviour as psychologi-
cal variables (for example, perceptions, beliefs, attitudes, norms and

emotions) that motivate people to engage in a particular environ-
mental behaviour. Determinants are specified in theories to explain
environmental behaviour and include individual cognitions (for exam-
ple, attitudes and beliefs), emotions, and perceptions related to the
social (for example, social norms) and physical context (for example,
self-efficacy). We propose that determinants mediate the effects of
many interventions on behaviour. In other words, interventions are
assumed to target and lead to changes in determinants, which sub-
sequently cause people to change their behaviour®. For example, the
provision of information about the consequences of climate change
is assumed to increase people’s knowledge about the issue, which in
turnis assumed to result in behavioural changes.

We selected determinants of environmental behaviour by consid-
ering relevant theoretical frameworks and by conducting a literature
search (for an overview and definitions of all included determinants,
see Table 1; for the full details of the literature search, see the Sup-
plementary Information). Because our overview aims to map which
interventions can change specific determinants of behaviour, we focus
only on determinants that are to some extent malleable and can realisti-
cally be changed by interventions.

A commonly assumed reason why people do not act
pro-environmentally is that they lack knowledge about the causes
and impacts of environmental problems; this is also referred to as the
knowledge deficit model®. We therefore included knowledge as the
first determinant of environmental behaviour. A textbook on environ-
mental psychology* discusses five other prominent theories to explain
environmental behaviour: the theory of planned behaviour® (TPB),
protection motivation theory® (PMT), the norm activation model”
(NAM), value-belief-norm theory*** (VBN) and the focus theory
of normative conduct® (FTNC). From these theories, we extracted
the following determinants: attitudes towards the behaviour (TPB),
self-efficacy (TPB and PMT), injunctive norms towards the behaviour
(TPB and FTNC), descriptive norms towards the behaviour (FTNC),
problemawareness (NAM and VBN), ascription of responsibility (NAM
and VBN), outcome efficacy (NAM, VBN and PMT), personal norms
(NAM and VBN) and risk perception (PMT).

The VBN further includes values®** and the New Ecological Para-
digm® as determinants of environmental behaviour. Following our
inclusion criteria, we do not incorporate these two variables in our
classification, as they represent relatively stable constructs that are
difficult to change via interventions®*.

The prominent theoretical frameworks listed above emphasize
cognitive factorsbut overlook theimportant role of emotionsinenvi-
ronmental behaviour®*, We therefore included two additional deter-
minants that reflect the emotional counterpart of the determinants
includedinthe above-mentioned theories. First, whilerisk perception
is defined as the perceptions of the severity and likelihood of a risk
(reflecting cognitions), the emotional response to arisk, specifically
negative affect in response to environmental risks, can also critically
affect behaviour’*®. Indeed, researchers have argued for the inclusion
of negative affect in the protection motivation model**°.

Second, we added self-focused emotion, which refers to emo-
tions people feel in response to their own behaviour®*!, These emo-
tions can be positive (for example, pride) or negative (for example,
guilt)*. Self-focused emotions are closely associated with personal
normsinthe NAMand VBN, because violating or adhering to personal
norms towards environmental actions is assumed to be animportant
reason why people feel negative or positive self-focused emotions,
respectively”?¢*%,

Recently, the value-identity-personal norm model**¢ has been
proposed, which additionally includes the determinant of environ-
mental self-identity, referring to the extent to which people perceive
themselves as pro-environmental* *. Environmental self-identity
is a particularly relevant variable, as it has the potential to influence

different kinds of environmental behaviours in different contexts°.
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Table 1| Overview of determinants of pro-environmental behaviour, the theoretical frameworks in which these
determinants are included and their definitions

Determinant

Theoretical framework

Definition

Knowledge

Knowledge deficit model

Understanding of the scientific facts on the causes and
impacts of environmental problems

2. Risk perception Protection motivation theory An individual's evaluation of the likelihood and severity
of a particular environmental hazard
3. Negative affect towards environmental ~ Protection motivation theory Concern, worry or fear towards environmental
problems problems
4, Problem awareness Norm activation model Awareness that performing or not performing a certain
Value-belief-norm theory behaviour increases environmental problems
5. Ascription of responsibility Norm activation model The extent to which people personally feel responsible
Value-belief-norm theory for the (negative) environmental consequences of their
actions
6. Personal norms Norm activation model A person’s perceived moral obligation to engage in or
Value-belief-norm theory abstain from a particular behaviour
Value-identity-personal norm model
7. Self-focused emotions Norm activation model Emotions people feel in response to their own
Value-belief-norm theory environmental behaviour, including guilt, shame and
pride
8. Attitudes towards behaviour Theory of planned behaviour The degree to which a person positively or negatively
evaluates a particular behaviour
9. Descriptive norms Focus theory of normative conduct The extent to which people believe others engage in a
behaviour
10. Injunctive norms Theory of planned behaviour The extent to which people believe a behaviour is
Focus theory of normative conduct commonly approved or disapproved of by people or
groups
. Self-efficacy Theory of planned behaviour The extent to which people feel capable of
Protection motivation theory implementing a specific action
12. Outcome efficacy Norm activation model The extent to which people perceive their behaviour
Value-belief-norm theory as effective in contributing to resolving environmental
Protection motivation theory problems
13. Environmental self-identity Value-identity-personal norm model The extent to which people think of themselves as

pro-environmental

Moreover, peopleinfer their identities on the basis of past behaviour,
suggesting that environmental self-identity is susceptible to change,
making it arelevant target for interventions®*.

Similarly, we selected interventions by considering relevant
theoretical discussions of this topic***. From these sources, we
identified six relevant overarching categories of interventions that
areused to change environmental behaviour: information provision,
feedback, goal setting, commitment, incentives and choice archi-
tecture (also known as nudging) (for an overview and definitions of
all included interventions, see Table 2). Importantly, within some
overarching categories, we propose amore fine-graded distinction
of interventions, to clearly identify which interventions target a
given determinant. For example, while information provision is
often discussed as one single intervention, we distinguish among
eight different types of information provision that each target dif-
ferent determinants.

A literature search of reviews and meta-analyses (see the Sup-
plementary Information for the details) confirmed that these over-
arching categories are the most extensively applied interventions
to change environmental behaviour. Many review papers also men-
tioned the use of social norms as a distinct intervention. Yet, social
norms need to be conveyed via information or feedback. We there-
foreincluded socialnormsinour overview as asubcategory of these
interventions, specifically the provision of social norm informa-
tion and the provision of social comparison feedback, respectively.
Another intervention yielded by the literature search is the use of
prompts or reminders. We included this intervention as a type of
choice architecture, because prompts and reminders specifically

play into more automatic processes of decision-making by pro-
viding environmental cues. We did not include the use of labels or
social modelling as a separate intervention, as they represent ways of
providing specific types of information—that is, information about
the consequences of behaviour and information on how to perform
behaviours, respectively. We also did notinclude invoking emotions
asanintervention. While an emotional response can be invoked via
interventions such as feedback or information provision, itisnotan
intervention in and of itself. Lastly, we did not include the framing
of information as a separate intervention, as framing is focused on
matching information provision to relevantindividual characteris-
ticsand s thus part of information provision. We return to this point
in the discussion.

Linking behavioural determinants tointerventions
Below, we theorize which determinants of environmental behav-
iour are being targeted by which interventions. Research shows
that all determinants discussed below are related to environmental
behaviour, implying that all interventions could also be effective in
promoting pro-environmental behaviour to at least some degree, as
isalsosuggested by literature reviews and meta-analyses of interven-
tions”">. However, our reasoning implies that the effectiveness of
the interventions will depend on the extent to which the determi-
nants that are targeted by the intervention are important determi-
nants of the target behaviour, which will depend on the behaviour
itself, the context and the target group. This can explain why
the effectiveness of interventions is found to vary substantially
across studies.
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Table 2 | Overview of interventions, their subcategories and definitions

Intervention

Definition

1. Information provision

Providing people with information (for example, about environmental problems,
consequences of behaviour, social norms or how to perform a behaviour)

a. Information about the causes of environmental problems

Information about the causes of environmental problems

b. Information about the consequences of environmental
problems

Information about the consequences of environmental problems

c. Information about the environmental consequences of a
specific behaviour

Information about the environmental consequences of a specific behaviour

d. Information about the (non-environmental) benefits and costs

associated with a behaviour

Information about the (non-environmental) benefits and costs associated with a behaviour

e. Descriptive norm information

Information about how many people are already engaging in a particular pro-environmental
behaviour (or abstaining from an environmentally harmful behaviour)

f. Dynamic norm information

Information about the extent to which more and more people are changing their behaviour

g. Injunctive norm information

Information about the extent to which other people approve or do not approve of a particular
behaviour

h. Information about how to perform a specific behaviour

Information about how to perform a specific behaviour

2.Commitment

People pledging or promising that they will engage in a certain pro-environmental behaviour
(or abstain from an environmentally harmful behaviour)

a. Private commitment

Commitment (or pledge) made privately, not observable to others

b. Public commitment

Commitment (or pledge) made publicly, observable to others

3. Feedback

Providing individuals with information about their past behaviour or performance

a. Historic feedback

Feedback that compares one’s current behaviour or performance to one’s past behaviour or
performance (for example, energy use in the past month versus energy use in the same month
last year)

b. Goal-based feedback

Feedback that compares one’s current behaviour or performance to a personal goal or
commitment

c. Social comparison feedback

Feedback that compares one’s own behaviour or performance to the behaviour or
performance of other people (for example, the neighbourhood average or that of similar
households)

d. Group-based feedback

Feedback about environmental behaviour or performance at the group level

4. Incentives Offering rewards for engaging in pro-environmental behaviours or penalties for engaging in
environmentally harmful behaviours

a. Reward Providing a positive consequence when people engage in pro-environmental behaviour

b. Penalty Providing a negative consequence when people engage in environmentally harmful behaviour

5. Goal setting People setting a (behavioural) target that they aim to achieve

6. Choice architecture Making changes to the context in which people make decisions, without limiting people in the
choices they can make and without affecting the actual costs and benefits of actions

Knowledge Negative affect towards environmental problems

The knowledge deficit model* assumes that people will act more

pro-environmentally if they have sufficient knowledge about envi-
ronmental problems>*~’, notably understanding of the scientific facts
on the causes and impacts of environmental problems®’®, Hence,
knowledge can be increased by giving people information about the
causes of environmental problems (1a in Table 2; hereafter, the par-
enthetical numbers and letters all refer to Table 2) (for example, that
climate change is caused by emissions of greenhouse gases through
the combustion of fossil fuels) and the consequences of environmental
problems (1b) (forexample, that climate change resultsinsealevelrise,
loss of biodiversity and increases in extreme weather events).

Risk perception

Environmentalrisk perception refersto anindividual’s evaluation of the
likelihood and severity of a particular environmental hazard®>. The more
risk people perceive, the more likely they are to engage in behaviour
to decrease that risk, such as pro-environmental behaviour® . Peo-
ple’s perception of environmental risks can be increased by providing
information about the consequences of environmental problems (1b).

Negative affect towards environmental problems includes negative
emotions such as concern, worry or fear, which can motivate people
toengageinactiontorelieve these negative feelings, including acting
pro-environmentally®®®’. Like risk perception, negative affect towards
environmental problems can be increased by providing information
about the consequences of environmental problems (1b).

Problem awareness

Problem awareness (or awareness of consequences) is defined as aware-
ness that performing or not performing certain behaviours increases
environmental problems®*®%, Higher problem awareness is associ-
ated with more engagement in pro-environmental behaviour?®?¢%7°,
Problem awareness can be increased by providing information about
the consequences of environmental problems (1b) and/or the environ-
mental consequences of specific behaviours (1c).

Ascription of responsibility
The ascription of responsibility refers to the extent to which people per-
sonally feel responsible for the (negative) environmental consequences
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of their actions®®. The more responsible people feel for the environ-
mental problems caused by their actions, the more likely they are to
engage in pro-environmental behaviour?>?"”!, People’s ascription of
responsibility can be increased by providing information about the
environmental consequences of specific behaviours (1c).

Personal norms

Personal norms towards pro-environmental behaviour refer to a per-
son’s perceived moral obligation to engage in or abstain from a par-
ticular behaviour®*’2. The more strongly people hold a personal norm
to act pro-environmentally, the more likely they are to actin line with
this norm?*%87 Personal norms can be strengthened through making
acommitment (2a and 2b), where individuals are asked to pledge or
promise that they will engage in a certain pro-environmental behav-
iour (or abstain from an environmentally harmful behaviour), either
indefinitely or for aspecified period (for example, pledging to not eat
meat for amonth)™”. Because people are motivated to be consistent
in their thoughts and actions’, they feel obliged to keep a promise;
making acommitment can thus strengthen feelings of personal moral
obligation to actaccordingly”.

According to the NAM? and the VBN*, personal norms are
stronger when people are more aware of the environmental problems
caused by their behaviour, feel responsible for these problems and
believe they canreduce these problems by acting pro-environmentally.
People’s personal norms could thus theoretically be influenced (indi-
rectly) by the same interventions that target those three determinants
(thatis, problem awareness, ascription of responsibility and outcome
efficacy), including providing information about the consequences of
environmental problems (1b) and the environmental consequences of
specific behaviours (1c).

Self-focused emotions

When people act pro-environmentally, they may feel good about them-
selves, experiencing self-focused positive emotions, such as pride*
or awarm glow”””®, Because people like to feel good, anticipating the
experience of these self-focused positive emotions canbe animportant
motivator of pro-environmental behaviour*>”*%°, Conversely, if people
do not act pro-environmentally, they may feel negative self-focused
emotions, such as guilt and regret, and anticipating such negative
feelings can motivate them to act pro-environmentally to avoid feel-
ing negatively again®>*>"°%°, When provided with information about
the environmental consequences of specific behaviours (1c), people
are likely to feel better about acting pro-environmentally and worse
about not acting pro-environmentally because they are more aware
of itsimpacts®. Making people aware of their own behaviour via feed-
back (3a,3b and 3c) may also trigger self-focused positive or negative
emotions, if the feedback demonstrates that they are acting or are not
acting pro-environmentally, respectively.

Attitudes towards behaviour

Attitudes towards behaviour refer to the degree to which a person
positively or negatively evaluates a particular behaviour, whichis based
on the beliefs and evaluation of the costs and benefits of behaviour®.
The more positive a person’s attitude towards a pro-environmental
behaviour, the more likely they are to engage in that behaviour®*7>%,
This implies that people’s attitudes towards a behaviour can be influ-
enced through different information provision interventions. First,
providinginformation about the environmental consequences of spe-
cificbehaviours (1c) canchange whether people evaluate abehaviour
positively or negatively. For example, people may perceive eating meat
less positively after they learn of the environmental impact of meat
consumption®. Attitudes can also be changed by providing information
aboutthe (non-environmental) co-benefits and costs associated with
behaviour (1d). For example, emphasizing the health benefits of cycling
to work or the health and financial benefits of energy conservation

can encourage pro-environmental actions®**®, and emphasizing the
health risks of red meat consumption can change people’s attitudes
towards this behaviour®.

People’s attitudes towards behaviour can also be changed by
providing incentives (4) that actually alter the costs and benefits of
engaging in behaviours. A reward (4a) (for example, a discount on
coffeeif you bring areusable cup) for engaging in pro-environmental
behaviour canincrease people’s positive attitude towards this behav-
iour, when people believe that this behaviour now has more positive
consequences. Conversely, instating a penalty (4b) (for example, atax
premium on gasoline) for not acting pro-environmentally can lead peo-
ple to have more negative attitudes towards this behaviour, asthey are
likely to think that this behaviour now has more negative consequences.

Descriptive norms

Perceptions of descriptive norms refer to the extent to which people
believe others engage in a behaviour and whether the behaviour is
therefore normative®®. When people think that many others engage
ina (pro-environmental) behaviour, they are more likely to follow that
descriptive norm and are more likely to engage in pro-environmental
behaviour as well**”"% Thisis because people may think the behaviour
is the sensible thing to do, and they are motivated to avoid the social
stigmaassociated with violating descriptive norms. People’s perception
of the descriptive social norm canbe increased via different interven-
tions. The most evident way is to provide descriptive norminformation
(1e)—thatis, information that communicates that amajority of people
are already engaging in the sustainable behaviour®.

Perceptions of the descriptive norm can also be changed through
social comparison feedback (3c), which compares one’s own behaviour
or performance to the behaviour or performance of other people, such
as the neighbourhood average or that of similar households””***%,
This comparisoninformation may reveal that other people are acting
more environmentally friendly than one previously assumed, thus
altering people’s perceptions of the descriptive norms surrounding a
particular behaviour. Importantly, social comparison feedback is most
likely to be effective when it demonstrates that others are acting more
pro-environmentally thantheindividual receiving the feedback. If feed-
back demonstrates that others are acting less pro-environmentally,
this may cause a boomerang effect where people start acting less
pro-environmentally to match the descriptive norm®. In addition,
group-based feedback (3d) (that is, feedback about pro-environmental
behaviour atthe group level) canimplicitly convey information about
whether most people in the group are acting pro-environmentally or
not, which can change perceptions of the descriptive norm and moti-
vate individuals who are not acting pro-environmentally to conform
to this norm”?,

Importantly, as indicated above, targeting people’s perceptions
of descriptive norms is most likely to be effective if a large group of
people is already engaging in the behaviour. If the behaviour is not
normative yet, dynamic norminformation (1f) may be more effective:
information that indicates that an increasing number of people are
changing their behaviour®®**°, Such information may signal to people
what behaviour may be normative in the near future, to which people
may already want to conform.

Injunctive norms

Perceptions of injunctive norms (or subjective norms) refer to the
extent to which people believe abehaviour is commonly approved or
disapproved of by people or groups that are important to them. The
more people perceive aninjunctive normto act pro-environmentally,
the more likely they are to comply with this norm**”%¢ to avoid the
social sanctions associated with breaking a norm and to gain social
approval when they actinline withinjunctive norms®. Injunctive norm
information (1g) indicating that many people approve or disapprove
of a particular behaviour can alter perceptions of injunctive norms.
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People’s perceptions of injunctive norms could also be changed by
providing descriptive norm information (1e). Receiving information
that many people are already acting pro-environmentally may cause
people to infer that other people find acting pro-environmentally
important and expect others to act pro-environmentally too, thus
indirectly signallinginformation about the injunctive norms surround-
ingaparticular behaviour. Similarly, perceptions of the injunctive norm
can be changed by providing dynamic norm information (If). People
may infer frominformationindicating that more and more people are
changingtheir behaviour that thereis also ashiftin what people value
and approve or disapprove of, which may affect people’s perceptions
of the injunctive norm.

Self-efficacy

Self-efficacy (or perceived behavioural control) refers to the extent
to which people feel capable of implementing a specific action®?%,
The more people feel capable ofimplementing a particular action, the
morelikely they are to do s0?*?*%%*%2, The most straightforward way to
increase people’s sense of self-efficacy is to provide information about
how to performaspecificbehaviour (1h), such asinformation on how
to save energy at home or on how to prepare a vegetarian meal”. In
addition, self-efficacy can beincreased by providing descriptive norm
information (1e) or dynamic norminformation (1f), because people may
assume thatif many people are already engaginginabehaviour, they are
probably also able to do so”. Self-efficacy may also be enhanced via goal
setting (5). Specifically, if goals are specific, realistic and well-defined,
they can make an abstract desired outcome (for example, reducing
one’s carbon footprint) more concrete by outlining the distinct steps
that people could take (for example, eating meat no more than once
amonth), which canraise people’s sense of self-efficacy that they are
able to reach more abstract outcomes as well'*°.

Outcome efficacy

Outcome efficacy is defined as the extent to which people perceive
their behaviour as effective in contributing to resolving environmental
problems?*®, The more people perceive their behaviour as effective
in reducing environmental problems, the more likely people are to
engage in that behaviour®**%'%!, Outcome efficacy can be increased by
providing people with information on the environmental consequences
of specificbehaviours (1c). For example, if people receive information
that in-home energy use makes up a large part of a person’s carbon
footprint, they may subsequently perceive the act of reducing their
own energy use as having a bigger impact, increasing their outcome
efficacy. Outcome efficacy canalsobeincreased via historic feedback
(3a), whichis feedback that compares current behaviour to past behav-
iour (for example, energy use in the past month versus energy use in
the same month last year)’. Such historic feedback can indicate to what
extent particular behaviour changes people have implemented have
been effective (for example, people can see whether turning down the
thermostatlowered their energy use), thereby increasing the outcome
efficacy of specific actions.

Environmental self-identity

Environmental self-identity refers to the extent to which people think
of themselves as pro-environmental®. As indicated above, people
strive for a sense of consistency between their thoughts and actions
and are motivated to act in line with their self-image’. Environmen-
tal self-identity indeed appears to be an important determinant of
pro-environmental behaviour*°®**1°2, Similar to personal norms,
environmental self-identity can be strengthened by making a com-
mitment (2a and 2b), as people may infer from the commitment that
they are people who value the environment, bolstering their envi-
ronmental self-identity. Additionally, if people are already acting
pro-environmentally, increasing their awareness of their own behaviour
via historic feedback (3a) or social comparison feedback (3c) canlead

them to infer that they are more pro-environmental than previously
assumed, increasing their environmental self-identity.

Interveningin automatic decision-making

The previously discussed interventions all target determinants directly
and assume that people make a conscious decisionabout the behaviour
they are undertaking, by considering the determinants we have previ-
ously discussed. Yet, when people have little time, mental resources
or motivation to evaluate all possible options when making a deci-
sion, they are more likely to rely on more automatic and heuristic
decision-making processes'®*'°*. Choice architecture interventions
(6) (or nudges) target such automatic and heuristic decision-making
processes'**. They aim to promote pro-environmental behaviour by
making changes to the context in which people make decisions, with-
outlimiting peoplein the choices they can make and without affecting
the (perceptions of) actual costs and benefits of actions'®. Examples
include making pro-environmental options the default or more visu-
ally salient, or placing strategic reminders or prompts to encourage
pro-environmental behaviour in relevant locations (for example,
remembering to turn off the lights)’.

Conclusions and future directions

Interventions are more likely to encourage pro-environmental behav-
iour when they target key determinants of the relevant behaviour. We
have proposed a classification that links six different interventions to
13 determinants that have been theorized and empirically found to be
important enablers of or barriers to pro-environmental behaviour. This
classification represents a start to developing a theory-based under-
standing of the mechanism by which interventions ultimately lead to
behaviour change, whichis urgently needed to better understand when
and why interventions to promote pro-environmental behaviour are
effective or not effective. Yet, research is still needed to test the mer-
its of our classification and to empirically confirm the links between
determinants and interventions that we have proposed. As such, our
classification provides an agenda for future research; future studies
examining the effectiveness of interventions should not only measure
changesinthetarget behaviour but alsoinclude measures that assess
(changes in) the relevant determinant(s) of the target behaviour.

Notably, by focusing on the determinants of environmental behav-
iour, we were able to develop amore fine-grained distinction between
different interventions, which can contribute to developing more
preciseinsights about the effectiveness of different interventions. This
contributes to resolving the problem that reviews and meta-analyses
haveso faremployed overly inclusive categories that overlook impor-
tant nuances between different interventions, which complicates
drawing conclusions about when and why particular interventions are
effective. For example, previous reviews have often considered infor-
mation provision as one single intervention. Our classification of inter-
ventions according to the determinants they targetindicates thatitis
important to distinguish at least eight different types of information,
eachtargeting different determinants of behaviour and thus affecting
behaviourindifferent ways. Additionally, by offering clear definitions
ofbothinterventions and determinants, our classification canreduce
the inconsistencies between different reviews and meta-analyses in
how interventions and studies are classified.

Interestingly, our classification demonstrates that different
types of interventions can, in theory, target the same determinants
of behaviour. For example, both information provision and com-
mitments can be used to strengthen people’s personal norms to act
pro-environmentally. An important question for future research is
whichof theseinterventions are most effective, and under which con-
ditions, in targeting the relevant determinants of behaviour. Impor-
tantly, some interventions make use of the psychological principle of
consistency, which is a powerful principle for behaviour change, as
people are motivated to (appear to) be consistent in their thoughts
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—>| Knowledge

Risk perception

Start Negative affect

Determine which behaviour is
to be changed. —>| Problem awareness

|
Does the behaviour primarily Personal norms

Ascription of responsibility | .

occur in a situation where
people have little time, energy
or resources to make a
decision?

No What are the key
determinants of the
behaviour?

Self-focused emotions

—>| Attitudes

Yes .
Descriptive norms

Choice architecture interventions —>| Injunctive norms

Self-efficacy

—>| Outcome efficacy

Fig.1|Procedure for selecting promising interventions to promote
pro-environmental behaviour. First, determine which determinants form
key barriers or enablers for people to engage (or stop engaging) in the relevant
behaviour, and then selectinterventions targeting those determinants. Please

L—| Environmental self-identity

Commitment (private and public)

Goal setting

refer to the manuscript text for details on the relationships between determinants
and interventions depicted here. For the definitions of the determinants and
interventions, see Tables1and 2, respectively.

and behaviour®*”, Specifically, commitments, goal setting and feed-
back can make people aware of a (possible) discrepancy between their
commitments, goals or thoughts and their actual behaviour. Due to
the desiretobe consistent, people are likely to feel negative emotions
if such a discrepancy is perceived'**', which can motivate people to
change their behaviour. Future studies can examine whether interven-
tions that capitalize on the consistency principle are more effective
thaninterventions that do not invoke this principle.

Our classification focuses specifically on the determinants medi-
ating the effect of interventions on environmental behaviour. We
theorized that the effectiveness of interventions depends on whether
they target key determinants of actions, whichimplies that the effects
ofinterventions are likely to vary across behaviours, contexts and time.
Various additional factors may affect the extent to which interventions
workor donotwork, moderating the impacts of interventions onbehav-
iour, including individual characteristics such as people’s personalities,
values or political views. For example, providing feedback on the envi-
ronmentalimpact of people’s behaviour will probably be more effective
if people more strongly care about acting pro-environmentally'®” %,
Similarly, framinginformation to match people’s political orientation
can result in more behaviour change, especially in countries where
the topic of climate change is highly politicized""". People may also
differin their susceptibility to social norminformation, which may be
culturally determined®?"""2, More theory-based and empirical work
is necessary to outline to what extent different factors can affect the
impacts of different interventions on determinants of environmental
behaviour and actual behaviour change.

Our classification offers practical guidelines for policymakers that
aim to implement interventions (Fig. 1). We recommend that practi-
tioners first determine which behaviours they aim to change. From a
practical point of view, afocus onbehaviours with ademonstrable large

impactonthe environmentis preferred over afocus onless impactful
behaviours'™", Next, practitioners would need to identify (possibly
onthebasis of case-specific data or research) which determinants form
the key barriers or enablers for people to engage (or stop engaging)
in this behaviour*'*">"®, On the basis of this analysis, an appropriate
intervention can be determined that targets the key determinants,
using the classification we have presented. Importantly, inmany cases,
acombination of different types of determinants may inhibit or enable
pro-environmental behaviours simultaneously. In such cases, asingle
intervention that targets one specific determinant may be less or even
not effective in changing the behaviour if other critical determinants
ofthe behaviour remain unaddressed. A combination of interventions
thataddresses all relevant bottlenecks to behaviours may therefore be
necessary to encourage and enable behaviour change’.

When selecting which interventions to implement in practice,
it is critical that researchers and practitioners consider not only
the effectiveness of interventions in the short term and on targeted
behaviours but also their broader and longer-term consequences
in promoting pro-environmental behaviours or even lifestyles. For
example, choice architecture interventions seem particularly suitable
to encourage automatic behaviours that occurinthe contextinwhich
they are employed (for example, placing a reminder to switch off the
lights directly above the light switch). However, as choice architec-
ture interventions rely on automatic processes and do not directly
change the determinants of environmental behaviour, their effects
may not generalize to other contexts or behaviours and may not persist
when the intervention is removed"”", In a similar vein, some deter-
minants that we have identified are specific to certain behaviours
(for example, attitudes towards car use or personal norms to adopt
aplant-based diet), and targeting such determinants is likely to par-
ticularly affect the target behaviour. But other determinants are more
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general (for example, environmental self-identity or personal norms to
act pro-environmentally ingeneral), and their influence on behaviour
will probably transcend different situations and contexts and may thus
encourage wider behaviour changes. Behaviour-specific determinants
are probably easier to change and more likely to have astronger effect
onspecific behaviours". While achieving changes in general determi-
nants may be less effective in changing a specific behaviour, they are
likely to have a greater potential to lead to widespread and durable
behaviour change across behaviours and contexts'. Interventions that
target more general determinants of environmental behaviour, such
as environmental self-identity, are arguably more likely to promote
large-scale changesin behaviours and lifestyles needed to sufficiently
reduce CO, emissions?, compared with interventions focused on spe-
cific determinants or automatic processes.

In conclusion, our categorization links key determinants of envi-
ronmental behaviour to interventions, including different types of
information provision, commitment, feedback, incentives, goal setting
and choice architecture. This classification enables a theory-based
understanding of when and why interventions are effective or not.
Future research is needed to systematically test the links between
determinants and interventions that we have proposed. Our classifica-
tion provides guidelines to practitionersto select those interventions
that are most likely to change the key determinants of a specific target
behaviour and thus likely to be the most successful in changing that
behaviour. We hope that the classification presented here can accel-
erate research on and application of behavioural science insights to
promote widespread pro-environmental behaviour that willbe neces-
sary to limit climate change to 1.5 degrees.
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