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Abstract Behavioural change is expected to play a
significant role in the transformation to a more energy
efficient built environment. Despite this, current evalu-
ation practice of interventions often overlook behaviour-
al aspects in their ambition of advancing our knowledge
on transformative change. Moreover, little attention is
paid to how different research perspectives on human
behaviour can complement each other in providing a
broader scope and deeper understanding of behavioural
change. In this study, we acknowledge this gap, and
assess the current evaluation practices on behaviour.
The focus is on energy efficiency in the built environ-
ment in the Nordic countries, and evaluations undertak-
en by researchers. The assessment shows that the Nordic
evaluations apply a variety of disciplinary approaches,
but have only to a limited extent addressed a psycho-
logical understanding of individual behaviour and
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behavioural change. We analyse and discuss the poten-
tial contribution of environmental psychology in
strengthening a cross disciplinary evaluation approach.
In all, the results indicate the value of also adding
environmental psychology, to provide a stronger cross
disciplinary understanding of behavioural change, and
the need to coordinate and combine evaluations
departing from different disciplinary approaches, to im-
prove understanding of the transformational process.

Keywords Energy efficiency - Built environment -
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Introduction

Energy efficiency in the built environment can make
significant contributions to the urgent need for a trans-
formative change towards a more sustainable society.
Energy efficiency will improve resource efficiency and
is an important measure to meet goals relating to climate
change, energy security, energy poverty and environ-
mental degradation (GEA 2012; IEA 2018). The built
environment accounts for approximately 32% of the
global final energy use and 19% of energy-related
greenhouse gas emissions (Lucon et al. 2014). The
potential for energy efficiency and for reducing energy
demand has been estimated at 50—-75% in existing build-
ings and 50-90% in new buildings, including changes in
design practices, technology and behaviour (Lucon et al.
2014).
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Over the years, various energy interventions have
been implemented to support a transformative change
in the energy system and to utilise the potential of
energy efficiency in the built environment, but with
limited success. In this paper, we argue that such a
transformative change will require evaluations that go
beyond the evaluation practice of today to provide nec-
essary learning from actions taken, and that there is a
need to improve our understanding the social and be-
havioural potentials for energy efficiency in such eval-
uations. Moreover, the knowledge required cannot rely
on one single discipline but will require the integration
of knowledge from multiple disciplines (Stern 2014,
2017).

The research presented in this paper is part of a cross
disciplinary project on transformative evaluation of ini-
tiatives for energy efficiency in the built environment in
Sweden (Neij et al. 2021). The preceding analyses on
evaluations of policy programmes show that the behav-
ioural potentials are treated in a rudimentary way or
completely overlooked (Sandin et al. 2019). Based on
these results, the aim of this paper is to advance the
understanding and assessment of behaviour in the trans-
formation to a more energy efficient built environment.
The analyses focuses on how current evaluation practice
of interventions in the Nordic countries introduced to
obtain behavioural change could be broadened by
adding an environmental psychology perspective.

Social science perspectives on energy efficiency
behaviour

An increasing interest in non-technical dimensions of
energy and building research has been observed, but the
research often presents a narrow understanding of the
social aspects under study (Schweber and Leiringer
2012). This is reflected in a review of 4444 research
papers on energy efficiency, where only 19.6% of au-
thors report training in social science disciplines
(Sovacool 2014). Only 2.2% of the articles reviewed
by Sovacool (2014) concern end-use behaviour. The
international literature on energy efficiency behaviour
has been criticised for deploying positivist versus
interpretivist approaches in the analysis of people’s
behaviour (Keller et al. 2016). Moreover, methods are
inadequately used when transferred between ap-
proaches, as an example interviews are used to produce
information and facts that are measurable, and financial
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data has been applied to model social behaviour
(Schweber and Leiringer 2012).

Internationally, current social science research on
energy efficiency behaviour is predominantly based on
economics, sociology and psychology, although other
disciplines are reported, such as geography and anthro-
pology (Keller et al. 2016). The behavioural potential
has sometimes been limited to economics (Stern 2017)
or a rational choice perspective with a point of departure
based on attitude theory with a focus on linking infor-
mation, knowledge, attitudes and individual choice,
combined with expectations that monetary savings and
moral benefits would be sufficient to motivate behav-
ioural change (Moezzi and Janda 2014).

However, an examination of processes, meaning,
understandings and motivations that produce observed
patterns and systems is also needed (Schweber and
Leiringer 2012). This is argued in, for example, social
practice theory, which has been suggested as a way of
understanding the social context (Shove 2010;
Hargreaves 2011), and opening for a social potential in
supporting energy efficiency (Moezzi and Janda 2014).
We support the idea that different research perspectives
on human behaviour complement each other, and that
integrative perspectives are needed (Bogel and Upham
2018; Chatterton and Wilson 2013; Lenoir-Improta
et al. 2017; Wilson and Chatterton 2011).

Energy efficiency behaviour in Nordic studies

In the Nordic countries, energy efficiency behaviour is
studied from a wide variety of disciplines, ranging from
technology, environmental sciences, architecture, eco-
nomics, psychology, geography, sociology and science-
technology studies. In contrast to other parts of Europe
and the USA for example, in the Nordic countries the
investigation of the role of humans and human behav-
iour in energy efficiency has long been studied from
traditional sociological perspectives, including power-
relations and gender-related issues (Carlsson-Kanyama
and Lindén 2007; Lindén 2001). In recent years, there
has also been a strong focus on social practice theory
(e.g. Gram-Hanssen et al. 2007, Gram-Hanssen 2010),
but the psychological perspective focusing on individual
aspects of behaviour and/or behavioural change has had
a marginalised role (Johansson and Neij 2017). Interna-
tionally, environmental psychology has been proposed
to be a potent tool in understanding human behaviour
and drivers and barriers for behavioural change towards
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sustainability (Amel et al. 2017). In practice, this means
that among Swedish evaluations of policy programs on
energy efficiency, the rare evaluations that do consider
behavioural outcomes still lack the local contextual
understanding of the psychological factors associated
with behavioural outcomes (Sandin et al. 2019).

Objective

In this paper, we argue that various research perspec-
tives on human behaviour can complement each other
providing a broader scope and deeper understanding of
behavioural change. The question is what the potential
contribution of environmental psychology might be in
strengthening a cross-disciplinary approach to evalua-
tion of energy efficiency interventions in the built envi-
ronment in the Nordic countries. The specific objective
is to identify the extent to which and how environmental
psychology could strengthen the current practice in
evaluating energy efficiency behaviour in the Nordic
countries. This is done by (a) identifying key questions
for evaluations of energy efficiency behaviour from
environmental psychology theory, (b) applying these
questions in the analyses of empirical studies spanning
disciplinary approaches of evaluating energy efficiency
behaviour in a Nordic context and (c) identifying how
the key questions are considered (or not considered) in
current Nordic research on energy efficiency behaviour.

This paper discusses the evaluation of behaviour and
behavioural change in response to interventions in the
Nordic countries aiming at energy efficiency behaviour.
Although there are many differences between the Nor-
dic countries, they are, in a global perspective, similar.
These countries largely share climate conditions, with
long, dark and cold winter seasons, and building stan-
dards regarding indoor heating and insulation are high.
Despite strong efforts in reducing energy usage through
building practice and technological developments in the
Nordic countries, there are substantial gaps between
estimated and measured energy usage, the major causes
being household practices and people’s behaviour (e.g.
Gram-Hanssen 2014; Hiller 2020)

The analysis is carried out on two groups of common
interventions in the Nordic context: interventions based
on providing users with information and/or feedback,
and interventions based on providing building design as
a tool to improve energy efficiency in buildings. These
interventions were chosen because they rely on two
different main strategies for behavioural change,

described in more detail below. This article outlines as
follows: in “Theory: an environmental psychology ap-
proach, key perspectives and questions” section, we
present key perspectives and questions in environmental
psychology; in “Material and methods” section, we
present the material and methods used in the study to
asses to what extent these perspectives and questions are
captured in evaluations presented in scientific peer-
reviewed papers on energy efficiency behaviour in the
built environment; and in “Results—empirical test of
identified questions”, “Discussion” and “Conclusions”
sections, we present and discuss the results.

Theory: an environmental psychology approach,
key perspectives and questions

Environmental psychology stems from the recognition
that human behaviour is central in many environmental
problems, so solutions must be sought in human behav-
iour. The discipline is widely applied and is based on
real-world problems. Environmental psychology ap-
plies a holistic approach to understanding human-
environment transactions, that is the psychological pro-
cesses in the interplay between people and their sur-
roundings. The focus is on the individual, as an integrat-
ed part of the social and physical environmental setting
(Gifford 2014). Individual’s behaviour is understood as
the outcome of an interplay between individual charac-
teristics (e.g. sociodemographics, personality, and per-
sonal values, attitudes and norms) and the surrounding
physical and social environment.

A person’s behaviour may differ between activities
and situations. A fundament is that the individual’s
appraisal of the social and physical-spatial aspects in
people’s daily lives must be considered if we are to
understand human behaviour (e.g. Gifford 2014;
Kiiller 1991; Nasar 2008), including the potential effect
of interventions for behavioural change (Steg and Vlek
2009). Environmental psychology may help to strength-
en current evaluation practice by applying an in-depth
understanding of energy efficiency behaviour, anteced-
ents of such behaviour and the underlying psychological
process activated by an intervention in the change to-
wards more energy efficient behaviour (Gifford and
Nilsson 2014; Huijts et al. 2012; Steg 2008; Steg et al.
2015; Stern 2014). In an evaluation perspective, this can
be done by (1) strengthening the (theoretical) focus (on
behavioural aspects) of the evaluation, (2) considering
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how research design and methodology are used as fools
in the evaluation to address behavioural aspects and (3)
checking for the alignment between chosen focus and
tools in the evaluation. Each one of these steps are
further discussed in the text below and the correspond-
ing evaluation questions are formulated and summa-
rized in Table 1.

Strengthening the focus on behaviour of the evaluation:
choice of intervention, definition of target behaviour
and the drivers (antecedents) considering the context

An understanding is needed of what psychological pro-
cess the chosen intervention strategy is thought to acti-
vate behavioural change, and the behaviour to be
targeted must be defined. Interventions to bring about
behavioural change to reduce energy use in buildings
can be based on several strategies. From an environ-
mental psychology perspective, an important distinction
is between structural strategies and psychological strat-
egies. Structural strategies draw on external incentives
that make behaviour with negative environmental im-
pact more costly and behaviour with positive

Table 1 Overview of questions derived from environmental psy-
chology regarding the focus and tools used in evaluations of
energy efficiency behaviour. In “Material and methods” section,

environmental impact less costly through, for example,
subsidies. Psychological strategies aim to enhance the
personal motivation to engage in pro-environmental
behaviour (Steg et al. 2015).

Another distinction made in the psychological strat-
egies is between antecedent interventions and conse-
quence strategies. Antecedent interventions are aimed
at influencing underlying behavioural determinants, so
called antecedents, which in turn are believed to influ-
ence behaviour (for example information, role-
modelling of behaviour, commitments, goal setting
and prompts). Consequence strategies are based on the
assumption that the presence of positive or negative
consequences will influence behaviour, for example
individual or comparative feedback and rewards
(Abrahamse et al. 2005; Dwyer et al. 1993; Steg et al.
2015). These have also been termed soft policy mea-
sures (Schuitema and Bergstad Jakobsson 2013).

The likelihood that the expected behavioural change
resulting from an intervention will occur may depend on
whether the intervention suits the individual, whether it
matches the type of behaviour (Gardner and Stern 1996;
Schuitema and Bergstad Jakobsson 2013; Stragier et al.

these questions are used to structure the assessment of to what
extent environmental psychology is captured, or could further
complement and support current evaluation practice.

ALIGNMENT - How is FOCUS
the focus and tools Intervention
employed aligned?
Behaviour
Context
TOOLS
Theory

Research design

Methods

Key questions

How is the intervention selected defined and described?
How is the intervention intended to activate the psychological
process of behavioural change in the target behaviour?

How is the behaviour under study defined?
Does the operationalisation reflect a behaviour or a perception?
Are spill-over effects of the behaviour considered?
Does the behaviour persist over time?
What are the considerations of potential antecedent factors to
the behaviour studied?
How are antecedents defined and operationalised?

Is the social context of the behaviour described?

Is the physical context of the behaviour described?

How are individual and social characteristics of the target
group described?

Key questions

Is the study based on theory related to human behaviour
and/or behavioural change?

Does the research design allow for understanding/evaluation
of behaviour /behavioural change?

What method is used to capture behaviour?

Does the employed method capture individual antecedents?

Does the employed method capture social and environmental
contextual factors?
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2012), the current stage of the individual’s behaviour
(Geller 2002) and the extent to which the behavioural
change is supported by contextual factors, (Chatterton
and Wilson 2013; Dietz et al. 2013; Geller 2002). This
undoubtedly implies that the target behaviour must be
defined, to enable assessment of the potential of the
intervention available. In evaluations of effects of inter-
ventions on people’s energy use behaviour, the relation-
ship between different behaviours should be considered,
as there may be spill-over effects, both positive and
negative (Steg et al. 2015). The consequences of a
behaviour change should also be considered in terms
of'its broader implications for daily stress, quality of life
and well-being (Moser 2009). These effects should ide-
ally be considered in both the short and long terms.
People’s engagement in energy efficiency behaviour
is not just limited to instrumental factors, e.g. costs and
benefits in terms of price, time and comfort. Research
reviews on antecedents investigated in relation to pro-
environmental behaviour in general, as well as more
specifically in relation to energy efficiency behaviour,
suggest that attention should be paid to individual as
well as social factors (for extensive reviews see Gifford
and Nilsson 2014; Steg et al. 2015). These reviews
suggest that at the individual level sociodemographics,
knowledge and education are often investigated. A cer-
tain level of awareness of the relation between personal
behaviour and an environmental problem has been
shown to be necessary but not sufficient for behavioural
change. The effect of gaining in-depth knowledge will
be limited when people are not motivated or when they
do not feel able to engage in the pro-environmental
behaviour. Further understanding of what motivates
pro-environmental behaviour may be gained by ad-
dressing personality and personal values. Certain per-
sonality traits e.g. openness to experience, agreeable-
ness and conscientiousness have been found to be relat-
ed to pro-environmental behaviour. An internal locus of
control, i.e. to perceive events to be controlled by one’s
own behaviour or personal characteristics, and self-
efficacy i.e. a belief in one’s capabilities to organize
and execute actions required to manage a situation, have
been identified to facilitate engagement in pro-
environmental behaviour. Also, the personal relation-
ship with the environment expressed as a feeling of
being fundamentally interconnected with all living
things seem to matter. People’s basic values serve as
guiding principles in life. People who hold values that
orient towards self-transcendence, i.e. values that goes

beyond egoistic concerns, and care about other people
(altruistic values) and the environment (biospheric
values). Further, post-materialist values, usually found
among people with the basic materials of life satisfied,
and associated with “higher-level” goals and actions
may facilitate engagement in pro-environmental behav-
iour. More specifically political views and how people
think about nature have also been suggested as anteced-
ents of pro-environmental behaviour. Individual factors
of importance may also be situationally bound in time
and context: engagement in outdoor activities, especial-
ly non-consumptive ones such as appreciation of nature;
place attachment, if people have a strong emotional
connection to a place, especially the natural aspects of
a place, then the individual is more likely to want to
protect it; and feelings of responsibility for the environ-
ment. Personal goals to engage in pro-environmental
behaviour may also serve as additional motivators.

Social antecedents of pro-environmental behaviour
are found in the individual’s daily life in terms of
religion and social class, and identification with ur-
ban versus rural contexts, but with inconclusive out-
comes in terms of pro-environmental behaviour. The
proximity to problem sites shows consistent results, in
that people who live closer to a problem site are more
concerned. Norms constitute a powerful antecedent to
behaviour. Norms comes in many shapes and can be
further divided into personal norms representing one’s
feelings of moral obligation towards taking action,
and subjective norms representing one’s sense that
significant others expect a certain pattern of behav-
iour. Moreover, norms are inferred from what others
do or do not do. In particular, prescriptive norms
(conveying what behaviour is expected) and injunc-
tive norms (conveying social approval or disapproval
of behaviour) are associated with pro-environmental
behaviour. Status may also motivate pro-
environmental behaviour in the sense that a behaviour
that is financially expensive to undertake can give off
positive symbolic signals by indicating that the indi-
vidual has sufficient resources to make altruistic
sacrifices.

Attention to potential individual and social anteced-
ents of energy use behaviour in the evaluation practice is
important for two reasons. It can help formulate ques-
tions that consider the characteristics of the target group
investigated, and questions regarding the antecedents
themselves that help in understanding the broader im-
pact on the individual of an intervention.

@ Springer
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Using appropriate tools for the evaluation of behaviour:
theory, research design and methods

Following on from the need to strengthen the focus of
the evaluation is a need for adequate tools. Theory on
behaviour and/or behavioural change serves to assist the
understanding of how the choice of intervention is ex-
pected to activate the psychological process of behav-
ioural change in relation to the target behaviour and its
antecedents. This then enables an evaluation of whether
the intervention seems appropriate for the target. The
theoretical approach also guides the research design, the
operationalisation of behaviour, and the methods
employed to capture behaviour and behavioural change
(e.g. Gifford 2016; Sovacool et al. 2018).

The environmental psychology literature proposes
frameworks for systematically encouraging pro-
environmental behaviour of individuals (e.g. Geller
2002; Guo et al. 2018; Steg and Vlek 2009). Steg and
Vlek (2009) outline four fundamental steps in this pro-
cess: (1) identification of which behaviour should be
changed, (2) definition of which factors determine the
behaviour, (3) choice of interventions and (4) evaluation
of effects of the intervention on behaviour.

Several theories of behaviour have been employed to
improve the understanding of psychological anteced-
ents. These include affective factors and social costs
and benefits of pro-environmental behaviour in general,
as well as energy use behaviour, including the model of
Psycho-Social Determinants of Pro-environmental Be-
haviour (Hines et al. 1986/1987), Theory of Reasoned
Action (Ajzen & Fishbein 1980), Theory of Planned
Behaviour (Ajzen 1991), Norm-Activation-Model
(Schwarz 1977), Value-Belief-Norm Theory (Stern
2000), Goal-framing Theory (Lindenberg and Steg
2007), Comprehensive Action Determination Model
(Klockner and Blobaum 2010), Place Attachment, and
Affordance Theory (Lenoir-Improta et al. 2017). See
Guo et al. (2018) for an extensive review.

The environmental psychology approach offers the-
ories that can be used to examine the alignment between
the target group, behaviour, antecedents and interven-
tion under study. Theory can be used to specify ques-
tions that consider what behavioural antecedents, behav-
iour and behavioural change are the subjects/not the
subject in an evaluation. Theory should be considered
as a guide to the identification of relevant psychological
constructs to consider in the evaluation. The use of
theory may help to identify relevant concepts, identify
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which concepts may have been neglected and pinpoint
gaps that could be filled with new additional concepts.
In environmental psychology, the design of evaluations
can be chosen for the nuanced understanding of behav-
iour in, for example, qualitative case studies as well as in
experimental studies quantitatively examining a single
parameter of behaviour. More commonly, the two can
be combined in a mixed-method approach.

Questions identified from the environmental
psychology approach

The environmental psychology approach can be trans-
lated into specific questions regarding the focus chosen
and the tools used in evaluations of energy efficiency
behaviour. These questions are outlined in Table 1 can
be applied to assess to what extent environmental psy-
chology is captured, or could further complement and
support, current evaluation practice. Such an assess-
ment, covering of energy efficiency behaviour in build-
ings in the Nordic countries, is presented in the follow-
ing sections. In addition to the questions, the alignment
of the chosen focus and tools will be checked for (see
also Johansson and Neij 2017). The alignment concerns
for example if and how theory direct the focus, if and
how focused concepts are operationalised in the tools
employed etc. The alignment will tell how results from
different studies can be understood, compared and po-
tentially integrated.

Material and methods

In the following sections, we empirically test the extent
to which the questions formulated in “Theory: an envi-
ronmental psychology approach, key perspectives and
questions” section are captured in evaluations presented
in scientific peer-reviewed papers on energy efficiency
behaviour in the built environment. The analysis covers
papers across different disciplinary approaches in the
Nordic countries (Denmark, Finland, Iceland, Norway
and Sweden) and includes evaluations performed by
researchers representing a variety of disciplines.

The search for relevant peer-reviewed papers was
performed as follows: (i) a systematic search in elec-
tronic databases, followed by (ii) a manual search on
personal pages of authors who recurred more often in
the systematic search and (iii) a search in the reference
list of the papers retrieved during the electronic search.
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The systematic electronic search was extended to all
subject areas (see Table 2), since studies were expected
to be in different disciplines.

The Scopus and Web of Science databases were
selected, as they have proven reliable for such cross-
disciplinary searches (Harzing and Alakangas 2016).
The search was limited to papers written in English
and published 1997-2018. The final search was per-
formed in November 2018, so some very recent papers,
e.g. in online first versions, may have been overlooked
because they were not yet indexed by the databases
(Franceschini et al. 2016).

The search focused on papers including all of the
following five overarching criteria:

* Space typology, i.e. the investigated space should be
a building

* Behaviour, i.e. the study should state that it investi-
gates behaviour

* Energy, i.e. the study should clearly investigate the
energy use

* Location, i.e. the study should be carried out in a
Nordic country

e The research design used in the study should be
based on empirical observations and include varia-
tion in the space typology/thematic area (either in an
intervention or cross-sectional comparison).

A number of keywords were chosen for each criteri-
on. The five overarching criteria and the keywords
within a certain criterion were connected with the Bool-
ean operators ‘AND’ and ‘OR’ respectively. This means

Table 2 Criteria and keywords used for the search in step 1

that each search result should have included at least one
of the keywords of each the five criteria. This resulted in
relatively specific search strings with an associated
number of hits, which could then be manually inspected.

The first set of keywords was decided through indi-
vidual assumptions, and the search was performed on
Scopus only. The search resulted in 46 hits, seven of
which met the inclusion criteria. The keywords in these
papers, as well as the introduction and literature review
in each paper, were closely examined. This highlighted
a number of synonyms that were incorporated when the
search was repeated. For example, for the criterion
‘research design/thematic area’, Nilsson et al. (2018b)
also described feedback systems as ‘home energy man-
agement systems’, ‘energy display’, or ‘in-home dis-
play’. The same principle was adopted for the other
criteria, e.g. the space typology included ‘house’,
‘household’, ‘dwelling’, ‘home’, ‘building service’, ...
instead of just ‘building’ as in Table 2. This process was
repeated until saturation was reached, i.e. searches with
new keywords did not produce any new results.

The screening process for inclusion in the analysis
included reading the title and the abstracts. If the abstract
did not clarify the methodology, then the paper itself
was analysed. Studies that did not exclusively focus
upon buildings, e.g. if the focus was on more general
environmental concerns and pro-environmental behav-
iour, and papers primarily aiming to describe anteced-
ents of energy efficiency behaviour in buildings without
presenting an introduction of new technology, compar-
ison of buildings or other building-related environmen-
tal change, were excluded. To enable comparisons and

Boolean operator “AND” =

Space typology Behaviour
Boolean operator “OR” Building Behaviour
Habits

Energy Location Research design/adopted
strategy
Energy Sweden Empirical
Denmark Field
Norway Observation
Finland Observed
Iceland Experiment
Nordic countries Controlled
Case study
Theory
Interview

Questionnaire

@ Springer
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contrasts between studies, the two major groups of
intervention types pinpointing two different underlying
psychological processes for behavioural change were
chosen for the analyses: information-feedback ap-
proaches and building design approaches.

Information-feedback approaches draw on the idea
that if people are more aware and knowledgeable about
the relevant behaviour—in this case energy efficiency—
and how to perform such behaviour, they will make
adjustments (e.g. theory of environmental education,
Hines et al. 1986/87). Information is the most common
strategy used to promote energy efficiency behaviour,
and this can be conveyed in several ways. Tailored
information is highly personalised and specific, based
on the idea that information relevant for the individual is
most likely to have an effect. Tailored information on,
for example, energy use is often combined with feed-
back from smart meters. These theories are based on the
idea that the individual behaviour can be changed if an
association can be made between a behaviour and a
certain outcome. Building design approaches are based
on the idea that the environment directly communicates
with the intended user and that the physical environment
can therefore support or hinder people in the perfor-
mance of certain behaviour as, for example described
in affordance theory (Gibson 1979).

The scope represents the diversity of disciplines used
for the study of energy efficiency behaviour in the
Nordic countries, and thereby also the theoretical and
methodological diversity. A total of 40 studies

50 %
25 %
0% I 1 |
Technology Enviromental
Studies
Architecture

Fig.1 Disciplines represented in the analyses of the two groups of
interventions—information feedback and building design. Per-
centage of the total of 40 studies. The papers are distributed as
follows: 26 Swedish papers (of which 10 in technology, 6 in
psychology, 5 in sociology-STS, 3 in environmental studies, 2 in
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Economics

published between 2007 and 2018 are included in the
analysis. With a few exceptions, the papers are, pub-
lished in journals with a focus on energy. The studies are
listed in Appendix Table 3.

Results—empirical test of identified questions

The literature search resulted in a broad spectrum of arti-
cles based on a variety of disciplinary approaches. In all,
the information-feedback approach involves 22 studies. In
this group, there is a dominance of studies from technology
and sociology, including science-technology-society
(STS) studies, but the group features a larger variation in
disciplinary approaches, including geography, psycholo-
gy, economics and environmental studies. The building
design approach, including 18 studies, is mainly found in
technology and sociological and STS studies. Additional
disciplines in this group are psychology, environmental
medicine and architecture (Fig. 1).

The evaluation approaches applied in the articles differ
with regard to the identification, definition and assessment
of behaviour, and there is a difference in the outcomes
considered when using different disciplinary approaches.
The majority of articles on behaviour are studies with a
technological approach, which often provide measure-
ments of energy use and information on changes in actual
energy use patterns (Appendix Table 3). While these stud-
ies advance measurements of energy use, as also noted
internationally, the results say little about how certain

BUILDING DESIGN [l
INFORMATION FEEDBACK

|

Environmental Sociology -STS
Medicine

Psychology Geography

economics and 1 each in architecture, environmental medicine and
geography); 10 Danish papers (of which 5 in sociology-STS, 3 in
technology and 2 in economics); 3 Norwegian papers (of which 2
in sociology-STS and 1 in environmental studies) and 1 Finnish
paper in environmental studies
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behaviour comes about and why or why not the behaviour
would change in response to certain interventions. Several
evaluations are based on sociology, including science and
technology-studies. These evaluations use well-established
solid theoretical frameworks and provide nuanced social
contextual understanding of energy efficiency and the role
of people’s daily practices. Whereas the current evaluation
practice provides a rich palette of evaluations within dif-
ferent disciplines, we raise the question, in the analysis
below, of the potential contribution of environmental psy-
chology in strengthening a cross disciplinary evaluation
approach using the structure and questions outlined in
Table 1. The results are presented in detail in the text
below, while Fig. 2 illustrates key aspects of the papers
in relation to environmental psychology, divided into
building design interventions and information-feedback
interventions.

Focus: choice of intervention and psychological process
of behavioural change

The reason for choosing a specific intervention and an
idea ofhow the intervention would activate underlying
psychological processes to initiate behavioural change

FOCUS

Process
of change
Perception

INTERVENTION

Behaviour

Spill-over
BEHAVIOUR

Effect
over time

Antecedents

Social
environment
Physical
environment
Residents

CONTEXT

is often lacking. This is particularly the case in the
studies of building design interventions (see Fig. 2).
Notably, Glad (2012) discusses the lack of motivation
for behavioural change in a study on housing renova-
tion. Hagbert and Femenias (2016) refer to the idea of
the sustainable home and argue that design per se can
guide certain behaviour. Vlasova and Gram-Hanssen
(2014) argue that the design of the physical environ-
ment opens up for a change of practice, and
Maleetipwan-Mattsson et al. (2016, 2017) more spe-
cifically stress the perceived affordance of building
objects to trigger energy-efficiency behaviour. In a
longitudinal study, Righer Hansen (2018) focuses up-
on the interaction between the built environment and
childhood experiences and early adult habits as factors
triggering energy efficiency behaviour. In studies on
information-feedback, 54% of the studies provide ar-
guments for why or how the intervention is intended to
activate psychological processes of behavioural
change (Fig. 2). However, most of the arguments are
limited to showing that information-feedback has been
efficient in previous research, rather than providing an
understanding of how the intervention suits the inves-
tigated target group and context.

TOOLS

1009, Theory THEORY
Experiment
control group
7@’% RESEARCH
/ Case-study DESIGN
Questionnaire
METHODS
Interview

[ | BUILDING DESIGN

INFORMATION - FEEDBACK

Fig. 2 Key aspects in evaluating energy efficiency behaviour, divided into building design interventions and information-feedback

interventions
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Studies based on sociology and STS emphasise that
information must correspond to people’s daily life
(Isaksson and Ellegard 2015; Skjelsvold and Ryghaug
2015; Skjelsvold et al. 2017), and draw attention to the
role of intermediaries, i.e. someone is needed who can
translate, communicate and tailor the information to fit
people’s everyday life and social practice to make
change happen (Palm 2010; Salo et al. 2016). Studies
based on economics and psychology, and in some cases
environmental studies, refer to psychological literature
on the influence of feedback on attention, motivation
and learning processes (Gronhej and Theogersen 2011)
and emphasise that information feedback may strength-
en empowerment and perceived self-efficacy, and that
rewards reinforce learning (Nilsson et al. 2014). Activa-
tion of norms and ascription of responsibility are
stressed as elements of the psychological processes of
behavioural change, showing that social influences from
real people contribute to energy efficiency behaviour
(Bergquist and Nilsson 2016; Ek and Séderholm 2010;
Nilsson et al. 2015; Nilsson et al. 2018a), and one study
refers to learning theory (Gustafsson et al. 2009).

Across the intervention types analysed, the psycho-
logical process expected to activate behavioural change
is often implicitly described. The fit between interven-
tion and current behaviour and its drivers in the target
group, including their social and environmental context,
is not developed further. Especially in the field of build-
ing design, a more thorough understanding of how the
design is expected to support behavioural change would
allow for a better fit between intervention and current
behaviour.

Focus: description of target behaviour

In most studies, the target behaviour is described either
as general energy use or one specific behaviour. Energy
efficiency behaviour is defined, operationalised and
measured in many ways, most commonly as energy
consumption per household (Karlsson and Moshfegh
2007; Nilsson et al. 2017, 2018a, 2018b; Palm 2010;
Vassileva et al. 2013), office unit (Nilsson et al. 2015) or
classroom (Heeboll et al. 2018). Some studies identify
electricity consumption per person per square metre
(Vassileva et al. 2012a) or per appliance (Falabretti
et al. 2018). Other studies specifically address one en-
ergy efficiency behaviour, such as lighting use behav-
iour (Bergquist and Nilsson 2016; Maleetipwan-

@ Springer

Mattsson et al. 2016, 2017) or use of heating and hot
water (Glad 2012; Righer Hansen et al. 2018).

Gronhgj and Thegersen (2011) differentiate between
curtailment and investment behaviour. Other studies use
triangulation to obtain a holistic picture of energy effi-
ciency behaviour. Nilsson et al. (2015), for example,
combine measurements of electricity, observation of
traces of behaviour and self-reports. Nilsson et al.
(2018a, 2018b) combine measurements of electricity
with interviews about energy efficiency behaviour.
Vassileva et al. (2013) combine electricity use with
self-reporting of the frequency of use of domestic appli-
ances. A couple of studies address a behavioural inten-
tion by asking about the willingness to perform a certain
behaviour, such as willingness to install individual
metering and costs (Ek and Séderholm 2010;
Siggelsten and Olander 2013). Other studies discuss
perception expressed as satisfaction rather than behav-
iour (Brunsgaard et al. 2012; Engvall et al. 2005;
Heebgll et al. 2018; Karlsson and Moshfegh 2007). A
couple of studies address several different household
behaviours (Ek and Séderholm 2010; Zalejska-Jonsson
2012) or the broader concept of sustainable behaviour
(Hagbert and Femenias 2016; Salo et al. 2016).

Antecedents of the studied behaviour are rarely ad-
dressed (see Fig. 2). Antecedents are considered regard-
less of the disciplinary approach, but studies based on
theoretical frameworks on human behaviour (see above)
tend to include antecedents of psychological character to
a greater extent, whereas other studies focus upon in-
strumental factors that may serve to motivate behaviour.
Nevertheless, these factors are neglected in the analysis
of the outcome of the intervention. Commonly investi-
gated antecedents are socioeconomic conditions and
previous experiences (Ek and Sdderholm 2010;
Westskog et al. 2015; Righer Hansen 2018), awareness
and knowledge (Gram-Hanssen et al. 2007; Palm 2010;
Vassileva et al. 2012a), attitudes including environmen-
tal concern (Ek and Soderholm 2010; Nilsson et al.
2015) and norms (Ek and Séderholm 2010; Isaksson
and Ellegard 2015; Maleetipwan-Mattsson et al. 2016,
2017; Nilsson et al. 2015; Nilsson et al. 2018a).

The perceived control of performing a behaviour is
addressed in a few studies as perceived barriers, and in
relation to operation and management of technologies
(Isaksson and Ellegard 2015; Maleetipwan-Mattsson
et al. 2016; Nilsson et al. 2014; Nilsson et al. 2018a).
Antecedents reflecting social networks and social iden-
tities are investigated in a couple of studies (Gram-
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Hanssen et al. 2007; Nilsson et al. 2015). Rebound
effects are considered in just one study, by Isaksson
and Ellegard (2015), who discuss the effects of invest-
ment in renewable heating systems where the more
energy efficient system results in people allowing them-
selves a higher temperature. The persistence of behav-
iour over time is studied by Engvall et al. (2005), fol-
lowing up the effect of reduced ventilation flow on
energy use after 1 year. More recently, Nilsson et al.
(2017, 2018a, 2018b) monitor demand flexibility and
self-reported energy use over a year. Righer-Hansen
(2018) has a unique approach, following residents’ en-
ergy use over their life course.

The review reveals a large variation in definition and
operationalisation of energy efficiency behaviour, large-
ly without specifications of type and stage of the behav-
iour, for example if it is habitual. This limits the possi-
bilities to make comparisons both within and between
interventions. Antecedents are reflected upon, but the
choice of antecedents differs greatly between disciplin-
ary approaches, both for environmental design interven-
tions and information-feedback interventions. The stud-
ies are also limited from an evaluation perspective in
that they mostly disregard any spill-over effects or
follow-up over time.

Focus: target group, physical and social context

All studies describe the target group (see Fig. 2). The
most researched groups are residents focusing on house-
holds in apartments and single-family houses, and sub-
groups formed by these parameters. One study focuses
on the board members of housing cooperatives
(Siggelsten & Olander), one study also includes energy
consultancies (Palm 2010), one focuses on office
workers (Nilsson et al. 2014), one on pupils and staff
in a primary school (Heebgll et al. 2018) and another on
university students and staff (Bergquist and Nilsson
2016). In all studies, the target group for the intervention
matches the choice of sample. Gender, age and income
levels are commonly reported, but other individual or
social characteristics given above are not reported. A
strength of the empirical studies is that they are largely
carried out among the actual user groups in real settings.

The physical setting is mostly described in detail in
studies on building design (see Fig. 2) including char-
acteristics of the building, descriptions of construction,
materials and technologies present, (Karlsson and
Moshfegh 2007; Glad 2012; Maleetipwan-Mattsson

et al. 2016, 2017; Palm and Reindl 2016; Skjelsvold
etal. 2017; Vlasova and Gram-Hanssen 2014; Zalejska-
Jonsson 2012), but also heating and indoor temperature,
humidity, airflow and CO, concentration (e.g. Andersen
et al. 2016; Madsen and Gram-Hanssen 2017; Righer
Hansen et al. 2018). In studies on information-feedback,
the physical setting is commonly limited to a reference
to private home, house or apartment, and it is rather the
feedback system, such as the smart meter introduced,
that is described in detail. This distinction is logical,
since it is the building design that constitutes the inter-
vention in the first case and frequently the device in the
second case.

The social settings are considered in 35% of the studies
(see Fig. 2). The descriptions vary between the studies,
from a large scale such as the sociodemographics of the
neighbourhood or residential area investigated (Vassileva
et al. 2012b, 2013) to the household’s interaction with
energy advisers and other energy experts (Palm 2010; Salo
et al. 2016; Vlasova and Gram-Hanssen 2014), or man-
agers, architects and building/construction (Glad 2012;
Hagbert and Femenias 2016; Palm and Reindl 2016).
Where the focus is on information-feedback interventions,
the interaction with the close social setting, e.g. family
members is discussed (Grenhgj and Thegersen 2011;
Westskog et al. 2015). The descriptions of the social
settings are more varied than descriptions of the physical
setting, probably due to the disciplinary approach. The
descriptions are particularly elaborated in studies based
on social-practice theory.

Tools: theory

In the evaluation of interventions theory, research de-
sign and methods are tools used to systematically ana-
lyse real-world problems (Robson 2011). There is a
heterogeneity in how theory is used as a tool to focus
the study and guide the choice of concepts for describ-
ing the target behaviour, behavioural change and its
context. In studies grounded in sociology and STS-
studies, social practice theory dominates (Glad 2012;
Palm and Reindl 2016; Skjelsvold et al. 2017; Vlasova
and Gram-Hanssen 2014). Isaksson and Ellegard (2015)
employ a time geographical approach. The economic
approach combines theory on, for example bounded
rationality with psychological concepts including norm
theory (Ek and Soderholm 2010; Grenhgj and
Thegersen 2011). The studies based on psychological
theory include learning theory, theory on group identity
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and goal framing (Bergquist and Nilsson 2016; Nilsson
et al. 2014, 2015), theory of planned behaviour and
affordance theory (Maleetipwan-Mattsson et al. 2016,
2017). These theories are also occasionally used in
studies departing from environmental sciences
(Nilsson et al. 2018a). Westskog et al. (2015) argue for
a combination of social practice theory and
behaviouristic models. The application of theory relat-
ing to human behaviour or behavioural change is rarely
employed in studies departing from technological ap-
proaches, regardless of whether building design or
information-feedback is the focus. There seems to be
scope for improvement, especially when the aim is to
gain in-depth knowledge of how the intervention intro-
duced should motivate behavioural change, and to align
interventions with current behaviour and antecedents.

Tools: research design and methods

To some extent, the choice of theory guides which
research design and methods are feasible. Among the
analysed studies, the case study combined with a qual-
itative analysis of interviews is by far the most common
set-up (Glad 2012; Hagbert and Femenias 2016;
Isaksson and Ellegard 2015; Palm 2010; Palm and
Reindl 2016; Skjelsvold et al. 2017; Vlasova and
Gram-Hanssen 2014; Westskog et al. 2015). Some of
these studies include additional methods, such as obser-
vations and on-site visits (Palm and Reindl 2016). One
study uses an action research approach (Salo et al.
2016). Cross-sectional studies based on survey data
and/or energy use behaviour between sub-samples are
another common research design (Ek and Soderholm
2010; Gram-Hanssen et al. 2007; Liu et al. 2015;
Vassileva et al. 2012a, 2012b, 2013).

A somewhat stronger research design is the matched-
case design employed by Zalejska-Jonsson (2012). The
mixed-method approach also has the potential to pro-
vide more comprehensive data. Interviews, surveys and
energy use measures are sometimes combined
(Brunsgaard et al. 2012; Grenhej and Thegersen 2011;
Siggelsten and Olander 2013). A few studies employ
experimental research designs of varying strengths
(Cook and Campbell 1979; Sovacool et al. 2018). In
the post-test only design, validity is for example threat-
ened (Rohdin et al. 2014). The experimental set-up with
randomisation to experimental and control group plus
follow-up interviews used by Nilsson et al. (2014, 2015)
is a stronger design in this respect. Other strong designs
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are reported by Bergquist and Nilsson (2016) who used
a quasi-experiment in the field combined with an online
experiment, and studies employing longitudinal ap-
proaches (Engvall et al. 2005; Nilsson et al. 2017,
2018a, 2018b; Righer-Hansen et al. 2018). However,
all studies are field studies, so practical matters and
research ethics may have limited the use of experimental
designs. A wider use of control groups or reference
groups is called for, especially considering that the
different empirical studies are hard to compare.

Alignment

The alignment is strongly influenced by the disciplinary
approach, as previously identified by for example
Schweber and Leiringer (2012). In the Nordic research
on energy efficiency behaviour in buildings, three major
strands of alignment can be identified (Fig. 3,
categorisation of papers listed in Appendix Table 3).
The first, a technological approach (13 papers), is
characterised by a focus on energy per se, with careful
measurement and analysis including, for example log
data of energy use down to room, apartment or house-
hold level (e.g. Heeboll et al. 2018; Vassileva et al.
2013). The most common focus is on residents/house-
holds, and if additional data is collected, information is
gathered either by questionnaires or interviews in a case
study or a cross-sectional study. Generally, the theoret-
ical foundation is vague with regard to the choice of
intervention and the description of target behaviour.
Antecedents are limited to sociodemographics, and
there are rarely detailed descriptions of the physical
and social settings.

The sociological-STS studies approach (13 papers,
including the one in geography) is characterised by
broadening the understanding of the context, especially
the social context of energy efficiency behaviour. The
predominant theory is social practice theory, in some
studies combined with additional theoretical frame-
works (e.g. Glad 2012; Palm and Reindl 2016;
Skjelsvold and Ryghaug 2015). This approach focuses
on the case study methodology; information is obtained
from interviews, sometimes together with other methods
such as observations, aiming at a rich and nuanced
understanding of household energy efficiency
behaviour.

The psychological-economic approach (9 papers, in-
cluding the one in environmental medicine), applies
theory to motivate the expected change in response to
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the intervention (e.g. Ek and S6derholm 2010;
Maleetipwan-Mattsson et al. 2017; Nilsson et al. 2015)
and presents an extensive set of possible antecedents
such social norms and perceived affordances of a de-
vice. These studies make use of cross-sectional, quasi-
experimental or experimental research designs. Data is
primarily collected by self-reported energy use, obtained
from questionnaires. These studies vary in the richness
of the description of physical and social setting.

Five papers departing from a multidisciplinary envi-
ronmental science perspective form a fourth group, but
this group is possibly primarily shaped by three of the
papers being carried out by the same research group, so
these were not analysed in detail (Nilsson et al. 2017,
2018a, 2018Db).

The alignments identified come through as result of
disciplinary traditions with different expertise and prac-
tices in collecting empirical data in field rather than an
outcome of carefully planned strategies to evaluate the
effect of information/feedback or building design in a
co-ordinated way. A specific issue is the definition of
target behaviour and its operationalisation in the empir-
ical work, presenting large variation between studies
including self-reported behaviour in interviews and
questionnaires as well as measures of energy use. Here,
promising attempts of methodological triangulation can
be seen across the approaches (e.g. Nilsson et al. 2014;
Nilsson et al. 2018a,b; Palm et al. 2018; Vassileva et al.
2013), but further work would be needed to build a
shared knowledge base.

Discussion

Behavioural change is seen as one of the main paths
towards energy efficiency in buildings (Lucon et al.
2014), but researchers consistently report that we are
far from seeing the full potential of the social and
behavioural domains in energy efficiency behaviour
(Bogel and Upham 2018; Lenoir-Improta et al. 2017;
Moezzi and Janda 2014; Schweber and Leiringer 2012;
Sovacool 2014; Stern 2017). A transition to energy
efficiency by capturing and focusing on human behav-
iour is needed. This requires thorough evaluation of
human behavioural responses interventions aiming at
energy efficiency. This study sheds light on the need
for detailed evaluation of energy efficiency behaviour in
the Nordic countries. Specifically, the analysis looked
into the potential contribution of environmental

psychology in evaluating interventions for energy effi-
ciency in particular as a complement to studies in tech-
nology and sociology—STS.

The questions identified in “Theory: an environmen-
tal psychology approach, key perspectives and ques-
tions” section, and used in our assessment of the current
evaluation practice, addressed the focus of the evalua-
tion and showed the necessity to be holistic when ex-
amining real-world problems, considering the target
group including their physical and social context. At
the same time, it is necessary to go into depth and detail
to understand how of the intervention introduced may
activate the psychological process of behavioural
change, and the effects on the target behaviour and its
antecedents, other behaviour (spillover and rebound)
and the effects over time. The focus should be supported
by adequate tools in terms of theory of human behaviour
and behavioural change, as well as research designs and
methods that can capture energy efficiency behaviour.
The choice of focus and tools should be aligned.

The disciplinary approach used to study the intervention
and the consequent alignment between the focus of the
evaluation and tools employed in the evaluation shows
greater variations than seen between the two groups of
interventions (Fig. 3). This suggests that, currently, evalu-
ations of energy efficiency behaviour depend on who
designs the evaluation. Although a broad range of disci-
plinary approaches is employed, the analysis confirms that
current research leans towards existing well-recognised
technological approaches (Johansson and Neij 2017).
The technological approach has primarily been
complemented and contrasted with studies based in soci-
ology and STS elaborating on the role of people’s daily
practices. These evaluations often direct attention to the
role of the social context using the household as the unit of
analysis and address the household’s interaction with en-
ergy advisers and other energy experts or managers, archi-
tects and construction companies (Fig. 2). The present
study proposes that more efforts are needed to coordinate
evaluations departing from different disciplinary ap-
proaches as the identified alignments have different focus
and strengths in their use of theoretical and methodological
tools. Here, some attempts have been made by researchers
with a basis in environmental sciences (e.g. Nilsson et al.
2018Db), but there is no example of integration of the three
identified alignments. This is a missed opportunity of
holistic evaluation capturing interactions between individ-
ual and social processes in energy efficiency behaviour and
measured energy use. It could be argued that this finding
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Fig. 3 Key aspects in evaluating energy efficiency behaviour divided according to disciplinary approach to illustrate alignment (Technol-

ogy, Sociology-Science-Technology Studies, Psychology-Economics)

could be attributed to the choice of reviewing scientific
papers rather than commissioned evaluations. Previous
research shows however that at least in Swedish policy
programme evaluations of energy efficiency in buildings,
behaviour is rarely considered at all (Sandin et al. 2019).
While recognising that each discipline can make a
unique contribution and that the psychological perspec-
tive is less common in the Nordic research on energy
efficiency behaviour than in other parts of Europe, there
is a potential benefit from adding environmental psy-
chology perspectives in future evaluations. The environ-
mental psychology perspective allows analysis of psy-
chological antecedents-behaviour-intervention and be-
havioural change are linked, and analysis of a broader
context of spillover, rebound, a long-time perspective
and the parallel analysis of physical and social setting. In
the international literature, the sociological and the psy-
chological approaches have sometimes been conflicted
in their analysis of energy efficiency behaviour. This
analysis, revealing different alignments between these
two disciplinary approaches, instead shows an urgent
need to systematically combine them and to develop
shared theoretical frameworks linking the collective
with the individual. In parallel using qualitative case
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studies and quantitative survey data, and at the same
time integrating technically sound energy measures.
Openings may be found beyond the singular use of
theories strongly focusing on the individual, such as
the theory of planned behaviour and norm activation
theory, by enabling integration of less individualistic
theories used in environmental psychology, such as
place attachment and social representation (Bogel and
Upham 2018; Lenoir-Improta et al. 2017).

The studies included in the analysis reflected the
disciplinary diversity of studies on energy efficiency
behaviour in the Nordic countries, but were limited to
two groups of common interventions—information-
feedback and building design. The analysis of evalua-
tions of these two groups of interventions yielded quite
similar results. This suggests that in evaluations of en-
ergy efficiency behaviour, interventions are not specif-
ically designed in relation to the target behaviour per se,
the intervention introduced or the physical and social
setting of the intervention. The lack of specificity may
be an advantage if the aim is to build a general knowl-
edge base. However, that would require a shared under-
standing of focus currently not seen in the included
evaluations. The lack of specificity may rather miss
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out on an in-depth understanding of what factors support
or hinder the behavioural change.

In future evaluations, it would be desirable to clearly
state how the intervention was intended to activate the
psychological process of behavioural change; so far, this
has been rarely done, especially in interventions on build-
ing design. The limited use of theory on human behaviour
or practice across evaluations of the two groups of inter-
ventions shows a clear potential to strengthen current
evaluations. Especially considering target behaviour being
split between evaluation of perception of the intervention
and the behavioural outcome of the intervention. Regard-
less of the exactness of applied energy measures, it would
be worthwhile to evaluate spill-over effects (Isaksson and
Ellegard 2015), and follow-up long-term effects of inter-
ventions on behaviour to evaluate the actual energy effi-
ciency of an intervention.

The two groups of interventions showed a common
focus on residents, but a lack of behavioural antecedents
beyond their sociodemographics. The literature on pro-
environmental behaviour suggests that it may be rele-
vant to consider personality, values, attitudes and norms
as well as how people relate to the place and other
people there (Gifford and Nilsson 2014; Steg et al.
2015). More effort could also be made to define how
easy or difficult the behaviour is changed i.e. the plas-
ticity of the behaviour (Dietz et al. 2009) or the current
stage of the behaviour among participants to adapt in-
terventions to match the users’ need of support in the
process of changing their behaviour (Geller 2002). A
more detailed understanding of how individual and
social factors play into the desired energy efficiency
behaviour, and of how the intervention introduced in-
teracts with psychological and social processes would
build capacity to design more powerful interventions
over time (Stern 2014). The studies on building design
interventions were, in general, strong in the contextual
description of the physical environment, while the
information-feedback interventions address the social
context (Fig. 2). Here seems to be an opportunity for
learning between evaluations of intervention types.

The analysis was based on systematic searches, ap-
plying an extensive search string and limiting the
searches to two groups of interventions. The research
field was shown to be highly diverse in scope and
terminology, so some evaluations may have been
missed. However, considering the large number of ab-
stracts covered in the searches, the major conclusions
drawn could be expected to be valid. It should also be

noted that case studies only describing one environmen-
tal condition without making comparisons across target
groups, environmental and/or social contexts or over
time were not considered as evaluations, and the analy-
sis excluded studies based on modelling and assump-
tions rather than analysis of energy efficiency behav-
iour. The latter group of studies in particular is likely to
show a different alignment to those identified.

The analysis is limited in geographical scope, thereby
limiting the generalisability of the results to the Nordic
countries. Few studies were found that compared interven-
tions on energy efficiency behaviour between countries,
with one exception (Gram-Hanssen et al. 2007). Consid-
ering the extensive research on energy efficiency behav-
iour in Europe and the USA, cross-cultural evaluations of
interventions would enable a broader understanding of
energy efficiency behaviour in the built environment.

Conclusions

Evaluation of transformative change in energy efficient
behaviour must be based on an understanding of behaviour
at both individual and collective level. At the individual
level, environmental psychology can offer lenses that may
complement traditional current evaluations in the Nordic
countries, and can provide a framework for posing critical
questions when designing evaluations and analysing the
outcomes. Several of these questions address features pro-
posed as being central in transformative change, and
adding them in current evaluation frameworks would pro-
vide a stronger cross disciplinary understanding of behav-
ioural change (e.g. Neij et al. 2021). Our analysis of Nordic
interventions indicates the challenges ahead in building a
solid platform for learning, but also shows the breadth and
variety present in the study of energy efficient behaviour.
The multifaceted perspectives require efforts to combine
approaches, but are also very promising for obtaining
holistic evaluations of transitory changes in energy effi-
ciency behaviour. These can then be compared across
interventions and discussed from different disciplinary
approaches.
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Appendix

Table 3 Overview of papers included in the review. Full references are available in the list of references

No Author Year Journal Country Intervention type Disciplinary
approach
1. Engvall et al. 2005 Indoor Air Sweden Building design Environmental
medicine
2. Gram-Hansen et al. 2007  Energy Policy Denmark Information Sociology-STS
3. Karlsson & Mosfegh 2007 Renewable Energy Sweden  Building design Technology
4.  Gustafsson et al. 2009  Computers in Entertainment Sweden Information-feedback Technology
5. Ek & Soderholm 2010  Energy Policy Sweden Information-feedback Economy
6. Palm 2010  Energy Policy Sweden Information-feedback Sociology-STS
7.  Grenhej & 2011  International Journal of Consumer Studies Denmark Information-feedback Economy
Thergensen
8. Brunsgaard et al. 2012 Indoor and Built Environment Denmark Building design Technology
9. Glad 2012 Building Research and Information Sweden Building design Sociology-STS
10. Zalejska-Jonsson 2012 Building and Environment Sweden  Building design Technology
11. Vassileva et al. 2012a Applied Energy Sweden Information-feedback Technology
12. Vassileva et al. 2012b Applied Energy Sweden Information-feedback Technology
13. Siggelsten & Olander 2013  Energy Policy Sweden Information-feedback Technology
14. Vassileva et al. 2013  Applied Energy Sweden Information-feedback Technology
15. Nilsson et al. 2014  Applied Energy Sweden Information-feedback Psychology
16. Rohdin et al. 2014 Building and Environment Sweden  Building design Technology
17. Vlasova & 2014  Building Research and Information Denmark Building design Sociology-STS
Gram-Hanssen
18 Isaksson & Ellegard 2015 Sweden Information-feedback Geography
19. Liuetal 2015  Energy and Buildings Sweden  Building design Technology
20. Skjelsvold & 2015 Indoor and Built Environment Norway Information-feedback Sociology-STS
Ryghaug
21. Nilsson et al. 2015  Applied Energy Sweden Information-feedback Psychology
22. Westskog et al. 2015  Sustainability Norway Information-feedback Environmental
studies
23. Andersen et al. 2016  Energy and Buildings Denmark Information-feedback Technology
24. Bergquist & Nilsson 2016 Journal of Environmental Psychology Sweden Information-feedback Psychology
25. Hagbert & Femenias 2016  Journal of Housing and the Built Sweden  Building design Architecture
Environment
26. Mattsson et al. 2016  Building and Environment Sweden  Building design Psychology
27. Palm & Reindl 2016  Energy Research and Social Science Sweden  Building design Sociology-STS
28. Saloetal. 2016  Journal of Cleaner Production Finland Information-feedback Environmental
studies
29. Mattsson et al. 2017  Journal of Engineering, Design and Sweden  Building design Psychology
Technology
30. Nilsson et al. 2017  Resources, Conservation and Recycling Sweden Information-feedback Environmental
studies
31. Skjelsvold et al. 2017  Energy Research & Social Science Norway Information-feedback Sociology-STS
32. Baldini et al. 2018  Energy Policy Denmark Building design Economy
33. Falabretti et al. 2018  Journal of Energy Storage Sweden Information-feedback Technology
34. Heeboll et al. 2018  Science and Technology for the Built Denmark Building design Technology
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Table 3 (continued)

No Author Year Journal Country Intervention type Disciplinary
approach
35. Nilsson et al. 2018a Energy Policy Sweden Information-feedback Environmental
studies
36. Nilsson et al. 2018b Energy and Buildings Sweden Information-feedback Environmental
studies
37. Palmetal. 2018  Energy Research and Social Science Sweden  Building design Sociology-STS
38. Righer-Hansen 2018  Energy Research and Social Science Denmark Building design Sociology-STS
39. Righer Hansen etal. 2018  Building Research & Information Denmark Building design Sociology-STS
40. Madsen 2018  Energy Research and Social Science Denmark Building design Sociology-STS
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