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Abstract

The effects of citizen science are wide ranging, influencing science, society, the economy, the environment, as well

as individual participants. However, in many citizen science projects, impact evaluation is still overly simplistic. This

is particularly the case when assessing the impact of participation in citizen science on the environmental attitudes,
behaviour and knowledge of citizen scientists. In an attempt to bridge the gap between the state of the art in rel-
evant scientific fields and citizen science, this systematic literature review identified best practices and approaches in
the field of environmental psychology for measuring environmental attitudes, behaviour and knowledge. From the
literature, five relevant and validated approaches were identified that can be used to measure changes in attitudes,
behaviour and knowledge in citizen science projects. This would allow for improved understanding of the impacts of

citizen science, as well as for improved project evaluation as a whole.
Keywords: Citizen science, Impact assessment, Environment, Attitudes, Behaviour, Knowledge

Introduction

Citizen science is increasingly popular and has been
defined and interpreted in various ways. At a basic level,
it is a purpose-designed collaboration in which the gen-
eral public take part in the scientific research process to
support knowledge generation [100], or more specifically
“the scientific activities in which non-professional scien-
tists volunteer to participate in data collection, analysis
and dissemination of a scientific project” ([46], p. 105).
Other definitions point to the role of citizen science in
the democratisation of science and public engagement
[55, 56] and consider it a tool to link science and soci-
ety, involving citizens more and more in the scientific
process [72]. Citizens can play a voluntary, but highly
active role in the process, with input ranging from data
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collection to the co-design of projects [17], and citizen
science as a process is increasingly recognised for its
multi-stakeholder nature and complexity [122]. Defini-
tions often conflict in various ways, for example regard-
ing the exact extent of public participation, the opt-in or
voluntary nature of participation, and the extent to which
generated data can be used in science and/or policy [22].
With these subtle nuances in definition, differences in the
implementation of citizen science often occur. Neverthe-
less, with this rise in popularity, the wide ranging impacts
and evaluation of citizen science projects are currently of
significant interest.

A range of studies have been conducted to assess the
impact of citizen science interventions. These studies
have covered a variety of impacts, including: feelings of
environmental stewardship in participants [92], eco-
nomic activity and the creation of jobs [60], scientific
outcomes and resulting publications [17], and participant
learning outcomes [113]. However, the exact impacts of
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citizen science are still to be fully and comprehensively
understood [65], while up to date impact assessment
methods and frameworks are not yet fully integrated in
practice.

Based on their systematic review of close to 80 impact
assessment frameworks and methods for impact assess-
ment of citizen science, Wehn et al. [122] highlighted
that the assessment of environmental attitudes, behav-
iour and knowledge is particularly lacking throughout
the citizen science literature. They also noted that when
these impacts have been measured, it is often done sim-
plistically, without using approaches and scales consid-
ered the state of the art in relevant scientific literature.
This can lead to a suboptimal selection of measurement
approaches, and an impact assessment procedure lack-
ing in validity. Furthermore, a more soundly grounded
impact assessment procedure would allow for enhanced
project evaluation, and therefore an improvement in the
implementation of citizen science in the long term.

For example, during their assessment of attitude
change in citizen science participants, Brossard et al.
[20] highlighted the insufficiencies of their measurement
methodology, suggesting that more sensitive scales are
needed. This deficit in assessment approaches is visible
in a range of other impact assessment studies, aiming to
identify the influence of participation in citizen science
on attitude [24, 49, 110, 126, 102). These studies used a
wide variety of approaches (often with little justification
for their selection) to measure environmental attitude,
displaying the lack of integration of (and consensus on)
measurement approaches within citizen science. This is
also apparent in the literature focusing on the assessment
of knowledge [17] and behaviour [117].

Apart from individual studies and reviews featuring
the assessment of environmental attitudes, knowledge
and behaviour, various citizen science impact assessment
frameworks have also been developed. One such frame-
work, developed by Kieslinger et al. [65] also attempted
to capture attitude, behaviour and knowledge in their
three-dimensional impact assessment framework, pri-
marily with the ‘citizen scientist’ dimension (impacts
on the individual participants). However, no concrete
approaches are integrated into the framework to sug-
gest how these concepts should be assessed, highlighting
again the lack of integration of state-of-the-art measure-
ment methods in citizen science.

The field of environmental psychology and the litera-
ture on the measurement of environmental attitudes,
behaviour and knowledge are well developed, with vari-
ous establish methods and approaches being refined
over the past decades. It has long been claimed and
documented with anecdotal evidence that experiences
with the environment or environmental matters (such as
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participation in citizen science initiatives) can alter envi-
ronmental attitudes, behaviour and knowledge over time
[7, 37], suggesting that this field of literature should be
of keen interest to citizen science. However, despite the
availability of such scales, few citizen science projects
actually utilised these approaches during impact assess-
ment [122]. Instead, simplistic approaches are often used
to assess project impacts on environmental attitudes,
behaviour and knowledge. There is therefore a need for
an analysis of the state of the art in the assessment of
environmental attitudes, knowledge and behaviour with
a view to integrating this in the impact assessment of citi-
zen science.

The systematic literature review presented in this
paper aimed to assess the state of the art of measuring
environmental attitudes, behaviour and knowledge, and
analyse to what degree the currently available measure-
ment approaches can be applied to evaluate the impact of
citizen science. However, this paper does not intent to be
prescriptive in nature, citizen science is broad in nature,
as are the needs and requirements of individual projects.
This considered, this paper aims to highlight where con-
sistency in the impact of citizen science projects can be
developed, and suggest potential ways in which this could
be implemented.

Following this introduction, the methodology of this lit-
erature review is outlined in the following section, before
the results are detailed. In the discussion, the state of the
art for measuring environmental attitudes, behaviour and
knowledge are presented and the findings applied to the
context of citizen science. Finally, conclusions and future
avenues for research in the field are highlighted.

Methods

The analysis of the state of the art in the measurement
of environmental attitudes, knowledge and behaviour
outlined in this paper was developed from a systematic
review of relevant academic literature in these fields. As
these are three separate, yet closely related concepts, dis-
tinct searches were conducted for each. However, due
to the degree of overlap and similarity between the con-
cepts, some of the literature identified during this search
is relevant for all three.

The selection of relevant literature for this systematic
literature review was based on the method outlined by
Moher et al. [84]. The purpose of the systematic litera-
ture searches was to identify publications that propose or
discuss frameworks, approaches and scales for assessing
environmental attitudes (also termed environmental con-
cern), behaviour and knowledge.

The literature search was conducted on Web of Sci-
ence and Wiley’s Online Library (following an initial
preliminary search on Google Scholar), from February
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Table 1 Parameters used in the Environmental Attitude
literature search
Aspects: combined with AND
Synonyms: combined with  Environmental concern Measur*
CR Environmental attitude*  Assess*
Environmental valu* Analys*
Environmental belief* Survey*
Environmental intention  Tool*
Environmental willingness  Framework*
Theor*
Scale*
Item*
Instrument*

Questionnaire®

Table 2 Parameters used in the Environmental Behaviour
literature search
Aspects: combined with AND
Synonyms: combined Environmental behaviour*  Measur®
with OR Pro-environmental behav-  Assess*
jour®
Environmental activit* Analys*
Environmental action* Survey*
Tool*
Framework*
Theor*
Scale*
Item*
Instrument*

Questionnaire®

to April 2021. Keywords were compiled that referred to
the concepts of: (1) environmental attitude, (2) environ-
mental behaviour, and (2) (environmental) knowledge
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(see Tables 1, 2, 3). Similarly, a set of keywords was iden-
tified for the second aspect of the search, which related
to the measurement or assessment of these concepts. The
Boolean operators “AND” and “OR” were used in order
to combine the different terms, while the asterisk (*) was
used to ensure the inclusion of variations on each of the
terms. To specify the exact phrases that should be con-
tained within the search, quotation marks (“”) were used
for each of the first column aspect search terms.

In order to identify search terms for each of these con-
cepts, an understanding of appropriate definitions, terms
and conceptualisations was required. To acquire this
understanding, an initial search of the three concepts was
done. This was necessary in particular for ‘environmen-
tal attitudes, which is a term that has been defined in a
number of conflicting ways, and which has various syno-
nyms (e.g. beliefs, values) partly due to differing or con-
tradictory definitions [93]. This was highlighted by Rosa
and Collado [97], who noted that a range of overlapping
terms have been used in the literature in place of (or in
conjunction with) ‘environmental attitudes’ For example,
some researchers [109] conflate ‘environmental willing-
ness’ with ‘environmental attitudes, using the former as
a measure for the latter. Others (e.g. [95]) note the dif-
ference of ‘environmental willingness’ and ‘environmental
attitudes, instead investigating the effect of willingness
on attitudes. The literature review undertaken for our
paper considered these broad definitions, and therefore
included terms such as ‘values’ and ‘beliefs’ when search-
ing for literature related to environmental attitudes.

In the literature, the definitions for both ‘environmental
behaviour’ and ‘environmental knowledge’ are less var-
ied. The term ‘pro-environmental behaviour’ [114] is a
common substitute for ‘environmental behaviour’ in the
literature, and is commonly used when discussion deter-
minants of positive behaviour. Additionally, the words

Table 3 Parameters used in the Environmental Knowledge literature search

Aspects: combined with AND

Synonyms: combined with OR Knowledge
Understanding
Awareness

Educat*

Measur* Environment*

Assess* Sustain*
Analys*

Survey*

Tool*

Framework*

Theor*

Scale*

[tem*

Instrument*®

Questionnaire*
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‘actions’ and ‘activities’ are also commonly included in
definitions of the concept (e.g. [88, 124]).

The first part of this literature review was conducted by
searching the ‘Topic’ section of literature in the core col-
lection of Web of Science. This search includes title, key-
words and abstracts of literature. As this literature review
was focusing on review articles, the search was further
refined to only include reviews.

In the next step, the Wiley Online Library was
searched using the same set of keywords. This search
was conducted on 3 and 4 March 2021. As it not possi-
ble to search the “Topic’ of literature on the Wiley Online
Library, the keywords within the abstracts of the records
were searched. To limit the search to review articles, the
term ‘review’ was also included in the search. Several of
the same articles seen during Web of Science search were
also seen in the Wiley search. These items were ignored
and were not double counted.

Firstly, Web of Science was searched. The ‘environmen-
tal attitude’ search returned 7558 records (after filtering
to only include review articles, the hit number was fur-
ther narrowed to 330 records). The title, abstract and
keywords of these records were then screened, removing
articles unrelated to the measurement of environmental
attitude. This process resulted in a shortlist of 23 records.
The ‘environmental behaviour’ search (see Table 2)
returned 2187 records. When filtering for review articles,
this was narrowed to 95 records. After screening the title,
abstract and keywords of these records based on their rel-
evance to the measurement of environmental behaviour,
a shortlist of 14 records remained. The knowledge assess-
ment search was conducted twice, once without the third
parameters (“Environment*” and “Sustain*”), in order to
capture the wider literature of knowledge assessment, as
well as that specifically relating to environmental knowl-
edge. The wider ‘knowledge assessment’ search (see
Table 3) returned 1013 records. When filtering for review
articles, this was narrowed to 402 records. After screen-
ing the title, abstract and keywords of these records
based on their relevance to the assessment of knowledge,
a shortlist of seven records remained. The more specific
‘environmental knowledge’ search (see Table 3) returned
702 records. When filtering for review articles, this was
narrowed to 301 records. After filtering the title, abstract
and keywords of these records to ensure relevance to the
measurement of environmental knowledge, a shortlist of
eight records remained.

Next, Wileys Online Library was searched. The ‘envi-
ronmental attitude’ search returned 457 records that
were similarly screened for relevance and resulted in a
shortlist of 13 records. The ‘environmental behaviour’
search returned 360 records that were similarly screened
for relevance and resulted in a shortlist of 13 records.
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The wider ‘knowledge assessment’ search returned 641
records that were similarly screened for relevance and
resulted in a shortlist of two relevant records. The ‘envi-
ronmental knowledge’ search returned 151 records that
were similarly screened for relevance and resulted in a
shortlist of two relevant records.

In total, the search of both Web of Science and Wileys
Online Library resulted in a shortlist of 23 records for the
‘environmental attitudes’ search (see Table 4), 20 for the
‘environmental behaviour’ search (see Table 5), and 18 for
the ‘knowledge assessment’ search (see Table 6). Due to
the inherent overlap between the environmental attitude
and behaviour literatures, these two shortlists shared
four of the same records.

Using Google Scholar, a final search was conducted
by combining terms across the previous searches. This
search aimed to capture scales or approaches that may
have been applied to more than one of environmental
attitudes, behaviour and knowledge. Additionally, this
search attempted to identify tools that have been used to
capture attitudes, behaviour and knowledge across other
fields.

Results

There is considerable debate in the field of environmental
attitude, knowledge and behaviour, particularly concern-
ing the modelling and measurement of these concepts.
Naturally, this has significant implications for the evalua-
tion of impact of participation in citizen science.

Environmental attitudes

Defining and conceptualising the terms ‘environment’
and ‘attitude’ (also termed ‘environmental concern’)
occupies a large section of the literature in this field.
In general, it is agreed that environmental attitudes are
comparable to attitudes to other topics. There is now
significant consensus that environmental attitudes are
multi-dimensional, but reflect a single overall attitude
to the environment [34]. Cruz and Mantana ([28], p. 2)
therefore term the concept “a hierarchical attitude system
that connects and organizes more specific attitudes about
a range of environmental topics” For example, in one of
the fields seminal papers, Schultz [98] highlighted three
dimensions of environmental attitude: egoistic (concern
for self), altruistic (concern for others), and biospheric
(concern for the biosphere). Other dimensions have also
been postulated by others. Furthermore, despite this gen-
eral consensus of a hierarchical model of environmental
attitude, there are scholars who conceptualise environ-
mental attitudes differently. Dunlap and Jones [34] high-
light some papers which suggest that beliefs, intentions,
and attitudes are strongly intertwined, and form a key
part of (environmental) behaviour.
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Difficulty in creating a unified definition and conceptu-
alisation of ‘environmental attitude’ has led to issues with
measuring it. These issues are widely reported, with some
being directly caused by a poor definition of the term and
invalid dimensions [34]. Additionally, the methodology
used when measuring environmental attitudes has also
been the focus of a large portion of the literature. Self-
reporting (in surveys and questionnaires) has been criti-
cised by many, due to the inherent biases caused [69].

Considering this wide ranging conceptual and method-
ological debate, it is unsurprising that there is a plethora
of available approaches, methods and surveys to measure
environmental attitude. In a seminal review paper, Cruz
and Mantana [28] identified and examined 26 of the most
commonly used scales, to identify the most valid. They
identified the Ecology Scale from Maloney and Ward [80]
and Schultz’s three-dimensional Scale (2001) as the most
valid scales for measuring environmental attitudes.

However, arguably the most comprehensive and (cur-
rently) widely used scale is based on the New Ecological
Paradigm (NEP) model [32, 33]. The NEP scale assesses
attitude across a range of environmental topics, in addi-
tion to measuring beliefs, intentions and behaviours. This
makes scales based on the NEP model highly practical
when measuring environmental attitudes, as the model
covers a range of topics and concepts relating to atti-
tudes. The NEP model has therefore resulted in a set of
scales, which have been widely adapted within the field
(e.g. [21, 48, 83]).

Environmental behaviour

Inherently, there is significant overlap between the fields
of environmental behaviour and environmental attitude
(as seen by the overlap of papers identified during the lit-
erature review), and separating the two from each other
has proved difficult and contentious. As with environ-
mental attitudes, dimensions of environmental behaviour
have often been a source of disagreement in the literature.
For example, there is still significant debate as to whether
environmental behaviour is uni- or multi-dimensional
(Kaiser and Wilson 2004) [74]. For example, from their
study of various pro-environmental behaviours, Kaiser
and Wilson (2004) developed a six-dimensional model
of behaviour (energy conservation, mobility and trans-
portation, waste avoidance, consumerism, recycling,
and vicarious conservation behaviours). Furthermore,
a range of studies have also attempted to draw parallels
between environmental behaviour and various personal-
ity traits, such as openness to experience [19], cognitive
flexibility [73], and tendency towards abstract thinking
[]. Regardless, it is generally agreed, however, that while
environmental attitudes are linked to behaviour, strong
pro-environmental attitudes do not necessarily lead to
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corresponding behaviours (as other influencing factors
are often present). It is therefore necessary to measure
the two separately, with separate scales.

One of the most significant recent developments in
the field is the increasingly interdisciplinary nature of
the research. Previously, psychology and sociology were
relatively separated in this area, whereas current lit-
erature is now attempting to reconcile these disparate
strands of research, and develop coherent frameworks.
Batel et al. [13] provide an in-depth review of this litera-
ture, highlighting how wider social changes can interact
with psychological processes to influence environmental
behaviour. In particular, they compare Social Representa-
tions Theory with Social Practices Theory and develop a
wider theoretical model to understand behaviour change.
This literature is also reinforced by research into how
environmental behaviours are associated with broader
changes in lifestyle and society [99].

The measurement of environmental behaviour (and
the scales required to do so) has also generated a signifi-
cant portion of literature. This can generally be done in
three ways: observation in the field; laboratory observa-
tion; or self-reporting. Observation in the field has gen-
erally taken the shape of retrospectively assessing past
behaviours, for example by analysing prior energy usage
or transportation choices [4]. Laboratory observations
generally refer to situations or choice-making within a
controlled environment [26]. However, these two meth-
odologies are rarely used, with self-report questionnaires
being the most used approach to measuring environ-
mental behaviour. As with the measurement of environ-
mental attitudes, there is significant debate around the
validity of the self-report approach when assessing envi-
ronmental behaviour. However, some recent studies have
suggested that there is a significant correlation between
self-reported and directly observed environmental
behaviour [69], lending support to the use of such meth-
odology. However, Kormos and Gifford [69] also empha-
sised that a large portion of variance in the association
between self-reported and objective behaviour remains
unexplained, meaning that caution is required when uti-
lising this approach.

Nevertheless, self-reporting is necessary for the major-
ity of research in this field. The study from Kormos and
Gifford [69] analysed many of the most frequently used
methodologies, and highlighted those most highly corre-
lated with directly observed behaviour. Scales utilised by
Kaiser et al. [63], Vadez et al. [115] and Corral-Verdugo
and Figueredo [27] appeared to provide the most valid
results, suggesting that they may form a useful basis for
future self-report studies of environmental behaviour.
Kormos and Gifford [69] also propose several suggestions
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for improving self-report scales—these lessons learned
could be used to adjust and improve these past scales.

A further issue to consider is that environmental
behaviour is not a single, monolithic concept, but is inter-
dimensional (as previously stated). This is revealed when
measuring behaviour. Several studies have suggested
that individuals can be relatively inconsistent in envi-
ronmental-related behaviour. For example, an individual
may behave in an environment-friendly manner when it
comes to dietary choices, but may often select environ-
mentally damaging modes of transport [42]. Therefore,
when measuring environmental behaviour (and making
claims about the results of studies), one must be wary
that a wide range of environmental behavioural dimen-
sions are covered, or the scope of the study should
remain context specific. Considering this, most current
measures of environmental behaviour take a broad, gen-
eral approach to measuring environmental behaviour,
with a wide range of items.

Knowledge and environmental knowledge

The literature on the assessment of knowledge and learn-
ing outcomes is comprehensive, and has often been
grounded in broader frameworks of learning. The key
goals of learning (and thus assessment) have been cap-
tured in Blooms Taxonomy (1956): knowledge, compre-
hension, application, analysis, synthesis, and evaluation.
These goals each represent a different level of learning
and understanding; assessments should therefore be
designed to identify at which level a person is operating.
While there have been new taxonomies developed since
Bloom’s Taxonomy (for example, that of Koedinger et al.
[68]), these are the key concepts which still ground learn-
ing and assessment.

The fundamental goal of the assessment of learn-
ing has been conceptualised in a variety of ways, but
the definition from Blythe et al. (16, p. 63) is one of the
most commonly cited: “Performances of understanding
require students to show their understanding in an obsery-
able way. They make students’ thinking visible. It is not
enough for students to reshape, expand, extrapolate from,
and apply their knowledge in the privacy of their own
thoughts...Such an understanding would be untried, pos-
sibly fragile, and virtually impossible to assess”.

Assessment of knowledge should not simply be seen as
a ‘one way street;, however. Although assessment has long
been seen as a ‘normative’ process, many argue should
be ongoing or formative, providing students with feed-
back about their work and also allowing both teacher and
students to assess progress towards understanding [10].
Watling and Ginsburg [121] highlight how assessment
is a learning opportunity for those taking part, as well as
for instructors or teachers. It should allow for feedback
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and an understanding of how to improve learning in the
future.

While the broader knowledge assessment literature
sheds much needed light on the theoretical background
of learning outcome measurement, the literature is
largely based on research within academic settings, and
is aimed at improving assessment within schools. It is
also largely theoretical and does not highlight particular
approaches or scales that could be used to measure learn-
ing from participation in citizen science. For this reason,
a further search was conducted focusing on the measure-
ment of environmental knowledge.

The majority of the literature into environmental
knowledge has been written with the aim to assess the
influence of knowledge on environmental behaviours.
It is generally accepted that environmental knowledge
contributes to sustainable or environmentally conscious
behaviour [51, 96], but that knowledge alone does not
lead to this behaviour [38]. A portion of the literature
goes further than this debate, and investigates how envi-
ronmental knowledge itself can be measured, and how
environmental knowledge can change over time.

Traditionally, the educational and psychological fields
split knowledge into declarative knowledge (factual
knowledge) and procedural knowledge (skills that trans-
form declarative knowledge into action [76]. Frick et al.
[38] further developed these dimensions, and specified
them for environmental knowledge: system knowledge
(e.g. understand the basic structural and functional char-
acteristics of an ecosystem), action-related knowledge
(e.g. understand solutions for environmental issues); and
effectiveness knowledge (e.g. understand the benefit of
sustainable actions). This framework is now commonly
used, and lends itself to environmental studies, as it
allows the assessment of environmental core knowledge,
as well as knowledge relevant for achieving behavioural
goals related to sustainability (which is often the desired
outcome of a training or intervention).

Braun and Dierkes [18] used these measures to create
a framework with which to assess environmental knowl-
edge before and after an intervention. In the study, the
framework was used to measure various areas of envi-
ronmental knowledge (e.g. water, conservation, renewa-
bles, etc.) in a group of participants before and after an
intervention. This multi-dimensional framework and
approach to environmental knowledge measurement has
also been successfully implemented in a similar study by
Lieflinder et al. [77]. Both of these studies have devel-
oped similar scales with which to measure environmen-
tal knowledge, which can be used and adapted for future
studies of environmental knowledge, including in the
context of citizen science projects.
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A further challenge in (environmental) education is to
determine the best way in which knowledge can be self-
reported. It is common in environmental research to use
confidence or agreement ratings that self-report one’s
own knowledge, i.e. “I can explain what the term ecol-
ogy means,” [31]. It is often suggested that these tests do
not measure actual knowledge, and are more just a rep-
resentation of subjective knowledge [82]. More direct
knowledge assessment approaches are now used more
frequently.

Knowledge, Attitude and Practice surveys

Knowledge, Attitude and Practice (KAP) surveys meas-
ure attitudes, behaviour and knowledge using a single
instrument. These surveys have been used across a range
of topics and sectors, primarily within health sciences
[75], but also in water and sanitation [101], building
design [1], and communication sciences [85]. The KAP
survey design is a broad conceptual framework, which
can be used to develop surveys to assess what is known
(knowledge), believed (attitude), and done (practiced)
by a target group. As outlined by Andrade et al. [8], the
KAP survey framework first requires the implementer to
determine what knowledge, attitudes and practices they
are expecting from their target group. Based on this, they
must then devise several questions (open and/or closed)
which they feel examine relevant knowledge, attitudes
and practices. For example, one could examine under-
standing of common misconceptions related to personal
hygiene to further understand the knowledge of a par-
ticipant. Following this, the scoring of the survey needs
to be determined according to the type of question, with
a separate overall score for each of the three constructs:
knowledge, attitude and practice. Implementers are also
advised to pilot the survey before widespread use. Using
this step-by-step framework, KAP surveys have become
widespread to provide a baseline measurement for
knowledge, attitudes and practice. They can also be used
to measure the impact of an intervention, including of
citizen science projects.

Best practice indicators and approaches for assessing

attitudes, knowledge and behaviour in citizen science

As highlighted in the previous section, there is a plethora
of information and research regarding the measurement
of environmental attitudes, behaviour and knowledge.
Yet this literature (and the approaches and scales devel-
oped within it) has not yet been fully incorporated into
the field of citizen science. Data have been collected from
individuals that have engaged in citizen science activities
in the past [70], and several past studies have even inves-
tigated the impact of engagement with citizen science on
attitude [17] behaviour and knowledge [113]. However,
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the scales used within these studies did not represent the
current state of the art of the literature (as identified by
this literature review).

Future impact evaluation frameworks should endeav-
our to integrate the findings of this (and similar) litera-
ture reviews, to ensure that accessible and high-quality
impact assessment approaches are easily available to
citizen science practitioners. The analysis within this
literature review has already led to the identification of
a number of indicators and approaches for measuring
environmental attitudes, behaviour and knowledge which
have been included in the MICS Conceptual Framework
for the evaluation of citizen science impacts on the envi-
ronment and society [122].

One of the central discussions identified from the lit-
erature (and relevant to citizen science) is whether envi-
ronmental attitudes, behaviour and knowledge should
(or even can) be measured with a single, unified scale or
approach. Several theories, such as the Theory of Planned
Behaviour [5], suggest that attitudes (which are made up
of beliefs) are closely related to behaviour, while evidence
has also suggested that knowledge and attitudes are
linked [125]. However, despite these relatively high-level
psychological theories linking attitudes, behaviour and
knowledge, the literature focusing on environmental psy-
chology generally separates the concepts. Therefore, the
scales and approaches identified in this literature review
are generally specific to measuring one of the three con-
cepts: environmental attitudes, environmental behaviour,
or environmental knowledge.

In the field of environmental attitude, there is (to a
large degree) currently a consensus on the most valid
methods to use when measuring attitude. As outlined
previously, there are a range of scales that have been
used to measure environmental attitudes. Over the his-
tory of the literature, the field has been relatively frag-
mented, with studies often creating new scales with
which to measure environmental attitudes. Despite this,
the three most commonly used (and adapted) scales are
the Ecology Scale from Maloney and Ward [80], Schultz’s
three-dimensional Scale (2001) and the New Ecological
Paradigm (NEP) scale [32, 33]. These scales (along with
other prominent scales in the field) and the attitudinal
dimensions that they identified, have been incorporated
into the most comprehensive method currently avail-
able in the field, the Environmental Attitudes Inventory
(EAI) [83]. The EAI offers a 12-dimensional approach to
measuring environmental attitudes, has been used across
a range of contexts and has been found to be highly con-
sistent and reliable.

Several other scales have been developed recently,
and show promise in the measurement of environmen-
tal attitudes. One of the most prominent of these is the
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Sustainability Attitudes Scale (SAS) [125]. This scale used
the three-domain definition of sustainability, looking
at attitudes to: Ecological Sustainability, Social Sustain-
ability Subscale; and Economic Sustainability. While test-
ing of this scale generally been found it to be valid, it is
still relatively new and has not been used as extensively
as other scales. While there is a large amount of overlap
between the two, this should be considered when select-
ing a scale. Despite these flaws, this scale could offer a
possible method for measuring environmental attitude
within citizen science in the future.

Considering the state of the literature, the current use
of attitude measurement scales, and the particular needs
for citizen science, the Environmental Attitudes Inven-
tory (EAI) [83] was identified as the most applicable for
measuring environmental attitudes within citizen sci-
ence, due to its comprehensive nature and application of
the 12 facets of environmental attitudes identified by the
authors. However, due to the length of this instrument,
citizen science practitioners should consider the added
value of such an in-depth scale alongside the additional
resources required to implement it. Alternatively, there
are several shortened versions of the inventory that can
also be utilised. Due to its prevalence across the litera-
ture, strong validity, and short, simple nature, Schultz’s
Three Dimensional Scale (2001) was identified as an
alternative methodology.

A variety of best practices and approaches are also
available in the field of measuring environmental behav-
iour. However, the comprehensive study by Kormos and
Gifford [69] listed three approaches that stand out above
others. The approaches utilised by Kaiser et al. [63],
Vadez et al. [116] and Corral-Verdugo and Figueredo
[27] each have benefits for measuring environmental
behaviour, and importantly appear to be highly valid
when doing so. However, the scales from both Vadez
et al. [116] and Corral-Verdugo and Figueredo [27] are
highly context specific (measuring behaviour relating
to deforestation and recycling, respectively). The scale
used by Kaiser et al. [63]—which was adapted from the
“General Measure of Ecological Behaviour” [61]—covers
a range of different behaviours, and achieved the highest
degree of validity in this large study. Variants of the Kai-
ser et al. [63] scale have been often adopted by following
researchers in the field. The most updated of these scales
is the ‘General Ecological Behavior Scale—50" [62]. This
scale is generally the most widely used when measuring
environmental behaviour, as well as being the most flex-
ible (in terms of the various behaviours and dimensions
assessed). For this reason, it provides the most promise to
those aiming to measure environmental behaviour within
citizen science.
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There is also little consensus regarding best practice
when measuring environmental knowledge. One of the
most commonly used frameworks is the three-dimen-
sional theory of environmental knowledge, separating
knowledge into system, action-related and effectiveness
dimensions. Assessment should therefore reflect these
dimensions. The assessment method used by Braun and
Dierkes [18] does this well, and can measure environ-
mental knowledge across a broad range of topics. This
scale therefore can be easily adapted to measure envi-
ronmental knowledge within citizen science. An alter-
native scale could be the Assessment of Sustainability
Knowledge (ASK) [125]. As this scale was developed
alongside the Sustainability Attitudes Scale (SAS), use
of both scales would allow for the measurement of envi-
ronmental knowledge and attitude using the same theo-
retical framework. However, neither have yet been widely
tested.

Discussion

This literature review outlined the current state of the art
in the measurement of environmental attitudes, behav-
iour and knowledge. Driven by the need to inform impact
evaluation of citizen science, this review built crucial
links with the field of environmental psychology, setting
up the basis for an improved understanding of the impact
of citizen science on environmental attitudes, behaviour
and knowledge.

Five scales emerged as relevant for citizen science pro-
jects to measure environmental attitudes, behaviour and
knowledge, namely: the Environmental Attitudes Inven-
tory (EAI) [83], the Three Dimensional Scale [98], the
General Ecological Behavior Scale—50 [62], the three-
dimensional theory of environmental knowledge, used by
Braun and Dierkes [18], and the Assessment of Sustaina-
bility Knowledge (ASK) [125]. These scales were selected
based on their positioning as state-of-the-art approaches,
as well as their applicability to citizen science projects.

While these selected approaches represent the state of
the art in their respective fields, due to the unique con-
text of citizen science projects a variety of factors can
influence the requirements of impact assessment tools.
For example, with a large number and (often) wide geo-
graphical spread of citizens engaging in citizen science
projects, face-to-face or workshop style evaluations are
often impractical, meaning that questionnaires and sur-
veys can provide an alternative. Additionally, the demo-
graphics and expertise of the participants should be
considered when selecting an approach. For example, a
survey that is appropriate for adult participants in citi-
zen science may not be practical for children. Finally,
the (often limited) resources of citizen science pro-
jects should also be considered. Assessment approaches
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should therefore not be resource intensive, usable by
non-experts and experts alike, and should be as simple as
possible to implement. Considering these various factors,
for the purposes of citizen science scales often provide
optimum utility when they are flexible—practitioners
should be able to adapt these scales, adding or removing
questions where required. For example, the environmen-
tal knowledge scale provided by Braun and Dierkes [18]
covers knowledge of a range of topics, however it does
not explicitly measure knowledge of pollution. Naturally
for a citizen science initiative with a focus on pollution
measurement, this is a key topic that should be meas-
ured. Using the theory provided by Braun and Dierkes
[18], practitioners can therefore insert questions covering
the knowledge of pollution across the three dimensions
(system knowledge, action-related knowledge and effec-
tiveness knowledge). In this way, practitioners can keep
the generalizable nature of their results, while also gener-
ating results meaningful to their specific context.

Being widely used in other fields to assess attitude,
knowledge and behaviour, KAP surveys present a further
possible option for citizen science practitioners. How-
ever, for the purposes of citizen science practitioners,
KAP surveys pose several issues. Firstly, various meth-
odological concerns have been raised about KAP sur-
veys since their widespread use, particularly around
the relatively simplistic conceptualizations of attitudes,
behaviour and knowledge [2], especially when compared
with the highly valid models previously highlighted (e.g.
[18]). Furthermore, KAP surveys are generally designed
to be highly context specific (e.g. [79]). This means that
there are very few KAP instruments that practitioners
can adopt easily and comparison across survey results
is difficult, if not impossible. Additionally, KAP surveys
require resources to be designed and implemented [8].
For example, to design a KAP survey a practitioner must
have a deep understanding of the field in order to decide
what knowledge, attitudes and practices citizen scientists
might acquire during the project. However, if an initiative
has the resources to develop a KAP survey, this option
can provide a generally accepted step-by-step method
for developing high quality scales for environmental atti-
tudes, behaviour and knowledge. The exploration of KAP
survey approaches by citizen science initiatives, includ-
ing the construction of generic building blocks for citizen
science applications, may therefore offer a future avenue
for researchers and practitioners of citizen science.

The findings of this paper provide a clear advance-
ment in the evaluation and assessment of citizen sci-
ence impact. Due to the cross-disciplinary nature of
the topic, citizen science practitioners often need to
draw from different fields in order to add structure to
outcomes and findings. However, the integration of
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environmental psychology within citizen science still
requires significant work. This review begins this pro-
cess by highlighting approaches which can significantly
improve the impact assessment and understanding of
citizen science, and also brings the field of citizen sci-
ence in line with the state of the art in environmental
psychology. Further work is required to fully integrate
these approaches into practice in citizen science.

For this integration of new scales and methodologies
to properly take place, citizen science practitioners first
need to understand and familiarise themselves with
these approaches, in order to well implement them.
The few prior evaluations that did assess environ-
mental attitude, behaviour or knowledge, did not fully
assess the range of assessment approaches available,
or simply created a new scale not grounded in the cur-
rent literature (e.g. [24, 49, 110]). Practitioners should
also understand the resources required to implement
these assessment approaches, as well as the organiza-
tional efforts necessary. Although practitioners benefit
from increasingly profound data offered by the high-
lighted impact assessment methods, it should be noted
that the more complex the analysis, the greater the
resources and expertise required [65]. The utilization
of these methods can be a relatively complex process,
some scales may be more advantageous than others in
specific contexts (for example, depending on the demo-
graphics of the participants), and the analysis of the
results can require significant resources.

The findings of this review also emphasise the fact
that wider changes to the structure of the citizen sci-
ence design process (beyond mere resource allocation)
are required in order to fully assess the impact of these
initiatives. As already implemented by some initia-
tives (e.g. [90]) impact assessment should first be con-
sidered even before the beginning of citizen science
projects and from there embedded within the citizen
science project management. This is largely because
many impact measurement tools (particularly those
offering high-quality data) require baseline measure-
ments before participation. This is particularly the case
for tools measuring environmental attitudes, behav-
iour and knowledge, such as those highlighted by this
literature review. Therefore, these approaches should
not simply be added as an afterthought, but should
become a key part of the citizen science process. How-
ever, as previously mentioned, the additional resources
required by such approaches must also be considered
from the beginning of the process.

The integration of these assessment methods within
citizen science can be supported by their inclusion within
broader impact frameworks, providing a roadmap for the
impact assessment of future citizen science initiatives.
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This is already being done—these tools were highlighted
in the impact assessment framework outlined by Wehn
et al. [122], allowing for citizen science practitioners to
easily select specific approaches for measuring their
impact area of interest. Such integration efforts should be
continued in the future to further support citizen science
practitioners in their evaluation efforts.

By using these approaches to measure citizen sci-
ence impact, a range of benefits can be expected. With
improved approaches to project evaluation, a greater
understanding of citizen science could be obtained,
supporting relevant policy and research in the future.
Furthermore, these approaches can be useful for under-
standing design principles of citizen science projects,
for example the aspects of initiatives that foster environ-
mental attitude, knowledge or behaviour. In future, these
aspects could be tailored to ensure that the most benefit
is gained.

In the broader picture, citizen science is often high-
lighted as a route to achieving a range of environmen-
tal and social goals, including up to 76 of the 231 SDG
indicators [36]. However, to fully assess the influence of
citizen science in achieving these goals, the impacts need
to be fully understood and accurately measured [90]. By
using state-of-the-art evaluation tools of high scientific
quality, the real potential of citizen science can be real-
ised, and its contribution to solving societal and envi-
ronmental issues can be seen. While these measures
identified in this literature review provide an insight into
the attitudes, behaviour and knowledge of individuals,
they do little to offer understanding of wider, collective
social changes encapsulated within the SDGs. To realise
the full impact of citizen science on a broader scale, alter-
native methodologies should be examined and used in
conjunction with those identified in this review.

Conclusion

The findings from the literature review link the pre-
viously separate fields of environmental attitudes,
behaviour and knowledge, with citizen science impact
assessment. From the literature review, five approaches
which represent the state of the art in their respective
fields, were identified as suitable for measuring the
impact of participation in citizen science on environ-
mental attitudes, behaviour and knowledge. By bridging
the fields of citizen science with environmental psy-
chology and highlighting concrete methods for citizen
science projects, this paper provided concrete insights
for citizen science practitioners aiming to identify the
impact of their project on participants. It also high-
lights the various efforts, considerations and changes in
approach required to embed these impact assessment
approaches within citizen science.
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This literature review highlights the balance that needs
to be struck by citizen science initiatives in impact assess-
ment—namely that generalizable, state-of-the-art assess-
ments should take place, while at the same time providing
meaningful, context specific insight into the effects of the
initiative [122]. The challenge for citizen science practi-
tioners is to achieve both. Practitioners can accomplish
this by using the results from this literature review—as
well as the suggested methods of implementation.

The findings from this literature review can also feed
in to future frameworks of citizen science, in addition
to individual impact assessments. The principles of this
review have already been used to inform an updated
framework of citizen science impact assessment [122].
Where relevant, impact assessment, and specific tools
and scales for measuring impact, should be included in
all future citizen science frameworks, as well as an indica-
tion of the required resources for their implementation.

While this study outlines a comprehensive view of the
current state of the art concerning the measurement of
environmental attitudes, behaviour and knowledge, citi-
zen science projects should also be aware of the fast mov-
ing nature of the field. These approaches are regularly
updated (e.g. [62]), while new and innovative approaches
are also often published [125]. It should therefore be
ensured that the state of the art is represented when con-
ducting impact assessment.
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