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a b s t r a c t 

Research on pro-environmental behavior (PEB) informs social policies and interventions, so the quality of PEB 

measurement is critical. Self-reported PEB measures in surveys often contain non-negligible measurement error 

that can bias estimates and lead to incorrect findings. Given the potential presence of error, we hypothesize that 

changes to the way self-reported PEB is measured might lead to systematic measurement errors that affect the 

validity of results. Study 1 ( N = 951) showed that priming participants with related scales like environmen- 

talist identity did not substantively change reported behavior (all d s ≤ 0.12). To investigate the possibility of 

overreporting without priming, Study 2 ( N = 385) measured littering prevention behavior using the Unmatched 

Count Technique. A standard questionnaire format led to much higher reported behavior compared to the more 

anonymous covert condition, d = 0.53, and this effect appeared driven by participants who reported a stronger 

environmentalist identity. These results may help to explain some of the observed error in PEB measures. We 

suggest that researchers could reduce measurement bias with indirect questioning techniques. 
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. Introduction 

Research on pro-environmental behavior (PEB) has strong potential

o reduce environmental impacts by informing policy decisions and in-

erventions, which can in turn promote more sustainable lifestyles and

limate change mitigation ( Shove, 2010 ). The success of these poli-

ies and interventions depends on the rigor of the underlying research

nd in particular the validity of the behavioral measures. Most exist-

ng research relies on self-report measures of pro-environmental behav-

or. However, the validity of these instruments is questionable. One

ign of trouble is that self-reported behavior often shows weak rela-

ionships with objectively measured behavior, as investigated across

omains such as weight, social media, and mobile use ( Gorber et al.,

007 ; Kobayashi and Boase, 2012 ; Prince et al., 2008 ; Shields et al.,

008 ; Spielholz et al., 2001 ; Streff and Wagenaar, 1989 ; Verbeij et al.,

021 ). 

In environmental psychology, a meta-analysis found that self-

eported PEB only explained 21% of the variance in objective behav-

or ( Kormos and Gifford, 2014 ). In that study, self-reports of behav-

ors such as energy usage or recycling were compared with objective

easures (observations, peer ratings, or meter readings) of the same

ype of behavior in the same people. While the meta-analysis only in-

luded 15 studies, more recent experimental studies also found weak re-
☆ Authorship declaration: Please see the contributories roles below. All authors ap
☆ Note. See https://www.elsevier.com/authors/policies-and-guidelines/credit-autho
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ationships between self-reported and objective PEB ( Lange et al., 2018 ;

ange and Dewitte, 2021a , 2021b ). Moreover, self-report instruments

ften show little predictive value: although many people report pro-

nvironmental values, attitudes, and intentions in surveys, these beliefs

re not well-reflected in their recycling, travelling, or consumer behav-

or ( Chaplin and Wyton, 2014 ; Kroesen and Chorus, 2018 ; Redondo and

uelles, 2017 ; Sheeran and Webb, 2016 ). This suggests issues with the

alidity of self-reported measures and we evaluate them further in the

urrent studies. 

One of the key shortcomings of self-reported measures is their mea-

urement error, which is present in all survey data. This substantially

owers validity and is likely one of the reasons why self-reports fail to

ccurately reflect objective behavior ( Alwin, 2007 ; Pankowska et al.,

021 ). For continuous indicators, we use measurement error to indicate

he difference between the true score of the indicator (or scale) and its

bserved score ( Crocker and Algina, 1986 ). The presence of such error

n surveys is often a result of inadequate questionnaire design, incorrect

ata collection procedures, as well as interviewer and respondent effects

 Biemer, 2010 ; Pankowska et al., 2020 ; Saris and Gallhofer, 2007 ). The

rrors can be random, thus occurring by chance and without any spe-

ific patterns, or errors can be systematic and based on a specific pat-

ern, e.g., when errors depend on interviewee/interviewer characteris-

ics or variables are consistently under- or overestimated. Random errors
proved the final manuscript for submission. 
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ncrease variability and reduce measure reliability, but systematic errors

hift the central tendency measure, leading to bias and lower validity

 Bhattacherjee, 2012 ). 

Because the validity threat is critical, we test for systematic er-

or using different survey techniques measuring self-reported pro-

nvironmental behavior. Systematic errors in self-report are often a re-

ult of deliberate or non-deliberate misreporting. Common sources of

easurement error discussed in previous research are social desirabil-

ty, memory/recall bias, participants’ subjective interpretation of Likert

esponse categories, or inaccurate self-perceptions of respondents’ be-

avior and behavior frequency ( Eisenhower et al., 1991 ; Kormos and

ifford, 2014 ; Lange and Dewitte, 2019 ). In our studies, we propose

hat the characteristics or design of self-report surveys can influence

isreporting. 

.1. Order effects bias in PEB research 

Many PEB studies rely on survey research that includes measures

f environmental constructs. These constructs are often related to in-

entions, identity, or social norms and are used to predict self-reported

ehavior. When constructs are presented in a specific order, respond-

ng to the first construct might influence the responses to the next

ne. Such order effects can result in misreporting ( Dillman et al., 2014 ;

erreault, 1975 ). Order effects can be caused by fatigue, boredom, or the

ay that information is processed ( Egleston et al., 2011 ; Serenko and

ontis, 2013 ). Any sequence of measured constructs could result in or-

er effects. However, order effects can also occur due to different cog-

itive processes sparked by the specific constructs and lead to system-

tic misreporting. Next, we outline evidence for specific order effects on

elf-reported measures which are related to measuring or manipulating

ntentions, social identities, or social norms. We discuss how these order

ffects may result in overreporting pro-environmental behavior. 

.1.1. Bias through measuring intentions 

Reporting cognitions such as intentions that are related to a spe-

ific behavior increases later reports of having performed that behav-

or ( Morwitz and Fitzsimons, 2004 ). This question-behavior effect oc-

urs in health psychology as well as prosocial and consumer behavior

 Spangenberg et al., 2003 ; Wilding et al., 2016 ; Wood et al., 2016 ).

sually, self-reports of performed behaviors will change in a normative

irection, i.e., socially desirable behaviors will be overreported and so-

ially undesirable behaviors underreported. For instance, if overweight

dults responded to a questionnaire about intentions and attitudes re-

arding physical activity, the same adults reported more physical activ-

ty three months later than a control group who previously were asked

bout fruit and vegetable consumption ( Godin et al., 2011 ). Likewise,

oung adults who answered questions about their alcohol consumption

eported less problematic drinking behavior three months later com-

ared to a control group who did not previously answer questions about

lcohol consumption ( McCambridge and Day, 2008 ). 

.1.2. Social identity bias 

Responding to a social identity scale can increase social iden-

ity salience through priming, and increased identity salience can af-

ect the subsequently measured behaviors. In fact, research on prim-

ng has intentionally used identity questionnaires to increase iden-

ity salience, purposefully affecting constructs measured afterwards

 Diamond, 2020 ; Harrison et al., 2009 ; Howard and Borgella, 2018 ;

alonde and Silverman, 1994 ; McGlone and Aronson, 2006 ; Shih et al.,

999 ; Transue, 2007 ). Answering identity questionnaires can affect later

esponses by putting concerns and interests relevant to the identity in

he forefront ( Klar, 2013 ). For instance, Diamond (2020) primed polit-

cal identities by asking participants about their party affiliation and

pinions or values regarding the party’s policies. A priming effect can

nly occur if the identity being primed already “exists ” within the par-

icipant and is relevant to them. 
2 
On the other hand, the fact that a specific identity is measured in a

urvey provides the participants with some information regarding the

dentity that is expected of them and that is relevant to the research

 Brenner, 2014 , 2017 ; Brenner and DeLamater, 2016 ). If this identity is

lso endorsed by societal norms and thus associated with social desir-

bility, some participants might still want to express this identity even

f it is not accurate. This is particularly the case for surveys because they

re an easy and low-cost opportunity for expressing identities. As a re-

ult, surveys can easily lead to overreporting behaviors or attitudes con-

istent with a normative identity. This is consistent with identity playing

n important role in socially desirable responding ( Brenner, 2014 , 2017 ;

renner and DeLamater, 2016 ). 

.1.3. Social norms bias 

Order effects can also arise because of how instructions are phrased

nd which information they reveal. Instructing participants to re-

pond what they think other people would say, or phrasing a question

bout what behavior participants think they "should ” do (compared to

hat they “would ” do) can change reports of behaviors and attitudes

 Findor et al., 2020 ; Kotzur et al., 2020 ; Ployhart and Ehrhart, 2003 ).

his suggests that emphasizing other people’s opinions and values in the

nstruction changes later reports. In addition, participants form beliefs

bout the study’s purpose based on information presented in the survey,

 phenomenon called demand characteristics ( Corneille and Lush, 2022 ;

cCambridge et al., 2012 ). Based on what participants think the study

urpose is, they might change their later responses to try to please the

esearcher or conform with anticipated hypotheses (demand effects).

hus, even study’s instructions can result in misreporting of later be-

avior, because presenting an instruction can increase the salience of

ocial norms by emphasizing other people’s and the researcher’s opin-

on of the topic. 

.1.4. Evidence for order effects in self-reported PEB 

The above findings show that measuring or manipulating specific

onstructs (i.e., intentions, identities, or norms) in a survey may cause

rder effects that bias later measures in a socially desirable direction.

o study has systematically examined order effects in self-reported pro-

nvironmental behavior (PEB). Yet, misreporting is a potential explana-

ion for the gaps and inconsistencies between predictors of self-reported

nd objective PEB. There is further evidence suggesting that misreport-

ng in PEB might be specifically due to order effects. 

First, future intentions of performing pro-environmental behavior

re often included in PEB surveys and used to predict PEB. While future

ntentions are often strongly associated with self-reported PEB, the asso-

iations of intentions with objective PEB such as meter readings or ob-

ervations are weak or absent ( Bamberg and Möser, 2007 ; Chao, 2012 ;

hao and Lam, 2011 ; Gkargkavouzi et al., 2019 ; Morren and Grin-

tein, 2016 ; Stutzman and Green, 1982 ). These findings suggest that

elf-reported PEB is misreported in questionnaire studies that also mea-

ure intentions to perform PEB. 

Second, social identity is another common predictor of PEB that is

ften measured in survey studies. The dual conceptualizations of envi-

onmental ist identity and environmental self-identity positively predict

elf-reported PEB ( Brick et al., 2017 ; Brick and Lai, 2018 ; Dono et al.,

010 , p. 20; Lalot et al., 2019 ; Moser and Kleinhückelkotten, 2018 ;

chmitt et al., 2019 ; Van der Werff et al., 2013 ; Whitmarsh and

’Neill, 2010 ) but they do not always predict objective measures of PEB

 Brick and Sherman, 2021 ; Moser and Kleinhückelkotten, 2018 ; van der

erff and Steg, 2016 ). These mixed findings show that more work is

eeded to verify when identities predict PEB and under what conditions.

dentity is one of the most important and consistent predictors of self-

eported PEB and some research also suggests indirect effects of identity

n objective PEB ( Moser and Kleinhückelkotten, 2018 ; Nielsen et al.,

022 ). Given the relevance of identity in PEB research and responding,

e included how much someone sees themselves as an environmentalist

o predict PEB in both studies. 
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Finally, social norms interventions are considered a promising av-

nue for increasing pro-environmental behavior. Several studies exam-

ned norms in the lab and in the field but found mixed effects on self-

eported and objective PEB ( Cialdini et al., 1991 ; Farrow et al., 2017 ;

ifford, 2014 ). In field experiments, social norm interventions are often

isguised or embedded within the environment, for instance by using

osters and flyers (e.g., Schultz et al., 2008 ). We suggest that study in-

tructions may emphasize social norms similar to the interventions used

n field studies, and therefore lead to demand effects. If social norms in

he survey situation are salient due to the instructions, this could result

n misreporting of subsequently measured PEB. 

We hypothesize that measuring self-reported intentions to perform

ro-environmental behavior, measuring environmentalist identity, and

resenting survey instructions highlighting norms of other people or

he researcher before a PEB measure will cause overreporting of pro-

nvironmental behavior. 

H1–3. Relative to a control task, individuals will self-report more

ast PEB after completing a future behavioral intention measure ( H1 ),

n environmentalist identity measure ( H2 ), or receiving an instruction

mphasizing social norms ( H3 ). 

.2. Social desirability 

The above literature suggests a potential mechanism for overre-

orting could be social desirability. We hypothesized that presenting

ntentions, identity, or norms to participants reminds them that pro-

nvironmental behavior is valued and desired by society, and there-

ore participants may overreport PEB. However, we also assume that

he importance of acting pro-environmentally is already embedded in

ublic discourse ( European Parliament et al., 2021 ; Milfont et al., 2021 ;

yson et al., 2022 ). If that were true, the self-reported PEB measures

ight be subject to misreporting due to socially desirable responding

ven without order or priming effects (i.e., overreporting even in the

ontrol condition). 

Yet, previous research found that social desirability did not meaning-

ully affect self-reported PEB ( Kormos and Gifford, 2014 ; Milfont, 2009 ;

fattheicher et al., 2016 ; Vesely and Klöckner, 2020 ; Vilar et al., 2020 ).

revious studies mostly conceptualized social desirability as a person-

lity trait of conformity and seeking social approval and measured it

sing a questionnaire. However, standard social desirability question-

aires tend to show poor reliability and construct validity ( Barger, 2002 ;

eretvas et al., 2002 ). An alternative approach to reduce socially de-

irable responding would be indirect questioning techniques that al-

ow participants to mask their exact responses, such as Nominative

uestions, Randomized Response, and the Unmatched Count Technique

UCT). In nominative questions, participants are asked to report a peer’s

ehavior instead of their own. However, this technique often fails to

licit honest responses ( St. John et al., 2010 ). Randomized response

llows participants to only answer truthfully if a randomizer device

ields a specific number. However, this technique is considered unre-

iable as it often yields low validity, low compliance, and is considered

ifficult and/or untrustworthy ( Coutts and Jann, 2011 ; Holbrook and

rosnick, 2010 ; John et al., 2018 ; Lensvelt-Mulders et al., 2005 ). 

In the Unmatched Count Technique (UCT), participants are pre-

ented with several statements. To increase anonymity, participants only

ndicate how many total statements apply to them and do not respond

o the statements separately ( Dalton et al., 1994 ). Overall, participants

xperience the UCT as more trustworthy, easier to understand, and more

nonymous than randomized response ( Coutts and Jann, 2011 ). These

esults indicate that the UCT provides an overall valid estimate of so-

ially desirable behavior and that comparing UCT responses with those

btained using a standard PEB measure can help to identify social de-

irability effects. 

We used the UCT to investigate misreporting in self-reported litter-

ng prevention behavior. If participants reporting more anonymously

eport less PEB, this would be consistent with the possibility of social
3 
esirability in the standard questionnaire. We chose littering preven-

ion behavior as it is commonly seen as problematic, unacceptable, and

onsequential for the environment across different worldviews and ide-

logies ( Doherty et al., 2022 ; Freije et al., 2019 ; Ibrahim et al., 2021 ;

allgren et al., 2000 ). For Study 2, we formulated the following hypoth-

sis: 

H4. Individuals who respond to a standard PEB measure will re-

ort more littering prevention behavior than individuals who respond

overtly through the UCT. 

.3. Overview of studies 

The validity of self-report measures is surprisingly low (e.g.,

ormos and Gifford, 2014 ). These inconsistencies might be caused by

ystematic measurement error in the self-reported instruments. We re-

ort two studies testing for the effects of systematic error on PEB self-

eports. Study 1 investigated the effects of order bias on overreport-

ng PEB by experimentally manipulating the question-behavior effect,

ocial identity salience, and social norms and compared these condi-

ions with participants who only completed a control task. Because

ro-environmental behavior might already be embedded in social val-

es and does not need to be primed through order effects, Study 2

urther investigated misreporting by changing the questionnaire de-

ign. Using the Unmatched Count Technique (UCT), we obtained both

overt and standard measures of littering prevention behavior to re-

eal overreporting. In a pilot study before Study 2, we investigated

he psychometric properties of the Littering Prevention Behavior Scale

 Ojedokun, 2016 ), which we adapted for use with the UCT. All studies

ere pre-registered, approved by the university’s Ethics Review Board,

nd used informed consent. The pre-registrations for Study 1 and 2 are

t https://osf.io/z975b . All materials, analysis scripts, and anonymized

atasets are at https://osf.io/pfw4d . The Supplemental Material avail-

ble at https://osf.io/2fas3 provides the links to each of the materials. 

. Study 1 

Study 1 investigated whether changing questionnaire characteristics

f an online survey could change reports of pro-environmental behav-

or. We tested three potential sources of bias: the question-behavior ef-

ect from measuring behavioral intentions; social identity salience from

easuring identity; and normative influence from questionnaire instruc-

ions. The experimental manipulations could be described as order effect

onditions, since they were based on common features of PEB studies

hat were not intended as manipulations in previous work. Any change

n PEB compared to the control condition could help explain inconsis-

encies in previous research and might provide insights into the misre-

orting of PEB. 

.1. Study 1 Methods 

.1.1. Sample characteristics 

Sample size planning was based on a power analysis using G 

∗ Power

 Erdfelder et al., 2009 ; see Supplement B for details). We recruited

 sample based on a one-tailed t -test of manipulations leading to in-

reases in reported PEB and assumed similar group sizes with 𝛼 = 0.05,

ower = 0.80, and effect size d = 0.24. This effect size was based on a

eta-analytic estimate of the question-behavior effect, as reliable esti-

ates regarding the other manipulations were not available (see Sup-

lement B for further discussion of effect sizes). The decision was also

imited by available funds. We oversampled by 10% to account for at-

rition. Thus, Study 1 aimed for 946 online participants. 

979 participants were recruited on Prolific in April 2021 in exchange

or financial compensation. The only criterion was residency in the

nited States. Four participants responded to all items except for the

ociodemographic questions and were retained in the data set. 27 par-

icipants terminated the survey prematurely and were excluded. One

https://osf.io/z975b
https://osf.io/pfw4d
https://osf.io/2fas3
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Fig. 1. Study 1 Experimental design. 

Table 1 

Sample descriptive statistics for all studies. 

Study 1 Pilot Study Study 2 

N 951 91 385 

Male 49.5% 45% 50.1% 

Female 48.9% 54% 47.3% 

Non-binary/Third gender 1.2% 1% 1.3% 

Prefer not to say 0.4% 0 1.3% 

Age in years, M ( SD ) 35.6 (13.0) 34.63 (11.8) 38.3 (12.6) 

Age range 18 - 79 18 - 68 18 - 77 

Less than a high school 

degree 

1.1% 1.1% 0.5% 

High school degree 36.9% 39.6% 28.3% 

Bachelor’s degree 47.2% 44% 45.5% 

Master’s degree 13.3% 15.4% 23.6% 

Doctorate 2.6% 0 2.1% 

Employed full-time 51.4% 48.4% 59% 

Employed part-time 14.8% 24.2% 11.9% 

Unemployed 14.6% 13.2% 13% 

Student 12% 12.1% 6.2% 

Retired 4.9% 1.1% 6.2% 

Unable to work 2.3% 1.1% 3.6% 

Supports Democrats (1 – 3) 57.7% 50% 51.4% 

Politically Independent (4) 22.1% 30% 21.6% 

Supports Republicans (5 – 7) 20.2% 20% 27% 

Social status (1–10), M ( SD ) 5.26 (1.7) 5.12 (1.5) 5.48 (1.7) 
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articipant failed both attention check items and was excluded, as pre-

egistered. Thus, the final sample was N = 951 (see Table 1 ). Study

’s sample was fairly balanced with regards to gender and age, but

niversity-educated, full-time employed, and Democratic-leaning par-

icipants were overrepresented. 

.1.2. Procedure 

Participants in Study 1 were randomly assigned to one of three treat-

ents or the control condition (see Fig. 1 ). Participants in the Social
4 
dentity Condition completed an environmentalist identity measure to

ncrease their identity salience. Participants in the Intention Condition

ndicated their future intentions to perform pro-environmental behav-

or (PEB) to investigate the question-behavior effect. Participants in the

ocial Norm Condition read instructions that emphasized the injunctive

orms (what people should do) around PEB. Participants in the control

ondition responded to a filler questionnaire. Afterwards, all partici-

ants self-reported their PEB. Then, participants in the Norm, Intention,

nd Control condition responded to the environmentalist identity mea-

ure (which was also used in the Identity condition). Finally, all partic-

pants responded to sociodemographic items and were debriefed. 

.1.3. Randomization 

After random assignment, 239 participants were in the Identity con-

ition, 236 in the Intention condition, 234 in the Norm condition, and

42 in the Control condition. Exploratory chi-square tests showed no as-

ociation between condition and gender, 𝜒2 (9) = 6.95, p = .642, nor em-

loyment status, 𝜒2 (15) = 14.23, p = .508. Exploratory Kruskal-Wallis

ests showed no significant differences between condition and employ-

ent ( 𝜒2 = 0.597, p = .899, df = 3), condition and political identity

 𝜒2 = 2.61, p = .456, df = 3), nor condition and social status ( 𝜒2 = 0.78,

 = .855, df = 3). This suggests that the random assignment was suc-

essful. Descriptive statistics are in Supplement E. 

.1.4. Experimental manipulations 

The full text of the experimental manipulations and items is available

n OSF. 

Social identity condition . Participants first responded to four items

epresenting an established environmentalist identity scale ( Brick and

ai, 2018 e.g., “I see myself as an environmentalist. ”) and to three items

dapted from previous research on identity priming that used ques-

ionnaires to increase identity salience ( Brenner and DeLamater, 2016 ;

iamond, 2020 ; Transue, 2007 ). The additional three items were: “Dif-

erent decisions have different impacts on our environment. When you
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ake decisions, how important is it to you to protect the environment? ”,

How important is it to you, personally, to make the world a greener

orld? ”, both from 1 ( not at all important ) to 5 ( extremely important ),

nd: “How close do you feel to other people that want to protect the

nvironment? ”, from 1 ( not at all close ) to 5 ( extremely close ). 

Intention condition. These participants reported their future PEB

ntentions referring to the following six months. The 21 items were in-

roduced by a phrase commonly used to measure intentions in research

n the question-behavior effect: “Ask yourself: will you do … ? ” (see

odin et al., 2012 ; Spangenberg et al., 2003 ). Participants then rated

ach item on a 7-point Likert scale from “extremely unlikely ” to “extremely

ikely ”. The items used in the manipulation were rephrased from the Re-

urring pro-Environmental Behavior Scale (REBS; Brick et al., 2017 ).

or instance, the item “How often do you carry a reusable water bot-

le? ” was changed to “Now, ask yourself … Will I carry a reusable water

ottle? ”. This set-up was based on many previous studies on PEB, which

rst measured behavioral items phrased to capture future intentions,

nd then asked participants how often they had performed the same be-

aviors in the past ( Barr, 2007 , p. 200; Carfora et al., 2017 ; Chao, 2012 ;

arland et al., 1999 ; Howell et al., 2015 ; Niaura, 2013 ; Whitmarsh and

’Neill, 2010 ). 

Social norm condition. This condition aimed to manipulate bias

hrough a survey instruction stating the goal of the study. The phrasing

as based on previous manipulations or interventions of social norms

ighlighting injunctive norms of PEB ( Schultz et al., 2008 ). We used

njunctive norms because they allow for wording similar to how envi-

onmental groups or labs might present survey instructions. Participants

earned that a fictitious research institute investigated the popularity of

ifferent ecological behaviors, as many people are concerned about the

nvironment. This narrative was supported by a logo representing the

nstitute and a picture of a tree. 

Control condition. These participants responded to a filler mea-

ure without any connection to the environment or environmental social

dentity: the Short Test of Musical Preferences – Revised ( Rentfrow and

osling, 2003 ). Respondents rated 23 music genres on a scale from 1

 dislike strongly ) to 7 ( like strongly ). 

.1.5. Measures 

Pro-environmental behavior . The main outcome was the Recur-

ing Pro-environmental Behavior Scale (REBS; Brick et al., 2017 ), which

as 21 behaviors that are rated from 1 ( never ) to 5 ( always ). Scale anal-

sis indicated good model fit, but we excluded the item about air travel

ecause it was the only item with an unexpected negative factor loading

fter reversed items were recoded (see factor loadings in Supplement E).

n retrospect, frequency of air travel might not have been a good mea-

ure of environmentalism during the COVID-19 pandemic. The model

as estimated again without this item, and again indicated good fit and

igh reliability. A composite was created from the mean of the 20 items

fter reversals with Cronbach’s 𝛼 = 0.82. 

Manipulation reflections . Participants indicated their thoughts and

eliberations when answering the PEB measure in three ad-hoc manip-

lation reflections items (one for each experimental condition) on a 5-

oint Likert scale from 1 ( not at all ) to 5 ( a great deal ): When you were

hinking about your past behavior, to what extent did you feel like an

nvironmentalist?; When you were thinking about your past behavior,

o what extent were you thinking about what you would like it to be in

he future?; When you were thinking about your past behavior, to what

xtent were you thinking about what your family, friends, colleagues,

r other people important to you, think about these behaviors? All par-

icipants responded to these manipulation reflections directly after the

EB measure. 

Environmentalist identity. After responding to the PEB measure,

articipants in the Intention, Social Norm, and Control conditions re-

ponded to the four-item environmentalist identity scale by Brick and

ai (2018) . This scale measures how much a person sees themselves

nd wants to be seen as an environmentalist, with items rated from 1
5 
 strongly disagree ) to 5 ( strongly agree ). Participants in the Identity con-

ition already responded to this measure as part of their experimental

anipulation in the beginning of the survey. Because those authors re-

orted no indication of validity beyond Cronbach’s 𝛼, we investigated

he factorial validity of the original 2018 data before using the scale in

he present study (see Supplement C). CFA indicated moderate fit, and

his was considered acceptable. Item scores were averaged into a mean

omposite, Cronbach’s 𝛼 = 0.93. Additionally, we tested whether the

actorial structure of the environmentalist identity items was equivalent

cross conditions (Social identity condition vs. Social Norm and Inten-

ion condition) by comparing two CFA models in a Likelihood-ratio test.

he Likelihood-ratio test indicated no differences between the CFA mod-

ls. 

Sociodemographic variables. Study 1 also contained sociodemo-

raphic questions about age, gender, education, employment status, po-

itical party identification, and subjective social status (see Table 1 for

emographics). Higher values indicate more formal education. For

olitical party identification, lower values indicate a preference for

emocrats and high values indicate a preference for Republicans. Higher

alues for social status indicate higher self-assessment of one’s social sta-

us (being at the ’top’ of society). For the ANCOVA, nominal variables

ere dummy-coded. Specifically, gender was dummy coded using male

s a reference category with 0. Employment status was dummy coded

sing participants who are unemployed or unable to work as a reference

ategory (coded with 0). Please refer to Supplement A for the rationale

ehind dummy coding. 

.2. Analysis plan 

The main ANCOVA on pro-environmental behavior was preregis-

ered, which is available at the OSF repository. We first conducted con-

rmatory factor analysis and reliability analysis of the PEB measure (see

upplement E), and then analyzed the manipulation reflections. After

hecking the statistical assumptions, we fit an ANCOVA model compar-

ng the four conditions on pro-environmental behavior, with sociode-

ographic variables as covariates, followed by post hoc Tukey tests.

NCOVA was performed using the aov function in the R package stats

 R Core Team, 2021 ). ANCOVAs yield marginal means by averaging

ver the covariates, and we obtained these using the R package emmeans

 Lenth et al., 2021 ). Post hoc tests were performed with the glht function

n the R package multcomp ( Hothorn et al., 2021 ). Deviations from the

reregistration are reported in Supplement A, like removing two covari-

tes because they violated the statistical assumptions of ANCOVA (see

urther explanation below). 

.3. Study 1 Results 

.3.1. Manipulation reflections 

Participants in all conditions responded to all the ad-hoc manipula-

ion reflections. The purpose of these reflections was to measure the ex-

ent to which participants were aware of cognitive processes that might

rive the order effects on behavior we investigated. These items should

ot be considered typical manipulation checks, but rather awareness

f each manipulation factor. Differences between the conditions were

ested using Kruskal-Wallis and pairwise Wilcoxon tests (see Supplement

 for descriptive statistics and hypothesis tests). Participants in the iden-

ity condition scored the highest on the identity manipulation reflection,

s expected, M ( SD ) = 2.34 (1.04). However, participants in the identity

ondition also showed the highest score in the intention manipulation

eflection, M ( SD ) = 2.92 (1.21) and participants in the control condition

howed the highest scores in the social norm manipulation reflection,

 ( SD ) = 2.22 (1.11). These results suggest that participants were not

onsciously influenced by the social norm (i.e., what important people

round them think) and intentions (i.e., how they would like to act in

he future) manipulations when reporting their PEB. As biased respond-

ng is not necessarily conscious or intentional, we proceeded with our
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Table 2 

ANCOVA Predicting pro-environmental behavior. 

Variable Sum of Squares df Mean Square F p Partial 𝜂2 

Overall model 26.7 11 2.43 8.90 < .001 

Condition 3.77 3 1.26 4.56 0.004 .014 

Age .424 1 .424 1.54 0.215 .002 

Gender (female) .163 1 .163 .593 0.442 .001 

Education 4.47 1 4.47 16.2 < .001 .017 

Unable to work .12 1 .12 .434 0.510 .000 

Student 1.42 1 1.42 5.13 0.024 .005 

Part-time employment .893 1 .893 3.24 0.072 .003 

Full-time employment 2.23 1 2.23 8.09 0.005 .009 

Political identity 13.2 1 13.2 48.0 < .001 .049 

Residuals 258 935 .28 

Note. Predictors p ≤ 0.05 are in bold. Environmentalist identity and social status were excluded 

from the model because they violated assumptions of ANCOVA. Political identity was coded from 

1 ( strong Democrat ) to 7 ( strong Republican ). 

Table 3 

Estimated marginal means of PEB for each condition including standard er- 

rors and 95% CIs. 

Condition 95% Confidence Interval 

M SE Lower Upper N 

Control 2.92 0.08 2.75 3.08 242 

Identity 3.07 0.08 2.90 3.23 239 

Intention 2.92 0.08 2.76 3.09 236 

Norm 3.02 0.08 2.85 3.18 234 

Note. These marginal means resulted from the ANCOVA model. Raw means 

by condition are reported in Supplement E . 
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nalysis and discuss the manipulation reflection results in the Discussion

ection. 

.3.2. Experimental conditions and pro-environmental behavior 

The primary confirmatory analysis was preregistered as ANCOVA

esting differences in PEB between experimental conditions, with envi-

onmentalist identity and sociodemographic variables (age, gender, ed-

cation, employment, social status, and political identity) as covariates

redicting self-reported PEB. Sociodemographic variables were dummy-

oded if they were not ordinal. The statistical assumptions were met for

omogeneity of variances and normality. However, we then excluded

nvironmentalist identity and social status as predictors because envi-

onmentalist identity violated the assumption of independence of co-

ariates and experimental effect and social status violated the assump-

ion of homogeneity of regression slopes. Including the two variables

ould have induced spurious relationships ( Field et al., 2012 , pp. 464–

67). Further explanation is reported in Supplement E. 

The ANCOVA model revealed there were differences in pro-

nvironmental behavior between experimental conditions controlling

or sociodemographic variables with Type II sums of squares, as the

odel did not include an interaction effect, F (11) = 8.90, p < .001. The

xperimental conditions differed in self-reported behavior with a small

ffect, 𝜂2 p = .01. Additionally, higher formal education, being a student,

ull-time employment, and supporting the Democratic party predicted

ore behavior (see Table 2 ; see Table S5 in the Supplement for the co-

ariate means). 

One-tailed post-hoc Tukey tests revealed that participants in the

dentity condition reported more PEB than participants in the Con-

rol condition, t (935) = 3.09, p = .006, d = 0.12. There was no dif-

erence between participants in the Intention and Control conditions,

 (935) = 0.09, p = .94, nor between participants in the Norm and Con-

rol conditions, t (935) = 2.03, p = .10. The marginal means and 95% CIs

f PEB adjusted for the covariates in the final ANCOVA model in each

ondition are depicted in Table 3 (see Figure S6 in Supplement E for the

5% CI of the mean differences). 
6 
.4. Study 1 Discussion 

Study 1 investigated whether measuring environment-related con-

tructs results in misreporting of pro-environmental behavior (PEB) via

rder effects or priming. We hypothesized that the order effects could

ias self-reported PEB. We did not find substantial effects to support

his. Compared to a control condition, measuring intentions, or present-

ng norms did not result in overreporting of subsequently measured PEB,

hereas measuring environmentalist identity resulted in a small effect of

 = 0.12. One potential explanation for these findings is that the social

esirability and relevance of acting pro-environmentally was already

revalent in the public discourse and participants’ minds. Therefore, the

ontrol group would already be highly aware of the importance of PEB

nd be subject to social desirability bias and would not differ from the

xperimental groups. 

In Study 2, we used an experimental approach (Unmatched Count

echnique) to further investigate overreporting in pro-environmental

ehavior. We also account for the possible role of environmentalist

dentity, as previous studies have pointed towards the relevance of

dentity in social desirability ( Brenner, 2014 , 2017 ; Brenner and DeLa-

ater, 2016 ). Moreover, environmentalist identity emerged as a source

f bias in Study 1, albeit with a small effect. 

. Pilot study 

A preregistered pilot study ( https://osf.io/xnbq6 ; code, materials,

nd data available at the OSF repository) tested a revised measure of the

ittering Prevention Behavior Scale ( Ojedokun, 2016 ) used in Study 2.

n addition to reducing the number of items, it included a dichotomous

esponse format instead of a Likert scale. The original scale consisted of

1 items. Item selection for the shorter version was not based on sta-

istical criteria but qualitative interpretation, as the original data was

ot available (see Supplement E for the selection process). The analysis

onsisted of evaluating factorial validity and reliability of the new, short

cale. Sample size considerations for the pilot were not based on power

nalysis. 93 United States participants recruited from Prolific in March

021 responded to 10 items of the Littering Prevention Behavior Scale

see Table 1 for demographics). The only criterion for participants’ eli-

ibility was residency in the United States. The pilot study’s sample was

airly balanced with regards to gender and age, but university-educated,

ull-time employed, and Democratic-leaning participants were overrep-

esented. Two participants only completed the short scale, but not the

ociodemographic items. They were retained and used in the factor anal-

sis. 

We fit a model with 10 items loading on one factor using a Robust

iagonal Weighted Least Squares Estimator. This CFA model indicated

ood fit, but four items showed relatively low factor loadings and non-

ignificant p -values. We estimated a second model without the three

https://osf.io/xnbq6
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Table 4 

Study 2 Research design with the unmatched count technique (UCT). 

Standard 

Condition 

Covert 

Condition 

Random assignment X X 

Covert responding to decoy items X X 

Covert responding to littering 

prevention items 

X 

Direct responding to littering 

prevention items 

X 

Direct responding to 

environmentalist identity 

X X 

Direct responding to 

sociodemographic items 

X X 

Note. Direct responding is the normal questionnaire format. A com- 

parison between direct responding and covert responding is shown 

in Table 5 . 

Table 5 

Example unmatched count technique item set. 

Below you see [6/7] statements. Please indicate how many apply to you personally. 

Don’t tell me exactly which of those are true and which are not. Only indicate at the 

bottom how many of those are true for you. 

Standard Condition, Set 1 Covert Condition, Set 1 

I usually encourage friends and 

family to pick up their litter. 

My birthday is on an even day. My birthday is on an even day. 

My job allows me to work from home 

more than once per week. 

My job allows me to work from home 

more than once per week. 

I have attended a professional soccer 

match. 

I have attended a professional soccer 

match. 

I have played scrabble. I have played scrabble. 

I exercise regularly. I exercise regularly. 

I don’t smoke cigarettes. I don’t smoke cigarettes. 

Number of statements that apply to you: ___ 

Note. The condition names in italics were not shown to participants. The litter 

item (emphasized here in bold) is the covert measure in this set. All littering 

prevention items were completed in both conditions. Participants responded to 

five sets of items, only one of which is shown here. 
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tems with the lowest loadings. This second model also indicated good

t. Comparing the two models with the Likelihood-ratio test favored the

econd model. Therefore, those seven items were selected for Study 2. 

. Study 2 

Study 2 used the Unmatched Count Technique (UCT) to investi-

ate overreporting littering prevention behavior. Littering prevention

ehaviors are easy to do frequently and immediately reduce pollution

nd beautify the environment ( Freije et al., 2019 ; Ibrahim et al., 2021 ;

allgren et al., 2000 ). The UCT is an indirect questioning technique in

hich participants only reveal the number of statements that apply to

hem, but not which items ( Coutts and Jann, 2011 ). Through this tech-

ique, participants’ responses are more convincingly anonymized than

n typical (online) surveys, and therefore socially desirable responses

ay be reduced. The UCT provides an experimental test of response

ias and avoids the main pitfalls of using individual difference measures

f social desirability, such as confounding third variables or common

ethod bias ( Jakobsen and Jensen, 2015 ; Schwarz et al., 2008 ). 

.1. Study 2 Methods 

.1.1. Sample 

Sample size was based on a power analysis in G 

∗ Power

 Erdfelder et al., 2009 ; see Supplement B). We recruited for a one-tailed

 -test with power = 0.80, 𝛼 = 0.05, and d = 0.26. This effect size was

xtracted from a meta-analysis by Vesely and Klöckner (2020) . The sam-

le size was also determined by available funding. We oversampled by

0% to account for attrition. Thus, Study 2 aimed for 398 participants

esiding in the United States. 

419 respondents were recruited and paid on Prolific in April 2021.

he only criteria were adulthood and residency in the United States. 16

articipants failed the attention check and were excluded as preregis-

ered. 15 participants were excluded for exiting the survey before the

ritical UCT procedure. Three respondents answered all items except the

ociodemographic questions at the end of the survey and were retained.

he final sample was N = 388, with 190 randomly assigned to the stan-

ard condition and 198 to the covert condition (see Table 1 for demo-

raphics). Study 2’s sample was fairly balanced in gender and age, but

niversity-educated, employed, and Democrat participants were over-

epresented. 

.1.2. Unmatched count technique procedure 

Participants may feel more anonymous and be more willing to an-

wer honestly if their responses to each individual item cannot be traced.

nstead of indicating for each item whether it applies to them or not, in

he UCT, participants indicate only how many of all the presented items

pply. In this questioning setting, participants do not need to share that

hey read the newspaper, play football, watch soap operas , but never recycle ;

nstead, they only share that three of the behaviors are true for them.

ue to this design, the UCT does not allow conclusions about whether

ndividual participants perform the specific behavior of interest (in this

ase, recycling). The UCT technique only provides one estimate of be-

avior frequency for the entire sample. 

The UCT design typically consists of two randomly assigned exper-

mental groups: covert and standard (see Table 4 for the study design;

alton et al., 1994 ). The covert condition provides a list or set of items,

nd participants indicate how many items apply instead of answering

ach item individually. The item set is a combination of a) the item

ssumed to be sensitive and affected by social desirability, which in

his study is littering prevention behavior, and b) general decoy ” items

bout a range of different topics from daily life (e.g., I have a dog ; I have

 dishwasher in my kitchen ; see Table 5 ). The standard condition receives

 set of only the decoy items. Because the random assignment to con-

ition should result in similar answers to the decoy items, subtracting

hese decoy estimates between conditions yields the prevalence of the
7 
ensitive item in an analysis method called the difference-in-means ap-

roach ( Dalton et al., 1994 ). The UCT has been applied to obtain more

ccurate responses for voting, atheism, breastfeeding, sexual risk-taking,

nd alcohol consumption ( Com ş a and Postelnicu, 2013 ; Gervais and Na-

le, 2018 ; LaBrie and Earleywine, 2000 ; Lippitt et al., 2014 ). 

In this study, each participant received five item sets, all in the same

rder. For participants in the covert condition, each set consisted of six

ecoy items and one or two littering prevention items. Participants in

he standard condition received five sets with only the same six decoy

tems. Using several sets of items allows calculating a composite score

nstead of using the answers to a single item as outcome variable. Ev-

ry participant received a sequence of five item sets and indicated for

ach set how many items applied to them. When finished with their five

ets, participants in the standard condition also reported their littering

revention behaviors in the traditional way, by answering each item in-

ividually. This enabled us to compare covert and standard estimates

f the same behavior. Finally, all participants responded to comprehen-

ion checks and reported their environmentalist identity and sociode-

ographic information (see Table 1 ). 

.1.3. Randomization 

190 participants were randomly assigned to the standard condition

nd 198 to the covert condition. The success of random assignment was

ssessed by comparing descriptive statistics across conditions (see Sup-

lement E). Age, education, employment, and social status were compa-

able across conditions, but the descriptive statistics of gender and polit-

cal identity differed slightly across conditions. We tested whether these

ifferences were statistically significant with exploratory chi-square and
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ilcoxon’s rank sum tests, which showed no statistically significant as-

ociation between condition and gender, 𝜒2 (3) = 1.60, p = .659, nor

olitical identity, W = 19,638, p = .298. Thus, we concluded that the

xperimental groups were similar and random assignment was success-

ul. 

.1.4. Measures 

The complete questionnaire is uploaded on OSF. 

Littering prevention behavior. Study 2 included the 7-item Litter-

ng Prevention Behavior Scale short scale as the main outcome variable,

hich was developed and validated in the pilot study. The original 41-

tem scale was developed by Ojedokun (2016) . In the covert condition,

he 7 littering prevention items were spread evenly across the five item

ets (that also included 6 decoy items each) and participants only in-

icated how many items in each set applied to them. The score was

btained by summing the number of items that applied to each partic-

pant across sets. This score was used in the main analysis and could

ange between 0 and 37 (five sets consisting of decoy items and the lit-

ering prevention items). As the analysis also requires the score for the

tandard condition (that only includes the decoy items), we summed the

umber of items across sets per participant for this condition as well and

btained a score ranging from 0 to 30 (five sets consisting of decoy items

nly). In the standard condition, all the 7 littering prevention items were

sed for standard responding and answered with “yes ” (coded with 1)

r “no ” (coded with 0). Responses to each item were summed to obtain

 score for the standard estimate, with a possible range between 0 and

. 

Decoy items. We used 30 decoy items asking about hobbies, inter-

sts, pets, or habits, all taken from previous studies applying the UCT

 Gervais and Najle, 2018 ; Holbrook and Krosnick, 2010 ; Kalinin, 2016 ;

aBrie and Earleywine, 2000 ; Lippitt et al., 2014 ). Each of the five item

ets included six decoy items. 

Environmentalist identity. Environmentalist identity was mea-

ured with the same four-item scale by Brick and Lai (2018) used in

tudy 1, rated from 1 ( strongly disagree ) to 5 ( strongly agree ). 

Comprehension check. The interpretation depends on participants

ollowing the directions correctly and trusting that their UCT answers

ere anonymous. All participants reported the extent to which they

nderstood the instructions and to which they believed the technique

uaranteed the anonymity of their answers from 1 ( strongly disagree ) to

 ( strongly agree ). 

Sociodemographic variables. Study 2 measured the same sociode-

ographic variables as study 1: age, gender, education, employment

tatus, political party identification, and subjective social status (see

ection 2.1.5 Measures). For the regressions, nominal variables were

ummy-coded. Specifically, gender was dummy coded using male as

eference category with 0. Despite being preregistered, employment sta-

us was removed from the model because the dummy codes resulted in

rrors. Please refer to Supplement A for more information on dummy

oding. 

.2. Analysis plan 

The key test compares the covert and standard mean estimates of

ittering prevention behavior to identify any social desirability effect or

ias. The means were estimated based on two separate regression mod-

ls and adjusted for the influence of covariates. We used the R-package

ist to fit a regression for obtaining the covert estimate, which was specif-

cally developed for analyzing UCT designs ( Blair et al., 2020 ; Blair and

mai, 2012 ). This regression model uses the total number of behaviors

hat apply to each participant as outcome variable while controlling for

he number of decoy items and participants’ condition (only decoy items

s. decoy items and the littering prevention items). Using the regression

odel results, we can estimate the covert mean of littering prevention

or the covert condition as a whole, by considering the responses to de-

oy items in the standard condition and averaging over covariates (see
8 
lair and Imai, 2012 for details). To obtain the standard estimate, we fit

 linear model predicting the traditionally answered littering prevention

ehavior using the glm function. We obtained the estimated mean using

he emmeans package ( Lenth et al., 2021 ) by averaging over all the pre-

ictors. We then compared the estimated means in a two-sample t -test.

he analysis plan was preregistered, and minor deviations are reported

n Supplement A. 

.3. Study 2 Results 

Confirmatory factor analysis (CFA) of the Littering Prevention Be-

avior short scale again indicated good model fit. The reliability co-

fficients were also good (Cronbach’s 𝛼 = 0.82). The CFA details and

escriptive statistics across sociodemographic groups are shown in Sup-

lement E. 

.3.1. Comprehension checks 

Participants in both conditions thought to a great extent that they

nderstood the instructions: standard condition M ( SD ) = 4.86 (0.36),

overt condition M ( SD ) = 4.87 (0.50). Participants also thought the

nonymity of their answers was highly assured: standard condition M

 SD ) = 4.42 (0.83), covert condition M ( SD ) = 4.34 (0.94), out of 5. 

.3.2. Self-reported littering prevention by condition and drivers of 

esponding 

The main analysis consisted of four steps in an uncommon and rela-

ively novel procedure. We describe each step below and in the analysis

ode uploaded to OSF. 

First, we calculated the outcome for the covert regression model. The

nswers to each item set are saved as a separate variable, so there are ten

ehavior variables in total: one for each of the five covert item sets and

ve standard item sets. Each of the ten variables contained the num-

er of behaviors applying to each participant in this set. We summed

he five covert item sets to get a score of behaviors for the covert con-

ition. We also summed the five standard item sets. These sums were

ombined into one composite variable indicating the total number of

ehaviors that applied to each participant across all sets and conditions.

his variable was used as the outcome variable in the UCT regression

nalysis to estimate the covert mean. We also investigated the robust-

ess of this composite variable by repeating the main analysis for each

et separately, with consistent results (see Supplement E). The outcome

ariable in the regression analysis predicting the standard estimate was

he sum score of traditionally answered littering prevention behavior. 

In the second step, we tested for each item set whether respondents’

nswers to decoy items were affected by the inclusion of the socially

esirable items. For the UCT to work, it is critical that responses are in-

ependent of each other and of the treatment condition (the assumption

f no design effects; Blair and Imai, 2012 ). The assumption was satisfied

n all item sets except for Set 3, p -values above 0.05 (applying Bonfer-

oni correction as required by the R package list; Blair and Imai, 2012 ).

et 3 contained two littering prevention items instead of one, but the R

unction to test the UCT assumption was developed for only one socially

esirable item. Thus, the function appeared to consider the second so-

ially desirable item as a violation of the UCT assumption, even though

his is not the case. Therefore, we concluded that the assumption was

ot violated. 

In the third step, we fit two regression models to obtain two mean es-

imates: the covert model and the standard model. The regression model

redicting the covert estimate of littering prevention behavior is de-

icted in Table 6 . The covert mean estimate based on the regression

odel amounted to M = 1.34, SE = 0.38, 95% CI [0.597; 2.077]. Thus,

articipants in the covert condition reported 1.3 littering prevention be-

aviors on average. Littering prevention behavior was not significantly

redicted by any of the covariates. This suggests that none of the pre-

ictors drove anonymous responses of pro-environmental behavior. 
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Table 6 

Regression model of littering prevention behavior in the covert condition. 

b SE Lower 95% CI Upper 95% CI 

Intercept 0.29 2.32 

Environmentalist 

Identity 

0.30 0.37 − 0.43 1.03 

Age 0.01 0.03 − 0.05 0.07 

Gender − 0.33 0.77 − 1.84 1.19 

Education 0.17 0.54 − 0.90 1.24 

Political Identity 0.17 0.20 − 0.22 0.56 

Social Status − 0.21 0.25 − 0.70 0.28 

Note. None of the predictors were significant; all p values > 0.05 based 

on the 95% CI. CIs were calculated with an online tool ( Soper, 2021 ). 

Table 7 

Regression model of littering prevention behavior in the standard condition. 

b SE Lower 95% CI Upper 95% CI 

(Intercept) − 1.26 0.91 − 3.05 0.53 

Environmentalist 

Identity 

1.13 0.15 0.84 1.43 

Age − 0.01 0.01 − 0.04 0.01 

Gender − 0.14 0.29 − 0.70 0.43 

Education 0.20 0.21 − 0.22 0.62 

Political identity 0.06 0.08 − 0.10 0.22 

Social status 0.12 0.10 − 0.07 0.31 

Note. The one significant predictor is in bold. 
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The second regression model predicted the directly answered lit-

ering prevention behavior, resulting in a standard mean estimate of

 = 3.51, SE = 0.14, 95% CI [3.23; 3.79]. Thus, participants in the stan-

ard condition reported 3.5 littering prevention behaviors on average.

he model results are depicted in Table 7 and allow for the analysis of

he drivers of misreporting behavior. People who identified more as en-

ironmentalists reported more littering prevention behaviors ( b = 1.13,

= 0.51, p < .001, 95% CI [0.84; 1.43]) and all other predictors were

onsignificant. The interpretation of the models’ regression coefficients

as not part of the preregistered confirmatory analysis. 

The fourth and final step consisted of testing H4. A one-tailed t -test

stablished whether the conditions differed based on estimated means,

tandard deviations, and group sizes. We calculated the standard devi-

tion of the covert estimate with SE ∗ N = 5.30. We found a significant

nd large effect, indicating that participants reported much more litter-

ng prevention behavior in the standard condition than in the covert

ondition, t (394) = 5.29, p < .001, d = 0.53. 

These analysis steps offer several advantages over most UCT studies.

n the typical difference-in-means approach, the proportion of subjects

nvolved in a given socially desirable behavior is a function of subtract-

ng the mean of affirmative responses in one group from the mean of

ffirmative responses in the other group ( Dalton et al., 1994 ). How-

ver, this does not allow to control for potential confounders that might

nfluence socially desirable responding, analyze potential predictors of

ocially desirable responding, nor test the assumption of design effects,

ll of which were possible in the current analysis ( Blair and Imai, 2012 ).

oreover, the regression approach reduces the standard error of the ob-

ained mean estimate. This choice was pre-registered. To compare this

egression approach with the typical differences-in-means approach, we

lso obtained the covert and standard estimate using the difference-in-

eans approach (see Supplement E). The results were consistent with

he regression approach reported in the main analysis. 

.4. Study 2 Discussion 

Study 2 revealed substantial overreporting in the standard condi-

ion. This is potentially consistent with a social desirability bias on self-

eported pro-environmental behavior. Contrary to previous findings, ex-

loratory analyses revealed that the participants who considered them-
9 
elves environmentalists did not report more littering prevention behav-

ors in the covert condition than non-environmentalists. However, en-

ironmentalists did report more behaviors in the standard condition,

hich suggests that identity may drive socially desirable responding of

EB. This pattern is consistent with the interpretation of Study 1 that all

articipants were already aware of the importance of PEB, which could

xplain why priming did not change self-reports. 

. General discussion 

Self-reported scales of pro-environmental behavior (PEB) are prone

o misreporting, which might be due to systematic measurement error.

e tested whether responding to common predictor scales or an instruc-

ion (Study 1) and answering a standard questionnaire compared to pro-

iding more anonymous responses (Study 2) could cause overreporting

f PEB. 

Study 1 did not find substantial effects but filling out an identity

uestionnaire led to slightly overreporting PEB. This is also consistent

ith research outside of environmental psychology: several priming

tudies have used single identity questions or established identity ques-

ionnaires to increase identity salience ( Diamond, 2020 ; Howard and

orgella, 2018 ; Transue, 2007 ). Therefore, including an identity scale

n a survey may prime identity and affect self-reported behavior whether

r not that priming is intended. 

There are several potential explanations for the null effects found

or the intentions (H1) and social norms (H3) conditions. First, partic-

pants are likely to already be well-aware of the norms and values as-

ociated with PEB and therefore self-reported behavior measures may

lready contain social desirability bias (i.e., also in the control con-

ition). Furthermore, previous research has established the question-

ehavior effect resulting from measuring intentions as robust. However,

hese meta-analyses did not include PEB and considered both observa-

ions and self-reports ( Wilding et al., 2016 ; Wood et al., 2016 ). Thus,

he question-behavior effect might not generalize to self-reported PEB.

he effect of social norms on PEB is generally less robust, as evidence

or social norm effects has been generally mixed ( Farrow et al., 2017 ;

ifford, 2014 ). A potential explanation for the non-significant findings

n this research is that the instruction highlighting norms or the inten-

ion measure were too subtle to create an effect or were not properly

ead by participants. In line with that, the results of the manipulation

eflections do not support our assumptions of participants’ cognitive pro-

esses while answering the experimental manipulations, which suggests

hat the measures did not elicit the expected order effects. However,

he manipulation reflections were ad-hoc and not previously validated.

lso, Study 1’s research design might account for these non-significant

ffects. Future research with a within-subjects design might better detect

EB overreporting but might also result in bias if participants repeatedly

nswer the same behavior questions within a short period. 

Study 2 provided evidence for bias in self-reported PEB (H4)

nd showed an unusually large effect for experimental PEB research

 Bamberg and Möser, 2007 ; Klöckner, 2013 ). Participants who re-

ponded to a standard measure of littering prevention behavior reported

ore PEB than participants who responded to a covert measure based

n the Unmatched Count Technique. Moreover, if participants expressed

 stronger environmentalist identity, they also reported more PEB in the

tandard condition. If participants were able to report anonymously, en-

ironmentalist identity did not predict reported past behavior. This pro-

ides support for the idea that social desirability is a form of expressing

ocial identity, and that surveys are utilized as a low-cost and easy op-

ortunity for performing this identity ( Brenner and DeLamater, 2016 ). A

revious meta-analysis found evidence for social desirability bias in PEB

esearch but with a considerably smaller effect size ( Vesely and Klöck-

er, 2020 ). Because those studies used individual difference scales of so-

ial desirability, the different research designs might account for this dif-

erence in effect sizes. In sum, the observed bias in Study 2 is consistent

ith the claim that many of the surveys that measured behavior among
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 social group connected with this behavior (e.g., pro-environmental ac-

ivism among politically left-leaning university students) could be dis-

orted by measurement errors due to social desirability. 

The effect found in Study 2 is also larger than in many UCT studies,

hough social desirability UCT effects are heterogeneous across different

omains such as voting, support for authoritarian regimes, prejudice, or

ote buying ( G. Blair, Coppock, et al., 2020 ; Ehler et al., 2021 ). The

ariation in effect sizes can be partly explained with variations in sam-

le size and study design. The UCT has high variance, so it requires

arge samples to detect smaller social desirability effects. Thus, many

CT studies are underpowered to detect social desirability. In the cur-

ent study, we reduced variance by analyzing data with the regression

pproach and balancing control items ( Blair et al., 2020 ). Moreover,

onducting interviews face-to-face, adding sensitive control items, and

hether the over- or underreporting is measured also explains hetero-

eneity in effect sizes ( Ehler et al., 2021 ). However, this heterogeneity

lso indicates that a replication of this UCT study might find a different

ffect size. 

.1. Limitations 

We measured thoughts and deliberations during Study 1. However,

hese manipulation reflections were neither previously validated, nor

id they support our assumptions of the deliberate processes behind

EB responding. This suggests a potential disconnect that could be ex-

lained either by the manipulations or the manipulation reflections not

unctioning as expected. Notably, there is still no robust and consistent

mpirical evidence on the cognitive processes underlying the question-

ehavior effect or in which situations priming effects occur and why

 Caruso et al., 2017 ; Molden, 2014 ; Spangenberg et al., 2016 ). This

omplicates the creation of robust and valid manipulation reflections.

oth the experimental manipulations, the reflection items, and the un-

erlying mechanisms should thus be interpreted with caution, as they

an only offer face validity. Future research could test the experimental

alidations beforehand to establish construct validity and evaluate the

anipulation reflections to further understand the cognitive processes

ehind misreporting ( Chester and Lasko, 2021 ). 

Second, the validity of the UCT has also been criticized despite its

ncreasing popularity and its advantages compared to social desirabil-

ty questionnaires ( Gosen et al., 2019 ; Kramon and Weghorst, 2019 ).

ccording to criticism, the UCT may yield inconsistent results, its accu-

acy decreases in more complex designs, and participants respond more

ffirmatively to covert items, especially with many items. In this study,

everal points support the validity of the UCT. The manipulation re-

ections in Study 2 demonstrated that participants overwhelmingly un-

erstood the instructions and felt anonymous in the covert condition.

here was no evidence for design effects: participants’ responses were

ndependent of other items in the set and of their assigned condition (see

lair and Imai, 2012 ). Participants who reported PEB covertly did not

espond more affirmatively than participants in the standard condition,

ven though the covert condition included more items. Employing the

CT study design might reduce social desirability bias, but we did not

pecifically measure social desirability in these studies. Self-reports are

lso subject to other measurement biases. 

We assume that the generalization of the current findings is lim-

ted to the populations typically used in psychological research: well-

ducated, North American-based, or Western, politically left-leaning

amples mostly of people in early or middle adulthood. As this char-

cterization also applies to our samples, the effect sizes we found might

e smaller or non-significant in the general population or the popula-

ion of different countries and societies. The findings may well change

n different samples, for example because their responses are influenced

y different social identities and norms, e.g., some participants would

nd it socially desirable to report less PEB depending on their social

dentities ( Brick et al., 2017 ). As these assumptions regarding general-
10 
zability are speculative, we encourage future research to replicate the

esign with different populations. 

The Study 1 materials were designed to test for overreporting of be-

aviors that are typically seen as positive. As such, the materials are

ikely unsuitable to bias a population towards underreporting, or if the

opulations are characterized by strong aversions towards environmen-

alism. This is illustrated by the finding that none of the experimental

onditions reported less PEB than the control condition. The general-

zability of the behavioral measurement is also limited. The measures

n both studies capture behaviors that are recurring, daily, and do not

equire large investments of time and money. Hence, they cannot be

eneralized to high-impact, lower-frequency PEBs like the purchase of

n electric car or solar panels ( Nielsen et al., 2021 ). 

.2. Future directions 

Future research could directly measure the mechanisms of bias in

elf-reports and develop techniques to reduce the bias. We found that

elf-reported pro-environmental behavior (PEB) may have considerable

verreporting. Future work could measure social desirability directly as

 mechanism. Other studies could evaluate how different social identi-

ies affect PEB across different contexts and study designs such as objec-

ive vs. self-reported behavior. Furthermore, future research could focus

n other kinds of measurement error. Self-reports can also be influenced

y memory bias, inaccurate self-perception, subjective interpretations

f items and response categories, or mood ( Eisenhower et al., 1991 ;

ormos and Gifford, 2014 ; Lange and Dewitte, 2019 ; N. Schwarz and

lore, 1983 ). These sources of bias are treated as random error and sup-

osedly become irrelevant in typical research designs where multiple

tems and scores are used. As these biases particularly affect self-report

easures, they should be further investigated to explain the weak corre-

ations between self-reported and objectively measured PEBs. This study

as concerned with biases in self-report measures and did not address

he measurement biases affecting objective PEB measures such as me-

er readings or observations ( Kormos and Gifford, 2014 ). For instance,

eter readings capture the energy use of a household, whereas ques-

ionnaires typically measure behavior for a single person. Additionally,

eports on a person’s behavior by trained observers or peers are often

perationalized using questionnaires, making these measures also sus-

eptible to response biases. Similarly, pro-environmental behavior ob-

erved in the lab can be affected by social desirability due to the presence

f the researcher and other participants ( Brick and Sherman, 2021 ). In

um, objective measures also have measurement error. 

.3. Conclusion 

Overall, we showed that response patterns in pro-environmental be-

avior measures are partially explained by questionnaire design. In

any domains, self-report scales lack accuracy compared to objec-

ively measured data ( Gorber et al., 2007 ; Kobayashi and Boase, 2012 ;

rince et al., 2008 ; Shields et al., 2008 ; Spielholz et al., 2001 ; Streff and

agenaar, 1989 ). Therefore, further investigating sources of bias in

ther self-report instruments is worthwhile to increase the accuracy of

uch measures. Study 1 showed that measuring an identity led to slight

verreporting of self-reported behavior. Study 2 showed that standard

uestionnaires can lead to considerable misreporting of PEB, and this

nding suggests that personality-based social desirability scales may un-

erestimate this impact. Future research could also use indirect ques-

ioning techniques to estimate and prevent measurement bias. 

Techniques such as the UCT can potentially produce more accurate

stimates of self-reported PEB but it remains unclear to what extent dif-

erent sources of bias can be reduced with anonymizing techniques. We

uggest that standard environmental psychology questionnaires about

ocially desirable behaviors could lead to overestimation, and this bias

ay not affect each individual equally. 
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One potential solution is to better separate research that is focused on

ow people think about and reflect on their pro-environmental behav-

or from research about their actual environmental impact. For projects

epending on environmental impact, we recommend researchers con-

ider whether traditional self-report scales of repeated, conscious be-

aviors are appropriate ( Nielsen et al., 2021 , 2022 ). In sum, environ-

ental psychology should not solely rely on self-reported measures of

ehavior, consistent with recent calls for impact-focused measurement

 Nielsen et al., 2021 ). Rather, these self-reported measures should be

omplemented with objective measures of PEB which are becoming in-

reasingly available from digital trace data, such as energy consumption

rom meter readings. Combining survey PEB and independent measures

rom digital traces will allow environmental researchers to enhance the

uality of their estimates, for instance by modeling the various errors in

ll sources simultaneously (using latent variable modeling) and obtain-

ng error-corrected estimates. Overall, we encourage focusing on mea-

urement validation to build a stronger basis for testing theories and

eveloping interventions, innovations, and policies. 
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