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Accurate models of pro-environmental behaviour can support 
environmental sustainability. Previous studies identifying 
the psychological predictors of pro-environmental behav-
iour rarely accounted for environmental impact. We studied 
the greenhouse gas emissions of clothing purchasing across 
four countries. Clothing purchasing is responsible for 2–3% 
of global emissions and severe, local environmental degrada-
tion. We found, using multiple regression analyses, that psy-
chological factors like attitudes and personal norms strongly 
predicted a common self-reported behaviour scale of cloth-
ing purchasing but only weakly predicted clothing-related 
greenhouse gas emissions. This result challenges widespread 
inferences using pro-environmental behaviour scales and 
suggests that psychological factors may be a poor predictor of 
clothing-related environmental impact.

Far-reaching and rapid behavioural changes are required to meet 
global and national sustainability targets1,2. Understanding how to 
motivate and achieve such far-reaching behavioural changes is thus 
of profound scientific and practical importance. Here, we investi-
gate the cognitive, affective and social (henceforth, psychological) 
predictors of pro-environmental behaviours (PEB) by consum-
ers. The psychological factors were selected from models that are 
influential and widely studied in PEB research such as the Theory 
of Planned Behavior3 and the Value–Belief–Norm theory4. Studies 
drawing upon such models commonly report that psychological 
factors strongly predict both general and domain-specific PEBs5,6.

For several methodological reasons, those findings may be of lit-
tle relevance for understanding the predictors of individuals’ actual 
environmental impact. First, many PEB scales exclusively ask for 
frequency reports of repeated behaviours, which excludes rare but 
high-impact behaviours such as air travel, vehicle purchase or home 
weatherization7 (but see ref. 8). Second, PEB items often only ask 
about the rough frequency of behaviours such as reducing shower 
time (“never, rarely, sometimes, often, always”9) at the expense of 
accuracy and more objective assessment. This measurement impre-
cision invites subjective interpretations, precludes estimating or 
inferring the associated environmental impact and consequently 
undermines accurately predicting between-person variability in 
environmental impact. Third, frequency reports are typically given 
equal weight in scale scoring, although behaviours have environ-
mental impacts that vary by orders of magnitude10,11. Fourth, com-
mon self-report PEB measures implicitly or explicitly tie behaviour 
to psychological motivations (for example, “I avoid clothes prod-
ucts because of environmental concerns”12), which may artificially 

inflate their relationships with motivational predictors (for exam-
ple, attitudes, intentions or personal norms). These four factors may 
produce strong correlations between psychological predictors and 
common PEB scales but weaken the link between these scales and 
environmental impact. This is also evidenced by studies finding that 
self-report scales of pro-environmental intentions are largely unre-
lated to the actual environmental impact of individuals13,14.

Critically, if PEB scales are weakly linked or even unrelated to 
impact, evidence regarding the psychological predictors of PEB 
scales cannot inform the understanding of what predicts individu-
als’ actual environmental impact. In addition, given that the typi-
cal way of measuring PEB probably inflates its relationship with 
psychological factors, the relationship between psychological fac-
tors and environmental impact might be weaker than commonly 
suggested by PEB research13–15. We tested this idea by combining a 
typical PEB scale with robust, self-report-based measures of envi-
ronmental impact to compare the psychological and demographic 
predictors of behaviours with moderate environmental impact16.

The current study focuses on clothing consumption, which is 
responsible for 2–3% of global greenhouse gas (GHG) emissions17 
and causes severe local environmental degradation (for example, 
pollution of ecosystems)18. We used data from a large survey con-
ducted in 2016–2017 across four countries (Germany, Poland, 
Sweden and the United States; total n = 4,591).

To examine the predictiveness of psychological factors for 
clothing-related environmental impact, we integrate several key 
concepts identified in the psychological literature. These include 
goals, self-efficacy, awareness of need to address the environmental 
consequences of clothing, ascription of responsibility to address the 
environmental consequences through one’s personal clothing con-
sumption, attitudes, intentions, personal norms, social norms and 
perceived behavioural constraints. All measures were tailored to the 
clothing context, except for one measure that assessed the life goal 
to live in an environmentally friendly way (Supplementary Table 1 
for measurement overview). All these measures were scored such 
that higher numbers were theoretically expected to be associated 
with lower clothing-related GHG emissions.

We analysed four outcome measures of the environmental 
impact of self-reported clothing consumption. The first was the 
Environmental Apparel Scale (EAC)12, which is a typical multi-item 
scale of clothing-related PEBs (for example, how often one “buys 
clothing made from organically grown natural fibres”). We added 
three more outcome measures that specifically assessed cloth-
ing purchasing quantity and associated GHG emissions: (1) the 
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self-reported number of clothing items purchased within the last 
3 months (clothing purchase; rated on a seven-point scale); (2) the 
GHG emissions from jeans and t-shirts purchased within the last 
3 months (jeans and t-shirt purchase); and (3) the annual GHG 
emissions from maintaining a stock of jeans and t-shirts account-
ing for purchase, use (washing and drying) and disposal (steady 
stock). These three are collectively referred to as the impact-focused 
outcome variables (see Methods and Supplementary Table 2 for 
descriptive statistics). These impact-focused outcome measures 
used self-report and contained measurement error; however, they 
were not subject to the two key limitations of PEB scales such as the 
EAC: vague frequency terms and confounding with psychological 
motivations.

Figure 1 shows the profound differences in the bivariate cor-
relations between the psychological factors and the four outcome 
variables. EAC was positively correlated with all psychological fac-
tors (R range from 0.14 to 0.70, P < 0.001) and most strongly cor-
related with predictors widely theorized as being most proximal to 
behaviour, including goal importance, goal efficacy, intention and 
personal norms (R > 0.54, P < 0.001). By contrast, the psychologi-
cal factors were unrelated or only weakly correlated with the num-
ber of clothing items purchased within the last 3 months, the GHG 
emissions from jeans and t-shirt purchases and the annual GHG 
emissions from maintaining a steady stock of jeans and t-shirts 
(R < 0.17). In addition to being weak correlations, the direction of 
the relationships was surprising, as most psychological variables 
were positively correlated with the impact-focused outcome vari-
ables. See Supplementary Fig. 1 for correlation matrix with all psy-
chological, demographic and outcome variables.

The EAC was weakly but positively correlated with the 
impact-focused outcome variables (R = 0.08–0.10, P < 0.001; 
Supplementary Fig. 1). These relationships were in the opposite 
direction than expected and suggest that people scoring high on the 
EAC purchased more clothing items within the last 3 months and 

had greater GHG emissions from jeans and t-shirts purchases and 
from maintaining a steady stock of this clothing. As shown in Fig. 
2, the positive correlations were predominantly driven by partici-
pants in the United States but the direction of the relationships was 
consistent across countries and outcome variables. The direction 
remained consistent when participants with disproportionately high 
GHG emissions were removed (≥3 s.d. above the mean), except for 
the correlation between EAC and steady stock where negative cor-
relations were then observed in Sweden and Poland (Supplementary 
Fig. 2).

To investigate the predictiveness of psychological (and demo-
graphic) factors, two regression models were created for each out-
come variable—one model with only sociodemographic factors 
and another with both sociodemographic and psychological factors 
(Supplementary Tables 3 and 4). The objective was to test the com-
bined predictiveness of psychological factors rather than the pre-
dictiveness of specific psychological factors. Interpreting individual 
coefficients is complicated by multicollinearity from the strong cor-
relations between the psychological factors19 but overall model fit 
is not, so we focused on differences in R2. Consistent with previous 
research, the regression model for EAC showed strong predictability 
when including the psychological factors with R2 = 0.62 (sociode-
mographics only, R2 = 0.03). The predictability of psychological 
factors for the three impact-focused outcome variables was consid-
erably more modest: number of clothing items purchased (R2 = 0.12; 
sociodemographics only, R2 = 0.10), GHG emissions from jeans and 
t-shirt purchases (R2 = 0.15; sociodemographics only, R2 = 0.11) 
and annual GHG emissions from maintaining a steady stock of 
jeans and t-shirts (R2 = 0.07; sociodemographics only, R2 = 0.04) 
(Supplementary Tables 5–8 give country-specific results).

Several sensitivity analyses examined whether specific analyti-
cal decisions affected the results. These include: regression mod-
els without outliers for the jeans and t-shirt purchase and steady 
stock outcome variables (≥3 s.d. above the mean, Supplementary 
Table 9); using log transformation due to positively skewed dis-
tributions (Supplementary Table 10); an ordinal regression model 
for the seven-point scaled clothing purchase outcome variable 
(Supplementary Table 11); regression models excluding par-
ticipants who indicated unrealistically high years of education 
(Supplementary Table 12); and regression models with the raw jeans 
and t-shirt purchase and steady stock variables (Supplementary 
Tables 13 and 14). All sensitivity analyses showed consistent main 
findings and therefore demonstrate the stability of the main find-
ings across analytical decisions.

Taken together, these findings indicate a strong motivation–
impact gap and expose the limitations of using PEB scales to infer 
environmental impact in the clothing domain. This has impor-
tant implications for intervention research. Perhaps relationships 
between psychological predictors and PEB scales should not be 
taken as a solid basis for selecting targets for invervention because 
these psychological factors may not be as important for the predic-
tion of actual impact as previously thought. This conclusion cannot 
be strongly generalized beyond the psychological factors studied 
here. While we included many popular factors from the psychologi-
cal literature, other predictors or alternative measures may yield dif-
ferent results.

Since the present study is specific to the clothing domain, future 
research could investigate whether similarly low predictiveness 
of psychological factors of environmental impact are observed in 
other domains. Future studies could also systematically manipulate 
the dimensions on which EAC and our impact-focused outcome 
measures differ (for example, generality, response scale, number of 
items and impact weighting) to unpack why such contrasting results 
are observed across outcome variables.

We caution that the psychological measures addressing environ-
mental impacts and the strict focus of the impact-focused outcome 
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Fig. 1 | Correlations between psychological factors and clothing 
behaviours. the boxplot shows the bivariate correlations between the 
psychological variables and the four outcome variables. All values are 
shown in Supplementary Fig. 1. the dots represent individual bivariate 
correlations, the bars indicate minimum to maximum values and the 
horizontal line indicates the median. Correlations >0.04 are P < 0.01 due to 
the large sample. the jeans and t-shirt purchase and steady stock variables 
indicate GHG emissions.
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variables on GHG emissions were not perfectly matched and so 
the different foci may have resulted in weaker or opposite correla-
tions. For example, participants could have shifted from purchas-
ing conventional clothing to acquiring clothing through alternative 
low-impact means (for example, secondhand or swapping markets), 
which were not measured here. However, as reported in ref. 20, only 
13% of all captured purchases in this same dataset were acquired 
secondhand and therefore this is unlikely to be a major confound. 
The three impact-focused outcome variables were also derived from 
self-reported behaviour, which comes with well-known limitations 
despite being common practice in life-cycle assessments and envi-
ronmental input–output modelling (see Methods and ref. 21 for 
additional limitations related to the life-cycle assessment). Future 
research could use other behaviour measures focused on impact, 
particularly objective observations.

Finally, we stress that the present study and much of the litera-
ture uses cross-sectional surveys and therefore offers poor causal 
evidence that psychological factors cause PEBs22. Complementary 
evidence from intervention-focused or longitudinal research is thus 
critically needed to inform public or private interventions to pro-
mote environmentally impactful PEBs and to determine when tar-
geting psychological factors is a promising strategy.

Methods
We assessed self-reported clothing purchasing and psychological factors using an 
online survey conducted in Germany, Poland, Sweden and the United States. The 

survey was administered by the marketing research company Qualtrics, which 
recruited adult participants (aged 18–65 yr) from each of the four countries on 
the basis of age, sex, education and region with the aim of achieving national 
representativeness. The survey consisted of two parts presented at 2 to 4-week 
intervals between October 2016 and January 2017 and participants received an 
incentive for participation (for example, gift cards). We only included participants 
taking both survey parts, resulting in a sample of n = 4,591. This sample was not 
fully representative due to a self-selection in the participants who completed both 
survey parts. For the present analysis, 186 participants were removed because they 
reported never purchasing clothing for themselves. The final sample thus consisted 
of 4,405 participants (mean age (Mage) = 42.23, s.d.age = 13.53; 56.7% female) with 
the following country breakdown: Germany (n = 1,140), Poland (n = 1,090), 
Sweden (n = 1,125) and the United States (n = 1,050).

The psychological factors were selected from the psychological literature on 
PEB and the measurement items and scales were either ad-hoc due to a scarcity of 
clothing-specific scales or inspired by existing scales but tailored to the clothing 
domain (see Supplementary Tables 1 and 2 for measurement overview and 
descriptive statistics). The ad-hoc items and scales were developed on the basis of 
focus group interviews and pretested.

To estimate the GHG emissions associated with jeans and t-shirt purchases, we 
relied on a recent life-cycle assessment21 based on the survey data to calculate the 
country-specific per-item GHG emissions (GWP-100 in CO2e) of conventionally 
produced jeans and t-shirts. The per-item GHG emissions were then multiplied 
by the self-reported purchase quantity to form the jeans and t-shirt purchase 
outcome variable (Supplementary Methods). We focused on jeans and t-shirts 
because they are widely purchased and worn within the four survey countries 
(for example, in Sweden t-shirts and jeans comprise 24% and 19% of clothing 
purchases, respectively23). Focusing on specific clothing types also enables more 
accurate participant recall and reporting, as well as facilitating more precise 
life-cycle assessments. We focused on purchase quantity rather than specific 
product characteristics (for example, t-shirts or jeans produced from organic 
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Fig. 2 | GHG emissions increase with higher self-reported pro-environmental clothing behaviour (eaC). a, Correlation between EAC and self-reported 
clothing items purchased within the last 3 months (seven-point scale with category midpoints reported). b, Correlation between EAC and GHG emissions 
associated with self-reported purchases of jeans and t-shirts within the last 3 months. c, Correlation between EAC and annual GHG emissions from 
maintaining a steady stock of jeans and t-shirts.
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cotton) because the impact of purchase quantity is much greater than substituting 
conventional t-shirts or jeans for eco-options18,24.

The steady stock outcome variable used a simple residence time calculation of 
dividing the number of jeans and t-shirt items possessed by the time these items 
was kept, thereby assuming a steady stock state in which each person maintains the 
self-reported number of jeans and t-shirts owned by purchasing and discarding, on 
average, an equal number of items. This calculation yielded an average restock rate 
of 1.6 jeans and 5.4 t-shirts per person per year across all countries. Participants’ 
annual GHG emissions were then calculated on the basis of their restock rate and 
self-reported washing and drying behaviour (see Supplementary Methods and ref. 
21 for additional calculation details and Supplementary Table 1 for item details).

The bivariate correlations shown in Fig. 1 and Supplementary Fig. 1 are 
Pearson’s correlation coefficients calculated using the R package stats25. To analyse 
the predictiveness of psychological factors, we ran linear regressions with country 
dummy variables as controls using the stats and lm.beta packages to calculate the 
standardized coefficients26.

This dataset has been published before. The current research questions, 
reported analyses and conclusions do not overlap with the other research, which 
instead focused on personal norms27, reducing clothing consumption28 and 
self-control29–31.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
The dataset analysed in the present study is not publically available due to data 
protection policies specified by the funding projects. The dataset is available from 
the corresponding author upon request.

Code availability
The analysis code and study materials are available via the Open Science 
Framework: https://osf.io/ucwjs/.
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in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection We subcontracted Qualtrics for data collection to obtain nationally representative samples for each of the four countries. Qualtrics' software 
was used for programming and execution of the survey.

Data analysis The data analysis was conducted using R (version 1.4.1103).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

The dataset analyzed in the present study is not publically available due to data protection policies specified by the funding projects. The dataset is available from 
the corresponding author upon request.
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Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description We assessed self-reported clothing purchasing and psychological factors using an online cross-sectional survey conducted in 
Germany, Poland, Sweden, and the United States. The survey was administered by the marketing research company Qualtrics. 
Qualtrics recruited adult participants (aged 18-65) from each of the four countries based on age, sex, education, and region with the 
aim of achieving representativeness, although full representativeness was not achieved. The survey consisted of two parts presented 
at two to four-week intervals between October 2016 and January 2017, and participants received an incentive for participation (e.g., 
gift cards). The questionnaire was first developed in English and then translated into German, Polish, and Swedish by ISO17100 
certified translators.

Research sample Recruitment for the two-part survey was quota-based, with the aim of obtaining a representative samples from Germany, Poland, 
Sweden, and the United States. We only included participants taking both survey parts, which meant that full representativeness was 
not achieved due a self-selection in who completed both survey parts. This resulted in N = 4,591 of which 186 participants were 
removed for the present study because they reported never purchasing clothing for themselves. The final sample consisted of 4,405 
participants (Mage = 42.23, SDage = 13.53; 56.7% female) with the following country breakdown: Germany (n = 1,140), Poland (n = 
1,090), Sweden (n = 1,125), and the United States (n = 1,050).   

Sampling strategy For the survey, sample sizes were determined based on a trade-off between the costs of obtaining responses and having sufficient 
observations in each of the quotation groups (e.g., in each age, sex, education, and region combination cell). 

Data collection We subcontracted Qualtrics for data collection. They administered the online survey via their software and recruited participants 
through their national panels. Qualtrics is well-known for ensuring high quality and ethical research practices in data collection. The 
survey was designed by researchers who at the time worked at Copenhagen Business School, which was conveyed to participants. 
The survey did not include any experimental conditions and the research questions were blind to participants.

Timing The survey consisted of two parts presented at two to four-week intervals between October 2016 and January 2017.

Data exclusions The survey employed numerous quality measures to maximize data quality and to screen out careless responses, including 
instruction-based attention filters (“Please select strongly agree”), bogus items (“I always sleep less than one hour per night”), 
response pattern indicators (e.g., straight-lining), time filters, and self-reported data quality checks (e.g., “I gave this study enough 
attention”). Participants failing the instruction-based attention filters were eliminated automatically while those failing multiple 
quality checks were replaced. For the present analysis, 186 participants were removed because they reported never purchasing 
clothing for themselves.

Non-participation There is no such information available for the survey.

Randomization The study did not include any experimental conditions.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging
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Human research participants
Policy information about studies involving human research participants

Population characteristics See above and Supplementary Table 1.

Recruitment Qualtrics contacted members of their online panel via e-mail wherein they were asked to participate in a two-part survey. 
The e-mail contained a link to the online survey. Qualtrics then monitored completed responses to ensure that the pre-
specified quotas were met in each the four countries. These quotas were met for the first survey part. But because survey 
participation was voluntary, participants were free not to complete the second part of the survey, resulting in a final sample 
that did not completely meet the pre-specified quotas. The data collection process may consequently have been subject to a 
self-selection bias in who completed both survey parts. However, in an effort to preemptively minimize selection effects, we 
offered participants financial incentives for completing both survey parts in line with best practice for survey-based research.

Ethics oversight No ethics approval was obtained for the present study as this was not common practice nor institutionally available at 
Copenhagen Business School at the time of data collection. The study did, however, not pose any risks to the participants or 
include any form of deceipt, and an informed consent was obtained from all participants.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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