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Abstract
In the last decade, social comparison feedback has been widely applied to encourage energy and water
conservation. Yet, the effectiveness of this intervention varies, which partly depends on contextual
factors such as the local environment and culturally-influenced personal traits. In this study, an online
laboratory experiment based on a modified dictator game was conducted. Two behavioural interventions
were examined, i.e. social comparison feedback, where individuals’ own conservation behaviour is
compared to the conservation behaviour of others, and tangible emissions feedback, which relates the
environmental impacts to daily activity and nature. Our findings show that individuals only respond to
social comparison feedback under certain circumstances. The effect of feedback is moderated by whether
their behaviour can generate high or low carbon emissions, as well as whether individuals are inclined
to conform to specific social norms and compete with others. Compared to standard social comparison
feedback, tangible emissions feedback is overall more effective. We highlight the importance of tailoring
interventions with social comparison feedback to local environmental and cultural contexts.
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Highlights
• Expressing carbon emissions in tangible forms increases the effect of social comparison feedback.
• Social comparison interventions are more effective in a low-externality context.
• Social comparison interventions are ineffective and even backfire in a high-externality context.
• Conformity and competitiveness moderate the effect of tangible social comparison intervention.
• Economic preferences affect environmental purchases and responses to social comparison.
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1.

Introduction

There is growing evidence that pro-social behaviours, e.g. energy and water conservation (Allcott, 2011;
Allcott and Rogers, 2014; Andor and Fels, 2018; Andor et al., 2020; Ferraro and Price, 2013; Tiefenbeck
et al., 2013), recycling (Schultz, 1999; Videras et al., 2012), reduced littering (Frey and Meier, 2004),
and charitable giving (Silva and John, 2017), can be amplified through social influence (Farrow et al.,
2017; Andor and Fels, 2018; Wolske et al., 2020). Social influence describes situations where the thoughts,
feelings or behaviours of an individual are impacted by the behaviour of others (Wolske et al., 2020). Social
comparison feedback, i.e. feedback on own behaviour in comparison to peer behaviour thus expressing social
norms, is one channel for social influence to manifest (Wolske et al., 2020; Andor and Fels, 2018).
Social comparison feedback has gained attention as a behavioural policy instrument in household energy
and water consumption for its power to address biased beliefs and to encourage conservation (Schultz
et al., 2007; Allcott, 2011; Dolan and Metcalfe, 2015; Andor and Fels, 2018). Although the effectiveness
of social comparison feedback on energy and water conservation has been established across many field
experiments, the magnitude of the treatment effects varies. This observation naturally raises the question
of whether social comparison feedback will be as effective when implemented across different societies
or involving dissimilar populations. From the policy-making perspective, understanding a heterogeneous
treatment effect is crucial for scaling interventions. However, what not yet understood are the underlying
mechanisms leading to the observed heterogeneity across sites and countries (Shen et al., 2015; Andor and
Fels, 2018; Wolske et al., 2020).
One contextual factor that has been investigated is the pre-intervention consumption level, reflecting current
individual and societal resource use habits. The large potential for improving behavioural and technical
efficiencies in communities and countries with higher baseline consumption levels contributes to realising
higher treatment effects (Andor et al., 2020). By analysing US Opower energy conservation program data,
Allcott (2015) found that lower baseline consumption as the program expands explains lower treatment
effects within utilities. Andor et al. (2020) implemented a similar social comparison intervention in Germany
and found a much smaller treatment effect of 0.7% in Germany than the reported effects of between 1.4%
and 3.7% in the US Opower program, which may due to the relatively low baseline consumption in Germany.
Environmental and cultural contexts can also affect the effectiveness of social comparison feedback on
resource use, while were rarely studied. According to the challenge-response model, people are more
likely to take pro-environmental actions and support environmental policies when sensing environmental
problems, particularly in countries with environmental degradation (Inglehart, 1995). In addition, Pfabigan
et al. (2018) found that social comparison feedback is more salient for Austrian participants compared to
Chinese participants, because the latter sample experience more extensive social comparison in daily life,
potentially lowering their sensitivity to social information. Moreover, social comparison feedback appeals
to multiple psychology-based mechanisms, including attracting attention (Zhou, 2020), addressing biased
belief (Bartke et al., 2017), reference-dependent preferences (Andor and Fels, 2018), normative conformity
(Cialdini and Goldstein, 2004; Farrow et al., 2017), competitiveness (Festinger, 1954; Farrow et al., 2017),
and pro-social and pro-environmental values (Fanghella et al., 2020; Bonan et al., 2021). Although the role
of normative conformity, competitiveness, and pro-environmental values has been identified theoretically, it
is still not known whether these mechanisms moderate the effect of social comparison feedback empirically.
Furthermore, these personal traits vary not only inter-personally but also across countries and cultures
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(Bond and Smith, 1996; Cox et al., 1991; Oreg and Katz-Gerro, 2006), thereby potentially leading to
heterogeneous treatment effects in sub-populations of a program and across interventions conducted in
different countries.
Studying context-effects and personal traits in a systematic manner requires a controlled setting, such
as that afforded by laboratory experiments with randomised control. Although field experiments provide
realistic estimations of the effects of policy interventions, they are more difficult to implement across
countries and to elicit personal traits due to organisational difficulties. Furthermore, observing individuals
in a natural setting may open the possibility of confounding factors that are usually not possible to control
for. Due to these confounding factors, the role of environmental context and psychological traits - the main
focus of this study - can be difficult to isolate in the field. (Online) laboratory experiments with economic
games are especially useful in revealing behavioural mechanisms and testing theories, and thus can help to
identify theoretically important factors for designing effective policies (Kreitmair and Bower-Bir, 2021). In
practice, (online) laboratory experiments have also demonstrated their success in replicating the findings
on social norms in the field and investigating underlying mechanisms (e.g. Raihani and McAuliffe, 2014;
Goeschl et al., 2018; Buckley and Llerena, 2018).
To address the knowledge gap on the cause of the heterogeneous treatment effects of social comparison
feedback in the field of resource use, we conducted an online laboratory experiment based on a modified
dictator game, with a specific focus on the context-dependency feature of social comparison feedback.
In particular, we are interested in the moderating effects of the environmental context, precisely different
externality levels associated with the behaviour, and culturally-influenced personal traits (i.e. normative
conformity, competitiveness, and environmental concerns) in resource consumption decisions involving social
comparison interventions.
Our findings, first, demonstrate that overall social comparison feedback combined with tangible emissions
information can more effectively encourage conservation. Second, both feedback interventions are more
effective in the low-externality context. Third, we show that both conformity and competitiveness moderate
the effect of tangible emissions feedback, whereas evidence on social comparison feedback is insufficient.
To the best of our knowledge, this study is the first to experimentally investigate the role of environmental
context in social comparison feedback and to formally test the moderating effects of conformity and
competitiveness.

In addition, this study contributes to the emerging body of literature that studies

energy-related behaviour (e.g.

Casal et al., 2017; Buckley and Llerena, 2018), and more generally,

pro-environmental behaviour (e.g. Blanco et al., 2018; Momsen and Ohndorf, 2020), with laboratory
experiments.
This paper is organised as follows. Section 2 describes the experimental design and implementation of our
study in detail. Hypotheses are summarised in Section 3. Section 4 presents and briefly discusses results
on hypotheses testing and exploratory analyses. Section 5 concludes.

2.

Experimental design and implementation

To investigate the effectiveness and mechanisms of social comparison feedback on purchasing decisions
with negative externalities on the environment, we conducted an online laboratory experiment based on a
modified dictator game (Eckel and Grossman, 1998, 2003; Lind et al., 2019). The two-party dictator game,
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initially introduced by Forsythe et al. (1994), is one of the most frequently used frameworks in laboratory
experiments. More recently, dictator games have been used to explore pro-environmental behaviours by
having real-world environmental products such as carbon offsets as the recipient (e.g., Momsen and Ohndorf,
2020; Shreedhar and Mourato, 2019). Standard dictator games do not involve strategic consideration,
i.e. any deviation from allocating nothing to the recipient suggests a violation of the individual utility
maximisation prediction and thus social preferences. Moreover, the dictator’s giving is sensitive to a
number of factors, ranging from demographics and social proximity of subjects to the framing of decision
situations and social cues manipulated by the experimenters (Engel, 2011; Nax et al., 2021). With these
features, dictator games allow for observing in a simple way how pro-environmental behaviours can be
affected by experimental designs featuring different "psychological and economic properties of people and
situations" (List, 2007, p.485).
Upon joining the experiment, participants were shown the welcome page, which introduced the purpose,
the procedure, and the expected duration of the experiment. On the next page, we collected participants’
informed consent. The main body of the experiment had three phases: Phase 1 included the incentivised
task eliciting individual norm-following tendency; Phase 2 conducted the modified dictator game, in which
participants made unilateral purchasing decisions where the consumption of the good is associated with
carbon emissions under six between-subjects treatments, varying in externality levels and types of feedback;
and Phase 3 implemented the survey questionnaire, eliciting individual tendency to compete, concerns for
climate change, other personal traits, and socio-demographics. In both Phase 1 and Phase 2, participants
were asked to read the experimental instructions carefully on their own and were asked to complete
comprehension questions to ensure that the instructions were fully understood. Instructions and screenshots
for the experiment are available in Section A of the Supplementary Information (SI).
Our experiment was pre-registered at AsPredicted (see https://aspredicted.org/ve2ia.pdf). The
experiment was implemented as an online browser-based experiment programmed with oTree (Chen et al.,
2016).1 The formal experiment was conducted between 21st and 23rd December, 2021. In the following,
we describe the experimental design and the sample in detail.

2.1 Modified dictator game and treatment variation
2.1.1

The purchasing task

The modified dictator game in our experiment was framed as multi-round purchasing decisions with
externalities on the real-world environment.2 Specifically, participants took the role of the dictator: they
were asked to allocate an endowment to purchase the virtual product. The recipient was the global
environment by means of carbon offsets. By purchasing every additional unit of the virtual product,
participants can increase individual payoff, while decreasing at a fixed rate the carbon offsets that can be
donated to the global environment. This purchase task mimics daily activities such as water and electricity
consumption, which entail a trade-off between individual comfort and impacts on the environment.
1

The program source code is available on request.
This game was inspired by Eckel and Grossman (1996) and Momsen and Ohndorf (2020). The former is one of the
first experiments using charity as the recipient, relating decisions in the laboratory with real-world consequences. Momsen
and Ohndorf (2020) implemented a modified dictator game in green market settings, where the purchasing decisions were
associated with externalities, while varying information provision. A similar market design with environmental externalities has
also been adopted by Pace and van der Weele (2020) in an online experiment.
2
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At the beginning of each round, participants were given an endowment of 100 experimental currency units
(ECU)3 , which could be spent on purchasing the virtual product. The product had a unit price of 1 ECU,
thus the possible amount of purchasing ranged from 0 to 100 units. Meanwhile, there was an amount of
100 kg carbon offsets available for donation in each round. Every unit of purchasing the virtual product
induced carbon emissions at a fixed rate, which correspondingly reduced the amount of carbon offsets that
could be donated.
For the first round, participants directly made the purchasing decision without any prior information,
except for the experimental instructions and comprehension questions. From round 2 to round 5, before
making the purchasing decision, all participants received feedback on their activities in the previous round,
summarising their own purchasing amount, individual payoff, carbon emissions caused by the purchase,
and the remaining carbon offsets to donate. Round 1 to 5 are referred to as baseline rounds. Before
making the decision in round 6 to 10, i.e. the treated rounds, participants received different feedback
information depending on the treatment group that they belonged to. To avoid the endgame effect (Selten
and Stoecker, 1986), i.e. attitudinal and behavioural changes towards the end of a game, participants were
not informed about the total number of rounds.
2.1.2

Treatments

In the modified dictator game, we implemented a 2×3 between-subjects design, varying in the externality
levels, i.e. the low-externality versus high-externality context, and the type of feedback information in
the treated rounds, i.e. self-feedback, social comparison feedback, and tangible emissions feedback.
Table 1 and 2 provide a summary of the treatment variations.
Table 1: Treatment: low- vs. high-externality context

Low-externality context
High-externality context

Carbon emissions per unit
of the virtual product
0.5 kg
1 kg

Possible range of . . .
carbon emissions carbon offsets donation
0 - 50 kg
50 - 100 kg
0 - 100 kg
0 - 100 kg

Table 2: Treatment: informational feedback

Self-feedback
Social comparison feedback
Tangible emissions feedback

Purchase amount, carbon emissions,
individual payoff, carbon offsets
X
X
X

Social comparison
X
X

Graphical presentation
of carbon emissions

X

As shown in Table 1, the carbon emissions for every unit of the virtual product were 0.5 kg in the lowexternality context and 1 kg in the high-externality context. For all participants, the initial amount of
carbon offsets in a round was 100 kg. Therefore, the possible range of additional carbon emissions caused
by the purchasing decision was 0-50 kg in the low-externality context, and 0-100 kg in the high-externality
context. As a result, the possible carbon offsets donation (i.e. avoided emissions) ranged between 50 kg
and 100 kg in the low-externality context, and between 0 kg and 100 kg in the high-externality context.
With this design, we expected participants to be able to perceive the associated carbon emissions of their
purchases of the virtual product differently, thereby creating two contexts with differing externality levels.
3

In the experimental instructions, we used the word "point(s)" for the ease of participants’ understanding.
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To understand the effectiveness of different types of feedback, we designed one control condition, i.e. selffeedback, and two treatment conditions, i.e. social comparison feedback and tangible emissions feedback
(see Table 2). First, in the self-feedback treatment, information related to the subject’s own decision
in the previous round was summarised, which is the same as feedback in baseline rounds, including the
purchase amount, carbon emissions due to the purchasing decision, and the resulting individual payoff
and carbon offsets donation. To ensure a similar visual style to the other two feedback treatments, own
purchase amount was illustrated on a bar chart. Second, in the social comparison feedback treatment,
information illustrating the descriptive norm and injunctive norms was further provided. Here, descriptive
norms indicate what most people do, while injunctive norms highlight whether the behaviour is socially
approved or not (Cialdini et al., 1991). In our experiment, the descriptive norms were indicated by a
bar chart comparing own purchase amount to the average of other participants’ decisions of the same
round. To induce an injunctive norm, we presented a smiley face if the purchase amount was less than
other participants, a sad face if it was more than others’, and an indifferent face if it equalled the average
of the other players’ purchase amounts. Third, in the tangible emissions feedback treatment, participants
further saw two graphics illustrating the carbon emissions in a tangible manner, i.e. how the created carbon
emissions translate into (car) driving distance and how long it takes for a tree to absorb the created carbon
emissions. See Figure 1 for an example of the tangible emissions feedback.

Figure 1: An example of the tangible emissions feedback.
To make sure that the information on other participants’ behaviour was exogenous, we based the feedback
5

on data from the pre-test session which was completed by 58 subjects, with 29 subjects both in the low- and
high-externality context. For feedback provided in each of the treated rounds, the experimental program
randomly selected five out of the 29 decisions from participants playing in the same round and under the
same externality level, and calculated the average to indicate it as other participants’ average purchase
amount. This random selection procedure allows for variation in other participants’ behaviour both across
rounds and between subjects. Figure 2 shows the distribution of feedback about others’ purchases in each
treatment. The means of other participants’ purchases in feedback of the four treatment groups do not
differ significantly (F(3,1196) = 0.46, p = 0.71).

Figure 2: Distribution of feedback on other participants’ average purchase per treatment.

2.2 Norm-following task
In addition, we used an incentivised task to measure participants’ norm-following propensity, reflecting
the extent to which an individual tends to conform or violate norms irrespective of the decision-making
context (Kimbrough and Vostroknutov, 2018). This task was the first phase of the experimental session to
avoid potential impacts of different treatments in the modified dictator game on the elicited norm-following
propensity, which should serve as an independent parameter.
In the norm-following task, participants were asked to allocate 50 balls to two buckets, i.e. a yellow bucket
and a blue bucket. To allocate, participants clicked one of the two buttons under the buckets. In the
instructions and the decision-making pages, we explicitly communicated that "the rule is to put the balls
in the blue bucket". Participants were aware that for each ball put in the yellow bucket, they could gain 4
ECU, while each ball in the blue bucket earned 2 ECU. The payoff was the sum of ECU from balls in the
two buckets. After putting all 50 balls in either one of the two buckets, a page summarising the payoff of
this task was shown to the participants.
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2.3 Survey Questionnaire
The last phase of the experiment was a survey questionnaire. First, as we are interested in how participants
make trade-offs between the individual payoff and carbon offsets, personal concerns for climate change
were measured and included in the analysis. The question was adjusted from Q19 of Reser et al. (2012,
p.184). Specifically, we showed participants a list of environmental threats related to climate change (see
Table 3), and asked them to evaluate how concerned they are that each of the threats might directly affect
them, their family, or their local environment in the foreseeable future. The Cronbach’s α of this scale is
0.89, and the average inter-item correlation is 0.63.
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Further, two dimensions of the Multidimensional Competitive Orientation Inventory (MCOI) were included
in the questionnaire to measure tendency to compete. The original 12-item MCOI measures four facets
of competitiveness, i.e. lack of interest toward competition, self-developmental competitive orientation,
hyper-competitive orientation, and anxiety-driven competition avoidance (Orosz et al., 2018). The first
two dimensions capture the general interest in competitive situations and self-achievement in the process
of competition, respectively, which are more relevant to the purchase task in our experiment. Also, limiting
the length of the survey questionnaire, we decided to include these two aspects with six items (see Table
3). The statements were randomised. The Cronbach’s α of this scale is 0.91, and the average inter-item
correlation is 0.61.
In addition, several individual preferences were measured. As our purchasing task entailed potential future
impacts on climate change, we considered participants’ risk and time preferences to be relevant for decisionmaking. As shown in Table 3, we measured these two aspects with two general questions. Moreover, since
the two externality levels associated with the purchase of the virtual product in the two contexts led to
different reductions of the donation to the carbon offset, we also controlled for loss aversion. To measure
loss aversion, we followed the 18-item scale of loss aversion developed by De Baets and Buelens (2012) and
removed the less relevant items for simplicity, including the statements related to the work environment and
extreme events.5 In the end, six items were used to measure loss aversion (see Table 3). The statements
were randomised and measured on a seven-point Likert scale. The Cronbach’s α of the loss aversion scale
is 0.61, and the average inter-item correlation is 0.21.6
The last section of the questionnaire elicited participants’ socio-demographic characteristics and their
experiences of social comparison nudges. We first asked participants’ gender, age, education level, and
career status. Next, household characteristics were recorded, including household size, type of residence,
and household income. Finally, we asked participants’ experience of dealing with utility fees and receiving
social comparison information. For the latter experience, we presented example graphs of an electricity bill
and a tax letter including social comparison elements, and let participants indicate whether they had seen
such information before. On the last page of the survey questionnaire, participants were asked to indicate
which type of the carbon-offset projects they would like to contribute to.
4

In addition to personal climate change concerns, we also asked participants’ belief in climate change and their concerns
for the effects of climate change on society in general. Since these three aspects of attitude towards climate change are
significantly correlated, we only include personal concerns for climate change in the econometric analyses, which is the most
comprehensive and concrete measurement.
5
Examples include "It’s horrible if your boss thinks less of you than you’re really worth." and "I think eventually I could
cope with losing the ability to walk."
6
While the commonly accepted cutoff of the Cronbach’s α is 0.7, it has been suggested that the indicator is sensitive to
the number of items in the scale. With short scales, the Cronbach’s α may be as small as 0.5. In this case, it can be accepted
if the inter-item correlation ranges between 0.2 to 0.4 (Pallant, 2011, p.97).
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Table 3: Measurement of personal traits.
Personal traits
Personal climate
change concerns

1

Competitiveness
tendency 1

Loss aversion

1

Risk preference 2
Time preference 2

Items
Floods (coastal and/or inland).
Heat waves.
Water scarcity.
Extreme storms.
Other problems related to climate change.
I rarely feel motivated to compete with somebody. [R] 3
There is always something I’d rather do than taking part in
a competitive situation. [R]
I don’t care about competitions. [R]
Competitive situations allow me to bring the best out of
myself.
I enjoy testing myself in competitive situations.
I enjoy competition as it allows me to discover my abilities.
I get easily attached to material things (my car, my furniture,
..).
I would have problems with having to move to a smaller
place.
I tend to keep old stuff around.
I go crazy if I lose something, even when it’s not that
important.
I don’t like throwing away stuff.
I would be okay with trading my current car (bike) for a
cheaper model. [R]
How willing are you to take risks in general?
How willing are you to give up money today in order to benefit
from it in the future?

Cronbach’s Inter-item
alpha
correlation
0.89
0.63

0.91

0.61

0.61

0.21

/
/

/
/

Note: (1) Personal climate change concerns, competitiveness tendency, and loss aversion were measured on a seven-point
Likert scale, from not at all concerned/strongly disagree to fully concerned/strongly agree. (2) Risk preference and time
preference were scored between 0 = "completely unwilling" and 10 = "completely unwilling". (3) [R] indicates reversed
items.

2.4 Payoff
Participants’ payoff was composed of two components: an individual payoff and the carbon offsets donation.
The individual payoff further included two parts, i.e. payoff from the modified dictator game and from the
norm-following task. In each round, the possible payoff of the modified dictator game in ECU ranged from
100, if participants decided to purchase 0 units, to 200, if they purchased 100 units. By the end of the
modified dictator game, one round was randomly drawn to determine the individual payoff in this game
and the carbon offsets donation. In addition, the individual payoff of the norm-following task ranged from
100 ECU, if respondents put all balls in the blue bucket, to 200 ECU, if put all balls were placed in the
yellow bucket. Taken together, the individual payoff was calculated as:
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πi = πi,dictator + πi,norm−f ollowing
πi,dictator = endowmentr + (benef it − cost) × purchasei,r

(1)
(2)

= 100 + (2 − 1) × purchasei,r
= 100 + purchasei,r
πi,norm−f ollowing = benef itblue × numberblue + benef ityellow × numberyellow

(3)

= 2 × numberblue + 4 × numberyellow
where i denotes the ith subject, and r indicates the randomly selected round of the modified dictator game.
The exchange rate was 50 ECU = 1 GBP (£). On average, participants gained 167 ECU (£3.35) in
the purchasing decision and 125 ECU (£2.50) in the norm-following task, respectively. The average total
individual payoff was 292 ECU (£5.85).
Participants were informed about their total individual payoff and carbon offsets donation by the end of the
experiment. The transactions of individual payoff were made within 10 working days after the experiment
through Prolific, an online subjects recruitment platform for social and economic experiments (Palan and
Schitter, 2018). Participants of the formal experiment and the pre-test jointly donated 20,271 kg carbon
offsets. Carbon offsets were purchased by the experimenter through Gold Standard, who provides highimpact and traceable carbon credits to offset carbon emissions. Preferences of the project type indicated
by participants were taken into account, and the certificate is available in Section E, SI.

2.5 The sample
Participants were recruited from the subject pool of Prolific (Palan and Schitter, 2018). A total of 388
participants were recruited for the formal experiment. Of those, 360 participants completed the experiment,
with 60 subjects for each treatment group. The number of subjects was determined by a power analysis
based on previous dictator games, aimed at detecting the between-subjects differences in the purchase
amount of the treated rounds. The median duration for completing the experiment was 19 minutes.
Participants were all UK residents at the time of the experiment. Of the 360 subjects, 53% were female;
46% were between 18 and 34 years old, 39% were 35 to 54 years old, and the remaining participants were
55 years old or above. In terms of education, 43% had a bachelor’s degree and 23% had a master’s degree
or above. Based on the national statistics of the UK, we approximated low, medium, and high income
categories with a household total net monthly income of below £1999, between £2000 and £3999, and
above £4000. 27%, 41%, and 26% of the participants belonged to the low, medium, and high income
classes, respectively, whereas the remaining 6% of the subjects did not indicate their income. Besides,
the descriptive statistics of the personal traits in the original scale are summarised in Table 4. Results of
Kruskal-Wallis rank sum test for the balance of socio-demographics and personal traits across treatment
groups are available in Section B, SI. All variables except gender are balanced across treatment groups.
For econometric analysis, all socio-demographic variables are coded as dummies. Personal traits are
standardised to have zero means and unit standard deviations, i.e. z-score normalisation. Standardisation
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enables a meaningful interpretation of the intercept and the moderating effects of personal traits in
regressions.
Table 4: Descriptive statistics of personal traits.
Norm-following tendency
Competitiveness tendency
Climate change concerns
Risk preference
Time preference
Loss aversion

3.

Min.
0
6
5
0
0
8

Max.
50
42
35
10
10
40

Mean
37.52
26.00
23.37
5.74
6.82
24.60

Std.Dev.
17.75
8.04
7.32
2.38
2.16
5.94

Hypotheses

We formulated four main hypotheses to test and a few exploratory analyses to conduct with the designed
experiment. The hypotheses were also pre-registered at AsPredicted.
First, the difference in abstract magnitude of the externality level may raise different levels of concern
about the environmental consequences due to their purchases. According to the challenge-response model
(Inglehart, 1995), participants in the high-externality context may act more pro-environmentally. Moreover,
previous dictator games suggest that increasing the efficiency of giving, by introducing a higher multiplier
on giving, leads to more generous behaviour of the dictator (Almås et al., 2010; Engel, 2011; Grech and
Nax, 2020; Nax et al., 2021). The different externality levels are analogous to the multiplier on giving
in standard dictator games. Therefore, we predict that, without further intervention, participants in the
high-externality context will be more generous to the environment as the recipient.
H1 (externality hypothesis): The average purchase of the virtual product will be lower when the
externality per unit of purchase is relatively high.
Next, we focus on social comparison feedback and tangible emissions feedback treatments. In light of the
theories concerning social norms7 , and aligning with findings of previous field experiments and laboratory
experiments (e.g. Allcott, 2015; Raihani and McAuliffe, 2014), we expect that the descriptive norm and
injunctive norms provided in the social comparison feedback can reduce purchase in the experiment. Further,
pro-environmental values can be an important lever when a social comparison intervention is less effective
(Ghesla et al., 2020). As suggested by Pace and van der Weele (2020), carbon emissions expressed in
abstract weight units can be ambiguous to many people. In their online experiment, by relating the carbon
emissions of a virtual product to using gasoline, participants’ purchase amounts significantly reduced (Pace
and van der Weele, 2020). Together, we summarise the hypotheses on social comparison feedback and
tangible emissions feedback as follows.
H2 (social norms hypothesis): The average purchase of the virtual product will be lower when social
norms regarding the amount of purchased units are established, compared to a scenario without such social
norms.
H3 (tangibility hypothesis): The average purchase of the virtual product will be lower when individuals
receive social comparison information regarding the externalities caused by the purchased units in a tangible
7

See Farrow et al. (2017) for a comprehensive review of theories on social norms and individual behaviour.
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way, compared to a scenario without tangible externality information.
Hence, in the analysis we are not only interested in whether the two treatment conditions lead to differential
purchase decisions in comparison to purchases in the control condition, but also whether the tangible
emissions feedback shows a stronger treatment effect than the social comparison feedback.
Additionally, we control for context by exploring whether the effectiveness of these two types of feedback
differs in low- and high-externality conditions. Given the predicted higher baseline purchase level in the
low-externality context, the purchase reduction space is larger, hence both feedback interventions can be
more effective in the low-externality subset. Especially, if individuals initially care little about the carbon
emissions in the low-externality context, we can expect the tangible emissions feedback to be more effective
than social comparison feedback. In the high externality context, the relatively low baseline purchase may
leave fewer opportunities for individuals to further reduce purchases, making the feedback interventions
less effective. Alternatively, it is also possible that in the high externality treatment, individuals are more
responsive to the feedback interventions since the environmental consequences are assigned a higher weight
in their decision making. Accounting for the contradicting predictions, we will conduct an exploratory
analysis on the effectiveness of feedback interventions under different externality levels.
Furthermore, we are interested in two potential psychological mechanisms for social comparison feedback,
i.e. conformity and competition. People can demonstrate "norm to conform" preferences, that following the
social norms increases individual utility (Schubert and Stadelmann, 2015; Kimbrough and Vostroknutov,
2018). The norm-following tendency measured by the context-free ball-allocating task can serve as a
parameter capturing the normative component of utility (Kimbrough and Vostroknutov, 2018). Therefore,
we expect that the higher the weight of the normative component, the more effective the social comparison
interventions will be.
H4a (conformity hypothesis): The purchase reduction effect of social norms is stronger for individuals
with a relatively high tendency to conform to rules.
Alternatively, social comparison feedback may affect behaviour through competitiveness. Social comparison
feedback appeals to feelings of competition, which can motivate people to save energy, especially for
those who already perform well (Abrahamse et al., 2005; Andor and Fels, 2018; Myers and Souza, 2020).
Empirically, studies have leveraged competitive framing to encourage energy conservation in situations
with no cost-saving incentives, while the evidence is inclusive (Fanghella et al., 2020; Alberts et al.,
2016). In psychology and economics, competitiveness can refer to either the tendency to self-select into
a competitive environment or individual behaviour within a competitive environment (Bönte et al., 2017;
Croson and Gneezy, 2009). By definition, social comparison feedback is relevant for the latter aspect, i.e.
how individuals respond to a competitive environment. Within a competitive environment, competitive
individuals are more likely to increase efforts to improve their performance to be considered "good". In the
purchasing task, as indicated by the injunctive norms, consuming less than other participants is "good"
behaviour. Similar to the norm-following tendency, the competitiveness tendency is measured independent
of the decision context to reflect a general psychological trait. Thus, in responding to social comparison
interventions, individuals with a relatively high competitiveness tendency may reduce more purchases due
to a stronger desire to "win".
H4b (competition hypothesis): The purchase reduction effect of social norms is stronger for individuals
with a relatively high tendency to compete.
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Moreover, we will explore whether the effect of tangible emissions feedback is conditional on climate
change concerns. On the one hand, a possible impact of tangible emissions feedback is that the graphical
presentation of carbon emissions draws attention and increases awareness of individuals who are less
concerned about climate change. Under this assumption, the treatment effect will decrease when climate
change concerns are stronger. On the other hand, individuals with relatively low climate change concerns
may be indifferent to the graphical presentation of carbon emissions. Hence, the treatment effect will be
positively associated with concerns. Again, due to the contradicting predictions, we consider this as an
additional exploratory analysis.
Lastly, we will investigate how participants change their behaviours, i.e. whether they increase or decrease
their purchase amount given the feedback they received in the previous round. This exploratory analysis
allows us to observe possible mechanisms underlying decision making, to add more detailed information
and to verify the robustness of the hypotheses testing.

4.

Results and discussion

4.1 Descriptive results
Figure 3 shows the distribution of purchasing decisions in the baseline rounds and treated rounds, separately.
Overall, the distribution is similar to previous dictator games with about 35% of the decisions maximising
individual payoff, around 20% following an equal split, and less than 10% maximising the other party’s
payoff (Engel, 2011). Besides, the results reveal fewer selfish decisions (i.e. those purchasing a maximum
of 100 units for own benefits) in the treated rounds than in the baseline rounds. The average purchase
amount accounting for all subjects is 69.02 units in the baseline rounds and 65.71 units in the treated
rounds (t(359) = 3.54, p < 0.01, one-tailed). In other words, participants on average used 69.02% and
65.71% of the endowment for individual benefits in the baseline rounds and the treated rounds, respectively.
In previous dictator games, the average share of the endowment being kept for oneself is 71.65% (Engel,
2011), which can be higher than this experiment, especially when comparing with behaviour in the treated
rounds.

Figure 3: Distribution of purchase in baseline rounds and treated rounds.
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Figure 4 and Table 5 provide an overview of the dynamics and descriptive statistics of purchase per
treatment. In the baseline rounds, purchase in the low-externality treatments is overall higher than in the
high-externality treatments. However, it is unclear whether the purchase amount differs between low- and
high-externality situations in the treated rounds. In the low-externality context, we observe a downward
trend of purchase in the treated rounds for both the social comparison treatment and the tangible emissions
treatment. Yet, no clear trend across rounds is shown in the high externality treatment groups. It is worth
noting that there may exist a decreasing trend of purchase even without further information. Therefore,
we conducted one-tailed paired t-tests to examine if purchases decrease in later rounds in self-feedback
treatments. In the self-feedback low externality treatment, the average purchase amount in rounds 1-5 and
rounds 6-10 is 71.18 and 68.87 units, respectively, although the difference is not statistically significant
(t(59) = 1.00, p = 0.16, one-tailed). In the self-feedback high externality treatment, the average purchase
in rounds 6-10 is significantly less than in rounds 1-5 (t(59) = 1.42, p = 0.08, one-tailed). Moreover, no
endgame effect is observed. This was expected, since participants were not informed of the number of
experimental rounds.

Figure 4: Purchase in different treatments across rounds (the labels indicate average purchases of each
treatment group in baseline rounds and treated rounds).
Table 5: Descriptive statistics of purchase in different treatments (units).
Treatments
Self-feedback, low externality
Self-feedback, high externality
Social comparison feedback, low externality
Social comparison feedback, high externality
Tangible emissions feedback, low externality
Tangible emissions feedback, high externality

Baseline rounds
Mean Std. Dev.
71.18
27.15
64.98
26.74
73.73
27.53
67.01
27.52
67.84
27.81
69.35
26.66

Treated rounds
Mean Std. Dev.
68.87
30.34
61.92
28.30
68.37
28.53
69.55
26.33
60.03
31.72
65.52
29.96

4.2 Baseline analysis
As shown in Figure 3, a large fraction of decisions maximises individual payoff, i.e. purchasing 100 units, in
both the baseline rounds and the treated rounds. One can consider the data as being right-censored since
subjects may purchase more than 100 units and leave less or even negative benefits to the recipient if the
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experimental design allows 8 . Meanwhile, by observing decision making at the subject level, 66 out of 360
subjects purchased the maximum amount of the virtual product in all rounds. This subset of participants
is often referred to as the "zero-type", or specifically in dictator games, the "selfish" type (Moffatt, 2015,
p.257). In sum, the experimental data demonstrates two features: first, 18.33% of the participants can be
seen as the "selfish" type; and second, after excluding observations of the "selfish" type, the data is still
right-censored with 21.89% of the remaining observations are at the upper limit.
To account for the features of the dataset, we choose to use the double hurdle model for panel data of
individual purchasing decisions in the modified dictator game(Moffatt, 2015, p.264). The double hurdle
model with panel data separately accounts for the decision of whether to purchase a maximum amount
all the time, and assuming this is not the case, the amount of units purchased. This two-step procedure
relaxes the assumption in traditional Tobit models that the explanatory variables have the same effects on
being a "selfish" type and the degree of selfishness, which is unlikely to hold for many real-world decisions
(Moffatt, 2015, p.260). Thus, we consider the random-effects double hurdle model for panel data to be
an appropriate option for our analysis, which allows the estimation of time-invariant personal traits and is
regarded as a reliable estimator (Engel and Moffatt, 2014).9
Specifically, the first hurdle estimates a Probit model, in which the dependent variable takes 1 when a
subject was the "selfish" type, i.e. purchasing 100 units to maximise own payoff in all rounds. Crossing
the first hurdle means that the subject purchased less than 100 units in at least one round; in other words,
the subject was willing to conserve the environment to some extent. The second hurdle estimates, for
subjects who were not the "selfish" type, how the purchase amount relates to the treatment variations and
personal traits with a random-effects Tobit model. The two functions are jointly estimated with maximum
likelihood methods, using the xtdb Stata command developed by Engel and Moffatt (2014).10
Results of the baseline regression are summarised in Table 6. Model (1) only includes three treatment
dummies in both hurdles. Model (2) controls for personal traits and Model (3) further accounts for sociodemographic factors. Since Model (3) controls for the theoretically most important variables, we focus on
interpreting the results of this model.
Results show that being in the high-externality context does not affect the probability of maximising own
payoff, i.e. purchasing the maximum amount in all rounds, compared to the low externality condition (b
= -0.067, p = 0.719, first hurdle). For participants who are not the "selfish" type, the high-externality
context leads to 7 units less purchase (b = -7.413, p = 0.051, second hurdle). Additionally, given the
insignificant coefficients of social comparison feedback and tangible emissions feedback in both hurdles, we
confirm that the baseline purchase is balanced across different feedback treatment groups.
In previous dictator games, dictators are found to be more generous when higher multipliers are applied to
their givings (Almås et al., 2010; Engel, 2011; Grech and Nax, 2020; Nax et al., 2021). In other words,
dictators give more when their givings have a higher marginal benefit for the recipient. In our modified
dictator game, the high and low externality levels are essentially different multipliers. In the high-externality
context, participants tend to purchase less, thus giving more to the environment. Our result is consistent
with standard dictator games, and confirms that the behavioural pattern in response to multipliers holds
also when the recipient is not a human subject, but real-world pro-environmental projects.
8

This assumption is plausible since in "take" dictator games, where participants are given an option to take benefits from
instead of giving benefits to the other party, they do take (Engel, 2011)
9
For comparison purposes, results of random-effects Tobit models are provided in Section D of SI.
10
The regression equations are available in Section C of SI.
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Table 6: Determinants of purchasing decisions in the baseline rounds.
Model (1)
Model (2)
Coef.
Std. err. p
Coef.
First hurdle (dependent variable: non-maximising own payoff)
Constant
0.757***
(0.158)
0.000
0.875***
High externality
0.045
(0.162)
0.784 -0.111
Social comparison feedback
0.038
(0.196)
0.846
0.150
Tangible emissions feedback 0.136
(0.198)
0.493
0.174
Norm-following tendency
0.324***
Competitiveness tendency
-0.033
Climate change concerns
0.391***
Risk preference
-0.028
Time preference
0.049
Loss aversion
-0.003
Demographics
No
No
Second hurdle (dependent variable: purchase amount)
Constant
57.185*** (5.183)
0.000
58.862***
High externality
-5.470
(4.018) 0.173 -7.501*
Social comparison feedback
4.558
(5.038)
0.366
3.689
Tangible emissions feedback 4.230
(5.030)
0.400
2.803
Norm-following tendency
-4.062*
Competitiveness tendency
3.518
Climate change concerns
1.298
Risk preference
3.896*
Time preference
-5.608**
Loss aversion
0.317
Round dummies
Yes
Yes
Demographics
No
No
σu
29.915*** (2.276)
0.000
29.106***
σe
28.547*** (0.720)
0.000
28.598***
ρ
0.483*
(0.250)
0.054
0.592***
χ2 overall
19.73**
0.032
77.05***
Log likelihood
-5844.067
-5812.2942
Observations
1800
1800

Std. err.

p

(0.176)
(0.188)
(0.224)
(0.207)
(0.084)
(0.099)
(0.089)
(0.097)
(0.091)
(0.090)

0.000
0.555
0.504
0.401
0.000
0.739
0.000
0.775
0.591
0.973

(4.664)
(4.112)
(5.147)
(4.760)
(2.379)
(2.236)
(2.498)
(2.268)
(2.197)
(1.986)

0.000
0.068
0.474
0.556
0.088
0.116
0.603
0.086
0.011
0.873

(2.054)
(0.721)
(0.168)

0.000
0.000
0.000
0.000

Model (3)
Coef.

Std. err.

p

0.719***
-0.067
0.022
0.156
0.304***
-0.020
0.374***
-0.005
0.033
-0.018
Yes

(0.275)
(0.187)
(0.223)
(0.217)
(0.085)
(0.100)
(0.095)
(0.100)
(0.098)
(0.091)

0.009
0.719
0.922
0.472
0.000
0.843
0.000
0.963
0.733
0.846

53.394***
-7.413*
0.263
-0.687
-4.542*
3.042
-1.840
4.651**
-6.243***
0.179
Yes
Yes
26.631***
28.615***
0.309
91.93***
-5802.222
1800

(7.676)
(3.792)
(4.747)
(4.748)
(2.342)
(2.055)
(2.931)
(2.204)
(2.138)
(1.846)

0.000
0.051
0.956
0.885
0.052
0.139
0.530
0.035
0.004
0.923

(1.873)
(0.723)
(0.379)

0.000
0.000
0.415
0.000

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% level, respectively.

4.3 Average treatment effects of feedback interventions
Before addressing the mechanisms of feedback, we first examine whether social comparison feedback and
tangible emissions feedback have an effect on purchase amount, as proposed in H2 and H3. To account for
the possible trend across rounds shown in 4), difference-in-differences (DID) estimators are used to estimate
the average treatment effects (ATE) of the feedback interventions. From the baseline analysis, we confirm
that the baseline purchase do not differ significantly across different feedback treatment groups. Thus, the
self-feedback group is considered a valid reference for the other treatment groups.11 In regression functions,
the DID estimators are specified as two interaction terms in the second hurdle, i.e. the interaction between
the social comparison feedback dummy and the treated rounds dummy, as well as the interaction between
tangible emissions feedback dummy and the treated rounds dummy.
As shown in Table 7, the social comparison feedback treatment in our experiment does not lead to a lower
purchase amount compared to the self-feedback treatment (b = 0.049, p = 0.984, second hurdle, Model
(6)). Instead, the tangible emissions feedback treatment is effective, i.e. it reduces purchase amounts on
11

A key identifying assumption of DID analysis for policy evaluation is the pre-intervention parallel trends between the
treatment group(s) and the control group, so that the control group can provide an appropriate counterfactual of the trend
for the treated group(s) (Ryan et al., 2018). In this study, the pre-intervention baseline rounds passed by in a few minutes in a
virtual laboratory setting rather than in a long time span with continuous impacts from external socio-economic environment,
as in (randomised) field experiments and natural field experiments. Therefore, we presume that the balanced level of baseline
purchases instead of the parallel trends assumption is a more reasonable premise for DID estimation.
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Table 7: Determinants of purchasing decisions of the full sample.
Model (4)
Model (5)
Coef.
Std. err. p
Coef.
First hurdle (dependent variable: non-maximising own payoff)
Constant
0.905***
(0.157)
0.000
1.087***
High externality
0.006
(0.161)
0.968 -0.088
Social comparison feedback
0.057
(0.197)
0.772
0.042
Tangible emissions feedback
0.014
(0.193)
0.942
0.010
Norm-following tendency
0.363***
Competitiveness tendency
0.009
Climate change concerns
0.402***
Risk preference
-0.013
Time preference
0.040
Loss aversion
-0.036
Demographics
No
No
Experience with
social comparison feedback
No
No
Second hurdle (dependent variable: purchase amount)
Constant
62.274*** (3.545)
0.000
68.917***
High externality
-3.999
(3.621)
0.269 -3.051
Social comparison feedback
6.524
(4.418)
0.140 -1.032
Tangible emissions feedback
2.319
(4.513)
0.607 -2.041
Treated rounds
-3.943**
(1.778)
0.027 -3.927**
Social comparison×treated
0.061
(2.508) 0.980 -0.011
Tangible emissions×treated -6.012**
(2.495) 0.016 -6.021**
Norm-following tendency
-4.937**
Competitiveness tendency
3.121
Climate change concerns
-4.284**
Risk preference
4.704**
Time preference
-3.943**
Loss aversion
-1.355
Demographics
No
No
Experience with
social comparison feedback
No
No
σu
30.210*** (1.439)
0.000
27.953***
σe
26.657*** (0.431)
0.000
26.688***
ρ
0.510***
(0.182)
0.005
0.393
χ2 overall
46.61***
0.000
109.06***
Log likelihood
-11916.979
-11880.401
Observations
3600
3600

Std. err.

p

(0.181)
(0.180)
(0.216)
(0.212)
(0.080)
(0.098)
(0.087)
(0.097)
(0.091)
(0.089)

0.000
0.625
0.846
0.962
0.000
0.927
0.000
0.891
0.662
0.684

Model (6)
Coef.
1.004***
-0.073
0.007
-0.040
0.357***
0.015
0.423***
-0.015
0.040
-0.051
Yes

Std. err.

p

(0.288)
(0.187)
(0.224)
(0.221)
(0.083)
(0.102)
(0.094)
(0.100)
(0.093)
(0.091)

0.000
0.698
0.974
0.857
0.000
0.881
0.000
0.882
0.667
0.579

(5.572)
(3.350)
(4.430)
(4.240)
(1.778)
(2.509)
(2.494)
(1.976)
(2.016)
(1.993)
(1.957)
(1.911)
(1.750)

0.000
0.105
0.810
0.580
0.027
0.984
0.016
0.027
0.096
0.058
0.037
0.040
0.297

(1.243)
(0.432)
(0.223)

0.000
0.000
0.114
0.000

Yes
(3.655)
(3.463)
(4.354)
(4.238)
(1.779)
(2.511)
(2.497)
(1.962)
(1.936)
(2.058)
(1.859)
(2.011)
(1.758)

0.000
0.378
0.813
0.630
0.027
0.996
0.016
0.012
0.107
0.037
0.011
0.050
0.441

(1.220)
(0.432)
(0.251)

0.000
0.000
0.227
0.000

62.390***
-5.436
-1.066
-2.349
-3.930**
0.049
-6.013**
-4.359**
3.360*
-3.772*
4.092**
-3.918**
-1.824
Yes
Yes
27.365***
26.654***
0.351
139.10***
-11867.416
3600

Note: *, **, and *** denote statistical significance at the 10%, 5%, and 1% level, respectively.

average by about 6 units compared to self feedback (b = -6.013, p = 0.016, second hurdle, Model (6)).
Similar to the baseline results, personal traits such as norm-following tendency, risk preference, and time
preference all show statistically significant relationships with the purchase amount, conditional on crossing
the first hurdle. Moreover, the positive relationship between the competitiveness tendency and purchase
amount becomes marginally significant (b = 3.360, p = 0.096, second hurdle, Model (6)). In addition,
climate concerns become a significant determinant of both non-maximising own payoff (b =0.423, p <
0.001, first hurdle, Model (6)) and the purchase amount (b = -3.772, p = 0.058, second hurdle, Model
(6)).
Next, we consider whether the feedback interventions are effective in the low- and high-externality contexts,
respectively. As shown in Table 8, in the low-externality context, compared to providing self-feedback solely,
giving feedback on social comparison and carbon emissions in tangible forms on average decreases purchase
by about 7 and 9 units, respectively (b = -7.015, p = 0.057; b = -9.083, p = 0.011). Yet, the coefficients
of these two interactions do not significantly differ according to the post estimation (chi2(1) = 0.34, p =
0.560). With the high-externality treatment, both of the interventions do not reduce purchase compared
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to the self-feedback treatment. The social comparison feedback even causes a marginally significant higher
purchase amount (b = 6.572, p = 0.052).
In Section 3, we postulate that the feedback interventions may be more effective either in the low-externality
context due to the high baseline purchase and a relatively low prior motivation to conserve, or in the highexternality context since the environmental impacts weigh more in decision making. The empirical evidence
seems to follow our former prediction that the feedback interventions demonstrate greater potential in the
low-externality context. The increase of purchases caused by social comparison feedback in the highexternality treatment will be discussed with further evidence in Subsection 4.5.
Table 8: Average treatment effects in the low- and high-externality contexts.
Model (7)
Low externality subset
Coef.
Std. err. p
Second hurdle (dependent variable: purchase amount)
Social comparison×treated -7.015*
(3.679)
0.057
Tangible emissions×treated -9.083**
(3.584)
0.011
χ2 overall
99.16***
0.000
Log likelihood
-5812.240
Observations
1800

Model (8)
High externality subset
Coef.
Std. err. p
6.572*
-2.747
79.82***
-6026.952
1800

(3.388)
(3.445)

0.052
0.425
0.000

Note: (1) *, **, and *** denote statistical significance at the 10%, 5%, and 1% level, respectively. (2) In both hurdles, the
main effects of treatments, personal traits, demographics, and experience with social comparison feedback are controlled.

4.4 Mechanisms of feedback interventions
In H4a and H4b, we anticipate that the treatment effects of feedback incorporating social norms will
be more prominent among individuals with relatively high norm-following tendency and competitiveness
tendency. For H4a, as shown in Table 9, Model (9), we do not find the treatment effect of social comparison
feedback to be conditional on norm-following tendency (b = -3.928, p = 0.193), while the treatment effect
of tangible emissions feedback is significantly moderated by norm-following tendency (b = -8.017, p =
0.009). Moreover, the magnitude of the coefficients of these two interactions differs notably. Assuming
that the moderating effect of norm-following tendency on social comparison feedback can be interpreted,
it is only half the magnitude of the moderating effect of norm-following tendency on tangible emissions
feedback. This difference implies that the tangible emissions information introduces an additional norm to
the social norms expressed by social comparison feedback. This additional pro-environmental norm appeals
to individual norm-following tendency and encourages conservation.
Results for H4b are shown in Table 9, Model (10). Similarly, we do not observe a significant conditional
treatment effect of social comparison feedback, although the coefficient is negative (b = -3.896, p
= 0.119). Besides, tangible emissions feedback leads to more than 6 units reduction in purchase at
mean competitiveness tendency (b = -6.368, p = 0.011), and a one standard deviation increase in the
competitiveness tendency enlarges the treatment effect by about 4 units (b = -4.089, p = 0.098).
Additionally, we explore whether the treatment effect of tangible emissions feedback is conditional on
personal concerns for climate change. As proposed in Section 3, the effectiveness of tangible emissions
feedback may stem from two contradicting mechanisms, i.e. increasing the attention and awareness of
individuals with relatively low climate change concerns or leveraging any already existing concerns. As
suggested by Model (11) in Table 9, the three-way interaction with climate change concerns is statistically
insignificant (b = -3.391, p = 0.177). We cannot conclude which of the two possible mechanisms of
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climate change concerns plays a dominant role.
Table 9: Conditional treatment effects.
Model (9)
Coef.
Second hurdle (dependent variable: purchase amount)
Social comparison×treated
0.752
Tangible emissions×treated
-4.669*
Social comparison×treated×norm-following
-3.928
Tangible emissions×treated×norm-following
-8.017***
Social comparison×treated×competitiveness
Tangible emissions×treated×competitiveness
Tangible emissions×treated×climate change concerns
χ2 overall
155.46***
Log likelihood
-11858.803
Observations
3600

Std. err.

p

(2.577)
(2.574)
(3.019)
(3.053)

0.771
0.070
0.193
0.009

0.000

Model (10)
Coef.

Std. err.

p

Model (11)
Coef.

Std. err.

p

0.127
-6.368**

(2.524)
(2.502)

0.960
0.011

-0.093
-5.454**

(2.506)
(2.523)

0.970
0.031

-3.896
-4.089*

(2.498)
(2.471)

0.119
0.098

-3.391
149.52***
-11862.322
3600

(2.512)

0.177
0.000

149.70***
-11865.047
3600

0.000

Note: (1) *, **, and *** denote statistical significance at the 10%, 5%, and 1% level, respectively. (2) In both hurdles, the
main effects of treatments, personal traits, demographics, and experience with social comparison feedback are controlled.
In the second hurdle, the two-way interactions of the interacted variables are also controlled. (3) Norm-following,
competitiveness, and climate change concerns variables are rescaled with zero mean and unit standard deviation.

4.5 Behavioural responses to the feedback interventions
In the above sections, we focus on participants’ purchase amount, emphasising the overall performance of
the feedback interventions and how psychological traits moderate the treatment effects. The empirical
results confirmed the externality hypothesis (H1 ) and the tangibility hypothesis (H3 ), while partially
supported the social norms hypothesis (H2 ), the conformity hypothesis (H4a), and the competition
hypothesis (H4b).
Nevertheless, the above analyses are result-oriented and intentionally ignore the decision making details.
For example, results from Model (6) do not suggest any purchase reduction effect of the social comparison
feedback. The failure in identifying an average treatment effect can be due to multiple reasons such as the
boomerang effects of good performers, i.e. purchase increase after learning the average level being higher
than one’s own behaviour (Schultz et al., 2007), and a lack of behavioural responses of bad performers. We
define the "good performers" and "bad performers" according to the social norms, which refer to individuals
who purchased less than or more than the average in the feedback, respectively. Also, we observe from
Model (9) and Model (10) that both norm-following tendency and competitiveness tendency reinforce the
purchase reduction effect of tangible emissions feedback. Yet, we cannot tell whether the moderating
effects are achieved through encouraging conservation of bad performers or discouraging purchase increase
of good performers.
To better understand the observed effects of the feedback interventions and check the robustness of the
hypotheses-testing results, we investigate the behavioural responses, i.e. whether one decides to increase,
decrease, or remain at the same purchase level, while accounting for different types of feedback, i.e. the
negative, positive, and neutral feedback. The negative, positive, and neutral feedback indicates a subject’s
purchase in the previous round being higher than, lower than, or equal to the average purchase in the
feedback, respectively. This sub-analysis is not pre-registered.

18

4.5.1

Do injunctive norms eliminate the boomerang effect?

Random-effects ordered probit models are estimated to analyse the behavioural responses to feedback, in
which the dependent variable has three levels, indicating purchase decreases (y = 1), remains the same (y
= 2), and increases (y = 3) compared to the previous round, respectively. The independent variables of
interest are six types of feedback, i.e. the social comparison feedback with negative, positive, and neutral
information, as well as the tangible emissions feedback with negative, positive, and neutral information.
These six types of feedback are compared to the self-feedback treatment. The random-effects ordered
probit models are estimated separately for all observations in the treated rounds (Model (12)), the lowexternality subset (Model (13)), and the high-externality subset (Model (14)). Table 10 summarises the
average partial effects of the feedback dummies on the probability of purchase decrease and purchase
increase.
Table 10: Average partial effects of positive, negative, and neutral feedback on purchase changes.

Purchase decrease ( y = 1)
Social comparison feedback
Negative (> average)
Positive (< average)
Neutral (= average)
Tangible emissions feedback
Negative (> average)
Positive (< average)
Neutral (= average)
Purchase increase (y = 3)
Social comparison feedback
Negative (> average)
Positive (< average)
Neutral (= average)
Tangible emissions feedback
Negative (> average)
Positive (< average)
Neutral (= average)
High externality
Average baseline purchase
Personal traits
Demographics
Experience with
social comparison feedback
Round dummies
Log pseudolikelihood
Observations

Model (12)
Treated rounds,
all observations
Coef.
Std. err.

p

Model (13)
Treated rounds,
low externality subset
Coef.
Std. err. p

Model (14)
Treated rounds,
high externality subset
Coef.
Std. err. p

0.210***
-0.155***
0.122*

(0.031)
(0.033)
(0.068)

0.000
0.000
0.075

0.213***
-0.139***
0.265***

(0.036)
(0.045)
(0.077)

0.000
0.002
0.001

0.234***
-0.178***
-0.046

(0.036)
(0.038)
(0.107)

0.000
0.000
0.668

0.226***
-0.125***
0.083

(0.032)
(0.029)
(0.122)

0.000
0.000
0.494

0.271***
-0.119***
0.045

(0.035)
(0.040)
(0.176)

0.000
0.003
0.798

0.223***
-0.127***
0.235

(0.036)
(0.040)
(0.148)

0.000
0.001
0.113

-0.199***
0.147***
-0.115*

(0.031)
(0.031)
(0.065)

0.000
0.000
0.077

-0.196***
0.128***
-0.245***

(0.035)
(0.041)
(0.073)

0.000
0.002
0.001

-0.231***
0.176***
0.045

(0.036)
(0.038)
(0.105)

0.000
0.000
0.667

-0.215***
0.118***
-0.079
Yes
Yes
Yes
Yes

(0.033)
(0.027)
(0.116)

0.000
0.000
0.494

-0.249***
0.110***
-0.042
No
Yes
Yes
Yes

(0.035)
(0.037)
(0.163)

0.000
0.003
0.798

-0.221***
0.125***
-0.232
No
Yes
Yes
Yes

(0.038)
(0.039)
(0.147)

0.000
0.001
0.113

Yes
Yes
-1798.758
1800

Yes
Yes
-896.241
900

Yes
Yes
-880.553
900

Note: (1) *, **, and *** denote statistical significance at the 10%, 5%, and 1% level, respectively. (2) Robust standard
errors clustered at the individual level are in parentheses. (3) Results of the purchase unchanged (y = 2) situation are
omitted for simplicity.

Different insights can be derived from Table 10. On the one hand, receiving negative feedback encourages
subjects to decrease purchases. With negative social comparison feedback and negative tangible emissions
feedback, the likelihood to decrease purchase is 21.0 and 22.6 percentage points higher than receiving selffeedback, respectively. Moreover, in the low-externality context, negative tangible emissions feedback can
be more effective compared to negative social comparison feedback, increasing the probability of purchase
reduction by 27.1 and 21.3 percentage points, respectively. However, in the high-externality context, giving
negative feedback, regardless of tangible emissions information, causes similar behavioural responses, with
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23.4 and 22.3 percentage points higher likelihood to reduce, respectively, compared to self-feedback.
On the other hand, the "purchase increase (y=3)" results of Table 10 suggest that receiving positive
feedback in the previous round encourages people to increase purchases. This type of response is known
as the "boomerang effect" (Schultz et al., 2007), a kind of behavioural rebound. Although our feedback
includes injunctive social norms with different emojis indicating whether one’s behaviour is considered
socially approved or disapproved, better-than-average subjects can still follow the descriptive norms and
increase purchase. This result is robust, with evidence from both the full sample and subsets showing the
same qualitative finding. Nevertheless, positive tangible emissions feedback induces a milder boomerang
effect (11.0 to 12.5 percentage points) compared to positive social comparison feedback (12.8 to 17.6
percentage points). The discrepancy between these two types of feedback is especially notable in the
high-externality situation.
Taken together, the different behavioural responses to negative and positive feedback can provide possible
explanations for the average treatment effects estimated in Subsection 4.3. In the full sample, the relatively
high purchase reduction effect and the relatively low boomerang effect of the tangible emissions feedback
may lead to the overall significant treatment effect of tangible emissions feedback. In the low-externality
context, the behavioural rebound is the weakest, and the purchase reduction probability in response to
negative tangible emissions is the highest compared to all other feedback situations. Through this dual
behavioural response, we observe the significant treatment effect of social comparison feedback and a
seemingly larger effect of tangible emissions feedback. In the high-externality context, the prominent
behavioural rebound with positive social comparison feedback may explain the increase in the purchase.
4.5.2

Who responds to the negative and positive feedback?

To better understand the role of psychological traits and economic preferences, we specify Model (15) and
Model (18), focusing on the relationship between these personal traits and behavioural responses when
receiving negative and positive feedback, respectively. Also, to explore whether these determinants play a
different role in the low- and high-externality context, we estimate the regressions separately for low and
high externality subsets.
As shown in Table 11, given that negative feedback is received, individual norm-following tendency,
competitiveness tendency, climate change concerns, and loss aversion all lead to an increase of about
4 percentage points in the probability of purchase reduction. The latter three personal traits seem to
drive the purchase reduction decision only in the low-externality context. As shown in Table 12, we barely
find personal traits that relate to the behavioural rebound, i.e. purchase increase, when receiving positive
feedback. Only climate change concerns seem to decrease the probability of behavioural rebound in the
low-externality context.
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Table 11: Average partial effects of personal traits on purchase decrease when receiving negative feedback.
Model (15)

Model (16)

Model (17)

Negative feedback,

Negative feedback,

Negative feedback,

all observations
Coef.

Std. err.

low externality subset
p

Coef.

high externality subset

Std. err.

p

(0.057)

0.180

(0.002)

0.000

Coef.

Std. err.

p

(0.056)

0.761

(0.001)

0.000

Purchase decrease (y = 1)
Tangible emissions feedback

(0.039)

0.180

High externality

-0.072**

0.053

(0.036)

0.049

0.076

Average baseline purchase

-0.014***

(0.001)

0.000

0.003**

(0.001)

0.026

0.003*

(0.002)

0.066

0.002

(0.002)

0.152

0.044***

(0.015)

0.005

0.026

(0.027)

0.342

0.031

(0.025)

0.215

Competitiveness tendency

0.038**

(0.019)

0.047

0.068**

(0.033)

0.041

0.009

(0.025)

0.712

Climate change concerns

0.041**

(0.019)

0.026

0.048*

(0.027)

0.074

0.021

(0.029)

0.462

(0.019)

0.477

-0.040

(0.031)

0.200

0.005

(0.025)

0.852

(0.017)

0.201

0.003

(0.026)

0.908

-0.042*

(0.024)

0.083

(0.016)

0.012

0.054***

(0.020)

0.007

0.010

(0.022)

0.639

-0.013***

0.017
-0.013***

Absolute difference between
purchase and feedback
Norm-following tendency

Risk preference

-0.014

Time preference

-0.022

Loss aversion

0.039**

Demographics

Yes

Yes

Yes

Experience with
social comparison feedback
Round dummies
Log pseudolikelihood
Observations

Yes

Yes

Yes

Yes

Yes

Yes

-366.479

-190.670

570

283

-163.597
287

Note: (1) *, **, and *** denote statistical significance at the 10%, 5%, and 1% level, respectively. (2) Robust standard
errors clustered at the individual level are in parentheses. (3) Results of the purchase unchanged (y = 2) and purchase
increase (y = 3) situations are omitted for simplicity.

Finally, by integrating results in Table 11 and 12, a few interesting observations emerge. First, normfollowing tendency and competitiveness tendency may moderate the treatment effects of feedback interventions
through the channel of discouraging purchases after negative feedback is received, instead of inhibiting
behavioural rebound. Second, climate change concerns are especially important when purchasing in a
low-externality context. Having relatively high climate change concerns both increases the probability
of purchase reduction and discourages behavioural rebound. Thirdly, average baseline purchase reduces
the likelihood of purchase decreasing when receiving negative feedback, while being positively associated
with the probability of purchase increasing in the case of positive feedback. This is to say, individuals
with high pre-intervention purchase are less likely to behave more pro-environmentally due to the social
comparison feedback and are prone to behavioural rebound. It is suggested that individuals who have a
moral conviction for the targeted behaviour can be less affected by descriptive norms (Wolske et al., 2020).
Our finding may reveal the other side of the coin, that social comparison feedback can be less effective and
even cause backfiring when individuals are initially less favourable to the behaviour. Lastly, the absolute
difference between purchase and feedback is significantly associated with behavioural changes given both
the negative and the positive feedback, which calls for a careful design of the reference level in social
comparison feedback.
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Table 12: Average partial effects of personal traits on purchase decrease when receiving positive feedback.
Model (18)

Model (19)

Model (20)

Positive feedback,

Positive feedback,

Positive feedback,

all observations
Coef.

low externality subset

Std. err.

p

Coef.

high externality subset

Std. err.

p

Coef.

Std. err.

p

0.015

(0.057)

0.794

-0.087

(0.070)

0.210

Purchase increase (y = 3)
Tangible emissions feedback

(0.041)

0.567

High externality

0.079**

(0.039)

0.045

Average baseline purchase

0.006***

(0.001)

0.000

0.006***

(0.001)

0.000

0.008***

(0.002)

0.000

0.004***

(0.001)

0.005

0.004***

(0.001)

0.004

0.005**

(0.002)

0.012

-0.002

(0.021)

0.921

-0.011

(0.025)

0.667

0.004

(0.044)

0.933

Competitiveness tendency

0.011

(0.025)

0.669

0.024

(0.037)

0.517

-0.037

(0.039)

0.352

Climate change concerns

-0.040

(0.026)

0.126

-0.084***

(0.032)

0.009

0.013

(0.042)

0.752

Risk preference

-0.031

(0.024)

0.189

-0.003

(0.034)

0.924

-0.044

(0.041)

0.283

Absolute difference between
purchase and feedback
Norm-following tendency

Time preference

-0.024

0.028

(0.024)

0.233

0.008

(0.028)

0.771

0.046

(0.035)

0.192

Loss aversion

-0.011

(0.024)

0.642

-0.038

(0.033)

0.249

-0.011

(0.041)

0.784

Demographics

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Experience with
social comparison feedback
Round dummies
Log pseudolikelihood
Observations

-621.958

-305.245

608

303

-300.059
305

Note: (1) *, **, and *** denote statistical significance at the 10%, 5%, and 1% level, respectively. (2) Robust standard
errors clustered at the individual level are in parentheses. (3) Results of the purchase decrease (y = 1) and purchase
unchanged (y = 2) situations are omitted for simplicity.

5.

Conclusion

This study investigated the heterogeneous treatment effects of social comparison feedback in an online
laboratory experiment, focusing on the moderating effects of externality level as an environmental factor and
culturally-influenced personal traits. We find that, overall, relating the carbon emissions to daily activity and
nature, i.e. the tangible emissions feedback, can increase the effectiveness of social comparison feedback.
In the low-externality context, both social comparison feedback and tangible emissions feedback encourage
conservation, with the latter feedback reducing more purchases in unit, although the difference between
the two feedback interventions is not statistically significant. In the high-externality context, comparing
one’s decision to the average increases the purchase amount, demonstrating the boomerang effect. Even
though tangible emissions feedback does not decrease purchases, it may dampen the boomerang effect,
while more evidence is required to uncover this mechanism. In previous studies, providing information on
carbon emissions was found to have no or limited impact on pro-environmental behaviours (e.g. Newell
and Siikamäki, 2014; Codagnone et al., 2016). However, our findings suggest that the impact of the
tangible emissions feedback is non-negligible, which may reflect the argument of Pace and van der Weele
(2020), that carbon emissions expressed in abstract weight units can be ambiguous, thus translating this
information into a familiar form is beneficial from a policy-making perspective.
In addition, our experimental evidence demonstrates a remarkable role of different externality levels,
representing the environmental context, in both treatment effects and behavioural patterns. The different
treatment effects of feedback interventions in the two contexts may be partially due to the different
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pre-intervention purchase levels, which confirms the findings of previous field experiments (Allcott, 2015;
Andor et al., 2020). Apart from the pre-intervention behaviour, environmental context may affect individual
purchasing decisions through two other channels. On the one hand, in the high-externality context, negative
tangible emissions feedback is less likely to encourage conservation while positive social comparison feedback
is more likely to induce behavioural rebound compared to the low-externality context. Together, the
feedback interventions are more effective in our low-externality treatment. On the other hand, the personal
traits, including competitiveness tendency, climate change concerns, and loss aversion, that encourage
purchase decreases in the low-externality context do not demonstrate the same effects in the high-externality
context. Based on insights from the two externality treatments, we argue that in the high-externality
environmental context, where individuals may make decisions already thoughtfully before receiving the
behavioural intervention, the interventions can be less effective and may even cause backfiring. Hence,
in such situations, social comparison feedback should be more carefully designed and evaluated than in
a low-externality environmental context, or in cases where the pre-intervention behavioural is relatively
arbitrary.
Furthermore, this study finds that both conformity and competitiveness can boost the effect of social
comparison feedback with tangible emissions information. Yet, for social comparison feedback alone, we do
not find statistically significant results. For the tendency to conform to norms, interestingly, the magnitude
of its moderating effect is higher for tangible emissions feedback compared to social comparison feedback,
implying that the tangible emissions information highlights a pro-environmental norm in addition to the
social norms on purchase. Therefore, conformity may play a more important role when social comparison
is coupled with tangible environmental impacts. Tendency to compete demonstrates contrasting effects
with and without feedback interventions: purchases increase without social comparison feedback while
purchases decrease when feedback is received. Personal concerns for climate change do not significantly
moderate the effect of tangible emissions feedback. Moreover, climate change concerns influence purchasing
decisions only when the externality is low. By understanding these psychological moderators, we expect
that the social comparison feedback, especially when integrated with tangible emissions information, can
be more effective among individuals with a higher tendency to conform or compete and perhaps in societies
that show generally higher levels of conformity or competitiveness. Therefore, policy-makers may adjust
social comparison interventions to appeal to different personal traits in societies with alternative cultural
orientations.
In terms of methodology, a possible limitation of this study may relate to the design of the social
comparison information, i.e. the average of a few other participants’ decisions. Especially for the highexternality situation, comparing to "average" performance may not sufficiently influential. Future research
may test potentially more effective feedback, such as the purchase of the "best" performer (e.g. Casal
et al., 2017). Nonetheless, our study suggests a valid way to manipulate externality levels in laboratory
experiments. Similar to dictator games with multipliers (e.g. Almås et al., 2010; Grech and Nax, 2020),
implementing different carbon emission coefficients on the virtual product as a between-subject variation
seems to successfully induce different perceptions of the environmental impact in a laboratory experiment
setup. Furthermore, this study echoes the recent appeal of controlling for economic preferences in proenvironmental behaviour research (Ziegler, 2021). Not controlling for economic preferences when studying
the effect of environmental values (e.g. New Ecological Paradigm) on behaviours bares the risk of omitted
variable biases (Ziegler, 2021). Our analysis highlights the non-negligible roles of economic preferences,
including time preference, risk preference, and loss aversion.
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We believe that insights from this study can improve the understanding of social comparison feedback
across sites and populations, thus facilitating the design of interventions in the future. For instance,
based on our results, one may expect social comparison feedback to be more effective in a society with
lower externality levels associated with the behaviour or with a less frugal baseline behaviour. Behavioural
interventions should be designed with more caution in a high-externality context and among individuals
whose pre-intervention behaviour is deliberate. Also, behavioural interventions can be tailored to the local
culture with the aim to effectively leverage psychological mechanisms. Along this line, multi-sample field
experiments with controls for psychological traits and economic preferences are of interest to examine our
findings with real-world decision-making and finally to support policy-making.
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