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Abstract
Considering the alarming energy demand for cooling and seeking sustainable cooling alter-
natives to over-reliance on air conditioning, our pre-registered study is the first attempt to
apply social norm nudges on two cooling behaviors – lighter clothing and the use of per-
sonal cooling devices (PCDs). To examine and compare the effectiveness of a descriptive
normmessage, an injunctive norm signal from leadership, and the twonorms combined,we
conducted an online randomized controlled survey experiment among financial employ-
ees (n = 743) in Guangdong, China. We measured their behavioral intentions before and
after the intervention, and their level of commitment to these behaviors as an alternative
outcome. We found that while single-norm conditions did not lead to desirable increases
in lighter clothing, the both-norm condition nudged participants toward selecting lighter
work clothes and boosted commitment to lighter clothing. Outcomes related to the use of
PCDs were not affected by any of the norm conditions. These mixed findings present a
cautionary tale for designing social norm interventions in office spaces and highlight the
boundaries of their effectiveness in energy-saving behaviors.

Keywords: China; offices; online experiment; personal cooling; social norms

Introduction
In the face of climate change, extreme heat and persistent high temperatures in summer
are becoming more prevalent (Witze, 2024). This in turn will drive up the demand for
indoor cooling, implying more electricity consumption and increased greenhouse gas
emissions (Staffell et al., 2023). To emphasize this downward spiral, the International
Energy Agency (2018) predicted that the cooling demand will grow exponentially,
especially in the Global South. On the demand side, many experts thus have called for
switching to more energy-efficient air-conditioners. This, however, risks the rebound
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effect – that energy efficiency does not necessarily guarantee reduced electricity
use – and overcooling, undermining gender equity in indoor comfort (Adua et al.,
2021; Parkinson et al., 2021).

Meanwhile, combining behavioral and technological changes could be better syn-
ergistic catalysts to achieve net-zero targets than relying on technologies alone (Costa
et al., 2021). Thus, a turn to personal cooling behaviors could help alleviate the con-
cerns of cooling energy demand. Particularly, this study centers on the potential of
applying personal cooling in offices as supplements to air conditioning (AC).

Sustainable cooling as supplements
Instead of cooling the rooms, personal cooling devices (PCDs) focus more on directly
cooling the body or its immediate, personalized space (Zhang et al., 2015; Kim et al.,
2019).They include personal electric fans, hand fans, wearable neck fans, cooling office
chairs, portable evaporative coolers, cooling cushions, and other accessories (Erwin,
2017; André et al., 2020b). Individualized cooling can save energy by increasing the
acceptable air-conditioning setpoints while still maintaining satisfaction with the envi-
ronment (Rawal et al., 2020). A 29% of cooling energy savings could be achieved by
raising the cooling temperatures from 22∘C to 25∘C (Hoyt et al., 2015). Although some
PCDs require electricity,1 their use alongside higher AC setpoints would still savemore
energy than using AC as usual, on the condition of proper coordination between AC
and PCDs (Veselý and Zeiler, 2014; He et al., 2017; Xu et al., 2017). Besides, PCDs
can improve comfort sensation and relieve heat stress, with an effect size Cohen’s d
between 0.67 and 2.74 (Song et al., 2024). While such potential has been increas-
ingly recognized in the scholarship on PCDs, these devices are not widely available
or applicable in offices yet (Arens and Zhang, 2022). This is partly due to the ‘lock-in’
of air-conditioning technologies and the deeply entrenched beliefs and expectations of
what a cooled space should be (Shove, 2003; Maller and Strengers, 2011).

Meanwhile, a close cousin to PCDs is cooler clothing, a strategy often ignored in
offices because of existing norms of socially acceptable dress (Hitchings, 2010; Morley,
2022). Indeed, material scientists have been developing more flexible, convenient, and
energy-saving designs for personal cooling garments (Lou et al., 2020; Ren et al., 2022),
although such options are more often applied in extreme work conditions, for astro-
nauts or firefighters, for instance (Waligora and Michel, 1968; Nayak et al., 2014). A
practical alternative, which is the focus of this study, is to reduce the layers of clothing
in offices to achieve thermal comfort (Newsham, 1997; Rawal et al., 2016), even though
it means challenging the current norms in office wear, epitomized by a black suit and
a tie (Krivacek, 2021). One apt real-world example is the Cool Biz Program in Japan,
where government ministers led the change in office suit norm by removing the jacket
and the tie and allowing short-sleeved shirts and AC setpoints as high as 28∘C (Tan
et al., 2008). This ongoing program has reported carbon emissions savings of one to
three million tons each year (Shove and Granier, 2018).

1A desk fan consumes as low as 3.3 W of electric power, and a USB fan approximately 1.2 W (Pasut et al.,
2015; Tang et al., 2022).
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With the potential of PCDs and lighter clothing in mind, this study aims to explore
the applicability of these options in the workplace. By expanding occupants’ neutral
comfort temperatures, such personal cooling initiatives can allow higher AC setpoints
in office areas, which not only reduce energy bills for businesses but also accommodate
the thermal demand for those who have to constantly bear the office cold. In China,
there has long existed a national guideline for summer AC temperature settings to be
no lower than 26∘C in public indoor spaces (Xinhua News Agency, 2007). However,
the policy was not well-received and was poorly implemented, considering it was little
reported in themedia.With a slightly warmer office, it ismore likely that the employees
would wear lighter clothing and more PCDs.

How can we shift towards this practice of personal cooling and higher AC set-
points? As Khosla et al. (2021) highlight, social interaction is a crucial lever of change
in promoting sustainable cooling alongside technologies, businesses, governance, and
infrastructure. Acknowledging the importance of occupant-centric cooling design to
meet individual cooling preferences, Lizana et al. (2022) also point to the influence
of peers on the adoption of relevant behaviors. Further, the widely acclaimed Cool
Biz program would not have been as successful without the then prime minister’s
leadership in creating a new norm of office wear nationwide. Thus, one way of employ-
ing this lever in sustainable office cooling is to target the social norms in adopting
energy-saving cooling strategies.

Social norms and their application in sustainability
In social psychology, social norms refer to ‘rules and standards understood bymembers
of a group, and that guide and/or constrain social behavior without the force of laws’
and come into effect through social interactions (Cialdini and Trost, 1998). Regarding
the influence on behaviors, they are commonly categorized into descriptive and injunc-
tive norms (Cialdini et al., 1990). Descriptive norms are usually understood as the
common behaviors performed by a majority of the group, or in simple terms, what
others are commonly observed to do. For instance, the prevalence of air-conditioning
use in financial offices is considered a descriptive norm of office cooling (Yang et al.,
2022). Injunctive norms bear the connotation of social approval for the performance
of a behavior, or sanctions for the lack of it, and thus what the social group approves or
disapproves of. A case in point is the social expectation of formal dress on certain work
occasions, the absence of which would elicit social disapproval in the form of doubts
over one’s professionalism (Dellinger, 2002; Nath et al., 2016).

Given the promise of social norms in engendering behavior change, many empiri-
cal studies have tested its power in real-world interventions, albeit with mixed results
(Dannenberg et al., 2024). Notably, to accentuate the desired norm, many applied
the strategy of normative messages and feedback that can sometimes be personal-
ized and comparative, a majority of which achieved the intended outcome to some
extent (Farrow et al., 2017). Similarly, recent evidence synthesized in a broad-brush
and less rigorous review demonstrates a large proportion of supportive evidence on
the influence of social norms on behaviors related to climate change, including eco-
consumption and energy conservation (Cialdini and Jacobson, 2021). A second-order
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meta-analysis also confirms the power of social comparison in field behavior change
interventions (Bergquist et al., 2023).

So far, only a few experimental studies inChina in the field of energy use in buildings
have been found, with the common employment of students as samples. One online
controlled experiment showed the effectiveness of social norm information tomotivate
university students to support carbon capture and storage (Wang et al., 2021).Themore
recent experiments tested the effect of social norm feedback in different formats in uni-
versity dormitories in China (Liu et al., 2023; Xiao et al., 2023; Zhang et al., 2023; Zhu
et al., 2024). The focus on students in the experiments above echoes the observation
in a systematic review of previous social norm interventions (Yamin et al., 2019), indi-
cating a need for more realistic and diverse contexts and populations for social norm
applications. Besides, in an office setting, social dynamics influence people’s behaviors
(Chen et al., 2020). In the collectivist and relatively tight society of China, conformity
and harmony are key, and individuals often adhere more to social norms than to their
ownpreferences (Smith et al., 2012;Gelfand et al., 2017). In this regard, this research on
office cooling with financial professionals in the context of China can offer specialized
evidence for social norm interventions.

Considering the less-trodden path of applying behavioral nudges in cooling comfort
in offices, we are interested in testing two social norm nudges – descriptive norm infor-
mation and injunctive norm signal from a company leader, and their combination. In
the social norms literature, the former leverages descriptive statistics summarizing the
common use of sustainable personal cooling by financial professionals in Guangdong;
the latter speaks to the ‘top-down’ signals from business leaders to show that personal
cooling could be socially acceptable in the office (Tankard and Paluck, 2016). We will
be testing the following hypotheses with an online cross-sectional survey experiment
focused on office workers in the financial sector in Guangdong Province, China:

H1a. Description norm information on sustainable cooling increases the behavioral
intention of lighter clothing.

H1b. Descriptive norm information on sustainable cooling increases commitment
to lighter clothing.

H2a. Leaders’ injunctive norm signal on sustainable cooling increases the behavioral
intention of lighter clothing.

H2b. Leaders’ injunctive norm signal on sustainable cooling increases commitment
to lighter clothing.

H3a. Description norm information on sustainable cooling increases the use fre-
quency intention of PCDs.

H3b. Descriptive norm information on sustainable cooling increases commitment
to using PCDs more.

H4a. Leaders’ injunctive norm signal on sustainable cooling increases the use
frequency intention of PCDs.

H4b. Leaders’ injunctive norm signal on sustainable cooling increases commitment
to using PCDs more.

H5a. The effect of both norm treatments to increase the behavioral intention of
lighter clothing is stronger than that in the groups that only receive descriptive norm
information or leaders’ injunctive norm signal.
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H5b.The effect of both norm treatments to increase commitment to lighter clothing
is stronger than that in the groups that only receive descriptive norm information or
leaders’ injunctive norm signal.

H6a. The effect of both norm treatments to increase the use frequency intention of
PCDs is stronger than that in the groups that only receive descriptive norm information
or leaders’ injunctive norm signal.

H6b. The effect of both norm treatments to increase commitment to using PCDs
more is stronger than that in the groups that only receive descriptive norm information
or leaders’ injunctive norm signal.

Methods
Participants
We restricted our participants to financial employees working in Guangdong offices,
as we believe this population with their business suit tradition could be a starting
point to change the suit norm in the workplace and implement more personal cool-
ing practices. The sample was recruited online through the sampling service provided
by Wenjuanxing, a popular Chinese research survey platform. As it was difficult to
determine the valid sampling rate with the online survey, we provided the following
figures to roughly illustrate the sampling and screening process with the help of the
Wenjuanxing Platform. A total of 866 valid responses were collected from the survey
platform from August 26 to 26 September 2022.2 Figure 1 shows that during the data
collection period, the province was still experiencing relatively high and stable temper-
atures, highlighting the demand for cooling. As prescribed in the pre-analysis plan, we
excluded participants whose total response time was beyond the three standard devia-
tions below/above themean and who failed at least three out of the five attention check
questions. This yielded a final sample of 743 (See Figure 2).

Experimental design
Our pre-registered survey experiment adopts a 2 (receiving descriptive norm informa-
tion or not) by 2 (receiving leaders’ injunctive norm signal or not) factorial design.3

At the beginning of the survey, the participants were screened for their eligibility
of working in the financial industry and having worked in the current office for at
least a week to ensure some cooling experience in the office. As baseline measurement,
participants would answer questions regarding different cooling strategies, including
environmental adjustment, use of personal cooling objects, clothing levels, and thermal
comfort in the office. These baseline questions also served to build up the context so
that the participants could better immerse themselves in the hypothetical treatments.

2We conducted a sample size calculation on G*Power with a small effect size (f = 0.123), power of 90%,
and alpha of 0.05, which results in a required sample size of at least 692. The choice of 0.05 over 0.1 for alpha
ensures a conservative approach to sample collection.

3Our pre-analysis plan can be accessed via https://aspredicted.org/v7m2-555w.pdf. All analysis results
following the plan are available in the Open Science Framework repository at https://doi.org/10.17605/OSF.
IO/WH4CK.
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Figure 1. Average daily temperatures in Guangdong Province during the experiment (data gathered from
weather.com.cn, an official meteorological administration in China).

Figure 2. CONSORT participant flow diagram.

Next, participantswere randomly allocated to one of these four groups to read hypo-
thetical scenarios about their companies (See Figure 3). The instruction directed the
participants to read a screenshot of a hypothetical company group chat on WeChat,
a well-known and universally used online communication application in China. The
control group would see a message from the company admin introducing an initia-
tive to encourage less use of AC and more personal cooling in the company, which
serves as the conversation background, and educational information on benefits and
strategies of personal cooling. In addition to all the above information, the descrip-
tive norm group would also read a section called Status quo in number about how
many other financial employees in Guangdong have already adopted personal cooling
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Figure 3. Treatment design (translated from Chinese). (a) Control group treatment; (b) Descriptive norm
group treatment; (c) Injunctive norm group treatment; (d) Both norm group treatment.
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in their offices, with factual figures from our previous survey study on office cooling in
the region4 (Yang, 2024). On the other hand, the injunctive signal group would receive
a reply message from the company leader emphasizing the importance of the admin’s
message, saying, ‘An important message on personal cooling ’, followed by a thumbs-
up emoji. For the group that received both norms, the WeChat screen consists of the
background, educational and descriptive norm information from the admin and the
injunctive norm message from the leader.

For post-treatment measurement, participants were asked to indicate what level of
clothing they intended to wear on the coming working day, the types of personal cool-
ing objects they would use if all were available, and how frequently they would use
these selected objects. In line with our control message and to prompt change, we
reminded the participants during the post-treatment measurement that the AC set-
point in their offices would be slightly raised. At the start of each question on the
behavioral intention, we added ‘suppose your office AC temperature is slightly raised’.5
This hypothetical increase in AC temperatures would be treated as part of the control
condition in our later discussion. We also asked participants how willing they were to
commit to wearing more lighter clothing or to using PCDs more, using the following
question, for instance, ‘following the WeChat messages, would you make a personal
commitment to wearing cooler clothing in your office in summer?’ Then, we adminis-
tered a comprehension checkwith four yes/no questions about the treatmentmaterials.
The final parts include demographics and questions about other factors, such as rank
in the company. Supplementary Appendix A presents the survey questionnaire.

Instruments
Dependent variables
This experimental study has four dependent variables, with two behavioral intention
measures (clothing warmth and PCD use frequency) and two commitment measures
(commitment to lighter clothing and commitment to more PCD use).6 Regarding
clothing, we measured clothing warmth categories before and after receiving the treat-
ment using a self-developed five-point scale measure on the warmth level of clothing

4In this online survey study, we collected a sample of 439 financial professionals in Guangdong province
in early 2022 using the same sampling services provided by Wenjuanxing. This exploratory survey gathered
data on the office clothing choices and use frequency of PCDs. Specifically, 81% of participants selected yes
that they would adjust their clothing to regulate their thermal comfort, and 59% of participants voted that
some or even more of their colleagues have used PCDs (on a five-point Likert scale, 34% selected some, 21%
many and 4% everyone). To reduce the burden of comprehension, we rounded the figures to 80% and 60%
respectively.

5We did not specify the exact degree(s) of the setpoint increase because the actual air-conditioning in use
in participants’ offices vary in power. Besides, a one-degree increase would be experienced differently for
each participant, depending on the baseline setpoints and the building infrastructure, for instance. Thus, we
relied on participants’ subjective perception of the word ‘slightly’.

6In the pre-analysis plan, we mentioned that the differences in the two behaviors would be coded as
dummy variables (e.g., for clothing, 1 = lighter clothing, 0 = no such change) and categorical variables (e.g.,
for PCD change, ‘more use’, ‘no change’, ‘less use’). Here, we used binary logistic regressions with dummy
variables and multinomial logistic regressions with categorical variables as robustness checks (See Table 9).
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Figure 4. Clothing warmth scale.

as shown in Figure 4 (1 = very cool, 5 = very warm). We also measured the fre-
quency of using PCDs before and after the treatment with a five-point scale (1 = never,
5 = always).

Furthermore, we asked participants how willing they were to commit to the two
sustainable cooling strategies, respectively, with a seven-point Likert scale (1 = def-
initely no, 7 = definitely yes). The two variables, commitment to more PCD use and
commitment to lighter clothing, are then recategorized to form three categories using a
‘distributional recoding’ approach (de Vaus, 2002, p. 36), to avoid empty- or small-cell
issues in statistical modeling (Cook et al., 2018).7 Specifically, those selected ‘definitely
yes’ are considered as clearly convinced tomake a strong commitment (3=high), those
selected ‘possibly yes’ tend to be slightly convinced and are considered ‘weak commit-
ment’ (2 = mid-level), and the rest will be deemed as unconvinced, i.e., showing little
or no commitment (1 = low).8

Independent variables
We created three independent dummy variables: manipulated descriptive norm,
manipulated leaders’ injunctive norm, and both of these norms (1 = provided).

Covariates
Regarding demographic variables, we controlled for age, biological sex, and company
rank. For contextual factors, we controlled for their reported office AC temperature,
environmental adjustment opportunities (AC, windows and blinds), and perceived
thermal comfort before and after the intervention.9 Please refer to Supplementary
Appendix B for details on measurement and data processing.

7We find it advisable to deviate from our plan after data collection to recategorize the four dependent
variables because the originally specified ones have very few frequencies towards the upper or lower ends,
thus presenting challenges for building multinomial logistic models.

8This recategorization is due to theminimal number of participants selecting ‘definitely no’ and amajority
selecting ‘definitely yes’ for these two commitment measures.

9Contrary to our pre-analysis plan, we had to drop the identity variables because they were all measured
after the treatment, implying a risk of post-treatment bias (Montgomery et al., 2018). We also deleted the
maximum outdoor temperature from the main analysis due to the lack of variation in the distribution of the
outdoor temperatures.
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Statistical analysis
Difference-in-differences estimation
In recognizing the importance of a counterfactual in causal inference, we deviated
from the pre-analysis plan of using binary and multinomial logistic regressions to
estimate the effects on behavioral intentions. Instead, we adopted a difference-in-
differences (DiD) approach with ordinary least-squared regression as the regressor.10
With the frequency of PCD use and clothing warmth being recorded both before and
after the information treatments, DiD can account for any unobserved time-invariant
confounders such as environmental or physiological factors across the treatment and
control groups and yield more reliable treatment effects on the treated.

Thus, for the pre-post PCD-use and clothingwarmthmeasures only, we constructed
DiD models for each treatment group compared with the control group (Descriptive
Norm Group versus Control Group, Injunctive Norm Group versus Control Group,
BothNormsGroup versus Control Group) and for both behavioral intentions of lighter
clothing and PCD use.11

Multinomial logistic regression
We followed the pre-analysis plan to obtain the treatment effects of social norm infor-
mation on commitment intentions using multinomial logistic regressions, as both
commitment variables (commitment to lighter clothing and to PCDs) are categori-
cal. Since the questionnaire asked for participants’ willingness to commit only after the
intervention, performing DiD regressions on commitment outcomes was impossible
without repeated measures. The analyses were run on Stata and visualized in R.

Results
Descriptive analysis
Among the final sample, 54% of participants are females, 45% males, and five pre-
fer not to say, which aligns with the distribution of financial workers in Guangdong
(Department of Population and Employment Statistics et al., 2021). They are between
18 and 57 years old, with a mean of 30. 58% are working in a junior-rank position. The
office AC setpoints are between 16 and 28∘C, with an average of 24∘C. Regarding envi-
ronmental feature adjustment, 80% of participants reported having access to adjusting
AC, 69% could adjust windows, and 69% could adjust blinds. 71% reported usually
feeling thermally comfortable in their offices, 22% slightly uncomfortable, and 7%
very uncomfortable. A balance check was conducted using these baseline variables
across four groups, which shows no statistically significant difference and suggests that
treatment randomization was achieved (See Supplementary Appendix C).

10The choice of a linear regression DiD over a multinomial DiD is due to the poor model specification
and performance when estimating the multinomial DiD for a treatment group and the control group. Here,
we assumed that the five-point Likert scale can be treated as continuous.

11To ensure that the parallel trend assumption is satisfied for the DiDs, we conducted t-tests between each
treatment group and the control group on the baseline levels of clothing warmth and PCD use frequency.
All the test results are not statistically significant, suggesting that the two behaviors of the treatment groups
are not different from those of the control group before the intervention.
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Table 1. Group-level comparison of clothing warmth within experimental groups

Group Pre-treatment average Post-treatment average
Proportional change
in clothing warmth

Control 2.042 1.723 −15.6%

Descriptive norm 2.042 1.667 −18.4%

Injunctive norm 2.092 1.681 −19.6%

Both norm 2.180 1.720 −21.9%

Figure 5. Percentage changes to lighter clothing andmore PCD use by treatment group. The error bars
represent the 95% confidence intervals calculated using the standard error of the mean of percentage
change andmargin of error based on the t-distribution for each treatment group.

Group-level comparison
To indicate the difference in change between each treatment group and the control
group, we calculated the group mean of PCD use frequency and clothing warmth
before and after the treatments without controlling for covariates. Then we obtained
the proportional change between the pre- and post-treatment levels for comparison
across the groups.

Table 1 and Figure 5 show that clothing warmth decreased after treatment in all
four groups.12 The three norm groups saw a considerable decrease in clothing warmth
on average (18.4–21.9%), particularly the Both Norm Group, compared to the 15.6%
change in the Control Group. Similarly, on average, PCD use frequency increased in all
four groups (See Table 2 and Figure 5).13 This use frequency increased by 10.7% in the
Injunctive Norm Group, 9.8% in the Descriptive Norm Group, and 8.1% in the Both
NormGroup.TheControl Group also saw a similar but slightly higher increase in PCD
use frequency (11.4%). Notably, among the norm groups, the injunctive norm seems

12No statistically significant differences among the groups are found in the change in clothing warmth.
13A statistically significant difference is only observed between Both Norm Group and Control Group in

the change in PCD use frequency.
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Table 2. Group-level comparison of PCD use frequency within experimental groups

Group Pre-treatment average Post-treatment average
Proportional change
in PCD use frequency

Control 3.675 4.094 11.4%

Descriptive norm 3.720 4.085 9.8%

Injunctive norm 3.642 4.032 10.7%

Both norm 3.753 4.056 8.1%

Figure 6. Commitment levels to lighter clothing andmore PCD use by treatment group.

to be the most effective across clothing and PCD use, despite the changes in the norm
groups being similar. Additionally, the control condition appears to be more effective
for PCD use.

As an alternative measure for behavioral intention, the commitment intention of
wearing lighter clothing and using PCDs more is shown in Figure 6. In two separate
questions, participants were asked how much they would like to commit to wearing
lighter clothing and using PCDsmore in their offices in summer. In the plots, the size of
the balloon indicates the frequency of participants’ answers under each category (‘high’,
‘mid-level’ and ‘low’) for each group. On average, there is a relatively medium to high
commitment to both behaviors across all the groups, as shown by the larger balloons in
the ‘high’ and ‘mid-level’ categories. Notably, the distribution of the commitment levels
appears very similar across the groups based on the nearly equal frequencies, especially
among the three treatment groups. In comparison, the Control Group has the largest
number of ‘high’ and ‘mid-level’ commitments to lighter clothing, and it also saw the
highest level of commitment to more PCD use among the four groups.

Behavioral intentions
Our pre-registered analysis plan initially specified logistic and multinomial regression
models for the change in clothing and in PCDuse frequency.These analyses showed no

https://doi.org/10.1017/bpp.2025.3 Published online by Cambridge University Press

https://doi.org/10.1017/bpp.2025.3


Behavioural Public Policy 13

Table 3. Treatment effects of norms on clothing warmth (DiD approach, n = 743)

Treatment group vs. control group Descriptive norm Injunctive signal Both norms

Post* intervention −0.056 −0.091 −0.158*
(0.079) (0.085) (0.085)

N 380 376 369

Prob> F 0.000 0.000 0.000

R2 0.089 0.074 0.081

Note: Standard error in parentheses; control variables are directly measured rather than recategorized and treated as
continuous, including age, sex (1 = female), rank in company, AC setpoint, AC adjustment, window adjustment, blind
adjustment, baseline thermal comfort vote; *p<0.1; a ‘−’ signmeanscooler clothinganda ‘+’ signmeanswarmer clothing.

Table 4. Treatment effects of norms on PCD use frequency (DiD approach, n = 743)

Treatment group vs. control group Descriptive norm Injunctive signal Both norms

Post* intervention −0.054 −0.030 −0.115
(0.085) (0.088) (0.084)

N 380 376 369

Prob> F 0.000 0.000 0.000

R2 0.107 0.093 0.116

Note: Standard error in parentheses; control variables are directly measured rather than recategorized and treated as
continuous, including age, sex (1 = female), rank in company, AC setpoint, AC adjustment, window adjustment, blind
adjustment, baseline thermal comfort vote; a ‘+’ sign means more frequent use and a ‘−’ sign means less frequent use.

significant effects except that leaders’ injunctive signal positively led to cooler clothing
choices (p = 0.099) in the binary logistic regression, with mixed directional effects in
the multinomial analysis compared to no change in clothing.14 To better account for
the experimental design and data structure, we used DiD models to calculate the treat-
ment effects of the norm conditions on the behavioral intentions of lighter clothing
and more frequent PCD use while controlling for covariates. Overall, providing nor-
mative information is often ineffective compared to the control group, regardless of
whether the descriptive norm and the injunctive norm signal are provided separately
or together.15 Onlywhen participants received both norms did they choose even lighter
clothing than the control group (see Table 3).

According to Table 3, when participants received descriptive norm or injunctive
norm only, they tended to switch to lighter clothing; however, the reduction is not sta-
tistically significant. In contrast, when both norms were provided, participants tended
to choose cooler clothing, with 0.158 points decrease on the clothing warmth scale
(p = 0.063). Thus, providing both norms could potentially reduce the warmth of sum-
mer office clothing. As shown in Table 4, there is no statistically significant evidence
for the effectiveness of all three norm treatments in changing participants’ frequency
of use of PCDs.

14Full results and detailed explanations for deviations from the pre-analysis plan are available in the OSF
repository.

15For conciseness, the detailed results of covariates are provided in Supplementary Appendix D.
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Table 5. Average marginal effects of social norm nudges on commitment to lighter clothing (n = 743)

Receiving
descriptive norm

Receiving
injunctive signal

Receiving
both norms

Category = low 0.089** (0.039) 0.083** (0.040) −0.096** (0.042)

Category = mid-level −0.041 (0.047) −0.039 (0.048) 0.019 (0.069)

Category = high −0.048 (0.050) −0.044 (0.051) 0.077 (0.071)

Note: Standard error in parentheses; control variables are treated as categorical, including age, sex (1 = female), rank in
company, AC setpoint, AC adjustment, window adjustment, blind adjustment and baseline thermal comfort vote; age,
company rank, AC setpoint, and baseline thermal comfort are recategorized; **p< 0.05.

Table 6. Effects in relative risk ratio of social norm nudges on commitment to lighter clothing (n = 743)

Relative risk ratio
Receiving

descriptive norm
Receiving

injunctive signal
Receiving
both norms

Category = mid-level 0.495** (0.164) 0.518* (0.175) 2.195* (1.017)

Category = high 0.503** (0.161) 0.530* (0.172) 2.435** (1.080)

Note: Standard error in parentheses; ‘low’ commitment is the reference category; control variables are treated as categor-
ical, including age, sex (1 = female), rank in company, AC setpoint, AC adjustment, window adjustment, blind adjustment
and baseline thermal comfort vote; age, company rank, AC setpoint and baseline thermal comfort are recategorized;
*p< 0.1, **p< 0.05.

Commitment intentions
Treatment effects on the commitment to lighter clothing and PCD use are reported
as average marginal effects and relative risk ratios (RRR) from multinomial logis-
tic regressions. Regarding lighter clothing (Table 5), there is evidence that providing
both norms can increase commitment to lighter clothing. In contrast, descriptive or
injunctive norms alone seem to reduce the likelihood of such commitment. Specifically,
considering the effects of the descriptive norm, participants are, on average, 8.9 per-
centage points (p = 0.022) more likely to make a ‘low’ commitment to lighter clothing
when receiving descriptive norm information. However, the coefficients for ‘mid-level’
and ‘high’ commitment are not statistically significant. Similarly, leaders’ injunctive
norm signal seems to reduce the commitment level to lighter clothing. According to
the marginal effects, participants are, on average, 8.3 percentage points (p = 0.037)
more likely to make a ‘low’ commitment to lighter clothing when receiving the injunc-
tive signal. Again, the marginal effects for ‘mid-level’ and ‘high’ commitment are not
statistically significant.

The results in the form of RRRs present a clearer picture (see Table 6). Participants
receiving the descriptive norm tend to be less likely to indicate a ‘mid-level’ or ‘high’
commitment, than they are to make a ‘low’ commitment (RRRmid = 0.495, p = 0.034;
RRRhigh = 0.503, p = 0.032). Similar effects are found when participants receive an
injunctive signal (RRRmid = 0.518, p = 0.052; RRRhigh = 0.530, p = 0.051).

Both norm treatments together seem to induce stronger commitment. The result
in Table 5 shows that participants receiving both norms are 9.6 percentage points
(p = 0.023) less likely to make a ‘low’ commitment to wearing lighter clothing.
Although the marginal effects are in the positive direction for the ‘mid-level’ and ‘high’
commitment categories, they are not statistically significant. Regarding the RRRs, par-
ticipants receiving both treatments are 2.2 times more likely to choose ‘mid-level’
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Table 7. Average marginal effects of social norm nudges on commitment to more PCD use (n = 743)

AME
Receiving

descriptive norm
Receiving

injunctive signal
Receiving
both norms

Category = low 0.001 (0.037) 0.016 (0.037) −0.032 (0.049)

Category = mid-level 0.030 (0.049) −0.012 (0.050) −0.013 (0.070)

Category = high −0.031 (0.051) −0.005 (0.051) 0.045 (0.073)

Note: Standard error in parentheses; control variables are treated as categorical, including age, sex (1 = female), rank in
company, AC setpoint, AC adjustment, window adjustment, blind adjustment and baseline thermal comfort vote; age,
company rank, AC setpoint and baseline thermal comfort are recategorized.

Table 8. Effects in relative risk ratio of social norm nudges on commitment to more PCD use (n = 743)

Relative risk ratio
Receiving

descriptive norm
Receiving

injunctive signal
Receiving
both norms

Category = mid-level 1.078 (0.335) 0.871 (0.273) 1.195 (0.535)

Category = high 0.928 (0.282) 0.891 (0.270) 1.369 (0.598)

Note: Standard error in parentheses; ‘low’ commitment is the reference category; control variables are treated as categor-
ical, including age, sex (1 = female), rank in company, AC setpoint, AC adjustment, window adjustment, blind adjustment
and baseline thermal comfort vote; age, company rank, AC setpoint and baseline thermal comfort are recategorized.

commitment (p = 0.090), and 2.4 times more likely to indicate ‘high’ commitment
(p = 0.045), than to make a ‘low’ commitment. Thus, there is statistically signifi-
cant evidence suggesting that both norm information together can lead to a higher
commitment to lighter clothing.

The results in Tables 7 and 8 reveal the null effects on the commitment tomore PCD
use. In sum, the main effects of receiving descriptive norm, injunctive norm and both
treatments are not statistically significant, suggesting that the norm treatments might
not work in increasing commitment to PCD use.

Robustness check
To systematically evaluate our analytical choices, we present a summary of results
where we modified one analytical setting at a time (either model specifications or
exclusion criteria different from our main analyses above), while keeping other speci-
fications unchanged (See Table 9). Apart from the pre-planned analyses, the rest of the
robustness tests were run using themodel specifications presented above, with DiD for
behavioral intentions andmultinomial regression for commitments.Themodel results
can be found in Supplementary Appendix E.

Overall, the results of the three norm treatments on lighter clothing behavior and
commitment are not always robust. In contrast, the effect of any norm conditions
on PCD outcomes is almost consistently non-existent. In the cases of using logistic
regressions for clothing behavior and alternative case selection, the significant effect of
both norms on lighter clothing is not substantiated, while the injunctive norm signal
becomes significantly effective in the multinomial logistic model on clothing behavior.
On the other hand, the results of the treatments on PCDoutcomes are relatively consis-
tent, except when both norms could lead to less PCDuse using the full dataset. Notably,
when controlling additionally for the decrease in thermal comfort after the suggested
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Table 10. Summary of hypothesis testing

Hypothesis Result Explanation

H1a Not supported Descriptive norm does not increase behavioral intention of lighter
clothing.

H1b Not supported Descriptive normmay lower one’s commitment to lighter clothing.

H2a Not supported Leaders’ injunctive norm signal does not increase behavioral
intention of lighter clothing.

H2b Not supported Leaders’ injunctive norm signal may lower one’s commitment to
lighter clothing.

H3a Not supported Descriptive norm does not increase the use frequency intention of
PCDs.

H3b Not supported Descriptive norm does not increase one’s commitment to using PCDs
more.

H4a Not supported Leaders’ injunctive norm signal does not increase the use frequency
of PCDs.

H4b Not supported Leaders’ injunctive norm signal does not increase one’s commitment
to using PCDs more.

H5a Supported The effect of both norm treatments to increase the behavioral inten-
tion lighter clothing is stronger than that in the groups that only
receive one norm.

H5b Supported The effect of both norm treatments to increase the commitment to
lighter clothing is stronger than that in the groups that only receive
one norm.

H6a Not supported Both norm treatments together do not increase the use frequency of
PCDs.

H6b Not supported Both norm treatments together do not increase the commitment to
using PCDs more.

hypothetical increase in AC setpoints, the effects from DiD models do not change.
This rules out the impact of the hypothetical setpoint increase in the post-treatment
questions to some extent.

Discussion
This experiment attempted to increase financial employees’ uptake of sustainable cool-
ing behaviors using three types of normative information: descriptive norm only,
leaders’ injunctive norm signal only, and both. Based on the final regression analyses
of two outcome measures – behavioral intentions and commitment to the behaviors,
we only demonstrated the effectiveness of using both norm treatments to increase the
choice of and commitment to lighter clothing. Meanwhile, the rest of the norm treat-
ments were ineffective in generating more behavior change compared to the control
condition (see Table 10). Providing only descriptive norm or injunctive norm signal is
even likely to result in a weaker commitment to wearing lighter clothing in the work-
place. In the following sections, we seek to explain the mixed results in light of the
existing literature.
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Before discussing the disconnect between the hypotheses and the results, it is worth
noting that the control condition seems to have already worked (see the descriptive
results from Figures 5 and 6), although this is not part of the original hypotheses.
Specifically, the group receiving the control condition showed slightlymore acceptance
of lighter clothing, the largest shift to more PCD use, and higher levels of commitment
to both lighter clothing and PCD use. However, we could not provide further evidence
on the effectiveness of the control condition for the following reasons. Firstly, adding a
further control group without any information provision would not be feasible for us
tomeasure pre- and post-treatment behaviors because this would add to the confusion
or suspicion about the experiment’s intention. A related point on the experimental set-
up is that the admin’s words at the start might have introduced an injunctive normative
expectation with the sentence ‘we would like to use less AC and more personal cooling
in the company’ (Deutsch and Gerard, 1955). Whilst this injunctive expectation might
have been behind the positive change in the control group, we still consider this sen-
tence necessary as background information to establish a relatively realistic scene for a
company conversation on a non-work-related topic. Secondly, due to the hypothetical
nature of the experiment, without mentioning the slightly raised AC setpoints and the
possible influence on their thermal comfort, it would be difficult to observe any change
in participants’ cooling behaviors. On the other hand, in the absence of such back-
ground and educational information as well as setpoint raises, the effect of the norm
treatments might have been strongly significant and had large effects. However, this
conjecture invites further experimental investigation that relies on a different control
condition.

Effectiveness of the social norms
Combining both descriptive norm and injunctive norm signal led to a stronger com-
mitment to lighter clothing (H5b) and the adoption intention of lighter clothing (H5a).
Interestingly, the respective effects of receiving descriptive and injunctive norms on
the commitment to lighter clothing are negative, but their combination can generate a
stronger commitment (H1b and H2b versus H5b). We speculate that by receiving the
two consistent pieces of information, participants canmore clearly perceive the norma-
tive influence and importance of acting upon the treatment. In other words, combining
both norms that are congruent to each other creates a synergy that counteracts the
boomerang effects of the single norms from psychological reactance, to be discussed
next, and the context-dependent limitations of descriptive norms (Reno et al., 1993).
The power of this combined information has been explicitly discussed in previous liter-
ature, including such empirical studies as Kandul et al. (2020) and Schultz et al. (2015)
and the review by Miller and Prentice (2016).

Limits of social norms
On the other hand, psychological reactance might have played a role in the contra-
dictory results between behavioral intention and commitment regarding the effect of
single-norm conditions on lighter clothing. Specifically, the descriptive norm treat-
ment did not increase the choice of lighter clothing but may even undermine one’s
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commitment to light clothing (H1a versus H1b). While there is no conclusive evi-
dence that the injunctive norm treatment increased the adoption of lighter clothing,
the injunctive norm signal from leaders may lower one’s commitment (H2a versus
H2b). Psychological ReactanceTheory suggests that one’s freedom could be threatened
or restricted with the provision of recommendations (Bergquist and Nilsson, 2019;
Reynolds-Tylus et al., 2019). As mentioned earlier, descriptive norm information and
the leaders’ injunctive norm signal backfire only in the commitment to clothing but
not in the behavioral intention towards lighter clothing. This counterintuitive result is
possibly due to the way the questions of post-treatment outcomes were phrased. We
explicitly asked participants for their plan for the next working day about the warmth
level of their clothing, while the commitment measure implies a longer time in the
absence of a given period. In this regard, with the commitment measure, participants
would be more likely to feel their freedom being restricted after receiving the descrip-
tive norm or injunctive norm signal alone, than with the behavioral intention measure
for the next working day only. In other words, as a reaction to the single-norm recom-
mendations, participants might be willing to try wearing lighter clothing for one week,
but they might not want to commit to this behavior for a long time due to a higher per-
ceived threat to freedom. However, no question item was devised in the experiment
to measure feelings about the treatment, such as anger or anxiety, so there is no proof
from the study, making this point only an inconclusive extrapolation.

Characteristics of the cooling behaviors
One explanation for the null effects of norm treatments in PCD use compared to the
clothing behavior lies in the peculiarities of two cooling behaviors. PCDs might not
be fully available in the office or might interfere with work by producing noise, caus-
ing dizziness and dry eyes, or changing one’s hairstyle with increased airflow from the
perspective of office impression management (Schneider, 1981; He et al., 2017; André
et al., 2020a). Studies also found that participants consider personal fans unnecessary
when they can control office temperature settings (He et al., 2018; Yang et al., 2022). In
contrast, clothing is amore personal possession that participants are familiar and expe-
rienced with and can control and easily adjust, as they must own clothes of different
levels of warmth as a basic necessity.

Order effect in the design
Finally, the null effects of all the norm treatments on PCD use may also be attributed
to an order effect, considering how we measured the post-treatment outcomes, which
then relates to the complementarity of and spillover between the two cooling behav-
iors. Commonly found in surveys, the question order effect denotes that respon-
dents may consider what they have provided for the previous questions when they
comprehend and answer the subsequent question (Rasinski et al., 2012; Dillman
et al., 2014). In this case, participants’ answers to the PCD use measure might have
been affected by their answers to the clothing choice measure. Meanwhile, exist-
ing reviews also highlight that the spillovers across different target behaviors after a
social norms intervention are often uncertain – either counterproductive or facilitating
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(Rasul and Hollywood, 2012; Constantino et al., 2022; Kumar et al., 2023; An et al.,
2024). This could serve as a possible interpretation of the statistically significant effects
found in clothing-related outcomes (H2b, H5a and H5b) but not in PCD-related ones.
After the treatments, participants were first asked about their clothing warmth for the
next working day, followed by their intention to use PCDs. As a result, participants
seemed to have answered their behavior intention of PCD use based on their answers
to the previous question on clothing warmth. This shows that they might have wanted
to engagewith one of the two cooling behaviors, which they thought suffices to embrace
the slightly raised AC setpoints.

This order effect is supported by the results in the Control Group and the Both
Norm Group, as discussed earlier in the descriptive results of behavioral intentions
(see Figure 5). When participants in the Control condition indicated a smaller shift
to lighter clothing, they tended to compensate for the cooling situation by selecting
more frequent use of PCDs. When participants in the Both Norm condition chose rel-
atively lighter clothing, they tended not to indicate a higher frequency of PCD use.
This contradiction implies that the effectiveness of the norm treatments on the behav-
ioral intention towardsmore PCDuse could have been eclipsed by the choices of lighter
clothing in the first place. Participantsmay likely find it advisable to adopt lighter cloth-
ing only (the choice provided the first in the questionnaire) rather than to also adopt
PCD use (the choice provided the second). However, considering that we did not ran-
domize the order of the two post-treatment behavioral intentions, further research is
needed to validate the possible interference by the question order and determine if the
effect would be reversed if the PCD use measure appeared first.

Limitations and future research
There are a few caveats in our experiment. First and foremost, the evidence from
our online survey experiment might have been constrained by hypothetical scenarios
and could work differently in real-world settings with observations of actual behav-
iors (Harrison and List, 2004; Mutz, 2011; Vesely and Kl ̈ockner, 2020). However, we
recognize that it is equally challenging to maneuver the temperature settings in real
offices (Lakeridou et al., 2012) and that a field experiment was impossible for us to
run due to COVID lockdown restrictions in Guangdong, China, at the time of our
experiment. Secondly, the self-reported frequency of PCD use may not be the best
measure of the behavioral intention. It could have been challenging for participants
to provide an overall score for their frequency of using any PCDs mentioned in the
questionnaire, especially when using different PCDs at different moments. There are
additional dynamic dimensions, such as the time of use and combinations of PCDs.
Future studies could benefit fromfield observations to record the above details.Thirdly,
we recategorized the commitment outcomes as unipolar to avoid empty- or small-cell
issues and to reflect the degree of positive confirmation (e.g., a clear yes versus maybe).
Therefore, the results are not comparable to other studies using the same seven-point
scale. Finally, caution is warranted in interpreting the results since we did not correct
for multiple hypothesis testing. The observed effects of the norm treatments may not
hold under more stringent significance criteria.
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For future research, we recommend the following improvements. As Parsons
(2002) recognized in their lab experiment, participants’ capability to adjust clothing
is bounded to the extent of maintaining modesty and still being accepted by others
around. Our experiment might benefit from a better descriptive normative message
with unambiguous images of acceptable lighter clothing, such as the combination of
shorts and a T-shirt. Another strand of social-norm literature emphasizes the role
of social proximity in moderating the effectiveness of norm interventions (Goldstein
et al., 2008; Bergquist and Nilsson, 2018; Xiao et al., 2023). As such, selecting a refer-
ence group with greater social proximity, such as company colleagues in this context,
could potentially improve the treatment effect, compared to using the population of
financial professionals in Guangdong. It is also important to note that our online cross-
sectional experiment does not provide evidence of the long-term effectiveness of social
norms, as we cannot observe actual behavior or behavior across time. Some litera-
ture indicates that social norm interventions could be more effective over an extended
period (Trinh et al., 2021). Therefore, given insufficient evidence to confirm parallel
trends over time between comparison groups prior to treatment (Angrist and Pischke,
2015), we recommend longitudinal field experiments in natural office settings with
consistent measurements to both allow habits to form over time and provide the nec-
essary pre-experimental data. Finally, we suspect that the outcomes incongruent with
the literature could be specific to the context and population of our study. It is yet to
be confirmed whether heterogeneous effects exist in other industries compared to the
financial industry, so we encourage further studies to test the social norm messages for
sustainable cooling in diverse contexts.

Policy implications
This experiment sheds light on energy-saving policies in organizations, providing
an empirical reference for policymaking for more sustainable cooling in regions
of a humid subtropical climate in China, and for further investigation and cross-
cultural comparison in similar climates such as south-eastern United States and
eastern Australia. Specifically, it offers guidance on promoting sustainable cooling
supplements, which can improve energy demand management and alleviate office
overcooling. First and foremost, descriptive norm information and leaders’ injunc-
tive norm signal might work better in tandem in behavioral interventions promoting
sustainable cooling supplements in offices. Organizations can show their employees
that others from the same industry are increasingly using personal cooling, while also
making salient the leadership’s injunctive signals to show support for the change. The
combination is crucial in that descriptive norms can address the lack of reflexivity
(Sahakian et al., 2021) regarding cooling the body rather than the space in offices.
Injunctive norms from the authority then improve the credibility and highlight the
social approval of using more personal cooling with the trans-situational trait (Reno
et al., 1993). It would be insightful for policymakers to test low-cost social norm nudge
programs with this combination on a large scale in the financial industry.

Secondly, educational efforts are crucial to provide office workers with sufficient
information regarding the effectiveness and means of personal cooling (Abrahamse
et al., 2005; Lotti et al., 2023), as demonstrated in our experiment design. The
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information could be delivered via themost frequented communication channels such
as WeChat, or more formally, via email sent from the leadership (Russell et al., 2016).

Thirdly, while offering employees a variety of personal cooling objects might raise
monetary concern only, a more fundamental obstacle to sustainable office cooling is
the suit tradition entrenched in industries featuring formality. Thus, a bold step is nec-
essary away from the strict clothing requirement that, in turn, calls for low indoor
temperatures. The Japanese ‘Cool Biz’ program emphasizes the role of leaders as role
models in adopting less formal but socially acceptable work clothing in public. Again,
our experiment provides a glimpse of hope that leaders’ social approval of lighter cloth-
ing, combined with the prevalence of a relaxed dress code in the industry, can induce
more willingness to switch to lighter clothing and commit to this action. Challenging
the industry norm will be no easy feat, but easing the clothing regulation will be a
stride towards more opportunities to reduce energy demand for cooling and thermal
discomfort from overcooling. Fortunately, a promising development occurred inHong
Kongwhen financial companies such as Everbright Securities and Bank of ChinaHong
Kong started to adjust corporate dress codes to allowhigherAC temperatures (Ng et al.,
2022). These companies implemented the green initiative to set AC temperatures to
approximately 25–26∘C and allow business casual dress code without suit jackets and
ties. Showcasing this example to indicate a dynamic social norm might initiate recon-
sideration of the dress code in its neighboring and less Westernized counterparts, the
financial companies in Guangdong province (Sparkman et al., 2021).

Finally, a balanced approach is necessary to promote personal cooling and AC
default setpoint regulation in offices. The intention of using personal cooling strategies
to supplement air-conditioning is to offer sufficient cooling. This way, cooling equity
can be achieved by allowing employees to use additional personal cooling when nec-
essary and easing discomfort for those feeling overly cooled by low AC temperatures
(Parkinson et al., 2021). However, an environment with higher default AC setpoints
might disadvantage vulnerable groups during heatwaves, especially those with heat-
related health conditions (Meade et al., 2024). Furthermore, building managers and
stakeholders should take heed to avoid undermining productivity with unbearably
high-temperature settings (Wang et al., 2019; Kimura et al., 2020).

Conclusion
To conclude, we tested the effectiveness of social norm information nudges on the
uptake of lighter clothing and more PCD use in an online survey experiment among
Chinese financial employees in Guangdong. The control group already exhibited
desired behavioral intentions, while the addition of normative information treatments
did not show significant effectiveness compared to the control overall. The exception
was the positive effects on nudging toward lighter clothing behavior and commit-
ment when both norm treatments were given. Single-norm conditions might even
lower commitment to lighter clothing. As the first experiment on office personal
cooling behavior, our study contributed to the scholarship on social norm interven-
tions by highlighting the potential complications within this type of behavior. Current
practices of air-conditioned cooling can be challenging to replace, as solidified by
building standards, infrastructures and everyday expectations (Khosla et al., 2022).The
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inconclusiveness in the effect of our social norm treatments warrants further studies
in real-world settings, with better designs of social norms, and among different popu-
lations. That said, in hopes of ‘cooling people, not buildings’ in an increasingly warmer
world (Lizana et al., 2022, p. 1089), the power of social norms should be carefully
harnessed.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/bpp.2025.3.
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