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Abstract

Providing households with consumption feedback can effectively reduce water and energy use.
However, the efficacy may depend on the medium and frequency of the messages. In this
longitudinal study spanning over two years, we report two experiments on household water use
read via meter in the United Kingdom: one manipulating the frequency of feedback (N = 13,047),
and one comparing the medium (email vs. paper) of the feedback messages (N = 18,896). Overall,
the feedback interventions reduced water consumption by around 2%. There were no differences in
delivering the treatment monthly vs. 3-monthly, and paper messages were effective, but emails
were not. Almost all households reduced their consumption, although the effect was variable.
These results inform psychological interventions and cost-effective messaging for water districts
and perhaps other types of utilities.
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Non-Technical Summary

Background

Water scarcity is becoming an increasingly serious global challenge due to climate change
and rising demand. One promising approach to reducing household water use is sending
personalized feedback about consumption, often including comparisons to neighbours. This
approach, known as "social norms" messaging, has been shown to effectively reduce both
energy and water use in various contexts. However, there are many unanswered questions
about the best way to deliver these messages, including how often they should be sent and
whether digital or physical formats are more effective.

Why was this study done?

The goal of this study was to understand how the frequency and medium of feedback
messages affect household water consumption. Although feedback interventions have been
tested many times, utilities face practical decisions about implementation that research has
not fully addressed. Sending paper mail is expensive, so knowing whether less frequent
mailings work just as well could save significant costs. Similarly, email is far cheaper than
paper mail, but it remains unclear whether households pay attention to digital messages.
This study aimed to provide evidence to help water utilities design cost-effective programs
that can still change behaviour.

What did the researchers do and find?

The researchers conducted two large-scale field experiments with over 30,000 households in
the United Kingdom over more than two years between 2016-2019. In the first experiment,
households received personalized water use reports comparing their consumption to their
neighbours either monthly, every three months, or every six months. In the second experi-
ment, households received similar reports either by paper mail or by email.

The results showed that overall, the feedback interventions reduced household water
consumption by approximately 2%. Monthly and three-monthly paper reports were equally
effective, meaning there was no benefit to more frequent messaging. Paper mail success-
fully reduced water use, but email had no effect whatsoever. The researchers also found
that households with medium-to-high baseline consumption showed the largest reductions,
while those with very low or very high consumption changed less. The intervention proved
cost-effective, with utilities saving approximately 798 litres of water for every £1 spent on
paper messaging.

What do these findings mean?

These findings suggest that for water utilities considering feedback programs, sending paper
reports every three months appears to be the most cost-effective approach. Increasing the
frequency to monthly mailings does not improve outcomes but does increase costs. Email,
despite being much cheaper, should not be expected to change behaviour, likely because
people ignore or delete these messages without reading them. The findings also suggest
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that targeting households with medium-to-high water consumption could maximize water
savings per pound spent. However, it should be noted that these findings come from specific
regions in England, and results might differ in other contexts with different climates, water
use patterns, or cultural norms around mail and digital communication. Future research
might test whether these results can be replicated in other countries and whether alternative
digital formats could be made more engaging.

Highlights

+ Social norms feedback interventions reduced household water consumption by
approximately 2% in two large-scale field experiments in the United Kingdom,
consistent with prior research in this context.

« There were no significant differences in effectiveness between monthly and three-
monthly message delivery, suggesting that utilities can reduce messaging frequency
without compromising water savings.

«+ Paper mail reports successfully reduced water consumption, but email-based
interventions had no detectable effect, likely because digital messages are easier to
ignore or require additional steps to access the feedback content.

» Heterogeneity analyses revealed that households with medium-to-high baseline
consumption showed the greatest reductions, while those with very low consumption
faced floor effects and the highest consumers showed attenuated treatment effects.

« The intervention proved cost-effective, saving approximately 798 litres of water for
every £1 spent on paper messaging, with potential for greater efficiency when
targeting specific household segments based on baseline consumption.

Water scarcity is a looming threat that could affect everyone on the planet (Caretta
et al, 2023). Increasing demand combined with the effects of climate change means
that conserving this limited resource is extremely important (Global Commission on the
Economics of Water, 2023; Kummu et al.,, 2016; UN Water, 2021). Clean water is the
foundation of our livelihoods, ecosystems, and economies, and preserving it requires
demand-side changes in consumers. One of the most popular and consistently effective
interventions on behaviour is providing feedback to consumers about their resource
consumption (Andor & Fels, 2018; Karlin et al., 2015; Sanguinetti et al., 2018).

What distinguishes eco-feedback from general feedback is the goal of reducing envi-
ronmental impact paired with personalisation. Eco-feedback is the delivery of personal-
ised information during user-product interaction to encourage the adoption of energy or
water-saving strategies (Sanguinetti et al., 2018). In contrast, general messaging conveys
broad information to a broad audience without personalising it to specific consumption
patterns, e.g., “You should reduce your consumption to help the planet”. These feedback
interventions are often combined with social information about the consumption pat-
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terns of similar peers (e.g., nearby households of similar size), known as descriptive
social norms. An early study found that door hangers with personalised feedback about a
household's energy consumption combined with descriptive and injunctive social norms
reduced household energy use by about 8% or d = .6 (Schultz et al., 2007).

Expanding upon these findings, the software company OPOWER was a major compa-
ny in translating findings in eco-feedback research into a software product for utilities
(Allcott, 2011; Bloomberg, 2023). They sent out Home Energy Report Letters containing
energy-saving tips and included a comparison between a household's electricity usage
and that of their neighbours. Utility companies across the world then adopted similar
norm-based feedback interventions. Interventions in the United States have resulted in
energy consumption reductions ranging from 2% to 2.4% (Allcott, 2011; Ayres et al., 2013;
Costa & Kahn, 2013; Schultz et al., 2007). In Europe, decreases were seen at 0.7% (Andor
et al., 2020), 0.4% (Bonan et al., 2020), and 6% (Dolan & Metcalfe, 2015). Interventions
have reduced household water use by 1.8% to 6% (Bhanot, 2017; Brent et al., 2015;
Carlsson et al., 2021; Ferraro & Miranda, 2013; Ferraro & Price, 2013; Ferraro et al., 2011;
Ramli, 2021; Ramli & Laffan, 2022). Notably, Schultz et al. (2016) showed a substantial
26% reduction in water use in California with a descriptive norm message. This growing
evidence base demonstrates the effectiveness and low cost of these interventions as a
tool to manage consumer demand.

However, the proliferation of these interventions has highlighted the large heteroge-
neity in treatment effects, both within and between studies (Allcott & Mullainathan,
2010; Andor et al., 2020). Across multiple meta-analyses of feedback interventions, these
differences in implementation appear to moderate overall treatment effects (Karlin et al.,
2015; Kluger & DeNisi, 1996; Senderlund et al., 2014). Possible moderators include the
type of feedback medium (smart meters or in-home displays), the timing of feedback de-
livery (immediate or delayed), and tailoring feedback to household characteristics. These
implementation differences show the importance of thoughtful design and deployment
of feedback interventions. Such nuances can either amplify or undermine the desired
treatment outcomes. The current study addresses this possibility by testing key design
features in how interventions were delivered in two experiments on household water
consumption. The first experiment tested different frequencies of message delivery, and
the second experiment tested the delivery medium (email vs. paper).

Expanding on this theoretical groundwork, in the next section, we examine the
determinants of household water usage, which are shaped by individual decision-making
processes and demographics. We investigate the key features of feedback interventions
using insights from energy conservation research. We also assess the medium and fre-
quency of feedback, compare email and paper as intervention mediums, and consider the
implications for utility messaging practices.
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Intervention Delivery Mechanisms

Households are made up of individuals that choose when and where to use water
(Lancaster, 1975). These behaviours are related to psychological factors like knowledge
and motivation. However, they are also determined by demographics like income and
location, which predict household size, types, and amount of appliances or features such
as fountains (Bich-Ngoc & Teller, 2018; Domene & Sauri, 2006). Several meta-analyses
and reviews found that average messaging effects vary widely. First, sample population
(e.g., households that volunteer to participate in a study or general culture) and physical
location (e.g., climate) explain some variance (Allcott, 2015; Andor et al., 2020). For
example, the sample population can have an effect through site-selection bias whereby
communities that are already environmentally conscious may invite pro-environmental
interventions to be tested in their region (Allcott, 2015). Alternatively, the variables
associated with a physical location can determine how much change can occur simply by
how much consumption already occurs (e.g., temperate climates that do not require ener-
gy for cooling or heating generally consume less energy and, therefore, have less scope
for change) (Andor et al., 2020). Others attribute treatment variance to intervention char-
acteristics. For example, Kluger and DeNisi (1996) developed the Feedback Intervention
Theory by conducting a meta-analysis of 607 treatment effects of feedback interventions
on a wide range of behaviours, with a primary focus on performance-related behaviours
across various domains. This meta-analysis was the first attempt at understanding how
differences in feedback implementation impact the treatment effects, and two-thirds of
the interventions appeared effective at changing behaviour.

Which reference point to use for feedback has been extensively studied, and using
social norms has become standard practice. For example, the California Public Utilities
Commission defined behaviour-based energy efficiency programmes as requiring social
norms-based comparisons (Mahone & Haley, 2011). This choice is likely due to social
norms’ reliable efficacy (Karlin et al., 2015; Nolan et al., 2008). Even household water use
studies that were not focused on testing social norms often contain a norms condition.
For example, one study testing Information Motivation Behavioural Skills theory inclu-
ded an experimental condition focused on what other households were doing (Hodges et
al,, 2020).

In energy consumption, reviews by Fischer (2008), Karlin et al. (2015), and Sanguinetti
et al. (2018) highlighted several components of feedback interventions that moderate its
effects:

Intervention delivery frequency.

Medium or format of the information (e.g., letters, display units, emails).

Metric of use (e.g., litres, price, CO2).

What the feedback is compared against (e.g., historical behaviour, social norms).

M N

Feedback granularity (e.g., household, room, appliance).
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6. Length of treatment.

From a policy perspective, it is important to focus on frequency and medium because
these components have significant operational costs that inform intervention scaling.
Sending paper requires printing, sorting, and mailing, and frequency multiplies this cost.
Therefore, the medium and frequency of messaging interventions have large practical
relevance for high impact through behaviour change.

Medium: Email vs. Paper

The first published example of using social norms for reducing energy consumption was
delivered through door hangers (Schultz et al., 2007). Since then, other mediums have
been explored, including ‘home reports’ by paper mail (e.g., Allcott, 2011), email (e.g.,
Dolan & Metcalfe, 2015), real-time consumption feedback on an in-home display (e.g.,
Schultz et al., 2015), or by a website or mobile application (e.g., Geelen et al., 2019). Email
and paper mail are ‘pushed’ onto people, while in-home displays and websites require
people to ‘pull’ the information (Schultz et al., 2016). ‘Pull’ mediums rely on users to
dictate the frequency at which they are treated by the intervention and typically require
smart meters, which are not as widely available for water use. Because ‘pull’ methods
are less scalable and provide less control of treatment dosage, we focused on paper mail
vs. email. Utilities are more likely to engage their customers with paper mail because
they have customer home addresses but may not have up-to-date email addresses or have
installed smart meters and in-home displays.

Regardless of format, messages must engage the audience. If feedback is not received
or read, there can be no treatment effect. Mediums that are challenging to access or are
too easily ignored would probably work less well. Dolan and Metcalfe (2015) directly
tested paper vs. email as mediums of intervention delivery. Only paper mail reduced
energy consumption. Other reviews found that computer-based mediums were more
effective than paper and suggested it was because such messages are more interactive
and engaging (Fischer, 2008; Karlin et al., 2015; Sanguinetti et al., 2018). However, this as-
sumes people are willing to log in to access the feedback. One poll found that the average
adult American has 500 unread emails (Moore, 2015). This highlights a challenge of the
inundation of digital communications: messages might remain unseen or unopened in a
cluttered digital space. Communications can only be effective if they are noticed.

Feedback is effective at changing behaviour, especially in areas such as energy or
water consumption where people may be unaware of their usage. However, a person’s
motivation to monitor their goal progress (i.e., seek feedback), even those they rate
as something important, may wane due to specific psychological mechanisms (Webb
et al,, 2013). For example, the self-verification motive proposes that individuals seek
consistency with their established self-concept. In this context, if individuals believe they
are not performing well, the feedback could challenge their beliefs or self-concept, and
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as a result, they may be motivated to dismiss it. With emails, the subject line and sender
may signal the content without opening a message, and so unwelcome news may be easy
to ignore. This is especially the case if the feedback is not included in the body of the
email and the customer needs to log into a website to view usage. In contrast, the content
of physical letters is difficult to discern without opening. Therefore, physical letters may
be more likely to be read, even if briefly. This difference in engagement may be crucial
for behaviour change.

Frequency

Frequency refers to how often feedback is delivered to the individual. More frequent
feedback improves learning and task performance (Ilgen et al, 1979; Lam et al., 2011;
Salmoni et al., 1984). Increased frequency provides more information for the individual
to learn from and the opportunity to develop strategies to improve performance. Greater
learning comes because individuals can better link an action with specific feedback in
time. More frequent feedback could also create greater saliency of the target behaviour.
Furthermore, when the effect of a feedback intervention decays over time, more frequent
feedback can prevent that decay (Allcott, 2011).

It is less clear whether more frequent feedback leads to more behaviour change.
While reviews by Fischer (2008) and Darby (2006) suggested so, a meta-analysis by Karlin
et al. (2015) found no effect. Perhaps this null finding was because frequency was not
studied in isolation and so was masked by the moderating effect of other variables.
Or there may be no true effect. In one experiment on household energy consumption,
households that received paper home reports each month vs. each quarter both used a
similar amount of energy (Allcott, 2011). Looking at the wider pool of 17 experiments
analysed by Allcott (2011) that delivered interventions at various frequencies, the un-
weighted mean of the average treatment effects was -2.2% for monthly and bimonthly
interventions compared to -1.7% for quarterly interventions. If higher frequency were
only slightly more effective, the higher frequency would not justify the increased costs of
printing and mailing. It is also unknown how infrequently interventions can be delivered
without compromising the treatment effect. This question is especially relevant for water
utilities in the United Kingdom because the majority of UK. households have meters that
are only read every six months (UK Government, 2023), which makes frequent, personal-
ised feedback more challenging: for example, the cost of delivering monthly feedback
interventions may include installing and maintaining smart meters. In sum, the influence
of feedback frequency on behaviour change remains inconclusive. It is also important
to consider how feedback frequencies may affect the duration of treatment effects after
treatment ends (Allcott & Rogers, 2014). Further research is needed to determine whether
higher frequencies lead to longer-lasting effects, especially where household meters are
read only every six months.
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Aims

The current paper presents two field experiments with different social norms feedback
interventions. The primary aim of Study 1 is to examine the effects of messaging fre-
quency on household energy use by conducting a field experiment that tests monthly,
quarterly, or 6-monthly messaging. Because Allcott (2011) did not find differences be-
tween monthly and quarterly messages about energy use, we expected no difference
between the monthly and quarterly conditions and, by extension, between all conditions
and the 6-monthly conditions. This replication would provide evidence for potentially
large savings for utilities. This study is the first to test feedback frequencies in the United
Kingdom and the first frequency experiment on water consumption globally.

Study 2 aims to compare the impact of email and paper mail as delivery mediums for
feedback interventions on household water consumption. Because Dolan and Metcalfe
(2015) found that letters were more effective than emails, we expect the same result here.
We also explore the heterogeneity of the treatment effect. Lastly, we aim to assess the
cost-effectiveness of the feedback interventions by evaluating the potential savings for
utilities, the resulting impacts on household bills, and the efficiency of targeting specific
household segments based on their water consumption.

Method

Participants

Two randomised field experiments were conducted during 2016-2017 in two regions of
the United Kingdom through different regional water utility companies, Anglian Water
and South East Water. Water utilities in the United Kingdom are private companies
that are run as regional monopolies and, as such, are heavily regulated by the UK.
Water Services Regulation Authority. The regulators have incentives to encourage utility
companies to reduce overall water demand, especially in drought-prone areas like where
the two experiments were conducted.

The inclusion criteria required households to have a working water meter, sufficient
meter reads (1/3/6 months) prior to the study, meter reads within an upper bound of
10,000 litres a day, not be on a special tariff for households with low income or specific
medical conditions, not have opted out of all forms of communications from the utility,
be a residential household account, and have an account that had not been closed.
Houses were billed on a 6-monthly basis, with an average annual expenditure of £415.
Mean residential water consumption in the United Kingdom was 349 litres per household
per day in 2013 (Energy Saving Trust, 2013), compared to 523 litres in the United States
in 2016 (DeOreo et al.,, 2016). We did not have additional demographic data on the
households as these are not commonly collected by the utility company and purchasing
that data for a sample of this size would have been too expensive. All households were
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automatically opted into the experiment, so those in the treatment group received the
intervention. They could choose to opt-out at any point. The automatic inclusion to
receive these communications was viewed to be an added service by the utility company
as a means to help households be more environmentally friendly and potentially achieve
financial savings. Before each treatment interval, a home report was only generated
for households that were not excluded by these criteria. Even if a household that was
previously included in the programme was later excluded from receiving a home report
during the intervention period, their data was still collected as long as they had not
closed their account nor had a meter read error. See the section, ‘Study 1: Frequency’ and
‘Study 2: Medium’ for the exclusion numbers per study.

We applied three further exclusion criteria before we looked at the data. First, house-
holds that did not have any data over the baseline period were removed (see each
Study below for specific dates). Second, households that did not have any data over the
treatment period were removed. Finally, outliers were removed above the 99" percentile
for water use because their use was unrealistically high for a single household. Mean
UK. household consumption in this period was 349 litres per day. Before this exclusion,
the highest consumption was 25,000 litres/day in Study 1 and 80,000 litres per day in
Study 2. Readings can vary between studies because of random meter read errors or
errors in the data about types of properties (e.g., commercial). The 99" percentile was
used because it balanced the removal of unrealistic use without removing many data
points. After this exclusion, the highest consumption was 1,073 litres per day in Study 1
and 809 litres per day in Study 2, which are much more plausible for single households.
As requested by a reviewer, we also conducted the main analyses using a threshold of
+3 SD. The results did not vary by more than 1 litre per day, and so we used the 99
percentile as planned.

Experimental Design

Households randomly allocated to the treatment condition received a 'home report' and
access to an online portal with the same content. The reports and online portal were
developed by Advizzo, a software-as-a-service company that works with utilities. The
authors worked with Advizzo and the utility companies to run the randomisation. The
‘home reports’ were delivered by the utility companies. The main feature of the home re-
port was the social norms messaging in a graph that showed descriptive norms (Allcott,
2011; Ayres et al.,, 2013; Schultz et al., 2007; see Figure 1). This neighbour comparison
graph displayed a comparison of the water consumption of the target household against
the consumption of ‘average homes’ and ‘efficient homes’ (Figure 1). The message recipi-
ent would see their household placed in a condition based on use: ‘more than average’
(consuming more than the mean of similar households), ‘below the average’ (less than
the mean of similar households), and “most efficient’ (less than 80% of households). In
this bar graph, the bars represent the amount of water consumed. Consumption was

Global Environmental Psychology
2025, Vol. 3, Article e11705

GOLD
https://doi.org/10.5964/gep.11705 B PsychOpen


https://www.psychopen.eu/

Norms Feedback on Household Water Consumption 10

displayed as cubic metres (m®) to align with the bill payment metric. An injunctive norm
was also displayed in the form of a series of ‘smiley faces’ with three labelled levels,
‘More than average’, ‘Good’, and ‘Great’. The injunctive norm helps prevent boomerang
and coasting effects (Schultz et al., 2007). The home report also included three tips to
reduce water consumption (e.g., “Each minute you reduce your shower time can save you
at least 9 litres”). Households received the home reports every month, three months, or
six months, and through paper mail or email, depending on the condition. The control
conditions in either experiment did not receive any communications from the study
team. The emails did not have a read receipt; therefore, we could not determine whether
they were opened. Equally, there was no way of knowing if households opened the paper
mail.

Study 1: Frequency

This May 2017 study tested feedback delivery frequency (randomised into control,
monthly, 3-monthly, and 6-monthly) on customers of Anglian Water, a water utility in
the East of England. An initial sample of 22,000 households from the Colchester region
was selected, of which 13,047 met the selection criteria. Household water meters were
read at different times of the month using refuse trucks with remote meter readers
as they drove around collecting refuse. The remote reading is accomplished with a
radio frequency device mounted to the water meter, which is triggered by a wireless
request from the nearby reader. After the metering data had been collected, a meter
data management company sent us the data that showed monthly data consumption
for each household. Baseline consumption data from July 2016 to June 2017 were used.
There was no data available for June 2016, so for each household, we imputed their
consumption data for June 2016 using data from July 2017 to ensure a full year’s data for
analysis. Following the delivery of the first home report, additional reports were subse-
quently sent out every month, three months, or six months, depending on experimental
conditions. After one year of the intervention, only households in the monthly treatment
condition that had shared their email address with Anglian Water continued to receive
the treatment. Households that had not shared their email address and households in the
6-monthly and 3-monthly conditions stopped receiving the treatment. Consumption data
for these households continued to be collected after the interventions stopped. Figure A1l
(in the Appendix) shows the number of home reports sent across the entire programme
period.
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Figure 1

Example of Household Home Report

WS REPORT

(ove evexy dro Q o WATER
anglian‘\g Po YOUR WA

MR J TEST
1TEST STREET
TEST CITY
AATIAA

Account number: XXXXXXXX
Report period: 01/07/2017-31/07/2017

WELCOME BACK!
For the past few months we've been sending water usage reports to all of our customers who have a smart meter fitted.

In December 2017, your household used X m?, this is on average X litres/day : How you’re doing:

Efficient
homes @ Great
> Good
Average .
homes Using more
than average
Average homes Efficient homes

‘The average usage of similar homes.
in your area that have 2 occupants

The most efficient 20 per cent of the
similar homes in your area that have 2
occupants

This is based on your household occupancy of X people based on your survey Register at myuse. i uk and
view your household water use online. By visiting your My Use portal you can fill in your home survey and update your household
information, and receive personalised monthly tips to help you save water and money.

WHAT DOES AN EFFICIENT HOME LOOK LIKE?

®

Have shorter showers
instead of baths

You can access your water use
data online and learn how much
you use daily

Use the washing machine
and/or dishwasher on full load
once/twice a week, or wash
dishes by hand using a bow!

You can receive personalised
tips and ideas on how to save
water and money

| o

Pl

Check and fix leaks or
dripping taps

o

~SA
‘ﬁ

-

We've already helped hundreds
of customers in Newmarket by
spotting leaks in the home,
saving them money before they
ran up a large bill

Runs on $8 AIVZZD

Registered in England No. 2366656. Registered Office: Lancaster House, Lancaster Way, Ermine Business Park, Huntingdon, Cambridgeshire, PE29 6XU

Out of the 13,047 households, 425 were removed for not having data available in the
baseline period, and 26 households were removed for not having any data in the treat-
ment period. Additionally, 4,901 individual data points with water consumption higher
than the 99 percentile were removed, as explained in the section above. The final data-
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set consisted of 12,586 households. An attrition analysis was performed to determine if
households dropped out of the study vs. completed the entire treatment and whether this
attrition was associated with the treatment assignment. Two regression analyses on attri-
tion using the number of available months, as well as a binary indicator of attrition on
treatment assignment, were conducted. There were no statistically significant differences
in attrition between conditions (Table A1 in the Appendix), which is evidence against the
presence of bias through group assignment. Furthermore, baseline consumption between
the treatment and control conditions was not different, which is evidence that baseline
consumption was balanced at randomisation. Descriptive statistics are in Table 1.

Table 1

Water Use by Study and Condition (Litres per Household per Day)

Litres

Pre-treatment Post-treatment Households (n)
Group M SD M SD Year 1 All years
Study 1: Frequency
Monthly 297 223 277 176 3,333 3,311
3-monthly 297 263 278 176 3,255 3,237
6-monthly 297 208 282 173 2,847 2,845
Control 290 216 281 176 3,141 3,122
Study 2: Medium
Email 290 156 296 147 4,565 4,563
Paper 289 182 289 147 4,618 4,612
Control 288 150 293 147 9,120 9,108

Note. M = mean, SD = standard deviation, n = number of households in the first year (Year 1) and all years
(Study 1: 35 months; Study 2: 31 months).

Study 2: Medium

Study 2 tested different mediums of feedback delivery on customers from South East
Water, a water utility operating in the South East region of England. Consumption data
were manually collected from households on a 6-monthly basis by the utility company as
standard practice. After the metering data had been collected, a meter data management
company sent us the data that showed 6-monthly data consumption for each household.
Twelve months of consumption data between March 2016 and March 2017 was used as
the baseline period. Home reports were sent about every eight months starting from
March 2017, with a final report sent in March 2019. Consumption data through Septem-
ber 2019 was analysed.

Global Environmental Psychology
2025, Vol. 3, Article e11705

GOLD
https://doi.org/10.5964/gep.11705 B PsychOpen


https://www.psychopen.eu/

Ramli, Brick, & Abera 13

An initial sample of 20,000 households that shared their email addresses with the
utility were selected. Following the exclusion of households based on the criteria above,
18,896 households were randomly assigned to three conditions: receiving the home
report by email, receiving the home report by paper, or a control condition that received
no communication from the study team. All households at this time did not receive any
other communication campaigns aside from their usual service communications (e.g., late
bill payments). Half the sample was assigned to the control condition and the other half
was split between the two treatment conditions. Five hundred forty-five households that
had no consumption data in the baseline period were removed, and a further 37 house-
holds that had no consumption data in the treatment period were removed. The final
data set, therefore, consisted of 18,314 households. There were no significant differences
in attrition between the three conditions (Table A1 in the Appendix), and consumption in
the three conditions was balanced over the baseline period.

Measures

Household Water Use

The dependent variable was water consumption in litres per day. The difference between
two meter reads of cumulative consumption allowed us to calculate the consumption
over that period (monthly for Study 1 and 6-monthly for Study 2) by dividing the meter
reading by months elapsed and then dividing by days within each month.

Statistical Analysis

For a power analysis, a post-hoc sensitivity analysis was run after the study with o = .05,
power = .99, and Study 1 N = 12,586 for a linear regression with three predictors using
the function pwr.f2.test in the pwr R package. This revealed excellent power to detect
changes in water use of R? = 0.002 or larger. Study 2 also allowed detecting effects of R?
=.002 with excellent power.

For both studies, ANCOVA was used to estimate average treatment effects. To de-
termine whether the effects of the different treatment conditions were equivalent, a
post-hoc two-one-sided t-test (TOST) was used as an equivalence test.

To understand how the intervention affects people differently, heterogeneity of treat-
ment effects was studied using quantile regressions and conditional average treatment
effect (CATE). Knowing this can help improve the targeting of the intervention to
maximise its impact. Quantile regressions are useful for studying heterogeneity because
rather than just estimating the treatment effect on the mean of the outcome of interest,
quantile regressions allow the estimation of the effect on the median of this outcome
alongside the full range quantiles, revealing how the treatment effect might vary across
the different aspects of the distribution of the outcome of interest. This technique is
common in economics and political science, and relatively rare in psychology, despite
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its utility. We present a separate unconditional quantile regression, LPDit = Ti, for each
treatment condition. One limitation of quantile regressions is that due to rank invariance,
it is difficult to identify specific conditions within the output.

Heterogeneity can also be studied by looking at the conditional average treatment
effect (CATE) of baseline consumption. This is complementary to quantile regressions,
which are unable to make statements about conditions of the sample due to rank
invariance. CATEs are more interpretable and enable statements about how different
levels of baseline consumption are affected by the treatment. To run CATE, we used the
same model specification as for the average treatment effect, with the addition of an
interaction term between treatment condition and deciles of baseline consumption. The
limitation of using interaction terms for subgroup analysis is lower statistical power.

Lastly, the cost-effectiveness of the interventions was assessed by calculating the
amount of water saved per £1 spent per household and comparing this to the cost of
water production.

Results

Anonymised data can be shared upon request. All analysis code (Python) is at Ramli et al.
(2025).

Average Treatment Effects

The average treatment effects for both experiments were estimated with an ANCOVA
with specifications similar to those of Allcott and Rogers (2014),

LPD, = T;,+ LPDpre, +m,, +¢€

where LPD, is household i’s water consumption in litres per day at month ¢, T;is the
treatment indicator, LPDpre, is household water consumption in the matching calendar
month in the baseline period, and =, are month and year fixed effects. All analyses
included the clustering of standard errors on the household level.

Study 1: Frequency

To address the first aim, we investigated the effects of messaging frequency on house-
hold water consumption. Specifically, we examined whether there were differences
in water usage when households were receiving feedback at monthly, quarterly, and
6-monthly intervals. The treatment was delivered to the majority of the sample for the
first 12 months only. Therefore, the analysis was split to focus first on this initial period,
then the subsequent 23 months, and then all the months together.

Only households in the monthly and 3-monthly treatment conditions reduced their
water consumption over the first 12 months when the reports were being sent (Table 2;
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Figure 2). Households in both these treatment conditions reduced their consumption by
6 litres per day, or -2%, compared to the control condition. The subsequent 23 months
showed more reductions, with households in the monthly condition reducing their con-
sumption by 8 litres per day and the 3-monthly condition by 7 litres per day. A pairwise
t-test for equality of coefficients (with Holm-Sidak correction for multiple tests) showed
no differences between these three treatment conditions.

The post-hoc TOST equivalence test was conducted to determine if the differences
in water consumption reductions between the 1-monthly and 3-monthly intervention
groups were within the predefined equivalence margins of +0.5 litres per day. The results
suggest that equivalence for both the upper bound #75442) = 0.514, p = .303 and lower
bound #(75442) = -0.514, p = .303 could not be established. Consequently, the data did
not provide sufficient evidence to assert that the differences in effectiveness between
the two frequencies fall within the narrow range considered practically equivalent. The
equivalence margin of +0.5 litres per day was selected based on the observed effect
sizes and the cost implications of the interventions, with the rationale that differences
smaller than this threshold would not meaningfully alter the cost-effectiveness of the
interventions. Additionally, the residuals from the ANCOVA of the main effect were
used as the basis for the equivalence test to control for the influence of baseline water
consumption and other covariates on the outcome variable of average daily water usage.
This approach allowed for the isolation of the effect of the intervention frequency on
water consumption independent of these covariates.

Table 2

Linear Regression of Message Frequency on Water Use (Study 1)

Household water use (Litres/day)

Group Treatment period (12 months) All months (35)

1 monthly -6.33** [-10.41, -2.25] -7.42** [-11.78, -3.05]
3-monthly -6.61** [-10.80, -2.43] -7.02%* [-11.45, -2.60]
6-monthly -1.71 [-5.83, 2.40] -3.24** [-7.60, 1.13]
3-monthly vs 1 monthly -2.85 [-4.51, 3.94] 0.39 [-4.09, 4.87]
6-monthly vs 1 monthly 4.62 [0.59, 8.64] 4.18 [-0.11, 8.47]
6-monthly vs 3-monthly -4.90 [0.65, 9.16] -3.79 [-0.68, 8.26]
Number of households 12,515 12,576
Observations 145,299 363,016

R? 47 41

F statistic 69.0 56.0

Note. Average treatment effect for the frequency experiment, controlling for baseline consumption and time,
with confidence intervals in brackets. The dependent variable was household water consumption in litres per
day. ‘Treatment period’ refers to the first 12 months of the experiment where the treatment was delivered to all
households, and ‘All months’ refers to the inclusion of all the months of the experiment combined for analysis.
Rows 4 — 6 are pairwise t-tests for equality of coefficients to identify differences between conditions.

**p < 001
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Figure 2

Water Use by Frequency Condition (Study 1)
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Note. Event study graph of the average treatment effect in litres per day across all months before and after the
intervention for all three treatment conditions in the frequency experiment. The coefficients and confidence
intervals were generated from interacting treatment assignments with monthly dummy variables while
controlling for baseline consumption.

Study 2: Message Medium

To address the second aim, we compared the impact of email and paper mail as delivery
mediums for feedback interventions on household water consumption. Table 3 shows
that only households that received paper mailings reduced water use compared to the
control. Paper mailings were also more effective than email. Households in the paper
condition reduced their consumption by 5 litres a day (-1.8%). Households that received
paper reports saw an initial reduction in consumption that persisted over time, while
those that received email reports never meaningfully reduced consumption (Figure 3).
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Table 3

Linear Regression of Message Medium on Water Use (Study 2)

Household water use change in litres per day

Group First 12 months All 31 Months
Email 1.41 [-0.86, 3.68] 1.20 [-1.15, 3.56]
Paper -3.45** [-5.83, -1.08] -5.14** [-7.51, -2.77)
Email = Paper -4.86** [-7.71, -2.01] -6.35** [-9.15, -3.55]
Number of households 18,283 18,303
Observations 225,737 489,977

R? 52 49

F statistic 27.4 28.2

Note. Average treatment effect for the medium experiment with confidence intervals in brackets. The depend-
ent variable was household water consumption in litres per day. ‘Email = Paper’ refers to pairwise #tests for
equality of coefficients to test differences between conditions.

**p < 001

Figure 3

Water Use by Message Medium (Study 2)
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Note. This event study graph shows the pre- and post-treatment period for paper and email messages.
Coefficients and confidence intervals were generated by interacting treatment assignment with monthly
dummy variables while controlling for baseline consumption. Dashed vertical lines indicate when home water
reports were delivered (about 6-monthly).

Heterogeneity

To understand how the intervention affects people differently, heterogeneity of treat-
ment effects was studied using quantile regressions and conditional average treatment
effect (CATE). Studying the heterogeneity of treatment effects is important for under-
standing how the intervention affects people differently.

Global Environmental Psychology
2025, Vol. 3, Article e11705

GOLD
https://doi.org/10.5964/gep.11705 B PsychOpen


https://www.psychopen.eu/

Norms Feedback on Household Water Consumption 18

Study 1: Frequency — Figure 4 of the quantile treatment effects for both the monthly
and 3-monthly conditions shows that the entire distribution of consumption is not
shifting downwards, and so there was no aggregate reduction in consumption across all
households. Rather, the distribution between the 0.5 and 0.8 quantiles seems to be attenu-
ating the treatment effect, with a small amount of mass in the 3-monthly conditions
moving above zero, suggesting an increase in consumption. The bottom tail is moving
downwards but not by much, which is expected given that there is a lower bound to
consumption. The largest reduction is seen in the upper tail of the distribution. This
upper tail could be households with high consumption, but due to rank and invariance,
it is difficult to draw such conclusions. Instead, we can look at the results of interacting
baseline consumption with the different experimental groups to get the conditional
average treatment effect (CATE). Figure 5 of the CATE shows that for the monthly exper-
imental group, the greatest reduction in consumption was in the fourth to fifth and the
seventh deciles. The 3-monthly group shows the most reduction in the eighth and ninth
deciles, but these are not statistically significant, probably due to being underpowered.
There was no statistically significant main effect for the 6-monthly group, and it was
therefore omitted from the analysis of heterogeneity.

Figure 4
Quantile Treatment Effects of the Monthly and 3-monthly conditions (Study 1)
—— Quantile Reg.

oLs
QTE - 1 Monthly QTE - 3 Monthly

Brreatment (Litres/day)

0.2 0.4 0.6 0.8
Quantiles of water usage

Note. The dashed red line refers to the coefficient of the average treatment effect of the standard OLS. The
dashed black line refers to the confidence intervals of the quantile treatment effect. The lower quantiles
represent lower levels of consumption.
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Figure 5

Conditional Average Treatment Effect of the Monthly and 3-Monthly Conditions (Study 1)
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Note. The dashed black line refers to the confidence intervals of the conditional average treatment effect
(CATE). The lower the decile, the lower the consumption at baseline.

Study 2: Medium — As expected, the quantile regression in Study 2 showed that the
lowest-use households reduced their use the least due to a floor effect (Figure A2). The
middle distribution shows an S-shape, but it should not be over-interpreted as this minor
pattern could be noise. Assuming the middle of the distribution was flat as expected,
households used 6 fewer litres per day on average. The top of the distribution shows an
attenuation of the treatment effect. This is further demonstrated by looking at the CATE
in Figure A3, which shows that while the top and bottom deciles of baseline consumption
did not reduce consumption, the greatest reductions came from households in the middle
deciles, with those in the sixth decile reducing by 16 litres per day.

Cost Effectiveness

In addition to evaluating intervention efficacy, we gauged the cost-benefit paradigm of
the feedback mechanisms to provide insights into potential savings and efficiencies for
utility companies. Based on the results above, receiving a paper message every three
months for one year reduced water use by 7 litres per household per day (-2,555 litres
per year). The cost of generating, printing and posting a report was £0.80 per household
per report (£3.20 per year). Therefore, utility companies could save 798 litres for every £1
spent per household on paper messages. Based on Anglian Water's pricing for 2021-2022
of £1.60 per cubic metre, an intervention like this would have reduced a household water
bill by £4 per month. This is small per household but large in aggregate. According
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to Nauges and Whittington (2019), the cost savings for a water utility from a similar
feedback intervention come from requiring less electricity and chemicals to purify and
deliver water. At most, these electricity and chemical costs are 25% of the operation and
maintenance, or 10% of the mean cost of producing one cubic meter of clean, delivered
water (Nauges & Whittington, 2019).

Cost-effectiveness can also be increased by targeting households based on previous
use. For example, Study 1 households with medium-high use (7™ decile of baseline
consumption) reduced consumption by 11 litres per day, equivalent to saving 1,255 litres
for every £1 spent on messaging. If the utility were to only target this segment of 943
households, they could save 3,786,145 litres of water annually for £3,018' in messaging
costs, resulting in -1,255 litres saved per £1 (comparable to Hodges et al., 2020).

Discussion

The current paper tested how frequency and message medium affect social norms mes-
saging on household water use. Below, we summarise and clarify how message and
medium affected household water consumption in the United Kingdom. To consider the
generalisability of the results, we compare them to international studies and anchor the
findings within previous findings. We also discuss limitations, suggestions for future
research, and implications for practitioners.

Main Intervention Effects

Both interventions successfully reduced household water consumption in the United
Kingdom. Households in Study 1 reduced water consumption by 2%, and in Study 2
by 1.8%, consistent with the 1.8% reduction found by a previous study in the United
Kingdom that similarly tested out the effect of social norms feedback on household water
consumption (Ramli, 2021). These are smaller effects than the 5% observed in the United
States (Brent et al., 2015; Ferraro & Price, 2013). Several factors might account for this
disparity. Firstly, U.S. households use more water than UK. households, which means
more opportunities for large reductions (Andor et al., 2020). With a greater baseline
consumption, even identical behavioural interventions may result in larger decreases.
Furthermore, cultural, weather, infrastructure, and regulation differences may also deter-
mine water use. Future research can investigate this complexity, but it is already clear
that context is necessary to interpret intervention effectiveness (Andor et al., 2020).

1) £3.20 (cost of delivering intervention per household per year) x 943 households (in the 7th decile of baseline
consumption) = £3017.60
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Heterogeneity

Heterogeneity was observed in all five treatment conditions for both studies using both
quantile regressions and CATE. Unfortunately, due to rank invariance and insufficient
sample size for the multiple interaction effects, no statistical conclusions can be made
about the nature of the heterogeneity.

Frequency

We aimed to explore whether there is a moderating effect of treatment frequency and,
similar to Allcott (2011), we did not find significant differences between treatment fre-
quencies. One argument for higher frequency is found in Allcott and Rogers (2014),
where the treatment effect is strongest when households receive the reports and decay
soon after until the next report. Therefore, by delivering the treatment at a higher fre-
quency, there is less decay of the treatment effect, and so greater overall savings can be
achieved. This could not be formally tested here as daily meter reads were not available,
and we were unable to stop treatment delivery for a random selection of households in
both the monthly and 3-monthly groups. Additionally, while the 6-monthly group did
not have an effect in Study 1, delivering the treatment every 6 months did have an effect
in Study 2. This difference may have been due to small context differences.

Medium

The results from Study 2 confirmed that interventions through email were not effective,
consistent with Dolan and Metcalfe (2015). Emails may be easier to ignore than letters
since one can often assume the content of an email just by looking at the sender’s
name or the subject line. Furthermore, the digital realm can be distracting, with users
frequently multitasking, which reduces their focus on any specific action, such as read-
ing the intervention email. In contrast, a physical letter in a plain envelope is more
ambiguous as to the sender and content until it is opened, and letters may convey more
importance or officialness than an email. Furthermore, the email treatment required
people to click through to a website to receive the feedback, and this additional layer
of friction may have deterred some of those, even with initial interest, thus decreasing
how many households were treated. Another dimension is that, whereas a single person
normally reads emails, letters might be placed in a common area, such as a table, where
multiple household members could see them. This communal exposure could bring about
conversations or plans that boost the impact of the message, which might also explain
the effectiveness of the physical mailing in Hodges et al. (2020).

Limitations

There are notable limitations to the current study. Firstly, the lack of demographics
about the households means it was not possible to identify heterogeneities across other

Global Environmental Psychology
2025, Vol. 3, Article e11705

GOLD
https://doi.org/10.5964/gep.11705 B PsychOpen


https://www.psychopen.eu/

Norms Feedback on Household Water Consumption 22

dimensions. Second, the period after the last paper report was sent in Study 1 had some
bias: households in the monthly condition that shared their email address continued to
receive the treatment via email. These numbers were very low (~500, seen in Figure
A1), and the monthly condition had an equivalent reduction from the other treatment
conditions, so this additional email treatment was likely unimportant. Finally, the high
cost of mailing is another major limitation. Future studies could explore ways to make
emails more engaging. This could reduce the cost of norm-based interventions. For
example, email-based interventions could be more effective if they are personalised or
made easier to access the feedback (e.g., not needing a login to a separate website).
Study 2 only compared the mediums of email and paper. However, given how fast digital
communication is changing, future studies should explore alternative methods that are
engaging and cost-effective, potentially such as apps using real-time feedback. Finding a
medium that balances engagement and cost-effectiveness would be an important contri-
bution to the evidence on norm-based interventions.

Future Directions

Longer-term studies that extend the intervention over numerous years and that could
randomise the stopping of intervention delivery could determine the longevity and decay
rates of feedback effects at different messaging frequencies. This could reveal whether
more frequent feedback leads to more persistent, long-term behavioural change. Another
possibility is to use higher granularity metering with daily or even hourly meter scans.
These high frequency meters are common in energy (e.g., Allcott & Rogers, 2014) but
have yet to be rolled out widely in the water sector. Such an approach could help evalu-
ate how consumption patterns change immediately after feedback and how they change
over shorter time periods. Moreover, as smart meters and/or smart devices become more
common, feedback could also be delivered in real-time at the point of the behaviour, for
example, during a shower (e.g., Tiefenbeck et al., 2019), and new research can compare
periodic messages like that in the current studies with real-time feedback.

Conclusion

In the English towns during this period, these results suggest the most effective interven-
tion for social norms-based feedback on water use is to deliver paper mail reports every 3
or 6 months over an extended period and to target households with medium-to-high con-
sumption. Those with low baseline consumption might require different interventions.
It is unknown whether the same frequency and medium results would hold for other
types of persuasive messages or in different towns within the United Kingdom, and
other locations globally. The effects of a physical letter may be less generalisable across
locations. We speculate that the tactile experience and communal visibility of letters in a
household environment could increase engagement. However, as digital communication
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continues to dominate and traditional mail becomes less common, future research should
track changes in how recipients interact with physical mail. For example, people may
engage differently with physical mail as it becomes less common.

In conclusion, we found that frequency and medium can be important and cost-effec-
tive elements of successful messaging interventions on household water use. A robust,
generalizable set of findings about the most effective message content and delivery
across diverse demographics and areas could reduce environmental damage and costs
for utility companies. Such demand-side changes are critical for mitigating the changing
climate and ensuring water security on a thriving planet (Creutzig et al., 2022).
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Appendix
Figure A1
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Note. The dashed red line refers to the coefficient of the average treatment effect of the standard OLS. The
dashed black line refers to the confidence intervals of the quantile treatment effect. The lower quantiles

represent lower levels of consumption.

Figure A3

Conditional Average Treatment Effect of the Paper Mail Condition
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Note. The dashed black line refers to the confidence intervals of the conditional average treatment effect
(CATE).

Table A1

Balance Checks for Attrition and Baseline Consumption (Studies 1 & 2)

Regression Coefficient (Standard Errors)

Attrition: # treatment Attrition: binary of complete

Experiment/condition Baseline consumption months treatment months
Frequency (Year one)

1 monthly -6.31 (4.6) 0.167 (0.10) -0.00 (0.00)
3-monthly -5.36 (4.62) 0.080 (0.10) 0.00 (0.00)
6-monthly -2.33 (4.40) 0.177 (0.10) 0.00 (0.00)
3-monthly = 1 monthly -0.94 (4.68) 0.087 (0.10) 0.00 (0.00)
6-monthly = 1 monthly -3.98 (4.47) 0.34** (0.10) 0.00 (0.00)
6-monthly = 3-monthly -3.03 (4.52) 0.26 (0.10) 0.00 (0.00)
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Regression Coefficient (Standard Errors)

Attrition: # treatment Attrition: binary of complete
Experiment/condition Baseline consumption months treatment months
Medium
Email 1.83 (2.01) 0.07 (0.06) -0.00 (0.00)
Paper -1.21 (2.02) 0.09 (0.06) -0.00 (0.00)
Email = Paper -3.05 (2.32) 0.02 (0.07) -0.00 (0.00)

Note. The attrition by number of months are #-tests using the number of treatment period months available as
the dependent variable. The binary attrition was created by categorising households based on whether they had

complete data in the treatment period.
**p< .01
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