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Abstract  In a number of European countries, local 
municipalities, housing cooperatives, and citizen-
based initiatives have been training energy coaches 
to help citizens improve the sustainability of their 
homes. These local volunteers offer an analysis of 
a citizen’s home to advise on how to make it more 
sustainable, comparing citizens’ consumption pat-
terns with similar others’. While energy coaches are 
widely employed, evidence on the effectiveness of 
energy coaches and their approach is lacking. We col-
laborated with a housing cooperation that trains and 
provides tools for energy coaches in the Netherlands, 
comparing the electricity and gas consumption of 
households before the visit of a local energy coach 
and their consumption 1 year later. Our results sug-
gest that the visit of an energy coach was associated 
with a reduction in energy consumption, but only for 
those who were told by the energy coach that they 
were consuming more energy than comparable others.

Keywords  Energy coach · Energy consumption · 
Boomerang effect · Social norms

Introduction

Reducing greenhouse gas emissions to mitigate the 
negative effects of climate change is a central objec-
tive of this generation and ingrained in the policy of 
the United Nations (United Nations, 2015). Many 
European countries such as the Netherlands are still 
largely reliant on the consumption of natural gas 
for cooking and heating houses (Dehullu, 2017), 
but want to drastically change this by 2050 (Minis-
try of Economic Affairs and Climate, 2019, 2020). 
Transitioning away from natural gas can seem com-
plex and costly for households; however, the prior 
step of insolating and energy-efficiency investments 
specifically in the residential sector is less costly 
and provides several direct benefits. Still, despite 
financial incentives that shorten the payback period 
of energy-efficiency investments, increased home 
comfort, and reduced environmental impact, the 
uptake of energy-efficiency investments in the resi-
dential sector remains too low, and most European 
countries like the Netherlands are unlikely to reach 
their goal to reduce their greenhouse gases by 49% 
in 2030 compared to 1990 (Ministry of Economic 
Affairs and Climate, 2019).

There are various reasons why citizens oppose 
the transitioning away from using gas for heating 
and cooking, with only one of them being that some 
citizens are afraid that the transition from natural 
gas to new energy sources will cost a lot of money 
(Koning et al., 2020). The substitution of natural gas 
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with alternative energy sources and the insolating of 
all homes requires the involvement and acceptance 
of citizens and businesses as they are the key to a 
successful neighborhood approach (Koning et  al., 
2020). Municipalities have used strategies that 
build on research findings showing that feedback 
on energy consumption results in energy savings 
and awareness (Weiss & Guinard, 2010). However, 
there is also evidence that not all forms of provid-
ing feedback to household about their energy usage 
will result in substantial energy savings (Buchanan 
et al., 2015; Schultz et al., 2015). Providing energy 
usage feedback through smart meters or other in-
home displays might be gaining global popularity; 
yet, it seems vital to further investigate and develop 
feedback mechanisms that take into account user 
engagement and unintended consequences of feed-
back (Buchanan et  al., 2015). Households might 
prefer information and cost-framed feedback, but 
these do not seem to lead to reduced energy usage, 
whereas normatively framed feedback does seem to 
reduce consumption (Schultz et al., 2015). Another 
popular way of providing feedback to residents is 
through training intrinsically motivated volunteers 
to help encourage others to behave more sustain-
ably and equip them with the tools to give feedback 
on residents’ consumption behaviors. Municipali-
ties and housing corporations have been training 
and mobilizing volunteers to act as so-called energy 
coaches (!WOON., 2021).

A trained energy coach can give various sorts of 
advice on energy consumption, energy saving, and 
investments, such as how to insulate a house (Bongers & 
Holtappels, 2019; Ozawa-Meida et  al., 2017; Rotmans, 
2011). Energy coaches can draw up a personal advisory 
report for the residents based on the data obtained by 
the energy coach during a home visit. This includes the 
energy consumption, the wishes of the residents, and the 
condition of the house that the energy coach determines 
during the home visit (Bongers & Holtappels, 2019). 
These advisory reports include a wide range of informa-
tion, such as possible investments in sustainability, subsi-
dies for this, and the time frame in which the investment 
could be recouped (Bongers & Holtappels, 2019).

Advice about the technical energy efficiency of a 
house is not new, as energy audits have been avail-
able and administered for decades. However, the 
uptake of such paid services has been low, although 
it was carried out by experts that focus on energy 

efficiency (Ingle et al., 2012). Relatedly, home energy 
efficiency investments have been considerably below 
levels that seem reasonable following a technologi-
cal economic perspective (Ingle et al., 2012). Energy 
coaches provide their information in a less formal and 
more approachable situation as they are local volun-
teers trying to help and not professionals who need to 
earn money providing a service. While some energy 
coaches give advice on how adjustments in the home 
or behavioral changes can lead to lower energy con-
sumption, other energy coaches also provide a com-
parison of the energy consumption of the inhabitants 
compared to that of other similar households (Bale, 
2016; !WOON., 2021).

We argue that social comparison information may 
be critical for the success of energy coaches in low-
ering energy consumption. Given the vast amount 
of successful studies utilizing social influence in the 
field of pro-environmental behavior (Abrahamse 
& Steg, 2013), we want to investigate if the visits 
of energy coaches are associated with a decrease in 
energy usage and to what degree social comparisons 
play a role in this. Case studies in the field of market-
ing on domestic electricity consumption showing that 
feedback on electricity consumption for individuals as 
well as social norm feedback can lead to reductions of 
consumption of about three percent, suggest that indi-
vidual feedback might be sufficient by itself, and field 
experiments in the energy domain should be careful 
combining intervention elements as the impact of 
social norm information might be confounded with 
that of individual feedback (Harries et al., 2013; Ves-
ely et al., 2022). Research from behavioral economics 
shows that non-monetary interventions such as social 
comparisons have the potential to significantly reduce 
energy consumption of private households, yet that 
it is crucial to evaluate the impact and effect sizes of 
such interventions before implementing policy inter-
ventions (Andor & Fels, 2018). Similar meta-analyses 
of the effectiveness of incentivizing lower electricity 
consumption show that monetary, informational, and 
behavioral incentives can achieve reduced electricity 
consumption; however, they do not always produce 
significant effects and on average achieve 2–4% of 
energy reduction (Buckley, 2020). Our research on 
energy coaches contributes to this understanding by 
investigating a very popular energy saving program 
that has until now not been explored adequately. 
Although our study contains a convenience sample 
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of self-selected households and does not have a con-
trol group, we think it is vital to explore the effect 
of social comparison information in this context. In 
particular, we argue that it is important to explore 
whether the limited effects of social comparisons 
might gain in effectiveness by energy coaches provid-
ing information to the right people who are interested 
in saving energy and by providing that information in 
a salient and personal way.

Besides the desired effect of residents consum-
ing less energy when they are made aware of the 
fact that they are consuming more than comparable 
others, there is also an undesirable effect, which in 
the social comparison literature is called the “boo-
merang” effect. The boomerang effect refers to indi-
viduals who are consuming below the norm and 
then adapt to the standard of similar individuals and 
thereby consume more energy (Rasul & Hollywood, 
2012; Schultz et al., 2007, 2018). It seems therefore 
essential to not only look whether energy coach visits 
are associated with a general reduction in energy con-
sumption but differentiate between residents initially 
consuming more and residents initially consuming 
less. The boomerang effect can easily be confounded 
with a “regression to the mean” effect. A “regression 
to the mean” effect refers to a common statistical phe-
nomenon that, due to random variability, scores that 
are initially above average tend to decline and scores 
below average tend to go up again. Therefore, we do 
additional analyses to disentangle social influence 
effects from a regression-to-the-mean effect.

To evaluate the relationship between energy 
coaches and lower energy consumption, we test the 
prediction that the change in consumption at least 
partially depends on the social comparison energy 
coaches provide to the resident. We use both smart 
meter data and hand-filled consumption of the elec-
tricity and gas consumption before a visit and after 
a visit of an energy coach. In the time span between 
2017 and 2019, 3888 households signed up and were 
visited by such an energy coach. We do not have any 
demographic or profile information about the energy 
coaches nor do we know about their level of compe-
tence in the field of sustainability. Yet, we know that 
the housing cooperation !WOON provided a manda-
tory one-day training on energy efficiency advice 
and how to use a certain tablet that helps to calcu-
late individual home improvement advice. Addition-
ally, !WOON provided the opportunity to get home 

improvement gifts such as LED lamps, so that anyone 
interested in becoming an energy coach could pro-
vide the same valuable information and gifts to local 
households. Once an energy coach is trained, they are 
asked to be available for a minimum of 1 h per week 
to help other locals save energy. Of the 3888 home 
visits that took place in the cities of Amsterdam and 
Haarlem we received 467 gas or electricity measure-
ments that will be discussed in the methods section. 
We investigate if utilizing energy coaches is associ-
ated with lower gas (m3) and electricity (kWh) con-
sumption of the households they helped 1 year after 
the visit. We differentiate between households that 
were told by the energy coach that they have been 
consuming more gas or electricity than comparable 
households and those households who were told by 
the energy coach that they have been consuming less 
gas or electricity than comparable households.

Theory

Energy coaches provide information on how to reduce 
energy consumption and when this information and 
advice are applied; then, this should be noticeable 
in terms of reduced subsequent energy consumption. 
Several studies found that environmentally conscious 
attitudes have a positive impact on environmentally 
conscious behavior (Bissing-Olson et al., 2013; Clark 
et al., 2003; López-Mosquera et al., 2015; Meinhold 
& Malkus, 2005; Zhang et al., 2020). Other research 
suggests that despite people having environmen-
tally conscious attitudes, this does not lead to envi-
ronmentally conscious behavior (Moser, 2015; Prati 
et al., 2017), also known as the attitude-behavior gap 
(Peattie, 2010). Diekmann and Preisendörfer (2003) 
provide an explanation for this gap by arguing that 
costs are an often forgotten factor in attitude behav-
ior research and can help to reduce the variation in 
correlations between attitude and behavior. Diek-
mann and Preisendörfer (2003) refer to costs more 
broadly: both costs in a financial sense and the cost 
of behavior. Behavioral costs refer to how much effort 
something takes to do (Hunecke et al., 2001). Exam-
ples of high behavior costs are the considerable time-
taking and high cognitive load in processing complex 
information related to energy savings (Huang et  al., 
2020; Stern, 2011). Individuals are less likely to save 
energy when behavior costs are high (Steg, 2008). 
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Following Diekmann and Preisendörfer’s (2003) low-
cost hypothesis, behavior is only explained by atti-
tudes when acting upon these attitudes causes little 
cost and inconvenience to the individual. The effect 
of attitudes on behavior would therefore depend on 
the cost intensity of the situation: the higher the cost 
in behavior or money, the less people act on the atti-
tude they have. According to the low-cost hypothesis 
of Diekmann and Preisendörfer (2003), individuals 
should save energy if behavior costs are reduced, 
as individuals with environmentally conscious atti-
tudes are then more likely to act according to their 
values. Assuming that many individuals undergoing 
the effort of signing up to get help with making their 
home more sustainable and energy efficient have high 
pro-environmental attitudes, the information, tips, 
and tools provided by an energy coach should lead to 
lower energy consumption.

Energy coaches analyzed in this study are 
trained by the housing cooperation !WOON that 
provides their energy coaches with an application 
on a tablet to register all characteristics relevant 
for energy consumption of the home they are visit-
ing, to provide detailed technical energy efficiency 
advice. The energy coach is also allowed to give 
away products worth up to 20 euros that help sav-
ing energy like LED lamps and radiator foil. An 
energy coach could therefore be expected to be 
effective in reducing energy consumption by low-
ering behavioral costs, through providing residents 
with energy saving information. Specifically, we 
expect the associated decrease in time and effort 
needed to figure out how to make their house more 
sustainable as well as the associated aid in over-
coming barriers, such as how feedback from tools 
like a smart meter can be applied to their specific 
home situation, to lead to more action to reduce 
energy consumption (Geelen et  al., 2019; Huang 
et al., 2020).

Another crucial contributor towards behavior change 
and decision-making is the interaction with other peo-
ple in one’s surrounding. Social norm theory explains 
this phenomenon where people are influenced by others 
(Parece et al., 2013). People look to other people to deter-
mine which behavior is acceptable and not acceptable 
and which behavior is most frequently displayed, to align 
their own behavior with it (Parece et al., 2013). Cialdini 
and Trost (1998, p. 152). If someone is the only one in 
a neighborhood without solar panels on the roof, they 

can be socially excluded (Voss, 2001), and therefore, 
try to avoid this by purchasing solar panels like the oth-
ers. Normative social influence has been shown to cause 
substantial behavior changes in energy conservation 
when compared to other information to conserve energy, 
even though individuals themselves indicate that norma-
tive information is not an important driver of their own 
behavior (Nolan et al., 2008).

Given that energy coaches lower behavioral costs 
for people to lower their energy consumption as 
explained above and can provide a social compari-
son indicating that similar residents are consuming 
less energy, we hypothesize that a visit by an energy 
coach is associated with residents reducing their 
energy consumption:

H1a: A visit by an energy coach is associated with 
residents reducing their gas consumption.
H1b: A visit by an energy coach is associated with 
residents reducing their electricity consumption.

As part of the social influence dynamic, we also 
need to consider the so-called boomerang effect. This 
effect is an unintended consequence of a descrip-
tive standard, in which individuals who are below 
the norm adapt to the standard of comparable indi-
viduals and thereby consume more energy (Rasul & 
Hollywood, 2012). This boomerang effect has been 
found in several studies. For example, Schultz et  al. 
(2007) found that it matters to whom information is 
given about descriptive standards. Giving descriptive 
standards to individuals with high energy consump-
tion compared to average energy consumption led to 
a decrease in energy consumption. The opposite was 
found for individuals with lower energy consumption 
compared to the average. These individuals started to 
consume more energy (Schultz et al., 2007). Similar 
results have been found by Buchanan et  al. (2015), 
where individuals started to consume more energy 
feeling free to meet the social norm, after seeing feed-
back on a display in the home that they consumed 
less energy compared to others.

The !WOON energy coaches we investigate pro-
vide the residents they visit with such a descriptive 
social standard, giving the resident a so called frame 
of reference of what is “normal” (Handgraaf et  al., 
2013). More specifically, the energy coach fills in 
all characteristics of the house and the consumption 
data of the resident, and then, the tablet indicates 
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whether the occupant consumes more or less than 
similar other households. The residents are there-
fore made aware whether they consume more or less 
energy compared to the norm, by the information of 
the tablet analysis and the assessment of the coach. 
Following this reasoning, we compare the group of 
residents that received the positive social comparison 
with those residents that received the negative social 
comparison. We predict the following:

H2a: Households that are told they are consum-
ing more gas than a comparable household by an 
energy coach reduce their gas consumption, but 
households that are told they are consuming less 
gas than a comparable household will increase 
their gas consumption.
H2b: Households that are told they are consuming 
more electricity than a comparable household by 
an energy coach reduce their electricity consump-
tion, but households that are told they are consum-
ing less electricity than a comparable household 
will increase their electricity consumption.

Methods

Procedure

In order to test our hypotheses, we collected data 
about the energy coach project from the independ-
ent non-profit housing-foundation !WOON, which 
had organized 3888 energy coach home visits 
between 2017 and 2019. Trained energy coaches 
had been visiting interested households, until the 
corona crisis in 2020 made home visits less desir-
able and led to a decline in energy coach visits and 
prohibited further data collection with a fitting 
control group. The housing foundation !WOON 
promoted free visits from an energy coach, 
through flyers with a response rate of 6–8%, and 
Facebook and advertisements through the munici-
palities Amsterdam and Haarlem. After a resident 
had signed up for an energy coach, a visit was 
scheduled. The housing foundation !WOON is 
independent, and they provide information, advice, 
and services like the energy coach program to all 
interested residents. The client base therefore is 
very diverse ranging from home owners, renters 
up to people looking for housing. However, the 

households that participated in the energy coach 
program might be particular in the sense that they 
were interested in saving energy. As a result, they 
do not necessarily form a representative sample 
of Dutch households along dimensions such as 
energy consumption, income, or any other rel-
evant parameter. Households were selected to get 
help by an energy coach on a first-come-first-serve 
basis, without any further selection criteria. Dur-
ing such a visit by an energy coach, the resident 
would share information about the state of their 
house and the resident’s consumption behavior. 
The energy coach entered this information into a 
tablet that was provided by !WOON. Besides com-
bining all possible savings options together into 
a savings report in possible m3 saved for gas and 
kWh for electricity consumption, the energy coach 
also provided a comparison of the current house-
hold’s consumption to that of similar compara-
ble households in terms of number of inhabitants 
(electricity) and housing type (gas). This compara-
tive score was calculated by taking into account 
the average gas consumption score of the applica-
ble housing type, the average gas consumption of 
the city of the household, and the national aver-
age gas consumption (details in the Appendix). 
For electricity consumption, the comparative score 
was calculated by using the household size of a 
household, the average electricity consumption of 
the city of the household, and the national aver-
age electricity consumption (details in the Appen-
dix). Note that an actual questionnaire was not 
part of the energy coach visit and such a question-
naire would probably have made the participation 
more selective. Therefore, we do not have detailed 
additional data on the visited households on other 
types of behaviors, attitudes, etc.

After the home visit, the energy coach sent the 
savings report to the household, and when given per-
mission, the tablet data was sent to the foundation 
!WOON. The new consumption data can be used to 
make a comparison with the old consumption data. 
Gas and electricity consumption was measured in the 
months of January, February, and March of the years 
2018 and 2019. As a benchmark, we consider the 
change in energy consumption that occurred between 
2017 and 2018 in overall Dutch energy consumption. 
According to the CBS (2022), differences in energy 
consumption between 2017 and 2018 were relatively 
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small. The average gas consumption increased 
from 1240 to 1270 m3 in these 2 years, which is an 
increase of 2.4%, while the electricity use decreased 
from 2860 to 2790 kWh, which is a decrease of 2.5% 
(CBS, 2022). In comparison to the other 26 European 
member states in the year 2019, the Netherlands is 
one of the larger energy consumers of the EU with 
the highest percentage of gas used for space heating 
at 84.9% and electricity, with renewables and waste 
only accounting for 2.5% and 8.5% (Eurostat, 2021).

Participants

From the total of 3888 visits the housing cooperation 
!WOON had organized, we were able to construct a 
sample of 467 cases. Each case is a household for which 
either gas or electricity is measured. If we have both gas 
and electricity measurements, the respective household 
is included in the sample twice. Figure  1 shows how 
we arrive at our ultimate sample of 467. For 109 cases 
(54 gas and 55 electricity), energy consumption in both 
years was directly derived from smart meters. The rea-
son this number is so low is twofold: many households 
did not give permission to use smart meter data, and for 
some that did give permission, the energy company had 
technical problems reading out the smart meter. For the 
remaining 358 measurements (165 gas and 193 electric-
ity), old consumption scores were filled in by hand by 
the energy coach and self-reported by the household to 
!WOON. Our sample of 467 cases combines these 358 
cases with the 109 smart meter cases. The 467 cases 
consist of 219 gas comparisons and 248 electricity com-
parisons. A weather-corrected analyses is not possible as 
it is only known that there was 1 year between the old 

and new consumption measurements, yet the specific 
dates of measurements were missing for the hand-filled 
data. Gas consumption varies depending on the sever-
ity of the winter, and ideally, if the comparison months 
would have been known for more than 54 cases, weather 
degree days could have been accounted for. We do not 
have demographic information about the home own-
ers and therefore cannot analyze how representative our 
sample households are of Dutch households in general. 
We thus do not know how sample selection limits repre-
sentation of the wider population of Dutch households. 
For the social comparison hypotheses, we need to con-
sider the household size for the electricity measurements 
and the type of house for the gas measurements, so that 
we are able to check what sort of social comparison they 
received. The Appendix shows the formulas provided by 
!WOON that show how the comparison scores were cal-
culated by the energy coach app to tell a resident if their 
gas or electricity consumption was higher or lower than 
that of comparable consumers. We miss this information 
for 53 households to do the social comparison on elec-
tricity consumption. So, for these analyses, we only have 
248 − 53 = 195 cases. We know that of these 195 cases, 
most are apartments 161 (82.6%), followed by 18 (9.2%) 
corner houses, 10 (5.1%) terraced houses, and 1 (0.5%) 
detached house. Of these 195 cases, 104 (53.3%) house-
holds consisted of single person, followed by 58 (29.7%) 
two-person households, 24 (12.3%) three-person house-
holds, 6 (3.1%) four-person households, and 3 (1.5%) 
households with five inhabitants. For the gas measure-
ments, we do not know household size, but only the type 
of house. Of the 219 cases, 153 (69.9%) are apartments, 
followed by 40 (18.3%) terraced houses, 24 (11%) corner 
houses, and 2 (0.9%) detached houses.

Fig. 1   Overview of what 
data was collected and 
when

3888 visits by an !WOON energy coach to
households 2017-2019

Total visits 3888

55 Electricity

Total usable measurements 467

Total N=248 measurements
on electricity consumption

Total N=219 measurements
on gas consumption

Selection: visit with measurements
with a 1-year(12 months) time span

109 smart meter *For hand filled cases no
exact dates are known

54 Gas 193 Electricity165 Gas

358 hand filled cases

N=195 measurements available
for social comparison analyses

N=219 measurements available
for social comparison analyses

Selection:
measurements
for which the
household size
was known

Selection:
measurements
for which the

house-type was
known
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The “Results” section contains both the smart 
meter and hand-filled cases. An overview of the 
descriptive statistics can be seen in Table 1. Table 1 
shows that the reduction in gas is 8.4%, while the 
reduction in electricity consumption is 6.3%. This 
decrease in gas consumption is realized although 
the average household gas consumption in the Neth-
erlands increased by 2.4 percent between 2017 and 
2018 mentioned above (CBS, 2022). The 6.3% 
decrease in electricity consumption that we observe 
is substantially larger than the 2.5% decrease in elec-
tricity consumption that occurred in the Netherlands 
between 2017 and 2018. The data also show that the 
participating households used less energy than aver-
age Dutch households in those years, which indi-
cates some selectivity in the sample from the average 
Dutch household. The minimum value of − 14,329.2 
kWh for new electricity consumption indicates that 
there are households with solar panels who ended 
up with negative net consumption as they gave back 
more to the electricity grid than they consumed.

Analytical approach

The energy consumption data is not normally distrib-
uted: the old and new gas consumption scores show 
right-skewed distributions with some outliers having 
high gas consumption scores. The old and new elec-
tricity consumption scores also show right-skewed 
distributions with some outliers with high electric-
ity consumption scores before and after the visit of an 
energy coach. There are also some cases of negative 
electricity consumption, presumably due to solar pan-
els feeding electricity to the grid. After log transfor-
mation—where we deal with negative values using 
f(x) = sign(x)*ln(abs(x))—our distributions of energy 

readings still exhibit significant deviations from normal-
ity. We therefore conducted non-parametric Wilcoxon 
signed-rank tests in addition to t-tests. We report both in 
order to show that our results mostly do not depend on 
the choice of test. Specifically, for testing the first and 
second hypothesis, we perform non-parametric Wil-
coxon signed-rank tests and show the one-sided paired 
sample t-tests comparing gas and electricity consump-
tion before and after the energy coach visit. We provided 
the 90% confidence intervals in line with the α = 0.05 
one-sided tests. All results of the tests can be found in 
Table  2. For both the first and second hypotheses, we 
conduct one-sided tests following our theory that pro-
vides one-sided predictions. This implies that we treat 
small non-significance in the expected direction as well 
as large differences in the unexpected direction similarly 
as lack of evidence for our theoretical predictions. For 
testing the second hypothesis on the boomerang effect, 
we also perform non-parametric Wilcoxon signed-rank 
tests and show the one-sided paired sample t-tests com-
paring gas and electricity consumption for these two 
different groups before and after the energy coach visit, 
which can be found in Table 2.

We do not have data on installations of solar panels, 
improved energy efficiency, nor on other socio-techni-
cal changes such as changes in work or household size 
that may have occurred within the 12 months after the 
visit of the energy coach that could have affected the 
energy usage. We are therefore not able to consider 
such aspects and have to base our analyses on compar-
ing the imported energy consumption data we have. 
We focus on straightforward comparison of the energy 
use before and after the energy coach visit, but only 
distinguish above- and below-average users. We do 
not use the type of house nor household size as covari-
ates in our analysis because there are too few cases for 

Table 1   Descriptive statistics on energy consumption before and 12 months after the visit of the energy coach

Mean Median SD Min Max 25% 75%

Gas (m3) (n = 219)
  Old consumption 1014.0 858.0 638.9 18.0 3762.0 549.0 1329.5
  New consumption 928.2 799.9 570.5 2.8 3146.4 545.2 1199.7
  Difference old and new consumption  − 85.8  − 55.7 393.3  − 1820.3 2626.4

Electricity (kWh) (n = 248)
  Old consumption 1991.6 1723.8 1178.5 3.0 7853.0 1183.3 2568.2
  New consumption 1865.9 1682.3 1516.7  − 14,329.2 8207.1 1146.6 2457.0
  Difference old and new consumption  − 125.8  − 39.1 1243.8  − 17,116.2 2966.5
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drawing type- or size-specific conclusions. Given that 
we do not have a control group of similar residents 
and can only refer to the national average consumption 
scores, we are limited in our causal interpretation of 
effects based on a comparison of pre- and post-meas-
urement of energy consumption. In the discussion, 
we go into more depth as to how our analyses may be 
extended to arrive at firmer conclusions.

Results

Table 2 provides an overview of the results that will 
be discussed below.

Difference between old and new energy consumption 
after an energy coach visit

New gas consumption (n = 219) 1  year after the visit 
of an energy coach was on average lower than old gas 
consumption prior to the visit (ΔM =  − 85.8, CI 90% 
[− 129.7, − 41.9], t(218) =  − 3.23, p < 0.001, Z =  − 3.99, 
p < 0.001), so gas consumption significantly declined. 
This decline of 8.4% corresponds to a Cohen’s d 
of − 0.218 suggesting a small effect size. This supports 
H1a.

New electricity (n = 248) consumption is lower than 
old electricity consumption (ΔM =  − 125.8, CI 90% 
[− 256.2, 4.6], t(247) =  − 1.59, p = 0.056, Z =  − 2.43, 
p = 0.008) so electricity consumption did not significantly 
decline according to the t test but did significantly decline 
according to the Wilcoxon test. This provides mixed 
support for H1b. The decline of 6.5% corresponds to a 
Cohen’s d of − 0.101 suggesting a small effect size.

Social comparison effects

For households with above-average gas consump-
tion, there was a significant decline in the scores 
between their old gas consumption and new con-
sumption (ΔM =  − 225.9, CI 90% [− 288.4, − 163.4], 
t(112) =  − 5.99, p < 0.001, Z =  − 6.21, p < 0.001). This 
indicates that this group of residents whom were told 
that they were doing worse than comparable other 
households with regard to gas consumption reduced 
their gas consumption. This decline of 15.9% cor-
responds to a Cohen’s d of − 0.56, which indicates a 
medium-sized effect. For households with a below-
average gas consumption, there was a marginally sig-
nificant increase in consumption from their old gas 
consumption to their new consumption (ΔM = 63.5, CI 

Table 2   Comparisons of gas and electricity consumption before and after the visit of an energy coach

# p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001 (one-sided)

Mean old Mean new Mean diff
CI 90% (t)

SD old SD new t Non-parametric (Z)

Gas (m3) (n = 219)
  General difference old 

and new consumption 
(n = 219)

1014.0 928.2  − 85.8 [− 129.7, − 41.9] 638.9 570.5  − 3.23***  − 3.99***

  Difference in consump-
tion for above-average 
consumers (n = 113)

1421.4 1195.5 − 225.9 [− 288.4, − 163.4] 610.4 562.5  − 5.99***  − 6.21***

  Difference in consump-
tion for below-average 
consumers (n = 106)

579.7 643.2 63.5 [11.0, 116.0] 284.7 423.5 2.01* 1.70*

Electricity (kWh) (n = 248)
  General difference old 

and new consumption 
(n = 248)

1991.6 1865.9  − 125.8 [− 256.2, 4.6] 1178.5 1516.7  − 1.59#  − 2.43**

  Difference in consump-
tion for above-average 
consumers (n = 77)

2933.9 2462.6  − 471.3 [− 865.3, − 77.3] 1071.9 2277.5  − 1.99*  − 3.76***

  Difference in consump-
tion for below-average 
consumers (n = 118)

1255.7 1250.4  − 5.3 [− 54.5, 43.9] 447.6 436.2  − 0.18  − 0.82
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90% [11.0, 116.0], t(105) = 2.01, p = 0.027, Z = 1.70, 
p = 0.046). This increase of 11.0% corresponds to a 
Cohen’s d of 0.20 indicating a small effect size. This 
shows that this group of residents whom were told that 
they were doing better than the rest with regard to gas 
consumption increased their gas consumption. Figure 2 
illustrates these differences in gas consumption changes 
between the two types of households.

For above-average consuming households in terms of 
electricity, there was a significant decrease in consump-
tion between their old electricity consumption and new 
consumption (ΔM =  − 471.3, CI 90% [− 865.3, − 77.3], 
t(76) =  − 1.99, p = 0.025, Z =  − 3.76, p < 0.001) which 
also can be seen in Fig.  3. This indicates that the 

above-average consuming households reduced their 
electricity consumption. This decline of 16.0% cor-
responds to a Cohen’s d of − 0.23, which indicates 
a small-sized effect. For below-average consuming 
households, there was no significant difference between 
their old electricity consumption and new consumption 
(ΔM =  − 5.3, CI 90% [− 54.5, 43.9], t(117) =  − 0.18, 
p = 0.429, Z =  − 0.82, p = 0.207).

Regression to the mean

The differences in consumption change between above-
average and below-average consumers provide tentative 
support for our social comparison hypotheses 2a and 2b. 

Fig. 2   Gas consumption 
comparison of residents 
below average (left panel, 
n = 106) and above average 
(right panel, n = 113) gas 
consumption, and before 
(blue) and after (red) the 
energy coach visit

579.71

1421.358

643.2

1195.45

0

200

400

600

800

1000

1200

1400

1600

GAS CONSUMPTION BEFORE AND AFTER AN ENERGY COACH 
VISIT

G
as

 C
on

su
m

p
ti

on
 (

m
3

)

Below average gas consumers           Above average gas consumers                     

Fig. 3   Electricity con-
sumption comparison of 
residents consuming below 
average (left panel, n = 77) 
and above average (right 
panel, n = 118) electricity, 
before (blue) and after (red) 
the energy coach visit
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However, an alternative interpretation of Figs. 2 and 3 is 
regression-to-the-mean: consumption deviations from the 
mean in any year may be for reasons specific to a house-
hold in that particular year, e.g., living half a year abroad, 
or due to measurement error. In these cases, above-aver-
age consumption households would be expected to see 
consumption reduced in 2018 also without an energy 
coach visit. Vice versa, below-average households would 
then be expected to increase consumption also without 
an energy coach. To disentangle regression-to-the-mean 
from a social influence effect, we tested whether the vari-
ance in consumption differed before and after the visit of 
the energy coach. If we assume that adaptations in gas 
and electricity consumption are occurring just due to a 
regression to the mean, we would expect the variance 
both for gas and for electricity to be similar at both time 
points.

We measured changing variance in energy use using 
the interquartile range, the distance between the 25th 
and 75th percentile. The interquartile range, which can 
be seen in Table 1, decreased for both gas (− 126 m3) 
and electricity (− 148 kWh). We then conducted Lev-
ene’s tests for equality of variances. The first Levene’s 
test failed to reject the hypothesis that the variances 
of the 219 gas consumption measurements before the 
visit of an energy coach and the 219 gas consumption 
measurements after the visit are equal (F(1,436) = 2.42, 
p = 0.121). For the Levene’s test for electricity, we leave 
out the two outliers with negative values for the new 
consumption. Including these values further increases 
variance in new consumption. Again, the Levene’s test 
fails to reject the null hypothesis that the variances of 
the 246 electricity consumption measurements before 
the visit of an energy coach and the 246 electricity 
consumption measurements after the visit are equal 
(F(1,490) = 1.08, p = 0.299).

Discussion

Our results summarized in Table 2 indicate that energy 
coaches are associated with lower energy consumption. 
By comparing the general electricity and gas consump-
tion of households before the visit of a local energy coach 
and their consumption 1 year later, we find that both gas 
and electricity consumption decreased substantially and 
significantly, with the exception of electricity consump-
tion when evaluated using a t test. One year after the visit 

of an energy coach gas consumption declined by − 8.4% 
and electricity consumption by − 6.3%. These findings 
support hypotheses 1a and 1b. These changes for this 
select group of people who signed up for an energy coach 
session are considerably larger than the changes in the 
average Dutch population (CBS, 2022). The somewhat 
clearer decreases in gas consumption vis-à-vis electricity 
consumption might be attributed to financial incentives 
leading households to be more focused in changing their 
gas consumption, as this can help save hundreds of euros 
annually in the Netherlands, compared to rather low elec-
tricity bills.

Table 2 further shows that residents that were told that 
they were doing worse and consuming more energy than 
comparable other households, reduced their gas and elec-
tricity consumption. On the contrary, residents that were 
told that they were doing better than similar others with 
regard to gas and electricity consumption did not show a 
decrease in energy consumption. For gas consumption, 
we even found a small increase of consumption after 
households heard they used less than comparable other 
households. These findings support hypotheses 2a and 
2b and the theory that social comparisons with worse-
performing others lead to boomerang effects. The support 
is very tentative, however, as we could not rule out that 
increases in consumption by households who were ini-
tially below-average were not simply an artifact stemming 
from the statistical tendency for observations to revert 
back to the mean. Our analysis comparing variance in 
consumption among households before and after the visit 
by an energy coach failed to clearly identify social com-
parison effects above and beyond regression-to-the-mean.

Conclusion

Our study indicates that the visits of energy coaches are 
associated with a decrease in energy use. As expected, 
we do find different changes in energy consumption 
dependent on the social comparison information that 
residents received. However, our evidence is tenta-
tive, and further study is required for assessing their 
effectiveness at aiding households to decrease their 
energy consumption. Several limitations in particular 
should be considered and taken up as challenges to be 
addressed in future research. These limitations include 
the small amount of usable data. Due to the corona 
crisis, a second wave of data collection could not take 
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place, as the energy coach project relies on home visits 
to provide the personal energy consumption advice.

A second limitation is the lack of a good control group. 
Our use of national averages provides a poor benchmark. 
We cannot rule out that comparable households that were 
not visited by an energy coach did not also see declines 
in energy. A control group in the form of households that 
do not receive guidance from an energy coach would be 
a major improvement for future research, because self-
selection into participation might lead to an overestima-
tion of the effects. For example, people might have signed 
up for a visit by an energy coach in anticipation of chang-
ing their energy consumption. Such individuals may have 
used less energy for heating even if the energy coach 
would not have provided them with guidance. How-
ever, this would not explain consumption changes that 
depend on social comparison information provided by 
the energy coach: those interested in learning how to save 
more energy through the visit of an energy coach did not 
achieve the intended improvements if the coach told them 
they were already doing better than average.

Third, we drew heavily on self-reported energy 
consumption data which raises reliability concerns. Using 
only smart meter data would be another improvement 
as they provide reliable information on energy use over 
time and ensure that one can correct for weighted heating 
degree days.

A fourth limitation is our inability to correct for 
weighted heating degree days between the years of 
measuring. Nonetheless, as mentioned previously, the 
difference in gas and electricity consumption between 
2017 and 2018 were relatively small (CBS, 2022), 
and since natural gas consumption in the Netherlands 
has been fairly stable for the years 2017, 2018, and 
2019 (CEIC, 2021), we expect that the weather differ-
ences did not affect our results substantially.

One avenue for future research is the possibility of 
changing the reference point in social comparisons, that 
is, to change what peer or what standard a household is 
compared with. Possibly, comparing households to the 
most sustainable rather than the average neighbor or to 
those that have reached municipal sustainability goals 
could incentivize more energy savings and might also 
motivate below-average energy consumers to save even 
more.

Another possible direction for future research is to 
explore household-type and size-specific effects. This 
will require more comprehensive data, but would 

allow researchers to include covariates and investi-
gate whether effects of an energy coach visit differ 
depending on household size or type of house. Simi-
larly, future studies could conduct comparisons with 
energy programs in other EU states.

Future research testing social comparison hypoth-
eses will likely need a larger sample of participants 
to allow differentiation from “regression to the 
mean” effect. Assessing the effect of being told one 
is above instead of below-average in consumption 
requires excluding the possibility that changes in 
energy consumption consistent with social compari-
son theory are actually just due to random variations 
leading scores that are initially above average to natu-
rally decline and scores below average to go up. One 
approach that requires sufficient numbers of cases 
near the threshold of average consumption is a regres-
sion-discontinuity design, in which the discontinuous 
effect of a social comparison treatment is separated 
from the continuous effect of pre-treatment consump-
tion on post-treatment consumption (Allcott, 2011).

Given the current energy crisis, it seems important 
to also look into the problem of energy poverty. We 
do not have any data on the financial situations of the 
households that participated in the energy coach pro-
gram; however, future research may be able to investi-
gate if normative comparisons could also lead to wanted 
increases in energy consumption. Households who are 
currently under heating their homes could be prompted 
through social comparisons into increasing their heating 
to avoid health risks associated to underheating.
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Naam gemKWHverbruik

Omschrijving Deze variabele rekent uit wat het gemiddelde stroomverbruik is van de grootte van het huishouden en vergelijkt deze 

met de ingevoerde waarde in de app. De tip laat vervolgens zien of het verbruik hoger of lager is dan gemiddeld. 

Gekoppeld aan 2. B. 7. Hoeveel stroom en gas verbruikt u?

Veld ID huishouden.energieverbruik.totaal.kWh.

formule gemiddeldVerbruik

Argumenten A. gemiddeldElektraVerbruik

=>huishouden.grootte

B.gemiddeldElektraVerbruikNL

C.gemiddeldElekraVerbruikSTAD

Constante

=>invoer

Constante

Constante

2420 2920 3420 3920 4420

1 2 3 4 5

2980

2230

Berekening (A/B)*C

Voorbeeld Huishouden van 2 personen (2920/2980)*2230=2185 kWh

Name Average electricity consumption kWh(kilowatt per hour)

Description This variables calculates the average electricity consumption given the size of the household and compares it to the 

actual electricity consumption that has been filled into the app. Hereafter it is shown if the consumption is higher 

or lower than the average. 

Connected to 2. B. 7. How much electricity and gas do you consume? 

Field ID Household.energyconsumption.total.kWh.

Formula averageConsumption

Arguments A. averageElectricityConsumption

=>size of household

B.averageElectricityConsumptionNL

C.averageElectricityConsumptionCity

Constant 

=>enter

Constant 

Constant 

2420 2920 3420 3920 4420

1 2 3 4 5

2980

2230

Calculations (A/B)*C

Example Household with 2 residents (2920/2980)*2230=2185 kWh

Appendix

Electricity consumption comparison calculation table 
from !WOON.

Translation of electricity consumption calculations.
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Name Average gas(m3) consumption 

Description This variables calculates the average gas consumption given the type of the home and compares it to the actual gas 

consumption that has been filled into the app. Hereafter it is shown if the consumption is higher or lower than the 

average. 

Connected to 2. B. 7. How much electricity and gas do you consume? 

Field ID Household.energyconsumption.total.m3gasGJ

Formula averageConsumption

Arguments A. averageGasConsumption

=>type of housing

B.averageGasConsumptionNL

C.averageGasConsumptionCity

Constant 

=>enter

Constant 

Constant 

1060 1630 2040 2440

Apartment Terraced 

house

Corner 

house

Detached

house

1250

870

Calculations (A/B)*C

Example Apartment (1060/1250)*870=738m3

Gas consumption comparison calculation table from 
!WOON.

Translation of gas consumption calculations.

Naam gemM3verbruik

Omschrijving Deze variabele rekent uit wat het gemiddelde gasverbruik is van het woningtype en vergelijkt deze met de ingevoerde 

waarde in de app. De tip laat vervolgens zien of het verbruik hoger of lager is dan gemiddeld. 

Gekoppeld aan 2. B. 7. Hoeveel stroom en gas verbruikt u?

Veld ID huishouden.energieverbruik.totaal.m3gasGj.

formule gemiddeldVerbruik

Argumenten A. gemiddeldGasVerbruik

=>woning.type

B.gemiddeldGasVerbruikNL

C.gemiddeldGasVerbruikSTAD

Constante

=>invoer

Constante

Constante

1060 1630 2040 2440

App Rij 

tussen

Hoek en 

2/1 kap

Vrijstaand

1250

870

Berekening (A/B)*C

Voorbeeld Appartement (1060/1250)*870=738 m³
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