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Summary

In their article Overcoming Salience Bias: How Real-Time Feedback Fosters Resource Conserva-
tion Tiefenbeck et al. (2018) show the enormous effect real-time feedback can have on resource
consumption while performing one target behavior. They find an energy conservation of 22%
which is stable over time. This paper summarizes the main approach and results. It illustrates
two questionable points. First the recruitment of the study participants. Afterwards the possibil-
ity of spill-over effects and their influence on the overall energy conservation is discussed.
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1 Introduction

Even if it is currently taking a back seat in the face of the Covid-19-pandemic, according to the
United Nations climate change is the defining issue of our time.! If the rising of global tempera-
ture should be limited to 1.5°C or 2°C, it will become unavoidable to reduce CO; emissions in
various sectors, including the end-use sector. The IPCC report 2018 states that “[e]nergy-de-
mand reductions are key and common features in 1.5 C pathways, and they can be achieved by
efficiency improvements and various specific demand-reduction measures.” (IPCC 2018 p.136)

The effectiveness and efficiency of energy consumption reducing methods are thus also the
subject of current research. One reason for the still insufficient energy savings in private house-
holds was investigated in 2015 by a group of scientists around Dr. Verena Tiefenbeck, meanwhile
Professor for Digital Transformation at the Friedrich-Alexander Universitat Erlangen-NUrnberg.
The researchers expected a discrepancy between individual aspirations to environmental protec-
tion and the actual behavior. On reason, they guessed, is imperfect information of the actor. Im-
perfect information leads to a bias in favor of the salient. In their paper Overcoming Salience Bias:
How Real-Time Feedback Fosters Resource Conservation, published by the journal Management
Science in 2018, Tiefenbeck and her team present their field experiment's findings. By providing
real-time feedback of the use of resources, they find a drastically reduction in water and energy
consumption through showering by 22%. The result is significantly larger than those of studies
examining other feedback methods. This essay summarizes the main approach and findings and
provides a critical discussion of the real-time feedback's great success.

2 The Approach

2.1 Mainldea

In theory an agent needs complete information to take a decision according to her preferences.
In reality, however, a situation with complete information is given rarely. This often leads to de-
cision biases. Especially for resource use it holds, that some consequences of the consumption
are more salient than others. Tiefenbeck et al. (2018) focus on the process of showering. While
the benefits of showering are felt immediately, the negative implications of energy generation
and emissions, so the costs, are elusive. This asymmetric visibility of benefits and costs tends to
bias the decision in favor of the more salient. That means, because consumers do not see the
costs of their action as clearly and as immediate as they feel the benefits, they use more re-
sources as they would do in case of complete information.

This thesis is supported by various authors. Two online surveys by Attari et al. (2010 and
2014) confirm the clear discrepancy between estimated and actual consumption. Like Tiefen-
beck et al. (2018), the authors find that consumers clearly underestimate the consumption of
energy (Attari 2010) and water (Attari 2014). The bias towards the salience is also supported by
Gatersleben et al. (2002). Even if people want to behave environmentally friendly, that often does
not correlate with their actual energy use. One idea to overcome the gap between individuals’
aspirations and their actual behavior are home energy reports. Different studies show the limited

! https://www.un.org/en/sections/issues-depth/climate-change/ (24.05.2020).
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success of this intervention. Allcott and Rogers (2014) find that the effect intensifies with inter-
vention's repetition. However, the overall effect remains neither big nor stable over time. Ferraro
and Price (201 3) make the same observation: The effectiveness of home reports wanes over time.
A different method to inform consumers about their energy consumption are smart meters. They
have the advantage of providing real-time feedback. In a large field experiment in Switzerland
Degen et al. (2013) found evidence for energy savings between 3% - 5% due to smart meters.
They gave real-time feedback about the household's aggregated energy use. Darby (2006) pro-
vides a review of studies on the effect of different feedback forms on individual behavior.? Her
results support the thesis that home reports have less influence than direct feedback in form of
smart meters. Neither of them is able to produce savings of more than 10%.

While the behavioral effects of home reports and smart meters are already investigated in
different studies, Tiefenbeck et al. (2018) provide a systematical analysis of real-time feedback
on resource consumption of one specific action while and where individuals engage in the tar-
geted behavior. The large effect of 22% conservation is remarkably higher than previous studies
have found for other forms of feedback.

2.2 Experimental Setup

If consumers had access to relevant information according the more elusive costs of an action
while performing it, the attitude-behavior gap could be reduced.® Upon this idea, Tiefenbeck et al.
(2018) created a field study in Switzerland. They provided real-time feedback on an individual's
resource consumption while showering. They have chosen showering as an action because it is
highly energy-intensive. According to Tiefenbeck et al. (2018) 14%-18% of the end user’s energy
consumption is generated by water heating. In addition, the consumer is able to directly adapt
her behavior in response to the real-time feedback.” The IPCC's (2018) calculations show how
indispensable it is to reduce this end user consumption if we want to keep the 1.5°C or 2°C path-
way.

For the field experiment the treated households installed a smart shower meter® between
shower hose and the hand-held showerhead. The smart meter shows water use in tenths of li-
ters, water temperature in degrees Celsius, energy consumption in kilowatt-hours and an energy
efficiency rating.? All measurements are shown in real-time while showering for the real-time
condition group. A second group, the real-time plus past feedback group gets equal information
plus the total amount of water used in the previous shower. The idea is to test whether the com-
parison with other household members produces pressure which further lowers the consump-
tion. The control group receives no information about resource consumption but only the current
water temperature in degree Celsius. The data obtained was evaluated by Tiefenbeck et al.
(2018). Due to the design of the smart meter showers, resource consumption per shower is the
primary unit during the whole analysis. The smart shower meter records the data per shower in

2Written and uploaded at the Environmental Change Institute, University of Oxford. The review is not published in
scientific journal.

3 And with it the consumption of resources — and with this the energy demand.

4 Keeping in mind that showering as an action is relatively well suited to save energy, seems to be important. Looking
at cooking, for example, it seems to be more difficult to achieve savings without buying more efficient appliances.

> The model amphiro al, https://www.amphiro.com/de/produkt/amphiro-al-basic/

8 In addition, a polar bear or a melting ice floe is shown, which shrinks while showering.
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sequential order and tracks the duration of each shower. However, it cannot measure the time
between showers or recognize different household's members.

2.3 Sample

The sample, Tiefenbeck et al. (2018) use for their field study includes 636 one- and two-person
households from Switzerland. The researchers had access to data collected by these 636 house-
hold’'s smart meters. However only for 620 households all necessary additional data, collected
by one pre- and one post-experimental survey, were available.” The three treatment groups are
composed as follows: The real-time feedback group consists of 215, the real-time plus past feed-
back group of 212, and the control group consists of 209 households.

All households were gathered out of the participants of a previous electricity smart metering
study by Degen et al. (2013). After finishing the first study, 700 households got the amphiro al
smart meter as a gift and could afterwards voluntarily opt to share their data with researchers.
Tiefenbeck et al. (2018) recognize that active opting for a study carries the risk of potential biases
of self-selection. Therefore, they compared the subset of participating households with 3,989
corresponding households from the previous study by Degen et al. (2013). While the subset does
not differ in its demographics from the previous study, it does differ from the average Swiss pop-
ulation. It is younger, more educated and significantly less environmentally friendly than the av-
erage. However, within the three treatment groups there are no significant differences that could
bias the studies’ results.

3 Results

The previous paragraph presented the main idea, the experimental setup and the sample Tiefen-
beck et al. (2018) based their field study on. They want to prove if a smart shower meter is able
to correct salience biases within the highly energy-intensive activity showering. So, their actual
aim is to prove the suggested effect real-time feedback has on resource consumption. To illus-
trate a picture of the whole situation, the authors analyze the data obtained in three steps. First
of all, they investigate the effect on energy and water consumption as a whole. Afterwards they
focus on the margins by which the effects are driven. Finally, Tiefenbeck et al. (2018) examine
whether the intervention only leads to behavioral effects or if it has an impact on awareness
about resource use, as well.

3.1 Energy and Water Consumption

Tiefenbeck et al. (2018) first evaluate the overall effects of the behavior-specific real-time feed-
back. The smart shower meter data shows that, after a baseline period of 10 showers, the treated
group's behavior differs remarkably from the control group's behavior. Tiefenbeck at al. (2018)
notice that: “energy used per shower is approximately 0.59kWh lower than in the control group
and water use is 9.5 liters lower, amounting to a reduction of 22% both in energy and water con-
sumption for showering.” (p. 1464f)

To confirm the results formally, Tiefenbeck et al. (2018) estimate the model

(1) Yie = @; + PiTrie + BoToie + de + €3¢

7 Like demographics, household income, environmental attitude or the affinity to quantify goal processes.
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where y;; is the energy used by household i in shower t. The explanatory variables describing
this dependent variable are individual fixed effects «a; for each household and a shower fixed ef-
fect d; which captures time trends. T;;; and T,;; indicate to which treatment group the household
belongs. They equal O during the baseline period of 10 showers and for household'’s belonging to
the control group. Otherwise T;;; equals 1 if the household belongs to the real-time feedback and
T,;+ equals 1 if it belongs to the real-time plus past feedback group. The other indicator takes the
value of O respectively. So, B, indicates the difference between the control group and the real-
time feedback group. 8, indicates the difference between the control group and the real-time
plus past feedback group. Finally, y;; depends on the unobservable error term €;.. With the help
of further estimations, Tiefenbeck et al. (2018) prove the stability of the treatment effects, as
well. It turns out to last from shower 11 on until the end of the study period.

The visible impression of a significant reduction of resource use while showering is confirmed
by the estimates. Tiefenbeck et al. (2018) find that the treatment effect on energy use is not only
very large for both treatment groups but also highly statistically significant. The effect found is
much greater than in studies that analyze the effects of home energy reports or real-time feed-
back on aggregated consumption. In addition, Tiefenbeck et al. (2018) find out that “the full treat-
ment effect is realized from the first time the treatment is active, and the intervention is stable
over time.” (p. 1466) Amazingly, the experimental conditions seem to have the same impact on
energy consumption for both treatment groups.

In order to better understand how individuals adjusted their behavior the authors examine
possible margins of adjustment. They find out that by far the largest saving comes from cutting
the shower short. Participating households within the treatment groups cut down their showers
by 51 seconds in average. The effects of adjustments of water flow rate, temperature, number
of stops during the shower and total break time are minor. In addition, Tiefenbeck et al. (2018)
show that the total number of showers taken was not influenced by the treatment.

3.2 Awareness about Resource Use

Finally, Tiefenbeck et al. (2018) analyze the participant's awareness of the own resource con-
sumption. Due to the pre- and post-experimental survey data, the authors are able to investigate
the relation between individually estimated water consumption and the actual use. The results
are gained by the regression model
(2) Vi = Bo+ Bryi + BoTai + BaToi + BaTvi " yi + BsTai i + €4,

where J; is the household's estimated water use in litres per shower. The actual use is repre-
sented by y;. T;; and T,; indicate to which treatment group the household belongs, again.
Equally, the coefficient g indicates how the treatments group’s water use differs from the con-
trol group, again.

Tiefenbeck et al. (2018) find statistically highly significant evidence for the thesis that before
the intervention, individuals had a rather vague idea of the own water consumption. Even if the
relationship between estimated and actual water use is positive, individuals highly underestimate
their consumption during the baseline period. For both treatment groups, however, the gradient
increased noticeably during the study period. Compared to the control group both increases are
significantly. Tiefenbeck et al. (2018) conclude that: “in contrast to other studies providing more
aggregate, lagged feedback, real-time feedback increases awareness of resource use. This

7
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shows that the feedback gets to the users and provides a necessary first step for the intervention
to reduce salience hias.” (p. 1469)

4 Critical Discussion

Tiefenbeck et al. (2018) succeed in showing an enormous effect of real-time feedback on a cer-
tain activity. The participating households reduced their resource consumption for target behav-
ior by 22%. That is remarkably much more than studies on other forms of feedback could prove.
The results are not only highly statistically significant but seem to be very convincing due to the
great study design. However, there are minor points that possibly could be criticized. In the fol-
lowing, the recruitment of the study participants is critically examined. Afterwards, the possibility
of spill-over effects to other domains will be discussed.

4.1 Recruitment of Households

The effect of real-time feedback in the moment of performing one certain action seems to be
very large, according to the results Tiefenbeck et al. (2018) present. However, as always, the
findings could possibly be biased for some reason. Due to the voluntary character of the field
study program, the participating households are not chosen randomly. The sample Tiefenbeck
at al. (2018) use for their field study is a subgroup of a field study performed by Degen et al.
(2013). So, it is interesting to understand how Degen et al. (2013) gained their study participants,
first: A number of potentially suitable customers of a Swiss energy supplier from Zurich were
chosen by chance. They were invited by letter to opt in the field study. The actual participants
were selected out of all interested households by chance. If possible, for each participating
household the energy consumption of two neighbors was tracked, as well. These neighbors had
the chance to opt out.

Tiefenbeck et al. (2018) gained their study participants out of the group of households opted
in for the Degen et al. (2013) field study. 700 households received the smart shower meter. For
the experiment by Tiefenbeck et al. (2018) the participants of the former study had the chance
to optin again. Therefore, the group of participating households is a self-selected subgroup of an
already self-selected super-group. The possibility of independent control by the randomly added
neighboring households is completely eliminated for Tiefenbeck et al. (2018). The researchers
see the risk of biases through self-selection. They find out that the subgroup does not differ in its
demographics from the super-group. However, it does differ from the average Swiss population.
The sample is younger, more educated and significantly less environmentally friendly than the
average population. Unfortunately, we do not know if the sample has a higher affinity to quantify
goal progress, because this seems to have a significantimpact on the possible effect by the smart
shower meter.

Within their scientific work Tiefenbeck et al. (2018) expect positive relations between personal
attitudes and conservation effects for: baseline use, environmental attitude and the affinity to
quantify goal processes. These assumptions are not only confirmed in the analysis of the data
obtained. Tiefenbeck et al. (2018) prove that other studies and scientific work support the follow-
ing relationships, as well:

a) The more environmentally friendly, the greater the effect on conservation.
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b) The higher the baseline use, the greater the effect on conservation.
c) The greater the affinity to quantify goal processes, the greater the effect on conservation.

These assumptions can have consequences according the sample Tiefenbeck et al. (2018)
ground their argumentation on, however. As already described, the group of households exam-
ined is significantly less environmentally friendly than the Swiss average. The less environmen-
tally friendly an individual is, the smaller the effect of the feedback will be. Accordingly, the over-
all effect in the Tiefenbeck et al. (2018) study is reduced by this bias of the test group in contrast
to the average population. This effect of relation a) is quite obvious. It may however be possible
that both other relations wrongly shift the effect upwards.

Since the sample is less environmentally friendly, it could be assumed that the efforts of re-
source saving have been less than in the average population, before starting the study. This could
also have an impact on shower behavior. If resource protection plays a less important role, it
could be assumed that an above-average amount of water is used per shower. This hypothesis
is supported by an article published in the magazine Aqua&Gas®in 2015. Freiburghaus (2015)
specify the average Swiss water consumption per shower for 2014 at 37 liters. The baseline
within Tiefenbeck et al.'s (2018) data sample indicates the average water consumption with 44.8
liters per shower. These numbers suggest that the baseline within the examined group is larger
than that within the average Swiss population. So, it can be assumed that within the sample,
above average water is used per shower. Referring to other studies, Tiefenbeck et al. (2018) state
that “households with high baseline use display a larger conservation effect when provided with
feedback about their resource consumption.” (p. 1469) Taking together these facts, because of
assumption b) the selection effect seems to falsify the treatment effect upwards. This means
that the observed effect could be greater than it would be without bias in the average population.

The same could hold for the affinity to quantify goal processes. It is conceivable that a group
of people who volunteered twice to take part in smart meter studies has this property stronger
than the average population has. However, this hypothesis remains a hypothesis and is not sup-
ported by evidence.® Assuming that the hypothesis is true, because of relationship c) the effect
found would again be bigger than it would have been for the average population.

Summed up the explained assumptions would bias the result: a) downwards, b) upwards, c)
upwards. It is therefore not unlikely that the found effect of 22% savings actually is biased and
does not correspond to the effect that the treatment would have shown outside the sample. This
expectation is supported by a further study by Tiefenbeck et al. from 2019. Here the same smart
shower meters are installed in six Swiss hotels. Of course, hotel guests do not represent the
average population, as well. However, a different group of participants can be reached compared
to the former field experiment. In addition, the opting in is avoided. It is also excluded that the
participants are already sensitized to the topic by participating in further studies, as was the case
in 2018. All in all, it can be assumed that the 2019 study will at least not be biased by the same

8 This is the official publication organ of the Swiss Association for Gas and Water Technology SVGW and the Associa-
tion of Swiss Waste Water and Water Protection Experts VSA.
% Unfortunately, | could not find any figures on the affinity to quantify goal processes for the average Swiss population.
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reasons as the 2018 study. In fact, it turns out that with 11.4% reduction in energy use (Tiefen-
beck et al. 2019) the effect is much smaller than it was in the previous study from 2018.

Under these circumstances, it might even be questionable whether real-time feedback is ac-
tually much more effective than other forms of feedback described above. Within a meta-review*°
Ehrhardt-Martinez et al. (2010) investigate 57 primary research studies on a variety of different
feedback technologies. Summed up Ehrhardt-Martinez et al. (2010) found out that “since 1995
most studies across our international sample have documented average household savings of 4
to 12%, with savings a little lower in the U.S.” (p.85) At 10.5%, the average energy savings for all
types of feedback are higher in Western Europe than in the United States (7.4%). Darby's (2006)
review showed slightly smaller findings with up to 10% savings. Against this background, Tiefen-
beck et al.'s (2019) results and thus the real-time feedback no longer seems to be outstanding.
Of course, real-time feedback is still very successful compared to other forms of feedback, but
the position of the lone leader that the 2018 study suggests appears questionable in these cir-
cumstances.'

Not only this fact suggests that further research results are required before the role of real-
time feedback can be assessed. The clear difference in the Tiefenbeck et al.’s study results from
2018 (22% energy savings) and 2019 (11.4% energy savings) also suggests that the results are
still biased somehow. The results already clearly do show that the real-time feedback's success
is great. Ultimately, however, further research is necessary to assess the method's actual effect.

4.2 Does Moral Licensing Endanger the Net Effect?

With their field experiment Tiefenbeck et al. (2018) succeed in showing that “real-time feedback
on a specific activity (showering) reduced the resource consumption of that target behavior by
roughly 22%." (p.1460) As described above, the results highly exaggerate former studies which
evaluated smart home reports or aggregated smart meter feedback. Tiefenbeck et al. (2018)
expect the overcoming of salience biases to be a reason for this great success. The more elusive
costs of resource consumption become more salient through the smart shower meter. On this
basis, individuals are able to make less biased decisions about their behavior and act more in line
with their own preferences. Tiefenbeck et al. (2018) translate the 22% reduction in energy con-
sumption when showering into a 5% reduction in total energy consumption. That would also
mean a good success in terms of total energy consumption. However, this step could possibly be
guestioned.

Three years earlier, in 2013, Tiefenbeck et al. published another study based on a field exper-
iment. Unlike in the 2018 study, they do not focus on one single target behavior. Instead they aim
to “investigate [...] whether positive or perverse side effects dominate by exemplifying the impact

10 Designed for the American Council for an Energy-Efficient Economy (ACEEE). The ACEEE is a non-profit research
organization dedicated to advancing energy efficiency as a means of promoting economic prosperity, energy security,
and environmental protection. Not published, again.

1 Like the review by Darby (2006) on page 5, this review by Ehrhardt-Martinez et al. (2010) is not published, as well.
Compared to Darby's (2006) numbers, Tiefenbeck et al.'s (2018) results appeared to be very large. Compared to
Ehrhardt-Martinez et al.'s (2010) numbers and against the background described, Tiefenbeck et al.'s (2018) numbers
do not seem that big anymore. In both cases, however, it is important to note that the comparative value was part of
an unpublished review of other studies.

10
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of a water conservation campaign on electricity consumption.” (p.160) Finally they prove an in-
crease in one domain (use of electricity) due to a saving in another domain (use of water). So,
while households engage in saving water they increase their use of electricity. The saving of wa-
ter was triggered by weekly home reports on the household's water consumption. The treated
group reduced its water use by 6% compared to the control group. This size lies within the ex-
pected range for this intervention method and means an energy saving of 0.5kWh/person/day. In
the same time electricity consumption in this group increased by 5.6% which means
0.89kWh/person/day. Tiefenbeck et al. (2013) conclude that “the energy saved by reduced (hot)
water consumption was offset by the increased electricity consumption by nearly a factor of
two."” (p.169) Now it is questionable if this negative spill-over could have been found in the smart
shower meter study from 2018 as well. In this case, the described effect of a 5% reduction in
total energy consumption would be misleading.

In order to get an idea of whether this effect could also have occurred in the 2018 study, it is
interesting to consider the underlying psychological mechanism. Tiefenbeck et al. (2013) expect
moral licensing to be responsible for the negative spill-over. Other authors deal with the concept
of moral licensing as well. Ditschke et al. (2008) precisely define the psychological theory of
moral licensing. The authors sum moral licensing up to a feeling of being permitted to perform
immoral or problematic because of previous good deeds in one domain. They see moral licensing
as one trigger for rebound effects. Such effects are proven by many different studies. In a recent
article, Harding and Rapson (2019) show that household energy consumption increases after the
introduction of a carbon offset program. Because of the environmentally advantageous action
the household feels permitted to act environmentally disadvantageous afterwards. A similar
case of moral licensing was discovered by Jacobsen et al. (2012). After registering for a green
electricity program, electricity consumption rose by 2.5%. Aydin et al. (2017) examine heating
behavior in the Netherlands and find rebound effects between 27% and 41% through more effi-
cient apartments.

All of these studies show that an environmentally friendly act can give the individual the feel-
ing to be permitted to carry out an environmentally harmful act afterwards. Tiefenbeck et al.
(2013) now also have proven that the negative effects can spill over to other areas than the ex-
amined ones. Thagersen (1999) has shown the same. His investigation of waste separation be-
havior in Denmark shows behavior that corresponds with the principle of moral licensing. He
finds out that “Performing an environmentally friendly behavior, such as recycling, seem to have
a negative impact (spill-over effect) on the feeling of obligation to do other things.” (Thggersen
1999 p.74) However, he also found that the opposite could be possible. Elsewhere, Thaggersen
(1999) proves that environmentally friendly behavior in one situation can trigger a more environ-
mentally friendly decision in a later situation. Such results show how important it can be to col-
lect other consumption data in order to achieve meaningful results in questions of environmen-
tally friendly behavior.

For Tiefenbeck et al.'s study from 2018, it remains unclear whether and which spill-over ef-
fects have occurred, because no further consumption data was collected. As described previ-
ously, the target unit during the entire examination is “per shower". Energy consumption has
broken down to the individual shower, as well. All statements about total energy consumption
are therefore purely arithmetical. It would be very interesting to compare the results with the

11
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actual energy consumption.'? If the calculations are correct and no spill-over effects occur, total
energy consumption would have to decrease by approximately 5% compared to a control group.
This effect should be stable over time. If the development differs from the calculated results,
spill-over effects could be one reason. If consumption drops even more, positive spill-over effects
could be responsible. If it drops less or rises, it could be due to negative spill-over effects. As the
2013 study has shown that negative spill-over effects can occur exactly for the area of water
savings and electricity consumption, it makes sense to take this uncertainty into account in the
study design.

5 Conclusion

Tiefenbeck et al (2018) impressively demonstrate the effectiveness of real-time feedback to save
resources. They derive their results from their field study which is built up convincingly. The find-
ings are consistent with the results provided by other authors, in principle. However, the effect
found exaggerates former findings by far in magnitude. The authors show that the use of energy
can be reduced by 22% due to real-time feedback on resource consumption while showering.
This essay provided a critical discussion of their findings. First of all, the recruitment and the
associated composition of the study participants were discussed. Due to the Tiefenbeck et al
(2018) studies' voluntary character and the special recruitment procedure, the participating
households do not represent the average Swiss population. The discussion shows that the selec-
tion effect might falsify the treatment effect. This impression is supported by the results of a
follow-up study from 2019, which comes to a significantly different result with an energy saving
of 11.4%. Further research into real-time feedback is necessary to assess the treatment’s actual
effect.

Furthermore, the discussion dealt with possible spill-over effects. Many scientific articles
prove that environmentally advantageous actions may lead to environmentally harmful behavior,
afterwards. One possible explanation for this effect is provided by the concept of moral licensing.
In a 2013 study, Tiefenbeck herself provided evidence that the effects possibly also spill over to
different than the target areas. As no overall consumption data was collected by Tiefenbeck et
al. (2018) it might therefore be possible that the assumed effect of 5% household’s energy con-
servation is biased. For further research it could therefore be interesting to consider the possibil-
ity of spill-over effects when designing a field study. Only then it is possible to find out if the
results found here might be biases by positive or negative spill-over effects.

Finally, it can be said that further research on the promising topic of real-time feedback is
quite important. Despite possible biases shown, real-time feedback remains a very effective
(maybe the most effective) method to reduce the private consumption of resources. And it was
stated at the beginning that this reduction in end-user consumption is essential in fighting global
warming.

12 Of course, this comparison is not easy out of multiple reasons like different target units or the availability of data.
For a defined study-period, it could however be possible to compare the development of actual energy consumption
before and after treatment with a control group. Perhaps even the study design from Tiefenbeck 2013 could be used
with the smart meter as feedback method. Due to the setting in a multifamily residence the researchers were able to
collect data on daily water and weekly electricity consumption of 154 apartments. This setting enables a great insight
into the relationship between water saving and actual electricity consumption.
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