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Abstract. We must overhaul how we view and use water to ensure that there is
enough potable water to meet the rising global demand. To achieve such changes,
many researchers have developed intervention methods aimed at promoting water
conservation in the home. Single or combined styles of intervention, applied from
a range of a few days to eight months, achieve a wide range (2 % to 28 %) of water
savings. However, what factors play the biggest roles in achieving such savings
remain as of yet unclear. Two factors are highlighted in this review: an interven‐
tion’s visibility and the climate context in which the intervention was conducted.
This paper provides a comprehensive review of intervention methods; in doing
so it summarizes findings of current research and provides recommendations for
future work.
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1 Introduction

Worldwide, 663 million people do not have access to clean water, and over 1.5 billion
are affected by water-related disease each year [1]. To exacerbate the issue our demand
for water has grown at double the rate of the global population. Further, our ability to
supply clean water to the rapidly growing global population is quickly decreasing.
Despite these figures, water is largely treated as an infinite resource by wealthy nations.
Many first-world consumers do not understand the process water must go through before
exiting the tap in one’s home, the high associated environmental cost of these processes,
nor the dwindling supply of per capita potable water.

This misunderstanding of water’s value, coupled with the hidden water costs of many
in-home processes, leads US consumers to demand far more water than is necessary for
a comfortable life. The average American uses about 98 gallons per day at home,
including irrigation [2]. In comparison, the average European consumes about 53 gallons
per day municipally, and the average Sub-Saharan citizen consumes 3-5 gallons per day.
Peter Gleick [3] concluded that the basic water needs for a human to reasonably, drink,
bathe, prepare food, and maintain a clean environment is about 50 l a day, or 13.2 gallons.
This figure does not account for the production of one’s food, nor the maintenance of
exotic landscapes.

How so much water is used is an important question, with a unique answer for each
person and region. Mayer et al. [4] reported that indoor water usage in the US is generally
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broken down as such; leaks 13.7 %, showers 16.8 %, clothes washer 22 %, toilets 26.7 %
and faucets 15.7 %. Additionally, about 50-70 % of total domestic water is used outdoors
for watering lawns and gardens [4].

Though at-home water use only accounts for about 11 % of the total US freshwater
withdrawals [5], this type of usage is generally the most intimate, thus affecting the
residential sector may result in significant savings in other, larger, sectors of use – more
informed consumers may increase demand for water conservation by industry and
government. However, even if far reaching effects are not accomplished, there are still
massive savings to be had in the domestic sector alone. Amy Vickers estimates that a
30 % reduction in US household water usage would result in a savings of more than 5.4
billion gallons a day [5].

In recent years many new technologies for saving resources in-home have been
developed and commercialized [6]. For water, these methods primarily take the form of
water-efficient appliances and appliance “add-ons”, such as faucet and shower aerators.
Though ten states in the US now require new housing to be built with water-efficient
appliances, there are still tens of millions of inefficient, old-fashioned appliances being
used in the U.S. [7]. Thus it is important to motivate and enable homeowners to conserve
water as effectively as possible. A system or device that “reaches out and affects” a user
is termed an intervention.

Interventions in this review take two primary forms: before-use, termed antecedent,
and after-use, termed consequential. Common antecedent interventions are educational,
such as pamphlets containing water-saving tips, and consultation, such as goal-setting.
Consequence interventions primarily take the form of usage tracking and comparison
(feedback), and may sometimes take the form of reward/penalty systems. Feedback is
a complicated mechanism and has many facets which may affect a consumer’s response.
How one displays data can have a large effect on the overall success [8]. Further, usage
feedback is reliant on some system of monitoring a consumer’s water usage. Monitoring
poses a technological/infrastructural barrier to feedback systems, which may be over‐
come through the use of many types of systems, pre-existing and novel. Figure 1 illus‐
trates, generally, how and when each method affects the subject.

This paper aims to create an accessible review of interventions for water consump‐
tion. Though many of the same strategies are used when dealing with water and elec‐
tricity [6], the nature of the resources are rather different; one cannot see a kWh, but can
generally envision or observe a gallon of water. The ways in which people interact with
water and electricity differ greatly. These differences reasonably separate electricity and
water, meaning that conclusions drawn about the conservation of one may not be true
for the other. This review is distinguished from reviews of water conservation [9, 10],
limited to smart metering systems as it focuses on all types of intervention systems and
methods.

This review is intended to provide insight into what methods have been most effec‐
tive, and what work is still to be done. Section 2 describes the method and criteria for
including publications in this review. Sections 3 and 4 summarize and analyze antece‐
dent and consequential intervention studies, respectively. Section 5 summarizes trends
found in the previous sections and discusses the need for the consideration of mental
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context and visibility in design. Lastly, Sect. 6 provides concrete recommendations on
designing interventions, and on material which is useful to include in papers about such.

2 Method

The goal of this paper is to provide the reader with some idea as to why some water
interventions succeeded while others did not. This paper also serves to provide a
summary of a range of interventions. To find the papers reviewed here various databases
were employed – Google scholar, Georgia Tech library system, Wiley Online – leading
to many journal and conference papers associated with interventions for water conser‐
vation. The references of each paper were examined in order to find relevant publica‐
tions, as was the list of “cited-by” papers. This is called the “snowball” method and has
been shown to effectively reveal high quality papers [11].

In order to be included in this review a study had to either propose a product design
with a functioning prototype, with results, and/or the study had to develop and test an
intervention system aimed specifically at household water behaviors. The one exception
to this criteria is a work which examines the great success of a governmental campaign
[12]. Due to the consistency and quality of peer-reviewed academic studies, all reviewed
studies are published academic papers.

To evaluate how effective an intervention was, studies generally measure the change
in net water consumption versus a control, and/or rely on subject-reported changes in
behavior or consumption. The inclusion of a behavior change survey provides insight
into what the intervention succeeded or failed in affecting. These reported behavior

Fig. 1. Antecedent intervention occurs before the activity, consequential occurs during and after.
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changes imply some activities have a higher elasticity than others and provide insight
into how a system may be optimized.

3 Antecedent Interventions

Antecedent interventions inform user behavior before the behavior is carried out. They
work by supplying information in order to change the user’s attitude towards water
usage, teach how an individual’s actions affect the big picture (i.e. one’s locus of control)
or provide action strategies that enable the user to conserve water [13].

3.1 Studies Providing Antecedent Tips and Information

Five studies were found that provided an experimental group with antecedent interven‐
tion [14–18]. In these studies, only water-saving tips and/or water related education were
provided. The first four studies, summarized in this section, failed to achieve savings
using only the antecedent education, but the fifth had measurable success.

The first study examined the difference in effectiveness of forms of education [17].
Researchers examined behavior of two education groups; one focused on water-use
impacts on society, and the other oriented towards financial concerns. These groups were
compared with two control groups, one of which was not informed when their usage
information was being recorded. Although inconclusive, the results indicated that long-
term consequence education was more motivating than economic education.

The second study, by Schultz et al. [15], examined the relative impacts of three
information types. Only one of these was antecedent: tips for saving. The other two were
consequential: social comparisons, and ‘injunctive’ comparisons (i.e. with an associated
happy/sad face). Their ANOVA revealed no difference between the group given only
information and tips compared with the control group. The feedback aspect of this study
is discussed later in the consequence intervention section.

In the third study [14], 26,000 residents of Cobb County, GA were split into three
groups and sent a single letter: (1) one with tips and information, and a message
imploring conservation of water, (2) another given the same as (1) but with message
stating that the participant was either higher or lower than average and (3) the final group
was given both of the previous conditions along with a strong social comparison,
detailing exactly how much more or less water a participant used compared with the
average. In the first year the groups’ savings were 0.5 %, 2.7 % and 4.8 % respectively,
but the following year this diminished to 0 %, 0 %, and 1 %, respectively.

In the fourth study, 166 households were divided up into three groups, one was given
attunement labels to place on water-intensive appliances, the second was given social-
comparative feedback, the third was given only information pamphlets containing the
same information as the labels from group one [18]. While the attunement labels group
achieved 23 % total savings, the ANOVA tests revealed no significant reductions for the
other two comparison groups. This indicates that information, if consumed out of the
context of usage is much less effective than having that same information displayed at
the point of use.
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The fifth study, with a successful antecedent-only group, had results which starkly
contrast with the previous results [16]. Studying behavior in a drought-stricken region
of southeast Queensland, Australia, researchers divided 221 households into three
groups: (1) an information only group, (2) a social norm (i.e. “X % of people conserve
water”) plus information group and (3) a group given tailored end-use feedback from
smart meters with information. During the 3-month intervention period all groups
achieved about 10 % total water usage reduction (11.3 l/person/day). After the inter‐
vention, all groups continued to reduce consumption, however group one, the informa‐
tion only group, achieved the highest peak savings of about 13.3 % (15 l/p/d) three
months after the intervention. The groups eventually returned to pre-intervention usage
levels, possibly due to flooding the area experienced after the study was completed. The
discrepancy between the Queensland study’s 13 % and the much lower savings of
previous four studies’ indicates that the context of intervention plays into its effective‐
ness, which is discussed further in Sect. 5. This fifth study [16] additionally stands out
because it occurs after a campaign conducted by the Queensland Water Commission
(QWC) from 2006 to 2009 [12].

The Target 140 Campaign (T140) was an eight month campaign to promote water
conservation in response to “the worst drought in 100 years” [12]. The objective of the
campaign was to reduce the per capita water usage of the Queensland area to 140 l per
person per day. The T140 campaign eventually succeeded in reducing average consump‐
tion from about 165 L/p/d to of 129 L/p/d. Further, once the restrictions were lifted and
the campaign over, residents continued to use less than 140 l/p/d, implying that there
had been a durable shift in the values and attitudes of the people. In order to get residents
to cooperate, the QWC ran commercials showing the dams at low capacity, ran billboard
advertisements and targeted a single big behavior, ‘the four minute shower’; by distrib‐
uting over 1.1 M shower timers.

3.2 Cognitive Dissonance

Cognitive dissonance is the uncomfortable sensation of having inconsistent beliefs, atti‐
tudes, and/or actions, and may motivate an individual to change in order to make them
consistent [19]. Two studies reviewed used cognitive dissonance to motivate water
savings. Both of the studies used surveys to invoke cognitive dissonance in the partic‐
ipants. The first study [20] showed that people subjected to cognitive dissonance
proceeded to take 26.9 % shorter showers than the control group while those who were
only exposed to either a pledge, or a survey of usage habits were only 18 % shorter. Both
groups showed significant shower habit changes compared to the control.

Aitken, McMahon et al. [21] hand-delivered surveys to 273 households containing
tips on water saving. These surveys were either structured to invoke cognitive disso‐
nance or they were paired with social comparative feedback. Both groups were shown
artificial averages, 10 % lower than actual averages, to enlarge the gap attitude and
performance. The participants’ water usage was then recorded over a three-week period,
and once again after this period. Directly after the intervention, the participants in the
dissonance group who started at high usage levels lowered their water usage by 7.5 %
while the participants with initially low usage levels achieved 2.8 % savings. In contrast,
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the comparative feedback groups achieved a 4 % reduction, and a 7 % increase respec‐
tively. After three weeks the high usage groups had reduced total usage by 6 % and 4 %
for cognitive dissonance and comparative feedback respectively, while the low usage
groups both returned to pre-intervention levels. These results imply that cognitive disso‐
nance is more effective at motivating immediate behavior change than commitment or
mindfulness of usage.

3.3 Antecedent Interventions: Conclusion

Information distribution is the most common form of antecedent intervention and has
nominal effects. In contrast, information within a drought context was more effective at
motivating change [15, 18]. In the drought context of the Queensland Target 140
campaign, residents had already reduced usage from an average of 300 to 165 l per
person per day before the T140 campaign, and the changes were lasting. The studies
indicate that when a population directly understands the need or benefit of water conser‐
vation, they are more willing to change their water behaviors [12, 18].

Thus people need to be both motivated and taught how to conserve water. Motivation
may come in the form of education, climate necessity, social pressures, or by inciting a
state of cognitive dissonance.

4 Consequence Interventions

Consequence interventions utilize “feedback” and come in two primary forms: negative/
positive-reinforcement, and information. Informational feedback means that a user is
simply given data about his or her usage. Attari et al. [22] and Beal [22, 23] have inde‐
pendently confirmed that people often have little idea of how much water they use, or
what the most effective means of conservation are. Thus informational feedback may
inform people of the consequences of their actions, enabling them to better their habits.

Erickson et al.’s [24] 2012 study used a website that allowed 303 households to
monitor their water usage in near real time over a 15 week period. The website provided
water saving tips, as well as social and historical comparisons of usage. Participants
achieved an overall 6.6 % reduction in consumption compared with the experimental
control data acquired during first 9 weeks of pilot study. However, only 35 % (106 of
303 households) of the participants reported logging into the portal website. Of these
users, 61 % reported making a change to their household’s water infrastructure.

Schultz et al.’s [15] 2014 study had 301 households; each household received either
no feedback or one of two types of feedback by web or mail. One feedback group
received personalized information about their water usage and a comparison of their
usage to that of similar households. The other feedback group received identical infor‐
mation with an additional happy/sad face expressing social approval/disapproval. Each
group only received a single packet of information. The first group achieved 26 %
savings, while the group with the approval/disapproval face saved only 16 % over the
following week compared with control.
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Geller et al.’s 1983 study [25] provided daily and weekly written feedback to 129
households. This feedback contained the previous day’s water usage compared to the
median, the percentage change compared with the baseline data, and smiling/frowning
faces. This feedback was given alone, or paired with water-savings devices, antecedent
educational handbooks, or both devices and education, for 5 weeks. The feedback-only
group increased water consumption by 1.36 %, while the no-intervention group managed
to reduce consumption by 3.4 %. In this study the devices only group achieved the highest
savings (9.5 %), followed by devices and feedback (7.7 %), and devices and education
(6.9 %). Educational handbooks alone had almost no effect (0.7 % reduction).

4.1 Feedback Device Interventions

Device interventions allow users to monitor their water consumption during the time of
use. These devices are either ambient, meaning the user gets an abstract idea of his/her
usage, or indexical, meaning s/he receives an actual numerical value of his/her usage.
Some of the devices below do not have experimental data justifying the design. All of
the devices reviewed here are intended to reduce water consumption either in the shower
or at the faucet, each of which accounts for about 20 % of the water used in home, and
both are believed to be high elasticity activities [26].

Arroyo et al.’s Waterbot was a forerunner of device-oriented water intervention
systems [27]. Waterbot attached to the spigot of a faucet, and included a two bar display
(indicating current usage and average usage respectively), a speaker, and colored LED’s
that changed color according to the water temperature. Waterbot combines many strat‐
egies to affect the user’s water usage: positive and negative reinforcements, ‘just-in-time
prompts’ accomplished by audio feedback, and social/historical comparison via the bar
graph (with other users of the same faucet). The pilot study of Waterbot took place over
two months in a laboratory environment with 15 users, the change in water usage was
not reported. Overall the users reported not becoming annoyed with Waterbot; 12 of 15
were still engaged after two months, and some wanted more sounds integrated into the
system.

“Show-me” by Kappel et al. [28] is an attachment to showers which causes a tower
of LEDs to illuminate proportionate to how much water has been used. This method of
feedback is non-intrusive, non-judgmental, and allows users to set goals however they
prefer, such as reducing a shower by 2 LEDs – corresponding to a 10 L savings. The
pilot study of Show-me was conducted in 4 households, where it was installed for 3
weeks. The average shower was reduced about 20 % (10 L) and the device prompted
discussion about usage among the participants.

Willis et al. conducted a similar experiment in Australia with 151 households over
2 years [29]. Forty-four of the households were equipped with the indexical display,
showing exactly how much water was used in each shower, attached to their shower‐
heads. Participants given the displays achieved an average of a 27 % reduction in shower
volume, which equates to about 10 % of total water usage.

In their study “UpStream”, Kuznetsov et al. [30] developed three unique displays for
the shower; one ambient, one semi-ambient, and one indexical, as well as a bar graph
indicator which attached to a faucet. They used microphones attached to microcontrollers
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to monitor flowrates at 0.2 gallon resolution with less than 10 % error. The pilot studies
took place in a semi-public dorm setting and in four private single homes. In the semi‐
public setting, many users were attracted by the novelty of the devices, increasing faucet
usage by 33–125 %. In the privatized setting the ambient shower display reduced shower
volume by 17 %, while the numeric display achieved an 8 % reduction. Results for faucet
usage were not reported in the private setting.

4.2 Conclusion: Consequence Intervention

For the three non-device feedback interventions, the biggest barrier to success seemed
to be the medium of communication. Only 35 % and 18 % of the groups provided with
web resources actually logged into them at least once [15, 24]. This low usage rate
implies that the average water savings each study achieved may not have been ‘maxi‐
mized’, and that there is potential for improvement. The results of Schultz et al.’s study
[15], despite web usage rates, show that people are motivated to reduce their water usage
when shown their own usage rates in the context of similar households (26 % reduction),
though they are de-motivated by feedback with judgment embedded in it (16 % reduc‐
tion). This same ‘de-motivation’ may also be responsible for the failure of Geller
et al.’s feedback [25], which always included a smiling or sad face.

Device interventions have been shown to consistently have significant impact on the
targeted behavior. This consistency may be due to the fact that a device reminds the user
to care about water at the point of use, and often allows the user to track her conservation.
The feedback given by the participants using the UpStream devices indicated that
ambient displays are more pleasant to interact with regularly than are indexical. This
result is corroborated by Ham et al.’s work on ambient displays’ cognitive load [31].

5 Discussion

A few trends are evident when all the papers are analyzed together. Specifically, success
may be attributed to visibility and context. Visibility refers to the timeliness and access
to information, such as having information at the point of task. Context refers to situa‐
tional awareness, such as a user who is aware of the consequences because of their
experiences. For example, information and tips on how or why to conserve water
provided as antecedent measures are generally ineffective for changing a user’s
behavior. However, when info/tips are administered in a drought context the participants
achieved significant water savings.

Context of performance is also important; in Aitken et al.’s [21] work the participants
who were shown that they used a lot of water were motivated to conserve, whereas the
participants shown to use less water were not motivated, and in some cases used more
water. These results may be due to the social pressure to conform, and/or due to a state
of cognitive dissonance incited by one’s realization that his/her usage is higher than
average. Perception of peers’ water usage has been shown to affect one’s own usage
habits. Verdugo et al. [32] showed that those who perceived their peers ‘wasting water’
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tended to have worse conservation behaviors. Thus social feedback may only be useful
to show a participant that her usage is above the norm.

The success of devices such as the “Show-me” may be attributed to the visibility of
such a system; the user is automatically made aware of his or her usage, and the potential
to conserve. An alternative explanation of the curtailments could be the Hawthorne
effect; the participants were aware they were in a study and that their actions were being
recorded so they acted in a way that would satisfy the researchers [33]. Though the
Dubuque Portal achieved some degree of success, its information was not displayed
easily (low visibility) and the participants in the study largely did not use it at all [24].
The use of attunement labels on appliances (high visibility) achieved high savings,
whereas the same information in packet form achieved none [18].

Thus the two factors which seem most important for the success of an intervention
are the context in which it is deployed, and its visibility. The context may be the user’s
predisposition to conservative behaviors, or foreknowledge of environmental conse‐
quences bestowed on her by living in a drought-stricken region, or by an educator. The
visibility of an intervention is simply how easily and frequently a user is affected by an
intervention (very high with labels, devices, or large campaigns, very low with a web-
portal requiring a password). Lastly, these two factors do not constitute the intervention
itself, but are attributes of any intervention.

6 Recommendations

In order to achieve maximum efficacy, intervention designers should consider mental
context and visibility. With respect to mental context; He et al. [34] discuss how one
may apply the trans-theoretical (stages of behavior change) model to persuasive tech‐
nologies, specifically discussing electricity savings. Differing approaches to subjects at
different points in their paths to behavior change may have the best results. They cite
five specific phases; pre-contemplation, contemplation, preparation, action, and main‐
tenance.

In the successful information-only studies the wide-spread drought seems to have
primed the participants to begin conserving water. Similarly, the handful of studies
whose information-only groups showed no change may have been unprepared to save
water, thus providing details on how to do so was ineffectual at motivating behavior
change. It may be more effective to first simply give participants information about the
environment, and the current successes of conservation, perhaps a few times, before
then giving them tips about how to conserve water. This phased approach may emulate
the effect of living in a drought-stricken region by heightening one’s awareness of the
problems associated with water usage.

Providing objective information and allowing the subjects to draw their own conclu‐
sions before trying to change their behavior more accurately reflects persuasion defined
by Brynjarsdottir et al. [35]. Coercion has been shown to actually attenuate results,
shown by Schultz et al.’s where the experimental group whose feedback had an opinion
expressed on it conserved significantly less than the group given an identical feedback
without any opinion [15]. Thus any feedback should be given in a positive or neutral
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manner. As briefly stated in the discussion section, social feedback is effective though
it should place the participants in a position where the pressure to conform acts in such
a way that s/he uses less rather than more water.

Interventions should be very easily accessible, requiring little or no effort on the
subject’s part in order to communicate any information effectively. Both web-based
feedback studies observed the intrinsic barrier to information posed by accessing a web
medium. These extra steps may be ameliorated by integrating a passive widget, or plug-
in to a sensor system. This barrier is not as strong in mail-based feedback, and is non-
existent in devices. Mail has the obvious shortcomings of delay, bulk, and inconvenience
of opening/reading the contents. Devices and attenuation labels are extremely visible;
websites with user accounts and passwords are fairly invisible. People are generally
unwilling or unable to regularly access internet portals, even when they volunteer to
partake in a study known to be about conservation and the internet medium as in the
Dubuque Portal.

Finally, when the study has been concluded, researchers should perform follow-up
surveys to determine what factors the participants felt were most/least effective. They
should also monitor participants’ usage well after the intervention, to evaluate the dura‐
bility of any changes made, as this is facet was surprisingly sparsely reported, though
may be the most important effect of an intervention.

References

1. WHO/UNICEF: 2015 Update and MDG Assessment, p. 4 (2015)
2. United States: Environmental Protection Agency, Water on Tap - What You Need to Know,

Water, p. 33 (2009)
3. Gleick, P.: Basic water requirements. Water Int. 21(2), 83–92 (1996)
4. Mayer, P.W., Deoreo, W.B., Opitz, E.M., Kiefer, J.C., Davis, W.Y., Dziegielewski, B.,

Nelson, J.O.: Residential end uses of water. Awwarf, p. 310 (1999)
5. Vickers, A.: Handbook of Water Use and Conservation. WaterPlow Press, Amherst (2001)
6. Abrahamse, W., Steg, L., Vlek, C., Rothengatter, T.: A review of intervention studies aimed

at household energy conservation. J. Environ. Psychol. 25(3), 273–291 (2005)
7. Water-Efficient Plumbing Fixtures: http://www.ncsl.org/research/environment-and-natural-

resources/water-efficient-plumbing-fixtures635433474.aspx. Accessed 08 Feb 2016
8. Froehlich, J., Findlater, L., Ostergren, M., Ramanathan, S., Peterson, J., Wragg, I., Larson,

E., Fu, F., Bai, M., Patel, S., Landay, J.A.: The design and evaluation of prototype eco-
feedback displays for fixture-level water usage data. In: Proceedings SIGCHI Conference
Human Factors Computing System, pp. 2367–2376 (2012)

9. Inman, D., Jeffrey, P.: A review of residential water conservation tool performance and
influences on implementation effectiveness. Urban Water J. 3(3), 127–143 (2006)

10. Sønderlund, A.L., Smith, J.R., Hutton, C., Kapelan, Z.: Using smart meters for household
water consumption feedback: knowns and unknowns. Procedia Eng. 89, 990–997 (2014)

11. Greenhalgh, T.: Effectiveness and efficiency of search methods in systematic reviews of
complex evidence: audit of primary sources. BMJ 331(7524), 1064–1065 (2005)

12. Hume, M., Walton, A.: Creating positive habits in water conservation: the case of the
queensland water commission and the target 140 campaign. Int. J. Nonprofit Volunt. Sect.
Mark. 16(3), 215–224 (2011)

436 N. Benzoni and C. Telenko

http://www.ncsl.org/research/environment-and-natural-resources/water-efficient-plumbing-fixtures635433474.aspx
http://www.ncsl.org/research/environment-and-natural-resources/water-efficient-plumbing-fixtures635433474.aspx


13. Kollmuss, A., Agyeman, J.: Mind the gap: why do people act environmentally and what are
the barriers to pro-environmental behavior? Environ. Educ. Res. 8(3), 239–260 (2002)

14. Ferraro, P.J., Miranda, J.J., Price, M.K.: The persistence of treatment effects with norm-based
policy instruments: evidence from a randomized environmental policy experiment. Am.
Econ. Rev. Pap. Proc. 101(3), 318–322 (2014)

15. Schultz, P.W., Messina, A., Tronu, G., Limas, E.F., Gupta, R., Estrada, M.: Personalized
normative feedback and the moderating role of personal norms: a field experiment to reduce
residential water consumption. Environ. Behav., pp. 1–25 (2014)

16. Fielding, K.S., Spinks, A., Russell, S., McCrea, R., Stewart, R., Gardner, J.: An experimental
test of voluntary strategies to promote urban water demand management. J. Environ. Manage.
114, 343–351 (2013)

17. Thompson, S.C., Stoutemyer, K.: Water use as a commons dilemma. Environ. Behav. 23(3),
314–333 (1991)

18. Kurz, T., Donaghue, N., Walker, I.: Utilizing a social ecological framework to promote water
and energy conservation: a field experiment. J. Appl. Soc. 35(6), 1281–1300 (2005)

19. Aronson, E.: The theory of cognitive dissonance: a current perspective. Adv. Exp. Soc.
Psychol. 4(C), 1–34 (1969)

20. Dickerson, C.A., Thibodeau, R., Aronson, E., Miller, D.: Using cognitive dissonance to
encourage water conservation. J. Appl. Soc. Psychol. 22, 841–854 (1992)

21. Aitken, C.K., Mcmahon, T.A., Wearing, A.J., Finlayson, B.L.: Residential water use:
predicting and reducing consumption. J. Appl. Soc. Psychol. 24(2), 136–158 (1994)

22. Attari, S.Z.: Perceptions of water use. Proc. Natl. Acad. Sci. U.S.A. 111(14), 5129–5134
(2014)

23. Beal, C.D., Stewart, R.A., Fielding, K.: A novel mixed method smart metering approach to
reconciling differences between perceived and actual residential end use water consumption.
J. Clean. Prod. 60, 116–128 (2013)

24. Erickson, T., Podlaseck, M., Sahu, S., Dai, J.D., Chao, T., Naphade, M.: The Dubuque water
portal: evaluation of the uptake, use and impact of residential water consumption feedback.
In: Proceedings 2012 ACM Annual Conference on Human Factors Computing System (CHI
2012), pp. 675–684 (2012)

25. Geller, E.S., Erickson, J.B., Buttram, B.A.: Attempts to promote residential water
conservation with educational, behavioral and engineering strategies. Popul. Environ. 6(2),
96–112 (1983)

26. Kenny, J.F., Barber, N.L., Hutson, S.S., Linsey, K.S., Lovelace, J.K., Maupin, M.A.:
Estimated use of water in the United States in 2005. Circular 1344, 53 (2009). Circular 1268

27. Bonanni, L., Arroyo, E., Lee, C.-H., Selker, T.: Exploring feedback and persuasive techniques
at the sink. Interactions 12(4), 25 (2005)

28. Kappel, K., Grechenig, T.: “Show-Me”: water consumption at a glance to promote water
conservation in the shower. In: Persuas 2009, Proceedings of 4th International Conference
on Persuasive Technology, pp. 1–6 (2009)

29. Willis, R.M., Stewarta, R.A., Panuwatwanich, K., Jones, S., Kyriakides, A.: Alarming visual
display monitors affecting shower end use water and energy conservation in Australian
residential households. Resour. Conserv. Recycl. 54(12), 1117–1127 (2010)

30. Kuznetsov, S., Paulos, E.: UpStream. In: Proceedings of 28th International Conference on
Human Factors Computing System, CHI 2010, vol. 3, p. 1851 (2010)

31. Ham, J., Midden, C.: Ambient persuasive technology needs little cognitive effort: the
differential effects of cognitive load on lighting feedback versus factual feedback. In: Ploug,
T., Hasle, P., Oinas-Kukkonen, H. (eds.) PERSUASIVE 2010. LNCS, vol. 6137, pp. 132–
142. Springer, Heidelberg (2010)

A Review of Intervention Studies 437



32. Corral-Verdugo, V., Frias-Armenta, M., Perez-Urias, F., Orduna-Cabrera, V., Espinoza-
Gallego, N.: Residential water consumption, motivation for conserving water and the
continuing tragedy of the commons. Environ. Manage. 30(4), 527–535 (2002)

33. Adair, J.G.: The Hawthorne effect: a reconsideration of the methodological artifact. J. Appl.
Psychol. 69(2), 334 (1984)

34. He, H.A., Greenberg, S., Huang, E.M.: One size does not fit all: applying the transtheoretical
model to energy feedback technology design. In: Technology, pp. 1–11 (2009)

35. Brynjarsdottir, H., Håkansson, M., Pierce, J., Baumer, E., DiSalvo, C., Sengers, P.:
Sustainably unpersuaded: how persuasion narrows our vision of sustainability. In:
Proceedings of 2012 ACM Annual Conference on Human Factors Computing System, CHI
2012, p. 947 (2012)

438 N. Benzoni and C. Telenko


	A Review of Intervention Studies Aimed at Domestic Water Conservation
	Abstract
	1 Introduction
	2 Method
	3 Antecedent Interventions
	3.1 Studies Providing Antecedent Tips and Information
	3.2 Cognitive Dissonance
	3.3 Antecedent Interventions: Conclusion

	4 Consequence Interventions
	4.1 Feedback Device Interventions
	4.2 Conclusion: Consequence Intervention

	5 Discussion
	6 Recommendations
	References


