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Motivation

Environmental problems pose a challenge to society

Increasing resource consumption
creates problems

• Pollution and globally rising
temperatures have large
economic and social costs.

• Scarcity of energy resources
creates regional tensions and
conflicts.

I Increasing research interest: Can behavior be changed in
cost-effective ways? Can these behavioral interventions be rolled out
in a cost effective way?
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Motivation

Environmental problems pose a challenge to society

The existing approach: let
technology fix this.

• Don’t try to change behavior,
but make consumption more
efficient through innovation.

I But: cost of technological
innovation is rising.

I Increasing research interest: Can behavior be changed in
cost-effective ways? Can these behavioral interventions be rolled out
in a cost effective way?
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Motivation

Can resource-efficient behavior be induced?
Summary of previous approaches

Approach 1: Information about
environmentally-friendly behavior.

• Provide information on
environmentally-friendly
behavios to encourage it.

I Dozens of studies show: it
does not work. (Abrahamse,
2005)

I Calls into question the effectiveness of home-energy reports /
aggregate feedback interventions for "normal" countries.
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Motivation

Can resource-efficient behavior be induced?
Summary of previous approaches

Approach 2: Price incentives
through making resources more
expensive.

• Price incentives should
induce individuals to conserve
resources.

I Price elasticities are small,
and the public holds very
unfabvorable views of these
policies.

I Calls into question the effectiveness of home-energy reports /
aggregate feedback interventions for "normal" countries.
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Motivation

Can resource-efficient behavior be induced?
Summary of previous approaches

Approach 3: More information
about one’s own consumption.

• Feedback on one’s past
consumption/comparison
with other households.

I Leads to statistically
significant, but small
reductions in resource
use in the US (Allcott
and Mullainantahn, 2010
Science).

I Calls into question the effectiveness of home-energy reports /
aggregate feedback interventions for "normal" countries.
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Motivation

Can resource-efficient behavior be induced?
Summary of previous approaches

Approach 3 doesn’t appear to
work with "more normal" baseline
consumption (Europe, Asia < 1

2 of
US consumption).

• Andor et al. (2017)
implement same intervention
intervention in Germany
(N = 11, 620).

• Diff-in-Diff estimate of the
conservation effect is 0.04
kWh/day (p = 0.06). They
can reject effect sizes of 0.1
kWh/day or more.

chase of energy efficient appliances that are available at the Grünspar’s online shop. We expect

this deviation to intensify the HER’s effectiveness, but only slightly.

Figure 1: Social comparison element in HER (translation of the original German version)

Another distinction to the Opower HERs is that annual meter reading cycles in Germany

do not allow for intra-year updates of the social comparison module. We expect such intra-

year updates to amplify the energy conservation effect. To compensate for this deviation to the

Opower HER, we simply repeat the social comparison based on the 2014-2015 annual electricity

consumption in the first three reports. In addition, following a typical marketing approach,

the fourth report contains “testimonials”, i.e. exemplary descriptions of energy-saving actions

implemented by households (“We have recently bought a new energy-efficient refrigerator

that saves us around 60 EUR per year”). Table A3 provides a detailed comparison between

our HER and the ones sent out by Opower. In addition, the four HER are comprehensively

documented in the online appendix.

2.3. Experimental Design and Data

For the implementation of the study we cooperated with a medium-sized electricity provider

located in Kassel, Germany, with 135,000 household customers. We randomized our HER in-

tervention among those households that received their annual bill between November 2014

and April 2015. Our sample includes only those households that had been with the electricity

provider for at least one year, so we can utilize data on baseline consumption. In addition, as

in the Opower programs, only customers with exactly one meter per customer were included

(Allcott 2011). In total, the trial was implemented in a study sample of 11,630 residential elec-

tricity consumers.

The randomization was stratified by households’ baseline electricity use and the billing month.

3

I Calls into question the effectiveness of home-energy reports /
aggregate feedback interventions for "normal" countries.
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Motivation

Can resource-efficient behavior be induced?
Summary of previous approaches

Two possible reasons:

1 Information too coarse: aggregated at the household level.

2 Information out of date: retrospective information on last quarter, last
month.

I Feedback may not enable behavioral control necessary to stick to planned
behavior.
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Motivation

Behavior-specific real time feedback
The overarching researh question

Our hypothesis: Actionable feedback enables behavioral control, even when
baseline consumption is moderate (as in Europe or Asia).

• We provide behavior-specific feedback.

• The feedback is delivered in real time.

I Increases the visibility of resource use compared to the immediate benefits
of consumption, as the individual engages in the behavior.

I Use additional behavioral mechanisms to reinforce conservation effects.
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Motivation

Outline

1 Motivation

2 Proof of concept: Behavior-specific real-time feedback in Switzerland
Research question and design of the field experiment
Results

3 PUB-NUS study: real-time feedback and goal setting
Research question and design of the field experiment
Results

4 Implications and Conclusion

Lorenz Goette Real-Time Feedback and Goal Setting 6 / 29



Motivation

Outline

1 Motivation

2 Proof of concept: Behavior-specific real-time feedback in Switzerland
Research question and design of the field experiment
Results

3 PUB-NUS study: real-time feedback and goal setting
Research question and design of the field experiment
Results

4 Implications and Conclusion

Lorenz Goette Real-Time Feedback and Goal Setting 6 / 29



Proof of concept: Behavior-specific real-time feedback in

Switzerland

Outline
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Proof of concept: Behavior-specific real-time feedback in

Switzerland

The ewz field experiment

The research team
• Information systems: Verena Tiefenbeck (University of Bonn and ETH

Zürich), Thorsten Staake (University of Bamberg),Vojkan Tasic (ETH),
Elgar Fleisch (ETH).

• Behavioral economics: Verena Tiefenbeck (University of Bonn and ETH
Zürich), Lorenz Goette, Kathrin Degen (UNIL), Rafael Lalive (UNIL)

The field partners: Financing and access to participants.
• Electricity utility of the city of Zurich (ewz).
• Swiss Federal Office of Energy

700 households from the city of Zurich participated.
• Only one-person and two-person households
• Younger, better educated, and less environmentally friendly than average

population.
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Proof of concept: Behavior-specific real-time feedback in

Switzerland

Showering is resource-intensive

A typical shower lasts only 5 minutes. But it consumes 7% of one’s daily energy
use and 35% of one’s daily water use.

• Around 2.56 kWh of energy
• Around 44 liters of water (in Europe)

I Big-ticket item with regard to resource use.
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Proof of concept: Behavior-specific real-time feedback in

Switzerland Research question and design of the field experiment

Real-time feedback in the shower
The amphiro smart shower meter

Simple and robust design

• Device generates necessary power through
water flow

I No batteries

• Simple and intuitive display of resource
use

I Easy to understand

• Saves data (water volume, temperature,
duration, breaks) of each shower

I Detailed behavioral measures for research
use
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Proof of concept: Behavior-specific real-time feedback in

Switzerland Research question and design of the field experiment

The experimental conditions of the study

Households were randomly assigned to one of three groups:

• Control group: Only sees water temperature.

• Real-time feedback: First ten showers: water temperature.
Then real-time feedback.

• Real-time + past information: First ten showers: water temperature.
Then real-time feedback plus water use from last shower.
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Proof of concept: Behavior-specific real-time feedback in

Switzerland Results

The impact of resource consumption
forthcoming in Management Science

Comparison of group means over time (study
duration: 2 months)
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N = 621 households, approx 45, 000 showers.

Clear reduction in resource use

• Nearly 0.6 kWh energy
saved per shower.

• Nearly 9 liters of water
saved. per shower

I Two-person household:
1.2 kWh of energy saved
per day

I 3 to 6 times more than
previous studies
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PUB-NUS study: real-time feedback and goal setting

Outline

1 Motivation

2 Proof of concept: Behavior-specific real-time feedback in Switzerland
Research question and design of the field experiment
Results

3 PUB-NUS study: real-time feedback and goal setting
Research question and design of the field experiment
Results

4 Implications and Conclusion
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PUB-NUS study: real-time feedback and goal setting

The PUB field experiment

The research team
• Behavioral economics: Sumit Agarwal (National University of Singapore),

Lorenz Goette, Tien Foo Sing (National University of Singapore), Verena
Tiefenbeck (University of Bonn and ETH Zürich), Davin Wang (National
University of Singapore)

• Information systems: Thorsten Staake, Samuel Schoeb (University of
Bamberg)

The field partners: financing of the study.
• Public Utilities Board of Singapore (PUB): Project led Water Supply

Networks department (Waicheng Wong).

550 households in Singapore, with a total of 880 shower points. 2,120 individuals
living in these households.

• Representative cross-section of population of HDBs.
• Study duration: 4 months (80% or households) to 6 months (20% of

households).
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PUB-NUS study: real-time feedback and goal setting

The PUB field experiment
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PUB-NUS study: real-time feedback and goal setting

The PUB field experiment
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PUB-NUS study: real-time feedback and goal setting Research question and design of the field experiment

Additional mechanism in this study: Goals and motivation

Large literature in social psychology and behavioral economics show that goals can
increase task motivation (see, e.g, Locke and Latham, 1990; Della Vigna, 2012).

Many of the findings can parsimoniously be explained by prospect theory (Heath,
Larrick and Wu, 1999).

• Falling short of a goal feels like a loss, and losses loom larger than gains.
I Choosing an ambitious, but realistic goal can increase effort.
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PUB-NUS study: real-time feedback and goal setting Research question and design of the field experiment

The experimental conditions in this study

Households were randomly assigned to one of the following seven conditions:
• Control group: Only sees water temperature, as before.

• Real-time feedback: First 20 showers: water temperature. Then real-time
feedback (no polar bear).

• Real-time feedback + goals: First 20 showers: water temperature. Then
real-time feedback plus conservation goals (10, 15, 20, 25 or 35 liter).

Your smart meter for the shower

amphiro a1 displays the water consumption for every 
individual shower taken. After a couple of minutes of 
interruption, a new measurement will start and the 
display will be reset to zero.

amphiro a1
smart shower meter

Introduction

23.8 

Your current water consumption

Initial phase

During the first showers, amphiro only displays current 
water temperature. This is not an error. It is a temporary  
familiarization phase of the device. Water pressure and 
flow vary for different water pipes and shower heads 
and amphiro a1 first has to familiarize with the charac-
teristics of your shower. 

Once the initial phase is completed, the device  
automatically switches to display more information.  

Instructions for use

Please read these instructions carefully 

• Do not submerge the device in water. Do not let 
it float in the bathtub. 

• Do not apply any decalcifiers or abrasive cleaning 
agents (scouring powder/milk), as they may 
damage the display. 

• This device is not a toy and not suitable for small 
children. It contains small parts which may be 
swallowed. 

• Do not open the device. Doing so will irreparably 
damage it, as the compartment sealing will be 
compromised. 

• The device contains a strong permanent magnet 
as found for example in earphones or name tags. 
Individuals with a pacemaker should maintain an 
appropriate safety distance. 

If problems occur or if you have suggestions, please 
contact nus-pub@nus.edu.sg

Set-up

Your device shows the current water consumption 
along with a rating indicating whether the total 
amount of water used is within the stipulated goal. 
Water usage within the goal will receive an “OK” rating.  
Try to stay within the goal. Every drop of water saved 
counts!

amphiro a1 should be attached to the shower 
head at all times.  
WARNING:  
Do not disconnect the amphiro device or change  
the set-up.  

 

Climate animation
Iceberg melts with increasing 
energy consumption. 

About the smart device

amphiro a1 does not use batteries. The device is  
powered only by the water flow. Once the water flow 
stops, the device will turn off automatically after a 
while. 

Liter

Evaluation 
- very good: Efficient water  
   usage 
- ok: Water usage is reaching                 
   your goal 
- too much: Water usage did                                                                                                                                              
   not meet your goal  
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PUB-NUS study: real-time feedback and goal setting Results

The impact on water consumption

Comparison of group means over time (study duration: 4 - 6 months)
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N = 800 bathrooms, 300, 000 showers.

Clear reduction in water
consumption

• Real-time feedback lowers
water consumption in a
stable way.

• Goals appear to reinforce
the effect.

I Detailed analysis with
diff-in-diff estimator
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PUB-NUS study: real-time feedback and goal setting Results

The impact on water consumption

Difference-in-difference analysis of the treatments

• Real-time feedback alone reduces
water use by 2 l/shower.

• Real-time feedback plus 15l-goal
lead to conservation effect of
3.8l/shower (+1.8 liter over
real-time feedback).

• Goals that are too easy or too
hard appear less effective.
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PUB-NUS study: real-time feedback and goal setting Results

Exploring the mechanism behind goal setting
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1. Missing-mass analysis.
Additional prediction from
reference-dependent model

• Sensation of loss should
reduce showering in the
loss domain compared to
RTF-condition.

I Shift in mass observed around
goal that is consistent with
the prediction.
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PUB-NUS study: real-time feedback and goal setting Results

Exploring the mechanism behind goal setting
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2. TE of goals as a function of
goal distance.

• Estimate effectiveness of
goals as a function of goal
distance, matched on baseline
from RTF-condition.

I Difference is maximal when
goal is about 5 liter below
baseline.
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Implications and Conclusion

Outline
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Implications and Conclusion

Behavioral research plays important role in public policy

Aggregate periodic feedback ("home-energy reports") have very little
potential in countries with non-crazy resource consumption.

Behavior-specific real-time feedback directs attention to resource use and
enables behavioral control.

• Leads to sharply lower resource consumption, in particular for
high-baseline users.

• Findings replicate consistently across studies.
• Conservation effect can be increased by utilizing results from behavioral

research (goal setting)
I Real-time feedback direct attention to resource consumption in ways

that other interventions cannot.
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Implications and Conclusion

Behavioral research plays important role in public policy

The intervention in Singapore delivers policy tools that help Singapore achieve
its ambitious water conservation goals. Reduction by 4 LPCD by 2020.

• Average person showers 1.3 time a day in our data.

I Our best treatment provides a conservation effect of 3.9 ⇥ 1.3 = 5.1
LPCD, 1.1 LPCD more than PUB’s goal for 2020.

I We achieve this reduction literally overnight!
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Implications and Conclusion

More results from partial roll-out in Singapore at next BX

Singapore has launched the Smart Shower Programme.
• PUB will outfit 10,000 new HDB apartments with smart shower device.
• Program led by Waicheng Wong (project manager) and Roland Chan

(principal investigator).
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