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Abstract

In a field experiment across two residential colleges, we investigate responses to
evolving goal difficulty using real-time feedback and moral suasion in resource con-
servation. In phase 1, both moderate and hard goals lead to similar conservation
effects. In phase 2, after adjusting goals to an intermediate level, treatment effects
diverge due to the hard-goal group’s underperformance, reducing the effect by 30%.
Throughout the intervention, the moderate-goal group’s high baseline users main-
tain stronger conservation effects than their counterparts in the hard-goal group.
Our findings suggest excessively challenging goals can damage motivation, with sub-

sequent goal adjustments failing to reverse the initial imprint.
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1 Introduction

Goals are pivotal in motivating individuals and enhancing task performance. Across both private
and public sectors, they are considered a key instrument for managing employee motivation and
effort provision (see, e.g. Drucker, 1954; Grove, 1983). In economics, research has delved into
how contracts that feature discrete goals, coupled with bonus incentives, can serve as optimal
incentive schemes for addressing moral hazard problems.! Additionally, a large literature in
psychology supports the view that goals are important determinants of task performance (Locke,
1968; Locke et al., 1981), and they can have effects above and beyond the financial incentives
associated with them (Pritchard and Curts, 1973; Asmus et al., 2015).

Moreover, goals are not static and can change over time. In management, business objectives
often evolve in response to shifts in the economic environment or the internal development of a
firm (see, e.g. Kennerley and Neely, 2003; Fisher et al., 2016). If goals directly affect individuals’
motivation and performance, changing them can pose additional challenges. In particular, the
way goals are initially set and subsequently adjusted can influence individuals’ effort in reaching
those goals.

Consider a scenario where two (otherwise identical) individuals start with different goals: one
with a moderate goal M and the other with a hard goal H. If goals act as reference points
(Heath et al., 1999), individuals may exert more effort to reach M, while diminishing sensitivity
leads them to exert less effort to try and reach H.2 Now suppose both individuals are reassigned
to a common intermediate goal I, which is halfway between M and H. For the individual who
started at M, the goal has become harder. However, because their reference point remains near
M, loss aversion incentivizes them to work harder in order to try and reach |I. By contrast,
for the individual who began with the hard goal H, the new goal now feels easier relative to
their reference point, placing them in the gain domain and reducing incentive to exert effort.
Consequently, even though both individuals now face the same goal I, those who started out

with the moderate goal M may perform better in the long run than those who started out with

'For instance, Oyer (2000) shows how these schemes can be optimal under limited-liability constraints, while
Levin (2003) examines how such contracts can emerge as efficient equilibria in relational contracts within
repeated-game settings. More generally, Abreu et al. (1990) show that ‘bang-bang equilibria’ - akin to a goal
with a bonus - can arise in repeated games with imperfect monitoring.

2Heath et al. (1999) show in a series of hypothetical choices that goals inherit the properties of reference points,
and individuals respond in a manner consistent with experiencing loss aversion and diminishing sensitivity
around them as described in prospect theory (Kahneman and Tversky, 1979; Tversky and Kahneman, 1991).
This view is also consistent with the Készegi and Rabin (2006) model of reference-dependent preferences, in
which reference points are given by recent expectations: goals may affect expectations, and thus create a
reference point.



the hard goal H.

This paper presents a large-scale field experiment on shower water conservation to test this
hypothesis. We examine how the difficulty of initial goals affects effort and performance, and
whether subsequently adjusting goals to a common intermediate level reinforces or undermines
previously established conservation efforts.

Our experiment involved around 1,000 student residents from two residential colleges at the
National University of Singapore (NUS). We installed smart shower heads in all designated
bathrooms to enable real-time data collection on shower water usage. To study the effects of
changing goals on water conservation, we employed two key interventions: moral suasion and
real-time feedback. Notably, our interventions were embedded within a broader university-led
resource conservation initiative; thus, the residents were unaware that they were part of an
experiment, qualifying it as a natural field experiment (Harrison and List, 2004). Another
aspect of our study is that the residents paid a flat fee for their monthly rent and were not
charged for water and energy use. Taken together, these features allow us to effectively rule out
self-selection bias and isolate the effects of goal-setting on non-pecuniary motivations.

Our intervention comprised two phases. In phase 1, we assigned subjects to one of four
experimental groups. In our two key treatment groups, subjects were encouraged to keep their
water use in showers below a specific target: one group received a challenging 18L goal, and
the other received a more achievable 281 goal, considering the baseline average water usage of
around 32L. The 18L goal, requiring almost a 50% reduction in water use, was designated as the
hard goal, while the 28L goal, requiring a reduction of about 15%, was considered moderate. To
assist subjects in meeting these targets, the smart shower heads were programmed to provide
real-time feedback on water usage through color changes relative to the assigned goal.® This
feedback mechanism was communicated through informative posters in the shower facilities. We
label these two treatment groups as the 18L goal and 28L goal groups, respectively. A third
experimental group, aimed at controlling for moral suasion effects, received only the conservation
message through posters, encouraging them to keep their water use below 28L, but without real-
time feedback on their shower use. Finally, the control group received neither real-time feedback
nor moral suasion. In phase 2, we maintained the original setup but adjusted the initial goals of

either 18L or 28L to the same intermediate goal of 241, which is halfway between the two initial

3At the beginning of a shower, the smart shower head emits a green light. As water usage increases, the light
changes color sequentially: first to yellow, then to orange, and finally to red. When the water volume exceeds
the assigned goal, the shower head signals this by displaying a blinking red light.



goals. Similarly, for the moral suasion group, we assigned the same 241 goal, communicated
through updated posters.

Our findings reveal the nuanced impact of changing goal difficulty on conservation behavior.
We document that moral suasion alone did not significantly affect shower water use in either
phase of the experiment. In contrast, combining goal-setting with real-time feedback led to large
and significant reductions in water use, averaging around a 15% decrease from the baseline.
Interestingly, in phase 1, there was no significant difference in the average treatment effects
(ATEs) between the 18L goal and 28L goal groups. However, when the goal was reset to 24L
for both groups in phase 2, a notable divergence in ATEs emerged: subjects initially assigned
the hard goal of 18L systematically underperformed compared to their counterparts who began
with the moderate goal of 28L. The differences are quantitatively important; the group that
started with the hard goal exhibited a 30% lower ATE in phase 2 compared to the group that
began with the moderate goal.

These treatment effects were especially pronounced among high baseline users. Those initially
assigned the hard goal of 18L displayed a 45% lower ATE in phase 2 compared to their counter-
parts in the 28L goal group. We dig deeper into the role of this heterogeneity using the causal
forest method (Athey et al., 2019; Athey and Wager, 2019). The results offer a more clear-cut
interpretation of where the heterogeneity in treatment effects comes from. In phase 1, within
the 18L goal group, we show that as baseline consumption increased, individuals gave up earlier
in trying to meet the goal. In contrast, in the 28L goal group, individuals with the same base-
line consumption exerted more effort to reduce water use. When the goal was reset to 24L for
everybody in phase 2, we observe two counteracting forces in the 18L goal group: those with a
baseline consumption below 30L increased their conservation efforts relative to phase 1, whereas
individuals with baseline usage above 35L reduced their efforts further. By contrast, tightening
the goal to 24L for the 28L goal group led to increased conservation efforts among those with
baseline consumption around 30L, and only a slight dropoff among the very high baseline users,
as the harder 24L goal may have become less attainable for them. Taken together, these results
suggest a special role of assigning the initial goal. Specifically, they indicate that individuals
who initially disengaged due to high baseline consumption did not re-engage when the goal was
adjusted to an intermediate level. This shows that the initial imprint of a goal is not easily
undone by simply resetting it, highlighting the lasting influence of initial goal assignments on

behavior.



Our work is related to two main strands of literature. First, it contributes to the literature on
the role of goal-setting in shaping motivation and effort provision. Across a range of domains,
including workplace behavior, higher education, and energy conservation, studies show that both
externally assigned and self-set goals can enhance effort and task performance, particularly when
the goals are perceived as attainable (Corgnet et al., 2015; Asmus et al., 2015; Clark et al., 2020;
Brookins et al., 2017; Harding and Hsiaw, 2014). Even an individual’s personal best can serve as
a specific and difficult goal to increase effort, as evidenced in online chess games (Anderson and
Green, 2018).4 In their widely acknowledged paper, Locke and Latham (2002) describe a positive
linear relationship between goal difficulty and task performance, assuming individuals accept and
are committed to the goal. In particular, Erez (1977) emphasizes the importance of feedback as
a necessary condition for a positive relationship between goals and performance. However, it has
been observed that performance may level out or even decline when goals become highly difficult
and are rejected (Erez and Zidon, 1984). Notwithstanding, the literature has not explored the
potential side effects on performance associated with changing goals over time, which our paper
addresses.® In line with the findings of Goerg et al. (2019) and Agarwal et al. (2018), we show
that harder goals can lead to worse outcomes. However, we additionally demonstrate that these
demotivating effects carry over to the next phase, even when both goals are adjusted to the
same level of difficulty. To our knowledge, we are the first to show that setting too hard a goal
can lead to a lasting, detrimental imprint, reducing effort and performance, even after the goal
had been adjusted to an intermediate level. The initial goal assignment is thus critical and has
long-lasting effects on task performance, which cannot be easily undone. In our setting, this
effect was particularly pronounced amongst high baseline individuals: the hard goal muted their
conservation efforts right from the outset, and this effect persisted throughout the intervention.

Second, our paper speaks to a rich literature on behavioral interventions for resource con-

servation, contributing new evidence on how the dynamics of goal-setting influence sustained

“In related work, Avoyan et al. (2020) document that some online chess players are more likely to stop after
a win (called win-stoppers), while others are more likely to stop after a loss (called loss-stoppers); their
finding suggests that accounting for preference heterogeneity may have implications for the design of goals to
achieve various objectives. Drawing parallels from another domain, Haenni (2019) find that in amateur tennis
tournaments, players tend to delay their participation in the next tournament following a loss. In particular,
the impact of losing against a lower ranked opponent had a significantly larger effect on the delay compared
to losing against a higher ranked opponent, thus suggesting that a player’s ranking may serve as a reference
point for evaluating actual defeats.

SLatham and Locke (2006) list ten possible pitfalls of goal-setting which include conflict among group members,
cheating for monetary incentives, perceiving the goal as a threat, etc. Ordénez et al. (2009) further argue
the harmful effects of goal-setting such as distorting risk preferences, promoting unethical behavior, and
diminishing intrinsic motivation. But none of these specifically addresses the potential pitfalls that might
arise when goals change over time, except for the fact that in changing business environments, performance
goals might actually prevent learning.



behavioral change. Recent research highlights that limited attention and imperfect information
by households play an important role in shaping resource consumption (Chetty et al., 2009; At-
tari et al., 2010; Tiefenbeck et al., 2018; Langenbach et al., 2019). One promising intervention
is to supplement goal-setting with the provision of information feedback; this has been shown
to signi cantly reduce resource consumption (see, e.g. Harding and Hsiaw, 2014; Becker, 1978;
Abrahamse et al., 2005; Attari et al., 2010; Tiefenbeck et al., 2018, 2019; Fang et al., 2020).
We advance this strand of literature by examining the complementarities of goals and real-time
feedback in a dynamic setting. By collecting real-time shower data, we can precisely estimate
the e ects of initial goal di culty on conservation e orts, as well as the subsequent e ects when
goals are reset. Our unique setting further allows us to test the e ectiveness of these behavioral
interventions in the absence of monetary incentives and selection bias.

The rest of the paper is organized as follows. Section 2 describes our experimental design.
Section 3 outlines the behavioral predictions of our treatments. Section 4 presents the data and

provides descriptive analysis. Section 5 presents the main results. Section 6 concludes.

2 Experimental Design

We implemented a eld experiment in two residential colleges, Cinnamon and Tembusu,
at NUS University Town, spanning from August 5, 2019 to November 24, 2019. This was
in collaboration with the NUS O ce of Housing Services, which had an interest in exploring

behavioral interventions to promote resource conservation on campus.

2.1 Background

Each residential college comprises 21 storeys and houses o0 bedrooms, accommodating
local undergraduates, international exchange students, and a small group of faculty members.
Our pool of subjects primarily comprised incoming freshmen, with faculty members excluded
from the study. Figure Al displays photos of the experimental site at Cinnamon and Tembusu
colleges.

A total of 324 smart shower heads were installed in all designated bathrooms at Cinnamon
and Tembusu colleges. Notably, each oor has two types of bathrooms: apartment and common
bathrooms (see Figure 1). Residents who live in a shared apartment have access to their own

apartment bathroom, while those who stay in single corridor rooms can only use the common



bathrooms.® From anecdotal evidence, residents typically store their toiletries in one particular
bathroom, and hence it is safe to assume that the majority use the same bathroom for showers.
In light of this, we chose to randomise at the residence oor bathroom type level. Each
unit of randomization consists of between 4 and 6 shower heads that receive the same treatment
assignment, shared by 18 residents on average.

The residents did not have to actively agree to participate in the study as the smart shower
heads were installed in the bathrooms by NUS O ce of Housing Services prior to them moving
in. This rules out selection bias, whereby individuals with higher environmental awareness might
be more likely to participate in studies on resource conservation. Again, we highlight that the

residents have no monetary incentives to save water or energy as they pay a xed monthly rent.

Figure 1: Representative oor plan of Cinnamon and Tembusu colleges

Notes. The gure shows the representative oor plan of both Cinnamon and Tembusu colleges. Every oor
comprises two bathroom types, i.e. apartment bathrooms (in blue) and common bathrooms (in orange),
each representing a unit of randomization at the residence  oor bathroom type level. See https:
/luci.nus.edu.sg/ohs/future-residents/undergraduates/utown/room-types/ for further details.

®At the beginning of each academic year, students can opt for their preferred room type (i.e., single room in
shared apartment or single corridor room) on either mixed or single-gender oor.



2.2 Real-Time Feedback Technology

The smart shower head is engineered by HYDRAO, a French water-technology and data startup.
During a shower event, the smart shower head displays a colored light, which changes in real-
time based on water usage. This provides users with immediate feedback on their shower water
use. The exact thresholds and colored display can be con gured remotely, which enables us to
implement di erent goals for our treatment groups.

During each shower event, the smart shower head collects real-time data when connected to
the server via WiFi. As a safeguard, it has an internal memory capable of storing up to 200
shower events. If real-time transmission fails, the data will be stored and transmitted as an
o ine shower event as soon as the WiFi connection is restored. If a shower is interrupted for
up to 2 minutes (e.qg., for soaping), the smart shower head considers it part of the same shower
event. Beyond 2 minutes, it assumes that a new shower event has started.

In addition, the smart shower head is self-powered by water ow through a mini-turbine,
eliminating the need for an external power supply. For home usage, a HYDRAO shower app
is available to synchronize each shower head with a mobile phone for con guring the settings.
For the purpose of our experiment, we remotely set the color thresholds for all shower heads
using gateways to minimize disruptions for the residents. Importantly, our subjects were not
informed of the app and unable to change the con gured settings of the shower heads, ensuring

the integrity of our randomization process.

2.3 Treatment Assignments

Our eld experiment comprises three stages: baseline, phase 1 and phase 2. The baseline period
was in e ect for 6 weeks from the start of the semester (August 5, 2019 to September 15, 2019).

Phase 1 of the intervention lasted for the subsequent 5 weeks, occurring from September 16,

2019 to October 21, 2019. We then proceeded to phase 2, which extended until the end of the

semester, from October 22, 2019 to November 24, 2019.

During the baseline period, no interventions were implemented in the shower facilities. The
main objective was to collect data on the residents' pre-experimental showering behavior. The
baseline data include observable characteristics from each device (the term is used interchange-
ably with shower head), such as water use per shower, number of showers per day, and ow rate,
which we used for randomization checks in the following section.

For the intervention, we assigned subjects to four experimental groups: a control group and



three treatment groups, and these assignments were xed throughout the experiment. The
Control group received neither the shower poster nor real-time feedback in both phases. The
Moral Suasion (MS) group received a shower poster appealing to users to keep their water use
below a speci ed level but received no feedback through the shower heads. The shower poster
referenced a goal of 28L in phase 1, which changed to 24L in phase 2. The 18L goal group
received a shower poster and real-time feedback corresponding to the goal of 18L in phase 1,
and thereafter 24L in phase 2. Similarly, the 28L goal group received a shower poster and real-
time feedback for the goal of 28L in phase 1, which was adjusted to 24L in phase 2. In summary,
the treatment groups received di erent goals in phase 1 but the same goal in phase 2, with the
information conveyed through the respective shower posters (see Figure A2).

For the 18L goal and 28L goal groups, we programmed the shower heads to provide real-
time feedback through colored lights (resembling the tra c light system) that correspond to
a set of water use thresholds. At the start of each shower, the shower head displayed a green
light, progressing to yellow, orange and red with increasing water usage. When the water
volume exceeded the goal, the shower head would begin to display a blinking red light. Table
1 summarizes the key features of the experimental groups. For further illustration, Figure 2
depicts how a shower head, assigned to the 18L goal group, provides real-time feedback over the
course of a shower event in phase 1.

Our experimental design allows us to identify the e ect of moral suasion alone, and the
marginal e ect of real-time feedback (on top of moral suasion) under dierent goals. The
assignment of di erent goals in phase 1 and a common intermediate goal in phase 2 further allows
us to study how goal di culty in uences e ort provision in a dynamic setting. Speci cally, in
phase 1, we compare the initial e ects of a moderate goal (28L) versus a hard goal (18L) on
shower water use. In phase 2, we examine whether initial goal assignments shape how individuals

respond to the new intermediate goal (24L).

3 Behavioral Predictions

Our experimental setup allows us to test three predictions derived from the literature on goal-
setting and reference-dependent preferences (Heath et al., 1999; Kahneman and Tversky, 1979;
Tversky and Kahneman, 1991; K®szegi and Rabin, 2006). If goals act as reference points,

then the psychological utility of reaching the goal depends on loss aversion and diminishing
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