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Abstract

Using a contextualised common pool resource framework, individual en-
ergy consumption choices are studied. Individuals are nudged towards the
socially optimal level of consumption by the use of a happy (sad) face if they
are underconsuming (overconsuming). A price is set to incentivise a second
group to choose the level of consumption observed in the nudge treatment in
order to quantify the nudge via an equivalent price. Across all 10 periods, con-
sumption is significantly lower in treatment groups compared to control groups
without nudges and prices. The price treatment leads to an average level of
consumption above the Nash equilibrium. There are implications for policy
makers as the nudge treatment performs as well, on average, as an equivalent
price without the implied loss of welfare, and is understood and integrated into
subjects’ decision making quicker than an equivalent price. However, there is
a tendency for both the nudge and the price to reinforce existing consumption

behaviour as those who overconsume continue to overconsume.

Keywords: energy conservation, financial incentive, laboratory experiment,
nudge.
JEL Classifications: C91, H31, Q40
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1 Introduction

With the increasing integration of renewable energy sources (RES) in the pro-
duction mix, encouraging households to lower their energy consumption during peri-
ods of peak demand can create supply and demand issues in the electricity market
(Bistline, 2017). Possible solutions to capture the value of RES include demand side
management (DSM) and energy storage systems'. The former calls for significant
behavioural change on the part of residential households, while the latter requires
significant technological advancements and cost reductions to be feasible. The power
generation infrastructure is highly capital intensive, such that DSM may be one of
the cheaper tools available for balancing supply and demand. Demand response
programmes, defined as the changes in electricity usage by end-use consumers from
their normal consumption patterns in response to signals, are the main tool used
or experimented in the management of the electricity grid (Balijepalli et al., 2011).
Demand response programmes implement incentives to encourage households to
conserve energy.

Economic incentives use financial motivation to restrict or to encourage cer-
tain behaviour, whereas nudges influence individuals’ behaviour without removing
any of the choices available to them nor affecting their economic incentives (Thaler
and Sunstein, 2008). Both policy tools have been used to encourage households
to partake in energy conserving behaviour (Andor and Fels, 2018, Buckley, 2020).
Dynamic pricing restricts consumption at certain times through increased prices, or
encourages consumption at other times through decreased prices or rebates (Faruqui
and Sergici, 2013). However, opponents argue that residential consumers should not
be asked to bear the risks associated with the volatility of wholesale market prices

(Alexander, 2010). Nudges have been used to encourage energy conservation by

!Decentralised energy storage systems may facilitate the integration of RES by providing com-
munities with stored energy when RES are not available (Dincer and Acar, 2018). However,
consumers have voiced concerns over the fair and equitable sharing of energy from community
energy storage systems (Ambrosio-Albala et al., 2019). Such community storage systems echo the
characteristics of common pool resource extraction.
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creating a sense of competition among similar households regarding who can lower
their consumption the most (Schultz et al., 2007, Allcott, 2011), and by encour-
aging households to commit to energy conservation by setting themselves energy
savings goals (Harding and Hsiaw, 2014). However, questions have been raised as
to the cost-effectiveness and social welfare implications of such nudges (Allcott and
Kessler, 2019, Andor et al., 2020), the effectiveness of a one-nudge-for-all approach
(Costa and Kahn, 2013, Brandsma and Blasch, 2019) and the value (both financial
and ethical) of such interventions compared to traditional incentives (Hausman and
Welch, 2010, Lehner et al., 2016, Kasperbauer, 2017, Hagmann et al., 2019).

Encouraging households to lower their consumption during times of peak de-
mand creates a situation in which there is a social dilemma; there is a collective goal
of reducing energy consumption, which contrasts with the individual goal of each
household consuming as they wish without constraint. Given these characteristics,
a common pool resource (CPR) approach may shed light on community-based solu-
tions for flexibility in order to integrate decentralised production from RES (Melville
et al., 2017).

This paper contributes to the literature on the impact of economic and beha-
vioural interventions on environmental behaviours by applying a CPR framework
to the social dilemma associated with consumption at times of peak demand. We
explore the effectiveness of both a behavioural and an economic incentive within
a stylised electricity consumption game based upon CPR theory (Ostrom, 1990).
Here, the CPRs are the intermittent renewable energy sources which are sustained
so long as electricity consumption does not exceed power capacities. Such an ap-
proach allows us to explore, in an experimental setting, the impacts of demand
response tools on consumers’ behaviour when they are placed in the social dilemma
resulting from the need to balance supply and demand during a peak period, while
maintaining their desired level of consumption.

Economic incentives affect behaviour by appealing to extrinisic motivation to
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encourage a desired behaviour that an individual would not necessarily do in its ab-
sence. By its nature, asking individuals to conserve energy appeals to intrinsic mo-
tivations to do so which may be crowded out by the implementation of an economic
incentive. Behavioural interventions, on the other hand, appeal to these intrinsic
motivations and can make energy conservation more accessible (by defaulting more
environmental options (Brown et al., 2013)) and more entertaining (by encouraging
households to compete to lower their energy consumption (Allcott, 2011), and by
setting and meeting energy conservation goals (Harding and Hsiaw, 2014)).

We conduct a laboratory experiment in which subjects are asked to choose a
level of energy consumption in response to a behavioural (moral suasion) incentive
relative to an absence of incentives. After observing the behaviour under this nudge,
we calculate a price increase which theoretically should result in an equivalent level
of consumption. This is the originality of our approach: we observe behaviour in
response to a nudge then calculate a price increase in order to quantify the monetary
value of the nudge. While there is a voluminous literature on financial incentives,
and nudges are increasingly studied, there is a less research comparing these types
of incentives (Fanghella et al., 2021).

The energy frame is used as nudging has been increasingly used in this domain
(Andor and Fels, 2018, Buckley, 2020). The principal objective of the experiment is
to use a contextualised CPR game to explore the effect of nudges and peak prices on
subjects’ consumption choices compared to an absence of policies. The secondary
objective is to implement a price designed to replicate the behaviour observed under
a nudge policy and assess its effect on behaviour.

We find that both policies, nudge and price, lower consumption choices compared
to an absence of policy. The nudge policy has an immediate effect on subjects’
consumption choices whereas the price policy is more slowly integrated into subjects’
decision making processes. Our results suggest that the nudge policy, rather than

curbing overconsumption, tends to reinforce existing behaviours and that the price
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policy can lead to inefficient private choices over the Nash equilibrium (NE). We
thus advise caution when implementing similar nudge and price policies.

The rest of the paper is set out as follows: Section 2 discusses the relevant
literature, Section 3 outlines the experimental design and procedure. Section 4
gives the behavioural predictions. In Section 5, we present the results, followed by

a discussion in Section 6. Finally, Section 7 concludes.

2 Related literature

2.1 Monetary incentives

In CPR laboratory experiments, monetary incentives are often modelled as per
unit taxes. These are found to be a first best policy when it comes to managing
behaviours which result in negative externalities (Ballard and Medema, 1993). In
experimental games with negative externalities, studies have shown that subjects
perform at near optimal levels when incentivised to do so by a tax equal to the
marginal social cost of the externality (Plott, 1983, Heres et al., 2013). Yet, taxes are
seldom accepted by the public. This can be explained by a preference for the status
quo (Cherry et al., 2014), by tax aversion; individuals feel that negative incentives,
such as taxes, impede their free-will and are controlling; by framing; acceptance for
taxes increases when the mechanism behind them is explained (Kallbekken et al.,
2011, Heres et al., 2013).

Given that monetary interventions such as taxes (and dynamic pricing in the
context of electricity consumption (Alexander, 2010)) can be politically difficult to
implement, as well as costly, policy makers have also used non-price interventions

or nudges to influence households to reduce their electricity consumption.
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2.2 Non-monetary incentives

The nudge intervention used in the present experiment relates to both inform-
ation on suggested play as the feedback is based upon the optimal level of con-
sumption, and on social approval as we add an element of whether an individual’s

consumption behaviour is approved of or not.

2.2.1 Swuggested play

Experiments using suggested play recommend a course of action to subjects
concerning their contribution to a public good or their extractions from a common
pool resource. In threshold public good games, Marks et al. (1999) and Croson and
Marks (2001) find that suggesting a fair contribution to subjects before they decide
on their contribution only results in the provision of the public good when preferences
are heterogeneous. Dal B6 and Dal B (2014) find that suggested play works only
under the addition of an element of moral suasion; the idea in a public good game
that increasing your contribution to the maximum amount benefits everyone. Barron
and Nurminen (2020) reproduce this result in a public good game in which the
experimenter states a minimum contribution level which they view as "good" - moral
suasion - which leads to contributions 40% above those of the baseline subjects.

In a CPR game, Delaney and Jacobson (2015) nudge groups to increase their
payoffs using both informative and normative messaging, and compare this to a
subsidy. The informative messaging states what the group should do to increase
their earnings in the following period. Under normative messaging, a group is told
whether they earned as much as possible or whether they earned less than they
could have in the previous period, along with a smiling or sad face, and emphatic
language directing subjects to change their behaviour. The subsidy is the most
effective, followed by normative then informative messaging. The authors note that
it is unusual that the normative messaging treatment results in only a slightly greater

reduction in extraction level when compared to information alone given that previous
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research has found significant effects on energy and water consumption reduction
through the use of normative messages (Schultz et al., 2007, Allcott, 2011, Ayres
et al., 2012, Ferraro and Price, 2013). This may be due to a certain level of overlap
between the two treatments, as the informative treatment also contains normative
language. In both treatments, subjects are told what they should do to increase
their earnings. The two treatments, information and normative messaging should
perhaps instead be viewed as a weak normative message and as a strong normative
message, respectively.

Boun My and Ouvrard (2019) explore the impact of recommended play, or a
nudge, and taxes on contributions to an environmental public good for reducing
pollution in a hypothetical community. They hypothesise that reaction to a nudge is
greater when subjects are more sensitive to environmental issues. Subjects are split
into groups according to whether they are more or less environmentally sensitive than
average and are then faced with either a nudge; a statement of the socially optimal
contribution to the public good, or a tax; a linear tax based upon the optimal
contribution. The tax treatment shows the greatest increase in contributions for
both high and low sensitivity groups. The nudge divides subjects according to their
environmental sensitivity, with the least sensitive reducing their contribution by
twice as much as the most sensitive.

Other recent experiments have also compared the effect of taxes on nudges in
positional goods experiments. Antinyan et al. (2020) find that while both their
nudge (based on suggested play) and tax are effective at the beginning of the game,
the effectiveness of the tax persists to the end of the game whereas the effectiveness

of the nudge diminishes.

2.2.2 Social approval

In addition to suggested play, the nature of the nudge used in our experiment

provides social approval or disapproval of an individual’s behaviour in the game.
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The rationale is that social approval increases optimal behaviour in CPR games as
subjects perceive utility (disutility) from social approval (disapproval) (Rege and
Telle, 2004). There is mixed evidence as to whether social information and ap-
proval encourages optimal behaviour in collective action games. It has been shown
both theoretically (Hollander, 1990, Fehr and Schmidt, 1999) and experimentally
(Cialdini, 2003, Rege and Telle, 2004, Spraggon et al., 2015) that such social norms
can increase contributions in collective action games. In other experiments, social
approval has been shown to have a negative effect on behaviour - increasing extrac-
tions in CPR games (Brent et al., 2019) and reducing contributions to the public
good (Noussair and Tucker, 2007).

In a one-shot public good game, Rege and Telle (2004) find that when there is
indirect social approval of a subject’s contribution (subjects reveal their contribution
to the group), contributions are much higher than the contribution in the base game
and the theoretical prediction of 0 contributions. However, Noussair and Tucker
(2007) run a similar experiment, finding that social approval of subjects’ decisions
does not have a significant effect on contributions in both a one-shot game and a
repeated game. Indeed, in the repeated game, the possibility for social approval or
disapproval leads to lower contributions than in the absence of approval.

Géchter and Fehr (1999) find that such social approval, created by publicly
disclosing all contributions to all subjects at the end of a 10 period game, only
has a significant effect when subjects are allowed to create a group identity. When
subjects are complete strangers, the revelation of their contributions has a weak
positive effect on contributions. In a CPR game, making public the decisions of
subjects has been shown to have a negative effect on optimal behaviour. When
faced with heterogeneous levels of extraction in a CPR game, Brent et al. (2019)
find that the use of social approval by observing individuals’ actions increases the
level of resource extraction.

The social approval used in our experiment does not come from the other sub-
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jects, but from the experimenter who informs subjects via a happy or sad face

whether they are consuming more or less than the optimal amount.

2.3 Energy consumption contextualisation

Finally, as we use CPR theory as the basis of a hypothetical electricity con-
sumption game, our experiment is also related to literature on the contextualisation
of experiments. Environmental framing is often applied to laboratory (and increas-
ingly, online experiments) in order to capture environmental aspects of the descisions
being studied (McCalley et al., 2011, Skatova et al., 2016, Bithren and Daskalakis,
2020, Fanghella et al., 2021).

Economic experiments are typically abstract and context free so as to retain
control and maintain internal validity (Smith, 1976). However, contextualisation
may lead to a greater understanding of the game and better, as well as more realistic,
decision making (Rommel et al., 2019, Hsiao et al., 2020). Experimental participants
may bring their own context to abstract experiments in order to make meaning of the
terminology (Hennig-Schmidt et al., 2010) and over which the experimenter does not
have control (Harrison and List, 2004). Alekseev et al. (2017) argue that by adding
context to an experiment, and increasing participants’ understanding, the observed
behaviour can be more representative of the behaviour that is under study.

Highlighting the influence of the context that participants may bring to an exper-
iment, subjects who associate a neutrally framed public good game with teamwork
rather than tax payments, contribute more and believe that others will also contrib-
ute more (Eriksson and Strimling, 2014). Elliott et al. (1998) find that when primed
with a cooperative strategy, rather than an entrepreneurial strategy, participants
contribute more to the public good. Similar results are found in environmentally
framed games concerning pollution and climate change (Pevnitskaya and Ryvkin,
2013, Brick et al., 2016).

Contextualisation is also used in experimental games, in particular those con-
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cerning environmental research questions, in order to render more salient the social
aspects of decision making as well as the psychological costs of negative externalites
(Eckel and Grossman, 1996, Alekseev et al., 2017).

In the present experiment, we contextualise a CPR game as hypothetical electri-
city consumption choices. Our intention is firstly to ensure that our participants find
themselves in the same contextual setting and clearly understand the consequences
of their individual decisions and interdependencies. The second reason is to expli-
citly introduce the social component, as perceived by participants. In settings such
as pollution regulation or resource depletion, the use of abstract terms may elimin-
ate important social considerations that are inherent to them in naturally-occurring
situations. Experiments, which model these scenarios but do not use their language,
may yield results that have low external validity.

It is our belief that an entirely abstract and context free experiment would not
cover all dimensions of energy consumption decisions, however, we recognise that
we cannot include all of such dimensions within the constraints of a laboratory
experiment. We assume that context affects behaviour in our electricity consumption
setting, though we do not seek to determine to what extent this is true. We apply

the same context to both our treatments and our control group.

3 Methodology

We implement a laboratory experiment in which participants are asked whether
or not to use different energy consuming appliances, and whether to lower their heat-
ing or keep it at the same temperature. While the choices are hypothetical, they
do mimic elements of real-life energy conservation efforts which are characterised
by a trade-off between private and social benefits on the one hand, and personal
disutility on the other. The experimental game is built upon CPR theory (Ostrom,

1990) in which individuals derive private benefits from their extraction of the re-
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source and social benefits from collective efforts to maintain the availability of the
resource. There is a personal disutility due to lowering one’s own private earnings
from extracting the resource for the benefit of the group.

CPR theory has been applied to residential electricity consumption (Backman,
2011, Goldthau, 2014, Gollwitzer et al., 2018). The electricity network (power sta-
tions, distribution centres, transmission lines) represents a man-made resource sys-
tem and the resource units are the kilowatt hours which can be consumed. In the
short run it can be considered that this system provides a stock of electricity units
to households. The stock of electricity is renewable in the sense that once electri-
city has been consumed it must be immediately reproduced in order to maintain
supply and demand balance. Currently, generated electricity cannot be stored so
the amount generated needs to correspond to the amount being consumed. There is
limited storage capability in generators which are able to maintain electricity supply
for under a minute. Beyond a minute, the supply is unstable and there is a risk of
blackouts due to drops in frequency and voltage (Pratt and Fuller, 2016). Given
this, on days of extreme weather, or when renewable energy resources supply elec-
tricity, there is risk of demand outstripping supply which implies a need to reduce

the demand for electricity?.

3.1 Common pool resource theory

A CPR game can be modelled as follows: a group of n players share a common
resource. They each have an endowment of e tokens which can be used to invest
in the extraction of the common resource in each period. The amount invested
in resource extraction by individual ¢ is x; with Xx; the amount invested by the

group. The return on extraction depends on the amount invested in extraction by

2This is a current problem and in the months leading to the experimental sessions of this paper,
the local electricity utility led an information campaign asking households to lower their consump-
tion during a particularly cold snap to avoid voltage reductions and the closure of various industrial
sites. See (in French) https://france3-regions.francetvinfo.fr/auvergne-rhone-alpes/

vague-froid-grenoble-geg-appelle-ses-clients-reduire-leur-consommation-electrique-1174591.

html [Last consulted 19/08/2022.]
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the individual z; and the amount invested in extraction by the group Xz;. The
profit to individual 7 is the return from the amount not spent on extraction e; — cx;
plus the return from CPR appropriation. To account for the externality, the payoff
from CPR extraction increases by a for each token invested by the individual and
decreases by b for each token any member of the group invests in extraction of the
CPR. The cost of investing in the extraction of the resource is c. Each player’s profit

depends on his own investment in extraction as well as the group investment:

m =e—cr; + x;(a — bXx;) (1)

This formulation of the CPR game follows Delaney and Jacobson (2015) and
Ostrom et al. (1994) and the non-linearity of the profit function results in an interior
solution 0 < x; < e. A rational, self-interested player invests an amount x; that

maximises their profit:

max,,w(x;, Xx;) = e — cx; + x;(a — bXx;) (2)

The first order condition is:

—c+a—br; —bXx; =0 (3)

Supposing that all agents are equal, a symmetric NE can be found such that

x; = x; = x for all players 1, j.

(a—c)

b(n+1) ()

xT; =

This level of extraction maximises individual profits regardless of the effects of
individual extraction on the group.

The socially optimal investment in resource extraction is the amount x which

11



21 maximises the collective profit. Assuming symmetry, the player maximises:

maxnm(x) = nle — cx + x(a — bnx)] (5)
282 The first order condition is:
—cn +an — 2n*z = 0 (6)
283 which gives an optimal investment where:

()

T 2bn (7)
284 This level of extraction takes into consideration the effect of each individual’s
g5 extraction on the CPR.
286 The NE results in a higher level of extraction than the socially optimal amount.

2s7 One option to align the private earnings with the social optimum (SO), is to increase
g8 the cost of extraction ¢ such that the NE and socially optimum levels of extraction
280 are equal. The cost of extraction ¢ is increased by an amount d and its value is

200 found by equating the NE and the socially optimal solutions:

a—c—d a-—c

bn+1)  2bn

g (a—c)(n—1)
2n

(8)

201 The novelty of the present experiment is that instead of finding the amount d
202 which aligns the new NE with the original SO, we first run our nudge treatment and
203 observe the players’ behaviour, then we calculate the amount d’ by which the cost
204 Of extraction ¢ must increase in order to align the NE with the level of extraction

205 observed in the nudge treatment, z"%49¢.

12
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a—c—d
b(n+1)

d =a—c— (n+ 1)bz"™%9°

__ —nudge

(9)

We then implement this increase in the cost of extraction which we frame as a
price increase p = c+d’. This implementation and parameters of our price treatment
are further explained in Section 3.3.2.

In the framework presented above, the parameter a represents the personal be-
nefit of consuming electricity without constraint in terms of increased comfort. The
parameter b represents the negative externality of consumption of electricity in terms
of voltage reductions and brief power cuts which affect everyone. The parameter ¢
represents the personal disutility associated with paying for electricity and not hav-
ing the money for other expenses. Table 1 summarises how the features of energy

consumption and those of our experiment relate.

Feature Field Experiment Parameter
Private benefit Money saved from Personal gain a
saving energy from consumption
choice
Negative externality High consumption The more of the b
during peak peri- resource individu-
ods puts strain on als take, the higher
the grid the cost on the col-
lective
Private cost Price of consump- Price, effort to re- ¢

tion, effort expen-
ded to conserve en-

ergy

duce consumption
through choice of
appliances

Table 1: Features of energy conservation in our field replicated in the experiment

13



306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

3.2 Experimental task

The game concerns electricity consumption during 10 peak periods when demand
can be greater than supply requiring that all individuals lower their consumption in
order to reduce strain on the grid, or on the local community energy storage system.
In the experiment, subjects form groups of four (n = 4) for 10 peak periods (¢ = 10).
Subjects remain in the same groups for the duration of the experiment following a
partners design. Each group makes up an electricity consumption system of four
households which represents a community. In this context, the demand response
challenge is represented as a repeated CPR game.

At the start of each period, each subject receives an endowment e = 100 ECU3
which they can use to consume electricity (measured in energy units (EU)). In the
control and nudge treatments each EU costs 1 ECU (¢ = 1). The cost of each
EU changes in the price treatment (p = 3) as discussed below. Any ECU that the
subject does not use to consume electricity is kept by the subject and included in
their profit function. For every EU consumed, the subject receives a = 13 and every
EU consumed costs b = 0.1 for all subjects in the group regardless of who consumed

it. Subjects’ profit function is as follows:

m; =100 — cx; + 2:(13 — 0.152;) (10)

Individually, subjects maximise their profit at the NE, 2V = 24 for an individual
profit of 158 ECU. This level of consumption is greater, and the payoff is lower than
if subjects maximised the collective gains. Collectively subjects should each consume
2°Y = 15 for an individual profit of 190 ECU. This represents the collective interest
of lowering consumption for demand response.

In each period, subjects must decide how much of their endowment to spend

on consuming electricity by choosing whether or not to use five different electrical

3ECU = Experimental Currency Units. The exchange rate is communicated to all subjects
during the instruction phase and is 150 ECU = 1€.

14
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items. Table 2 details the different levels of consumption that subjects can choose
from. Subjects are told that their electricity consumption brings them comfort (via
a monetary gain) of 13 ECU for every unit consumed and that the total consumption
of their group leads to a reduction in personal comfort due to voltage reductions
and brief power cuts when demand is greater than supply (a monetary cost). The

greater the total consumption of the group, the greater the reduction in comfort.

Item Consumption levels Consumption amount (EU)
Electric heating Unchanged 15
1°C reduction in heating 10
2°C reduction in heating )
Electric water heater On 5
Off 0
Washing machine,/ dishwasher On 10
Off 0
Cooking equipment On 10
Off 0
Television/ Computer On 5
Of 0

Table 2: Electricity consumption choices

When deciding whether or not to use the different electrical appliances proposed,
subjects are choosing to consume energy units in increments of 5. We discretise the
choice of electricity consumption to reflect the idea that in real life individuals con-
sume electricity by turning appliances on or off. We allow three levels of consumption
for the heating choice. Given the discretisation of the consumption choice, the NE
is x; = 25 EU and the SO is x; = 15 EU. To assist subjects in deciding how many
EU to consume, a simulator is available as well as a printed profit table*. At the
end of each period, subjects see how much they have consumed and their profit for

the period.

4The simulator is described to subjects during the explanation of the game phase. See Ap-
pendix A for an English translation of the instructions concerning the simulator and Appendix B
for the profit table. Slides of the presentation of the game are available in French, and an English
translation of all instructions by request to the corresponding author.
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3.3 Treatments
3.3.1 Nudge treatment

In the nudge treatment, in addition to the above, subjects are told that in order
to avoid power cuts, consumers can be asked to lower their consumption during
peak periods. This implies a lower level of comfort (as the individual may lower
their heating or use their washing machine at a different time, for example) but
allows all individuals, including oneself, to avoid a much lower comfort level, i.e. a
power cut, or a reduction in the quality of electricity distribution.

At the end of each period, subjects receive additional feedback on their consump-
tion by means of an injunctive norm which provides social approval or disapproval
of their consumption choice (Cialdini et al., 1991). If their choice of consumption
is less than or equal to the level of consumption which minimises the reduction in
comfort for the group, i.e.: the socially optimal level, they see a picture of a smiley
face. If their consumption is greater than this level, then they see a sad face.

We recognise that there may be demand effects as a result of this treatment
(Zizzo, 2010). However, we also believe that this is fundamental to nudge policy;
individuals can easily deduce the action that they are being encouraged to take from
the presence of a nudge. To minimise such demand effects, subjects were told that
they would receive feedback in the form of faces relating their consumption decision
to the socially optimal level. This is presented factually and is not presented as a
target that they should reach. Subjects were free to follow the nudge or not, and
all responses are anonymous. Compared with previous experiments using nudge-
based treatments, we use no normative language suggesting a certain action or
behaviour. In other experiments, nudges are presented textually as behaviour that
subjects should do in order to maximise their gains (see Delaney and Jacobson

(2015), Boun My and Ouvrard (2019), Antinyan et al. (2020)).

16



371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

3.3.2 Price treatment

In the price treatment, subjects are told that voltage reductions and brief power
cuts can be avoided by incentivising consumers to consume less during peak periods
by increasing the price of electricity. The price p for this treatment is calculated
with respect to the average levels of consumption observed in the nudge treatment.
Subjects are told that each energy unit consumed during the peak period costs
3 ECU which is three times more expensive than in a normal period®. The goal
is to compare whether the price results in the same level of consumption as the
nudge when the implemented price is designed to achieve the level of consumption
observed in the nudge treatment. The average level of consumption observed in the
nudge treatment is 19.07 across all periods. Given that subjects can only choose

consumption in increments of 5, the price is calculated such that the NE consumption

NE,P — 90.

%

level in the price treatment is x

a—p

—— =2

b(n+1) 0

13—-p

e 7)) 11

0.14+1) ()
p=3

The price of electricity for subjects in the price treatment is thus equal to 3 ECU.
In this treatment the subjects maximise:
max,,m(x;, X;) = 100 — 3z; + z;(13 — 0.13x;) (12)

The feedback given at the end of each period is the subject’s level of consumption

and their earnings for that period.

5This is comparable to tariffs proposed by EDF at the time of the experiment; the highest peak
price is approximately 3.5 times the standard tariff (EDF, 2016).
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3.4 Experimental procedure

240 subjects took part in the experiment, during 12 sessions in March and April
2017 at Grenoble Applied Economics Laboratory. The experiment was programmed
using zTree software (Fischbacher, 2007). Each session lasted one and a half hours.
At the beginning of each session, subjects themselves randomly chose a subject
number and a computer post. Once the subjects were seated, the experimenter read
aloud all instructions. These were also displayed on two screens at the front of the
room which all subjects could see.

Table 3 shows the number of subjects, groups, and sessions per treatment. For
participating in the experiment, subjects received a 10€ show-up fee. In addition,
subjects earned T€20 to 18€00, with average earnings across sessions of 12€30.
The subjects are undergraduate or graduate students in various disciplines, 59%

were female subjects, and the average age across subjects was 22 years.

Treatment Number of subjects Number of groups Number of sessions

Nudge 100 25 Y
Price &0 20 4
Control 60 15 3
Total 240 60 12

Table 3: Number of subjects per treatment

After general instructions concerning confidentiality, anonymity of data and the
code of conduct were given, the experimenter described the context of the game.
Subjects were told that the experiment would include several phases. The first phase
of the experiment was the CPR game. The second phase involved a risk aversion
test® (Holt et al., 2002). In the third and final phase, subjects completed three
questionnaires: the General Ecological Behaviour Scale (Kaiser, 1998), an altruism

questionnaire (Costa and McCrae, 1992) and finally a demographic questionnaire’.

6 Analyses on risk attitudes were not conclusive and so are not discussed further in the rest of
the paper.
"Following Boun My and Ouvrard (2019), we use a shorter version of the GEB scale including
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The instructions for each phase were read aloud then the subjects completed
the phase before listening to the instructions on the following phase. Before the
beginning of the CPR game phase, subjects completed a questionnaire to determine
their understanding of the game. Subjects were informed of any wrong answers and

had to correct them before advancing to the first period of the game.

4 Behavioural hypotheses

Under the assumption that subjects are rational and self-interested, we would
expect them to choose the NE consumption amount in all treatments, i.e.: 25 in the
control and nudge treatment, and 20 in the price treatment. Such players would not
be influenced by the nudge described above as this has no effect on their economic
incentives. As individuals are not necessarily rational and self-interested, and are
influenced by nudges which motivate a particular behaviour by exploiting systematic
biases in decision making (Thaler and Sunstein, 2008), we expect that our nudge

will influence consumption choices.

Hypothesis 1 Consumption choices in the nudge treatment will be lower than in

the control treatment.

Previous experiments have found that aligning the NE with the SO via the use
of a tax (framed as a price increase in our experiment) is a first best policy for
dealing with social dilemmas in public good and CPR games (Plott, 1983, Ballard
and Medema, 1993, Cochard et al., 2005).

Hypothesis 2 Consumption choices in the price treatment will be lower than in the

control treatment.

In our experiment, we align the NE of the price treatment with the observed

consumption choices in the nudge treatment.

28 items. See Kaiser (1998) and Costa and McCrae (1992) for details of the GEB and altruism
questionnaires, respectively.
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Hypothesis 3 In the price treatment, consumption choices will be similar to those

wn the nudge treatment.

The nudge used in the present experiment creates a social norm of consumption
at the optimal level. Those subjects who are averse to defying social norms will
adjust their behaviour accordingly (Schultz et al., 2007). Simply suggesting a course
of action does not necessarily result in the desired outcome as individuals are not
constrained to do so thus we also include an injunctive norm in our nudge. The
injunctive norm reinforces whether a certain behaviour is approved of or not (Cialdini
et al., 1991). As such, it provides a positive frame for those who underconsume or
who consume optimally and approves of their normative correctness (Farrow et al.,

2017). This leads to the following hypotheses in the nudge treatment:

Hypothesis 4 Subjects who receive ‘happy face’ feedback will not change their con-
sumption in the following period (those who consume the optimal amount or

less).

Hypothesis 5 Subjects who receive ‘sad face’ feedback will lower their consumption

in the following period (those who consume more than the optimal amount).

5 Results

5.1 Average consumption at the group level

Figure 1 displays the average group consumption by treatment for each period.
Table 4 reports the values of average consumption and the results of non-parametric
tests on between and within treatments compared to the corresponding NE, the SO,
and in the case of the price treatment, the target consumption of 20 EU. All analysis
in this section is performed using Stata 15 (StataCorp, 2017).

We also report the results of post-hoc power analysis in Table 5 using GPower

(Faul et al., 2009). The power analysis shows that our main comparisons between
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Figure 1: Dynamics of average consumption by treatment

treatments and the control group and between each treatment are highly powered
given our sample size and the observed effect size. Our within group comparisons to
the NE or the SO are also highly powered in the case of the nudge treatment and for
the control group with comparison to the SO. We calculate a power slightly below
the widely accepted threshold of 0.8 (Lenth, 2001) for the comparison within the
control group and the NE and between the price group and the Nash equilbrium.
Given that the control group faces no incentive to consume anything other than the
NE and that the price treatment is designed to encourage a consumption equal to
the NE, we do not find these slightly less powered tests to be of concern for our

statistical inference below.
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Test Mean SD n  Power

19.07 4.46 100
Nudge = Control 9349 419 60 1.000

. 19.07 4.46 100
Nudge = Price 9109 3.66 80 0.894

21.09 3.66 80

Price = Control 9349 419 60 0.934
Nudge = 15 19.07 4.46 100 1.000
Nudge = 25 19.07 4.46 100 1.000
Control = 15 23.49 4.19 60 1.000
Control = 25 23.49 4.19 60 0.765
Price = 20 21.09 3.66 &80 0.729

Table 5: Power analysis for overall results reported in Table 4

Control group

In the absence of any policies, the control groups consume 23.49 on average
across all periods. This level of consumption is significantly different from both the
NE and the SO. Subjects’ consumption is significantly different from the SO in all

periods, and statistically indistinguishable from the NE in 7 out of 10 periods.

Result 1: In the absence of policy, subjects do not achieve the socially optimal

level of consumption.

Nudge compared to control

The nudge intervention results in a level of consumption of 19.07 on average
across all 10 periods. This is statistically different from both the SO and the NE
overall and in all periods. Consumption in the nudge treatment is statistically
different from that of the control group in all but the initial period.

While, on average, the nudge does encourage a lower level of consumption com-
pared to the control group, it does not achieve its target of 15. An examination of
individual choices shows that 15 is the level of consumption most chosen by sub-

jects which suggests that there are individual effects at play. This is explored in
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Section 5.2.

Result 2: Average consumption in the nudge treatment is significantly lower

than in the control groups.

Price compared to control

In the price treatment, the price is such that consumers are incentivised to con-
sume 20 at the NE whereas in the control group the NE is equal to 25. The average
group level of consumption is 21.09. Overall, this is statistically different to that of
control groups. Average consumption between the two groups begins at a similar
level then is consistently and statistically different from period 7 onwards.

Similarly to the nudge treatment, the price does not result in an average level
of consumption equal to 20 as designed. There are again individual effects at play
as 20 is the level of consumption chosen by 31 to 43% of subjects. This is further

explored in section Section 5.2.

Result 3: Average consumption in the price treatment is significantly lower than

in the control groups and consistently so starting in the seventh period.

Price compared to nudge

The price treatment is designed to incentivise subjects to consume approximately
the amount observed in the nudge treatment. Overall, average consumption between
the two treatments is statistically different. Excluding the first period, consumption
in the price treatment is greater than that of the nudge treatment. The observed
consumption in the price treatment is significantly different to the nudge treatment
overall and in periods 2, 3, 7 and 9.

Given the design of the experiment, the price is calculated to encourage a level of

consumption equal to 20 (the rounded value of the average observed consumption in

24



513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

the nudge treatment), thus we also compare the behaviour in the price treatment to
this level. Overall, and in the first two periods, consumption in the price treatment

is statistically different from the target consumption of 20.

Result 4a: Consumption in the price treatment is higher than in the nudge
treatment.
Result 4b: Consumption in the price treatment consistently reaches its object-

ive of 20 from period 7 onwards.

Average consumption during the game

In the first period, all treatments start at a similar level of average consump-
tion. This difference is insignificant (p=0.9899, Kruskal-Wallis test). For the control
group, this shows that some subjects consumed closer to the SO but this was not
maintained for the rest of the game. Given that in the nudge treatment, subjects
do not receive feedback until after having made their consumption decision, it is
to be expected that average group consumption in the first period will be similar
between the nudge and control groups. In Figure 1 it can be seen that after the
initial feedback, the average consumption immediately decreases and from period 2
it is lower than that of control groups. Post-feedback, average consumption in the
nudge treatment is consistently lower in all periods compared to the control groups.

In the price treatment, subjects are aware of the price prior to any decision mak-
ing. We would therefore expect these subjects to consume significantly less than the
control group from the first period. However, this difference is not significant. The
average group consumption is only consistently and significantly different between
price and control groups from the seventh period. This suggests that subjects do
not immediately integrate the price into their decision making. They require a few
periods of play before they take into consideration the effect of the price on their

consumption level. Although the experiment follows a between-subjects design and
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therefore the subjects in the price treatment saw only a price of 3 ECU, in the
instructions to the experiment, we explained that the price is three times more ex-
pensive compared to normal periods. We therefore interpret our results as a framing
effect.

During the course of the game, we observe inflection points at periods 5 and
6. There is no significant difference in average consumption within a treatment
between periods 4 and 5, nor between periods 5 and 6 within the nudge treatment.
We consider these points to be statistcal noise. In the control group and price
treatment, average consumption sharply increases in period 6 following a downward
trend before decreasing again towards the end of the game. Subjects may have
felt that the mid-point of the game was an opportunity to change strategy and
so to increase consumption above the previous trend. Indeed, when looking at
the per period average consumption at the group level, there are certain groups
whose average consumption is markedly increased in period 6 compared to the others
periods®. It may be that there is a an opportunity effect at play wherby these
subjects are increasingly risk averse towards the end of the game (Friedman and
Cassar, 2004). If these groups are removed, the period 6 average falls but reduces
the already small sample size so we have ultimately decided to include the groups
in the analysis.

The linear trend in the control group is upward sloping with average consump-
tion tending towards the NE in the final period. Such behaviour is typically ob-
served in experiments with a finite and known timeframe (Croson, 1996, Keser and
Van Winden, 2000). However, the two treatments show a much flatter linear trend.
With the average consumption in the final period being only marginally lower than
in the first period. This lack of decay towards the NE is indicative of the establish-
ment of norm, in our case around 20 EU (Andreoni, 1988).

The results described in this section are robust to panel data estimation as

8See Appendix C for the graphs of these groups.
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shown in Table 6 which presents regression estimates of treatment effects. The
specifications have been estimated using panel data random effects estimation. Panel
data methods are used as there are n subjects making a consumption decision in ¢
periods. Random effects estimation is preferable to OLS or fixed effects estimation
as it is more efficient, and given that the experiment uses a between-subject design,
random effects estimation allows for the estimation of the time-invariant treatment

variables (Moffatt, 2015).

(1) (2)

Nudge 4427 4. 427
(0.830) (0.830)
Price -2.398**  _2.398***
(0.702) (0.703)
Period -0.018
(0.052)
Constant 23.492*** 23 .588***
(0.607) (0.670)
Observations 600 600

Standard errors in parentheses
Robust standard errors clustered by group.
*p<0.1, ™ p<0.05 *** p<0.01

Table 6: Average group consumption (random effects estimation)

The value of the constant represents the average consumption of the control
group controlling for different variables. Both specifications show a clear significant
effect of both the nudge and price treatments compared to the control groups. In
specification 2, a period variable is included to control for variation during the
game, however, the coefficient is not significant indicating no decay in consumption
decisions towards the NE during the course of the game. This can been seen in
Figure 1 as there is little variation between the average consumption in the first

period and the tenth period.
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5.2 Average consumption at the individual level

Table 7 shows the regression estimates of random effects specifications of treat-
ment and covariates on individual consumption choice. Specification 1 shows a signi-
ficant treatment effect for both the nudge and the price treatment at the individual
level. In even numbered specifications, profit in ¢-1 is included and has a significant
but small positive effect on average individual consumption. As the amount earned
in t-1 increases, subjects increase their consumption in ¢. This could be indicative
of a rebound effect where subjects who earn more, increase their consumption.

Specifications 3, 4 and 7 show that individuals who underconsumed? in ¢-1, re-
duce their consumption in ¢ compared to individuals consuming the socially optimal
amount. Those who overconsume in {-1 continue to do so. Once individual con-
sumption type is controlled for, the significant effect of the price treatment falls out
as the price treats all individuals equally and does not differentiate according to how
an individual consumes (under, optimally, or over).

Finally, in specifications 5-7, variables concerning subjects’ sensitivity towards

0 are included. Individuals who are

the environment and their level of altruism!
more sensitive to environmental issues consume less. Given the context of the CPR
game as an electricity consumption decision, such individuals may have additional
motivation to choose a lower level of consumption so as to decrease their hypothetical

impact on the environment. There is no significant effect of altruism on individual

consumption choice.

9The share of individuals who underconsume in each treatment is shown in Appendix D.
10The construction of these variables is explained in Section 5.3
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5.2.1 Influence of past behaviour

As subjects’ consumption decisions in the previous period significantly influence
their consumption choice in the present period, we examine the effect of previous
behaviour in more detail in Table 8. This is of particular importance in the nudge
treatment as whether subjects under or over consumed in period -1 is made clear
to them via the feedback received. In the price treatment and control groups it is
not. Specification 1-3 includes only subjects’ consumption choice in the previous
period for the nudge, price and control groups, respectively. Specifications 4-6 also
include past profit, and environmental sensitivity and altruism scores.

In the nudge treatment, subjects who underconsume receive happy face feedback
and subjects who overconsume receive sad face feedback. Compared to optimally
consuming groups, this feedback has the effect of reinforcing an individual’s beha-
viour in the previous period. With regard to the feedback received by subjects in
the nudge treatment, both hypotheses 4 and 5 are rejected, as rather than nudging
subjects towards the socially optimal level of consumption, the nudge employed in
this experiment reinforces subjects’ existing behaviour. Subjects who under (over)
consume in the previous period tend to decrease (increase) their consumption in the
present period. This suggests that while the nudge shows a decrease in average con-
sumption at the group level, at the individual level the nudge may serve to reinforce

behaviours that are already present.

Result 5: The feedback in the nudge treatment reinforces subjects’ existing

consumption behaviour.

To explore how past behaviour influences consumption choices in the present
period across all treatments, we run the same analysis in the price treatment and
the control groups as shown in Table 8. We see that there is a significant effect of

previous consumption choice (under or overconsuming) on individual consumption
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choice in the present period in both specifications concerning the price treatment.
For the control groups, there is a significant effect of previous behaviour for those
subjects who overconsumed. Regardless of treatment feedback, we see that subjects

tend to under (over) consume in period t if they did so in period t — 1.
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636 In order to further analyse the effect of previous behaviour on present period
e37  choices, we look at the proportion of subjects who consistently underconsume (Table 9)
e3s as well as those who play, in period ¢, their best response to the consumption of
e30 others in their group in period ¢t — 1 (Table 10). Subjects have a profit table at their
sao disposition (see Appendix B) which they can use to infer the best response in period
sa1 T to the collective choice of the others in their group in period ¢ — 1.

642 A greater proportion of subjects underconsumed in more periods in each of our
es3 treatments compared to the control groups. This is particularly true of the price
eas treatment, in which more subjects also played their best response to others’ con-
ees sumption in more periods. In the nudge treatment, we see a tendency to not play
ss6 the best response as the game progresses with a smaller proportion choosing that
ez Option in later periods. In the price and control treatments, the opposite is true; a
sas greater proportion of subjects play their best response in period ¢ in response to the
sa0 consumption of others in their group in period t — 1.

650 This analysis shows that there is an individual effect at play: subjects have a
es1 type (under or over-consumer) and they tend to stick to that type. Thus, average
es2 consumption tends towards its objective for each of the treatments but not entirely,
es3  due to subjects who persistently overconsume. Furthermore, in the price treatment
esa and control group, we see that more individuals play their best response in period ¢
ess 10 the observed consumption of their group in period ¢t — 1, whereas the opposite is

ese true in the nudge treatment.

ez 5.3 Questionnaire results

658 In this section, the results of the questionnaires completed after the CPR game
eso regarding environmental sensitivity and altruism are detailed. While it is true that
eso the different treatments may have primed subjects’ responses to the questionnaires,
es1 the questionnaires were implemented after the main game of the experiment in order

ss2 to avoid priming subjects’ behaviour for environmental or altruistic reasons before
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Total number of periods in which subject underconsumed
Treatment 0 1 2 3 4 5 6 7 8 9 10

Nudge 37% 20% 1% 6% % 3% 4% 2% 1% 1% 2%

Price 20% 16% 14% 11% 15% 9% 4% 5% 4% 1% 1%
Control 53% 18% 12% 7% 3% 0% 2% 3% 0% 0% 2%
Total 35% 18% 15% 8% 9% 4% 3% 3% 2% 1% 2%

For the nudge and control groups, underconsumption is consuming less than the social
optimum of 15. In the price treatment, underconsumption is consuming less than the

target level of consumption of 20.

Table 9: Percentage of subjects by number of periods in which they under consume

Subjects playing best response in each period (%)
Treatment 2 3 4 D 6 7 8 9 10 Overall

Nudge 21% 5% 12% 14% 14% 20% 9% 15% 19%  13%

Price 30% 31% 34% 39% 40% 45% 30% 44% 40%  33%
Control 20% 28% 25% 27% 33% 23% 33% 38% 38% 2%
Total 24% 20% 23% 25% 28% 29% 22% 30% 31% @ 23%

Table 10: Percentage of subjects playing best response in each period by treatment
playing.

5.3.1 General Ecological Behaviour Scale

The GEB questionnaire measures environmental sensitivity (Kaiser, 1998). Of
the 28 items in the questionnaire, the mean score per item is 3.34 (std. dev. = 0.22)
and Cronbach’s a = 0.73!'. The GEB scale is therefore acceptable.

Table 11a shows the average consumption decisions of individuals in each treat-
ment according to their sensitivity to environmental issues. High environmental

sensitivity is classed as greater than the average of the sample (M = 107.58)%2.

" Cronbach’s « is statistic of the reliability of questionnaires which measures the internal con-
sistency of multiple-items. The value ranges between 0 and 1, with a higher number indicating
a greater level of reliability. A Cronbach’s o > 0.7 is considered to be the cutoff at which sur-
vey scales are reliable (Lavrakas, 2008). For comparison, Boun My and Ouvrard (2019) found a
Cronbach’s o = 0.74.

12In the nudge, price and control groups, 58%, 55% and 52% of subjects have high environment-
ally sensitivity, respectively. This may indicate a certain level of priming of subjects’ responses by
treatment, however, the analysis in this section is robust to alternative calculations of high and
low environmental sensitivity: about the per treatment mean and median.
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Overall and for each treatment, more environmentally sensitive subjects choose to
consume less. The difference in consumption level by environmental sensitivity is
greatest in the nudge treatment. This difference is statistically significant as shown

in Table 11b (p<0.01, Wilcoxon signed-rank test).

Treatment Low High Total High

Nudge 20.68 17.90 19.07

Price  21.38 20.86 21.09 Nudge Price Control

Control  24.14 22.88 23.49 Nudge 0.0000

Low  Price 0.2036
Total  21.85 20.04 Control 0.1770

(a) Average individual consumption by treat-

ment and by level of altruism (b) Between treatment p-values

Table 11: Average individual consumption by treatment and by environmental sens-
itivity
Result 7: Individuals are affected differently by the nudge according to their

level of environmental sensitivity. In the price and control groups, there is no dif-

ference according to environmental sensitivity.

5.3.2 Altruism Questionnaire

The altruism questionnaire is used to measure subjects’ altruistic tendencies.
The mean score per item is 3.28 (std. dev. = 0.33). Cronbach’s « is 0.68. The
altruism questionnaire is moderately acceptable.

Table 12a shows the average individual consumption by treatment according to
level of altruism and Table 12b the associated Wilcoxon signed-rank tests. High
altruism is greater than the average of the sample (M = 32.38)!%. In the nudge
treatment, highly altruistic individuals choose to consume less than less altruistic in-

dividuals. The levels are similar across altruism types in the control groups, and the

13In the nudge, price and control groups, 58%, 55% and 52% showed a high altruism level,
respectively. This analysis is also robust to alternative calculations of high and low altruism:
about the per treatment mean and median.
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opposite is observed in the price treatment. With regard to statistical significance,
the differences are only significant in the nudge treatment. As with environmental
sensitivity, it appears that a nudge based policy can separate subjects based upon

their level of altruism.

Treatment Low  High Total High

Nudge 20.57 1797 19.07 Nudge Price Control

Price 20.88 21.27 21.09 Nudge  0.0000
Control 23.66 23.34 23.49

Low  Price 0.6936
Total 21.51  20.32 Control 0.6117
(a) Average consumption by altruism level (b) Between treatment p-values

Table 12: Average individual consumption

Result 8: Individuals are affected differently by the nudge treatment according
to their level of altruism. In the price and control groups, there is no difference

according to their level of altruism.

6 Discussion

We shall now discuss how the results of the experiment may be of interest to
policy makers considering the implementation of a nudge or a price-based inter-
vention designed to reduce households’ energy consumption during peak periods.
Nudges may be a particularly interesting policy tool in situations in which indi-
viduals are unable to pay higher rates as a means to encourage them to lower their
consumption.

The implementation of such a nudge system at the level of a group of consumers
may be questioned. However, the development of smarts meters and especially of
increasingly fine control devices via Al suggests, in the very near future, possibilities

for implementing such systems at very fine levels (for example at the level of a build-
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ing or a neighbourhood). Pilot experiments are already under way, where localised
devices grouping relatively similar households (with regard to the composition of
households, electrical equipment, initial consumption levels, etc.) are being tested
by integrating normative and/or informative nudges'4.

Our experiment shows that in the absence of policies, individuals do not achieve
the socially optimal level of consumption. We find that they consume, on average,
slightly below the NE amount. This corroborates previous experimental evidence
which shows that individuals tend to find a balance between their own private in-
terest and the collective interest of the group, or that they display other-regarding
preferences with regard to their choices (Ostrom and Walker, 1991, Davis and Holt,
1993, Kagel and Roth, 2016).

When a policy is introduced, a nudge or a price, individuals significantly reduce
their consumption and it remains lower than that of individuals who do not exper-
ience any policy measures. In the nudge treatment, individuals make the greatest
reduction efforts, on average, relative to control groups. This is line with the efforts
of environmentally sensitive individuals in Boun My and Ouvrard (2019).

Under the price increase, individuals also lower their consumption relative to
control groups and achieve an average level of consumption which is closer to its
objective than the nudge treatment!®. Delaney and Jacobson (2015) also find that
their subsidy achieves a level of common pool extraction which is much closer to its
objective than do their non-monetary interventions.

Both the nudge and the price increase result in a level of consumption that is
halfway towards the optimal level compared to no policies. The price increase was
designed to be approximately equivalent to the nudge, i.e.: the target consumption

of the price increase is approximately equal to the observed consumption of the

4For example, the local authority in Grenoble has implemented a nudge-based energy conser-
vation programme https://www.grenoblealpesmetropole.fr/621-metro-energies.htm which
compares individual household consumption to that of similar households.

5We remind the reader that the objective of the nudge treatment is to reduce consumption to
15 EU, and the price treatment to 20 EU
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nudge treatment. The price increase is thus more efficient at achieving its target
consumption than the nudge. However, under the price increase there is a loss of
individual welfare due to a higher price which is not present under the nudge. We
conclude that while the nudge does not achieve the SO, it is equivalent to the price
increse without the loss of welfare the higher price implies.

Interestingly, we find a reversed effect between our two treatments: in the nudge
treatment, individuals consume between the SO and the NE, whereas in the price
treatment subjects consume above the NE, and thus above the SO. Cornes and Sand-
ler (1983) suggest that individuals’ perceptions and beliefs of how their actions affect
others’ actions can lead to a more pessimistic situation than would be achieved if
individuals consumed at the NE, which in our case equates to more overconsumption
than at the NE.

Maldonado and Moreno-Sanchez (2016) suggest that an abundance of a resource
leads to greater cooperation, whereas resource scarcity can lead to a reduction in
cooperation, and even inefficient private decisions above the NE. It can be argued
that in our price treatment the resource is made more scarce by the increased price
as individuals can afford to buy fewer energy units.

An alternative explanation to our above NE result in the price treatment is that
the social dilemma is made weaker by the rapprochement of the NE and SO solutions
(Isaac and Walker, 1998). In a public good game, Isaac and Walker find that when
the NE is at 50% or 80% of the contribution space, players tend to contribute less
than the Nash amount, whereas, when the NE is at 0%, or 20% of the contribution
space, players tend to contribute above the Nash amount'®. Furthermore, they
find that the upward bias in contributions over the respective NE is greater than
the downward bias. They conclude that contribution decisions are biased upwards
(downwards) when the contribution space between the NE and the SO is large

(small). In our experiment, the consumption space between the SO and NE in the

6The contribution space is between 0 and 248 tokens at the group level. Isaac and Walker
(1998) run treatments with a NE of 0, 48, 124, and 200 tokens
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nudge treatment is 25 and 15 EU. In the price treatment, this is reduced to 20 and
12.5 EU. Thus in the price treatment, the contribution space is made smaller which
may explain why we find average consumption to be above the NE.

When we examine individual behaviour, we find that subjects tend to continue
to under (over) consume if they under (over) consumed in the previous period.
This effect is particularly pronounced in the nudge treatment as a result of the
message received by subjects. Maldonado and Moreno-Sanchez (2016) find that
pro-social players tend to remain pro-social in their decisions regardless of whether
they are in a group which tends to behave pro-socially or to free ride. In particular,
Cardenas et al. (2002) find that players with a lower return on the private option
tend to bear more of the burden of maintaining an environmental resource. Here
we can draw parallels with the behaviour of underconsuming individuals in our
nudge treatment who compensate for the behaviour of overconsuming individuals
such that, on average, the nudge has the effect of lowering consumption at the group
level.

Alternatively, it may be that overconsuming individuals see the nudge as a threat
to their freedom to consume as they wish and so they react by demonstrating the
discouraged behaviour (Brehm, 1966, Steindl et al., 2015). This is in constrast
to the boomerang effect described in field experiments which find that households
who consume less than the average of their neighbourhood tend to increase their
consumption (Schultz et al., 2007, Allcott, 2011). In these cases, the inclusion of
a smiley face to reward underconsuming households’ behaviour has the effect of
negating the boomerang effect.

It could be that the nudge in the present experiment is considered as an exogen-
ous nudge; it is the experimenter who provides feedback in relation to an exogenously
optimal level of consumption. The experimenter defines the parameters of the game
and thus the optimal amount. Whereas in field experiments an endogenous nudge

(household consumption in relation to the average of the neighbourhood) is tested
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(Schultz et al., 2007, Allcott, 2011). Given that nudges are a tool of “libertarian
paternalism” and that it is a third party who is nudging individuals towards a de-
cision that is in their best interest, further research should look into how individuals
respond to exogenous and endogenous nudges. Given the reinforcement of existing
behaviour found in our experiment, care should be taken when implementing such
exogenous nudges as, in practice, this could lead to a situation where low consuming
households are further reducing their consumption to compensate for the increasing
consumption of high consuming households.

Concerning the levels of environmental sensitivity and altruisum, in line with
Boun My and Ouvrard (2019), we find that behaviour in the nudge treatment var-
ies according to individuals’ level of environmental sensitivity. The same is true of
individuals’ altruistic tendencies. Individuals who are more environmentally sens-
itive and altruistic consumed less than their less environmentally sensitive and less
altruistic counterparts. No such effect was found in the price treatment nor in the
control groups.

There are of course other nudges that could be implemented to conserve energy.
Defaults could be used to set thermostats at a lower temperature (Brown et al.,
2013), or households could be opted-in to a green energy provider (Pichert and
Katsikopoulos, 2008, Ghesla et al., 2020). Research shows that individuals tend
to stick with the default option, due to the endowment effect (Kahneman et al.,
1990), or because defaults implicitly recommmend a certain behaviour (McKenzie
et al., 2006), or because moving from a default is effortful (Kahneman, 2003). Thus
if the green option, the less energy consuming option, is the default, then energy
savings can be made. However, similarly to our nudge, there can be adverse effects of
green defaults. Ghesla et al. (2020) find that while defaulting households to a green
electricity provider reduces CO, emissions, it adversely affects poorer households
who would be better off with a cheaper, grey electricity provider.

An alternative nudge that can be used to encourage energy savings, uses com-
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mitment devices and goal setting. Households can commitment to lowering their
consumption or can strive to attain a certain goal of energy savings (McCalley and
Midden, 2002, McCalley et al., 2011, Brandsma and Blasch, 2019). Again, goal set-
ting nudges can have adverse effects: if the goal is too low, then energy savings are
limited, if the goal is too high then households can be put off by the effort required
to meet the goal. Realistic goals set by households themselves appear to be the most

likely to encourage energy savings (Harding and Hsiaw, 2014).

6.1 Limitations

Our experiment contextualises CPR theory as a hypothetical energy consumption
game. We do this in order to harmonise the context that individuals bring to
the lab and to use evocative language to render the negative externalities more
salient. Loewenstein (1999) suggests that the addition of context may improve
an experiment’s external validity. However, we recognise that there is no actual
consumption taking place as a result of subjects’ choices and so the external validity
is limited.

Secondly, there are two effects at play in our nudge treatment: information as
the nudging towards the SO creates a focal point threshold, and injunctive norms
as the smiley or sad faces approve or disapprove of behaviour. While we never
explicitly give the amount of consumption equal to the SO, in order to disentangle
these potentially confounding effects would require further treatments which provide
the focal point threshold without the smiley or sad face, and vice versa. We leave

this to future research.

7 Conclusion

The experiment described in this paper explored subjects’ responses to a nudge

and a peak price based intervention in a contextualised CPR game. Our contribu-
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tion to the literature is that our experimental design allowed for a comparison of
behaviour under a nudge policy and an equivalent price increase to an absence of
policies thus enabling us to determine a monetary value of our nudge. The design
of the game allowed us to determine whether a price increase designed to imitate
behaviour under the nudge achieves that objective in order to obtain an equival-
ent monetary valuation of our nudge. The nudge policy concerned feedback on an
individual’s consumption choice in the form of a happy face if they consume the
socially optimal amount or less, and a sad face if they consume more than the
socially optimal amount. We also explored how the use of different policy instru-
ments to achieve hypothetical reductions in energy consumption affect individuals’
perceptions of their own environmental sensitivity and altruism.

Our contribution to the literature is three-fold: (1) we show that individual
behaviour under our nudge is matched by the behaviour of individuals under a
prices that is three times the base price; (2) we find that individuals in the control
group consume under the NE (as has been shown multiple times in the literature),
however, when the price is implemented, they consume above the NE. This can be
explained by a scarcity of the resource or by a weakened social dilemma in the price
treatment compared to the control group. Finally, (3) we show that while the nudge
improves the situation overall, it serves to reinforce individuals existing behaviour.
Those who underconsume underconsume even more to offset the overconsumption
of individuals who overconsume in the absence of the nudge. It is this final result

which may be of most concern when implementing such nudges.
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Appendix

A English Translation of Experiment Instructions

concerning the Simulator

Earnings simulator

To assist you in making your decisions, you have at your disposal a simulator
with which you can simulate your earnings. You have 1 minute to do as many
simulations as you wish before making your final decision for the period. The use of
the simulator is described in the following slide. In addition to the simulator, there is
a table summarising all the possible earnings depending on your consumption choice
(by column) and the total consumption of the other three people in your group (by

row).

Choose the consumption level by clicking on

the options next to each appliance type. Time left

N

Temps réstant[sec] 37

Période
1 d 1
-

Period number

Choisissez les niveaux de censemmation de vos principaux appareils électriques pendai ériode de pointe.

fini vos simulations/ confirmez votre, choix de congommaticn et passez a la pri
en bas de I'écran.

Lorsque vouz a ine période en cliquant

sur "Confirm

Four, microondes, plaques © int (0 UE) Télévision, ordinateur,  Eleint (0 UE)
de cuisson :  Aluthg (10 UE) musique :  Alumé (5 UE)

Machine a laver, lave © Eteint (0 UE)
vaisselle :  Allumé (10 UE)

Chauffage : © -2'CI5UE} Chauffe-eau : © Efsint (0 UE)
€ 1°C (10 UE) € Allumé (5 UE)
 Igentique (15 UE)

Avec ces choix, votre consommation totale est de (UE) : 0 UE

Ajoutez le niveau de consommation des 3 autres :
© 15 c 20 2% © 30 a5

c% £4 O 8 O (66 0 7
C8 C8 e £9 10 C105 10 C#5 C120 0 C125  C130  C 13
The result of your
ool | e o0 Avec ces données, votre gain seraitde : | 0 UME |« . .
8 [j - simulation appears
here.
1 Cliquer sur le bouton pour confirmer votre choix de consommation de : 0 UE I
ERT = - L AR SN
i

necessarily the amount
VVVVVVVVVVVVVV R vou will receive.

your earnings.
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2 B Profit tables

Your decision
5 10 15 20 25 30 35 40 45

15 | 150 195 235 270 300 325 345 360 370
20 | 148 190 228 260 288 310 328 340 348
25 | 145 185 220 250 275 295 310 320 325
30 | 143 180 213 240 263 280 293 300 303
35 | 140 175 205 230 250 265 275 280 280
40 | 138 170 198 220 238 250 258 260 258
45 | 135 165 190 210 225 235 240 240 235
50 | 133 160 183 200 213 220 223 220 213
55 | 130 155 175 190 200 205 205 200 190
60 | 128 150 168 180 188 190 188 180 168
65 | 125 145 160 170 175 175 170 160 145
70 | 123 140 153 160 163 160 153 140 123
7 | 120 135 145 150 150 145 135 120 100
80 | 118 130 138 140 138 130 118 100 78
85 115 125 130 130 125 115 100 80 29
90 | 113 120 123 120 113 100 &3 60 33
9 |110 115 115 110 100 8 65 40 10
100 | 108 110 108 100 88 70 48 20 -13
105 | 105 105 100 90 75 55 30 0 -35
110 | 103 100 93 80 63 40 13 -20 -58
115100 95 8 70 50 25 -5 -40 -80
120 98¢ 90 78 60 38 10 -23 -60 -103
1251 95 8 70 50 25 -5 -40 -80 -125
130 93 8 63 40 13 -20 -58 -100 -148
1351 90 75 55 30 0 -35 -75 -120 -170

The sum of the other three players

Table Al: Profit table in the control and nudge treatment

95



Your decision
5 10 15 20 25 30 35 40 45

15 | 140 175 205 230 250 265 275 280 280
20 | 138 170 198 220 238 250 258 260 258
25 | 135 165 190 210 225 235 240 240 235
30 [ 133 160 183 200 213 220 223 220 213
35 | 130 155 175 190 200 205 205 200 190
40 | 128 150 168 180 188 190 188 180 168
45 | 125 145 160 170 175 175 170 160 145
o0 | 123 140 153 160 163 160 153 140 123
o0 | 120 135 145 150 150 145 135 120 100
60 | 118 130 138 140 138 130 118 100 78
65 | 115 125 130 130 125 115 100 80 95
70 | 113 120 123 120 113 100 83 60 33
7 | 110 115 115 110 100 &5 65 40 10
80 | 108 110 108 100 88 70 48 20 -13
8 [ 105 105 100 90 75 5Hd 30 0 -35
90 | 103 100 93 8 63 40 13 -20 -58
95 | 100 95 8 70 50 25 -5 40 -80
100 98 90 78 60 38 10 -23 -60 -103
105 95 8 70 50 25 -5 -40 -80 -125
110 93 8 63 40 13 -20 -38 -100 -148
1157 90 75 55 30 0 -35 -7 -120 -170
120 88 70 48 20 -13 -50 -93 -140 -193
1251 8 65 40 10 -25 -65 -110 -160 -215
130 | 83 60 33 0 -38 -80 -128 -180 -238
135 8 55 25 -10 -50 -95 -145 -200 -260

The sum of the other three players

Table A2: Profit table in the price treatment

= C Average consumption by group
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Figure 2: Average consumption by group

Individual type (under, optimal or overconsum-

ing)

Individual consumption
Under Target Over ‘ Total
Nudge 190 316 494 1,000
19.0% 31.6% 49.4% 100.0%
Treatment  Price 234 295 271 800
29.3% 36.9% 33.9% 100.0%
Control 75 79 446 600
12.5%  13.2% 74.3% 100.0%
Total 499 690 1,211 2,400
20.8% 28.7% 50.5% 100.0%

For the nudge and control groups, the target consumption equals the
optimal level of consumption of 15. In the price treatment, the target
consumption is equal to 20.

Table A3: Number of groups by consumption level (across all periods)
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