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Using a contextualised common pool resource framework, individual energy 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, consumption is signicantly 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.

Introduction

With the increasing integration of renewable energy sources (RES) in the production mix, encouraging households to lower their energy consumption during periods of peak demand can create supply and demand issues in the electricity market [START_REF] Bistline | Economic and technical challenges of exible operations under large-scale variable renewable deployment[END_REF]. Possible solutions to capture the value of RES include demand side management (DSM) and energy storage systems 1 . The former calls for signicant behavioural change on the part of residential households, while the latter requires signicant 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, dened 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 [START_REF] Balijepalli | Review of demand response under smart grid paradigm[END_REF].

Demand response programmes implement incentives to encourage households to conserve energy.

Economic incentives use nancial motivation to restrict or to encourage certain behaviour, whereas nudges inuence individuals' behaviour without removing any of the choices available to them nor aecting their economic incentives [START_REF] Thaler | Nudge: Improving decisions about health, wealth, and happiness[END_REF]. Both policy tools have been used to encourage households to partake in energy conserving behaviour (Andor andFels, 2018, Buckley, 2020).

Dynamic pricing restricts consumption at certain times through increased prices, or encourages consumption at other times through decreased prices or rebates [START_REF] Faruqui | Arcturus: international evidence on dynamic pricing[END_REF]. However, opponents argue that residential consumers should not be asked to bear the risks associated with the volatility of wholesale market prices [START_REF] Alexander | Dynamic pricing? Not so fast! A residential consumer perspective[END_REF]. Nudges have been used to encourage energy conservation by 1 Decentralised energy storage systems may facilitate the integration of RES by providing communities with stored energy when RES are not available [START_REF] Dincer | Smart energy solutions with hydrogen options[END_REF]. However, consumers have voiced concerns over the fair and equitable sharing of energy from community energy storage systems [START_REF] Ambrosio-Albalá | Purely ornamental? public perceptions of distributed energy storage in the united kingdom[END_REF]. Such community storage systems echo the characteristics of common pool resource extraction. creating a sense of competition among similar households regarding who can lower their consumption the most [START_REF] Schultz | The constructive, destructive, and reconstructive power of social norms[END_REF][START_REF] Allcott | Social norms and energy conservation[END_REF], and by encouraging households to commit to energy conservation by setting themselves energy savings goals [START_REF] Harding | Goal setting and energy conservation[END_REF]. However, questions have been raised as to the cost-eectiveness and social welfare implications of such nudges [START_REF] Allcott | Social norms and energy conservation[END_REF]Kessler, 2019, Andor et al., 2020), the eectiveness of a one-nudge-for-all approach (Costa andKahn, 2013, Brandsma and[START_REF] Brandsma | One for all?the impact of dierent types of energy feedback and goal setting on individuals' motivation to conserve electricity[END_REF] and the value (both nancial and ethical) of such interventions compared to traditional incentives [START_REF] Hausman | Debate: To nudge or not to nudge[END_REF][START_REF] Lehner | Nudginga promising tool for sustainable consumption behaviour[END_REF][START_REF] Kasperbauer | The permissibility of nudging for sustainable energy consumption[END_REF][START_REF] Hagmann | Nudging out support for a carbon tax[END_REF].

Encouraging households to lower their consumption during times of peak demand 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 solutions for exibility in order to integrate decentralised production from RES [START_REF] Melville | The electric commons: A qualitative study of community accountability[END_REF]. This paper contributes to the literature on the impact of economic and behavioural interventions on environmental behaviours by applying a CPR framework to the social dilemma associated with consumption at times of peak demand. We explore the eectiveness of both a behavioural and an economic incentive within a stylised electricity consumption game based upon CPR theory [START_REF] Ostrom | Governing the commons[END_REF].

Here, the CPRs are the intermittent renewable energy sources which are sustained so long as electricity consumption does not exceed power capacities. Such an approach 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 aect behaviour by appealing to extrinisic motivation to encourage a desired behaviour that an individual would not necessarily do in its absence. By its nature, asking individuals to conserve energy appeals to intrinsic motivations 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 [START_REF] Brown | Testing the eect of defaults on the thermostat settings of oecd employees[END_REF]) and more entertaining (by encouraging households to compete to lower their energy consumption [START_REF] Allcott | Social norms and energy conservation[END_REF], and by setting and meeting energy conservation goals [START_REF] Harding | Goal setting and energy conservation[END_REF]).

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 nancial incentives, and nudges are increasingly studied, there is a less research comparing these types of incentives [START_REF] Fanghella | Energy saving in a simulated environment: An online experiment of the interplay between nudges and nancial incentives[END_REF].

The energy frame is used as nudging has been increasingly used in this domain (Andor andFels, 2018, Buckley, 2020). The principal objective of the experiment is to use a contextualised CPR game to explore the eect 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 eect on behaviour.

We nd that both policies, nudge and price, lower consumption choices compared to an absence of policy. The nudge policy has an immediate eect 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 policy can lead to inecient 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

Monetary incentives

In CPR laboratory experiments, monetary incentives are often modelled as per unit taxes. These are found to be a rst best policy when it comes to managing behaviours which result in negative externalities [START_REF] Ballard | The marginal eciency eects of taxes and subsidies in the presence of externalities: A computational general equilibrium approach[END_REF]. 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 [START_REF] Plott | Externalities and corrective policies in experimental markets[END_REF][START_REF] Heres | Understanding public support for externality-correcting taxes and subsidies: A lab experiment[END_REF]. Yet, taxes are seldom accepted by the public. This can be explained by a preference for the status quo [START_REF] Cherry | The impact of trial runs on the acceptability of environmental taxes: Experimental evidence[END_REF], 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 [START_REF] Kallbekken | Do you not like Pigou, or do you not understand him? Tax aversion and revenue recycling in the lab[END_REF][START_REF] Heres | Understanding public support for externality-correcting taxes and subsidies: A lab experiment[END_REF].

Given that monetary interventions such as taxes (and dynamic pricing in the context of electricity consumption [START_REF] Alexander | Dynamic pricing? Not so fast! A residential consumer perspective[END_REF]) can be politically dicult to implement, as well as costly, policy makers have also used non-price interventions

or nudges to inuence households to reduce their electricity consumption.

Non-monetary incentives

The nudge intervention used in the present experiment relates to both information on suggested play as the feedback is based upon the optimal level of consumption, and on social approval as we add an element of whether an individual's consumption behaviour is approved of or not.

Suggested 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, [START_REF] Marks | Using suggested contributions in fundraising for public good[END_REF] and [START_REF] Croson | The eect of recommended contributions in the voluntary provision of public goods[END_REF] nd 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 Bó and Dal Bó (2014) nd 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 benets everyone. [START_REF] Barron | Nudging cooperation in public goods provision[END_REF] 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, [START_REF] Delaney | Payments or persuasion: Common pool resource management with price and non-price measures[END_REF] nudge groups to increase their payos 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 eective, 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 research has found signicant eects on energy and water consumption reduction through the use of normative messages [START_REF] Schultz | The constructive, destructive, and reconstructive power of social norms[END_REF][START_REF] Allcott | Social norms and energy conservation[END_REF][START_REF] Ayres | Evidence from two large eld experiments that peer comparison feedback can reduce residential energy usage[END_REF][START_REF] Ferraro | Using nonpecuniary strategies to inuence behavior: Evidence from a large-scale eld experiment[END_REF]. 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 eect of taxes on nudges in positional goods experiments. [START_REF] Antinyan | Curbing the consumption of positional goods: Behavioral interventions versus taxation[END_REF] nd that while both their nudge (based on suggested play) and tax are eective at the beginning of the game, the eectiveness of the tax persists to the end of the game whereas the eectiveness of the nudge diminishes.

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.

The rationale is that social approval increases optimal behaviour in CPR games as subjects perceive utility (disutility) from social approval (disapproval) [START_REF] Rege | The impact of social approval and framing on cooperation in public good situations[END_REF]. There is mixed evidence as to whether social information and approval encourages optimal behaviour in collective action games. It has been shown

both theoretically (Holländer, 1990, Fehr and[START_REF] Fehr | A theory of fairness, competition, and cooperation[END_REF] and experimentally [START_REF] Cialdini | Crafting normative messages to protect the environment[END_REF][START_REF] Rege | The impact of social approval and framing on cooperation in public good situations[END_REF][START_REF] Spraggon | A note on stochastic public revelation and voluntary contributions to public goods[END_REF] that such social norms can increase contributions in collective action games. In other experiments, social approval has been shown to have a negative eect on behaviour -increasing extractions in CPR games [START_REF] Brent | Taxation, redistribution, and observability in social dilemmas[END_REF] and reducing contributions to the public good [START_REF] Noussair | Public observability of decisions and voluntary contributions in a multiperiod context[END_REF].

In a one-shot public good game, [START_REF] Rege | The impact of social approval and framing on cooperation in public good situations[END_REF] nd 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, [START_REF] Noussair | Public observability of decisions and voluntary contributions in a multiperiod context[END_REF] run a similar experiment, nding that social approval of subjects' decisions does not have a signicant eect 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. [START_REF] Gächter | Collective action as a social exchange[END_REF] nd that such social approval, created by publicly disclosing all contributions to all subjects at the end of a 10 period game, only has a signicant eect when subjects are allowed to create a group identity. When subjects are complete strangers, the revelation of their contributions has a weak positive eect on contributions. In a CPR game, making public the decisions of subjects has been shown to have a negative eect on optimal behaviour. When faced with heterogeneous levels of extraction in a CPR game, [START_REF] Brent | Taxation, redistribution, and observability in social dilemmas[END_REF] nd 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-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.

Energy consumption contextualisation

Finally, as we use CPR theory as the basis of a hypothetical electricity consumption game, our experiment is also related to literature on the contextualisation of experiments. Environmental framing is often applied to laboratory (and increasingly, online experiments) in order to capture environmental aspects of the descisions being studied [START_REF] Mccalley | Consumer response to product-integrated energy feedback: Behavior, goal level shifts, and energy conservation[END_REF][START_REF] Skatova | When push comes to shove: Compensating and opportunistic strategies in a collective-risk household energy dilemma[END_REF][START_REF] Bühren | Which green nudge helps to save energy? experimental evidence[END_REF][START_REF] Fanghella | Energy saving in a simulated environment: An online experiment of the interplay between nudges and nancial incentives[END_REF].

Economic experiments are typically abstract and context free so as to retain control and maintain internal validity [START_REF] Smith | Experimental economics: Induced value theory[END_REF]. However, contextualisation may lead to a greater understanding of the game and better, as well as more realistic, decision making [START_REF] Rommel | Contextual framing and monetary incentives in eld experiments on risk preferences: Evidence from german farmers[END_REF][START_REF] Hsiao | On the importance of context in sequential search[END_REF]. 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 [START_REF] Harrison | Field experiments[END_REF]. [START_REF] Alekseev | Experimental methods: When and why contextual instructions are important[END_REF] 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 inuence of the context that participants may bring to an experiment, subjects who associate a neutrally framed public good game with teamwork rather than tax payments, contribute more and believe that others will also contribute more [START_REF] Eriksson | Spontaneous associations and label framing have similar eects in the public goods game[END_REF]. [START_REF] Elliott | Institutional framing: Some experimental evidence[END_REF] nd 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 [START_REF] Pevnitskaya | Environmental context and termination uncertainty in games with a dynamic public bad[END_REF]Ryvkin, 2013, Brick et al., 2016).

Contextualisation is also used in experimental games, in particular those con-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 [START_REF] Eckel | Altruism in anonymous dictator games[END_REF]Grossman, 1996, Alekseev et al., 2017).

In the present experiment, we contextualise a CPR game as hypothetical electricity consumption choices. Our intention is rstly to ensure that our participants nd themselves in the same contextual setting and clearly understand the consequences of their individual decisions and interdependencies. The second reason is to explicitly introduce the social component, as perceived by participants. In settings such as pollution regulation or resource depletion, the use of abstract terms may eliminate 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 aects 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.

Methodology

We implement a laboratory experiment in which participants are asked whether or not to use dierent energy consuming appliances, and whether to lower their heating or keep it at the same temperature. While the choices are hypothetical, they do mimic elements of real-life energy conservation eorts which are characterised by a trade-o between private and social benets on the one hand, and personal disutility on the other. The experimental game is built upon CPR theory [START_REF] Ostrom | Governing the commons[END_REF] in which individuals derive private benets from their extraction of the re-source and social benets from collective eorts 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 benet of the group.

CPR theory has been applied to residential electricity consumption [START_REF] Bäckman | The Nordic electricity system as a common-pool resource[END_REF][START_REF] Goldthau | Rethinking the governance of energy infrastructure: Scale, decentralization and polycentrism[END_REF][START_REF] Gollwitzer | Rethinking the sustainability and institutional governance of electricity access and minigrids: Electricity as a common pool resource[END_REF]. The electricity network (power stations, distribution centres, transmission lines) represents a man-made resource system 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 electricity 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 [START_REF] Pratt | Smart Grid Handbook, chapter Demand Response[END_REF]. Given this, on days of extreme weather, or when renewable energy resources supply electricity, there is risk of demand outstripping supply which implies a need to reduce the demand for electricity 2 .

Common pool resource theory

A CPR game can be modelled as follows: a group of n players share a common 

π i = e -cx i + x i (a -bΣx i ) (1)
This formulation of the CPR game follows [START_REF] Delaney | Payments or persuasion: Common pool resource management with price and non-price measures[END_REF] and [START_REF] Ostrom | Rules, games, and common-pool resources[END_REF] and the non-linearity of the prot function results in an interior solution 0 < x i < e. A rational, self-interested player invests an amount x i that maximises their prot:

max x i π(x i , Σx i ) = e -cx i + x i (a -bΣx i ) (2)
The rst order condition is:

-c + a -bx i -bΣx i = 0 (3)
Supposing that all agents are equal, a symmetric NE can be found such that x i = x j = x for all players i, j.

x i = (a -c) b(n + 1) (4) 
This level of extraction maximises individual prots regardless of the eects of individual extraction on the group.

The socially optimal investment in resource extraction is the amount x which maximises the collective prot. Assuming symmetry, the player maximises:

max x nπ(x) = n[e -cx + x(a -bnx)]
(5)

The rst order condition is:

-cn + an -2bn 2 x = 0

(6)
which gives an optimal investment where: 

x i = (a -c) 2bn ( 
a -c -d b(n + 1) = a -c 2bn d = (a -c)(n -1) 2n (8) 
The novelty of the present experiment is that instead of nding the amount d which aligns the new NE with the original SO, we rst run our nudge treatment and observe the players' behaviour, then we calculate the amount d by which the cost of extraction c must increase in order to align the NE with the level of extraction observed in the nudge treatment, x nudge .

a -c -d b(n + 1) = x nudge d = a -c -(n + 1)bx 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 benet 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 aect everyone. The parameter c

represents the personal disutility associated with paying for electricity and not having the money for other expenses. Table 1 summarises how the features of energy consumption and those of our experiment relate. Table 1: Features of energy conservation in our eld replicated in the experiment

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 (t = 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 ECU 3

which they can use to consume electricity (measured in energy units (EU)). In the control and nudge treatments each EU costs 1 ECU (c = 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 prot 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' prot function is as follows:

π i = 100 -cx i + x i (13 -0.1Σx i ) (10) 
Individually, subjects maximise their prot at the NE, x N E = 24 for an individual prot of 158 ECU. This level of consumption is greater, and the payo is lower than if subjects maximised the collective gains. Collectively subjects should each consume

x SO = 15 for an individual prot 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 ve dierent electrical 3 ECU = Experimental Currency Units. The exchange rate is communicated to all subjects during the instruction phase and is 150 ECU = 1e. items. Table 2 details the dierent 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 When deciding whether or not to use the dierent electrical appliances proposed, subjects are choosing to consume energy units in increments of 5. We discretise the choice of electricity consumption to reect the idea that in real life individuals consume electricity by turning appliances on or o. We allow three levels of consumption for the heating choice. Given the discretisation of the consumption choice, the NE is x i = 25 EU and the SO is x i = 15 EU. To assist subjects in deciding how many EU to consume, a simulator is available as well as a printed prot table 4 . At the end of each period, subjects see how much they have consumed and their prot for the period. 4 The simulator is described to subjects during the explanation of the game phase. See Appendix A for an English translation of the instructions concerning the simulator and Appendix B for the prot 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.

Treatments

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 dierent 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 consumption by means of an injunctive norm which provides social approval or disapproval of their consumption choice [START_REF] Cialdini | A focus theory of normative conduct: A theoretical renement and reevaluation of the role of norms in human behavior[END_REF]. 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 eects as a result of this treatment [START_REF] Zizzo | Experimenter demand eects in economic experiments[END_REF]. 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 eects, 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 nudgebased 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 [START_REF] Delaney | Payments or persuasion: Common pool resource management with price and non-price measures[END_REF], Boun My and Ouvrard (2019), Antinyan et al. ( 2020)).

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 5 . 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 level in the price treatment is

x N E,P i = 20. a -p b(n + 1) = 20 13 -p 0.1(4 + 1) = 20 p = 3 (11)
The price of electricity for subjects in the price treatment is thus equal to 3 ECU.

In this treatment the subjects maximise:

max x i π(x i , Σx i ) = 100 -3x i + x i (13 -0.1Σx i ) (12) 
The feedback given at the end of each period is the subject's level of consumption and their earnings for that period.

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 [START_REF] Fischbacher | z-tree: Zurich toolbox for ready-made economic experiments[END_REF]. 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 10e show-up fee. In addition, subjects earned 7e20 to 18e00, with average earnings across sessions of 12e30.

The subjects are undergraduate or graduate students in various disciplines, 59%

were female subjects, and the average age across subjects was 22 years. After general instructions concerning condentiality, 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 rst phase of the experiment was the CPR game. The second phase involved a risk aversion test 6 [START_REF] Holt | Risk aversion and incentive eects[END_REF]. In the third and nal phase, subjects completed three questionnaires: the General Ecological Behaviour Scale [START_REF] Kaiser | A general measure of ecological behavior[END_REF], an altruism questionnaire [START_REF] Costa | Revised NEO Personality Inventory (NEO-PI-R) and NEO Five Factor Model (NEO-FFI)[END_REF] and nally a demographic questionnaire 7 .

6 Analyses on risk attitudes were not conclusive and so are not discussed further in the rest of the paper.

7 Following Boun My and Ouvrard (2019), we use a shorter version of the GEB scale including

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 rst period of the game.

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 inuenced by the nudge described above as this has no eect on their economic incentives. As individuals are not necessarily rational and self-interested, and are inuenced by nudges which motivate a particular behaviour by exploiting systematic biases in decision making [START_REF] Thaler | Nudge: Improving decisions about health, wealth, and happiness[END_REF], we expect that our nudge will inuence 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 rst best policy for dealing with social dilemmas in public good and CPR games [START_REF] Plott | Externalities and corrective policies in experimental markets[END_REF][START_REF] Ballard | The marginal eciency eects of taxes and subsidies in the presence of externalities: A computational general equilibrium approach[END_REF][START_REF] Cochard | Eciency of nonpoint source pollution instruments: An experimental study[END_REF].

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 [START_REF] Kaiser | A general measure of ecological behavior[END_REF] and [START_REF] Costa | Revised NEO Personality Inventory (NEO-PI-R) and NEO Five Factor Model (NEO-FFI)[END_REF] for details of the GEB and altruism questionnaires, respectively.

Hypothesis 3 In the price treatment, consumption choices will be similar to those in 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 [START_REF] Schultz | The constructive, destructive, and reconstructive power of social norms[END_REF]. 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 [START_REF] Cialdini | A focus theory of normative conduct: A theoretical renement and reevaluation of the role of norms in human behavior[END_REF]. As such, it provides a positive frame for those who underconsume or who consume optimally and approves of their normative correctness [START_REF] Farrow | Social norms and proenvironmental behavior: a review of the evidence[END_REF]. This leads to the following hypotheses in the nudge treatment:

Hypothesis 4 Subjects who receive `happy face' feedback will not change their consumption 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

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 [START_REF] Statacorp | Stata statistical software: Release 15[END_REF].

We also report the results of post-hoc power analysis in given our sample size and the observed eect 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 [START_REF] Lenth | Some practical guidelines for eective sample size determination[END_REF] 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 nd these slightly less powered tests to be of concern for our statistical inference below. Control group

In the absence of any policies, the control groups consume 23.49 on average across all periods. This level of consumption is signicantly dierent from both the NE and the SO. Subjects' consumption is signicantly dierent 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 dierent from both the SO and the NE overall and in all periods. Consumption in the nudge treatment is statistically dierent from that of the control group in all but the initial period.

While, on average, the nudge does encourage a lower level of consumption compared 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 subjects which suggests that there are individual eects at play. This is explored in Section 5.2.

Result 2: Average consumption in the nudge treatment is signicantly lower than in the control groups.

Price compared to control

In the price treatment, the price is such that consumers are incentivised to consume 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 dierent to that of control groups. Average consumption between the two groups begins at a similar level then is consistently and statistically dierent 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 eects 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 signicantly 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 dierent. Excluding the rst period, consumption in the price treatment is greater than that of the nudge treatment. The observed consumption in the price treatment is signicantly dierent 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 the nudge treatment), thus we also compare the behaviour in the price treatment to this level. Overall, and in the rst two periods, consumption in the price treatment is statistically dierent 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 objective of 20 from period 7 onwards.

Average consumption during the game

In the rst period, all treatments start at a similar level of average consumption. This dierence is insignicant (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 rst 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 making. We would therefore expect these subjects to consume signicantly less than the control group from the rst period. However, this dierence is not signicant. The average group consumption is only consistently and signicantly dierent 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 eect of the price on their consumption level. Although the experiment follows a between-subjects design and 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 expensive compared to normal periods. We therefore interpret our results as a framing eect.

During the course of the game, we observe inection points at periods 5 and 6. There is no signicant dierence 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 8 . It may be that there is a an opportunity eect at play wherby these subjects are increasingly risk averse towards the end of the game [START_REF] Friedman | Economics lab. An intensive course in experimental economics[END_REF]. 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 consumption tending towards the NE in the nal period. Such behaviour is typically observed in experiments with a nite and known timeframe (Croson, 1996, Keser and[START_REF] Keser | Conditional cooperation and voluntary contributions to public goods[END_REF]. However, the two treatments show a much atter linear trend.

With the average consumption in the nal period being only marginally lower than in the rst period. This lack of decay towards the NE is indicative of the establishment of norm, in our case around 20 EU [START_REF] Andreoni | Why free ride?: Strategies and learning in public goods experiments[END_REF].

The results described in this section are robust to panel data estimation as 8 See Appendix C for the graphs of these groups.

shown in Table 6 which presents regression estimates of treatment eects. The specications have been estimated using panel data random eects estimation. Panel data methods are used as there are n subjects making a consumption decision in t periods. Random eects estimation is preferable to OLS or xed eects estimation as it is more ecient, and given that the experiment uses a between-subject design, random eects estimation allows for the estimation of the time-invariant treatment variables [START_REF] Moatt | Experimetrics: Econometrics for experimental economics[END_REF].

( The value of the constant represents the average consumption of the control group controlling for dierent variables. Both specications show a clear signicant eect of both the nudge and price treatments compared to the control groups. In specication 2, a period variable is included to control for variation during the game, however, the coecient is not signicant 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 rst period and the tenth period.

Average consumption at the individual level

Table 7 shows the regression estimates of random eects specications of treatment and covariates on individual consumption choice. Specication 1 shows a signicant treatment eect for both the nudge and the price treatment at the individual level. In even numbered specications, prot in t-1 is included and has a signicant but small positive eect on average individual consumption. As the amount earned in t-1 increases, subjects increase their consumption in t. This could be indicative of a rebound eect where subjects who earn more, increase their consumption.

Specications 3, 4 and 7 show that individuals who underconsumed 9 in t-1, reduce their consumption in t compared to individuals consuming the socially optimal amount. Those who overconsume in t-1 continue to do so. Once individual consumption type is controlled for, the signicant eect of the price treatment falls out as the price treats all individuals equally and does not dierentiate according to how an individual consumes (under, optimally, or over).

Finally, in specications 5-7, variables concerning subjects' sensitivity towards the environment and their level of altruism 10 are included. Individuals who are 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 signicant eect of altruism on individual consumption choice. 9 The share of individuals who underconsume in each treatment is shown in Appendix D. 10 The construction of these variables is explained in Section 5.3
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Inuence of past behaviour

As subjects' consumption decisions in the previous period signicantly inuence their consumption choice in the present period, we examine the eect 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 t-1 is made clear to them via the feedback received. In the price treatment and control groups it is not. Specication 1-3 includes only subjects' consumption choice in the previous period for the nudge, price and control groups, respectively. Specications 4-6 also include past prot, 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 eect of reinforcing an individual's behaviour 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 consumption 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 inuences 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 signicant eect of previous consumption choice (under or overconsuming) on individual consumption In the nudge treatment, subjects received feedback on whether they under or overconsumed in the form of a :-) or a :-(. In the price treatment and control groups, subjects did not receive such feedback In order to further analyse the eect of previous behaviour on present period choices, we look at the proportion of subjects who consistently underconsume (Table 9)

(1) (2) (3) (4) (5) (6) 
as well as those who play, in period t, their best response to the consumption of others in their group in period t -1 (Table 10). Subjects have a prot table at their disposition (see Appendix B) which they can use to infer the best response in period t to the collective choice of the others in their group in period t -1.

A greater proportion of subjects underconsumed in more periods in each of our treatments compared to the control groups. This is particularly true of the price treatment, in which more subjects also played their best response to others' consumption in more periods. In the nudge treatment, we see a tendency to not play the best response as the game progresses with a smaller proportion choosing that option in later periods. In the price and control treatments, the opposite is true; a greater proportion of subjects play their best response in period t in response to the consumption of others in their group in period t -1.

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

to the observed consumption of their group in period t -1, whereas the opposite is true in the nudge treatment.

Questionnaire results

In this section, the results of the questionnaires completed after the CPR game regarding environmental sensitivity and altruism are detailed. While it is true that the dierent treatments may have primed subjects' responses to the questionnaires, the questionnaires were implemented after the main game of the experiment in order to avoid priming subjects' behaviour for environmental or altruistic reasons before 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. 

General Ecological Behaviour Scale

The GEB questionnaire measures environmental sensitivity [START_REF] Kaiser | A general measure of ecological behavior[END_REF]. Of the 28 items in the questionnaire, the mean score per item is 3.34 (std. dev. = 0.22) and Cronbach's α = 0.7311 . The GEB scale is therefore acceptable. Result 7: Individuals are aected dierently by the nudge according to their level of environmental sensitivity. In the price and control groups, there is no difference according to environmental sensitivity.

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 α is 0.68. The altruism questionnaire is moderately acceptable. 13 . In the nudge treatment, highly altruistic individuals choose to consume less than less altruistic individuals. The levels are similar across altruism types in the control groups, and the 13 In 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. Result 8: Individuals are aected dierently by the nudge treatment according to their level of altruism. In the price and control groups, there is no dierence according to their level of altruism.

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 intervention designed to reduce households' energy consumption during peak periods.

Nudges may be a particularly interesting policy tool in situations in which individuals 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 ne control devices via AI suggests, in the very near future, possibilities for implementing such systems at very ne levels (for example at the level of a build-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 14 .

Our experiment shows that in the absence of policies, individuals do not achieve the socially optimal level of consumption. We nd that they consume, on average, slightly below the NE amount. This corroborates previous experimental evidence which shows that individuals tend to nd a balance between their own private interest and the collective interest of the group, or that they display other-regarding preferences with regard to their choices [START_REF] Ostrom | Communication in a commons: cooperation without external enforcement[END_REF][START_REF] Davis | Experimental economics[END_REF][START_REF] Kagel | The Handbook of Experimental Economics[END_REF].

When a policy is introduced, a nudge or a price, individuals signicantly reduce their consumption and it remains lower than that of individuals who do not experience any policy measures. In the nudge treatment, individuals make the greatest reduction eorts, on average, relative to control groups. This is line with the eorts of environmentally sensitive individuals in Boun [START_REF] Boun My | Nudge and Tax in an Environmental Public Goods Experiment: Does Environmental Sensitivity Matter? Resource and Energy Economics[END_REF].

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 15 . [START_REF] Delaney | Payments or persuasion: Common pool resource management with price and non-price measures[END_REF] also nd 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 14 For example, the local authority in Grenoble has implemented a nudge-based energy conservation programme https://www.grenoblealpesmetropole.fr/621-metro-energies.htm which compares individual household consumption to that of similar households. 15 We remind the reader that the objective of the nudge treatment is to reduce consumption to 15 EU, and the price treatment to 20 EU nudge treatment. The price increase is thus more ecient 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 nd a reversed eect 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. [START_REF] Cornes | On commons and tragedies[END_REF] suggest that individuals' perceptions and beliefs of how their actions aect 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. [START_REF] Maldonado | Exacerbating the tragedy of the commons: Private inecient outcomes and peer eect in experimental games with shing communities[END_REF] suggest that an abundance of a resource leads to greater cooperation, whereas resource scarcity can lead to a reduction in cooperation, and even inecient 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 aord 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 [START_REF] Isaac | Nash as an organizing principle in the voluntary provision of public goods: Experimental evidence[END_REF]. In a public good game, Isaac and Walker nd 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 16 . Furthermore, they nd 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 16 The contribution space is between 0 and 248 tokens at the group level. [START_REF] Isaac | Nash as an organizing principle in the voluntary provision of public goods: Experimental evidence[END_REF] run treatments with a NE of 0, 48, 124, and 200 tokens 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 nd average consumption to be above the NE.

When we examine individual behaviour, we nd that subjects tend to continue to under (over) consume if they under (over) consumed in the previous period. This eect is particularly pronounced in the nudge treatment as a result of the message received by subjects. [START_REF] Maldonado | Exacerbating the tragedy of the commons: Private inecient outcomes and peer eect in experimental games with shing communities[END_REF] nd 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, [START_REF] Cardenas | Economic inequality and burden-sharing in the provision of local environmental quality[END_REF] nd 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 eect 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 [START_REF] Brehm | A theory of psychological reactance[END_REF][START_REF] Steindl | Understanding psychological reactance: New developments and ndings[END_REF]. This is in constrast to the boomerang eect described in eld experiments which nd that households who consume less than the average of their neighbourhood tend to increase their consumption [START_REF] Schultz | The constructive, destructive, and reconstructive power of social norms[END_REF][START_REF] Allcott | Social norms and energy conservation[END_REF]. In these cases, the inclusion of a smiley face to reward underconsuming households' behaviour has the eect of negating the boomerang eect.

It could be that the nudge in the present experiment is considered as an exogenous nudge; it is the experimenter who provides feedback in relation to an exogenously optimal level of consumption. The experimenter denes the parameters of the game and thus the optimal amount. Whereas in eld experiments an endogenous nudge (household consumption in relation to the average of the neighbourhood) is tested [START_REF] Schultz | The constructive, destructive, and reconstructive power of social norms[END_REF][START_REF] Allcott | Social norms and energy conservation[END_REF]. Given that nudges are a tool of libertarian paternalism and that it is a third party who is nudging individuals towards a decision 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 nd that behaviour in the nudge treatment varies according to individuals' level of environmental sensitivity. The same is true of individuals' altruistic tendencies. Individuals who are more environmentally sensitive and altruistic consumed less than their less environmentally sensitive and less altruistic counterparts. No such eect 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 [START_REF] Brown | Testing the eect of defaults on the thermostat settings of oecd employees[END_REF], or households could be opted-in to a green energy provider [START_REF] Pichert | Green defaults: Information presentation and pro-environmental behaviour[END_REF]Katsikopoulos, 2008, Ghesla et al., 2020). Research shows that individuals tend to stick with the default option, due to the endowment eect [START_REF] Kahneman | Experimental tests of the endowment eect and the coase theorem[END_REF], or because defaults implicitly recommmend a certain behaviour [START_REF] Mckenzie | Recommendations implicit in policy defaults[END_REF], or because moving from a default is eortful [START_REF] Kahneman | Maps of bounded rationality: Psychology for behavioral economics[END_REF]. 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 eects of green defaults. [START_REF] Ghesla | Nudging the poor and the rich a eld study on the distributional eects of green electricity defaults[END_REF] nd that while defaulting households to a green electricity provider reduces CO 2 emissions, it adversely aects poorer households who would be better o with a cheaper, grey electricity provider.

An alternative nudge that can be used to encourage energy savings, uses com-mitment devices and goal setting. Households can commitment to lowering their consumption or can strive to attain a certain goal of energy savings [START_REF] Mccalley | Energy conservation through productintegrated feedback: The roles of goal-setting and social orientation[END_REF][START_REF] Mccalley | Consumer response to product-integrated energy feedback: Behavior, goal level shifts, and energy conservation[END_REF][START_REF] Brandsma | One for all?the impact of dierent types of energy feedback and goal setting on individuals' motivation to conserve electricity[END_REF]. Again, goal setting nudges can have adverse eects: if the goal is too low, then energy savings are limited, if the goal is too high then households can be put o by the eort required to meet the goal. Realistic goals set by households themselves appear to be the most likely to encourage energy savings [START_REF] Harding | Goal setting and energy conservation[END_REF].

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. [START_REF] Loewenstein | Experimental economics from the vantage-point of behavioural economics[END_REF] 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 eects 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 eects 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.

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-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 equivalent 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 dierent policy instruments to achieve hypothetical reductions in energy consumption aect 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 nd 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 oset the overconsumption of individuals who overconsume in the absence of the nudge. It is this nal result which may be of most concern when implementing such nudges. 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. 

  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 i is x i with Σx i the amount invested by the group. The return on extraction depends on the amount invested in extraction by 2 This 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 consumption 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.] the individual x i and the amount invested in extraction by the group Σx i . The prot to individual i is the return from the amount not spent on extraction e i -cx i plus the return from CPR appropriation. To account for the externality, the payo 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 prot depends on his own investment in extraction as well as the group investment:

  7) This level of extraction takes into consideration the eect of each individual's extraction on the CPR. The NE results in a higher level of extraction than the socially optimal amount. One option to align the private earnings with the social optimum (SO), is to increase the cost of extraction c such that the NE and socially optimum levels of extraction are equal. The cost of extraction c is increased by an amount d and its value is found by equating the NE and the socially optimal solutions:

Figure 1 :

 1 Figure 1: Dynamics of average consumption by treatment

  

Table 2 :

 2 Electricity consumption choices

	levels	Consumption amount (EU)

Table 3 :

 3 Number of subjects per treatment

	Treatment	Number of subjects	Number of groups	Number of sessions
	Nudge	100	25	5
	Price	80	20	4
	Control	60	15	3
	Total	240	60	12

Table 4 :

 4 Mean group consumption by treatment and associated statistical tests

	Test	Mean	SD	n	Power
	Nudge = Control	19.07 23.49	4.46 4.19	100 60	1.000
	Nudge = Price	19.07 21.09	4.46 3.66	100 80	0.894
	Price = Control	21.09 23.49	3.66 4.19	80 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 :

 5 Power analysis for overall results reported in Table4

Table 6 :

 6 Average group consumption (random eects estimation)

		1)	(2)	
	Nudge	-4.427 * * *	-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 7 :

 7 Individual consumption (random eects estimation)

	-0.802	(0.677)			-2.013 * * *	(0.575)	3.572 * * *	(0.497)	-1.314 * *	(0.552)	-0.492	(0.527)	22.229 * * *	(0.851)	2160
	-1.742 *	(0.943)	0.032 * * *	(0.005)					-1.447 * *	(0.669)	-0.603	(0.651)	19.807 * * *	(1.366)	2160
	-2.318 * * *	(0.759)							-1.545 * *	(0.655)	-0.856	(0.652)	24.732 * * *	(0.800)	2400
	-0.062	(0.872)	0.037 * * *	(0.007)	-1.619 * * *	(0.572)	3.342 * * *	(0.483)					15.785 * * *	(1.494)	2160
	-0.843	(0.636)			-2.091 * * *	(0.584)	3.589 * * *	(0.496)					21.294 * * *	(0.672)	2160
	* *	(0.901)	0.033 * * *	(0.005)									18.682 * * *	(1.189)	2160
		(0.701)	Prot in t-1		Individual under consumed (t-1)		Individual over consumed (t-1)		High Environmental sensitivity		High Altruism		Constant 23.492 * * *	(0.606)	Observations 2400	Standard errors in parentheses	Robust standard errors clustered by group.	* p < 0.1, * * p < 0.05, * * * p < 0.01

Table 8 :

 8 Individual consumption by treatment (random eects estimation)

Table 9 :

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

			Subjects playing best response in each period (%)	
	Treatment	2	3	4	5	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%	27%
	Total	24%	20%	23%	25%	28%	29%	22%	30%	31%	23%

Table 10 :

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

Table 11a

 11a Overall and for each treatment, more environmentally sensitive subjects choose to consume less. The dierence in consumption level by environmental sensitivity is greatest in the nudge treatment. This dierence is statistically signicant as shown in Table11b(p<0.01, Wilcoxon signed-rank test).

	Treatment	Low	High	Total			High
	Nudge Price	20.68 21.38	17.90 20.86	19.07 21.09		Nudge	Price	Control
	Control	24.14	22.88	23.49	Nudge	0.0000	
	Total	21.85	20.04	Low	Price Control		0.2036	0.1770
	(a) Average individual consumption by treat-ment and by level of altruism	(b) Between treatment p-values
	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) 12 .

Table 11 :

 11 Average individual consumption by treatment and by environmental sensitivity

Table 12a

 12a shows the average individual consumption by treatment according to level of altruism and Table12bthe associated Wilcoxon signed-rank tests. High altruism is greater than the average of the sample (M = 32.38)

  opposite is observed in the price treatment. With regard to statistical signicance, the dierences are only signicant 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	17.97	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 :

 12 Average individual consumption

Table A1 :

 A1 Prot table in the control and nudge treatment

						Your decision			
			5	10	15	20	25	30	35	40	45
		15	140	175	205	Your decision 230 250 265	275	280	280
		20	5 138	10 170	15 198	20 220	25 238	30 250	35 258	40 260	45 258
		25	135	165	190	210	225	235	240	240	235
		15 30	150 133	195 160	235 183	270 200	300 213	325 220	345 223	360 220	370 213
		20 35	148 130	190 155	228 175	260 190	288 200	310 205	328 205	340 200	348 190
		25 40	145 128	185 150	220 168	250 180	275 188	295 190	310 188	320 180	325 168
	The sum of the other three players The sum of the other three players	30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 105 120	143 140 138 135 133 130 128 125 123 120 118 115 113 110 108 125 123 120 118 115 113 110 108 105 103 100 98 95 93 90 105 88	180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 105 70	213 205 198 190 183 175 168 160 153 145 138 130 123 115 108 160 153 145 138 130 123 115 108 100 93 85 78 70 63 55 100 48	240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 90 20	263 250 238 225 213 200 188 175 163 150 138 125 113 100 88 175 163 150 138 125 113 100 88 75 63 50 38 25 13 0 75 -13	280 265 250 235 220 205 190 175 160 145 130 115 100 85 70 175 160 145 130 115 100 85 70 55 40 25 10 -5 -20 -35 55 -50	293 275 258 240 223 205 188 170 153 135 118 100 83 65 48 170 153 135 118 100 83 65 48 30 13 -5 -23 -40 -58 -75 30 -93	300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 0 -140	303 280 258 235 213 190 168 145 123 100 78 55 33 10 -13 145 123 100 78 55 33 10 -13 -35 -58 -80 -103 -125 -148 -170 -35 -193
		110 125	103 85	100 65	93 40	80 10	63 -25	40 -65	13 -110	-20 -160	-58 -215
		115 130	100 83	95 60	85 33	70 0	50 -38	25 -80	-5 -128	-40 -180	-80 -238
		120 135	98 80	90 55	78 25	60 -10	38 -50	10 -95	-23 -145	-60 -200	-103 -260
		125	95	85	70	50	25	-5	-40	-80	-125
		130	93	80	63	40	13	-20	-58	-100	-148
		135	90	75	55	30	0	-35	-75	-120	-170

Table A2 :

 A2 Prot table in the price treatment

		Average group consumption	15 20 25	SO NE			Price: Gr 112			Average group consumption	15 20 25	SO NE		Price: Gr 125
				1	2	3	4	5	6	7	8	9 10			1	2	3	4	5	6	7	8	9 10
								Period										Period
		Average group consumption	15 20 25	SO NE			Control: Gr 61			Average group consumption	15 20 25	SO NE		Control: Gr 71
				1	2	3	4	5	6	7	8	9 10			1	2	3	4	5	6	7	8	9 10
								Period										Period
							Figure 2: Average consumption by group
	1126	D Individual type (under, optimal or overconsum-
	1127	ing)														
													Individual consumption
												Under	Target		Over	Total
	1125	Nudge C Average consumption by group 190 316 494 19.0% 31.6% 49.4%	1,000 100.0%
				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%

Table A3 :

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

This is comparable to taris proposed by EDF at the time of the experiment; the highest peak price is approximately 3.5 times the standard tari (EDF, 2016).

Cronbach's α is statistic of the reliability of questionnaires which measures the internal consistency of multiple-items. The value ranges between 0 and 1, with a higher number indicating a greater level of reliability. A Cronbach's α > 0.7 is considered to be the cuto at which survey scales are reliable[START_REF] Lavrakas | Encyclopedia of Survey Research Methods[END_REF]. For comparison, Boun My and Ouvrard (2019) found a Cronbach's α = 0.

74. 12 In the nudge, price and control groups, 58%, 55% and 52% of subjects have high environmentally 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.

choice in the present period in both specications concerning the price treatment.

For the control groups, there is a signicant eect 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.

* This work has been partially supported by the CDP Eco-Sesa receiving funding form the ANR project ANR-15-IDEX-02.

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 nal 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).