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Motivation
l The energy paradox: 
1. Despite the fact that replacing 1 incandescent light bulb in every American 

household with a CFL would prevent the equivalent annual greenhouse gas 
emissions from 420,000 cars and save $806 million in annual energy cost,

2. 70% of residential households have 1 CFL but only 11% of potential 
sockets have CFLs

l How to encourage adoption and diffusion of energy saving technology?
1. What discipline (economics, psychology) provides the most effective 

means of motivating adoption?
2. What is the effect of a price change?
3. What is the effect of a frame change involving social norms?

l Our aim is to answer to these questions using a large scale natural field 
experiment selling CFLs door-to-door in the suburbs of Chicago
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Sample of the previous literature
l Social Psychology: 
1. Goldstein, Cialdini and Griskevicius (2008)
2. Schultz et al. (2007)

l Economics
1. Griliches (1957)
2. Jaffe and Stavins (1995) 
3. Gallagher and Muehlegger (2008) 
4. Hall (2004)

l Social norms 
1. Allcott (2009)
2. Ferraro and Price (2010)
3. DellaVigna List and Malmendier (2012)
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Technology adoption I: subsidy

Adoption Threshold (price)

Net Benefit of 
Adoption

AdoptersNon‐Adopters

Technology Adoption
Decrease Price

l Assume there is a population of (heterogeneous) potential consumers whose 
WTP distributes according to some distribution, which depends upon: 

1. Observable characteristics (location, income, gender, etc…)
2. Unobservable characteristics (social preferences, environmental concerns, 

discounting, ambiguity aversion, etc...)
l A subsidy on the purchasing price has the effect of increasing consumption, 

shifting the threshold that identifies the marginal buyer
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Technology adoption II: nudges via social norms

Adoption Threshold (price)

Benefit of 
Adoption

AdoptersNon‐Adopters

Technology Adoption 
Adjust Benefit

l Nudges, instead, manipulate subjects’ concerns (i.e., yield a structural break 
in subjects’ preferences). This, in turn, modifies the shape of of the 
distribution of households’ WTP. 

l Folloving DLM12, we explore the impact of a nudge based on social norms
built upon the relative distance with respect to the reference group: 

1. SNL: “For instance, did you know that 70% of US households owns at 
least one CFL?”

2. SNH: “For instance, did you know that 70% of households we surveyed in 
this area owns at least one CFL?”
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Experimental design: door-to-door layout
l Suburbs of Chicago (Libertyville, Lemont, Roselle, Arlington Heights, Glen 

Elyn)

l Mapped neighborhoods into treatment groups by street

l Hired students to approach households on week-ends to sell 1 or 2 packs 
(4 bulbs each) of CFLs

l Students approach approx. 25 households per hour

l Typically change to new treatment after each hour

l 4 hours of work: 10am-11am, 11am-noon, 1pm-2pm and 2pm-3pm
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Experimental design: warning levels

l Three “warning levels”:

1. No Warning (NW)
2. Warning (W)
3. Opt out (OO)

Opt Out
Warning

l With the exception of the NW treatment, our team approached 
households the day prior to the experiment and hung door-hangers on doors 
announcing arrival the following day
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Experimental design: implementation

l We approached a total of 8,815 households involved under 3x3x2=18 
randomized treatment conditions. 

l Two price levels: $ 1 and $ 5
l Three social pressure levels (N, L, H)

Table 1: Treatment Sample Size

Price per Pack Social Norm No Warning Warning Opt-Out

$1
No 480 474 473
Low 447 508 535
High 454 469 481

$5
No 435 546 501
Low 493 544 491
High 431 511 542

Total 2740 3052 3023

Each cell gives the number of households approached for each treatment group

were grouped into blocks containing roughly 25 houses. Each block of houses was randomly assigned to a

treatment so that a given student typically had a di↵erent treatment each hour. The CFL sales took place

on weekends between June 2009 and June 2010 with a break in the winter months and on weekend days

when it was either too cold or raining.

Households in the following locations around Chicago were approached: Arlington Heights, Elmwood

Park, Evanston, Lemont, Libertyville, Oak Park, River Forest, Roselle, Skokie, and Wheaton. These suburbs

range in median household income from $47,315 to $89,284 as reported in the 2000 U.S. Census (1999 dollars).

This is in comparison to the United States national and Illinois median household incomes of $41,994 and

$46,590 respectively. The sample approached in this study had higher median incomes then is typical in the

U.S. This suggests an important caveat to our results and may limit the generalizability of our findings.

Following DLM, our theoretical model suggests two treatments to parse the impacts of the valuation for

CFLs (private and altruistic) vs. social pressure, allowing consumers to select into or out of interacting with

a salesperson. In order to provide households this opportunity, a team of researchers and interns placed flyers

on households in the Warning and Opt-Out treatments the day prior to the students visiting households.

These flyers, shown in Figure 1, informed the household that it would be visited the following day by someone

with an “o↵er for purchase and discuss energy saving light bulb options”. While placing the flyers on doors,

the researchers and interns only interacted with members of the households if they were approached directly

(i.e. household members were outside in the yard and witnessed the placement of the flyer). Although the

student salespersons were aware of the di↵erent scripts and prices for each treatment, they were not aware

that only some houses had been warned of the visit the day prior via the flyers. This ensures that the

proportion of households that we warn that see the warning have an ability to adjust the likelihood of being

home and answering the door, compared with the No Warning treatment, in which no flyer is delivered.12

12Social norm and price treatments provide variation to identify the impact of social pressure and price on the decision to
purchase. However, the decision to purchase could be due to underlying social pressure present in all treatments vs. the private

12
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Experimental design: timing

l We model subjects’ decisions as a sequence of 4 binary choices
l Social norms and prices are revealed in Phase 3, after answering the door 

P3: Extensive margin

P4: Intensive margin

P1: Checking the flyer

P2: Answering the 
door
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Descriptive stats I: answering the door

l Checking rate (OO) of 11% overall
l Answer rate of 32% overall. 
l Extensive margin: a purchase rate of (3%) (10%) (un)conditional on 

answering the door.
l In this respect, our evidence is in line with the literature on the energy 

paradox. 

Table 2: The Decision to Answer to Door in Warning Treatments

Check | Answered Answer Door Purchased Purchased | Answered Q=2 | Purchased
No Warning 0.367 0.0321 0.087 0.443

(0.482) (0.176) (0.283) (0.500)
2740 2740 1006 88

Warning 0.332 0.038 0.115 0.564
(0.471) (0.192) (0.320) (0.498)
3052 3052 1014 117

Opt-Out 0.116 0.274 0.028 0.103 0.529
(0.321) (0.446) (0.165) (0.307) (0.502)
3023 3023 3023 828 85

Total 0.116 0.323 0.033 0.102 0.517
(0.321) (0.468) (0.178) (0.302) (0.500)
3023 8815 8815 2848 290

Households that chose to ”Opt Out” oare 352 households of the 3023 and are included as doors knocked on but not answered.

Table 3: The Decision to Answer the Door: OLS.

(1) (2) (3)

Warning
-0.035** -0.038** -0.026*
(0.017) (0.016) (0.015)

Opt-Out
-0.093*** -0.087*** -0.077***
(0.017) (0.017) (0.017)

Constant
0.367*** 0.400*** 0.351***
(0.013) (0.024) (0.027)

Surveyor E↵ects No Yes Yes
City E↵ects No No Yes
N 8815 8815 8815

⇤p < .1; ⇤ ⇤ p < .05; ⇤ ⇤ ⇤p < .01

As Table 3 shows, households in our Warning and Opt-Out treatments are less likely to answer the door

than their counterparts approached in the No Warning treatment. Taken jointly, these results are suggestive

of social pressure and/or negative curiosity, and are consistent with the conjecture that checking the Opt-Out

box lowers the costs of avoiding the salesperson and, therefore, should increase sorting if social pressure is a

key driver of behavior. As we lower the cost of avoiding such interactions (such as in the Opt-Out treatment),

we observe further reductions in the rate of door answering.

4.2 Rates of Purchase: The Role of Social Pressure vs. Valuation for CFLs

Our results on selection provide testable conjectures on households’ behavior conditional on opening the

door. Namely, we expect both an increase in the presence at home of individuals with high valuation for

19
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l We employ a simple linear probability model to estimate (social pressure) 
treatment effects on the probability of opening the door.  

l Main results: 
1. Social pressure: Warning (W/OO) reduce the likelihood of answering: 
2. Sorting: the OO treatment reduces the likelihood compared to W (p<1%)

Table 2: The Decision to Answer to Door in Warning Treatments

Check | Answered Answer Door Purchased Purchased | Answered Q=2 | Purchased
No Warning 0.367 0.0321 0.087 0.443

(0.482) (0.176) (0.283) (0.500)
2740 2740 1006 88

Warning 0.332 0.038 0.115 0.564
(0.471) (0.192) (0.320) (0.498)
3052 3052 1014 117

Opt-Out 0.116 0.274 0.028 0.103 0.529
(0.321) (0.446) (0.165) (0.307) (0.502)
3023 3023 3023 828 85

Total 0.116 0.323 0.033 0.102 0.517
(0.321) (0.468) (0.178) (0.302) (0.500)
3023 8815 8815 2848 290

Households that chose to ”Opt Out” oare 352 households of the 3023 and are included as doors knocked on but not answered.

Table 3: The Decision to Answer the Door: OLS.

(1) (2) (3)

Warning
-0.035** -0.038** -0.026*
(0.017) (0.016) (0.015)

Opt-Out
-0.093*** -0.087*** -0.077***
(0.017) (0.017) (0.017)

Constant
0.367*** 0.400*** 0.351***
(0.013) (0.024) (0.027)

Surveyor E↵ects No Yes Yes
City E↵ects No No Yes
N 8815 8815 8815

⇤p < .1; ⇤ ⇤ p < .05; ⇤ ⇤ ⇤p < .01

As Table 3 shows, households in our Warning and Opt-Out treatments are less likely to answer the door

than their counterparts approached in the No Warning treatment. Taken jointly, these results are suggestive

of social pressure and/or negative curiosity, and are consistent with the conjecture that checking the Opt-Out

box lowers the costs of avoiding the salesperson and, therefore, should increase sorting if social pressure is a

key driver of behavior. As we lower the cost of avoiding such interactions (such as in the Opt-Out treatment),

we observe further reductions in the rate of door answering.

4.2 Rates of Purchase: The Role of Social Pressure vs. Valuation for CFLs

Our results on selection provide testable conjectures on households’ behavior conditional on opening the

door. Namely, we expect both an increase in the presence at home of individuals with high valuation for

19

Reduced form: answering the door
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Descriptive stats: purchase decisions
Table 4: The Decision to Purchase Un/conditional on Answering Door

Purchased Purchased | Answered Q = 2 | Purchased
Social Norm p = 1 p = 5 Total p = 1 p = 5 Total p = 1 p = 5 Total

Neutral Frame
0.040 0.015 0.027 0.110 0.046 0.079 0.631 0.182 0.506
(0.196) (0.121) (0.163) (0.313) (0.210) 0.270 (0.487) (0.395) (0.503)
1427 1482 2909 520 475 995 57 22 79

Social Norm Low
0.048 0.016 0.032 0.174 0.055 0.112 0.667 0.320 0.577
(0.215) (0.127) (0.176) (0.379) (0.230) (0.316) (0.475) (0.476) (0.496)
1490 1528 3018 414 451 865 72 25 97

Social Norm High
0.055 0.024 0.039 0.158 0.073 0.115 0.538 0.333 0.474
(0.230) (0.154) (0.195) (0.366) (0.260) (0.320) (0.502) (0.478) (0.501)
1404 1484 2888 492 496 988 78 36 114

Total
0.0480 0.018 0.033 0.145 0.058 0.102 0.609 0.289 0.517
(0.214) (0.135) (0.178) (0.352) (0.234) (0.302) (0.489) (0.456) (0.501)
4321 4494 8815 1426 1422 2848 207 83 290

purchase rates: 44.4 percent more likely than counterparts in the Neutral group to purchase CFLs.17 These

di↵erences suggest the importance of proximity when using social norms and is in line with previous research

(Goldstein et al., 2008).

Table 5 reports the estimated coe�cients of the same linear probability models of Table 8 on the decision

to purchase conditional on answering the door. As noted in regression (4), households in our High treatment

are approximately 3 percentage points more likely to purchase a package of CFLs than their counterparts in

the Neutral treatment - a di↵erence that is statistically significant at the p< 0.05 confidence level.

17We observe similar di↵erences if we focus on purchase rates conditioned on answering the door. For example, households
that answer the door in our High (Low) social norm treatment are approximately 45.6 percent (41.7 percent) more likely to
purchase CFLs than their counterparts in the Neutral treatment.

21

l A purchase rate of (3%) (10%) (un)conditional on answering the door
l Conditional on answering, the extensive margin corresponds to  15% (6%) 

of total observations when p=1 (p=5), respectively.
l Conditional on purchasing, the intensive margin corresponds to  60% 

(29%) of total observations when p=1 (p=5), respectively.
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Reduced form: extensive margin
l We employ a simple linear probability model to estimate treatment effects on 

the likelihood to purchase conditional on answering the door.  

l Main results: 
1. Sorting: Warning increases the likelihood of purchasing.
2. Social norms: the effect is positive, but there is no difference between H/L

Table 5: The Decision to Purchase Conditional on Answering Door: Linear Probability Model

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Warning 0.028 0.046*** 0.031* 0.047*** 0.030* 0.047***

(0.017) (0.017) (0.017) (0.016) (0.017) (0.016)
Opt Out 0.015 0.021 0.013 0.017 0.012 0.017

(0.018) (0.015) (0.017) (0.015) (0.017) (0.015)
Social Norm Low 0.033* -0.003 0.036** 0.005 0.063** 0.023

(0.017) (0.020) (0.016) (0.018) (0.028) (0.028)
Social Norm High 0.036** 0.030** 0.039** 0.038** 0.050* 0.053**

(0.017) (0.015) (0.017) (0.015) (0.027) (0.025)
Price -0.087*** -0.083*** -0.089*** -0.085*** -0.065*** -0.064***

(0.014) (0.013) (0.014) (0.013) (0.019) (0.018)
Price*SNL -0.053 -0.034

(0.032) (0.031)
Price*SNH -0.022 -0.030

(0.031) (0.030)
Constant 0.087*** 0.064*** 0.079*** 0.084*** 0.145*** 0.126*** 0.107*** 0.084*** 0.096*** 0.07***

(0.012) (0.028) (0.010) (0.030) (0.012) (0.026) (0.016) (0.029) (0.018) (0.032)
Surveyor E↵ects No Yes No Yes No Yes No Yes No Yes
City E↵ects No Yes No Yes No Yes No Yes No Yes
N 2848 2848 2848 2848 2848 2848 2848 2848 2848 2848
⇤p < .1; ⇤ ⇤ p < .05; ⇤ ⇤ ⇤p < .01

22
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Reduced form: intensive margin
l We employ a simple linear probability model to estimate treatment effects on 

the likelihood to purchase 2 packs against 1

l Main results: 
1. Price is highly significant while …
2. ...Social norms are not. 

Table 9: Decision to Purchase 2 Packages of CFLs Conditional on Purchasing: Linear Probability Model

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Warning 0.121 0.092 0.121 0.072 0.125* 0.079

(0.076) (0.082) (0.074) (0.082) (0.076) (0.084)
Opt Out 0.086 0.137 0.112 0.173** 0.107 0.175**

(0.085) (0.093) (0.082) (0.086) (0.082) (0.086)
Social Norm Low 0.071 -0.052 0.073 -0.061 0.051 -0.068

(0.082) (0.104) (0.074) (0.095) (0.088) (0.106)
Social Norm High -0.033 -0.080 -0.025 -0.081 -0.096 -0.155*

(0.083) (0.090) (0.079) (0.081) (0.097) (0.094)
Price -0.320*** -0.322*** -0.314*** -0.328*** -0.437*** -0.420***

(0.067) (0.063) (0.067) (0.063) (0.113) (0.119)
Price*SNL 0.075 0.027

(0.155) (0.167)
Price*SNH 0.239 0.211

(0.164) (0.165)
Constant 0.443*** 0.286*** 0.506*** 0.417*** 0.609*** 0.453*** 0.511*** 0.465*** 0.545*** 0.485***

(0.055) (0.168) (0.062) (0.197) (0.038) (0.150) (0.082) (0.189) (0.089) (0.195)
Surveyor E↵ects No Yes No Yes No Yes No Yes No Yes
City E↵ects No Yes No Yes No Yes No Yes No Yes
N 290 290 290 290 290 290 290 290 290 290

⇤p < .1; ⇤ ⇤ p < .05; ⇤ ⇤ ⇤p < .01
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Structural estimation: timing

l Stage 1: checking the opt-out box (00). 
l Stage 2: answering the door (OO+W)
l Stage 3: extensive margin decision (ALL) 
l Stage 4: intensive margin (ALL)

Figure 2: Timeline of the structural model

Subjects who observe the flyer will choose o optimally, subjects in the Warning and Opt-Out treatments

who do not see the flyer, and those in the No Warning treatment, open the door with some exogenous

probability, h
0

, estimated independently of the structural part of the model.

3. Stage 3: opting for a positive quantity (all subjects, conditional on opening the door). This

decision is conditional on the social norm, s 2 {N,L,H} and the price, p 2 {1, 5}. Let b 2 A
3

= {0, 1}

denote an action in Stage 3, where b = 1 (b = 0) denotes the action of (not) choosing to buy a positive

quantity, respectively.

4. Stage 4: choosing a quantity (all subjects, conditional on opening the door and choosing

a positive quantity). This decision is conditional on the same information as in Stage 3, with the

addition of the realization of the relevant behavioral parameter for Stage 4, ↵.13 Let q 2 A
4

= {1, 2}

denote an action in Stage 4, where q = 1 (q = 2) denotes the action of choosing to buy 1 or 2 packs,

respectively.

Anna’s decisions can be modeled as behavioral strategies, that is, probability distributions over the set

of actions available at each stage, conditional on the information set characterizing that stage. As for the

distributions of our behavioral parameters (that we assume known by Anna at all times), we assume the

following:

[✓, &] ⇠ N

0

@ µ✓; �2

✓ , ⇢�✓�&

µ& ; ⇢�✓�& �2

&

1

A ,

↵ ⇠ N (µ↵,�
2

↵),

13The modeling choice of splitting the quantity decision in two stages helps the identification of ↵ and &, and is the main
reason for our choice of modeling the problem in four stages.
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Structural estimation: parameters

l The model is solved backward: 
l Stage 4: \alpha measures (linear) WTP (efficiency, warm glow, …)
l Stage 3: \zeta and \gamma measure social pressure and social norms
l Stage 2: \theta measures curiosity 
l We allow for the possibility of \theta and \zeta to be correlated

Figure 2: Timeline of the structural model

Subjects who observe the flyer will choose o optimally, subjects in the Warning and Opt-Out treatments

who do not see the flyer, and those in the No Warning treatment, open the door with some exogenous

probability, h
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Structural estimation I: estimated parameters
l We estimate three different versions 

of the model, depending on whether 
we condition the estimation of \theta 
and \gamma to the 
extensive/intensive margin decision

l Main results:
1. \alpha is around $ 2
2. \zeta is negative, but not significant
3. \theta is negative and highly 

significant
4. Social norms matter, with H=L
5. \zeta and \theta are highly 

(negatively) correlated

Table 6: Structural estimations

(1) (2) (3)

µ↵
2.327*** 2.006*** 1.381**
(0.416) (0.619) (0.690)

�L
0.799
(0.498)

�H
0.147
(0.732)

�W
1.362
(0.882)

µ⇣
-0.746 -0.318 0.623
(0.702) (0.808) (0.997)

�L
0.214** -0.916 0.216**
(0.101) (0.702) (1.208)

�H
0.214** 0.014 0.209**
(0.109) (1.169) (0.119)

�W
-1.97*
(1.208)

µ✓
-1.195* -1.195* -1.782*
(0.694) (0.691) (0.915)

h
0

0.351*** 0.349*** 0.351***
(0.011) (0.008) (0.011)

r
0.207*** 0.207*** 0.207***
(0.019) (0.019) (0.019)

�↵
4.810*** 4.831*** 4.774***
(1.101) (1.113) (1.107)

�⇣
0.893*** 0.901*** 0.852***
(0.222) (0.232) (0.262)

⇢
-0.9 -0.9 -0.9
(-) (-) (-)

Obs. 8815 8815 8815
Log lik. -7585.7101 -7584.158 -7583.371
Clustered standard errors. ⇤ = p < .1; ⇤⇤ = p < .05; ⇤⇤⇤ = p < .01
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Structural estimation II: heterogeneity

l Our structural model is such that the only stochastic components are 
attributed to subjects’ heterogeneity in the distribution of the behavioral 
parameters. 

l The correlation between curiosity and social pressure capture the sorting 
effect: 

1. subjects with low curiosity sort out; 
2. subjects with high curiosity sort in and are less sensitive to social pressure. 

5.2 Results II: heterogeneity

Figure 3 sketches a) the estimated normal distribution of ↵ and b) the joint (normal) distribution of & and

✓ according to Model (1). As for Panel a), the estimated relative frequency of households willing to buy 2

packs at the price p = 1 (p = 5) against 1 are set equal to 61 % (29 %), respectively. These figures match

exactly the observed frequencies of Table 4.

Figure 3: Estimated distributions of ↵, & and ✓ (Model II).

As we know from Table 6, & and ✓ display a very high negative correlation, which reflects the shape of

the joint distribution.18 The estimated probability of opening the door the in the No Warning condition,

h
0

, is estimated around 35 % and follows closely the observed frequency (36%, see Table 2). By the same

token, the probability of noticing the flyer, r, is lower than the corresponding estimate in DLM (20% vs.

32%). Then, the ex-ante probability of not opening the door conditional on warning derived from Model (1)

is then (1� r)(1� h
0

) + r(1� �
2

(µ↵, µ& , µ✓)) = 32% (compare with Table 2).

18We estimated the models by fixing the value of the correlation coe�cient, ⇢, from a finite grid. This is why the associated
standard errors have not been reported.
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Structural estimation III: welfare analysis
l Our structural estimation allows to conduct welfare analysis. 
l Welfare is measured as the variation in expected utility of the representative 

agent due to the policy intervention. 
l The cost of the intervention and the benefits on the electricity bill are not 

taken into account

l Main results: 
1. Welfare effects are small […] and
2. significant only when the price is small 

Table 7: Welfare analysis

Warning Social Norms Price (1) (2) (3)

No
No 1 0.719*** 0.103 0.172
No 5 0.261 -0.306 -0.219

No
Yes 1 0.728*** 0.4*** 0.181
Yes 5 0.186 -0.149 -0.293

Yes
No 1 0.650*** 0.468 0.251
No 5 0.241 0.102 -0.111

Yes
Yes 1 0.662*** 0.732*** 0.234
Yes 5 0.171 0.249 -0.183

Clustered standard errors. ⇤ = p < .1; ⇤⇤ = p < .05; ⇤⇤⇤ = p < .01

5.3 Results III: welfare

Welfare estimates for the three structural models are reported in Table 7. To simplify the exposition, we

average out across both warning levels (Warning vs. Opt Out) and social norms (High vs. Low), since, in all

structural models, they are not able to produce significant differences in behavior. The estimates are relative

to the utility of not answering the door which -without loss of generality- is set equal to zero. Because the

results are relative to not answering, utility is the same across those households not purchasing and reflects

the cost of curiosity and social pressure alone.

It is clear that welfare estimates are not independent on the structural model being used to evaluate them.

For example, since Model (1) -consistently with the reduced form regressions of Section 4- does not consider

the “sorting e↵ect” induced by warning, yields a negative impact of social norms (since the latter yield a

positive e↵ect on purchasing, with turns out to be welfare decreasing, given that households are spiteful).

By contrast, Model (3) evalutes social norms as welfare improving, since -given that sorting due to warning

is structurally embodied in the model- social pressure is negative only for households warned in advance.

Nevertheless, regardless of the model being used, it is important that welfare estimates are small (always

smaller than 1 $), ant often insignificant. This takes into account the relatively small fraction of households

moving away from the status quo. Another common evidence across models is that more consumers purchase

to alleviate social pressure when it is less costly for them to do it, that is, in the Low Price treatment.

6 Conclusion

Our study is motivated by the potential (and need) for reducing energy consumption by residential house-

holds. Residential users account for approximately 21 percent of all greenhouse gas emissions in the United
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Concluding remarks

l Heterogeneity is important and can be exploit to make environmental 
policies more efficient

l In our structural model heterogeneity is entirely unobservable (debriefing 
quest data were too scarce to be useful). 

l Additional relevant dimensions for future research: 

1. Beliefs about energy savings

2. (Altruistic) discounting

3. Risk/ambiguity aversion  
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The End


