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A defining aspect of human cooperation is the use of sophisticated
indirect reciprocity. We observe others, talk about others, and
act accordingly. We help those who help others, and we
cooperate expecting that others will cooperate in return. Indirect
reciprocity is based on reputation, which spreads by communica-
tion. A crucial aspect of indirect reciprocity is observability:
reputation effects can support cooperation as long as peoples’
actions can be observed by others. In evolutionary models of
indirect reciprocity, natural selection favors cooperation when
observability is sufficiently high. Complimenting this theoretical
work are experiments where observability promotes cooperation
among small groups playing games in the laboratory. Until now,
however, there has been little evidence of observability’s power
to promote large-scale cooperation in real world settings. Here we
provide such evidence using a field study involving 2413 subjects.
We collaborated with a utility company to study participation in
a program designed to prevent blackouts. We show that observ-
ability triples participation in this public goods game. The effect is
over four times larger than offering a $25 monetary incentive, the
company’s previous policy. Furthermore, as predicted by indirect
reciprocity, we provide evidence that reputational concerns are
driving our observability effect. In sum, we show how indirect
reciprocity can be harnessed to increase cooperation in a relevant,
real-world public goods game.

evolutionary game theory | experimental economics

Cooperation occurs when we take on costs to benefit the
greater good. By this definition, everyone is better off when

everyone cooperates, but self-interest undermines cooperation
and leads to free-riding. Promoting cooperation is a central
challenge for human societies, both today and over our evolu-
tionary history (1–10). There are five mechanisms for the evo-
lution of cooperation (11): direct and indirect reciprocity, spatial
selection, group selection, and kin selection. Each of these mech-
anisms is an interaction structure that can lead cooperators to
outperform noncooperators, and therefore be favored by selection.
Direct and indirect reciprocity involve repeated interactions,

creating future consequences for one’s actions: it can pay to co-
operate today to receive cooperation from others tomorrow.
Spatial selection occurs when players’ interactions are structured
rather than occurring at random. As a result, cooperators may be
more likely to interact with other cooperators and thus prefer-
entially receive the benefits of cooperation. Spatial selection
operates when cooperaters cluster in physical space, on social
networks, in sets, or in phenotype space (12). Group selection
(or multilevel selection) occurs when competition and repro-
duction happen at multiple levels: not only do players compete
with others in their group, but groups compete with each other.
If cooperative groups outcompete noncooperative groups, then
group-level selection can favor the evolution of cooperation. Fi-
nally, kin selection may be defined as preferring to cooperate with
those who are closely related. Kin recognition can allow players
to cooperate with close genetic relatives and defect otherwise.

Most of the literature on the evolution of cooperation uses the
Prisoner’s Dilemma and related frameworks: players can pay a
cost to give a greater benefit to one or more others. Thus, within
the context of these games, cooperation is good for everyone.
However, cooperation need not be good for everyone more
generally (6, 13). There are situations in which cooperating may
give a benefit to some, but impose costs on others. For exam-
ple, in intergroup conflict and war, people cooperate with
members of their own group in an attempt to harm members
of other groups (14). Or in the context of markets, companies
may collude to keep prices high, benefiting each other but
harming consumers (15). The five mechanisms for the evolution
of cooperation may promote both total welfare-enhancing co-
operation, as well as these more pernicious forms of cooperation.
All of these mechanisms are relevant for the evolution of hu-

man cooperation, but direct reciprocity and indirect reciprocity
occupy a central place: most of our key interactions are repeated
and reputation is usually at stake. Direct reciprocity is based on
repeated encounters between the same two individuals: my be-
havior toward you depends on what you have done to me. In-
direct reciprocity is based on repeated encounters in a group of
individuals: my behavior toward you also depends on what you
have done to others (Fig. 1). We take a keen interest in who does
what to whom and why, which requires sophisticated social in-
telligence. We talk to each other about others. As David Haig
said: “For direct reciprocity you need a face, for indirect reci-
procity you need a name” (4). The evolution of indirect reci-
procity is linked to the evolution of human language. Supported
by human language, reputation systems allow us to track the
good and bad behavior of others and to use this information to
incentivize cooperation. Whatever is specifically human about
our mental machinery is derivative of human language, social
intelligence, and thus indirect reciprocity (4, 16).
The evolution of cooperation via indirect reciprocity has been

a topic of great interest in recent years. Mathematical models and
computer simulations have demonstrated the power of indirect
reciprocity for promoting cooperative behavior (17–40). In these
models, players typically engage in a series of one-shot interactions
with others selected at random from the population. In some of
those interactions, players’ previous decisions are observable by
their partners. Observability allows players to use conditional
strategies that base their actions on the partner’s behavior in
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the past. When past actions are sufficiently observable, natural
selection can favor strategies that cooperate as long as the partner
has behaved well in the past. What constitutes “good” behavior
worthy of receiving cooperation depends on the social norm. A
simple social norm is called “image scoring” and prescribes co-
operating with those who have cooperated in sufficiently many
previous interactions (20). More complicated norms also take
into account the behavior of the partner’s previous partners. For
example, under the “standing” norm, players can maintain their
good reputation by defecting against those with bad reputation
(24). The many models of indirect reciprocity differ in their
details, yet across a wide range of assumptions, making previous
decisions observable allows cooperators to selectively target their
cooperation at other cooperators and withhold cooperation from
defectors. Thus, free-riders are at a disadvantage, and cooperation
can spread.
This body of theoretical work is supported by behavioral

experiments where subjects play economic games in the laboratory.
People are substantially more cooperative when their decisions are
observable and when others can respond accordingly (41–60).
Subjects understand that having a good reputation is valuable in
these settings (49) and so are willing to pay the cost of coopera-
tion. Observability particularly increases cooperation when the
prosocial nature of the cooperative choice is made salient (55, 61).
Moreover, experimental evidence indicates that indirect reciproc-
ity is deeply entrenched in human psychology: subtle cues of

observability have large effects on cooperation levels (62–65),
and our initial impulse to cooperate in one-shot anonymous
settings (66–69) is likely the result of adaptation in a world dom-
inated by reputational concerns (66, 68).
These laboratory experiments are extremely valuable. They

generate powerful insights into human psychology and provide
clear evidence for the importance of indirect reciprocity. To do
so, however, they typically use abstract economic games and
involve the interaction of only a handful of subjects. Thus, the
question of whether observability affects large-scale cooperation
in real world settings outside of the laboratory remains largely
unexplored (exceptions include refs. 70–72). The extent to which
findings from theory and the laboratory generalize to natural field
settings is of great importance, both for scientific understanding
and for public policy (73).
Here, we address this question by running a large-scale field

experiment on the effect of observability in a public goods game
(PGG). We collaborated with a major electric utility company to
enroll consumers in a “demand response” program. This program
is designed to help prevent blackouts by reducing excessive use of
air conditioning during periods of high electricity demand. The
cost of electricity production can spike hundredsfold during de-
mand peaks. However, the price consumers pay is typically con-
stant across time. Thus, during peak periods there is a dramatic
mismatch between price and actual cost, leading to excessive
energy use. This mismatch reduces grid reliability, drives up
energy costs, increases the risk of black outs, and harms the
environment. In recent years, reducing excessive peak energy
use has become a target of regulatory efforts to increase ef-
ficiency in the electricity industry.
Encouraging participation in demand response programs such

as the one used in this study is the primary policy tool available
for reducing peak energy use (74). Demand response programs
are voluntary programs in which people allow their utility to
remotely restrict their energy consumption during peak hours.
To do so, the utility usually installs a remote switch in-line with
the circuitry of an appliance such as a hot water heater or air
conditioner. Estimates suggest that these voluntary programs
could reduce the need to invest in additional generation capacity
by at least 38% over the next two decades, generating cost sav-
ings of at least $129 billion (75). Voluntary energy efficiency and
demand response programs have been widely available for years,
but participation is frustratingly low (76). Demand response pro-
grams exemplify the public goods dilemma: participation helps
reduce on-peak demand, benefitting all energy grid users, but
energy consumers find participating inconvenient. Participation
is socially optimal because the inconvenience is minimal for most
individuals relative to the societal costs of a black out.
To explore the effect of observability on this real-world public

goods problem, we solicited residents of 15 homeowners asso-
ciations (HOAs) to participate in a demand response program.
Residents who volunteered for this program allowed the utility to
install a device that remotely curbs their central air conditioners
when necessary: on days with unusually high demand or in the case
of an unexpected plant or transmission failure. Residents who
volunteered, therefore, contributed to a public good by improving
the stability of the electrical grid in all of California, at the cost of
some personal inconvenience. We solicited volunteers by deliv-
ering mailers to residents and asking them to participate. Sign-up
sheets were posted in a communal area near their home, usually
by a shared mailbox kiosk. In our primary manipulation, we
varied whether residents’ neighbors could tell who had signed
up for the program. We did so by varying whether the publicly
posted sheets required residents to print their name and unit
number (observable treatment) or only a code that does not reveal
their identity (anonymous treatment).
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Fig. 1. Indirect reciprocity can support contributions to public goods, as
depicted here. In indirect reciprocity, my behavior toward you depends on
how you have behaved toward both myself and others. This process occurs in
three stages. First, people engage in a public goods game (cooperators in
blue and defectors in red). Peoples’ behavior is observed, both by other
players and third parties. Second, information about this behavior can
spread from person to person. Based on the information received, peoples’
opinions about the players are updated. Third, as a result, public goods
cooperators will receive cooperation in future interactions whereas defec-
tors will be denied cooperation, defected upon, or punished. Thus, indirect
reciprocity creates an incentive to contribute to public goods and can pro-
mote the evolution of cooperation.
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Results
We found that residents in the observable treatment are nearly
three times as likely to participate in the demand response pro-
gram as residents in the anonymous treatment (fraction of resi-
dents participating: anonymous = 0.030, observable = 0.088,
P < 0.01, n = 1408; Fig. 2). All statistics presented are from
probit regressions including various controls, with SEs clustered
at the HOA level; for details and regression tables, see Sup-
porting Information.
The effect of the observable treatment was over seven times

that of offering a $25 incentive (the estimated effect of the in-
centive is 0.009; a Wald test rejects that the coefficients on ob-
servability and the $25 incentive are identical, P = 0.024). This
incentive was what the utility had used before the experiment,
and they had previously argued the incentive would be far more
effective than observability. In fact, this incentive appears to
have been too small to be effective, and such small financial in-
centives are known to sometimes backfire (77). For the sake of
comparison, we followed convention and estimated how large
the financial incentive would have to be to achieve the same
results if its effect is linear (78). We found that the utility would
have had to offer an incentive of $174 to increase participation as
much as our observable treatment.
We now explore the mechanism through which observability

functions to increase participation. Indirect reciprocity theory is
based on reputational concerns: when groups of people interact
repeatedly and actions are observable, it becomes advantageous
to be seen contributing to public goods. Based on this account, we
predict that observability will have a greater effect among pop-
ulations where ongoing relationships and reputations are expec-
ted to play a larger role. We evaluate this prediction in two ways.
First, we test whether the effect of the observable treatment

was greater in apartment buildings compared with row houses
and individual homes. In apartment buildings, residents are more
likely to interact with their neighbors in public spaces, and sign-
up sheets were typically posted in especially conspicuous loca-
tions. Thus, indirect reciprocity theory predicts that observability
will have a larger effect in apartment buildings. As shown in Fig.
3A, the results confirm this prediction: observability increased
participation among those living in apartment buildings (fraction
of residents participating: anonymous = 0.048, observable = 0.114,
P < 0.01, n = 582) whereas it had little effect on the inhabitants of
row houses or individual homes (fraction of residents participating:

anonymous = 0.024, observable = 0.038, not significant, n = 826;
yielding an estimated interaction of 0.052, P = 0.04).
Second, we test whether observability had a larger effect

among those who own their homes/apartments relative to those
who rent. Renters are more transient and therefore likely to be
less invested in relationships with their neighbors. Thus, indirect
reciprocity theory predicts that observability will have a larger
effect among owners. As shown in Fig. 3B, the results were again
consistent with this prediction: observability dramatically increased
participation among owners (fraction of residents participating:
anonymous = 0.024, observable = 0.099, P < 0.01, n = 1015) but
had little effect on renters (fraction of residents participating:
anonymous = 0.045, observable = 0.059, not significant, n = 393;
yielding an estimated interaction of 0.046, P < 0.01).
Residents of apartment buildings and individual homes differ

on any number of dimensions, as do those who own versus rent
their homes. Thus, although the results are consistent with the
predictions of the indirect reciprocity framework, alternative
explanations of these results are possible. To partially address
this issue, we ran the same analysis with additional controls such
as Spanish language preference, ethnicity, missed payments, rebate
use, and historical electrical use, and found even stronger results
(Supporting Information). Therefore, differences on these dimen-
sions do not account for the differential effects of observability
seen in Figs. 2 and 3.
Finally, we provide evidence that the effect of observability is

unique to public goods. Not participating in the program should
carry the threat of social sanctions only if participation is considered
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Fig. 2. We solicited 1,408 customers of a major electric utility for partici-
pation in a program designed to prevent blackouts. Residents signed up for
the program on sheets posted in a communal area near their home, usually
by a shared mailbox kiosk. We varied whether residents’ neighbors could tell
who signed up for the program: publicly posted sheets required residents to
print their name and unit number (observable treatment) or only a code that
does not reveal their identity (anonymous treatment). Observability tripled
participation in the program.
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Fig. 3. Observability increased participation more in settings where repu-
tational concerns matter more. (A) Observability increased participation
more in apartment buildings where residents are more likely to interact with
their neighbors in public spaces and sign-up sheets were typically posted in
especially conspicuous locations, compared with row houses or individual
homes, where neighbors are less likely to interact and sign-up sheets were
less easily visible by others. (B) Similarly, observability increased participation
more among those who own their homes/apartments relative to those who
rent because renters are more transient and therefore likely to be less
invested in long-term relationships with their neighbors.
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to be a public good. Therefore, indirect reciprocity theory predicts
that observability should not increase participation among subjects
who do not think of participation as a public good. To test this
prediction, an additional 1,005 subjects received exactly the same
treatment as described above, except that the mailers they re-
ceived were stripped of any language that framed the demand
response program as a public good. Consistent with our hy-
pothesis, Fig. 4 shows that the effect of observability was reduced
in this cohort (fraction of residents participating: anonymous =
0.061, observable = 0.086, not significant, n = 1005; estimated
interaction between observability and the public good message in
a pooled regression is 0.035, P = 0.098).

Discussion
We have shown that indirect reciprocity promotes cooperation in
a real-world public goods game affecting thousands of people.
Making participation in the public good observable substantially
increased sign-ups and did so significantly more than offering
a cash incentive. Moreover, the effect of observability was larger
in settings where individuals were more likely to have future in-
teractions with those who observed them, and when participation
was framed as a public good. These results provide evidence that
reputational concerns were the driving force behind the effect of
observability in our study.
Our study is part of a nascent literature exploring reputation

and prosociality using field experiments. Consistent with our
findings in the domain of energy efficiency, there is evidence that
publicizing the names of donors increases the frequency of blood
donation (70) as well as the level of giving to a college charity
(71). Nonfinancial incentives involving reputation have also been
shown to outperform monetary incentives in motivating the sale
of condoms on behalf of a health organization in Nambia (72).
Our work adds to these studies by directly manipulating ob-
servability, allowing a comparison with monetary incentives while
avoiding other potential confounds present in previous experi-
ments. We also test specific hypotheses generated by indirect
reciprocity theory regarding when observability will and will not
increase cooperation. Taken together, this body of work provides
clear evidence that reputational incentives can be a powerful
force for increasing cooperation in the field. Our paper in par-
ticular adds to efforts aimed at promoting energy conservation
via nonfinancial incentives, such as providing people information
about their own energy use and how it compares with the energy
use of their neighbors (79–82).
A question arising from our study is the extent to which our

subjects were conscious of their indirect reciprocity motives. One

possibility is that they explicitly considered the reputational costs
of not participating in the observable public goods treatment.
Alternatively, they may have learned or evolved sensitivity to
subtle cues that subconsciously increased their desire to participate
when their decisions were observable, as has been shown in other
settings (62, 63, 65, 83). Perhaps the degree of “warm glow” they
feel is sensitive to the degree of observability in their environ-
ment and the likelihood of interacting with observers in the fu-
ture. Subsequent studies should further investigate this issue.
A related issue is the universality of reputation concerns.

Observability can promote cooperation, but only in populations
where the proper social norms are in place. For example, in
a laboratory experiment in the United States, making public goods
contributions observable by linking the PGG to a set of pairwise
Prisoner’s Dilemma games led to high contributions (53). How-
ever, when the same experiment was run using students in
Romania, no such positive effects were observed because the
Romanians did not sanction bad behavior in the PGG (84).
Similarly, providing feedback on how one’s energy use compares
with one’s neighbors had reduced consumption among American
liberals but may have had the opposite effect among conserva-
tives (80). Studying the interaction between norms and institu-
tional policies is an important direction for future research.
In our experiment, the observability mechanism was designed

so that participation was automatically displayed to all: because
sign-up sheets were posted in public areas, no special effort was
required by individuals to spread reputational information. Most
indirect reciprocity models, however, rely on individuals com-
municating information about the observed actions of others (21).
Fortunately, we are more than happy to talk about how others
have behaved: gossip is a central element of human communi-
cation (85, 86). However, why did we come to have this pre-
dilection for gossiping about the previous behavior of others?
Why spend time and effort on evaluating others, and why give
honest evaluations of competitors? Indirect reciprocity itself
offers a potential answer: providing honest information or not is
another game of cooperation and defection, which is also linked
to reputation. Your reputation can be damaged not just by de-
fection in the primary public goods game, but also by the dis-
tribution of incomplete or false information. Another important
question involves large-scale reputation systems such as those
used by the online market eBay (87) or the business rating website
Yelp (88): to what extent does our intrinsic desire to gossip extend
to these more distributed settings? Why do people bother to leave
evaluations, and how can secondary reputation systems be de-
signed to encourage honest feedback? Exploring these issues is
an important direction for further study.
Indirect reciprocity offers a powerful tool for promoting co-

operation in contexts of great societal importance. Here, we offer
quantitative evidence for one example: curbing electricity use
during periods of high demand. However, this is just one of
many such opportunities (70–72, 89). For example, people might
be induced to drive more efficient cars if all vehicles bore a vis-
ible indication of fuel efficiency, perhaps via mandated color
coding of license plates for the most efficient and most wasteful
vehicles. Or home energy use might be reduced if utility com-
panies made individuals’ power use statistics publicly available.
One might even apply this logic to scientific discovery: a measure
of “scientific carbon efficiency” could by calculated by dividing
an author’s number of citations (or h-index) by the number of miles
flown to attend conferences. Of course, privacy is an important
issue that must be balanced against the benefits of reputational
pressure. However, there are also indirect reciprocity applica-
tions that do not infringe on the privacy rights of individuals. For
example, businesses might reduce their environmental impact if
they were required to disclose the overall carbon footprint of their
operations. Reputational concerns might discourage financial
institutions from taking excessive risk because of changes in
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Fig. 4. We solicited an additional 1,005 customers with exactly the same
treatment as described above, except that the informational materials they
received were stripped of any language that framed the blackout pre-
vention program as a public good. The effect of observability was dramat-
ically reduced among subjects who did not receive the public good framing.
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the price at which they have to borrow. Or government agencies
might reduce waste if the relevant statistics were readily accessible
to the public. Developing interventions that harness indirect rec-
iprocity is a promising direction for future public policy initiatives.

Methods
We administered the field experiment with the collaboration of the Pacific
Gas and Electric Company (PG&E), a regulated utility that operates the
majority of Northern California’s retail residential electricity market. The
experiment was incorporated into a routine marketing effort for a demand
response program called SmartAC, which is designed to help prevent or
shorten power interruptions by curbing demand from central air condi-
tioners on days with unusually high demand, or in the case of an unexpected
plant or transmission failure. The program is voluntary; subjects who par-
ticipate contribute to a public good by contributing to the stability of the
electrical grid in all of California, at the cost of some personal inconvenience
and possibly some discomfort. The SmartAC switch is installed free-of-
charge. At the time of the program, participants received a $25 check for
signing up. The SmartAC program is a typical demand-side management,
direct load control, or load shedding program.

Subjects in the field experiment were residential customers living in
homeowners associations (HOAs) and one rental complex in Santa Clara
County. We focused on tenants of HOAs because it was necessary to choose
residenceswith public spaceswhere sign-up sheets could be posted.We focused
on Santa Clara County because PG&E had not marketed in this area before the
field experiment. Furthermore, Santa Clara County is hot enough that cus-
tomers there were likely to have air conditioners, and dense enough to have
a sufficient number of HOAs. Finally, we restricted the analysis to HOAs where
all residents were known to have central air conditioning because central air
conditioning was required to participate in the SmartAC program.

We invited subjects to participate in the program by sliding marketing
materials under subjects’ doors, placing them on their doorstep, or mailing

materials to subjects. The materials included an informational letter de-
scribing the program and an instruction card that directed subjects to sign
up for the program on sign-up sheets posted next to their mailboxes or in
another central location. We left the sign-up sheets up for 3 to 10 d,
depending on managers’ preferences, the weather, and other conditions.
After distributing the marketing materials, we removed the sign-up sheets,
noted subjects’ participation decisions, and provided the list of participants
to PG&E’s contractor for processing and installation. Note that subjects were
not aware that they were participating in an experiment. This study is
therefore classified as a natural field experiment (90).

In the experiment’s main treatment, we varied observability by varying
the design of the sign-up sheets on which subjects register for the program:
some sheets were designed so that subjects’ identities were easily revealed
to others who observed the sign-up sheet whereas others were designed to
conceal subjects’ identities. In the latter “anonymous’” design, the fields for
subjects’ names and apartment numbers were omitted from the sign-up
sheet. Instead, subjects were identified only by their randomly generated
personal code.

Simultaneously, we varied the design of the marketing materials along
two dimensions. First, we variedwhether thematerials framed the decision to
sign up as a contribution to a public good that would benefit others, or just as
a new feature being offered by PG&E. Second, we varied whether subjects
were offered a $25 incentive for signing up for the program. See Supporting
Information for further details of the experimental design.
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Experimental Methods
Setting. We administered the field experiment with the collabo-
ration of Pacific Gas and Electric Company (PG&E), a regulated
utility that operates the majority of Northern California’s retail
residential electricity market. The experiment was incorporated
into a routine marketing effort for a program called SmartAC,
which helps to prevent or shorten power interruptions by curbing
demand from central air conditioners on days with unusually
high demand, or in the case of an unexpected plant or trans-
mission failure. The program is voluntary; subjects who partici-
pate contribute to a public good by contributing to the stability of
the electrical grid in all of California, at the cost of some per-
sonal inconvenience and possibly some discomfort. PG&E in-
stalls a small radio-operated switch in series with participants’
central air conditioners’ thermostats. During system emergen-
cies, PG&E remotely cycles the switch on-and-off, reducing the
frequency with which the central air conditioner’s compressor
operates. When engaged, the switches raise the temperature in
participants’ homes by no more than four degrees fahrenheit,
while providing a substantial aggregate reduction in demand
proportional to the number of participants. The SmartAC switch is
installed free-of-charge. At the time of the program, participants
traditionally received a $25 check for signing up.
The SmartAC program is a typical demand-side management

(DSM), direct load control, or load shedding program. Broadly
speaking, DSM programs are energy efficiency programs in which
end users grant a utility or system operator the right to remotely
curb a designated part of their energy consumption when costs are
exorbitant or there is a risk of a blackout.

Sample. Subjects in the field experiment were residential cus-
tomers living in homeowners associations (HOAs) and one rental
complex in Santa Clara County. We restricted the sample to
tenants of HOAs because it was necessary to choose residences
with public spaces where sign-up sheets could be posted. We
restricted the sample to Santa Clara County because PG&E had
not marketed in this area before the field experiment. Further-
more, Santa Clara County is hot enough that customers there
were likely to have air conditioners, and dense enough to have a
sufficient number of HOAs. Finally, we restricted the analysis to
HOAs where all residents were known to have central air con-
ditioning because central air conditioning was required to par-
ticipate in the SmartAC program.

Procedure.We began by obtaining permission from managers and
boards to solicit residents in their HOA for the program. If either
did not approve, the HOA was removed from the sample. If we
obtained approval, we invited subjects to participate in the
program by sliding marketing materials under subjects’ doors or
placing them on their doorstep. When managers did not permit
this, we mailed materials to subjects. The materials included an
informational letter describing the program and an instruction
card that directed subjects to sign up for the program on sign-up
sheets posted next to their mailboxes or in another central lo-
cation. Both the letter and the instruction card were stuffed into
a SmartAC envelope. We left the sign-up sheets up for 3–10 d,
depending on managers’ preferences, the weather, and other
conditions. After distributing the marketing materials, we re-
moved the sign-up sheets, noted subjects’ participation deci-
sions, and provided the list of participants to PG&E’s contractor

for processing and installation. Note that subjects were not aware
that they were participating in an experiment. This study is
therefore classified as a natural field experiment (1).
Individual subjects were dropped from the analysis when we

could identify them as having had extensive interaction with us
(the researchers), for example if they attended a board meeting
where we described the program in full. Entire HOAs were
dropped from the analysis if circumstances prevented subjects
from signing up, e.g., the sign-up sheets were repeatedly removed
or vandalized (oneHOAwas dropped for this reason), or if HOAs
were located in areas that had been mailed by PG&E before the
experiment (one HOA was dropped for this reason). The fol-
lowing describes the variables used in the analysis.

Treatments. In the experiment’s main treatment, we varied ob-
servability by varying the design of the sign-up sheets on which
subjects register for the program: some sheets were designed so
that subjects’ identities were easily revealed to others who ob-
served the sign-up sheet whereas others were designed to con-
ceal subjects’ identities.
Simultaneously, we varied the design of the marketing mate-

rials along two dimensions. First, we varied whether the materials
framed the decision to sign up as a contribution to a public good.
Second, we varied whether subjects were offered a $25 incentive
for signing up for the program. There were also three additional
treatments which are presented for completeness.
Varying observability. We varied observability by manipulating the
design of the sign-up sheets on which subjects signed up for the
SmartAC program. We designed the treatment group’s sign-up
sheets to reveal subjects’ identities to others who observed the
sign-up sheet. This “observable” design included fields for sub-
jects’ names and apartment numbers. Also, when we generated
subjects’ personal codes, which uniquely identified them within
their building, we did so using their apartment numbers. We de-
signed the control group’s sign-up sheets to conceal subjects’
identities from others who observed the sign-up sheet. This
“anonymous” design omitted the fields for subjects’ names and
apartment numbers. Subjects were identified only by their per-
sonal code, which we generated randomly. Reproductions of the
two versions of the sign-up sheets are displayed in Fig. S2. We
randomized subjects into treatment groups at the sign-up sheet
level: neighbors who shared a mailbox location were necessarily
randomized into treatment groups together.
This treatment is similar to existing experimental tests of social

approval, all of which test for social approval by comparing in-
dividuals’ contributions to a public good under varying degrees
of peer or experimenter scrutiny.
Varying public good message. We manipulated whether subjects
considered their sign-up decision in the context of a contribution
to a public good, namely, reducing the risk of power interruptions
in California. Subjects in the treatment group were informed of
the SmartAC’s role in preventing power interruptions in the
printed marketing materials that they receive. The materials’
design made the difference between the treatment groups striking:
in one, the public good message is greatly emphasized and is ac-
companied with a butterfly graphic, whereas in the other, both the
image and the message are missing. We used this distinction in
the informational flier (displayed in Fig. S3), as well as in the
instruction card and the envelope in which both were enclosed.
This treatment is similar to those used by laboratory studies
which also vary framing simultaneously with observability (2,3).
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Varying financial incentive. We manipulated whether subjects were
offered a $25 incentive for signing up for the SmartAC program,
again by varying the content of the printed marketing mate-
rials. We followed common practice (4) and used this treat-
ment as a benchmark against which other experimental effects
were compared.
Additional treatments. The experiment included three additional
treatments. First, we informed one group that a relatively small
number of subjects had been offered the $25 sign up incentive and
another that a larger number of subjects had been offered the
incentive.
Second, we attempted to exogenously vary sign-up rates of

subjects’ peers by varying whether residents in a sign-up sheet
group were eligible for the sign-up incentive. In some of the
groups, subjects were offered the incentive with probability 0.8,
whereas in other groups, they were never offered the incentive.
Although we randomized subjects into treatment groups at the
sign-up sheet level, some subjects in eligible groups did not re-
ceive the incentive because marketing materials were still ran-
domized at the individual level as described above.
Finally, we varied whether subjects had the opportunity to

observe their peers’ decision before signing up for the SmartAC.
We did this by delaying delivery of the marketing materials for
a small group of residents in a building and observing whether
their response to the mailer in the first few days was different
from the remaining residents’ response in the first few days. We
randomized the timing of mailer delivery at the individual level.
These treatments were designed with the expectation that

the $25 incentive would have a large impact on sign-up rates.
Although this expectation was based on information from industry
experts, it did not bear fruit in this setting. Consequently, we
repressed the bulk of the tests associated with these treatments,
and the associated discussion. For completeness, we present the
results of a regression with controls for these treatments in
column 3 of Table S1.

Randomization Procedures. The following describes the randomi-
zation procedures for all treatments.
Sign-up sheets. Subjects were always assigned to a revealing sign-up
sheet with probability 0.5. This assignment was independent of the
remaining treatments.
Incentives. Subjects’ sign-up sheet group was designated as eligible
for incentives with probability 0.8. Conditional on being eligible
for the incentive, subjects received the incentive with probability
0.8. The unconditional probability of receiving an incentive was
thus 0.64.
Public good message. Subjects were assigned the public good
message with probability 0.45 if their sign-up sheet group was
eligible for incentives and 0.87 if it was not. The unconditional
probability of receiving the public good message was thus 0.49.
Crowding out message. Conditional on receiving the public good
message and the incentive, subjects received the high and low
crowding out message each with probability 0.42.
Latemailers.Subjects were assigned to receive their mailer late with
probability 0.2. This assignment was independent of the remaining
treatments.

Additional Data. The experimental treatments were augmented
with individual characteristics collected through visual inspection
or from PG&E’s customer files. They included the following:
whether subjects lived in an apartment building, whether subjects
were homeowners, subjects’ ethnicity inferred from their names,
subjects’ Spanish language preference, whether subjects had
missed payments, whether subjects had ever requested rebates,
and subjects’ electrical use history in kilowatt hours.

Statistical Methods and Regression Results
In the manuscript, we present sample means across treatments
accompanied by P values, which indicate the likelihood that the
sample came from a population in which there was no difference
across treatments. The P values presented are from probit re-
gressions of whether subjects signed up for the SmartAC pro-
gram on experimental manipulations and subject characteristics.
We use variants of the following regression specification:

sijk =
�
1 if α+ β0oij + β1gijk + β2oijgijk + β3tijk + β4Zijk > eijk

0 otherwise
[1]

where sijk indicates whether subject k of sign-up sheet group j in
HOA i participated in the program, oij is a dummy indicating
whether her sign-up sheet was observable, gijk indicates whether
she received the public goods message, tijk indicates whether k
received a $25 sign-up incentive, Zijk are demographics controls
(see Additional Data) and interactions included in some specifi-
cations, and eijk is a normally distributed idiosyncratic error term
that is assumed to be clustered at the HOA level. For example,
in describing our main result, we compare the mean sign-up rate
for subjects assigned to the observable treatment to the mean
sign-up rate for subjects assigned to the anonymous treatment
and report the P value associated with the average marginal
effect of observability from our estimates of the regression in
Eq. 1 (see column 1 in Table S1).
We present average marginal effects, SEs, and P values from

regressions that include all subjects for whom data are available,
evaluated at parameters of interest. For example, P values for
subjects who received the public good framing are from re-
gressions on all subjects, but for the average marginal effect of
observability evaluated at public good = 1. Similarly, in describing
the different effect of observability across groups, we present the
estimated average marginal effects of observability from a single
regression that includes subjects in both groups, evaluated sepa-
rately for each group. For example, in comparing the effect of
observability for homeowners and renters, we present the esti-
mated average marginal effect of observability from a single re-
gression that includes both homeowners and renters, evaluated
separately at homeowner = 0 and homeowner = 1. We present the
P value for the coefficient on the interaction of observability with
a dummy variable indicating whether subjects were residents of
apartment buildings and homeowners (see columns 4 and 5 in
Table S1). In Table S1, we present both the number of subjects in
the regression, as well as the number of subjects in the group of
interest. For example, there were 582 subjects who lived in
apartment buildings and received the public good framing; how-
ever, we present results for these subjects from regressions that
include all 2; 413 subjects (see column 2 in Table S1). For each
result presented, we have confirmed that results from separate
regressions (e.g., separate regressions for subjects who received the
public good framing and those that did not) yield similar results, as
expected with balanced treatment groups.
In all, there were 2; 413 subjects in 15 HOAs. The average

sign-up rate was 6.2%. Table S1 presents the probit regression
estimates for all regressions referenced in the manuscript. Col-
umn 1 presents our main test of the effect of observability when
subjects receive the public good framing. Column 2 adds controls
for additional treatments not included in this study. Column 3
examines whether the effect of observability is stronger for
subjects who live in apartment buildings. Column 4 does the same,
but adds demographic controls. Column 5 examines whether the
effect of observability is stronger for homeowners. Column 6 does
the same, but adds demographic controls. Finally, column 7
presents the effect of observability when subjects do not receive
the public good framing.
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Fig. S1. Example of posted sign-up sheet. Subjects were instructed to sign up for the program on sign-up sheets posted in public spaces, usually near
mailboxes.

Personal Code
(From your letter)

Sign Me 
Up!

First Name
(Please Print)

Last Name
(Please Print)

Date
(MM/DD)

Apt. #
(Please Print)

Yes
No /
Yes
No /
Yes
No /
Yes
N /

Yes
No /
Yes
No /
Yes
No /
Yes
N /

Personal Code
(From your letter)

Sign Me 
Up!

Date
(MM/DD)

Fig. S2. Varying observability using sign-up sheets. In the observable treatment, subjects were instructed to sign up by writing in their name and apartment
number on the sheet. In the anonymous treatment, subjects were instructed to sign up using an anonymous code.
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Fig. S3. Varying framing using marketing materials. Subjects were invited to participate in the program via marketing materials delivered to their doorstep or
via the US Postal Service. The marketing materials were varied; subjects in the public good treatment received materials that framed participation as a con-
tribution to a public good whereas subjects in the control received materials that were stripped of all language promoting the benefits to the public good.
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Table S1. Effect of observability on participation in PG&E’s SmartAC program

Public good framing
No public good framing

Variable 1 2 3 4 5 6 7

Observable 0.059 0.057 0.036 0.048 0.058 0.069 0.024
(0.019)*** (0.019)*** (0.012)*** (0.011)*** (0.02)*** (0.018)*** (0.025)

Incentive 0.009 0.007 0.01 0.013 0.008 0.011 0.0103
(0.014) (0.025) (0.012) (0.013) (0.014) (0.014) (0.017)

Apartment building — — 0.048 0.04 — — —

— — (0.014)*** (0.011)*** — — —

Homeowner — — — — 0.006 0.002 —

— — — — (0.011) (0.011) —

Observable × apartment building — — 0.052 0.067 — — —

— — (0.026)** (0.019)*** — — —

Observable × homeowner — — — — 0.046 0.057 —

— — — — (0.016)** (0.022)** —

Controls — OT — SD — SD —

Observations in group 1,408 1,408 582 478 1,015 855 1,005
Observations in regression 2,413 2,413 2,413 2,073 2,413 2,073 2,413

Probit estimation of the effect of randomized interventions and subject characteristics on participation in the SmartAC program. Dependent variable is
whether a subject signed up for the SmartAC program. The mean of the dependent variable is 0.062. Coefficients displayed are average marginal effects.
Columns 1–6 display average marginal effects evaluated at public good = 0. Column 7 displays average marginal effects evaluated at public good = 1. Column 2
includes controls for treatments other than experimental treatments (OT, other treatments). Columns 4 and 6 include controls for Spanish language prefer-
ence, rebate requests, missed payments, electricity use, and ethnicity (SD, subject demographics). SEs are displayed in parentheses and are clustered at the HOA
level. —, omitted from the regression. **Statistical significance at the 5% level; ***statistical significance at the 1% level.

Fig. S4. Varying monetary incentive using marketing materials. Participants in the program traditionally received $25 for signing up. We varied whether
participants were offered this $25; subjects in the monetary incentive treatment were offered $25 for participating whereas subjects in the control treatment
were not.
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