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A B S T R A C T

Eye cues have been shown to stimulate rapid, reflexive, unconscious processing and in many experimental
settings to cue increased prosocial and decreased antisocial behaviour. Eye cues are being widely applied in
public policy to reduce crime and antisocial behaviour. Recently, failed replication attempts and two meta-
analyses examining the eye cue effect on generosity have raised doubts regarding earlier findings. Much of the
wider evidence on eye cues has still not been systematically reviewed, notably that which is most relevant to its
practical application: the effect of eye cues on antisocial behaviour. Given the evidence of humans' heightened
sensitivity to threat and negative information, we hypothesized that the watching eyes effect would be more
consistent in studies examining antisocial behaviour. In our meta-analysis of 15 experiments from 13 research
papers we report a reduction in the risk of antisocial behaviour of 35% when eye cues are present. By contrast,
systematic reviews have suggested CCTV cameras reduce crime by only 16%. We conclude that there is sufficient
evidence of a watching eyes effect on antisocial behaviour to justify their use in the very low-cost and potentially
high-impact real-world interventions that are proliferating in public policy, particularly in the UK.
Public significance statement: Our meta-analysis of 15 experiments involving 2035 participants shows that pho-
tographs and/or stylized images of eyes reduced antisocial behaviour by 35%. Our findings support public policy
initiatives employing pictures of ‘watching eyes’ to reduce crime. Furthermore, in an age when we are watched
more than at any time in modern history – both online and on the street – our findings highlight an urgent need
to fully understand the effect that perceived surveillance, feeling watched, has on our decisions and actions.

1. Introduction

The ‘watching eyes’ effect refers to a strange phenomenon whereby
the mere presence of pictures of eyes or stylized eye images (hereafter:
eye cues) is enough to cause people to adjust their behavior (e.g.
Bateson, Nettle, & Roberts, 2006; Burnham & Hare, 2007; Haley &
Fessler, 2005). The ‘watching eyes effect’ suggests that just feeling
watched may be enough to make us modify our actions independent of
deliberative, explicit, conscious, evaluation of the costs and benefits of
an action.

Much of the research on the influence of pictures of eyes on beha-
viour has focused on prosocial behaviour. For instance, a picture of
human eyes added to charity donation buckets in supermarkets in-
creased donations by 48% in comparison with a control condition
(Powell, Roberts & Nettle 2012).

In addition to field experiments, laboratory studies have also ad-
dressed the question of whether eye cues increase generosity, utilizing

the Dictator Game (Nettle et al., 2013) and similar economic games.
Two of the earliest studies in the field serve as examples. In 2005, Haley
& Fessler found subtle watching eye cues increased generosity in the
Dictator game by 31%, and when the eye cues were more clearly visible
by 55%. A similar eye cues & economic game design run by Burnham &
Hare in 2007 suggested that the presence of eyes increased altruistic
contributions in an economic simulation by 29% in comparison with a
control.

More recent research has challenged earlier findings on the effect of
eyes cues on prosocial behaviour. A series of replication attempts and
new experiments failed to find any consistent evidence for an eye cue
effect (Beyfus et al., 2016; Brudermann, Bartel, Fenzl, & Seebauer,
2015; Bush, Erlich, Prather, & Zeira, 2016; Cai, Huang, Wu, & Kou,
2015; Carbon & Hesslinger, 2011; Fehr & Schneider, 2010; Fujii,
Takagishi, Koizumi, & Okada, 2015; Gaiani, Rose, & Roberts, 2014;
Golja, 2013; Huang, Liu, Zheng, Tan, & Zhao, 2015; Jackson, 2015;
Jolij & de Haan, 2014; Kuliga, Tanja-Dijkstra, & Verhoeven, 2011;
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Lamba & Mace, 2010; Matland & Murray, 2016; Matsugasaki,
Tsukamoto, & Ohtsubo, 2015; Northover, Pedersen, Cohen, & Andrews,
2017b; Palomäki, Modic, & Yan, 2015; Raihani & Bshary, 2012; Rose,
Gaiani, & Roberts, 2014; Sparks, 2010; Sparks & Barclay, 2015; Stella
et al., 2013; Tane & Takezawa, 2011; Vogt, Efferson, Berger, & Fehr,
2015; Waktare & Roberts, 2014; White, 2015).

There has been a broad consensus since the first eye cues experi-
ments (Burnham, 2003; Burnham & Hare, 2007) that if eye cues work it
is by making us feel watched. Burnham and Hare called this ‘the evo-
lutionary legacy hypothesis’, the idea that we evolved a pronounced
responsiveness to feeling watched and adapt our behaviour initially to
protect us from predation, and later in social groups, to protect our
reputation. There is now a significant body of neuropsychological re-
search which suggests this is indeed the case. In their unified theory
aiming to explain the mechanism through which eye cues influence
behaviour, Conty, George, and Hietanen (2016) suggest that watching
eyes prompt a subconscious reputation management mechanism to
change our behaviour. First, eye cues' highly salient nature captures
attention which, second, triggers heightened self-referential processing.
In triggering self-referential processing, eye cues are unconsciously
prompting heightened concern over how we are socially evaluated.
These subconscious reputational concerns can lead us to moderate our
behaviour (Conty et al., 2016). In short, this false cue can alter beha-
viour by changing the way we process information, leading us to act as
if are watched and our reputation is at stake even when in fact it is not.
If this is so, we should consider the reputational consequences of be-
haviours when predicting whether eye cues are likely to elicit a strong
effect on decision making and also in predicting the direction of any
effect.

We argue that the inconsistent results in watching eyes effects stu-
dies and in recent meta-analyses may be due to the varying effects of
prosocial behaviour on reputation. In contrast we both propose, and
test, the hypothesis that eye cues should more reliably reduce antisocial
behaviour, since antisocial behaviour is more consistently re-
putationally damaging.

In exploring our hypothesis, we first review the evidence for the
‘watching eyes’ effect on prosocial behaviour highlighting its incon-
sistency. Second, we provide evidence for our argument that antisocial
behaviour may be more consistent in damaging reputation than pro-
social behaviour is in enhancing it. We then conduct a meta-analysis to
test our hypothesis before reviewing our findings.

The first reviews in the field suggested there was a reliable influence
of eye cues on prosocial behaviour. (Nettle et al., 2013; Sparks &
Barclay, 2013). However, Nettle et al.'s (2013) conclusion that in dic-
tator games the presence of eye cues increased not the mean donation
but the probability of donating something rather than nothing was re-
cently challenged by Northover, Pedersen, Cohen, and Andrews
(2017a) whose larger meta-analysis and review found no effect of eye
cues on ‘the proportion who gave’ in generosity tasks across 27 ex-
periments. Furthermore, in a separate analysis Northover and collea-
gues also found that the effect size was extremely small when com-
paring the difference between mean donations in the eyes and no eyes
conditions across 26 dictator game and charitable giving experiments
(Northover et al., 2017a). Northover and colleagues also investigated
the effect of eye cues of moral judgement. They analysed six studies and
found no statistically significant eye cue effect, an effect size close to
zero and a confidence interval crossing zero (Northover et al., 2017b).
These inconsistent findings might also be explained by the variable
effects of generosity on reputation.

2. Eye cues and antisocial behaviour

Evidence for the inconsistent effect of generosity on reputation can
be found in a series of 11 experiments conducted by Klein and Epley
(2014). These show that generosity is not always good for one's re-
putation. In fact, while some generosity enhances reputation, greater

generosity delivers diminishing reputational returns and extreme gen-
erosity can even be damaging.

Klein and Epley ran scenarios in which participants rated the re-
putation of a fictional character “Tom” after reading scenarios that
described how much he had donated for a charity concert ticket: below
the suggested amount, at the suggested amount or above it. No sig-
nificant difference was found in ratings of Tom's competence across the
3 levels of donation. This is as expected given the description was
identical barring the figure for how much he donated. In contrast, the
amount he donated did matter to his reputation for warmth. Behaving
fairly by donating as suggested rather than unfairly, donating below the
recommended amount, improved ratings of Tom's ‘warmth’. But greater
generosity did not bring higher ‘warmth’ ratings. Warmth is related to
judgements of friendliness, trustworthiness, and morality and is more
dominant in the formation of reputation than competence (Fiske,
Cuddy, & Glick, 2007; Wojciszke, Bazinska, & Jaworski, 1998).

Klein and Epley conducted additional experiments to further test the
relationship between prosociality and reputation via the online crowd-
sourcing site Amazon Mechanical Turk, and in laboratory-based set-
tings with similar results. Competence ratings varied little, but warmth
ratings did, with extreme generosity decreasing rather than increasing
reputational ratings. As the authors put it, ‘it pays to be nice, but pays
no more to be really nice’. An extension of this research across 7
countries and cultures has found similar results (Klein, Grossmann,
Uskul, Kraus, & Epley, 2015). There is no consistent effect of generosity
on reputation, so we should not expect eye cues to cause a consistent
increase in generous behaviour.

Surveillance cues, if they provoke reputational concerns, should
have more consistent effects in reducing antisocial and selfish beha-
viour than in promoting prosocial acts because of our acute sensitivity
to negative information (Rozin & Royzman, 2001). In an extensive re-
view, instructively titled Bad is Stronger than Good, Baumeister,
Bratslavsky, Finkenauer, and Vohs (2001) describe a number of ex-
perimental findings that suggest why this might be so. They show: how
negative stereotypes are more prevalent, more enduring and more in-
fluential than positive; how our self-esteem is more sensitive to criti-
cism than it is to praise; how we respond more to critical feedback than
to praise, learning faster from negative experiences than positive; how
we prioritise the processing of negative over positive information, al-
locating greater attention and cognitive resource to it; how we tend to
remember bad events longer so antisocial acts echo longer in the
memory of the observer than prosocial behaviours, and how negative
experiences and negative language in relationships exert more influ-
ence on ratings of relationship happiness than positive experiences and
positive language – thus we might be keener to avoid providing nega-
tive signals about ourselves for others to gossip about than we are to
seek to provide positive signals and be talked about positively. They
also suggest that negative affect (emotion) and emotional distress have
a greater and more enduring influence on us than positive affect and
pleasant emotions, so we would be more motivated to avoid the censure
that follows signalling bad character than to signal good character to
experience warm emotions. Thus, the evidence from the psychological
research summarised by Baumeister et al. (2001) suggests negative
information should have consistently damaging – and lasting – effects
on our reputation.

This contention that the reputational threat from displaying anti-
social behaviour should be greater and more consistent than that from
failing to show generous behaviour is supported by evidence from
evolutionary psychology too. Punishment in social groups is necessary
for group success. It helps prevent free-riding and social infractions,
enforce hierarchy to enable group functioning and it sustains group
cohesion (Fehr & Gachter, 2002; Gürerk, Irlenbusch, & Rockenbach,
2006). Indeed, an acute fear of being watched may have been essential
for social groups to succeed in order to enforce norms without constant
combat and punishment. The difficulty of extending surveillance be-
yond the small groups of our early evolutionary history may have been
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responsible for the emergence of belief in all-seeing, punishing super-
natural agents – gods and spirits – who could ensure we all felt watched
even in the absence of others (Johnson, 2016). We should therefore
expect stronger, more consistent responses to reputational threat (being
seen to behave antisocially) than ambiguous reputational opportunity
(being seen to be generous).

In the evolutionary context it is interesting to note that participants
in Klein and Epley's experiments expected to earn a better reputation by
being more generous. This common-sense assumption underpins ex-
periments examining the effect of watching eyes on generosity. While
the assumption that greater generosity generates consistent and linear
reputational benefits is unsound it may still be adaptive. Expecting
generosity of others creates an explicit social norm that would be of
benefit to the group – we should all give, think highly of those who are
generous and thus both individual and the group gain if we give when
watched. However, an unconscious mechanism promoting prosociality
even when not watched would encourage maladaptive behaviours for
the individual – leading them to give away resources without prospect
of reward.

Given this logic it is unsurprising that cues to surveillance such as
watching eyes produce varied responses on people's generosity. In
contrast, having an unconscious mechanism to avoid unfairness and
antisociality when watched would protect the individual's reputation
and thus avoid damaging reprisals. Thus, there are sound theoretical
reasons to focus our meta-analysis on the effect of watching eyes on
anti-social behaviour.

There are sound practical reasons for this focus too. The eye cue
effect on antisocial behaviour is already being put to practical use
across Britain. In 2006 West Midlands Police used 100 buses to promote
the message ‘We're Keeping an Eye on Crime’ along with a picture of
eyes to try to reduce bicycle and other theft (West Midlands Police,
2006). British Police in the Nottinghamshire town of Hucknall claim
posters of eyes reduced crime by 40% (Flanagan, 2013). Eye cues have
been added to trees to reduce littering in the Forest of Dean, and are
being used by Britain's HM Revenue and Customs Service to discourage
tax evasion (BBC News, 2015; Knapton, 2016; Nelson, 2013). Press
reports indicate that the posters have been used across Britain's rail
network to deter crime (Basildon, Canvey, & Southend Echo, 2013). At
the time of writing eye cues are appearing at motorway service stations
across Britain as Keep Britain Tidy expands an initiative to reduce lit-
tering by drivers, with preliminary results suggesting that they have
caused a 23% reduction in littering (Extra Services, 2015; H.M.
Government (UK), 2017).

In fact, so well established is the idea in policy circles that the UK
Government's, 2017 National Anti-Littering Strategy recommends the
use of watching eyes interventions to reduce littering (H.M.
Government (UK), 2017). Thus, given our hypothesis and its practical
implications, we focus our meta-analysis on the watching eyes' effect on
antisocial behaviour.

2.1. Methods

PRISMA 2009 flow diagram.

2.2. Types of intervention

We reviewed 113 full-text articles comparing between groups ex-
posed to eye cues and those in a control condition. We examined both
laboratory and field experiments. We considered for meta-analysis 19
articles identified as examining the watching eyes effect on antisocial
behaviour, excluding a further 6 due to issues with the experimental
design or the unavailability of data as described below.

2.3. Types of outcome measures

The outcome measure for the meta-analysis was antisocial

behaviour.

2.4. Search strategy

Initially, we conducted a full search without limitation by outcome
measure to document all eye-cue relevant research in one place for the
first time. In order to take as full a view of the watching eyes field as
possible we searched Web of Science by topic using the search terms
“watching eyes”, “eye cues”, “eye cue”, “eye spot”, “eyespot”, “eye-
like”, “social cues”, “eye-images”, “watching you”, “surveillance cues”,
“images of eyes”, “observation cues”, “perception of human face”, “face
cues”, “cues of observation”, “gaze cues”, “implicit gaze”, “implicit
observability”, “eye primes”, and by title using the terms “implicit so-
cial”, “watching you”, “social eyes OR social-eyes” (See Additional
Materials for full details of our search strings). We excluded duplicates
counting only studies not previously identified using earlier search
terms. We identified studies in the bibliography of the most recent and
thorough review (Northover et al., 2017a).

Noting that Northover et al. had just completed an extensive search
for unpublished research at the same time as our review was written we
did not duplicate this effort by announcing our own formal call for
unpublished papers. However, we did conduct our own private search
for unpublished material - searching by author name when alerted to
their interest in the watching eyes effect in other papers - and in doing
so identified 4 additional studies to those picked up by keyword sear-
ches,. Two studies (Palomäki et al., 2015; Traver & Cordell, 2014) were
identified via the abstract booklet of the Decepticon conference attended
by a colleague. Palomäki et al.'s unpublished study was received via
correspondence with the author and is included in the meta-analysis.

We searched studies using Google Scholar's ‘cited by’ function to
identify further research in different domains that we might not
otherwise have found (generosity in field and lab, voting behaviour,
minimal cues), identifying a further 15 studies. Seeking real-world
applications of the research we conducted a general web search using
Google, finding a further large-scale field experiment (and a number
currently underway).

An extensive search was made of Newcastle University's online re-
pository (http://research.ncl.ac.uk) which yielded a number of un-
published Masters' research studies.

We repeated our search prior to submitting for publication in March
2017 adding a further 13 studies.

All searches are documented in the Excel tabulation in ‘Additional
Materials’ and provide a comprehensive overview of the 48 different
outcome measures identified ranging from the watching eyes effect on
generosity and hand-washing to their influence on choice justification
and poker risk-taking.

This is, to the best our knowledge, the most comprehensive database
of watching eyes studies yet compiled.

2.5. Meta-analysis study selection

All studies containing the search terms were reviewed by title and
abstract. Where their relevance remained unclear the full text was ac-
cessed. Studies were eliminated from, or included in the review in this
way on the first search. Further refinement for the meta-analysis was
undertaken following the recording and categorisation of the studies
[See Excel spreadsheet in additional materials].

With all watching eyes studies documented in Excel format we fil-
tered the table to identify watching eyes studies examining antisocial
behaviour, selecting from the column ‘outcome measure’ the antisocial
behaviour categories: ‘Advice Giving’, ‘Amount Taken’, ‘Antisocial
Behaviour’, ‘Cheating’, ‘Corruption’, ‘Cycle Theft’, ‘Dishonesty’, ‘Dog
fouling’, ‘Engine Idling’, ‘Honesty’, ‘Littering’, and ‘Lying’. This selec-
tion process returned 19 papers. All others were excluded as they did
not examine antisocial behaviour [this process can be replicated via the
Excel database in additional materials]. The 19 papers selected all
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studied behaviours that met the Oxford English Dictionary definition of
antisocial, that is, ‘contrary to the laws and customs of society, in a way
that causes annoyance and disapproval in others’.

From these 19 papers we excluded six. Bateson et al.', 2006 study of
the effect of images of watching eyes on donations to a coffee bar
honesty box was excluded because its design did not allow us to know
whether the experiment examined conformity to norms, antisocial be-
haviour or generosity. It did not, for example, count or track how much
individuals donated, or how many did or did not donate. We therefore
cannot know whether eye cues increased the generosity of those who
would have donated anyway or whether eye cues caused people who
would have free-loaded and failed to donate, to contribute. We are also
unable to ascertain whether this was a test of the eye cue effect on
antisocial behaviour or whether their result was a combination of both
the eye cue effect increasing generosity in some and reducing antisocial
free-riding in others The same criteria resulted in the exclusion of
Brudermann et al.’s (2015) field experiment examining contributions to
newspaper honesty boxes.

We excluded Oda, Kato, and Hiraishi's (2015) study examining the
eyes effect on lying principally because their design construed lying as
pro-, as opposed to antisocial behaviour.

Traver and Cordell (2014) was excluded as we could not create a
dichotomous variable suitable for our odds ratio-based meta-analysis.
These authors examined the eye cue effect in a coin toss and a dice roll
experiment (where flipping a head or rolling a higher number brought a
greater reward) reporting the number of outcomes against the expected
frequencies to identify how frequently people lied to gain personal
advantage. We could not calculate the frequency of lying vs not lying
from the proportions as all frequencies lay within one standard devia-
tion of the expected frequencies, and thus could have been down to
chance.

One study (Chowdhury, Jeon, & Saha, 2014), was excluded as the
authors were unwilling to share the data on which their study – cited
here - was based because they were seeking re-publication of their
paper in another journal. There was insufficient information reported in
the available paper to assess dichotomously who did and did not behave
antisocially [data requested on 12 Oct 2016 and refused in writing on
13 October 2016 & again on 23 August 2017]. Data was requested from
the authors for Li et al. (2018) but no reply was received at the time of
submission for publication.

The 13 studies remaining reported results for a total of 15 eligible
experiments. We transformed all findings into dichotomous variables to
test the simple effect of eye cues on antisocial behaviour via the log
odds ratio. This measure is intuitively meaningful because it indicates
the relative change in frequency of antisocial behaviour in the experi-
mental condition or area compared with the control condition or area.
For example, in the study of littering in a café by Ernest-Jones, Nettle,
and Bateson (2011) we transformed the data into dichotomous ‘littered
or did not litter’ variables from the original data. This comes at the cost
of hiding significant interactions e.g. in the Ernest-Jones' et al. example
they found a significant effect of eye cues but only when > 6 people
were present. Such an effect is hidden when we transform the data to
the dichotomous did or did not litter by eyes and control.

Within some of the papers selected some experiments were eligible
for inclusion in the meta-analysis while others were not. For example,
in Zengerink (2013) Experiment 1 involved the completion of a series of
surveys with eye cues present but did not examine antisocial behaviour
and was therefore excluded. Experiment 2 was a field experiment ex-
amining the effect of eye cues on antisocial behaviour and therefore
was included. The same approach was taken with two other experi-
ments examining the eye cue effect on litter (Bateson et al., 2015;
Zengerink, 2013).

We reinterpreted the data from Cai et al. (2015) examining whether
eye cues affected participants' tendency to lie for personal advantage to
show the frequency of lying or not lying in the eyes and control con-
dition. Palomäki et al. (2015) also examined the effect of eye cues on

lying, in their case in an online simulated insurance claims process. We
re-analysed their data to provide a dichotomous outcome: lied or did
not lie. We reinterpreted Hoffman et al.'s data from their study of the
effect of robot eyes on lying (2015) to provide dichotomous proportions
of those that cheated or did not cheat and reinterpreted the proportions
as frequencies.

Huang et al. (2015) examined whether participants would bribe or
not bribe in scenario-based economic games studying corruption. Their
Experiments 2 and 3 include an ‘eye cue or no eyes’ condition enabling
this data to be translated for meta-analysis.

In Baillon, Selim, and van Dolder’ (2013) game participants could
pay a small cost to destroy part of a payoff to another participant
gaining nothing in the process except the possible satisfaction of da-
maging the other's interest. We transformed their data to report a di-
chotomous outcome “destroyed” or “did not destroy” in the eyes and
control conditions.

Finally, in an extended analysis, we included Nettle, Nott, and
Bateson's (2012) examination of the effect of eyes on bicycle crime and
Keep Britain Tidy's (2014) eye cue intervention designed to reduce dog
fouling. In Nettle et al. (2012), Bateson, Callow, Holmes, Roche, and
Nettle (2013), and some of Keep Britain Tidy's (2014) crime reduction
interventions the eye images were used along with text explicitly
stating that participants were being watched. For example, in Nettle
et al.'s study the eye cues sign included the text ‘Cycle Thieves We're
Watching You’ and a police logo. Bateson et al. (2013) used the same
signs as Nettle et al. (2012) in their experiment. Similarly, Keep Britain
Tidy's intervention posters all included text and various organisational
logos. Consequently, it might be argued that either the logos or the text
alone, or the two in combination, caused the reduction in the bicycle
theft, and not the watching eyes. Indeed just erecting signs alone can
reduce crime (McNees, Egli, Marshall, Schnell and Risley, 1976) and so
we may not be able to attribute any crime reduction to the presence of
eye cues in these two studies. Additionally, it is plausible that people
seeing the signs could have thought they suggested CCTV was present,
which perhaps might also reduce crime although the evidence for the
crime-reducing effects of CCTV is inconsistent (Welsh & Farrington,
2009).

One could make a case for excluding Nettle et al. (2012), and some
of Keep Britain Tidy's (2014) studies due to the presence of these po-
tential confounds. However, given that Nettle et al. (2012) is perhaps
the most influential paper in this area on public policy in the UK, and
also represents one of the baseline studies in the research field, many
would be surprised to see it excluded. Indeed, reviewers have offered
conflicting advice on this point. Consequently, we calculate log odds
ratios with and without the inclusion of Nettle et al. (2012), Bateson
et al. (2013) and Keep Britain Tidy (2014) to satisfy both perspectives.

Keep Britain Tidy's study had 4 types of poster, all with eyes, but
with differing text to examine whether this increased or decreased the
effectiveness of the intervention. As well as having pictures of eyes,
these four poster designs also displayed the text ‘Thoughtless Dog
Owners, We're Watching You’. While the first type had no further text,
the three others added different messages to try to select the most ef-
fective wording to deter dog owners from allowing their dogs to defe-
cate in the area. Because in this meta-analysis we are interested only in
the main effect of eyes, we collapsed the data for the four eyes posters
into one experimental condition. Furthermore, we reinterpreted Keep
Britain Tidy's ‘displacement areas’ as controls as they were functionally
equivalent to Nettle et al.'s (2012) control areas.

2.6. Analytic methodology & statistical approach

2.6.1. Summary measures
For the first of our two analyses we identified studies comparing the

number of participants behaving antisocially or not in an eyes and a
control condition in order to enable the calculation of the log odds ratio
as a measure of effect size. The odds ratio is used in one of the landmark
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‘watching eyes and antisocial behaviour’ experiments by Nettle et al.
(2012) and was selected as the measure of effect size as recommended
by Welsh and Farrington (2009) for meta-analysis of location-based
crime interventions, and by Lipsey and Wilson (2001) for meta-analysis
of inherently dichotomous variables. Our statistical methods used in the
fixed effects and random effects analyses mirror those of Northover
et al. in their two meta-analyses of the watching eyes effect on gener-
osity (Northover et al., 2017a) and on moral judgement (Northover
et al., 2017b), thus enabling comparison.

Odds ratios are centred around 1 rather than zero (where 1 indicates
no relationship, values 0–1 a negative relationship and values > 1 a
positive relationship). The log odds ratio is distributed approximately
normally with a mean of zero and a standard deviation of 1.83, thereby
allowing us to represent a negative effect (a reduction in antisocial
behaviour when eyes are present) with a negative value and a positive
effect with a positive value, thus simplifying interpretation and calcu-
lation.

Antisocial behaviour (ASB)_YES ASB_NO

Eyes condition (Group 1) (a) (b)
Control (Group 2) (c) (d)

The log odds ratio effect size is calculated after Lipsey and Wilson
(2001):

=OR (a d)
(b c) (1)

=OR log (OR)log e (2)

The logs odds ratio standard error and inverse variance weight are
calculated as:

= + + +SE 1
a

1
b

1
c

1
dLOR (3)

=W 1
SELOR

LOR
2 (4)

We applied Cochran's Q test to estimate whether the individual ef-
fect sizes were representative of the population values:

=Q ( WES )
( WES )

Wi i
2 i i

2

i (5)

Finding a statistically significant Q indicates a heterogeneous dis-
tribution greater than that expected from subject level sampling error
alone. A significant Q value therefore suggests it may be appropriate to
apply a random effects model to account for variance introduced by
study differences such varying experimental designs or outcome mea-
sures. We first calculated the random effects variance (Vθ).

=V Q (k 1)
W–( W / W)i i

2
i (6)

where k is the number of effect sizes, and Wiis the inverse variance
weight for each effect size. The random variance was then added to the
sampling error and the inverse variants weights recalculated as

+V SE
1

( )LOR
2 (7)

The log odds ratio was then recalculated using the new weights.
Next, we calculated the lower and upper bounds of the 95% con-

fidence interval of the log odds ratio:

=95%CI Lower OR (1.96 SE )log LOR (8)

= +95%CI Upper OR (1.96 SE )log LOR (9)

We calculated the z-statistic and p-values for our log odds ratios:

=Z
OR
SE

log

LOR (10)

P-values were than calculated after the method recommended by
Altman and Bland (2011):

=P Z Zexp( 0.717 0.416 )2 (11)

However, Nettle et al.'s (2012) field study examining the eyes effect
on bicycle theft could not report how frequently people decided not to
behave antisocially (i.e. how many were ‘exposed’ to the experimental
and control conditions and chose not to steal bikes). Instead, they report
only the frequency of antisocial behaviour across experimental and
control locations. On account of this we selected the incidence ratio
(sometimes called the rate ratio) as the appropriate measure of effect
size. Such a rate ratio is calculated by controlling for any change in
behaviour in both experimental and control locations before and after
the intervention (CTSPedia, 2009).

Similarly, the experiment run by Keep Britain Tidy (2014) examined
only before and after counts of dog faeces found at each of the 240 sites
where signs were put up, comparing these the total number of dog
faeces found over the same before and after period at the 240 adjacent
control areas (or displacement areas, as they termed them).

Before (ASB = Bicycles
stolen or dog faeces in
area)

After
(ASB = Bicycles
stolen or dog faeces
in area)

Experimental Locations (sheds or a-
reas where eyes signs were in-
troduced for the second 3 weeks
of the six week experiment)

(a) (b)

Control Locations (sheds or areas
where no signs were introduced
during the six weeks of the ex-
periment)

(c) (d)

=Incidence Rate Ratio a/b
c/d (13)

Analyses were performed in R 3.1 using the METAFOR package's
random effects model function. R Script is provided in Additional
Material to aid with replication of our analysis (R Development Core
Team, 2016). Calculation of 95% confidence intervals, Z-scores and P-
values was completed in Microsoft Excel. P-curve analysis was con-
ducted after Simonsohn, Nelson, and Simmons (2014a, 2014b) using
their online app provided at http://www.p-curve.com. PET & PEESE
analysis was undertaken in R using code provided by Hilgard (2016).

3. Results

Table 1 summarises out metanalytic output, providing log odds
ratios and associated statistics for the dichotomous data from all studies
included in the analyses that follow.

We conducted a homogeneity analysis test to examine the as-
sumption that all of our effect sizes were estimating the same popula-
tion mean. The fixed effects model on the data without Nettle et al.
(2012), Bateson et al. (2013) and Keep Britain Tidy (2014) returned a
result of ORlog = − .42, (SE = 0.08, 95% CI [−0.59 to −0.26]); ex-
ponentiating the ORlog we get an OR = 0.65, suggesting a 35% reduc-
tion in antisocial behaviour by condition. However, since our Q-test for
homogeneity of variance was significant (Q(11) = 33.99, p < .001),
suggesting significant heterogeneity across our studies it proved ne-
cessary to fit a random effects model to the data.

The random effects model produced a meta-analytic effect size of
ORlog = − .45, (SE = 0.18, 95% CI [−0.81, −0.09]) p = .01.
Transforming our effect size to aid with interpretation we found an
odds ratio (via OR = eORlog) of 0.64, suggesting a 36% reduction in the
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risk of antisocial behaviour in the eyes condition.
Extending our analysis to include Nettle et al. (2012), Bateson et al.

(2013) and Keep Britain Tidy's (2014) dog fouling intervention, we
expected, and found, greater heterogeneity rendering the fixed effects
model an inappropriate measure. However, there was little change in
the effect size since Keep Britain Tidy's large-scale experiment found a
small increase in antisocial behaviour in the eyes areas in comparison
with the control which was sufficient to offset the large effect size in the
opposite direction found in Nettle, Nott and Bateson's bicycle crime
experiment.

Our fixed effects model including these studies returned a result of
ORlog = − .13, (SE = 0.05, 95% CI [−0.23, −0.03]); exponentiating
the ORlog we get an OR = 0.88, suggesting a c. 12% reduction in ASB in
the eyes when compared with the control condition. The Q-test for
homogeneity of variance was significant (Q(14) = 68.54, p < .01)
again requiring us to fit a random effects model to the data.

The random effects model suggested that there was a 35% reduction
in the risk of antisocial behaviour between the eyes and control con-
dition (ORlog = − .43, (SE = 0.17, 95% CI [−0.76, −0.11]) p < .01;
OR = 0.65).

Neither a forest or funnel plot show any evidence of over-dispersion
(See Figs. 1 and 2 below). In addition, a trim and fill test for missing
values (after Duval & Tweedie, 2000) finds no evidence to suggest

either missing reports or publication bias.
The Trim and Fill method (Duval & Tweedie, 2000) relies on the

assumption that selective reporting of studies, that is publication bias, is
driven by effect size. This is vulnerable to criticism since the principle
barrier to publication is widely acknowledged to be achieving statistical
significance below p = .05. P-curve analysis explores the consistency
and distribution of statistically significant results and outperforms other
methods in identifying publication bias (Simonsohn, Nelson, and
Simmons 2014a & 2014b).

To enable a p-curve analysis we calculated z-scores from our log
odds ratios (see Table 1). Since our analysis relied on data transformed
to provide dichotomous results the p-values in original published stu-
dies were not relevant. We ran this test inputting to the p-curve appli-
cation the z-scores for the fifteen studies in Table 1. The application
recalculates statistical significance based on this input. Fig. 3 shows the
8 studies of 15 that were statistically significant after this re-analysis.
The application excludes non-significant results. The full output from
the p-curve analysis can be obtained via the appendix Additional Ma-
terials.

P-Curve analysis allows us to draw inferences about evidential
value. If the half p-curve test – which is much more robust to ambitious
p-hacking than the simple full p-curve test (Simonsohn et al., 2014a,
2014b) - is right-skewed with p < .05, or both the half and full test are

Fig. 1. Forest plot of experiments included in both the limited and extended meta-analyses. Plot is centered on zero (null effect) and displays effect size in ORlog with
corresponding 95% CI.
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right-skewed with p < .1, then p -curve analysis indicates the presence
of evidential value (Simonsohn, Simmons, & Nelson, 2015). Here both
conditions are met indicating evidential value, as they were when en-
tering only our statistically significant results.

Similarly, p-curve analysis indicates that evidential value is in-
adequate or absent if the 33% power test is p < .05 for the full p-curve,
or both the half p-curve and binomial 33% power test are p < .1. Here
neither condition is met so the p-curve does not indicate that evidential
value is inadequate nor absent. The same also proved true when

entering only our statistically significant studies. This P-curve analysis
provides some reassurance that our findings are not the product of
publication or other bias.

As a further confirmation check on our results we conducted a
Precision Effects Test (PET; Stanley, 2005) which estimates effect size
via a weighted least squares regression model and which provides ‘…a
valid basis for determining whether there is a genuine empirical effect beyond
publication selection bias.’ (Stanley & Doucouliagos, 2013). Because PET
can over-correct for publication bias, underestimating the true effect
where one exists (i.e. it is most accurate when the effect size is zero)
(Stanley, 2007) it is best treated as a pass or fail test rather than an
estimator of effect size (Stanley & Doucouliagos, 2012, pp. 63, 78–79).
We therefore added also a Precision Effect Estimate with Standard Er-
rors (PEESE) which uses variance (standard error squared) as a pre-
dictor instead of the standard error (Stanley & Doucouliagos, 2007).
PEESE is more accurate when there is a true effect (i.e. the true effect is
non-zero) and should be selected over the PET output as the more ac-
curate estimate of effect size.

Since random effects models skew PET & PEESE analysis in the di-
rection of any publication bias, we chose a Fixed Effects Model fol-
lowing the advice of Stanley and Doucouliagos (2012, p. 83). Because
both PET & PEESE require an N value as input we excluded Nettle et al.
(2012) and Keep Britain Tidy (2014) from this analysis. We also exclude
Bateson et al. (2013) in line with our previous analysis. The R-code and
our full PET-PEESE analysis is available at the appendix Additional
Materials.

Using the Standard Error of the Log Odds ratio and Z-Scores
(Table 1) in a PET analysis with a Fixed Effects Model and R Code from
Hilgard (2016), our results suggested that the presence of watching eyes
significantly decreased the frequency of antisocial behaviour,
b0 = −3.14, SE = 0.18, 95% CI[−3.49,-2.78], p < .0001, r = −0.99.

Our fixed-effects PEESE analysis (after Hilgard, 2016) again found a
significant effect, b0 = −2.47, SE = 0.12, 95% CI[−2.70, −2.24],
p < .0001, r = −0.99 where r = 0.50 is considered a large effect
against conventional heuristics (Cohen, 1992) again suggesting that the
presence of watching eyes significantly decreases antisocial behaviour.
See Fig. 4 for a funnel plot of the Fixed Effects PET-PEESE model.

Fig. 2. Contour-enhanced funnel plot of experiments included in the limited
and extended meta-analyses. Plot is centered on a log odds ratio of zero (null
effect) and the dots plot the dispersion of effect sizes on the x-axis against the
standard error on the y-axis. The shading indicates p-values. Those to the in the
unshaded (white) region correspond to p-values > .1, the light-grey shaded
region indicates p-values between 0.1 and 0.05, the dark grey region indicates
p-values between 0.05 and 0.01. The region outside the funnel corresponds to
p-values below 0.01.

Fig. 3. P -curve results examining z -scores of our 15 studies for publication
bias.

Fig. 4. Funnel plot the Fixed Effects PET-PEESE analysis of experiments 1–13.
Plot is centered on the naive meta estimate and displays effect size on the x-axis
in ORlog.
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4. Discussion

In this section we first seek to interpret our findings, second re-
concile our meta-analytic output with that of Northover et al. (2017a)
and third, extend our eye cues and antisocial behaviour analysis de-
scriptively.

Though our meta-analytic effect sizes are quite widely dispersed
they consistently show that the presence of eyes cues correlate with a
reduction in antisocial behaviour. Our first fixed effects analysis sug-
gests there is a 35% reduction in the risk of antisocial behaviour in the
presence of watching eyes. The Random Effects Model puts the effect at
36%; adding in Nettle et al. (2012) and Keep Britain Tidy (2014) leads
the Fixed Effects Model output to suggest the presence of watching eyes
may reduce antisocial behaviour by 12%; and the Random Effects
Model including the additional studies puts the reduction at 35%. Given
the difference in experimental design between Nettle et al. (2012) and
Keep Britain Tidy (2014) and the other studies included in our analysis
we report our overall effect size as a 35% reduction in the risk of an-
tisocial behaviour in the presence of eye cues based on our first, more
carefully selective analysis and using the more restrictive fixed effects
model to report the more conservative result.

Our p-curve and trim and fill analyses find no evidence for pub-
lication bias. Our PET-PEESE analysis finds a significant effect in the
same direction as our previous analysis – the presence of eye cues
correlates with a reduction in antisocial behaviour.

However, there are reasons to be cautious of relying on PET-PEESE.
Stanley (2017), the originator of the method, highlights the limitations
of the analysis and related methods for small sample studies, areas with
few studies, and areas with high heterogeneity. Simulations suggest
PET-PEESE misses real effects around 80% of the time, and when het-
erogenous effects are present but real (i.e. there is not a single under-
lying effect that never differs regardless of context, and heterogeneity is
not just noise and measurement error) or when publication bias is
present, PET-PEESE under-estimates the true effect size 60–80% of the
time (Gervais, 2016). The analysis also performs poorly when sample
size is not reasonably consistent (Hilgard, 2015; Simonsohn, 2017).

The watching eyes literature is characterised by wide variations in
sample size, includes many small samples, and finds heterogenous ef-
fects that may well be due to context and individual differences not just
measurement error and noise. Thus PET-PEESE may not be the best
method by which to examine our data. That said, all meta-analytic
techniques have limitations and should be used only to understand
broad trends in a given field and to guide the further development of
the primary literature, not to establish the incontrovertible truth of a
particular hypothesis (for a discussion of the limitations of meta-ana-
lytic methods in psychology see: Carter, Schönbrodt, Gervais, &
Hilgard, 2017). Best practice to try to triangulate on results using
multiple meta-analytic methods as we have sought to do (Carter et al.,
2017).

We were surprised to find no evidence of publication bias in our
statistical analyses. However, perhaps we should not have been.
Northover et al. (2017a) had conducted a search for missing papers
concurrent with the period that we completed our meta-analysis finding
just 2 unpublished studies. Our own extensive search for unpublished
studies found only four additional papers. It may be that there are many
more watching eyes studies in the file drawer, but neither extensive
web-searching, specific calls for unpublished papers nor statistical
analysis has yet been able to find any evidence for this.

Northover et al.'s (2017a) analysis is the benchmark for meta-ana-
lysis in the watching eyes field. It finds null effects where our effects are
significant. Consequently, we shall orientate our discussion around it.
However, it is important to note that, valuable as Northover et al.'s
analysis is there are two weaknesses within it. The first is their decision
to include two studies from Tane and Takezawa (2011) which were
conducted in darkness. These two experiments were implicitly testing
the boundary conditions of the watching eyes effect rather than its

existence– if watching eyes cue people to feel watched presumably
darkness makes people feel less conspicuous. There is evidence to
support this common-sense assumption. Zhong, Bohns, and Gino (2010)
report that darkness can induce illusory anonymity leading to more
cheating in economic games. Therefore, the inclusion of Tane & Take-
waza's studies skews the analysis. The second is the inclusion of Mifune,
Hashimoto, & Yamagishi (2010) experiment in Northover's analysis.
Mifune et al.'s study was explicitly conducted to show the boundary
conditions where eye cues would not work. The outcome of the ex-
periment was as predicted by Mifune and colleagues: eye cues increased
generosity to in-groups but not to out-groups. However, this nuance is
lost by simply including their study as ‘null results'.

Finally, it should also be noted that no-one, including Northover
and colleagues, suggests that their meta-analysis provides definitive
evidence that eye cues have no effect on generosity.

Our meta-analysis finds a large effect size, indicating a reduction in
antisocial behaviour in the presence of eye cues. In marked contrast, in
both of the meta-analyses by (Northover et al., 2017a, 2017b) a van-
ishingly small effect of eye cues on generosity was found. This is true
both when comparing the standardised mean difference and when ex-
amining the probability of donating something rather than nothing.

How, then, do we reconcile our findings that eye cues have a large
effect in reducing antisocial behaviour with those of Northover et al.
that show no effect of eye cues on generosity?

In seeking to reconcile our findings with Northover et al.'s, we first
consider recent experimental evidence that upholds the intuitive idea
that eye cues cause people to feel watched. If, as the evolutionary le-
gacy hypothesis suggests, eye cues make us feel watched, and thereby
make us more aware of our reputation, then the difference between
Northover's meta-analytic findings and our own may be best explained
by the variable effect of generosity on reputation and the more con-
sistent effect of antisocial behaviour on reputation, as outlined earlier.

Pfattheicher and Keller (2015) have provided the best available
evidence that eye cues make us feel watched. Across two experiments
their results also suggest that those most sensitive to being watched are
the most responsive to eye cues. In the first experiment, participants
read a scenario in which they were asked to imagine wearing an em-
barrassing T-shirt while walking in a busy corridor with 30 people
present or on a train with 50 people in the compartment. The partici-
pants were then asked to report how many people they thought would
notice them. Results showed that those entering their estimation on a
page with eye cues in the header reported significantly more people
would notice them than those in a ‘no eyes’ control. Eye cues seemed to
make people feel more watched.

In the second experiment the results suggested that participants'
sensitivity to being watched predicted their responsiveness to eye cues.
Measuring participants' sensitivity to being watched on the public self-
awareness scale (Fenigstein, Scheier, & Buss, 1975; completed online
via Amazon Mechanical Turk) their results indicated that those with
very high or chronic self-awareness scores were more likely to donate
some of their participant payment to a charity in the eye cues condition
than in the control, whereas those with low public self-awareness
showed no difference between conditions.

To summarize, then, Keller and Pfattheicher's findings suggest that
it is by making us feel watched that eye cues affect behaviour. First,
because eye cues make people feel a higher state of public self-aware-
ness, that is more aware of how they are presenting themselves to
others. Second, because people's differing trait levels of public self-
awareness predict their responsiveness to eye cues, with those more
sensitive to how they present themselves to others more strongly af-
fected by eye cues than those who are less aware of the impression they
create on others. If this is true, then we can expect eye cues to have
similar effects on our behaviour to the presence of other people.

There is a large body of evidence showing that the ‘mere presence’
of others can affect behaviour (Markus, 1978; Zajonc, Heingart, &
Herman, 1969), that gaining cooperative benefits depends often on
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sustaining a good reputation (Barclay, 2013; Izuma, 2012; Van Vugt,
Roberts, & Hardy, 2007), and that reducing anonymity can make people
more cooperative as it emphasizes reputational risk (Yoeli, Hoffman,
Rand, & Nowak, 2013). Thus if eye cues make people feel watched and
thereby affect decisions and change behaviour, it is likely that they do
so by prompting people to give greater consideration to their reputa-
tion.

Consequently, we suggest that Northover et al. (2017a) may have
found no effect of eye cues on generosity because whether one should
give more or less when watched is not clear cut. This finds some support
from Nettle et al.'s (2013) dictator game: when compared with those in
a ‘no eye cues’ control, participants making their decisions in the pre-
sence of eye cues were more likely to give something than nothing, but
less likely to give all or a lot. The eye cue effect seemed to be to reduce
variation in donations, not to promote prosociality per se (Nettle et al.,
2013), perhaps suggestion that the very generous were cued to avoid
the damaging reputational effects of being seen to be over-generous.

Similar effects have been found in a taking game (an inverse dic-
tator game). Participants who took a lot in the control condition took
less when eye cues were present, whereas participants who took very
little in a control condition took more in the presence of eye cues
(Chowdhury et al., 2014). Thus, although Northover et al. (2017a)
showed there is no consistent shift in the proportion who gave when
eye cues were present, it does seem that eye cues can both increase and
reduce generosity dependent on the situation, suggesting that perhaps
we should not expect consistent eye cue effects on generosity.

Such a deduction accords with the logic that being too con-
spicuously generous is not always reputation-enhancing (Klein et al.,
2015; Klein & Epley, 2014) and, we contend, perhaps explains why the
effects across the different experimental designs analysed in Northover
et al. (2017a) reflect conflicting patterns and a neutral overall effect
size.

In conclusion our meta-analysis suggests watching eyes produce a
more consistent and robust effect on antisocial behaviour – the result,
we suggest, of there being few situations, regardless of individual dif-
ferences, in which being observed engaging in antisocial behaviour
might be seen to be advantageous.

4.1. Summary of evidence

Our meta-analysis has shown that the presence of watching eyes
correlates with a 35% reduction in the risk of antisocial behaviour. We
note that this contrasts with a recent robust meta-analysis on the effect
of eye cues on generosity, which showed an effect size close to zero
(Northover et al., 2017a). We suggest this may be a product of in-
dividual differences and the complexity of the concept of generosity in
the context of observation.

4.2. Limitations

Our meta-analytic model incorporates varied experimental designs
which may weaken the overall findings. Stronger evidence for the eye
cue effect on antisocial behaviour would have been forthcoming had
there been more attempts to replicate existing eye-cue experiments and
less design diversity. Our meta-analysis also rests on narrow founda-
tions and it would be premature to place too much weight on our
findings without further research.

Additionally, we might be seeing a typical spate of strong effects in
early research in the antisocial behaviour field (de Winter & Happee,
2013; Ioannidis & Trikalinos, 2005; Monsarrat & Vergnes, 2018;
Moonesinghe, Khoury, & Janssens, 2007) and thus an exaggerated ef-
fect size.

Finally, in looking only at the main effect of eye cues we have coded
data as having shown no effect in Keep Britain Tidy's, 2014 experiment
when the authors did indeed report an effect in more nuanced analyses
accounting for mediating and moderating variables. As more studies are

published examining the watching eyes effect on antisocial behaviour,
more nuanced meta-analysis will be possible providing greater insight
than we are able to at present.

4.3. Further research

Further research to demonstrate that eye cues make people feel
more watched is needed in order to provide a more robust theoretical
underpinning for the more elaborate theories that rest on this as-
sumption, and the concomitant idea that eye cues prompt unconscious
reputation management or heighten fear of punishment. Pfattheicher
and Keller's (2015) finding that public self-awareness may moderate
any effect of eye cues is a useful step in this direction. A replication of
this finding and an examination as to whether eye cues prompt greater
self-regulation would be helpful.

An additional point of note here is that one possible limitation of
laboratory-based studies is the difficulty in avoiding participants feeling
watched even when they aren't under surveillance. It is difficult to see
how participants cannot be aware that their actions, even if indirectly
and/or anonymously, will not be the subject of scrutiny by the re-
searcher. Consequently, exploring the effect of eye cues in more eco-
logically valid and/or through carefully designed field studies might
yield greater insight into eye cues' effect on behaviour.

4.4. Conclusions

Our meta-analysis of the eye cue effect on antisocial behaviour
suggests eye cues may reduce the risk of antisocial behaviour by 35%.
What matters here is not whether an effect size is large or small ac-
cording to statistical guidelines but rather whether the effect size is
meaningful (Aberson, 2011; Coe, 2002). In criminological analysis, for
example, even smaller effect sizes may suggest significant reduction in
crime (Weisburd, Telep, Hinkle, & Eck, 2010).

Our effect size, a 35% risk reduction for antisocial behaviour when
eye cues are present, represents a meaningful effect in real-world terms.
In its last Costs of Crime report the UK Home Office estimated that crime
costs the UK economy between £35bn and £60bn a year (Brand & Price,
2000). Taking the lower end of the estimate, a 1% reduction in crime
might be said to equate to a saving of £350,000,000. While we do not
claim the watching eyes effect is anything like a panacea, the evidence
so far suggests it could be a highly cost-effective criminal deterrent in
some circumstances.
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