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and social approval from others (23) or maintenance of a favor-
able self-concept (24). A second information-specific hypothesis
is that passersby tend to follow gaze direction because it may
provide them with relevant information about either that per-
son’s intentions or some aspect of the local environment (e.g.,
a localized threat), which will allow them to react accordingly
(23). To some degree, this question can be investigated by
looking at the spatial positioning of individuals when looking up:
are passersby more or less likely to look up when they know they
are in the field of view of the stimulus group? In other words, if
stimulus members cannot see the individual, thefirst hypothesis
would predict that there should be no reason to adopt this norm.

Third, it is interesting to question whether passersby can ac-
quire relevant information from the visual attention of others
(e.g., can cues provided by the visual attention of others provide
valuable information regarding the location and identification
of pertinent but weak or ambiguous stimuli?). Although social
connections among pedestrians are often limited because of brief
contact and continuous movement, such interactions among
passersby (25, 26) may create means by which social cues could
be transmitted among pedestrians, and thus affect individuals’
awareness of their environment. For example, when crossing the
road, pedestrians monitor and copy the movements of others
around them, with decisions to cross being socially influenced
(27). Furthermore, experimental studies of consensus movement
decisions have shown that people are capable of identifying
individuals within crowds that possess information through sub-
tle nonverbal social cues (28).

Fourth, we question the degree to which such experiments are
context-dependent. The experiments in the work by Milgram
et al. (10) were performed on a city street in New York City, but
it remains unknown whether different pedestrian settings would
produce similar results. For example,fish modify their actions in
a context-dependent way, relying more on social information in
risky situations (29, 30).

To investigate these four questions, we performed two ma-
nipulative experiments where we tracked the motion and head
orientation of pedestrians in public settings. Thefirst experiment
was similar in design to the experiments in the work by Milgram
et al. (10); in our case, we included a spatiotemporal analysis of
pedestrian movements. In the second experiment, we investi-
gated whether visual orientation of other pedestrians can be used
as a means of acquiring relevant information about the local
environment. By conducting this second experiment in two dif-
ferent urban scenarios and presenting passersby with two dif-
ferent kinds of weak stimuli, we also tested the importance of
context in gaze-following.

Results
Collective Visual Attention in Crowds. In the first experiment, the
movements and gaze-following behaviors of 2,822 pedestrians
were quantified in a busy shopping street in Oxford, United
Kingdom. Individuals werefilmed using an overhead camera as
they passed through a rectangularfilming region of 10 (hori-
zontal) × 8 (vertical) m. Each trial consisted of stimulus groups
of 1, 3, 5, 7, 9, 12, or 15 (6–14 replicates of each) confederates
(comprised of both males and females) entering the scene and
standing in the center of thefilming region for a period of 60 s
while looking up at the camera (Fig. S1). Whereas the work by
Milgram et al. (10) reported the overall proportion of pedes-
trians adopting the gaze direction of the stimulus groups (while
walking or stopped), we were able, in addition, to track the
motion of every pedestrian in our trials, recording (at a rate of 25
frames/s) their speed, accelerations, and proximity to others and
when, where, and for how long gaze was followed. We used
a multiple analysis of covariance to explore how the proportion
of time spent looking up and stopped while looking up differed
among individuals as a function of stimulus group size after

controlling for features such as crowd density and pedestrian
walking speed. Because the movement, position, and behavior of
passersby clearly distinguished them from the stimulus group
members in our experiments, we did not investigate the self-
catalytic effect of passersby potentially becoming a part of the
stimulus group by copying gaze direction within our statistical
analyses. Unlike passersby in the street, the stimulus group
members remained completely stationary with a central position
and fixed gaze direction, thus allowing us to investigate the
spatial aspects of gaze-following around this stimulus. We do,
however, incorporate this positive feedback response between
the passersby and the group level effect in a simulation model
(see below).

Across all replicates of this experiment, 26.9% (760/2,822) of
passersby adopted the gaze direction of the stimulus group, and
of these passersby, 14.2% (108/760) stopped walking to look up.
Of the passersby that copied this gaze direction, 46.6% (354/760)
looked up multiple times. Only 3.7% (28/760) looked in the
stimulus direction as many asfive times, but gaze duration seems
stereotypical and not dependent on whether that individual had
previously looked up [F(4,1,332) = 0.596,P > 0.05]. Although
both sexes were equally likely to look up (male = 28.8%, female =
26.2%), males spent a larger percentage of time copying this
gaze direction (SI Methods).

We found that the mean speed of individual pedestrians fol-
lowed a Gaussian distribution with a mean of 1.24 ms� 1 and SD
of 0.37 ms� 1, similar to previous data obtained from various
cities across the world (31, 32). The mean walking speed of
pedestrians (i.e., not when stopped or gaze-following) was neg-
atively associated with the proportion of total time looking
[F(1,2,821) = 22.755, P < 0.001] and stopped and looking
[F(1,2,821) = 43.833,P < 0.001], indicating that slower walking
pedestrians were more influenced by the stimulus. Similarly,
the proportion of time engaged in these behaviors was lower at
higher crowd densities [looking:F(1,2,821) = 16.244,P < 0.001;
stopped and looking:F(1,2,821) = 5.470,P < 0.05].

The proportion of pedestrians copying the gaze direction in-
creased as a function of the stimulus group size (Fig. 1). Fur-
thermore, the proportion of individual time spent looking and
stopping to look up also increased as a function of stimulus
group size [all looking:F(6,2,821) = 37.329,P < 0.001; stopping
and looking: F(6,2,821) = 8.835,P < 0.001] (Fig. S2). Posthoc

Fig. 1. The relationship between the proportion of passersby that will copy
the gaze of the stimulus group as a function of stimulus group size fitted to
Eq. 1. The solid line represents the current experiments ( m = 0.66, T = 7.0, and
k = 1.38; mean ± SE shown). The dotted line is data from the work by Milgram
et al. (10) (m = 0.92, T = 1.2, and k = 1.05; no error measures available).
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mostly stationary, waiting for information about train departures/
arrivals. Two male confederates were asked to stand within the
crowd for 60 s and instructed to act either naturally (as if they
were waiting for somebody within the crowd; control) or in sus-
picious/irregular manner (experimental; one member sketched
a map of the environment and took notes on a pad of paper, and
the other member held a video camera at waist level and engaged
in apparent covertfilming of the environment, although they were
not actually recording the scene). Therefore, unlike the previous
study, members of the stimulus group were not facing in any one
direction, and here, we were interested in the pedestrians’ visual
orientation in response to the location of these individuals. Nine
replicates of each condition were performed in the same spot of
both locations, and the motion and head direction of surrounding
pedestrians was tracked (Fig. 4 andFig. S3).

The stimulus used in these experiments was relatively in-
conspicuous compared with thefirst experiment, where individ-
uals remained completely still and maintained a direct upward
gaze. As a result, visual orientation in response to the stimulus
group was not detectable at distances exceeding� 2 m from its
centroid (Fig. 5). Thus, in our analysis, we consider only those
pedestrians (moving and stationary) whose average position
throughout the experiment was within a 2-m range (n = 503),
and this group was broken down into three categories (<1.500,
1.500–1.749, and 1.750–2.000 m), in which each group consisted
of roughly one-third of all tracked pedestrians per location. To
confirm the validity of this approach, we also compared these
effects with the effects observed using the continuous data for
distance. Because of the relatively high pedestrian densities in
the commuter station compared with the shopping street (0.223±
0.098 vs. 0.088± 0.031 m2), we needed to compensate for in-
terpedestrian occlusion (Fig. S4) when calculating the proportion
of time pedestrians spent directing their attention to either of the
stimulus group members during the course of each experiment.
Therefore, only frames where a particular pedestrian had a clear
line of sight to at least one of the stimulus group members were
included in the analysis.

A three-way analysis of variance was used to analyze differ-
ences in response by experimental condition, site location, and
average distance from the centroid of the stimulus group. Crowd

density and the walking speed of pedestrians were initially in-
cluded as covariates but were then removed after failing to
significantly predict visual orientation to either control or sus-

Fig. 3. The spatial distribution of pedestrians ’ locations ( Upper ) and gaze-following behavior ( Lower ) within the 10 (horizontal) × 8-m (vertical) filming
region. For illustrative purposes, this area was subdivided into 50-cm 2 boxes, where blues indicate low density, reds indicate high density, and vectors rep-
resent the averaged course of pedestrian flow in each box. The white arrows represent the location of the stimulus group and direction of gaze. Data
presented are the mean for all replicates for each of three group sizes: ( A) one, (B) five, and (C) nine.

Fig. 4. Still images from the video sequence of the second experiment
showing the tracking of pedestrians and their estimated gaze direction in
the shopping thoroughfare ( Upper ) and the commuter train station ( Lower ).
The stimulus group members are shown in the center of each scene (as in-
dicated by the white arrows).
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