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The bystander effect in rats

John L. Havlik'#, Yuri Y. Vieira Sugano'*, Maura Clement Jacobi**, Rahul R. Kukreja',

John H. Clement Jacobi, Peggy Mason*

To investigate whether the classic bystander effect is unique to humans, the effect of bystanders on rat helping
was studied. In the presence of rats rendered incompetent to help through pharmacological treatment, rats were
less likely to help due to a reduction in reinforcement rather than to a lack of initial interest. Only incompetent
helpers of a strain familiar to the helper rat exerted a detrimental effect on helping; rats helped at near control
levels in the presence of incompetent helpers from an unfamiliar strain. Duos and trios of potential helper rats
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helped at superadditive rates, demonstrating that rats act nonindependently with helping facilitated by the presence
of competent-to-help bystanders. Furthermore, helping was facilitated in rats that had previously observed other
rats’ helping and were then tested individually. In sum, the influence of bystanders on helping behavior in rats
features characteristics that closely resemble those observed in humans.

INTRODUCTION
In 1964, on a cold March night, Catherine Genovese was murdered on
a crowded residential street in Queens. The New York Times reported
that more than 35 of Ms. Genovese’s neighbors heard or witnessed
her murder and not a single one intervened or called the police (1).
Although this account is now known to be nonfactual (2), the case
inspired psychologists B. Latané and J. Darley (3) to investigate
the phenomenon. They tested the behavior of human subjects in
the presence of individuals who were part of the research team and
had been instructed not to help in various contrived scenarios;
the nonhelping accomplices are termed confederates in the psy-
chology literature. Subjects were consistently less likely to help when
tested with confederates than when tested alone. This phenomenon
of less helping in the presence of nonhelping, confederate bystanders
than when alone is enshrined in modern psychology as the bystander
effect (4-7) and has been ascribed to a diffusion of responsibility,
pluralistic ignorance, or the sheer fear of appearing foolish (8).

Here, we deliberately copied the design of psychology studies
by testing how one or two nonhelping rats, analogous to human
confederates, influence the behavior of a subject rat who could help.
We hypothesized that, in parallel to humans, rats would help less in
the presence of others who were not helping and that this effect
would be stronger in the presence of two nonhelpers than one.

Bystanders may not always suppress helping. The main finding
of a recent study of naturally occurring conflicts recorded on video
by surveillance cameras was that people intervened in over 90% of
the 219 conflicts recorded and analyzed (9). Of relevance to the
present study, the likelihood of intervention increased by 10% with
the addition of each additional observer (bystander). This result
reveals that, although a group of individuals help less frequently
than would be expected if the individuals acted independently (10),
the overall chance of an individual in distress getting help increases,
which is evidence that bystanders do not always suppress the oc-
currence of helping.

To examine how bystanders, either potential helpers or those
incompetent to help, influence the helping behavior of rats, we used
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the trapped rat helping paradigm (11-12). In this paradigm, rats are
placed in an arena with a centrally located restrainer containing a
trapped rat. Most individually tested rats learn to open the restrainer
door for a trapped rat of a familiar strain, doing so with increasing
likelihood and at progressively shorter latencies over the course of
12 daily sessions (11, 13-14). In the current study, rats were tested
with (i) one or two rats who were incompetent to help (incompetent
helpers analogous to human confederates as above), (ii) one or two
rats who could potentially help [potential helpers analogous to naive
bystanders as in the video study mentioned above (9)], or (iii) alone
(Controls). All rats in a testing group were strangers to one another.

Rats were rendered incompetent to help through the administration
of the benzodiazepine anxiolytic midazolam (4 mg/kg, ip). This dose
of midazolam neither anesthetized nor severely sedated animals.
Treated rats maintained a normal posture (see Fig. 1) and moved
freely around the arena. They were even able to open the restrainer
door, although this happened rarely (in 8 of 376 testing sessions that
included either one or two incompetent helper rats).

RESULTS

The influence of incompetent helper bystanders on helping
We first tested rats with either one or two incompetent helper rats.
Most rats tested with incompetent helpers (14 of 16) opened the
door at least once during the first 6 days of testing as did all Control
rats. Yet, unlike Control rats, rats tested with incompetent helpers
failed to consistently open on subsequent days after their first open-
ing. Therefore, rats tested with incompetent helpers had fewer
consecutive door-openings (Fig. 1C).

For most Control rats, successive door-openings occurred on
successive days so that the interval between the first and third
door-openings was 2 days, the minimum possible (Fig. 1D). In
contrast, the interval between first and third door-openings was
typically more than 3 or 5 days in rats tested with one or two in-
competent helpers, respectively. Furthermore, whereas the latency
on the third day of opening was less than that on the first day of
opening for Control rats, this was not the case for rats tested with
incompetent helpers (Fig. 1D).

Rat helping is socially selective with rats only helping rats from
familiar strains, regardless of their individual familiarity (13). To
determine whether the bystander effect is similarly socially selective,
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Fig. 1. The presence of incompetent helper bystanders antagonizes rat helping by reducing reinforcement. (A and B) One Sprague-Dawley potential helper rat (p)
was tested with one (A) or two (B) Sprague-Dawley incompetent helpers (n) and a trapped rat (t). Photographs show the first door-opening (left) and a later day when the
potential helper did not open the restrainer door (right). (C) Rats tested with incompetent helpers had fewer total and consecutive openings [median and interquartile
range (IQR), 25 to 75 percentile] than did Control rats [total: Kruskal-Wallis rank sum y2(2, N=23)=5.28, P=0.07, n’=0.16; consecutive: 32, N=23)=7.19, P=0.03,
1 =0.26; Dunn’s pairwise tests with Bonferroni corrections: two versus Control: P= 0.04; one versus Control: P=0.12; two versus one: P= 1.00]. The dotted line shows perfect
reinforcement. (D) The latency decreased from the first to third day of opening for Control rats [Wilcoxon signed rank V(N =8) =36, P=0.007, *=0.38] but not for rats
tested with one [V(N=8) =16, P=0.63] or two [V(N=7) =8, P=0.85] incompetent helpers. (E) The number of rats in each group (Control, one, or two incompetent helpers)
that opened three times or more, one or two times, or never opened is shown. Photo credits: M.C. Jacobi, University of Chicago.

we tested whether rats would be influenced by the presence of an
incompetent helper from an unfamiliar strain (Fig. 2A). Two weeks
of cohousing is sufficient to confer strain familiarity. Therefore,
albino Sprague-Dawley rats were either cohoused with another Sprague-
Dawley rat or with a black-caped Long-Evans rat, rendering them
unfamiliar or familiar with Long-Evans rats, respectively. Sprague-
Dawley rats from both of these conditions were tested with a trapped
Sprague-Dawley rat in the presence of one Long-Evans incompetent
helper rat (Fig. 2A). Thus, the protocol was identical for the two
conditions with the only difference being whether the potential helper
Sprague-Dawley was familiar with the Long-Evans strain. As above,
rats in the testing groupings were strangers to each other; specifically,
Sprague-Dawley rats in the familiar group were tested with a stranger
Long-Evans rat that was not the Long-Evans cagemate.
Sprague-Dawley rats familiar with the Long-Evans strain and
tested with a Long-Evans incompetent helper rat resembled rats
tested with one or two incompetent Sprague-Dawley helpers in
that they opened less frequently than did an expanded group of 48
control rats gleaned from contemporaneously run experiments
(n = 48; Fig. 2B). [Note that the expanded group of 48 control rats is
denoted by the lowercase control in contrast to the eight (uppercase)
Control rats tested specifically during this study. The 48 control rats
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are inclusive of the eight Control rats.] In contrast to the Sprague-
Dawley rats familiar with Long-Evans rats, Sprague-Dawley rats
unfamiliar with Long-Evans rats behaved similarly to control rats
(Fig. 2B). These findings suggest that clues from rats of familiar strains
influence helping behavior, whereas clues from rats of unfamiliar
strains are largely ignored.

Most control rats (30 of 38 rats that opened at least once) were
perfectly reinforced for the first three openings, with the first and
third days of opening occurring 2 days apart (Fig. 2C). This was also
true for five of the seven rats unfamiliar with the Long-Evans strain
who opened at least once. In contrast, none of the rats familiar with
Long-Evans rats were perfectly reinforced. Furthermore, the open-
ing latency decreased from the first to the third opening both in
control rats and rats unfamiliar with Long-Evans rats. In contrast,
only two rats familiar with Long-Evans rats opened at least three
times; in both of these cases, the latency of the third opening was
greater than that of the first opening (Fig. 2, C and D).

To summarize the behavior of rats tested with incompetent helpers,
we compared door-opening streaks for rats that opened at least once.
Rats unfamiliar with the strain of the incompetent helper/s behaved
similarly to control rats who were tested solo, with both groups con-
sistently opening for many consecutive days upon the first opening
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Fig. 2. Strain familiarity is required for the antagonism of helping produced by incompetent helper bystanders. (A) A Sprague-Dawley potential helper rat was
tested with a trapped Sprague-Dawley rat and a Long-Evans incompetent helper. (B) Rats familiar with Long-Evans rats opened less frequently and accrued fewer
consecutive openings than rats unfamiliar with Long-Evans rats who opened similarly to control rats [total: x*(2, N=64) =8.81, P=0.01, > = 0.11; familiar versus control:
P =0.009, unfamiliar versus control: P=1.00, unfamiliar versus familiar: P=0.15; consecutive XZ(Z, N=50)=12.78, P=0.002, nz =0.23; familiar versus control: P=0.001,
unfamiliar versus control: P=0.81, unfamiliar versus familiar: P=0.11]. (C) Although the first day of opening was similar [x2(2, N=50)=0.38, P=0.83], the third opening
differed across the conditions [x*(2, N=50) = 11.12, P=0.004, n* = 0.19]. The latency decreased from first to third openings for control [V(N = 38) = 36, P < 0.0001, * = 0.87]
and unfamiliar [V(N=7) =0, p=10.009, = 0.40] rats but not for rats familiar with the Long-Evans strain [V(N=7) =1, P=0.13]. Latencies are graphed individually for
the two rats that opened in the familiar condition (dashed lines). (D) Graph has the same format as Fig. 1E. The right ordinate is for the control rats (N =48). Photo

credits: R.R. Kukreja, University of Chicago.

(Fig. 3A). However, rats familiar with the strain of the incompetent
helper/s failed to open on the days following their first opening.
This latter finding held regardless of whether the incompetent helper
rat was from the same (Sprague-Dawley) or a different (Long-Evans)
strain as the potential helper rat. Thus, as is the case for helping,
bystander influence depends on strain familiarity rather than on
strain identity (13).

Perfect reinforcement after the first opening was observed in more
than 75% of control rats and nearly half of rats in the unfamiliar
condition but was nearly absent in rats tested with incompetent
helpers from familiar strains (Fig. 3B). Last, the proportion of days
on which rats helped, after opening once, was greatest for rats tested
alone (control) or with an incompetent helper from an unfamiliar
strain and least for rats tested with two incompetent helpers of the
same strain or with one incompetent helper of a foreign but familiar
strain (Fig. 3C). Reinforcement was intermediate for rats tested with
one incompetent helper of the same strain.

The influence of potential helper bystanders on helping

To examine the consequences of additional untreated and competent-
to-open bystanders, we compared the opening behavior of Controls
with the behavior of groups of two (duos) or three (trios) rats, all of
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whom were potential openers (Fig. 4, A and B). Collectively, duos
and trios are termed the plus conditions. All rats in plus conditions
were naive, untreated, and therefore potential helpers. Rats in the
trio condition opened the door consistently and at short latency by
day 3 and were therefore tested as a group for only 6 days. Thus,
analysis of duos and trios is restricted to the initial six testing days.

On the first testing day, no rats in the Control condition freed
the trapped rat, whereas 75% of the trios and half of the duos did so.
Thereafter, all groups in the plus conditions opened at least three times
in 6 days, whereas only half of the Control rats did (Fig. 4, C to E).
Furthermore, groups in the plus conditions opened the restrainer
door at lower latencies on the third day of opening than on the first
day, as was true for Control rats (Fig. 4D). Breaks in opening were
rare, with a total of only two to three recorded from all rats in each
of the three conditions in 6 days. In sum, rats in the plus conditions
initiated opening early and achieved consistent, day-after-day opening
at short latency within 6 days.

We next examined whether the actions of groups of rats are
simply the sum of the actions of individual rats. To this end, we
constructed all possible combinations of two and three rats from our
cohort of 48 control rats, resulting in the construction of shuffled
duos (n = 1128) and trios (n = 17,296), respectively. Rats in the
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Fig. 3. Incompetent helper bystanders of a familiar strain antagonize helping by reducing reinforcement. (A) The length of the initial streak of door-opening, the
streak inclusive of and following upon a rat’s first opening, is graphed by the first day of door-opening for conditions involving one or two incompetent helpers and for
controls. The dotted line represents perfect reinforcement, the streak length when an animal opens on every day following his first opening. Jitter (0.05 to 0.1) was intro-
duced to separate overlapping symbols (control versus unfamiliar; two incompetent helpers versus familiar). (B) The proportion of all rats that opened at least once and
showed perfect reinforcement thereafter is greatest for control rats and least for rats tested with one or two incompetent helpers from a familiar strain. Rats tested with
an incompetent helper from an unfamiliar strain showed an intermediate level of reinforcement. (C) After opening for the first time, the proportion of days that rats
opened thereafter is graphed. Symbols are shown in the lower panel. The N in the lower panel refers to the number of animals in each group that opened at least once.

experimental duos and trios started opening earlier than did shuf-
fled duos and trios (Fig. 4F). These data are evidence that groups of
rats interact to augment door-opening more frequently and earlier
in the testing schedule than would be expected if their individual
contributions to door-opening were independent (10).

Observational learning
As mentioned above, trios opened consistently almost immediately,
rendering further group testing of little value. Therefore, after 6 days
of group testing, rats in the trios were tested individually for an
additional 6 days, an approach that afforded analyses of how group
testing influenced subsequently expressed individual helping behavior.
While trios opened on nearly every opportunity, one rat within
the trio was the opener on any given day. To examine the effect of
one rat’s opening on the other two rats who observed this opening,
we looked at the subsequent opening behavior of rats who did not
open on the final day of group testing (day 6). Most rats (13 of 17)
who were not the trio’s opener during group testing on day 6 opened
on day 7 when tested solo (Fig. 5A). This is markedly different from
control rats among whom only 2 of 19 opened on day 7 after not
opening on day 6 (Fig. 5A). Four of the trio rats that opened on day
7 when tested individually had never opened before; nonetheless,
these four rats opened at latencies ranging from 0 to 7 s [median, 1.5 s;
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interquartile range (IQR), 0.0 to 4.0 s]. In contrast, the median
latency on the first day of opening for controls was 8.0 s (IQR, 6.0 to
15.0). These data suggest that trio rats learned from observing the
openings of others in their group and that this learning enabled and
quickened their subsequent openings. Moreover, opening latencies
decreased at the same rate when rats in trios observed others in
their trio opening on the previous (base) day as when control rats
opened on sequential days, demonstrating that rats learned from the
actions of others as well as they did from their own actions (Fig. 5B).

The effect of trio experience on subsequent

opening behavior

We next examined how the presence of two onlookers who witnessed
a rat’s opening affected that rat’s subsequent opening behavior. We
found that most trio rats (four of seven) who opened for their trio
on day 6 failed to open when tested individually on day 7 (Fig. 5C).
In stark contrast, all 29 control rats that opened on day 6 also opened
on day 7. Thus, the loss of onlookers to witness a rat’s opening appears
detrimental to future opening, suggestive of a facilitating audience
effect. In support of this idea, individual trio rats who opened at
least once during group testing (n = 19) opened a median of 3 (of 5)
times during days 8 to 12 when tested solo (Fig. 5D). This stands in
stark contrast to the 85% of control rats (who opened at least once
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Control, P=0.41; trios versus Control, P=0.03]. (D) Trio rats opened earlier than Control and duo rats [first day: x2(2, N=23)=10.15, P=0.006, n2 =0.61; duos versus control,
P=0.19; trios versus control, P= 0.004; third day: x*(2, N=23) = 8.04, P=0.02, n* = 0.30; duos versus control, P=0.19; trios versus control, P = 0.004]. Duos and trios decreased
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P=0.01]. (E) Graph has the same format as Fig. 1E. (F) Greater proportions of rats in the experimental duos and trios opened on the first day of testing than did rats in the
shuffled groups [trios versus shuffled trios x(df = 2) = 8.60, P=0.01; duos versus shuffled duos y*(df=2) = 5.91, P=0.05]. Photo credits: J.L. Havlik, University of Chicago.

during the first 6 days of testing) who opened every day during the
final 5 days of testing. These data show that door-opening is not as
reinforcing in rats tested alone after being tested as part of a group.

DISCUSSION
Here, we demonstrate bidirectional effects of bystanders on rat helping.
The effect of rat bystanders depends on their capacity to help, with

Havlik et al., Sci. Adv. 2020; 6 : eabb4205 8 July 2020

helping antagonized by incompetent helpers and facilitated by
additional potential helpers. Recent evidence that naive human by-
standers facilitate or, at the very least, have no negative effect upon
helping (9, 15) suggests that human helping may also be bidirectional.

Two incompetent helper rats antagonized helping more than did
one. Similarly, helping is progressively more suppressed as the
number of human bystanders increases (3). Another similarity
between the rat and human versions of the bystander effect is that
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Fig. 5. The experience of being in a trio influences future opening. (A) Of the
trio rats (left ordinate) that did not open on day 6, most opened on day 7 whereas
only 2 of 19 control rats (right ordinate) did so. (B) When two sequential openings
first occurred, the change in opening latency was inversely correlated to the latency
on the base day (ALatency ~ Latencyn.; * Condition; Latencyn.; P < 0.0001). This
correlation held regardless of whether the same rat opened on both days (black
line) or two different rats from the trio condition opened (red line; Condition,
P=0.95). (C) Of the trio rats that opened on day 6 (tested as a group), less than half
opened on day 7 (tested individually), whereas all control rats (right ordinate) who
opened on day 6 also opened on day 7. (D) Control rats (empty black circle, IQR is
within the symbol) who opened at least once during the first 6 days of testing (34
of 48) opened on all five of the final days of testing (days 8 to 12) but fewer than
20% of the trio rats who opened at least once during days 1 to 6 (19 of 24) opened
on all 5 days.

subjects are only influenced by bystanders of the same in-group (16).
These similarities raise the possibility that similar circuits support
the classic bystander effect in rats and humans. If this is the case,
then either rats have greater cognitive and cultural capacities than
currently appreciated or human helping operates independently of
rational reasoning and cultural influences. Evidence that the building
blocks for helping are fundamental circuits involved in parental
care and affiliative interactions are shared across mammals (17)
supports the latter possibility.

Incompetent helpers did not prevent or retard the initiation of
helping. The first day of opening was the same for rats tested with
one additional rat and for control rats and was even earlier for
rats tested with two additional rats. It is likely that additional rats,
regardless of their competency to help, hasten the initiation of
opening by socially buffering potential helpers. Social buffering refers
to the improved recovery from stressors afforded by the presence of
conspecifics (18, 19). Of particular relevance here, conspecifics

Havlik et al., Sci. Adv. 2020; 6 : eabb4205 8 July 2020

reduce the autonomic and behavioral expression of anxiety in re-
sponse to novel environments (18). In the trapped rat paradigm,
social buffering likely reduces the stress of the testing conditions,
facilitating proximity to the centrally located restrainer door and
thereby increasing opportunities for door-opening. After the first
door-opening, however, social buffering can no longer account for
the disparate effects on opening elicited by the presence of additional
rats of different types. Additional rats that are incompetent to help
exert a negative effect on reinforcement, whereas those that are
potential helpers appear to facilitate reinforcement, as revealed by the
reduction in helping shown by rats tested alone following group testing.

The show of indifference by incompetent helper rats is distinct
from, and far more detrimental to, motivating helping than the
absence of additional rats in control conditions. In groups, by-
standers influence a rat’s interpretation of his own behavior, whereas,
when solo, a rat’s own internal assessment of his actions rules. For a
rat that has only experienced solo testing, this assessment is enough.
Yet, when solo testing follows group testing, the self-reward pales in
comparison to the recalled group reinforcement. It is possible then
that just as rats tested solo after having the group experience failed
to reinforce their behavior, rats tested solo following testing with
incompetent helpers may show a positive rebound in reinforcement
and helping.

The influence of bystanders promotes conformity, the matching
of one’s behavior to that of a group. Conformity need not be limited
to helping. Rats who did not eat an unpalatable food when alone ate
itin the presence of a “demonstrator rat” who was eating the unpalat-
able food (20). Thus, the effect of bystanders may be more inclu-
sively imagined as one that promotes conformity in all manner of
observable behaviors.

MATERIALS AND METHODS

Subjects

Sprague-Dawley and Long-Evans male rats (Charles River, Portage,
MI) were used for all studies. Rats were 8 to 11 weeks old at the start
of the experiment. Rats were housed in pairs with ad libitum access
to chow and water in a 12:12 light-dark cycle, between 06:00 and
18:00. Animals were allowed 2 weeks to acclimate to the housing
environment. All procedures were approved by the University of
Chicago Institutional Animal Care and Use Committee.

Setup

Above every arena (50 cm by 50 cm, 32 to 60 cm high), a charge-coupled
device color camera (KT&C Co, Seoul, South Korea) was mounted.
The cameras were connected to a video card (Geovision, Irvine, CA)
in a dedicated PC. An acrylic rodent restrainer (25 cm by 8.75 cm by
7.5 cm; Harvard Apparatus, Holliston, MA) was placed diagonally
in the center of the arena. The body of the restrainer had several
small slits and the back end had a large slit, allowing for visual,
auditory, olfactory, and tactile communication between free and
trapped rats. A customized door, designed to be opened only from
the outside, was located at the other end. Two weights (25 g each)
were placed on one side of the door to facilitate opening.

Conditions

This experiment tested seven conditions, five involving Sprague-
Dawley rats exclusively and two conditions using a mix of Sprague-
Dawley and Long-Evans rats.
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Exclusively Sprague-Dawley rat conditions

In the Control condition (n = 8), one potential helper rat was placed
in an arena with one trapped rat. In the duo and trio conditions
(n =8 for each), two or three potential helper rats, respectively, were
placed in an arena with one trapped rat. In the two conditions with
incompetent helpers (n = 8 for each), one potential helper rat was
placed in an arena with one or two incompetent helpers and one
trapped rat.

Mixed Sprague-Dawley and Long-Evans rat conditions

To evaluate the role of strain familiarity in accepting cues from in-
competent helpers, two conditions (n = 8 each) used one potential
Sprague-Dawley helper, with one incompetent Long-Evans helper,
and a Sprague-Dawley trapped rat. In the unfamiliar condition, the
free rat had never seen or interacted with a Long-Evans rat. In the
familiar condition, the free Sprague-Dawley rat had been living with
aLong-Evans rat starting 2 weeks before the experiment’s start date. The
incompetent Long-Evans helper was always an unknown individual
to the Sprague-Dawley free rat, never his Long-Evans cagemate.

Control versus control cohorts

For selected analyses, we used a larger cohort of control rats than the
eight in the Control condition. Specifically, data from 40 additional
control rats from two experiments performed contemporaneously
were added to the data from the eight Control rats studied here. These
40 rats were tested in the standard trapped rat helping paradigm
without manipulation. References to the 48 control rats are in
lowercase (“control”), whereas the eight Control rats tested in this
study are referred to with an uppercase “Control.” No data from the
40 extra control rats have been published to date.

Shuffled data

To determine whether the facilitated opening in plus conditions
was simply due to the additive contributions of multiple rats, we
created groups of two or three rats from the control (n = 48) rats. All
possible shuffles of two (n = 48!/46!*2!; 1,128) and three [n = (48!)/
(45!*31); 17,296] rats were constructed. For each shuffled group, an
“opening” occurred if any one of the rats opened the restrainer door
before 40 min. The shortest latency within the shuffled group was
used as the opening latency. If more than one rat shared this laten-
cy, both rats were given credit for the opening. From these data, we
calculated expectations for opening if control rats were assembled
into groups of independently acting individuals.

Handling

Animals were habituated to transportation to the testing room, to
the experimenters, and to the arenas for 10 days before being tested.
On habituation day 1, rats were transported to the testing room and
left undisturbed for an hour in their home cages. On subsequent
days, rats’ tails were marked for identification, and rats were
handled for 5 min by each experimenter. Rats were weighed three
times per week. Cagemate pairs of rats were habituated to the testing
arena for 30 min on each of days 3 to 8. Free rats were placed in the
same arena for both habituation and testing when possible. Rats
were colored with permanent markers to facilitate computerized
tracking.

On days 6 to 8, rats destined to be incompetent helpers were
injected with 0.15 ml of an isotonic saline solution. On day 9, rats
were placed individually in arenas for 10 min and their behavior
was recorded (open field). On day 10 of habituation, rats were
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placed on an elevated plus maze for 5 min. After each habituation
session, rats were returned to their home cages and to the housing
room. All sessions were run during the rats’ light cycle.

Midazolam dosing

To parallel human psychology experiments, we produced incompetent
helper rats by administration of the benzodiazepine midazolam. On
the first day of the experiment with two incompetent helpers, rats
were given a dose of 2 mg/kg ip 20 min before the testing session.
However, this dose was ineffective in completely blocking door-
opening. Therefore, the dose was increased to 4 mg/kg for all re-
maining experiments and days. Midazolam-treated rats displayed
little interest in helping and rarely opened the restrainer door (two
openings in eight sessions at the 2 mg/kg dose, eight openings in
376 sessions at the 4 mg/kg dose). In the rare instances when an
incompetent helper opened the door, the door remained open and
the trial was not included in the data analysis.

Testing procedures

At the start of each session, the trapped rat was placed in the re-
strainer, the door closed, and the restrainer placed in the arena center.
The free rat or rats were then placed in the arena. If the free rats did
not open the restrainer door within 40 min, then the investigator
opened the restrainer door halfway, to a 45° angle, facilitating
door-opening by either a free rat or the trapped rat; this prevents
the development of learned helplessness. Note that only openings
that occurred before the 40-min mark were considered as door-
openings. Regardless of whether the door was opened before or
after the 40-min mark, rats always remained in the arena for the
hour-long session. After each session, the arena and restrainer were
washed with 1% acetic acid followed by isopropyl alcohol. Rats were
tested once per day for 12 days.

If a trapped rat succeeded in opening the door from inside the
restrainer, the trapped rat was placed immediately back in the re-
strainer with an acrylic blocker, which prevented his access to the
door. If the free rat subsequently opened the door, the blocker was
removed, allowing the trapped rat to exit the restrainer. The blocker
was then used for that trapped rat on all following test days. In two
instances, the trapped rat was the one to open the door but this was
not realized at the time. Therefore, the trapped rat remained free
and these two trials were not included in analyses.

Trios developed consistent, low-latency door-opening rapidly, and
the group’s performance was maximal by day 4. In other words,
no additional information could be gleaned by persisting with the
same protocol beyond the first several days. Thus, rats were tested
in the trios for only 6 days. Thereafter, they were tested individually
with a cutoff of 30 min rather than the standard 40 min. Note that
among the 48 control rats, the door-opening latency was between
30 and 40 min on days 7 to 12 on only two occasions of 208 open-
ings (<1%). It is therefore unlikely that shortening these sessions to
30 min had a substantial impact on the number of openings among
the trios in the second half of the testing sessions.

Video analysis

EthoVision tracking software (Noldus Information Technology Inc.,
Leesburg, VA) was used to track the rats’ movements at a rate of
15 frames per second in the arena under the +1 and -1 condi-
tions. Rats were colored to allow for individual tracking. These data
were used to calculate latencies.
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Door-opening latencies

Time to door-opening was calculated as the latency, in minutes or
seconds, until the restrainer door was opened. For rats that never
opened, a cutoff time of 40 min was assigned. The 40-min cutoff was
also used for trio rats on days 7 to 12, although the rats were only
tested for 30 min. As explained above, latencies between 30 and 40 min
were rare (2% of all 324 openings in the control rats and <1% of
days 7 to 12 openings as above). Thus, using a 40-min latency
for the trio rats tested individually allowed us to compare these rat
sessions to those from other conditions with minimal impact.

The first day of opening was the first day on which the rat opened.
A consecutive opening was defined as openings on two sequential
days. Days when either an incompetent helper or trapped rat opened
(n =10 for confederate openings, n = 2 for trapped openings) were
not included. Thus, if a rat opened for the first time on day 2 after
an incompetent helper opening occurred on day 1, then the first day
of opening would be assigned as day 1. Similarly, two openings
interrupted by an incompetent helper or trapped opening were
considered consecutive.

To analyze the latencies and days of first and third door-openings,
only rats that opened at least once were included. For rats that
opened once or twice but not three times, a latency of 40 was
assigned to the third opening. In these cases, the day of the third
opening was calculated upon which the rat could have opened for
the third time, if testing had continued. Thus, for a rat that opened
twice and was tested for 12 days, the third day of opening was given
a value of 13.

Statistical analysis

Door-opening metrics were calculated per rat and then for each
condition. All data are presented and illustrated as median and IQR
(25th to 75th percentile). Signed rank sum test was used on paired
observations to determine decrease in latencies. Kruskal-Wallis rank
sum test was used to determine differences between groups in
the number or latency of door-openings. Post hoc analyses were
performed using Dunn’s test of multiple comparisons with Bonferroni
correction. Effect size estimates were calculated following (21). All
statistics were calculated in R, and post hoc analyses were per-
formed using the PMCMR (Pairwise Multiple Comparison of Mean
Rank sums) package.

SUPPLEMENTARY MATERIALS

Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/6/28/eabb4205/DC1
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