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ARTICLE INFO ABSTRACT

Keywords: Social interactions can strengthen memories, but they can also contaminate them, for instance, when individuals
Social contagion integrate misinformation from social sources into their own memories. In two experiments, we examined such
Collaboration

social contagion in a novel recognition-based collaboration task. Groups of three subjects studied lists of words
in isolation, but unbeknownst to subjects, only half of these words were shared by the whole group. The re-
maining words were shared by two individuals within the group, or they were unshared, studied by single
individuals only. Subjects completed a first recognition test collaboratively, and we examined how this group
recognition task affected subsequent individual recognition, both for originally studied and unstudied items.
Moreover, for some subjects an initial individual test was placed before collaboration, to examine if prior in-
dividual retrieval influences social contagion. Three main findings emerged: First, collaboration enhanced in-
dividual memory for initially studied information, but mostly for information shared within the group. Second,
collaboration entailed robust social contagion effects, which were more pronounced when the misinformation
was shared by both other group members. Third, an individual memory test before collaboration reduced social
contagion. We discuss the powerful effects of memory retrieval and how social interactions can simultaneously
enhance and distort memories.

False memory
Retrieval practice
Testing effect
Collective memory

1. Introduction

People are social, and they frequently engage in conversations with
each other (Hirst & Echterhoff, 2012). Consider how often, during a regular
day, you interact with other people, and how frequently this requires re-
calling memories, either in the form of details about previous experiences
or events, or in the form of simple facts. Such conversations can have
profound influences on memory. Discussed contents may be strengthened
and enhanced in memory (e.g., Blumen & Stern, 2011; Blumen, Young, &
Rajaram, 2014; Weldon & Bellinger, 1997), whereas unmentioned details
may be forgotten (e.g., Cuc, Koppel, & Hirst, 2007). In addition, human
memory is also susceptible to misinformation (e.g., Loftus, Miller, & Burns,
1978). Such misinformation can be consumed in many ways, but the term
social contagion refers to instances in which the misinformation's source is
another human being (e.g., Roediger, Meade, & Bergman, 2001). Even
though implications have mostly been discussed for eyewitness memory,
social contagion and information transmission across individuals are of
potential relevance for many situations in daily life. For instance, they may
also operate when students discuss the contents of a recent lecture, when
friends chat about the events surrounding last weekend's party, or when co-
workers jointly remember a conference or another work-related event.

Researchers have used several approaches to examine social contagion,
differing in how misinformation is introduced after original information
was encountered (for an overview, see Maswood & Rajaram, 2018). One
approach is to pair subjects with a confederate, who “remembers” specific
misinformation, thereby contaminating the subjects' later memory of the
original study phase (e.g., Numbers, Meade, & Perga, 2014; Roediger et al.,
2001). Another frequently used approach is to ask subjects to review a
fictitious recall protocol after initial study. This recall protocol supposedly
comes from another subject and also contains certain misinformation (e.g.,
Gabbert, Memon, Allan, & Wright, 2004; Meade & Roediger, 2002). Fi-
nally, a third approach uses real social interactions. To introduce mis-
information, the initially studied information is manipulated and only
partly the same for the two members of a dyad. In particular, each in-
dividual encodes single details that are not shared by the other individual.
During joint recall of the encoded information, the unshared details can
come to light and spread from one group member to the other (e.g.,
Gabbert, Memon, & Allen, 2003; Garry, French, Kinzett, & Mori, 2008;
Mori, 2003; Wright, Self, & Justice, 2000). Notably, much of the work
relying on this third approach followed the eyewitness tradition, and ap-
plied complex and real-life events in the form of videos as study materials.
Doing so, social contagion for single, yet critical details demonstrates the
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relevance of mnemonic distortions for legal contexts, but, at the same time,
it is hard to examine basic properties of social contagion in the lab on the
basis of these tasks.

The aim of the present study was to introduce an experimental
paradigm that overcomes this difficulty and provides further benefits as
well. Our primary goal was to create a task that allows capturing dif-
ferent aspects of social remembering at once - negative effects, such as
social contagion errors, but also positive effects, such as collaborative
enhancement or reexposure effects. A secondary goal was that the task
should leave room for investigating advanced questions on the mne-
monic consequences of social interactions, as, for instance, the question
if prior individual retrieval practice plays a modulating role. If suc-
cessful, the task would go beyond prior approaches by allowing for
systematic investigation of real social interactions and their multiple
influences on memory. All this holds while, of course, the task was
heavily inspired by prior, so far mostly unconnected work in the lit-
erature on social memory, and we describe these influences plus some
further considerations next.

First, our task follows prior studies that manipulated information dis-
tribution during encoding (e.g., Gabbert et al., 2003; Garry et al., 2008). As
in these studies, subjects completing our task studied partly overlapping
information and partly unshared information, which they could later on
carry into a group collaboration phase, thus potentially distorting each
others' memories. We chose word lists as study materials, though it should
be possible to adapt the task to use other types of materials. Second, our
task used the same basic group set-up as prior work on collaborative re-
trieval (e.g., Basden, Basden, Bryner, & Thomas, 1997; Weldon & Bellinger,
1997). Subjects were tested in groups of three, and engaged in individual or
collaborative retrieval after encoding. At the end of the experiment, all
subjects completed a final individual test. On this test, social contagion
errors should arise for subjects who previously engaged in collaborative
recall with the rest of their group. In addition, collaboration with others can
also enhance memory for information studied by the whole group, namely
by reexposing individuals to information that they would otherwise have
forgotten (e.g., Abel & Bauml, 2017; Barthel, Wessel, Huntjens, &
Verwoerd, 2017; Basden, Basden, & Henry, 2000; Blumen et al., 2014;
Blumen & Stern, 2011; Weldon & Bellinger, 1997). Because reexposure
with initially studied information should be more likely for information
shared across group members, such benefits might be expected to be less
pronounced for unshared items, encoded by single group members only. In
any case, combining the experimental approach of collaborative retrieval
with a manipulation of information distribution during encoding enables
simultaneous examination of social contagion and facilitation (for similar
approaches, see Choi, Kensinger, & Rajaram, 2017; Muller & Hirst, 2014).
Third, grounded in practical considerations, we based the whole task on
recognition tests, because using such tests ensures that all initially encoded
information (shared and unshared within groups) is encountered by all
participants in all conditions.

The present study is novel in that it used a recognition-based col-
laboration task to examine facilitation and social contagion arising in
real social interactions. This holds while a recent study by Choi et al.
(2017) also manipulated information distribution, albeit in triads col-
laborating in a recall task. Ultimately, this prior study focused on dif-
ferent issues than the present study. In particular, it examined how
repeated collaboration in the same vs. in reconfigured triads affected
individual recall of negative, neutral, and positive information as well
as the build-up of collective memories across individuals. Additionally,
Choi et al. (2017) also manipulated encoding such that some informa-
tion was fully shared, some partially shared, and some unshared by
single individuals within the triads. Because the specific implementa-
tion of this manipulation differed from the present study and im-
plementation affects the analyses that can be carried out, the present
study is able to address other research questions than the prior work,
thus leading to novel results (for a more detailed discussion on how the
results of the present study complement those reported by Choi et al.,
2017, see General discussion).

Cognition 200 (2020) 104254

Apart from capturing several aspects of social interactions, our re-
cognition-based task may additionally allow examining advanced
questions on social memory, like the question how individual retrieval
prior to collaborative retrieval affects social contagion effects. Some
previous work indicates that initial individual retrieval can protect from
social contagion (e.g., Huff, Davis, & Meade, 2013; Huff, Weinsheimer,
& Bodner, 2016). In these studies, subjects were confronted with ficti-
tious recall protocols of other participants as sources of misinformation.
The likelihood of subjects integrating misinformation into their own
memories was reduced if an individual retrieval test had been com-
pleted before subjects reviewed the recall protocols. Overall, this seems
well in line with the testing effect literature, for instance showing that
initial retrieval can protect from retroactive interference (e.g., Abel &
Roediger, 2017; Bauml, Holterman, & Abel, 2014; Halamish & Bjork,
2011; Potts & Shanks, 2012).

Yet, contrasting with these studies, there is other evidence showing
that retrieval practice can increase susceptibility to misinformation
(e.g., Chan & LaPaglia, 2011, 2013; Chan, Thomas, & Bulevich, 2009;
Gordon & Thomas, 2014, 2017). In corresponding studies, mis-
information was presented via summarizing narratives, either in
written or audio form (with no emphasis of a potential social source).
Individual retrieval practice prior to encountering these narratives in-
creased the likelihood of subjects integrating the misinformation into
their own memories, which is consistent with related work showing
that retrieval practice can potentiate new learning (e.g., Arnold &
McDermott, 2013; Szpunar, McDermott, & Roediger, 2008). Overall,
there is no agreement in the literature on how individual retrieval af-
fects the adoption of misinformation. In the present study, we wanted to
apply our collaborative recognition task to address the question, and
included a third condition in our study design in which subjects en-
gaged in collaborative retrieval as well, but additionally completed a
prior individual test.

Experiment 1 was the first study to apply our newly developed task.
Subjects were tested in groups of three. We manipulated i) information
distribution across groups during encoding, with only some information
being studied by all group members, and ii) collaborative vs. individual
retrieval after encoding, with only some participants engaging in joint re-
membering with the other group members. All participants completed a
final individual test, and our main objective was to investigate if the task
can be used to experimentally assess both social contagion and collabora-
tive facilitation arising on this final test. Finally, in order to explore if the
task can be used to examine influence factors on social contagion, we ad-
ditionally explored the role of prior individual retrieval for social memory
effects. In an additional condition, subjects took an individual test before
engaging in collaborative group recall. Experiment 2 was run to replicate
the basic findings of Experiment 1 while also excluding a potential con-
found. In particular, Experiment 1 showed that the overall duration of
collaborative vs. individual recognition tests can differ greatly, and we
excluded this issue as a potential confound by more adequately matching
test durations in Experiment 2.

2. Experiment 1
2.1. Method

2.1.1. Participants

Sample sizes were determined on the basis of a priori power ana-
lyses for within-between interactions in repeated-measures ANOVAs.
Power was set to 0.80, alpha to 0.05, and correlations among repeated
measures to 0.50. Assuming three between-subject groups, a total
sample of 87 subjects (for two repeated measures) or 72 subjects (for
three repeated measures) would be necessary in order to detect a small-
to medium-sized interaction effect of f = 0.17. Thus, we recruited 90
subjects for each experiment. Participants in all experiments were un-
dergraduates at Regensburg University, who received partial course
credit for completing the experiment. Subjects participated in triads,
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Subject 1

Subject 2

30 shared items

10 partly shared items

10 partly shared items
30 partly shared items

10 partly...

10 unshared items

10 unshared items

Subject 3 Per Group

30 shared items

10 unshared items 30 unshared items

60 items 60 items

60 items 90 items overall

Fig. 1. Distribution of shared, partly shared, and unshared items across the three subjects in each group. Shared items were initially studied by all three group
members, partly shared items were studied by two of the three group members, and unshared items were studied by single group members only.

with 10 triads (n = 30) being tested in each of three conditions. All
subjects knew that they would complete the experiment together with
two others when signing up. Mean age in Experiment 1 was 20.8 years
(SD=1.9); 32 subjects were male, 58 female. Participants in 2 triads
reported not knowing each other at all before the experiment; in 12
triads, two of the three participants knew each other beforehand, and in
16 triads all three participants were acquainted.

2.1.2. Material

180 concrete nouns were selected from the CELEX-database (Duyck,
Desmet, Verbeke, & Brysbaert, 2004) and divided into two sets of 90
words each. Across subjects, each set was equally often used as study
and distractor material. The two item sets did not differ with regard to
mean number of letters (M=5.2, SD=1.1), mean number of syllables
(M=1.8, SD=0.6), or mean word frequency (per million; M=20.7,
SD=63.8), ts(178) < 1.00, ps = .447,ds < 0.11.

To be used as study material, each set was randomly grouped into
30 items that would be studied by all three subjects, 30 items that
would be studied by two subjects, and 30 items that would be studied
by single individuals within the group only. Similarly, when used as
distractor material, the same three groups of 30 items were applied as
lures on the three different memory tests (the critical collaborative vs.
individual test; the final test for assessing effects of prior collaboration
on individual memory; and the initial individual test before the colla-
boration phase, applied in only one of the three conditions).

2.1.3. Design

The experiment had a 3 x 8 mixed-factorial design. The first factor
retrieval task (individual, collaborative, collaborative plus prior test)
was manipulated between-subjects. In the individual retrieval condi-
tion, subjects completed two individual recognition tests (II) in the
course of the experiment, and never engaged in social interactions
during these tests. In the collaborative retrieval condition, subjects
engaged in the same two recognition tests, but completed the first one
in a collaborative manner. Subsequently, they completed the same final
individual recognition test as subjects from the individual retrieval
condition (CI). In the collaborative plus prior test condition, subjects
completed the same collaborative and individual recognition tests as
subjects in the regular collaborative retrieval condition; prior to these
tests, however, subjects in this condition were asked to complete an
initital individual test (ICI), to see if it would protect them from or
enhance their susceptibility to potential social contagion effects.

The second factor item type was manipulated within-subjects by dif-
ferentiating between items that were initially studied (three different item
types), initially unstudied (two different item types), or used as lures on the
conducted recognition tests (three different item types). For each subject,
items that were initially studied could be sorted into items shared with both,
one or none of the other subjects in a group (which we refer to as shared,

partly shared, and unshared items). These items were used to examine
collaborative facilitation effects. In addition, for each subject, there were
items that they themselves had not studied initially, but that had been
studied by both or one of the other group members (which we refer to as
strong and weak contagion items). These items were used to examine social
contagion. Finally, because all memory tests in Experiment 1 were re-
cognition tests, we also differentiated between the three sets of lures in-
troduced on different tests throughout the experiment to examine regular
false alarms: Lures first used during the initial individual test in the ICI-
condition (lures 1), the collaborative vs. individual recognition test (lures 2),
and the final individual recognition test (lures 3). Our main analyses focused
on potential differences on the final individual recognition test as a function
of retrieval task (II, CL ICI). For complenetess, hit and false alarm rates for
the individual vs. collaborative tests are reported in appendices (see
Appendix A for data from Experiment 1 and Appendix B for data from
Experiment 2).

2.1.4. Procedure

2.1.4.1. Study phase. Each subject was seated in front of a different
computer. After providing informed consent, subjects were instructed
that they would be seeing a relatively high number of items presented
on the screen, and that they should try to memorize them as best as
possible. Subjects received no further information about the study
materials, i.e., they were neither warned that they would study partly
different items, nor were they — falsely — told that they would all study
the same information. During study, items were presented one at a
time, in random sequences, and for 2 s each, centrally on the computer
screens. Each subject studied 60 items: 30 items shared with both other
group members, 20 items shared with one other group member, and 10
unshared items. Thus, 90 items were studied across each triad (see
Fig. 1 for an overview).

2.1.4.2. Distractor phase and first individual test. After study, all subjects
were distracted for roughly 2 min and asked to provide some
demographic information about themselves. Subjects in the individual
and collaborative retrieval conditions (II, CI) immediately went on to
complete further distractor tasks, namely the connect-the-numbers test
(Oswald & Roth, 1987), standard progressive matrices (Raven, 2000),
and decision problems (Tversky & Kahneman, 1974). In sum, the
distractor phase comprised 20 min. Several different distractor tasks
were used to keep participants engaged, but the same tasks were
applied in all conditions, with all participants completing the same
identical tasks (e.g., Abel & Bauml, 2019).

Subjects in the collaborative plus prior test condition (ICI) com-
pleted a first individual test right after answering the demographic
questions. In particular, still seated at their individual computers, each
subject completed a recognition test that comprised only the 60 items
studied earlier and 30 new items not previously studied (lures 1),
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intermixed randomly. Subjects were asked to decide for each single
item if it was an old item from the study phase or a new item. The test
was completely subject paced, and subjects entered their responses via
their computer keyboards. On average, completing this first test took
109.5 s (SD = 32.9). Subsequently, subjects were asked to work on the
same distractor tasks as subjects in the other two retrieval conditions.
The interval spent with the individual test and distractor tasks filled
20 min in this condition, too, so that delay between initial encoding and
the critical collaboration phase was the same across all three condi-
tions.

2.1.4.3. Collaborative vs. individual recognition test. Next, subjects in all
conditions were asked to complete a recognition test. Because subjects
had only partly studied the same information, we expected that
collaboration would result in social contagion. In the two
collaborative conditions (CI, ICI), triads completed this test together
and were asked to decide as a group whether items were old items from
the study phase or new items not studied earlier. For this purpose,
subjects were seated in front of the same computer. Before the test
began, subjects were simply asked to complete the test as a group. They
received no further instructions on how to determine group responses.
In particular, they were never instructed to try to convince each other
or to reach decisions that should be adopted by each individual. All 90
items from the study phase (see Fig. 1) were presented intermixed with
60 lures: the 30 lures already used for the individual recognition test in
the ICI condition (lures 1) plus 30 new lures (lures 2). In order to avoid
one subject taking over responses, the experimenter entered responses
for all collaborative groups via the computer keyboard, thus also
ensuring group discussions. Moreover, collaborative tests were audio
recorded. Subjects in the individual retrieval conditions completed the
same test, but did so at their individual computers, without any social
interaction. Afterwards, subjects in all conditions were asked to work
on another distractor task for roughly 5 min (the d2 test of attention;
Brickenkamp & Zillmer, 1998).

2.1.4.4. Final individual recognition test. The final phase of the
experiment comprised another recognition test which was completed
individually by subjects in all conditions. On this test, 100 items had to
be judged with regard to whether they were old items from the initial
study phase or new items, not encountered during the study phase. Not
all items were included on this final test because i) we wanted to create
similar numbers of observations for to-be-contrasted item types (e.g.,
for 10 fully shared, 10 partly shared, and 10 unshared items), and ii) we
worried about the experiment's duration and participants'
concentration across several memory tests on the same materials.
Therefore, the final test was limited to a subset of items (see Table 1
for a breakdown of item types and their use across tests).

For each subject, the final test included 30 items taken from the original
study phase: The 10 unshared items, as well as 10 of the partly shared items
(drawn randomly for each subject out of the overall 20 items per subject),
and 10 of the shared items (again, drawn randomly out of the overall 30
items). Critically, the test also included social contagion items, namely the
10 strong contagion items (studied by both other subjects) and 10 of the
weak contagion items (drawn randomly out of the overall 20 items studied
by one other individual). These 50 items were presented randomly inter-
mixed with 50 lure items: 16 lures were randomly drawn from the set
previously used on the initial individual recognition test (lures 1), 17 lures
were randomly drawn from the set previously used on the collaborative vs.
individual test (lures 2), and 17 lures were randomly drawn from a fresh set
of 30 items (lures 3). The test was again completely subject paced, and
subjects were asked to enter their responses via their computer keyboards.
When all subjects had completed the final test, they were debriefed and
thanked for their participation (for a schematic overview of the whole
procedure, see Fig. 2).
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2.2. Results

2.2.1. Facilitation

We first analyzed mean hit rates for items that were initially studied
(see Fig. 3a). A 3 X 3 ANOVA with the factors of irem Type (shared,
partly shared, unshared) and retrieval condition (I, CI, ICI) showed no
significant main effect of retrieval condition, F(2,87)=1.69,
MSE=0.08, p=.191, np2=0.04, but a significant main effect of item
type, F(2,174)=8.89, MSE=0.02, p < .001, #,2=0.09, which was ac-
companied by a significant interaction of the two factors, F(4,174)
=2.65, MSE=0.02, p=.035, 11p2=0.06. To better understand this pat-
tern, we conducted further analyses.

An ANOVA contrasting the individual and collaborative retrieval
conditions (II vs. CI) revealed the same pattern, with no significant
main effect of retrieval condition, F(1,58)=2.98, MSE=0.09, p=.089,
np2=0.05, but a significant main effect of item type, F(2,116)=3.67,
MSE=0.02, p=.029, 11,>=0.06, and a significant interaction of the two
factors, F(2,116)=4.48, MSE=0.02, p=.013, ’7p2= 0.07. Hit rates were
enhanced in the collaborative relative to the individual retrieval con-
dition, but only for shared items, studied by all three subjects in a group
(83.0% vs. 67.3%), t(58)=2.83, p=.007, d=0.73. There was no cor-
responding collaborative facilitation for partly shared items (78.0% vs.
71.0%), t(58)=1.35, p=.182, d=0.35, or unshared items (69.0% vs.
68.7%), t(58) < 1.00, p=.950, d=0.02.

A further ANOVA contrasting the two collaborative conditions with
and without a prior individual test (CI vs. ICI) only showed a significant
main effect of item type, F(2,116)=12.86, MSE=0.02, p < .001,
np2=0.18, but no other significant effects, Fs < 1.00, MSEs < 0.05,
ps = .366, n,° = 0.01. Unshared items were generally remembered
worse than partly and completely shared items (67.7% vs. 77.2% vs.
80.5%), ts(59) = 3.46, ps = .001, ds = 0.45; memory for these items
did not differ, t(59)=1.52, p=.135, d=0.20.

2.2.2. Social contagion

Next, we examined false alarms for items that were initially unstudied
by each subject, but studied by one if not both other group member(s) (see
Fig. 3b)." A2 x 3 ANOVA with the factors of item type (weak contagion
items, strong contagion items) and retrieval condition (II, CI, ICI) showed a
significant main effect of retrieval condition, F(2,87)=32.83, MSE=0.05,
p < .001, 71p2= 0.43, a significant main effect of item type, F(1,87) =21.30,
MSE=0.02, p < .001, 11p2=0.20, and a significant interaction of the two
factors, F(2,87)=4.55, MSE=0.02, p=.013, np2=0.10. To clarify this
pattern, we again ran further analyses.

An ANOVA contrasting the individual and collaborative retrieval
conditions (II vs. CI) showed the same pattern, with two significant
main effects and a significant interaction effect, Fs = 4.58,
MSEs < 0.05, ps < .037, n,> = 0.07. Follow-up tests on false alarms in
the individual retrieval condition alone showed no differences between
strong and weak contagion items (25.3% vs. 24.3%), t(29) < 1.00,
p=.779, d=0.01, reflecting that subjects in this condition did not en-
gage in joint recall with the other group members who had studied
these items. In the collaborative retrieval condition, strong contagion
items (studied by both other group members) evoked higher false alarm
rates than weak contagion items (studied by one other group member;
64.0% vs. 51.3%), t(29) =3.05, p=.005, d=0.56. False alarm rates for
both item types were enhanced after collaborative vs. individual

! Analyses on social contagion errors included all corresponding items and
not only items previously endorsed on the collaborative recognition test.
Previous group endorsement may not be necessary for social contagion to arise,
because group discussions and disagreements can still affect individual memory
later on, even in cases in which an item was not classified as old during col-
laboration. In addition, false alarms in the individual retrieval condition offer
an adequate baseline for evaluation, because increases in false alarms in col-
laborative relative to individual retrieval conditions are likely due to colla-
boration and social input.
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Table 1
Breakdown of item types and their use across tests in Experiment 1.
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Item type Number of items per subject

Initial individual test (ICI condition only)

Collaborative vs. individual test Final individual test

Initially studied items

Fully shared items 30 items X
Partly shared items 20 items X
Unshared items 10 items X
Social contagion items

Strong contagion items 10 items X
Weak contagion items 20 items X
Lures

Lures 1 30 items X
Lures 2 30 items

Lures 3 30 items

X X Only 10 items tested
X X Only 10 items tested
X X All 10 items tested
X X All 10 items tested
X X Only 10 items tested
X X Only 16 items tested
X X Only 17 items tested
X Only 17 items tested

Note. An X indicates that an item type was included on the respective memory test. Usually, all items belonging to a specific item type were tested; the only exception
is the final individual test, with the last column additionally showing how many items belonging to each item type were tested. See the main text for further details.

» . Collaborative
Individual Collaborative retrieval with prior
retrieval (I1) retrieval (Cl) individual test (ICl)

Individual study phase

!
20 min delay Individual test
Filled with
questionnaires
and unrelated | e
cognitive tests l

Individual test Collaborative test Collaborative test

l 5 min delay l
v

Individual final test

Fig. 2. Schematic depiction of experimental procedures in the three retrieval
conditions.

retrieval, but social contagion was more pronounced for strong con-
tagion items (64.0% vs. 25.3%), t(58)=8.35, p < .001, d=2.16, than
for weak contagion items (51.3% vs. 24.3%), t(58)=5.56, p < .001,
d=1.44.

To examine if individual retrieval prior to collaboration influenced
social contagion, we conducted another ANOVA contrasting the two col-
laboration conditions. The ANOVA revealed a significant main effect of
item type, F(1,58)=28.27, MSE=0.02, p < .001, qp2=0.33, and a sig-
nificant main effect of retrieval condition, F(1,58)=18.01, MSE=0.04,
p < .001, r]pz =0.24, but no significant interaction between the two factors,
F(1,58) < 1.00, MSE=0.02, p=.504, np2=0.01. False alarm rates were
also higher for strong compared to weak items after collaborative retrieval
with a prior individual test (50.0% vs. 33.7%), t#(29)=4.62, p < .001,
d=0.84. Relative to the condition without prior individual retrieval,
however, false alarm rates were significantly reduced, and this was the case
for both weak contagion items (33.7% vs. 51.3%), t(58)=3.88, p < .001,
d=1.00, and strong contagion items (50.0% vs. 64.0%), t(58)=2.99,
p=.004, d=0.77.

2.2.3. False alarms for lures

Finally, we also examined false alarms for lures introduced at dif-
ferent times throughout the experiment (see Fig. 3c). A 3 x 3 ANOVA
with the factors of rem TypE (lures 1, lures 2, lures 3) and RETRIEVAL

conbrtioN (II, CI, ICI) showed a significant main effect of retrieval con-
dition, F(2,87)=7.08, MSE=0.05, p=.001, npz =0.14, a significant
main effect of item type, F(2,174)=88.09, MSE=0.02, p < .001,
np2=0.50, and a significant interaction of the two factors, F(4,174)
=3.60, MSE=0.02, p=.008, 7,2=0.08.

An ANOVA contrasting the individual and collaborative retrieval
conditions (II vs. CI) showed two significant main effects for item type
and retrieval condition, Fs = 9.97, MSEs < 0.06, ps < .003, r]pz > 0.15,
but no significant interaction between the two factors, F(2,116) < 1.00,
MSE=0.02,p=.619, ”pz =0.01. False alarm rates did not differ for lures
1 and lures 2 (35.4% vs. 34.3%), t(59) < 1.00, p=.606, d=0.01. This
makes sense, because in these two retrieval conditions, the two lure sets
were both first introduced on the same recognition test, namely the
collaborative vs. individual test. In comparison, false alarm rates for
lures 3, introduced only on the final recognition test, were reduced
(16.7%), ts(59) = 8.17, ps < .001, ds = 1.05. Further follow-up tests
contrasting false alarms across the two retrieval conditions showed that
prior collaborative relative to individual retrieval enhanced false alarm
rates for all three sets of lures (lures 1: 42.0% vs. 28.9%, t(58)=2.61,
p=.012, d=0.67; lures 2: 40.2% vs. 28.4%, t(58)=2.59, p=.012,
d=0.67; lures 3: 21.1% vs. 12.2%, t(58)=2.61, p=.012, d=0.67).

We next contrasted the two collaboration conditions to examine if in-
dividual retrieval prior to collaboration influenced false alarms for lures,
too. The ANOVA revealed a significant main effect of item type, F(2,116)
=72.94, MSE=0.02, p < .001, np2=0.56, a significant main effect of re-
trieval condition, F(1,58)=14.70, MSE=0.03, p < .001, 11p2=0.20, and a
significant interaction between the two factors, F(2,118)=3.99,
MSE=0.02, p=.025, 11p2=0.06. Prior individual retrieval reduced false
alarms for lures 2 (26.3% vs. 40.2%), t(58)=3.84, p < .001, d=0.99, and
lures 3 (8.3% vs. 21.1%), t(58) =4.53, p < .001, d=1.17, but not for lures
1 (39.5% vs. 42.0%), t(58) < 1.00, p=.552, d=0.15. Again, this latter
finding makes sense, given that the first set of lures was introduced earlier
in the ICI condition, whereas lures 2 and 3 were introduced at the same
time in the experiment across the two conditions.>

2 Gender was not controlled in the present study, but upon reviewer's request we
conducted additional analyses for participants in the collaborative conditions to see
if gender distribution within groups affected the general patterns observed for all
item types. Separate analyses were again carried out for facilitation, social con-
tagion, and lures. Comparing purely female/male groups (7 triads, n=21) and
mixed groups (13 triads, n=39), no significant main effects or interaction effects
involving the factor gender distribution were observed (all ps = .117, all
np°s < 0.04).

Similarly, we were asked to conduct additional analyses to examine if facilitation
and social contagion were affected by whether subjects within triads knew each
other or not. Comparing completely unacquainted triads (2 triads, n=6) to triads in
which at least two (12 triads, n=236) or all three participants knew each other (16
triads, n=48), no significant main or interaction effects involving the factor ac-
quaintance were found (all ps = .106, all ;7p23 < 0.05).
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Fig. 3. Results of Experiment 1. Panel a) shows hit rates for originally studied information; panel b) shows social contagion with originally unstudied information;

panel c) shows regular false alarm rates.

2.2.4. Additional analysis: performance on the initial individual test (ICI
condition only)

Mean hit rate for studied items was at 73.9% (SD=12.8). Hit rates
did not differ for shared, partly shared, and unshared items (72.9% vs.
76.5% vs. 72.3%) on this test, F(2,58)=1.80, MSE=0.10, p=.181,
np2= 0.06. The false alarm rate for lures was at 19.6% (SD=18.5).

2.2.5. Additional analysis: test durations of individual vs. collaborative tests

Before running the experiment, it was unclear how long the critical
individual vs. collaborative retrieval phase used to trigger social
memory effects would take. Therefore, we analyzed duration for the 10
triads in each of the two collaborative conditions, and randomly se-
lected 10 out of the 30 inviduals in the individual condition and in-
cluded their data in the analysis. A one-way ANOVA indicated a sig-
nificant difference in mean duration between conditions, F(2,27)
=68.32, MSE=21.70, p < .001, np2=0.84. There was no significant
difference between the two collaborative retrieval conditions (CI:

M=26.0 min, SD=5.4; ICl: M=21.5 min, SD=5.9), t(18)=1.76,
p=.096, d=0.79. Mean test duration in both collaborative conditions
was however much longer compared to the individual retrieval condi-
tion (I: M=3.0 min, SD=0.7), ts(18) = 9.82, ps < .001, ds = 4.39.
The same test took collaborating groups about 7-8 times longer than
individual subjects.

2.3. Discussion

The primary aim of the present study was to introduce a task that
allows capturing several different aspects of social remembering at
once. Consistently, Experiment 1 shows that collaboration with others
can simultaneously enhance and distort memories. On the one hand,
subjects who had previously collaborated with others showed enhanced
memory for initially studied information. This facilitation was most
pronounced for information that was initially studied by all three group
members. On the other hand, collaborating with others also triggered
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social contagion and the integration of misinformation into one's own
memory of the study phase. Subjects in the collaborative retrieval
condition were generally susceptible to misinformation by others, but
showed even higher integration of misinformation when it was re-
presented by both other group members (rather than just by one).
Interestingly, collaboration also enhanced regular false alarm rates for
neutral lures, indicating that information transmission during joint re-
membering in groups does not only have to comprise accurate in-
formation encoded by some or all group members, but can also involve
plainly incorrect information misremembered by single individuals.
Clearly, the applied task can be used to examine multiple (positive and
negative) aspects of social memory.

The second aim was to design a task that allows examining ad-
vanced questions on mnemonic consequences of social interactions, like
the potentially modulating role of prior individual retrieval practice. In
line with previous findings on social contagion from studies that ap-
plied a confederate to introduce misinformation (e.g., Huff et al., 2013,
2016), subjects participating in our recognition-based collaboration
task also showed reduced susceptibility to social contagion if they had
beforehand completed an individual recognition test on the initially
studied information. A novel finding was that individual retrieval re-
duced social contagion to about the same degree irrespective of whe-
ther the misinformation was represented by one or two other group
members. The pattern was very similar for lures, with prior individual
retrieval reducing false alarm rates for lures introduced during colla-
boration and during the final individual test. In contrast, prior in-
dividual retrieval did not meaningfully alter the collaborative facilita-
tion effects observed for initially studied (shared) information (for
related work, see Congleton & Rajaram, 2011).

One caveat raised by additional analyses concerns the overall
duration of the critical individual vs. collaborative recognition test,
used to elicit social memory effects. Our aim was to create a task that
allows for unrestricted social interaction, but paired with a recognition
test, this also means that the duration of the collaboration phase cannot
be strictly controlled. Experiment 1 shows that such collaborative tests
can in fact take 7-8 times longer than the same test taken by in-
dividuals. This difference in task durations creates a confound, raising
the question if mnemonic differences between conditions will persist
when individual and collaborative tests are more adequately matched
in overall duration.

We pursued two goals in Experiment 2. Our first goal was to check if
the results observed for collaborative vs. individual retrieval conditions
(IT vs. CI) in Experiment 1 could be replicated when duration of the
collaborative vs. individual recognition task is better controlled, so that
participants are exposed to stimulus materials for roughly the same
time. Instead of restricting social interactions during collaboration, we
addressed the issue by changing the individual recognition test from
subject-paced to experimenter-timed, thereby increasing its overall
duration. Our second goal was to examine if the finding of an initial
individual recognition test protecting against social contagion in
Experiment 1 hinged on the format of the test, or if it would generalize
to a free-recall test format. A positive side effect of using free recall as
initial test is that subjects in the corresponding condition are no longer
exposed to an early set of lures. Yet, because free recall typically results
in lower memory scores and may reactivate fewer study contents
compared to recognition, free recall might be expected not to provide as
much protection from contamination with misinformation.

3. Experiment 2
3.1. Method
3.1.1. Participants
The sample again comprised 90 subjects, tested in 30 triads. Mean

age was 21.0 years (SD=2.3); 13 subjects were male, 77 female.
Participants in 7 triads reported not knowing each other at all before
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the experiment; in 9 triads, two of the three participants knew each
other beforehand, and in 14 triads all three participants were ac-
quainted.

3.1.2. Material

The same two sets of 90 items were applied as in Experiment 1 and
their use as study and distractor materials was again counterbalanced
across participants. When used as distractor material, 60 of the 90 items
now served as lures 1, to be introduced on the critical collaborative vs.
individual recognition test (which corresponds to lures 1 and lures 2 in
Experiment 1). The remaining 30 items were used as fresh lures on the
final individual recognition test and are now referred to as lures 2 (but
correspond to lures 3 in Experiment 1).

3.1.3. Design

The experiment had a 3 X 7 mixed-factorial design. The first factor
retrieval task (II, CI, ICI) was identical to Experiment 1 and again
manipulated between-subjects. The second factor item type was very
similar to Experiment 1 and manipulated within-subjects. Here, we
again differentiated between items that were initially studied (fully
shared, partly shared, or unshared within the group) and contagion
items that were initially unstudied (but studied by both or one of the
other group members). In contrast to Experiment 1, there were only two
sets of lures in Experiment 2. One set of lures was introduced during the
collaboration phase (lures 1), another one on the final individual test
(lures 2).

3.1.4. Procedure

The general procedure was largely identical to the procedure ap-
plied in Experiment 1, with three differences. First, the individual test
before the collaboration phase in the ICI condition was now realized as
a free recall task. Subjects were handed a piece of paper and asked to
write down all words from the study phase that they could remember.
They had 3 min to complete this test.

Second, in order to roughly equate time spent on the individual vs.
collaborative test across II and CI conditions, the first individual test in
the II condition was no longer subject-paced. Test items were presented
for 8 s each, and subjects were asked to provide their responses within
this 8-second window. In order to avoid missed trials, a countdown was
presented on the screen for the last 4 s of item presentation. All other
details for this test were identical to Experiment 1.

Third, the make-up of the final individual recognition test changed
slightly. As in Experiment 1, the test included 30 initially studied items
(fully shared, partly shared, or unshared) as well as 20 initially un-
studied items (weak vs. strong contagion items). These 50 items were
again presented randomly intermixed with 50 lures, but composition of
lures differed. In Experiment 2, 25 lures were randomly drawn from the
set used during the collaboration phase (lures 1), and 25 lures were
randomly drawn from a fresh set of lures (lures 2). The test was subject
paced, and subjects entered responses via their computer keyboards.

3.2. Results

3.2.1. Facilitation

Fig. 4a shows mean hit rates for initially studied items. A 3 x 3
ANOVA with the factors of rem TveE (shared, partly shared, unshared)
and retrieval condition (II, CI, ICI) showed a significant main effect of
item type, F(2,174)=6.18, MSE=0.02, p=.003, np2 =0.07, as well as a
significant main effect of retrieval condition, F(2,87)=3.40,
MSE=0.07,p=.038, ’7p2 =0.07, but no significant interaction of the two
factors, F(4,174)=1.06, MSE=0.02, p=.378, r]pz =0.02. We ran further
analyses to characterize this pattern.

An ANOVA contrasting the individual and collaborative retrieval
conditions (II vs. CI) revealed the same pattern, with a significant main
effect of item type, F(2,116)=3.89, MSE=0.02, p=.023, npz =0.06, as
well as a significant main effect of retrieval condition, F(1,58)=8.11,
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Fig. 4. Results of Experiment 2. Panel a) shows hit rates for originally studied information; panel b) shows social contagion with originally unstudied information;

panel c) shows regular false alarm rates.

MSE=0.06,p=.006, r]p2 =0.12, but no significant interaction of the two
factors, F(2,116)=1.64, MSE=0.02, p=.198, ’7p2 =0.03. Hit rates were
enhanced in the collaborative relative to the individual retrieval con-
dition, but only for fully shared items (82.7% vs. 67.7%), t(58) =3.25,
p=.002, d=0.83, and partly shared items (81.3% vs. 72.0%), t(58)
=2.09, p=.041, d=0.54. There was no corresponding facilitation for
unshared items (73.0% vs. 67.0%), t(58)=1.29, p=.203, d=0.33.°

A further ANOVA contrasting the two collaborative conditions with
and without a prior individual test (CI vs. ICI) only showed a significant
main effect of mem rtvee, F(2,116)=7.88, MSE=0.02, p=.001,
np2=0.12, but no other significant effects, Fs < 2.05, MSEs < 0.07,
ps = .158, n,> = 0.03. Unshared items were generally remembered

3Please note that none of the reported tests were corrected for multiple
comparisons, because all main results relied on ANOVA outcomes. If Bonferroni
corrections were applied to the just reported t-tests on facilitation effects (CI vs
II), the comparison for partly shared items would no longer be significant.

worse than partly and completely shared items (70.8% vs. 77.8% vs.
79.8%), ts(59) = 2.76, ps < .008, ds = 0.36; memory for these items
did not differ, t(59) < 1.00, p=.325, d=0.13.

3.2.2. Social contagion

Fig. 4b shows mean false alarms for items that were initially un-
studied by each subject, but studied by one if not both other group
member(s). A 2 X 3 ANOVA with the factors of irem TYPE (Weak con-
tagion items, strong contagion items) and retrieval condition (II, CL, ICI)
showed a significant main effect of retrieval condition, F(2,87)=15.01,
MSE=0.06, p < .001, 1,>=0.26, a significant main effect of item type,
F(1,87)=16.83, MSE=0.02, p < .001, np2=0.16, but no significant
interaction of the two factors, F(2,87)=2.09, MSE=0.02, p=.130,
1> =0.05. To clarify this pattern, we again ran further analyses.

An ANOVA contrasting the individual and collaborative retrieval
conditions (II vs. CI) showed a significant main effect of retrieval con-
dition, F(1,58)=30.93, MSE=0.06, p < .001, r]p2=0.35, a significant
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main effect of item type, F(1,58)=10.90, MSE=0.02, p=.002,
ﬂp2= 0.16, and a significant interaction of the two factors, F(1,58)
=4.63, MSE=0.02, p=.036, f7p2=0-07- Follow-up tests on false alarms
in the individual retrieval condition alone again showed no differences
between strong and weak contagion items (29.7% vs. 27.0%), t(29)
=1.03, p=.310, d=0.19. In the collaborative retrieval condition,
however, strong contagion items evoked higher false alarm rates than
weak contagion items (58.7% vs. 46.0%), t(29)=3.28, p=.003,
d=0.60. False alarm rates for both item types were enhanced in the
collaborative vs. the individual retrieval condition, but social contagion
was again larger for strong (58.7% vs. 29.7%), t(58)=6.01, p < .001,
d=1.55, than for weak contagion items (46.0% vs. 27.0%), t(58)
=3.82, p < .001, d=0.99.

To examine if individual retrieval prior to collaboration influenced
social contagion, we conducted another ANOVA contrasting the two
collaboration conditions. The ANOVA revealed a significant main effect
of item type, F(1,58)=16.21, MSE=0.03, p < .001, np2=0.22, and a
significant main effect of retrieval condition, F(1,58)=6.91,
MSE=0.06, p=.011, np2= 0.11, but no significant interaction between
the two factors, F(1,58) < 1.00, MSE=0.03, p=.778, npz =0.001. False
alarm rates were also higher for strong compared to weak items in the
collaborative retrieval condition with a prior individual test (46.3% vs.
35.3%), t(29)=2.48, p=.019, d=0.45. Relative to the condition
without prior individual retrieval, false alarm rates were however sig-
nificantly reduced, and this was the case for both strong contagion
items (46.3% vs. 58.7%), t(58)=2.22, p=.030, d=0.57, and weak
contagion items, (35.3% vs. 46.0%), t(58)=2.15, p=.036, d=0.55.*

3.2.3. False alarms for lures

Fig. 4c shows mean false alarms for lures. A 2 X 3 ANOVA with the
factors of 1tem TYPE (lures 1, lures 2) and retrievAL conpitioN (II, CI, ICI)
showed a significant main effect of 1em TvPE, F(1,87)=216.92,
MSE=0.01, p < .001, rlp2=0.71, but no significant main effect of re-
TRIEVAL CONDITION, F(2,87)=2.89, MSE=0.03, p=.061, np2 =0.06, and no
significant interaction of the two factors, F(2,87) < 1.00, MSE=0.01,
p=.529, 1,2=0.02. False alarm rates were generally higher for lures 1
(introduced earlier in the experiment) than lures 2 (35.0% vs. 13.6%).
In contrast to Experiment 1, collaborating with others did not sig-
nificantly enhance false alarms for lures in Experiment 2.°

3.2.4. Additional analysis: performance on the initial individual test (ICI
condition only)

Mean free recall was at 22.7%. Subjects recalled similar percentages
of shared items (22.7%), partly shared items (23.5%), and unshared
items (21.3%), F(2,58) < 1.00, MSE=0.01, p=.758, 11p2=0.01. On
average, subjects generated 1.5 intrusions (SD=1.7; range: 0-6), but
intrusions never included contagion items that had been studied by
other group members.

4 If Bonferroni corrections were applied to these t-tests on retrieval practice
protecting from social contagion (CI vs. ICI), then the two single comparisons
for strong and weak social contagion items would no longer be significant.

5 Upon reviewer's request we conducted additional analyses to see if gender
distribution in collaborative groups affected the results. Separate analyses were
again carried out for facilitation effects, social contagion, and false alarms for
lures. Comparing purely female/male groups (15 triads, n=45) and mixed
groups (5 triads, n=15), no significant main effects or interaction effects in-
volving the factor gender distribution were observed (all ps = .092, all
s < 0.05.)

Similar analyses were conducted to examine if facilitation and social con-
tagion were affected by whether subjects within triads knew each other.
Comparing completely unacquainted triads (7 triads, n=21) to triads in which
at least two (9 triads, n=27) or all three participants knew each other (14
triads, n=42), no significant main or interaction effects involving the factor
acquaintance were found (all ps = .211, all qus =< 0.07).
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3.2.5. Additional analysis: test durations of individual vs. collaborative tests

With 8 s per item, the first individual test in the II condition always
took 20 min. Test duration did not differ in the two collaborative re-
trieval conditions (CI: M=19.2 min, SD=7.6; IC. M=16.3 min,
SD=6.6), t(18) < 1.00, p=.364, d=0.42. One-sample t-tests showed
that test durations in the collaborative conditions did not significantly
deviate from the fixed 20 min in the II condition, ts(9) < 1.80,
ps = .105.

3.2.6. Additional analysis across Experiments 1 and 2: contrasting social
contagion errors and regular false alarms for lures

In addition to the analyses above, conducted separately for social
contagion items and lures, we followed a previous study by Kensinger,
Choi, Murray, and Rajaram (2016) and compared the magnitude of
these memory errors in the collaborative retrieval condition (CI) only.
Such analysis can indicate if social contagion errors were similar in size
as or even exceeded regular false alarms. For brevity, we collapsed the
data of Experiments 1 and 2. Because social contagion arises during
collaboration, we used false alarms to those lure sets as comparisons
that were introduced during the collaboration phase, too. For Experi-
ment 2, this corresponds to lures 1; for Experiment 1, false alarms were
collapsed across lures 1 and lures 2.

A 3 x 2 ANOVA with the factors of item type (weak contagion
items, strong contagion items, lures) and Experiment (Experiment 1,
Experiment 2) showed a significant main effect of item type, F(2,116)
=31.73, MSE=0.02, p < .001, '7p2 =0.35, but no significant main effect
of experiment, F(1,58)=1.40, MSE=0.05, p=.241, npz =0.02, and also
no significant interaction of the two factors, F(2,116) < 1.00,
MSE=0.02, p=.572, 11,>=0.01. False alarms were indeed enhanced for
contagion items relative to lures, for both weak contagion items (48.7%
vs. 40.8%), t(59) =3.56, p=.001, d=0.46, and strong contagion items
(61.3% vs. 40.8%), t(59)=7.57, p < .001, d=0.98. Thus, social con-
tagion errors exceeded regular false alarms for lures in the present
experiments.

3.3. Discussion

Experiment 2 replicated most results of Experiment 1. Collaboration
again enhanced individual memory, but only for information shared by
group members. Simultaneously, collaboration induced social con-
tagion with misinformation, which was again more pronounced when
the misinformation was represented by both other group members.
Most importantly, these parallels between experiments emerged even
though test durations between conditions differed largely in
Experiment 1, but were fairly well matched in Experiment 2, indicating
that the effects observed in Experiment 1 were not due to the initial
confound in task duration.

Similarly, individual retrieval prior to collaboration was again
beneficial and reduced susceptibility to social contagion, replicating the
results of Experiment 1. This parallel in findings arose even though the
free-recall test applied in Experiment 2 resulted in relatively low recall
rates. The finding may therefore generalize across different test formats
and not depend critically on whether test formats match between the
previous individual and all subsequent tests. In the present study, the
finding arose in a collaborative retrieval task with real social interac-
tions, but more broadly it is well in line with previous work, which
showed that individual retrieval can reduce social contagion from fic-
titious social sources (e.g., Huff et al., 2013, 2016).

Even though the numerical pattern observed for false alarms for
lures was similar between Experiments 1 and 2, the statistical results
differed. In particular, prior collaboration had significantly enhanced
false alarms in Experiment 1, but the corresponding comparisons were
not significant in Experiment 2. The difference in results could have to
do with the controlled (longer) duration of the critical individual re-
cognition test in Experiment 2. At least potentially, this could have
resulted in slightly higher false alarm rates in the II condition, even
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though hit rates should have shown a similar increase (which they did
not). Additionally, the format of the initial individual test in the ICI
condition was changed in Experiment 2. We only differentiated be-
tween two different types of lures, which also changed the overall
make-up of the lure materials in the indvidual vs. collaborative retrieval
condition. Although these procedural changes may have affected effect
sizes and statistical outcomes, it seems important to stress that the
general numerical pattern for lures was similar across Experiment 1 and
2.

An issue not addressed by analyzing hits and false alarms alone is
what exactly happened when we asked participants in collaborative
conditions to complete a recognition test together. For instance, one
might wonder how group members interacted with each other in case of
disagreements about old/new judgements. Going through the audio
files that were recorded during collaboration, it seems that subjects
mostly discussed how sure or unsure they were that a specific item had
(or had not) been studied initially. If there was no agreement, partici-
pants frequently mentioned details that they remembered in order to
demonstrate just how sure they were about a specific item (e.g., that the
item had been presented early during the study phase, or right after
some other word; or they even explained how they had processed and
tried to memorize the item during study). The audio recordings of both
experiments consistently demonstrated that the joint memory task was
not only enjoyable for participants, but could be completed without any
issues.

4. General discussion

The present study had the primary goal to introduce an experi-
mental paradigm that allows simultaneous investigation of different
aspects of real social interactions in the lab, and that also allows to
examine advanced questions, as for instance the potentially modulating
role of retrieval practice. Both experiments showed the same three main
findings: First, collaboration enhanced memory for initially studied
information, and this enhancement was mostly present for information
shared across group members. Second, collaboration simultaneously
distorted individual memory of the study phase, because subjects in-
tegrated initially unstudied information into their own memory of the
study phase. Such social contagion was strongest when the information
was represented by both other group members (relative to just one
other group member). Third, individual retrieval prior to collaboration
reduced social contagion and the distorting effect of collaboration,
without reducing collaborative facilitation and its beneficial effect for
initially studied (and shared) information. Additionally, collaboration
also enhanced false alarms for lures in Experiment 1, but the corre-
sponding contrast was not significant in Experiment 2.

Our first main finding connects very well with previous work on
social memory. Enhancement of individual memory after collaboration
has rather consistently been observed in studies applying the regular
collaborative retrieval paradigm, in which subjects typically study the
same (fully shared) information (e.g., Abel & Bauml, 2017; Bérthel
et al., 2017; Blumen et al., 2014; Blumen & Stern, 2011; Weldon &
Bellinger, 1997). In general, such collaborative enhancement is as-
cribed to reexposure effects, with joint group recall reexposing single
group members to information that they would have forgotten if re-
calling by themselves. The present study adds to this literature by
showing that enhancement effects are indeed limited to information
initially shared by group members, which is in good agreement with the
assumed reexposure mechanism. If information was initially studied by
all group members, at least one of them may remember it during the
collaborative test, thus providing a chance for reexposure to the other
group members who may have forgotten it. In contrast, if information
was initially only studied by one group member, but not remembered,
this miss cannot be corrected by input from the other group members,
who never studied the word. Collaboration should therefore provide
little chance for reexposure with unshared information, and post-
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collaborative facilitation should be reduced or even eliminated, which
is is exactly what the present data show (for related findings, see also
Choi et al., 2017). In addition, the present experiments revealed an-
other interesting aspect of collaborative remembering. Across colla-
borative and individual retrieval conditions, memory for initially stu-
died, but unshared information did not differ. This indicates that,
during collaboration, subjects were not “talked out of” their in-
dividually held memories by the other two group members. Such
memories were simply not affected by collaboration, showing that
collaboration did not result in “censoring” of unshared information.

Our second main finding also connects well to other prior work.
Social contagion effects have previously been examined by means of
different tasks, with many studies focusing on dyads and applying
confederates or fictitious recall protocols as social sources of mis-
information (e.g., Gabbert et al., 2004; Numbers et al., 2014; Reysen,
2005; Roediger et al., 2001). In the present study, we adopted a dif-
ferent approach and manipulated the distribution of information that
was initially encoded (thus following previous work on social contagion
in eyewitness memory, e.g. Gabbert et al., 2003; Garry et al., 2008;
Mori, 2003; see also Schneider & Watkins, 1996). In line with this prior
work, the present study found that collaboration resulted in social
transmission of information, with single subjects integrating informa-
tion that they themselves had not initially encoded into their own
memories of the study phase. Social contagion is not limited to dyads,
but can be observed in freely interacting triads as well (see also Choi
et al., 2017). Moreover, the present data go beyond the prior work by
showing that social contagion is stronger when potentially distorting
information is represented by two rather than by only one other group
member.

One issue that may be of particular relevance for social contagion
and that the present experiments can not address is the question of how
social pressure influences the effects. Our approach to collaborative
recognition tests was based upon previous work on collaborative re-
cognition (e.g., Blumen & Rajaram, 2009; Thorley & Dewhurst, 2009),
in which collaborating groups were asked to provide one group re-
sponse only. Arguably, this approach may have increased social pres-
sure on participants to develop and adopt group consensus, and such
social pressure might increase susceptibility to social contagion (e.g.,
Reysen, 2007). Other previous studies applied a slightly different type
of collaborative recognition test, with participants discussing each item
collaboratively, but then providing individual recognition responses
(Kensinger et al., 2016; Rajaram & Pereira-Pasarin, 2007). Because such
procedure does not require any type of consensus, it might be argued
that it could reduce social contagion rates. To the best of our knowl-
edge, no study so far has directly compared different types of colla-
borative recognition tests, which should be a high priority in future
work on the issue.

Our third main finding on the influence of prior individual retrieval
also connects to previous studies, even though results in the literature
are more mixed with regard to this issue. In general, our finding of
beneficial effects of prior individual retrieval fits well with literature on
the testing effect, indicating that retrieval practice can have multiple
benefits (e.g., Halamish & Bjork, 2011; for an overview, see Roediger,
Putnam, & Smith, 2011). In particular, the finding that individual re-
trieval prior to collaboration can reduce susceptibility to social con-
tagion errors mirrors previous findings by Huff et al. (2013, 2016).
Because these prior studies relied on recall protocols of fictitious sub-
jects to introduce misinformation, the present data might indicate that
the influence of prior individual retrieval generalizes across different
variants of social contagion paradigms and that prior individual re-
trieval continues to be beneficial when real social interactions are ex-
amined.

There are however further reports in the literature that call into
question whether prior individual retrieval has a uniform protective
influence against misinformation. Several other previous studies on
misinformation effects (without a focus on social contagion) indeed
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observed the opposite pattern, with prior individual retrieval increasing
susceptibility to misinformation (e.g., Chan et al., 2009; Chan &
LaPaglia, 2011; Gordon & Thomas, 2014; for a review, see Chan,
Manley, & Lang, 2017). A potentially critical factor may be how mis-
information relates to initially studied information. In particular, in
studies reporting that individual retrieval decreased susceptibility to
misinformation (as in the present study), the misinformation contained
additive information, which was not initially studied by specific in-
dividuals, but could well have been present at study in addition to what
participants actually encoded. In contrast, in studies reporting that in-
dividual retrieval increased susceptibility to misinformation, the mis-
information contained contradicting information that conflicted with
what participants had initally studied (e.g., different traffic signs than
actually encountered ones, or diverging characteristics of a perpe-
trator). Considering differences in outcomes between studies, Huff et al.
(2013) noted that retrieval practice might trigger different types of
processing of the misinformation depending on how it is connected to
the initial information, thereby sometimes increasing and sometimes
decreasing susceptibility to the misinformation (for further discussion,
see Chan et al.,, 2017). We think the novel task introduced in this
manuscript is perfectly suited to test this proposal in future studies.

Although pursuing different research questions, a previous study by
Choi et al. (2017) also manipulated information distribution in colla-
borating triads. The manipulation was implemented such that only a
single participant in each triad studied information that was unshared
with the other two participants, plus some information that was fully
shared across all three participants (the other two participants shared
all initially studied information). In contrast, in the present study, each
individual in a triad initially studied some information that was fully
shared across the whole group, some information that was only par-
tially shared with one other group member, and some information that
was not shared with any of the group members. This enabled us to
directly compare facilitation and contagion effects as a function of in-
formation distribution and, thus, to examine questions not addressed in
Choi et al. (2017). In particular, the present study suggests that colla-
borative facilitation effects for subsequent individual memory are
mostly present for information that was shared within the group, and
that social contagion effects are larger for information represented by
two group members (rather than just one). The present study thus goes
beyond the previous work and adds to our understanding of effects of
information distribution in social groups.

Social interactions have been proposed to result in the emergence of
collective memories, i.e., of memories that are shared by members of
(larger) groups and that often have a bearing on the group's social
identity (e.g., Hirst & Manier, 2008; Wertsch & Roediger, 2008). In
particular, previous work on collaborative memory retrieval has shown
that individuals who previously engaged in joint recall with other group
members show a higher degree of mnemonic overlap, such that they
end up remembering similar contents (rather than unique ones; e.g.,
Blumen & Rajaram, 2008; Cuc, Ozuru, Manier, & Hirst, 2006). Together
with prior studies (Choi et al., 2017; Cuc et al., 2006), the present data
may suggest that this development of shared memories may not only
include information available to all group members during encoding,
but also information that is initially only known by some or even single
individuals within the group. Corresponding statistical analyses on the
degree of overlap could not be run for the present data due to the
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format of our final individual recognition test (with tested items being
randomly drawn out of larger pools of items for each participant), but a
least numerically, data reported by Choi et al. (2017) indicate that
different sources of information are likely pieced together during col-
laboration, including information that is encountered for the first time
in this context. In this manner, the emergence of shared memories may
rely on both collaborative facilitation effects for initially encountered
information and social transmission effects for information not en-
countered earlier. Examining different types of misinformation might
also be interesting from this perspective, because the creation of shared
memories across all group members should be easier when single pieces
of information remembered by individuals are additive rather than
contradictory. Again, the task introduced here seems perfectly suited to
pursue this question in future studies.

In particular, our hope is that the newly introduced recognition-
based collaboration task may facilitate investigations into social
memory more generally, because it allows for systematic variations that
are relatively easy to implement. For instance, the task allows for var-
iations of encoding factors (e.g., amount and type of initially studied
information, encoding duration and practice opportunities). It also al-
lows for variations on the group level (e.g., group size, how well group
members know each other, how they are asked to interact with each
other, etc.) and for variations at test (e.g., the type of final test, re-
member/know or source monitoring judgements, etc.). In addition,
future studies could also add further tasks to the protocol, for instance
to examine how prior collaboration and the development of “shared”
(true and false) memories may affect performance on subsequent tasks
that depend on the information in one way or another.

5. Conclusions

The present study introduced a novel recognition-based task that
allows examining multiple mnemonic consequences of real social in-
teractions in the lab. The results of two experiments show robust col-
laborative facilitation and social contagion effects that vary with the
degree to which the information is shared across group members. In
addition, the task also allows investigating advanced questions on so-
cial memory. Both experiments explored the role of prior individual
retrieval practice for social contagion, showing that retrieval practice
can reduce susceptibility to social contagion. The task opens up new
avenues for systematic research into social memory effects, because it
not only allows examining real social interactions in the lab, but also
provides the stage for relatively straightforward experimental manip-
ulations.
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Appendix A. Individual vs. collaborative recognition test in Experiment 1

Mean hits and false alarms on this test are shown in Table Al. Note that numbers of observations differ for individual (n = 30 subjects) and

collaborative retrieval conditions (n = 10 triads), which precludes direct comparisons.

For the two collaborative conditions, an ANOVA for initially studied information (shared, partly shared, unshared) revealed significant main
effects for iTem TYPE and RETRIEVAL conDITION, Fs = 7.01, MSEs < 0.02, ps < .016, npz > 0.28, but no significant interaction between the two factors, F
(2,36)=1.62, MSE=0.01, p=.211, npz =0.08. In general, groups were more critical in the ICI condition and accepted fewer items as old compared to
the CI condition, but in single comparisons this difference only reached significance for unshared items, t(18)=2.53, p=.021, d=1.13 (other
comparisons: ts(18) < 1.59, ps = .129, ds < 0.71).
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A corresponding ANOVA for lures revealed a significant main effect for irem Tveg, F(1,18)=12.07, MSE=0.01, p=.003, np2= 0.40, no significant
main effect for reTriEVAL conprTioN, F(1,18)=3.06, MSE=0.01, p=.098, np2=0.15, and a significant interaction between the two factors, F(1,18)
=16.01, MSE=0.01, p=.001, np2=0.47. False alarm rates for lures 1 were comparable across the two collaborative conditions, t(18)=1.16,
p=.263, d=0.52, but groups were better at rejecting items from the second set of lures after completing a prior individual test, #(18)=5.39,
p <.001, d=2.41.

In the individual retrieval condition, false alarms for lures 1 and lures 2 were comparable, t(29) < 1.00, p=.959, d=0.01. Some other means are
hard to interpret in this condition. In particular, partly shared and unshared items on this test comprise all such items that were studied across the
whole group - but each subject within a group only studied two thirds of the partially shared and one third of the unshared items. Recall rates
therefore differ markedly for these items types in the individual retrieval condition, but these differences are only due to item types reflecting
information distribution across the whole group (not for every single subject). For reasons of completeness, we report mean hits in Table A1, but will
not conduct statistical tests comparing hits for the three item types.

Table Al
Mean hits (unshared, partly shared, shared items) and false alarm rates (lures 1 and 2) on the individual vs. collaborative recognition test, separately for the three
retrieval conditions in Experiment 1. Standard deviations are provided in parentheses.

Unshared Partly shared Shared Lures 1 Lures 2
Individual retrieval (II) 34.77 54.83 71.30 21.87 21.97
(12.38) (13.61) (18.10) (16.06) (13.05)
Collaborative retrieval (CI) 59.20 84.10 92.20 26.40 28.00
(11.08) (6.94) (6.55) (9.79) (8.89)
Collaborative retrieval with prior individual test (ICI) 44.70 79.00 85.70 32.70 10.00
(14.31) (9.90) (11.15) (14.18) (5.70)

Appendix B. Individual vs. collaborative recognition test in Experiment 2

Mean hits and false alarms on this test are shown in Table B1. Numbers of observations were again different for individual (n = 30 subjects) and
collaborative retrieval conditions (n = 10 triads).

For the two collaborative conditions, an ANOVA for initially studied information (shared, partly shared, unshared) only revealed a significant
main effect for rem TvPE, F(2,36) =195.85, MSE=0.004, p < .001, ’7p2 =0.92, but no other significant effects, Fs < 1.00, ps = .484, npzs =0.03. Hit
rates were higher for shared vs. partly shared items and for partly shared vs. unshared items, and this was the case in both collaborative retrieval
conditions, ts(9) = 2.77, ps < .022, ds = 0.88. False alarms for lures did not differ between the two collaborative retrieval conditions, t(18)=1.14,
p=.269, d=0.51.

For completenes, mean hits and false alarms in the individual retrieval condition are also shown in Table B1. As in Experiment 1, performance
should be evaluated with caution for this condition, because it most likely reflects information distribution across groups (see Appendix A for
details).

Table B1
Mean hits (unshared, partly shared, shared items) and false alarm rates (lures 1) on the individual vs. collaborative recognition test, separately for the three retrieval
conditions in Experiment 2. Standard deviations are provided in parentheses.

Unshared Partly shared Shared Lures 1
Individual retrieval (II) 37.70 55.43 71.27 28.13
(9.23) (11.43) (15.03) (14.20)
Collaborative retrieval (CI) 55.20 85.80 92.70 24.70
(10.02) (8.54) (5.27) (11.31)
Collaborative retrieval with prior individual test (ICI) 52.40 81.00 92.40 19.40
(11.24) (14.39) (6.31) (9.36)
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