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A B S T R A C T

Previous studies showed that collaborative remembering can reduce false memories through a process of mu-
tual error checking, although conclusions were limited by the nature of the memory tasks (very few errors). The
present experiments extend these findings to eyewitness memory by using a paradigm designed to increase the
frequency of memory errors. Collaborative and nominal pairs viewed a video-clip illustrating a bank robbery,
provided an immediate free recall, were forced to confabulate answers to false-event questions, and, after a short-
(1 h: Experiment 1) or a long-term delay (1 week: Experiment 2), were administered a yes/no recognition task in
which the misleading statements either matched the questions presented in the confabulation phase (answered
questions) or not (control questions). Collaborative pairs recalled fewer correct details in the immediate free re-
call task, replicating the negative effects of collaborative inhibition. Most importantly, in the final recognition
test, collaborative pairs were less likely to provide false assents to misleading statements, regardless of whether
they had provided a response to the related false-event questions 1 h or 1 week earlier. Our results suggest that
collaboration can increase the eyewitnesses' tendency to check the accuracy of others' responses and reject false
memories through discussion.

1. Introduction

Starting from the publication of the seminal studies by Weldon
and Bellinger (1997) and Basden, Basden, Bryner, and Thomas
(1997), data on the effects of collaborative remembering on episodic
memory has rapidly accumulated. Most experiments in this field have
used a standard paradigm in which participants were individually pre-
sented with to-be-remembered stimuli and were later asked to collab-
orate during the retrieval phase by working with other members, in
dyads or triads (Rajaram, 2011; Rajaram & Pereira-Pasarin, 2010).
Memory accuracy of collaborative groups was later compared with the
mean performance of individuals working alone, to determine whether
group interaction benefitted memory over and above the statistical
facilitation resulting from aggregating independent correct responses
together (see Brennan & Enns, 2015a, 2015b, 2016, for discus-
sion). The typical result was that the recall of collaborative groups ex-
ceeded the average recall of individuals working independently (e.g.,
Clark, Hori, Putnam, & Martin, 2000; Clark, Stephenson, & Knive

ton, 1990; Lorge & Solomon, 1961; Stephenson, Brandstätter, &
Wagner, 1983; Weldon & Bellinger, 1997).

A different question is whether collaboration may result in a process
loss, such that two (or three) individuals working in group recall less
items than two (or three) individuals who do not collaborate (nomi-
nal groups). According to Basden et al. (1997), the fairest test to ex-
amine this issue would be to compare the total recall of collaborative
groups with the total nonredundant output of nominal groups. For ex-
ample, suppose that Participant 1 recalls three items (A, B, and C), Par-
ticipant 2 recalls four items (B, C, D, and E), and Participant 3 recalls
five items (C, D, E, F, and G). If participants work alone, their mean re-
call would be 4 items – (3 + 4 + 5)/3. However, if participants collab-
orate during retrieval, then, according to the additive model (Lorge &
Solomon, 1955), their expected recall should be 7 items (A, B, C, D,
E, F, G). This method of scoring the performance of the nominal group
has the advantage of providing a direct test for the presence of inhi-
bition: if collaborative groups recall <7 items, then it can be inferred
that something about collaboration prevented the group from reach-
ing the maximum expected performance. In agreement, previous stud
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ies using this approach have repeatedly confirmed that collaborative
groups remember significantly less information than nominal groups
(see Rajaram, 2011, and Rajaram & Pereira-Pasarin, 2010, for re-
views). This robust negative effect on productivity, thenceforth called
collaborative inhibition (Weldon & Roediger, 1997), is thought to arise be-
cause collaboration undermines the use of individual retrieval strategies
(Basden et al., 1997; Wright & Klumpp, 2004). More specifically,
the Retrieval Strategy Disruption (RSD) hypothesis assumes that each par-
ticipant encodes the studied material in an idiosyncratic order and that
his/her memory performance will benefit to the extent that he/she can
use the same organizational structure to guide retrieval. In a collabora-
tive context, however, each participant is simultaneously exposed to the
material retrieved by collaborators, which likely follows different orders
(Barber, Harris, & Rajaram, 2015). This misalignment would induce
participants to adopt a different, less optimal retrieval strategy, thereby
reducing recall accuracy. A quantitative meta-analysis has recently sum-
marized this body of research (Marion & Thorley, 2016): overall, the
mean effect size across 64 studies was −0.78, confirming that collabo-
rative groups remembered significantly less information than nominal
groups.

In addition to negative consequences, an increasing body of research
has begun to show that collaboration can also have positive effects on
later memory performance. Specifically, it has been found that the re-
call of incorrect information tends to be lower in collaborative than in
nominal groups – a finding referred to as error pruning (Ross, Spencer,
Blatz, & Restorick, 2008; Ross, Spencer, Linardatos, Lam, & Pe-
runovic, 2004; Rossi-Arnaud, Pieroni, Spataro, & Cestari, 2011;
Takahashi, 2007). The prevailing view is that collaboration helps par-
ticipants curtail errors because they receive corrective feedback from
collaborators (Clark, Abbe, & Larson, 2006; Clark et al., 2000; Ra-
jaram, 2011). Consider an associative recognition task in which par-
ticipants study triples of words (denoted ABC, DEF, GHI, etc.) and are
later asked to discriminate intact old triples (e.g., ABC) from newly re-
arranged ones (e.g., ABF or AEI). Clark, Abbe and Larson (2006, see
also Clark, Hori, Putnam, & Martin, 2000) reasoned that collabora-
tion can produce a decrease in false alarm rates if interacting members
base their decisions to reject new triples on the retrieval of affirmative
evidence. That is, the rearranged triple ABF can be rejected by the col-
laborative group if at least one member recalls that A and B were stud-
ied with C, not F, and shares this evidence with collaborators. Accord-
ing to this hypothesis, a decrease in the false alarm rates of collabora-
tive groups can occur if: (a) the group members disagree on the old/new
status of a rearranged triple, (b) one of the group members recalls the
correct triple, and (c) the recalled information is sufficiently convincing
to induce other members to revise their original responses. Clark et al.
(2006) found that such a recall-to-reject strategy was effectively used in
three-person collaborative groups; however, they also showed that pos-
itive evidence was difficult to obtain in standard recognition tasks be-
cause the optimal combination of outcomes – specifically, disagreement
and recall of correct pairings – was very infrequent (in their first experi-
ment, it occurred only 27 times, out of 400 rearranged trials).

Later studies have tried to increase the likelihood of disagreements
in various ways – for example, by presenting participants with incor-
rect post-event information, by requiring them to answer misleading
questions or by using paradigms specifically designed to generate mem-
ory errors (like the Deese-Roediger-McDermott paradigm: Takahashi,
2007). Regarding misinformation, Karns, Irvin, Suranic, and Ri-
vardo (2009) employed a three-phase procedure in which participants
first observed a video depicting a car accident, then read a description
that included accurate or inaccurate details and, finally, answered a se-
ries of questions, some of which addressed the false details reported
in the inaccurate description. The latter phase was performed either
individually or in collaboration with a partner. As expected, partici

pants exposed to the inaccurate description incorporated the false details
into their memory traces and thus produced significantly less correct re-
sponses, compared to participants exposed to the accurate description;
importantly, the negative effect of misinformation was smaller in the
collaborative than in the individual condition, suggesting that collab-
oration led to a decrease in the acceptance of questions including in-
correct details. However, a later study by the same research group (Ri-
vardo et al., 2013) reached a very different conclusion, showing no dif-
ference in the misinformation effect between nominal and collaborative
pairs. More clear-cut evidence has been recently reported by Rossi-Ar-
naud, Spataro, Bhatia, and Cestari (2019), who used the Gudjons-
son Suggestibility Scale to measure interrogative suggestibility (Gudjons-
son, 1997). Pairs of participants listened to a short story, provided im-
mediate and delayed free recalls (after a 30-min interval), and then an-
swered a series of misleading questions before and after having received
a negative feedback in which they were told that some of their responses
were wrong. The classical effect of collaborative inhibition was not ob-
served in the immediate and delayed free recall tasks. However, col-
laborative pairs produced a lower number of confabulated elements in
the recall tasks, were less likely to accept leading questions (both before
and after receiving the negative feedback), and exhibited lower levels of
total suggestibility, compared to nominal dyads. Rossi-Arnaud et al.
(2019) concluded that the members of collaborative dyads were more
likely to cross-check the accuracy of their partners' responses and pro-
vide corrective feedback after the recall of inaccurate details (Ross et
al., 2008).

The present study was aimed at determining whether the elimina-
tion of false memories through mutual error checking could reduce the
suggestibility of collaborative dyads in a condition in which the prob-
ability of memory errors was increased by asking participants to con-
fabulate responses to false-event questions during an initial forced fab-
rication phase. To this purpose, we modified a paradigm previously de-
scribed by Memon, Zaragoza, Clifford, and Kidd (2010), in which
college students witnessed a filmed event and were later forced to fabri-
cate answers to misleading questions. One week later, they were given a
yes/no recognition test designed to assess false assents to statements re-
porting either the same details that participants had confabulated during
the previous session or novel, non-confabulated details (called “yoked
control items”, because they provided a base rate of spontaneous false
assents). Our experiments adopted the same paradigm, with one rele-
vant exception that was justified by the use of a group setting (see the
Method section for a more detailed explanation). In particular, in the
final yes/no recognition task the specific details produced by partici-
pants during the forced fabrication phase were not presented: rather,
participants answered misleading statements asking them to determine
whether the related false events had occurred or not in the videoclip.
We reasoned that the confabulation of incorrect details during the forced
fabrication phase should increase participants' tendency to incorrectly
assent to later misleading statements and this should result in a greater
incidence of disagreements in collaborative dyads – two assumptions
that are well supported by previous studies (Ackil & Zaragoza, 1998;
Gombos, Pezdek, & Haymond, 2012; Pezdek, Lam, & Sperry,
2009; Pezdek, Sperry, & Owens, 2007; Stolzenberg & Pezdek,
2013; Zaragoza, Payment, Ackil, Drivdahl, & Beck, 2001). The
question of interest was whether this increased suggestibility could be
reduced by the use of a recall-to-reject strategy in collaborative dyads.

Besides including a forced fabrication phase, we also manipulated
the delay between the presentation of the video clip and the yes/no
recognition task. Previous studies showed that the effects of collabora-
tion, whether negative or positive, are reduced by long study-test de-
lays (e.g., Congleton & Rajaram, 2011; Takahashi & Saito, 2004).
It is thus important to ascertain whether the positive effects of collab-
orative remembering observed by Rossi-Arnaud et al. (2019) after
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a 30-min interval persist when responses to misleading questions are
collected 1 h (Experiment 1) or 1 week (Experiment 2) after the pre-
sentation of the original event. In the framework outlined above, a de-
crease in the positive effects of collaboration might occur because, af-
ter a 1-week delay, participants might be less able to recall the correct
source of the inaccurate details suggested in the misleading statements
and thus less likely to provide corrective feedback.

2. Experiment 1

Experiment 1 addressed the question of whether collaboration could
reduce the proportions of false assents to misleading statements in a yes/
no recognition task when the delay from the presentation of the video-
clip was relatively short (1 h) and participants self-generated inaccurate
responses to false-event questions in a previous forced fabrication phase.
Following previous studies in this field, the performance of collaborative
dyads was compared with the performance of nominal dyads – the latter
representing the sum of the non-redundant responses provided by two
individuals that work in a group setting but do not collaborate. As men-
tioned above, this method of scoring the performance of non-interacting
individuals is based on the Lorge and Solomon (1955) additive model
and has been previously adopted to test for the presence of collaborative
inhibition in the recall of correct details (Basden et al., 1997; Weldon
& Bellinger, 1997). In addition, it has been also used to examine the
error pruning advantages associated with collaboration: here, the key
question was whether the number of incorrect details recalled by col-
laborative groups was significantly lower than that expected by pooling
together the non-redundant outputs of individuals working in nominal
groups (Ross et al., 2004, 2008; Takahashi, 2007).

2.1. Method

2.1.1. Participants
A total of 30 pairs of graduate psychology students volunteered to

participate in Experiment 1 (N = 60), of which 15 were randomly as-
signed to the nominal condition and the other 15 were assigned to the
collaborative condition. Overall, the mean age and education (number
of years of formal instruction) of the participants were 24.3 (range:
22–31) and 17.4 (range: 16–21) years, respectively. The two groups
did not differ in terms of age and education. As concerns gender,

there were 7 mixed pairs (female/male) in both the nominal and col-
laborative conditions; all other pairs were composed by two female stu-
dents. This study was conducted in accordance with the recommen-
dations of the International Review Board, Department of Psychology,
Sapienza University, and in accordance with the guidelines reported
in the Declaration of Helsinki. Each participant provided a written in-
formed consent to participate in this study.

2.1.2. Materials
We selected an 11 minute video clip, taken from the movie ‘Dog

Day After-noon’ (Sidney Lumet, 1975) and dubbed in Italian. The video
clip depicts an attempted bank robbery by three men (Sonny, Stevie
and Sal) and has been used in several previous studies (Memon et al.,
2010; Natali, Marucci, & Mastroberardino, 2012; Rossi-Arnaud,
Spataro, & Geraci, 2018). Besides increasing ecological validity (Ih-
lebæk, Løve, Eilertsen, & Magnussen, 2003), the choice of the material
contributed to enhance the frequency of errors, since recalling a high
number of details from a longer video-clip can be considered much more
difficult than recalling a limited number of details from a short video,
especially after a 1-week delay. Furthermore, the recall of the witnessed
events from a long video should be largely based on the use of story
schema (Kintsch, 1978); this is important, because the false events in-
troduced in the misleading questions were constructed to be consistent
with the norms that specify what is to be expected in certain situations.
Thus, a higher reliance on story schema should increase the participants'
tendency to accept misleading questions in the yes/no recognition task.

For the forced fabrication phase, we translated in Italian the eight
false-event questions reported by Memon et al. (2010). The eight ques-
tions were divided into two sets called ‘Version A’ and ‘Version B’, to
counterbalance their use in the forced fabrication phase and in the fi-
nal yes/no recognition task. All other questions presented either in the
forced fabrication phase (9) or in the final recognition task (9) were
taken from Natali et al. (2012) and Memon et al. (2010) and have
been previously used by Rossi-Arnaud et al. (2018).

2.1.3. Procedure
The entire procedure was adapted from Memon et al. (2010) and

included an encoding phase, an immediate free recall test, a forced fab-
rication phase and a 1-hour delayed recognition task (see Fig. 1).

Fig. 1. Schematic illustration of the procedure followed in Experiments 1 and 2.
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Upon arrival at the laboratory, the members of each pair were ac-
companied in a quiet testing room and asked to sign two independent
consent forms in which they were informed that the general aim of the
experiment was to examine their memory for a bank robbery. At this
point, they were shown the video clip. In both the nominal and collab-
orative conditions, the participants were forewarned not to interact in
any way during the 11-min presentation (the experimenter remained in
the room to guarantee adherence to the instructions).

Immediately after the encoding phase, participants were given an
immediate free recall test. The instructions, taken from Mastrober-
ardino, Natali, and Candel (2012) and visually presented on a com-
puter screen, were as follows: ‘What I would like you to do now is to
tell me everything you can remember about the clip you just saw. Please
tell me everything, even details you might think are not important’.
The members of collaborative pairs were given a single response sheet
and were required to collaborate throughout the recall task (one partici-
pant was randomly chosen to write the output). Following Weldon and
Bellinger (1997), no specific instructions were given regarding the
modalities of collaboration and turn-taking was not explicitly required,
favouring free-flowing discussion. In contrast, the members of nominal
pairs were given separate response sheets and instructed to write two
independent summaries. They were not allowed to interact (again, the
experimenter remained in the room to guarantee that instructions were
correctly followed). In both conditions, the maximum time allowed to
complete the task was 15 min.

Next, participants engaged in the forced fabrication phase. They
were requested to answer 13 questions, of which 9 were ‘true-event’
questions (referring to details that participants had seen in the video
clip) and 4 were ‘false-event’ questions (referring to details that, al-
though plausible, did not appear in the video clip). For example, one
false-event question asked: “As Sonny begins to burn the register over the
trash can, which part of his clothing catches fire?”, although Sonny's clothes
never caught fire in the video. These questions were shown on the com-
puter screen and participants provided written responses. The instruc-
tions specified that participants had to provide a response to every ques-
tion, even if they had to guess; thus, they were not given the option to
use a “don't know” answer (Pezdek et al., 2007, 2009). As expected,
participants were sometimes reluctant to answer ‘false-event’ questions:
in these cases, they were prompted to “just provide their best guesses”
(Memon et al., 2010, p.109). Before collecting the response sheets,
the experimenter checked that all questions were given a valid response.
As in the free recall phase, collaborative groups were given a single re-
sponse sheet, were instructed to work together to provide joint answers
and the instructions did not specify how to resolve disagreements (Wel-
don & Bellinger, 1997); in contrast, the members of nominal groups
were given separate response sheets and told to provide independent an-
swers.

The forced fabrication phase was followed by a 1-hour delay, af-
ter which participants were asked to come back to the laboratory and
complete a yes/no recognition test assessing their memory for the video
clip. As in the study by Memon et al. (2010), the questionnaire in-
cluded a total of 17 questions, that were displayed one by one on the
computer screen. They were divided as follows: (a) 4misleadingstate-
mentsrelated to the false-event questions to which participants had pro-
vided a response during the previous forced fabrication phase (here-
after referred to as answered misleading questions: “When you watched
the video, did you see Sonny's clothes catch fire?”), (b) 4 misleading
statements for which the related false-event questions were not pre-
sented during the forced fabrication phase (hereafter referred to as con-
trol misleading questions), (3) 5 true-event statements to which partici-
pant had provided a response during the forced fabrication phase, (4)
2true-event statements referred to details that were in the video but
were not mentioned during the forced fabrication phase, and (5) 2 ad-
ditional misleading statements referred to details that never occurred in

the video clip. Collaborative pairs were again requested to provide joint
yes/no responses, whereas the members of nominal pairs gave indepen-
dent answers.

As mentioned above, our procedure in the latter phase differed from
that described by Memon et al. (2010) in one relevant aspect: namely,
the specific responses confabulated by participants during the forced
fabrication phase were not represented in the misleading questions in-
cluded in the yes/no recognition test. This choice was motivated by the
fact that we worked with dyads, rather than with single participants: the
implication was that different members might have provided different
responses to the false-event questions presented in the forced fabrica-
tion phase. For example, in a nominal group, the two participants work-
ing independently could potentially confabulate different items when
answering a false-event question like “As Sonny begins to burn the regis-
ter over the trash can, which part of his clothing catches fire?”: participant
A could write “tie”, whereas participant B could write “jacket”. In this
case, considering that all the misleading questions in the yes/no recog-
nition task were visually displayed on the computer screen, the presen-
tation of one of the two confabulated details would have probably re-
sulted in unwanted differences in the probability to provide false assents
– i.e., a misleading question like “When you watched the video, did you see
Sonny's tie catch fire?” would have triggered a false assent from partici-
pant A, but not from participant B. Similar problems applied to collab-
orative dyads, since the reported answer to a misleading question could
correspond to the answer provided by only one of the two members,
which was later chosen as the group response. To avoid these confounds,
we opted for asking general misleading questions that did not include
the specific details confabulated in the forced fabrication phase (“When
you watched the video, did you see Sonny's clothes catch fire?”).

2.1.4. Data coding
The written reports obtained in the free recall task were coded by a

trained rater who was blind to the study aims, following a scheme de-
veloped by Memon et al. (1997; see also Rossi-Arnaud et al., 2018),
which distinguishes between information pertaining to people (person
details), actions (action details), objects (object details), and the envi-
ronment in which the scene took place (location details). For example,
in the sentence ‘The man goes into the bank’, the raters coded ‘The
man’ as a person detail, ‘goes’ as an action detail, and ‘into the bank’
as a location detail (Natali et al., 2012). The choice to assess the re-
call of different categories of details was based on previous studies show-
ing that the central, thematically important details of emotional events
are remembered more accurately than peripheral details (Christianson,
1992; Christianson & Safer, 1996). Wessel, Zandstra, Hengeveld, and
Moulds (2015) proposed that, because of these differences in rele-
vance, central details might be relatively impervious to the inhibitory ef-
fects of collaboration. Along the same direction, a study by Dalton and
Daneman (2006) showed that the participants' susceptibility to mis-
leading suggestions was higher for peripheral than for central features.

Each recalled detail was then classified as correct, incorrect or con-
fabulated. Incorrect information refers to details presented in the video
clip but wrongly described by the participants (i.e., distorted), whereas
confabulated information refers to details never presented in the video
(Mastroberardino et al., 2012). A randomly selected subset (25%) of
transcribed protocols was coded by a second trained rater, who was also
blind to the study aims. The mean kappa values for inter-rater agree-
ment, averaged across Experiments 1 and 2, were κ = 0.76 for correct
details, κ = 0.82 for incorrect details, and κ = 0.79 for confabulated
details. The nominal performance was computed by summing, for each
category, the correct, incorrect and confabulated details recalled by the
two members, but counting redundant items only once (Basden et al.,
1997; Weldon & Bellinger, 1997).
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During the forced fabrication phase, participants were requested to
answer a total of nine true-event questions – i.e., questions concerning
details that were originally presented in the video. Correct responses to
these questions were scored in the same way as the details of the free re-
call task. In particular, the nominal performance was computed by sum-
ming the correct responses of the two collaborating members but count-
ing redundant responses only once.

The primary interest in our study was whether collaborative remem-
bering reduced the proportions of false assents in the yes/no recognition
task. Following Memon et al. (2010), statistical analyses took into ac-
count both the proportions of incorrect assents to the four answered mis-
leading questions (for which the corresponding false-event questions had
been responded by participants during the forced fabrication phase) and
the proportions of incorrect assents to the four control misleading ques-
tions (for which the corresponding false-event questions had not been
presented during the forced fabrication phase). The latter measure rep-
resented the participants' base rate of false assents. The performance of
nominal groups was again computed by summing the false assents pro-
vided by the members of each pair and counting redundant responses
only once (this was done separately for answered and control mislead-
ing questions).

2.2. Results

2.2.1. Free recall performance
The raw number of correct person, action, object, and location de-

tails recalled by nominal and collaborative pairs is reported in Fig.
2 (data for Experiments 1 and 2 can be freely accessed at the fol-
lowing link: https://osf.io/23ygf/?view_
only=2c6629cfd86f495aab8c393a5d050d13).These scores were ana-
lyzed with a MANOVA followed by univariate ANOVAs, considering
Condition (collaborative vs. nominal pairs) as the between-subjects fac-
tor. The results showed a significant multivariate effect of Condition,
λ = 0.39, F(4, 25) = 9.91, p < 0.001, ηp2 = 0.61.The follow-up uni-
variate analyses confirmed that the difference between collaborative
and nominal dyads was significant for person details, F(1, 28) = 35.01,
MSE = 46.92, p < 0.001, ηp2 = 0.55, object details, F(1, 28) = 17.97,
MSE = 58.09, p < 0.001, ηp2 = 0.39, action details, F(1, 28) = 20.61,
MSE = 461.15, p < 0.001, ηp2 = 0.42, and location details, F(1,
28) = 21.75, MSE = 28.76, p < 0.001, ηp2 = 0.43. In line with the re-
sults typically reported in previous studies (Rajaram, 2011; Rajaram
& Pereira-Pasarin, 2010), the performance of collaborative pairs was
always lower than that of nominal pairs, thereby replicating the stan-
dard negative effect of collaborative inhibition.

Two similar MANOVAs were conducted on the mean number of in-
correct and confabulated details reported by collaborative and nominal
pairs. As concerns incorrect details, the multivariate effect of Condition
was not significant, λ = 0.79, F(4, 25) = 1.65, p = 0.19, ηp2 = 0.20.
However, the follow-up univariate analyses revealed significant dif-
ferences for action details, F(1, 28) = 5.21, MSE = 1.84, p = 0.030,
ηp2 = 0.15, and location details, F(1, 28) = 4.26, MSE = 0.19,
p = 0.048, ηp2 = 0.13, with collaborative pairs reporting a lower num-
ber of incorrect details than nominal pairs in both cases – M(nomi-
nal) = 2.13 vs. M(collaborative) = 1.00 for action details, and M(nom-
inal) = 0.47 vs. M(collaborative) = 0.13 for location details. Regard-
ing confabulated details,1 neither the multivariate effect of Condition,
λ = 0.92, F(3, 26) = 0.67, p = 0.57, ηp2 = 0.07, nor the follow-up uni-
variate analyses, F(1, 28) < 2.15, MSE = 0.062, p > 0.15, ηp2 < 0.07,
reached the significance level.

1 Note that confabulated details for the ‘person’ category were produced neither by
collaborative nor by nominal pairs: as a consequence, this category was eliminated from
statistical analyses.

Fig. 2. Mean number of correct person, action, object and location details recalled by nom-
inal and collaborative pairs in Experiment 1 (1-hour delay). Bars represent standard errors.

2.2.2. Forced fabrication phase
To determine whether collaborative inhibition persisted in the

cued-recall task, the responses of collaborative and nominal groups were
analyzed with a t-test for independent samples. As predicted by the RSD
hypothesis (Finlay, Hitch, & Meudell, 2000), the magnitude of col-
laborative inhibition was substantially reduced, with the proportions of
correct responses for nominal dyads (M = 0.90) being numerically, but
not significantly, higher than those of collaborative dyads (M = 0.83),
t(28) = 1.72, p = 0.096.

2.2.3. Yes/no recognition test
The raw proportions of false assents to answered and control mis-

leading questions provided by nominal and collaborative dyads are illus-
trated in Table 1. They were analyzed via a mixed ANOVA, consider-
ing Condition (collaborative vs. nominal pairs) as the between-subjects
factor and Question Type (answered vs. control) as the within-subjects
factor. The results showed a significant main effect of Question Type,
F(1, 28) = 35.45, MSE = 0.032, p < 0.001, ηp2 = 0.56, indicating that
false assents to answered misleading questions (M = 0.53) exceed the
base rate of false assents to control misleading questions (M = 0.25).
The main effect of Condition was also significant, F(1, 28) = 22.89,
MSE = 0.050, p < 0.001, ηp2 = 0.45, confirming that collaborative
groups (M = 0.25) produced a lower number of false assents, as com-
pared to nominal groups (M = 0.52). Interestingly, the two-way inter-
action was not significant, F(1, 28) = 0.03, MSE = 0.032, p = 0.85,
ηp2 = 0.001, suggesting that retrieval collaboration reduced false as-
sents to both answered and control questions.

In summary, Experiment 1 revealed that working in a collabora-
tive dyad significantly reduced the participant's ability to freely recall
the details of a video clip depicting a bank robbery. This finding is in
line with previous studies showing that collaboration inhibits recalling
the details of emotional events (Bärthel, Wessel, Huntjens, & Ver-
woerd, 2017; Kensinger, Choi, Murray, & Rajaram, 2016; Vre-
develdt, Hildebrandt, & van Koppen, 2016; Wessel et al., 2015;
Yaron-Antar & Nachson, 2006). Therefore, when it comes to ob-
taining the maximum amount of information about a crime in free re

Table 1
Proportions of false assents to answered and control misleading questions provided by
nominal and collaborative pairs in Experiment 1 (1-hour delay) and Experiment 2 (1-week
delay).

Type of dyad Nominal Collaborative

Experiment 1 (1-hour delay)
Answered misleading questions 0.66 (0.20) 0.38 (0.22)
Control misleading questions 0.38 (0.20) 0.11 (0.15)
Experiment 2 (1-week delay)
Answered misleading questions 0.79 (0.26) 0.61 (0.24)
Control misleading questions 0.45 (0.21) 0.30 (0.23)

5

https://osf.io/23ygf/?view_only=2c6629cfd86f495aab8c393a5d050d13
https://osf.io/23ygf/?view_only=2c6629cfd86f495aab8c393a5d050d13


UN
CO

RR
EC

TE
D

PR
OO

F

C. Rossi-Arnaud et al. Acta Psychologica xxx (xxxx) xxx-xxx

call tasks, it would be preferable for police officers and investigators to
avoid collaboration between eyewitnesses.

At the same time, the results obtained in the yes/no recognition task
indicate that collaborative dyads were less likely to provide false assents
to misleading statements reporting information that was not presented
in the original video clip. Thus, when it comes to the tendency to re-
sist to misleading questions suggesting inaccurate details, collaboration
appears to offer a substantial advantage over individual retrieval. The
present data confirm the conclusions reported by Rossi-Arnaud et al.
(2019) and extend them to a slightly longer study-test interval (1 h in-
stead of 30 min). A second important novelty with respect to previous
literature is that this advantage was observed even when participants
had generated inaccurate responses to related false-event questions dur-
ing the forced fabrication phase. Thus, collaborative remembering can
exert a positive effect in all the conditions in which eyewitnesses are
pressed to answer misleading questions.

3. Experiment 2

Experiment 2 aimed at determining whether the results of Experi-
ment 1 could be extended to a longer delay between the presentation of
the video clip and the yes/no recognition task. To this purpose, we used
a 1-week delay, like in the Memon et al. (2010) study.

3.1. Method

3.1.1. Participants
A total of 26 pairs of psychology students volunteered to participate

in Experiment 2 (N = 52), of which 11 were assigned to the nominal
condition and the other 15 were assigned to the collaborative condition.
Overall, the mean age and education (number of years of formal instruc-
tion) of participants were 23.7 (range: 18–33) and 18.1 (range: 16–23)
years, respectively. The two groups did not differ in terms of age and ed-
ucation. As concerns gender, there was 1mixedpair (female-male) in the
nominal condition and 9 in the collaborative condition; all other pairs
comprised two female students, except for one dyad in the collaborative
condition, which included two males. As in Experiment 1, each partici-
pant signed an informed consent before participating in the study.

3.1.2. Materials
Study materials (the 11-min video clip and the questionnaires used

during the forced fabrication phase and the yes/no recognition task)
were the same as in Experiment 1.

3.1.3. Procedure
The procedure was in all respects equal to that described in Experi-

ment 1, except for the fact that the delay between the forced fabrication
phase and the yes/no recognition task was extended to 1 week (Memon
et al., 2010).

3.2. Results

3.2.1. Free recall performance
The raw number of correct person, action, object, and location de-

tails recalled by nominal and collaborative pairs is reported in Fig. 3.
These scores were analyzed with a MANOVA followed by univari-

ate ANOVAs, considering Condition (collaborative vs. nominal pairs)
as the between-subjects factor. The results showed a significant mul-
tivariate effect of Condition, λ = 0.26, F(4, 21) = 14.45, p < 0.001,
ηp2 = 0.73.The follow-up univariate analyses confirmed that collabora-
tive pairs performed worse than nominal pairs on person details, F(1,
24) = 4.10, MSE = 141.84, p = 0.054, ηp2 = 0.15, object details, F(1,
24) = 6.56, MSE = 46.72, p = 0.017, ηp2 = 0.22, action details, F

Fig. 3. Mean number of correct person, action, object and location details recalled by nom-
inal and collaborative pairs in Experiment 2 (1-week delay). Bars represent standard er-
rors.

(1, 24) = 44.78, MSE = 275.27, p < 0.001, ηp2 = 0.65, and location
details, F(1, 24) = 52.83, MSE = 30.98, p < 0.001, ηp2 = 0.69. Thus,
the standard effect of collaborative inhibition was replicated after a
1-week delay.

Two similar MANOVAs were conducted on the number of incor-
rect and confabulated details. For incorrect details, the multivariate ef-
fect of Condition did not reach statistical significance, λ = 0.82, F(4,
21) = 1.10, p = 0.38, ηp2 = 0.17, although the follow-up univariate
analyses revealed that collaborative pairs (M = 0.13) produced a lower
number of incorrect action details, as compared to nominal pairs
(M = 0.64), F(1, 24) = 4.65, MSE = 0.35, p = 0.041, ηp2 = 0.16. For
confabulated details, neither the multivariate effect of Condition,
λ = 0.79, F(4, 21) = 1.34, p = 0.28, ηp2 = 0.20, nor the follow-up uni-
variate analyses, F(1, 24) < 1.56, MSE = 0.072, p > 0.22, ηp2 < 0.06,
turned out to be significant.

3.2.2. Forced fabrication phase
Regarding the true-event questions answered during the forced fab-

rication phase, the responses of collaborative and nominal pairs were
analyzed with a t-test for independent samples. As in Experiment 1,
there was no significant difference between the proportions of correct
responses for nominal (M = 0.77) and collaborative dyads (M = 0.70),
t(24) = 1.31, p = 0.20.

3.2.3. Yes/no recognition test
The raw proportions of false assents to answered and control mis-

leading questions are illustrated in Table 1.A mixed ANOVA, consid-
ering Condition (collaborative vs. nominal pairs) as the between-sub-
jects factor and Question Type (answered vs. control) as the within-sub-
jects factor, found a pattern of results similar to that reported in Exper-
iment 1. The main effects of Condition and Question Type were both
significant, F(1, 24) = 5.72, MSE = 0.062, p = 0.025, ηp2 = 0.19 and
F(1, 24) = 24.23, MSE = 0.057, p < 0.001, ηp2 = 0.50, indicating that
the mean proportions of false assents were lower for collaborative than
for nominal pairs (M = 0.46 vs. M = 0.63), and greater for answered
than for control misleading questions (M = 0.71 vs. M = 0.38). The
two-way interaction was not significant, F(1, 24) = 0.03, MSE = 0.057,
p = 0.86, ηp2 = 0.001, again suggesting that collaborative remember-
ing reduced false assents to answered and control misleading questions
to the same extent.

To summarize, Experiment 2 provided a replication of the collabo-
rative inhibition found in the immediate free recall task; more impor-
tantly, it also showed that collaborative remembering reduced the false
assents to answered and control misleading questions even when the de-
lay between the encoding phase and the yes/no recognition test was ex-
tended from 1 h to 1 week. This is important from a forensic point of
view because witnesses are often questioned after long delays from the
original event (Pezdek et al., 2007) and their testimonies can undergo
quantitative and qualitative changes (Poole & White, 1993).
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4. General discussion

To recap, the present study examined the effects of collaborative re-
membering on the recall of the details of a video clip illustrating a bank
robbery and critically assessed the question of whether collaboration
could reduce eyewitnesses' suggestibility when the misleading questions
were presented after a long delay (1 week) and participants were forced
to fabricate wrong details in a previous confabulation phase. The results
were clear-cut and can be summarized as follows. First, collaboration
had a clear negative effect on free recall performance in both experi-
ments, confirming that collaborative inhibition represents a robust phe-
nomenon in eyewitness memory tasks (Vredeveldt et al., 2016; Wes-
sel et al., 2015; Yaron-Antar & Nachson, 2006). Second, and most
central to our purposes, collaboration reduced the participants' tendency
to give in to misleading questions, irrespective of whether participants
had generated a response to the corresponding false-event questions dur-
ing a previous forced fabrication phase and irrespective of the delay be-
tween the encoding phase and the yes/no recognition task.

As mentioned above, previous studies using associative recognition
tasks showed that participants working in collaborative groups of two or
three persons use a recall-to-reject strategy to avoid judging false alarms
as ‘old’ (studied) words (Clark et al., 2000, 2006). Since memory er-
rors are often unique to an individual, the group partners can exercise
a quality control by inspecting the accuracy of each response and pro-
viding corrective feedback (Ross et al., 2004, 2008). So, for exam-
ple, if a participant incorrectly recalls that the rearranged triple ABF was
studied at encoding, the collaborator is then able to modify her/his re-
sponse by recalling that the correct combination was ABC (not ABF).
The results reported by Clark et al. (2006) supported the use of this
mutual error checking strategy in collaborative groups; however, they
also showed that obtaining confirmative evidence was difficult in the
standard recognition task, because the optimal combination of events
(disagreements, plus recall of the correct triple) was rather infrequent.
Later studies have therefore relied on different paradigms, that were
expected to increase the overall number of errors and disagreements.
Takahashi (2007), for example, investigated the effects of collabora-
tion in the Deese-Roediger-McDermott (DRM) paradigm (Roediger &
McDermott, 1995; see also Thorley & Dewhurst, 2007, 2009). In
the DRM paradigm, participants independently study lists of words that
are each semantically associated to a non-studied critical lure which is
not presented. The typical finding is that false memory for these criti-
cal lures is similar to the veridical recall of studied words, and partici-
pants often claim to vividly remember the critical lures they falsely rec-
ognize. Takahashi (2007) reported that collaborative pairs of friends
and non-friends recalled fewer correct words and fewer critical non-pre-
sented lures than individuals working in nominal pairs. The author ar-
gued that collaboration induced the dyad's members to focus more at-
tention on their memories and thus to evaluate them more carefully.

In the present experiments, we tried to increase the probability of
errors in two different ways. First, we asked participants to generate
wrong response to false-event questions during a confabulation phase
that preceded the final yes/no recognition task. In line with our expec-
tations, this procedure significantly increased suggestibility, as shown
by the fact that the members of both collaborative and nominal pairs
were more likely to incorrectly assent to misleading questions for which
they had confabulated a false detail in the previous phase (as com-
pared to control misleading questions). Second, in Experiment 2 we
imposed a relatively long delay between the confabulation phase and
the recognition task (1 week). We reasoned that participants should
be less able to recall the source of confabulated details, and therefore
more likely to provide wrong responses to misleading questions, af-
ter a 1-week delay. The data reported in Table 1 are consistent with

our predictions, since the proportions of false assents increased from Ex-
periment 1 (which used a 1-hour delay) to Experiment 2. By adopting
these two methodological modifications, our study had a greater chance
to highlight the error pruning benefits of collaborative remembering
(Ross et al., 2004, 2008; Takahashi, 2007). In agreement, the analy-
sis of the performance in the yes/no recognition task revealed that the
proportions of false assents were consistently lower in collaborative than
in nominal dyads, even after a 1-week delay from the encoding phase.
Such a reduction aligns well with earlier evidence indicating that collab-
oration diminished the negative effects of misinformation (Karns et al.,
2009) and lowered interrogative suggestibility (Rossi-Arnaud et al.,
2019).

Taken together with the results of previous studies, our data provide
further evidence in support of the hypothesis that working in a collab-
orative group increased the participants' tendency to cross-check, and
eventually correct, the responses provided by other members (Harris,
Barnier, & Sutton, 2012; Ross et al., 2008). In agreement with this
conclusion, Harris et al. (2012) analyzed recall completeness (the per-
centage of studied items correctly recalled) and inaccurate recall (the
percentage of intrusions) in three different groups: consensus collabo-
rative groups (in which the members had to reach consensus on each
response), turn-taking collaborative groups (in which the members al-
ternated in producing their responses) and nominal groups. Regarding
recall completeness, the results replicated the standard collaborative in-
hibition, showing that both consensus and turn-taking groups recalled
less studied items than nominal groups. For inaccurate recall, it was
found that consensus groups made fewer intrusions than turn-taking
and nominal groups, which did not differ between them. Importantly,
Harris et al. (2012) recorded the conversations between the mem-
bers of collaborative groups and were therefore able to score the in-
accurate stimuli that were mentioned during the discussion but were
subsequently discounted. When these “inclusive scores” were analyzed,
the between-group differences disappeared, suggesting that the mem-
bers of consensus groups mentioned a similar number of incorrect items
as did the members of nominal groups; however, these items were later
rejected by the group and were not included in the written output. A
post-hoc analysis of the recall strategies demonstrated that this occurred
because a higher number of participants in consensus groups (than in
turn-taking groups) reported that they were checking the accuracy of
the words retrieved by their collaborators. A similar conclusion has been
reached by Ross et al. (2008), who asked younger and older par-
ticipants to recall items from six briefly exposed household scenes, ei-
ther alone or in collaboration with their spouses. The analysis of the
conversations occurring in the collaborative condition showed that the
younger and older collaborating couples eliminated about 50% and 30%
of their errors while discussing potential answers with their spouses. Al-
though we did not record the conversations occurring in the collabo-
rative dyads, the results illustrated by Harris et al. (2012) and Ross
et al. (2008) provide a plausible explanation for the present findings,
by suggesting that, in the yes/no recognition task, the members of col-
laborative dyads produced the same number of false assents as did the
members of nominal dyads, and that collaboration increased their abil-
ity to reject errors through discussion (Harris et al., 2012; Ross et al.,
2008).

Regarding the recall of correct details in the free recall task, our find-
ings showing a strong collaborative inhibition in both experiments are
apparently in contrast with those reported by Takahashi and Saito
(2004). In this study, participants read a story composed of 30 sen-
tences and took two successive free recall tests. The first test was in-
dividual for all participants; in the second test, some participants were
assigned to recall the material in collaborative dyads, whereas all other
participants continued to recall on their own and their outputs were
later pooled to estimate the nominal performance. The results showed
that, in the second test, collaborative pairs recalled significantly less in
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formation than nominal pairs when the delay between the encoding
and test phases was short (some minutes), but not when it was long
(1 week). The authors proposed that, when the delay was short, the par-
ticipants' recall was strongly dependent on the use of individual retrieval
strategies; in this case, hearing the output of the other member had a
disruptive effect because the participant was forced to adopt a different,
less effective, retrieval strategy (Basden et al., 1997). However, when
the delay was long, the stored retrieval strategies were likely to be de-
graded, meaning that participants could not use them to optimize indi-
vidual performance and were therefore less negatively affected by hear-
ing the collaborator's output. Our findings do not support this explana-
tion, because collaborative inhibition in the free recall task was robust
and significant in Experiment 2, which used a 1-week delay (the same
as in Takahashi & Saito, 2004). Furthermore, the effects size associ-
ated to the Condition manipulation was numerically higher in Experi-
ment 2 (ηp2 = 0.73) than in Experiment 1 (ηp2 = 0.61), providing no
evidence for a decrease in the strength of the collaborative inhibition ef-
fect. Clearly, there are several methodological differences between the
two studies that can account for the discrepant results. Unlike Taka-
hashi and Saito (2004), participants in our study did not take an indi-
vidual free recall test before collaborating in the second recall test. The
use of this procedure might have promoted a better idiosyncratic orga-
nization of the study material, a factor which in turn is known to pro-
tect against the negative effects of collaborative inhibition (Congleton
& Rajaram, 2011). Another potential factor might be represented by
the nature of the material used during the study phase. We presented
participants with a relatively long video (11-min) describing a series of
events, whereas Takahashi and Saito (2004) employed a short, writ-
ten story. The meta-analysis by Marion and Thorley (2016) showed
that the size of collaborative inhibition was moderated by material type,
with studies using uncategorized stimuli yielding a stronger inhibition
than studies using story-like formats. Regardless of the correct explana-
tion, additional research is needed to further elucidate the question of
whether collaborative retrieval produces a persistent inhibition of mem-
ory performance after long study-test delays.

Three other points should be noted about the participants' perfor-
mance in free- and cued-recall tasks. First, in contrast to our predic-
tions, collaborative inhibition was not moderated by the saliency of the
recalled details in both experiments. That is, collaborative dyads suf-
fered not only when recalling peripheral details (for example, location
details), but also when recalling central details (namely, person and ac-
tion details), which were expected to be more resistant to collaborative
inhibition (Wessel et al., 2015). Similar results have been however re-
ported by Bärthel et al. (2017). Second, collaborative dyads produced
a lower number of incorrect action and location details, confirming the
idea that individuals make fewer errors when they remember together
than when they remember alone (Ross et al., 2004, 2008; Rossi-Ar-
naud et al., 2019; Vredeveldt, van Deuren, & van Koppen, 2019;
Wessel et al., 2015). Third, the negative effects of collaborative inhi-
bition were eliminated when participants answered the true-event ques-
tions assessing the recall of correct information during the forced fabri-
cation phase. This is consistent with the notion that the disrupting im-
pact of collaborative retrieval is less apparent in memory tasks having a
low reliance upon self-initiated strategies (Finlay et al., 2000).

5. Conclusions

In summary, the present study showed having two or more eye-
witnesses collaborating in the recall of a witnessed crime can have
beneficial effects on memory (Vredeveldt et al., 2016; Vredeveldt,
Groen, Ampt, & van Koppen, 2017). Specifically, collaborative dyads
were less likely to provide false assents to misleading statements, re-
gardless of whether participants had produced inaccurate responses
to false-event questions in a previous forced fabrication phase occur

ring 1 h or 1 week earlier. This is especially important in those contexts
in which the interview procedures might suggestively influence eyewit-
ness memory. For example, if an interviewer believes that an eyewit-
ness observed a given event, then he/she may press the eyewitness to
confabulate inaccurate answers to misleading questions. In this way, the
interviewer might induce the eyewitness to self-generate information
that were not included in the original episode (Gombos et al., 2012;
Pezdek et al., 2007). Our data indicate that collaborative remember-
ing can be effectively used to reduce this negative effect. The present
findings are also relevant in those contexts in which the same event is
experienced by a group of witnesses that may discuss it before being in-
terviewed by the police. For example, if one of the witnesses misremem-
bers an event detail, the collaborative discussion with other witnesses
may reduce the probability to incorporate the erroneous information.
Moreover, these effects hold true even when the delay from the original
event is relatively long.
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