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Abstract

In the current study, we investigated how long the effects of one single collaboration session continue to influence individual
memory. Participants learned categorized word lists and prose passages individually, and then they were instructed to recall
learned materials either collaboratively or individually. Following initial recall, participants completed an individual recall
test after a delay of 5 min, 48 h, or 1 week. On the initial recall test, we found that collaboration reduced recall of correct
items on both word lists and prose passages (collaborative inhibition), and that collaboration reduced false recall on both
word lists and prose passages (error correction). However, on the subsequent individual memory test after a delay, the pattern
of post collaborative effects differed across veridical and false recall. For both word lists and prose passages, post collabora-
tive benefits on correct recall lasted 1 week. However, there were no lasting effects of error correction on subsequent false
recall. These results suggest that the time course of post collaborative benefits can be long lasting, but they are selective to

veridical recall. The results are explained by theories of reexposure and error correction.
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We often recall our memories with other people, such as
an interesting childhood story, a familiar melody, or a spe-
cific moment in life, but collaborative recall may induce two
phenomena—collaborative inhibition and post collaborative
benefits (Meade et al., 2018). Collaborative inhibition refers
to group memory performance being inferior to pooled non-
redundant memory performance of the same number of indi-
viduals working separately (e.g., Weldon & Bellinger, 1997,
see Rajaram, 2018, for review). Post collaborative benefits
refer to the enduring effects of collaboration; on subsequent
individual tests, those individuals who previously collabo-
rated remember more than those who previously recalled
alone (e.g., Abel & Béduml, 2017; Basden et al., 2000; see
Rajaram, 2018, for review). The purpose of the current study
is to explore the time course of collaborative inhibition and
post collaborative benefits. That is, how soon after collabo-
ration do post collaborative benefits emerge, and how long
do they last?
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Collaborative inhibition
and post collaborative benefits

Collaborative inhibition is measured by comparing collabo-
rative group performance and nominal group performance—
non-redundant pooled performance of individuals working
separately. For example, individuals learned items A, B, C,
D, E, F, and G, and two of them try to recall the learned
items separately. The first one recalls A, C, and D individu-
ally, and the second one recalls A, B, D, and F individually.
Then their nominal group performance is A, B, C, D, F.
Collaborative inhibition refers to the findings that nominal
group performance is better than collaborative group perfor-
mance in general (see Meade et al., 2018, for a review; cf.
Meade et al., 2009). Collaborative groups recall more than
individuals working alone, but less than individuals pooled
together into a nominal group.

Multiple mechanisms underlie collaborative inhibition.
Basden et al. (1997) claimed that collaborative inhibition
can be explained by the retrieval strategy disruption theory.
According to retrieval strategy disruption, when individuals
learn some materials, they form an idiosyncratic organiza-
tion of those materials, and they can later retrieve learned
information based on their organization. However, when
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individuals recall learned materials with others, their organi-
zation is disrupted by the output of other people, leading to
collaborative inhibition. More recently, there is growing evi-
dence that collaborative inhibition is multiply determined.
Specifically, the magnitude of collaborative inhibition
is influenced by retrieval inhibition (unrecalled items are
inhibited during collaboration). Barber et al. (2015) dem-
onstrated retrieval inhibition by showing long-lasting effects
of collaborative deficits on subsequent tests. Collaborative
inhibition is also influenced by attentional control; Hood
et al. (2023) showed that collaborative inhibition was greater
for individuals lower in working memory capacity and sug-
gested that these individuals likely have difficulty recalling
items when faced with the distraction of a partner recalling
items at the same time. Finally, collaborative inhibition is
influenced by collaborative process variables, or how groups
coordinate information and acknowledge each other’s con-
tributions (Meade, 2013; Meade et al., 2009). Meade and
Gigone (2011) demonstrated that collaborative inhibition is
larger when groups do not acknowledge and elaborate on
each other’s contributions, most likely because the unac-
knowledged items are less likely to be incorporated into the
group’s recall (cf. Ekeocha & Brennan, 2008). Together,
these processes explain why collaboration is disruptive to
individual memory performance.

In spite of the initial negative disruptive effects of collab-
oration on memory, collaboration may result in benefits for
later individual recall (see Marion & Thorley, 2016). Once
the disruptive effects of one’s partner are removed, there is
an opportunity for individuals to draw upon their partners’
contributions to benefit their own subsequent memory (cf.
Congleton & Rajaram, 2011). According to Rajaram and
Periera-Pasarin (2010), the primary mechanism underlying
post collaborative benefits is reexposure; recalling learned
materials with others provides individuals with a second
studying opportunity to be exposed to the information (Blu-
men & Rajaram, 2008; Blumen & Stern, 2011; Weldon &
Bellinger, 1997; for reviews, see Rajaram, 2018; Rajaram
& Pereira-Pasarin, 2010). Cross cueing is also possible (the
outputs of group members can cue each other to help them
recall information they are not able to recall without a cue);
however, there is very little evidence supporting cross cueing
(see Meudell et al., 1992, 1995).

Importantly, although much evidence exists that col-
laboration produces post collaborative benefits, this is not
always the case. Specifically, several studies have found no
difference in subsequent recall following collaboration (e.g.,
Barber et al., 2015; Blumen & Rajaram, 2008; Finlay et al.,
2000; Meade & Roediger, 2009; Wright & Klumpp, 2004),
whereas others have found only marginal benefits (e.g.,
Whillock et al., 2020). Still others suggest that the magni-
tude of post collaborative benefits is tied to the magnitude
of collaborative inhibition, such that smaller collaborative

inhibition effects are more likely to produce post collabora-
tive benefits (e.g., Abel & Béuml, 2017; Congleton & Raja-
ram, 2011; Hood et al., 2023). Given the mixed findings, it
is important to further examine these effects. The present
experiment adds to the current understanding of post col-
laborative benefits by systematically examining the time
course of post collaborative benefits across different stimuli
(word lists and prose passages).

Time course of post collaborative benefits

Examining the time course of post collaborative benefits is
critical for understanding any lasting impact of collabora-
tion on individual memory. Previous research has examined
the effects of delay on collaborative inhibition and post col-
laborative benefits; however, the delay has typically been
manipulated between study and initial collaboration, rather
than between initial collaboration and subsequent individual
test, and the subsequent individual test occurs immediately,
or very soon after, collaboration. For example, Takahashi
and Saito (2004) asked participants to collaboratively recall
information immediately after learning stimuli (Experiment
1) or after a 1-week delay (Experiment 2). Immediately after
the collaboration, participants were instructed to complete a
final individual recall. The authors found that collaborative
inhibition was removed when individuals collaborated after
a long delay, and post collaborative benefits were detected
on the immediately subsequent individual test. Congleton
and Rajaram (2011) examined how a short (7 min) and long
(120 min) delay between study and collaboration influenced
collaborative inhibition and post collaborative benefits.
Their findings suggested that a longer delay between learn-
ing and collaboration decreases collaborative inhibition and
increases post collaborative benefits. Also, Abel and Bauml
(2017) compared the effect of a short delay (5 min) and a
long delay (24 h) between learning and collaboration, and
they claimed that a long delay can effectively attenuate col-
laborative inhibition and improve post collaborative ben-
efits on an immediate subsequent individual test. Finally,
the benefits of a delay between study and collaboration
generalize to recognition memory performance (Rajaram &
Pereira-Pasarin, 2007). Together, these studies demonstrate
that a delay before collaboration can influence both collab-
orative inhibition and post collaborative benefits, presum-
ably because retrieval organization declines over time and
so there is relatively less to disrupt and potentially greater
gains from reexposure (cf. Congleton & Rajaram, 2011).
However, they cannot answer questions about how long the
effects of collaboration continue to influence memory.

In the current study, we are interested in the role of delay
following, rather than before, collaboration. That is, how
long do the effects of collaboration continue to influence
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individual memory? To our knowledge, just two studies have
examined delay between collaboration and final individual
recall, and they found somewhat inconsistent results. Blu-
men and Stern (2011) asked participants to complete three
immediate successive recall tasks of unrelated word lists
(collaborative, collaborative, individual, or individual, indi-
vidual, individual) and then return 1 week later for a final
individual recall test. They found higher recall on the final
test following repeated collaboration, demonstrating that
post collaborative benefits can last up to 1 week. However,
these results are confounded by the multiple tests interven-
ing between collaboration and the 1-week delayed recall.
In contrast, Yaron-Antar and Nachson (2006) found no evi-
dence of long-lasting collaborative benefits regarding the
number of accurate details recalled. However, when the
number of accurate items was considered in relation to the
smaller number of inaccurate items produced in collabora-
tive groups, prior collaboration led to proportionally higher
accuracy rates. They asked participants to complete short-
answer and multiple-choice tests about the assassination of
Israel’s prime minister individually or collaboratively, and
to return 1 week later to remember again either individually
or collaboratively. Participants in the individual-individual
condition produced numbers of accurate details (but fewer
inaccurate details, resulting in a higher rate of accurate
details) that were similar to participants in the collabora-
tive—individual condition, suggesting that any lasting effects
of collaboration were selective to this measure. However,
this study involved recall of a highly important public event,
and so there are potential confounds with extra-experimental
conversations and news stories. In the current study, we rely
on word lists and prose passages and include just one col-
laborative—individual recall test prior to subsequent recall so
as to be consistent with the paradigm used in the majority of
collaborative inhibition studies.

Does collaboration produce a “desirable
difficulty”?

Our interest in delay between initial collaboration and final
test is also based on the testing effect literature (see Roe-
diger & Karpicke, 2006a, for review). The testing effect
demonstrates that the benefits of testing over repeated study
typically appear only after a delay. Specifically, individu-
als who restudy learned materials perform better than those
who retrieve learned materials immediately after a restudy-
ing/retrieving session. However, individuals who retrieve
learned materials perform better than those restudying mate-
rials after a long delay. That is, even though testing/retrieval
practice impairs short-term performance, it improves long-
term performance/learning. One explanation is that testing
is a “desirable difficulty” such that the increased effort,
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associations, and practice during testing promote long term
learning (e.g., Bjork, 1994). To connect testing effects to the
collaborative inhibition literature, one possibility is that the
initial disruptive aspects of collaboration that induce col-
laborative inhibition produce a desirable difficulty. If col-
laboration creates a desirable difficulty during initial recall,
the increased effort and potential for new connections and
cueing during collaboration may convert to advantages over
time. More specifically, it is possible that trying to maintain
to-be-recalled items in the face of distraction strengthens
them and/or the interference during collaboration causes
more effortful retrieval for the items produced. Importantly,
however, the time course is again critical. Desirable diffi-
culty benefits typically appear only on delayed tests (e.g.,
48-h, 1-week; Roediger & Karpicke, 2006b), whereas post
collaborative benefits typically appear on immediate and
short delay tests (e.g., 0—10 min; e.g., Thorley & Dewhurst,
2007; Weldon & Bellinger, 1997).

For this reason, in the current study we directly com-
pare the magnitude of post collaborative benefits follow-
ing a 5-min delay, a 48-h delay, and a 1-week delay. Based
on previous research showing post collaborative benefits,
at 5-min delay, we predict either a collaborative advantage
or no difference between prior collaborative and prior indi-
vidual recall. At a 48-h delay, we predict significant post
collaborative benefits; at 1-week, we predict significant
post collaborative benefits. However, if collaboration is a
desirable difficulty, we predict worse performance following
collaboration on the 5-min test, but better performance on
the 48-h and 1-week delayed tests. That is, both reexposure
and desirable difficulties predict post collaborative benefits
after 48-h and 1-week delays. However, there are different
predictions for the 5-min delay condition: reexposure pre-
dicts post collaborative benefits after a 5-min delay, whereas
desirable difficulties predict no post collaborative benefits
after a 5-min delay.

Generalizability of post collaborative
benefits across word lists and prose
passages

The current study examines the time course of post collabo-
rative benefits following collaborative recall of word lists
and prose passages. Whereas collaborative inhibition has
been obtained across a range of materials including word
lists (e.g., Henkel & Rajaram, 2011), short stories (e.g., Wel-
don & Bellinger, 1997), socially relevant information (e.g.,
Kelley et al., 2012), and emotional materials (e.g., Wessel
et al., 2015), much less is known about possible similarities
and differences in post collaborative benefits that result from
prior collaboration of different materials. Marion and Thor-
ley (2016) concluded there is evidence for post collaborative
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benefits following prior collaboration on immediate tests
(0—10 minute delay), and further, that these post collabora-
tive benefits were least likely for items high with interitem
association. However, again, little is known about post col-
laborative benefits on delayed tests and, to our knowledge,
no studies have directly compared materials on delayed tests.
Further, work on the testing effect suggests that materials
with higher associative overlap benefit more from testing
because individuals can continue to process, synthesize, and
associate the concepts over time (e.g., Szpunar et al., 2007).
As such, in the current experiment we chose categorized
word lists and prose passages. Categorized words lists are
composed of exemplars, whereas prose passages are com-
posed of idea units. The inclusion of both materials tests
the generalizability of any findings across multiple stimuli.
In the current study, we predict similar patterns of post col-
laborative effects for both word lists and prose passages over
time, but it is also possible that prose passages could have
larger and longer lasting effects because they include multi-
ple idea units associated with each concept, and if a concept
is cued by other group members, more related idea units in
the prose passages are cued.

In addition to examining correct recall, using word lists
and prose passages allows us to code for errors. One advan-
tage of collaboration is that group members can correct each
other’s errors (e.g., Ross et al., 2008), leading collaborative
groups to recall fewer errors than nominal groups. However,
relatively little is known about how long such error correc-
tion lasts. Some evidence suggests reduced errors during
collaboration also results in reduced errors on subsequent
individual tests (e.g., Rossi-Arnaud et al., 2020). However,
collaboration can also increase errors on subsequent tests,
when collaborators discuss errors without correcting them
(e.g., Meade & Roediger, 2009; cf. Meade & Roediger,
2002; Roediger et al., 2001). Further, little is known regard-
ing differences in the time course of different types of false
memory errors (e.g., associative, categorical, schematic;
cf. Roediger, 1996). In the current experiment, we directly
compare the lasting effects of collaboration on errors pro-
duced across prose passages and word lists. For collaborative
recall of these materials, we rely on free-for-all collabora-
tion (participants freely interact with each other and recall is
unstructured) because free-for-all collaboration allows more
opportunities for discussion and error correction relative to
turn-taking collaboration where participants take turns to
recall items (e.g., Saraiva & Garrido, 2024). Given that we
are using free-for-all collaboration, rather than turn-taking,
we predict collaborative error correction on the initial test
(Thorley & Dewhurst, 2007). Further, we predict error cor-
rection will persist on subsequent tests. Finally, we predict
similar patterns for both word lists and prose passages, but
perhaps larger effects for word lists because error correc-
tion is more easily tied to single items than to idea units (in

which errors may be related to details and/or main concepts
of each idea unit).

The present study

In this study, we aimed to answer two questions: (1) how
post collaborative benefits change over time; (2) whether the
time course of collaborative inhibition and post collaborative
benefits can generalize across materials. For both questions,
we examined both accurate and false recall. Of interest is
when/how collaboration continues to influence individual
recall after a delay.

Method
Participants

Marion and Thorley (2016) reported the effect size for col-
laborative inhibition as Cohen’s d =0.56 and the effect size
for post collaborative benefits as Cohen’s d=0.59. We felt
it was necessary to replicate collaborative inhibition before
examining any lasting effects of collaboration. Therefore, we
used the more conservative effect size of 0.56 in our power
analysis. Specifically, we conducted a power analysis using
G*Power using the effect size of 0.56 reported by Marion
and Thorley (2016). However, G*Power uses Cohen’s f,
rather than Cohen’s d. Cohen’s fis d/2 (https://www.escal.
site/) so we used an effect size of 0.28. Assuming an effect
size of 0.28 and six groups, the total required sample size to
achieve a power of 0.80 is 127 participants. Because dyads
are required to measure collaborative inhibition on Recall
Test 1 (pairs of individuals are entered as a single collabora-
tive group or a single nominal group), we doubled this num-
ber to 254 participants total. In order to equate the number
of participants across the six conditions, we chose 252 total
participants, or 21 dyads per condition. It is worth noting
that the number of participants in the current study did not
completely meet the specifications for examining collabora-
tive inhibition, but this number exceeded the required num-
ber of participants for detecting post collaborative benefits.
Moreover, Whillock et al. (2020) had 12 dyads per condi-
tions (also six between-subject groups), so we are confident
that 21 dyads per condition is sufficient power.

We recruited 305 undergraduate students from the Mon-
tana State University SONA subject pool and randomly
assigned them into different conditions. Students partici-
pated in exchange for course credits. Fifty-three students
were excluded from data analysis primarily because they
did not return for their delayed testing session: 15 students
in the individual conditions and 14 students in the collabo-
rative conditions. Fourteen additional participants from the
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collaborative condition were removed because their partner
did not return (note that this exclusion criterion for partici-
pants whose partner did not return for Recall 2 was not stated
in preregistration, but we later realized it was necessary to
ensure that the same participants were included in the Recall
1 analyses and Recall 2 analyses). Finally, eight students
were excluded from data analysis because of experimenter
error (not labelling the packets or presenting the recall sheets
out of order). No students were excluded for failing to follow
the instructions or complete the tasks. Thus, 252 participants
(21 dyads in each condition) were included in final analy-
ses (mean age=19.59 years, 33.7% males, 64.3% females,
64.7% first-year students, 93.6% non-Hispanic/Latino, and
91.7% Caucasian). All decisions to exclude participants
occurred prior to entering or analyzing the data and were
based entirely on notes in the subject log.

Design

This study was a 2 (collaboration: individual or collabora-
tive) X 3 (delay: 5 min or 48 h, or 1 week) between-subject
design. The dependent variables were participants’ correct
and false recall of word lists and prose passages. Word list
and prose passage recall was measured immediately after
learning materials, either in a group or individually, and on
a final individual recall test after a delay.

Materials

Materials included categorized word lists from Meade and
Roediger (2006). These lists were created by selecting the
top 22 exemplars of each category reported in the Battig
and Montague (1969) category norms. The top five most
typical exemplars were removed from the list and designated
as false items. The next 17 items were designated as study
items. Each list contained 17 studied items.

The prose passages were from Roediger and Karpicke
(2006a). These passages (“The Sun” and “Sea Otters”) were
selected from practice prose passages for the Test of English
as a Foreign Language (TOEFL; Rogers, 2001). Each pas-
sage was a short paragraph that contained 30 idea units.
We also used the scoring matrix provided by Karpicke and
Roediger.

Procedure

This study was preregistered at Aspredicted.org (https://
aspredicted.org/blind.php?x=2eb5ye) and was approved by
the Institutional Review Board (IRB) at Montana State Uni-
versity (MMO0309620-EX). All participants signed consent
forms and were then randomly assigned to an experimental
condition.

@ Springer

Session 1: Study-Test 1 Participants were presented with four
word lists and instructed to remember them for later mem-
ory tests. Each word list contained 17 items, so participants
saw 68 items total. Items were blocked by category and the
experimenter verbally labelled each category as it began.
For example, the experimenter said, “The first list is kitchen
utensils,” when participants were about to see words in the
kitchen utensils category presented on the computer screen.
Each word was presented for 2 s (with a 1-s interstimulus
interval). Participants were next asked to complete a filler
task. The filler task consisted of double-digit multiplication
problems, and participants were asked to solve as many as
possible in 2 min. Next, participants were instructed to recall
the list either individually or in collaboration with another
participant who was their collaborative partner throughout
the entire procedure. Participants in the collaborative con-
dition were given “free-for-all” instructions, meaning that
they were free to collaborate however they wished. One par-
ticipant was randomly assigned to be the recorder to write
down the recall (we do not expect memory to differ for the
recorder given that there is evidence that verbal and written
recall are similar; e.g., Gardiner et al., 1977). Participants
in both the collaborative and individual conditions were
instructed not to guess. Recall was cued by category. Par-
ticipants were verbally cued on which category to recall and
received a piece of paper with a category name written at the
top left of the answer sheet. They completed recall of one
category before moving to the next. The order of categories
at test matched the order at study. Participants were allowed
2 min to recall each list.

Session 1: Study-Test 2 Immediately after finishing list study
and recall, participants completed a similar process for the
prose passages. Specifically, participants were presented
with “The Sun” passage and asked to read and remember
it. They were again informed that their memory for the
passage would be tested later. The experimenter verbally
labelled the passage (e.g., “The Sun”), and participants had
as much time as necessary to read through the passage. Par-
ticipants then repeated this process for the second passage,
“Sea Otters.” Again, the experimenter verbally labelled
the passage, and again participants had as much time as
necessary to read through the passage. Self-paced read-
ing instructions are consistent with previous research (e.g.,
Bergman & Roediger, 1999) and are necessary to ensure
that each participant encodes the stories. When partici-
pants finished reading each passage, they were instructed
to turn over the sheet of paper. The experimenter recorded
the time spent reading. On average, participants spent
107.81 s (SD=74.66) and 110.89 s (SD=47.60) reading
“The Sun” and “Sea Otters,” respectively. To ensure that
reading time was matched across experimental conditions,
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we ran separate analyses of variance (ANOVAs) on reading
time for “The Sun” passage and the “Sea Otters” passage.
For “The Sun,” there was no main effect of collaboration
on reading time, F(1, 152)=2.25, p=0.14, MSE=5,549.36,
n2:0.02, and there was also no main effect of delay, F(2,
152)=1.13, p=0.33, MSE =5,549.36, n>=0.02. Also,
there was no significant interaction between collabora-
tion and delay, F(2, 152)=0.43, p=0.65, MSE=5,549.36,
n2=0.01. For “Sea Otters,” there was no main effect of
collaboration, F(1, 151)=1.89, p=0.17, MSE=2,260.76,
n2=0.01, or delay on their reading time F(2, 151)=1.50,
p=0.23, MSE=2,260.76, n>=0.02. Again, there was no sig-
nificant interaction between collaboration and delay, F(2,
151)=0.34, p=0.71, MSE=2,260.76, n> <0.01.

After participants read both passages, they were provided
with a mathematical filler task and asked to complete as
many multiplication problems as possible in 2 min. Next,
participants were instructed to remember the prose passages
on their own or in collaboration with a fellow participant.
Note that individual and collaborative group conditions were
held constant across the experiment so that those who com-
pleted list recall individually also completed prose recall
individually, and those who completed list recall collabo-
ratively also completed prose recall collaboratively. Again,
collaborative groups were instructed to recall freely, and one
was assigned recorder. Passages were presented in the same
order as during study, and the experimenter provided the
same verbal labels of each passage as during study. Par-
ticipants had 4 min to recall as much as possible from each
passage. Participants took about 30-45 min to complete Ses-
sion 1.

Session 2 Session 2 occurred 5 min, 48 h, or 1 week
after Session 1. Those participants in the 5-min condition
remained in the lab and completed a mathematical filler task
for 5 min. Participants in the 48-h condition and participants
in the 1-week condition left the lab and returned after their
appropriate delay. After the 5-min, 48-h, or 1-week delay,
all participants completed an individual recall test. Partici-
pants were first asked to remember the word lists. As in
Session 1, word lists were presented in the same order as
study, and they were verbally labelled with category names.
Participants had 2 min to recall each list. Next, participants
were asked to remember the prose passages. As in Session
1, the prose passages were verbally labelled and presented
in the same order as study. Participants had 4 min to com-
plete recall of each prose passage. Finally, participants com-
pleted a post experimental demographics questionnaire,
were debriefed, thanked, and awarded class credit for their
participation. Participants took about 15-20 min to complete
Session 2.

Table1 Mean proportion (standard deviation) of correct list items
and correct prose recalled on Test 1 as a function of retrieval condi-
tion and future delay (N=252)

5 min 48 h 1 week
Word lists
Pooled individual 0.60 (0.10) 0.60 (0.09) 0.60 (0.09)
Collaborative 0.54 (0.09) 0.52 (0.09) 0.50 (0.12)
Prose passages
Pooled individual 0.53 (0.08) 0.53 (0.09) 0.54 (0.09)
Collaborative 0.43 (0.13) 0.47 (0.06) 0.43 (0.10)
Results
Recall 1

Correct recall Table 1 presents the mean proportion of list
items recalled and the mean proportion of idea units recalled
on the initial test as a function of collaboration and future
delay. Note that there was no delay present for the initial
test (all groups completed the initial recalls immediately
after study), so the delay corresponds to future delay. We
computed the nominal group performance by pooling the
non-redundant items recalled by two participants in the indi-
vidual condition. For example, we pooled the performance
of Participants 1 and 2 in the individual condition as the
nominal group performance of Group 1. Then, we could
compute collaborative inhibition by comparing nominal
group recall to collaborative group recall (the combined out-
put of two individuals who recalled together). Looking first
at list recall, a 2 (collaboration: nominal or collaborative) X 3
(future delay: 5 min, 48 h, or 1 week) between-subjects
ANOVA, computed on the proportion of list items recalled,
revealed a significant main effect of collaboration, F(1,
120)=18.76, MSE=0.01, p <0.001, n*=0.14. Replicating
the collaborative inhibition effect, those who recalled in a
collaborative group (M =0.52) recalled less than the pooled
nominal groups (M =0.60). Also important is that no other
main effects of delay, F(2, 120)=0.60, MSE=0.01, p=0.55,
n2=().14 or interactions were significant, F(2, 120)=0.31,
MSE=0.01, p=0.74, n2 =0.01. This means that recall per-
formance and the magnitude of the collaborative inhibition
effect did not differ across future delay conditions. This
matched performance on initial recall is important because
there are no scaling effects, and we can more easily interpret
any changes on the subsequent delayed tests (see Meade &
Roediger, 2006, 2009; Meade et al., 2012, for discussion).

Turning next to prose passage recall, we scored the prose
passages according to the scoring manual provided by Roe-
diger and Karpicke (2006a). Two raters double scored 24.6%
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Table2 Mean proportion (standard deviation) of false list items
recalled on Test 1 as a function of retrieval condition and future delay
(N=252)

Table3 Mean number (standard deviation) of extralist intrusions
recalled on prose Test 1 as a function of retrieval condition and future
delay (N=252)

5 min 48 h 1 week 5 min 48 h 1 week
Word lists Prose passages
Pooled individual 0.36 (0.23) 0.33 (0.19) 0.36 (0.23) Pooled individual 233 (3.12) 2.14 (1.80) 2.86 (1.77)
Collaborative 0.16 (0.14) 0.14 (0.11) 0.14 (0.16) Collaborative 1.43 (1.17) 1.10 (1.51) 1.00 (0.89)

of the passages. We then computed Kappa on the two sets of
coding. The two coders then discussed their disagreements
for Kappas less than 60 and came to agreement in order
to reach 60% agreement (Landis & Koch, 1977; McHugh,
2012), and then one coder finished the data set. A 2 (col-
laboration: nominal or collaborative) X 3 (future delay:
5 min, 48 h, or 1 week) between-subjects ANOVA was com-
puted on prose passage recall. The ANOVA revealed sig-
nificant collaborative inhibition for the prose passages, F(1,
120)=26.78, MSE=0.01, p <0.001, 1> =0.18. Again, par-
ticipants in the pooled nominal groups (M =0.53) recalled
more information from the prose passages than participants
in the collaborative groups (M =0.44). Importantly, no other
main effects of delay, F(2, 120)=0.54, MSE=0.01, p=0.58,
n2=0.01 or interactions were significant, F(2, 120)=0.89,
MSE=0.01, p=0.42, 1*=0.02. As with list recall, initial
recall of the prose passages and the magnitude of the col-
laborative inhibition effect was matched across conditions,
which benefits our ability to examine differences on subse-
quent tests (cf. Meade & Roediger, 2009).

False recall Table 2 presents the mean proportion of non-
presented word list exemplars recalled by participants as a
function of collaborative or nominal recall and future delay.
The top five most typical exemplars from each categorized
list were not presented during study, and the error rates
reported in Table 2 represent the mean proportion of those
items recalled (cf. Meade & Roediger, 2006, 2009). A 2
(collaboration: collaborative or nominal recall) X 3 (future
delay: 5 min, 48 h, or 1 week) between-subjects ANOVA,
computed on false recall, demonstrated error correction in
the collaborative groups, F (1, 120)=38.65, MSE=0.03,
p<0.001, n>=0.24. Consistent with previous research
demonstrating collaborative inhibition for errors, or error
correction in collaborative groups (e.g., Ross et al., 2008),
collaborative groups in the current experiment recalled fewer
errors (M =0.15) than nominal groups (M =0.35). No other
main effects of delay, F(2, 120)=0.18, MSE=0.03, p=0.84,
nz <0.01, or interactions were significant, F(2, 120)=0.06,
MSE=0.03, p=0.94, 1> <0.01, suggesting the magnitude of
false recall and error correction were matched across condi-
tions on Recall Test 1.
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Table 3 presents the mean number of extra list intrusions
recalled for the prose passages. The mean number of intru-
sions is reported (rather than the proportion of nonpresented
exemplars) because the prose passages were not designed to
exclude specific information. Measuring false recall on prose
passages as the number of extra list intrusions is consistent
with previous research (e.g., Roediger & Karpicke, 2006a,
2006b). Specifically, we operationally defined false recall
as any idea unit that was inconsistent with the idea units
presented (e.g., sea otters eat kelp; the passage stated they
protect kelp and sleep on kelp) or idea units that were not
presented at all in the scenarios (e.g., sea otters hold hands;
the passage stated nothing about this). Overall error rates
were low for the passages, so data reported collapse across
types of errors. These scoring criteria are consistent with
scoring false recall for other prose passage (e.g., Bergman
& Roediger, 1999); note that Karpicke and Roediger did not
report errors or include a rubric for scoring errors, because
this was not relevant to their research questions.

A separate 2 (collaboration: collaborative or nominal
recall) X 3 (future delay: 5 min, 48 h, or 1 week) between-
subjects ANOVA, computed on the mean number of extra
list intrusions on prose passages, revealed that there was a
significant main effect of collaboration, F(1, 120) =38.65,
MSE=3.42, p<0.001, n2 =0.24, indicating that collabora-
tion can effectively decrease false recall. Specifically, par-
ticipants in collaborative groups recalled fewer intrusions
(M =1.17) than participants in pooled nominal groups
(M =2.44). Importantly, there were no other main effects of
delay, F(2, 120)=0.34, MSE=3.42, p=0.71, n*=0.01, or
interaction, F(2, 120)=0.81, MSE=3.42, p=0.45, n2 =0.01,
suggesting that error correction was matched across groups.

Recall 2

Correct recall The mean proportions of list recall and
prose passage recall on the subsequent individual test are
presented in Table 4. All participants completed Recall 2
individually, so the table refers to prior collaborative and
prior individual recall to indicate participant condition on
Test 1. A 2 (prior collaboration: prior individual or prior
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Table 4 Mean proportion (standard deviation) of correct list items
and correct prose recalled on Test 2 as a function of prior retrieval
condition and delay (N=252)

Table5 Mean proportion (standard deviation) of false list items
recalled on Test 2 as a function of prior retrieval condition and delay
(N=252)

5 min 48 h 1 week 5 min 48 h 1 week
Word lists Word lists
Prior individual 0.40 (0.11) 0.33 (0.10) 0.27 (0.08)  Prior individual 0.23 (0.23) 0.21 (0.18) 0.24 (0.22)
Prior collaborative 0.45 (0.12) 0.36 (0.10) 0.30 (0.09)  Prior collaborative 0.17 (0.17) 0.16 (0.12) 0.27 (0.19)
Prose passages
Prior individual 0.35(0.11) 0.31(0.09) 025009  eyidence, 3-10=moderate evidence, 1-3 = anecdotal (weak)
Prior collaborative 0.41 (0.13) 0.39 (0.11) 0.27 (0.10)

collaborative) X 3 (delay: 5 min, 48 h, or 1 week) between-
subjects ANOVA was first computed on the proportion of
list items recalled. The ANOVA revealed a main effect of
prior collaboration, F(1, 246)=7.95, MSE=0.01, p <0.005,
n%>=0.03, indicating significant post collaborative benefits
for those who previously collaborated (M =0.37) relative
to those who previously recalled individually (M =0.34).
There was also a main effect of delay, F(2, 246)=39.93,
MSE=0.01, p<0.001, n2 =0.25. Recall performance was
worse with longer delays (M =0.43 after 5 min, M =0.35
after 48 h, and M =0.29 after 1 week). Then, we conducted
follow-up ¢ tests to compare the performance of two groups,
and if the assumption of equal variances was violated, we
reported corrected degrees of freedom and ¢ values. Post
hoc ¢ tests showed that participants in 5 min delay condi-
tion performed better than those in the 48-h, 7 (166) =4.58,
SEM=0.08, p<0.001, Cohen’s d=0.70, and 1-week con-
ditions, 7 (151.72)=8.87, SEM=0.02, p<0.001, Cohen’s
d=0.1.37, and participants in the 48-h condition also
recalled more correct items than participants in the 1-week
condition, #(166)=4.20, SEM =0.01, p<0.001, Cohen’s
d=0.65. There was no interaction between prior collabo-
ration and delay, F(2, 246)=0.41, MSE=0.01, p=0.67,
n%<0.01, suggesting that delay reduced recall to the same
extent regardless of prior collaborative recall condition.
We ran a Bayesian ANOVA in JASP (Version 0.18.3; JASP
Team, 2024) for the interaction of prior collaboration and
delay. Specifically, we compared the model containing the
interaction with the null interaction model that contained
both main effects but no interaction. We did not include
Bayesian analyses in the preregistration, but we ran this
analysis because the Bayesian output provides more details
about how the data support different models. JASP provides
a default prior of 0.50 when comparing the model with inter-
action and the model with only main effects, suggesting that
both models are considered equally likely. The resulting
BF,, represents a ratio of how likely the model contain-
ing the interaction is over the null model. According to the
classification scheme from Lee and Wagenmakers (2013;
adjusted from Jeffreys, 1961), a BF,; of 10-30=strong

evidence, and 1=no evidence. (Note that values < 1 equal
evidence for the null, such that 0.33 and 0.10 equal moderate
and strong evidence for the null hypothesis, respectively.)
For the interaction effect, we found a BF,;=0.10, which
means that, given the data, the null interaction model is 10
times more likely than the model containing the interaction,
indicating moderate-to-strong support for the null interaction
(van Doorn et al., 2021).

A separate 2 (prior collaboration: prior individual or
prior collaborative) X3 (delay: 5 min, 48 h, or 1 week)
between-subjects ANOVA was computed on the proportion
of idea units recalled from the prose passages. Consistent
with the results reported for word lists, participants showed
post collaborative benefits, F(2, 246) =14.64, MSE=0.01,
»<0.05, 1?=0.06 such that participants recalled more fol-
lowing collaboration (M =0.36) than following individual
recall (M =0.30). There was also a main effect of delay,
F(2, 246)=27.29, MSE=0.01, p <0.05, 12=0.18, with
recall decreasing with delay (M =0.38 at 5 min, M=0.35
at 48 h, and M=0.26 at 1 week). Post hoc ¢ tests demon-
strated that there was no significant difference between
5-min and 48-h delay, #(166)=1.70, SEM=0.03, p=0.09,
Cohen’s d=0.26, but participants in the 1-week condition
recalled fewer idea units than those in the 5-min condition,
1(156.88)=6.86, SEM=0.12, p<0.001, Cohen’s d=1.06,
and the 48-h condition, #(166)=5.47, SEM =0.09, p <0.001,
Cohen’s d=0.85. Finally, the interaction was again not sig-
nificant, F(2, 246)=2.08, MSE=0.01, p=0.12, n>=0.02.
Bayes factors BF,;=0.41 when comparing the interaction
effect model with the null model (main effects included), and
it suggests that there is weak evidence supporting the null
(van Doorn et al., 2021).

False recall The mean proportion of incorrect list items
recalled on List 2 are presented in Table 5. A 2 (prior col-
laboration: prior individual or prior collaborative) X 3 (delay:
5 min, 48 h, or 1 week) between-subjects ANOVA was com-
puted on list errors. There was a marginal main effect of delay
on error rates that appears to be driven by the 1-week condi-
tion (M=0.20 at 5 min, M=0.19 at 48 h, M=0.25 at 1 week),
F(2,246)=2.76, MSE=0.04, p=0.07, 1=0.02. When this
pattern is considered in relation to participants’ decreased
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Table 6 Mean number (standard deviation) of extralist intrusions
recalled on prose Test 2 as a function of retrieval condition and delay
(N=252)

5 min 48 h 1 week
Prose passages
Prior individual 1.43 (1.93) 1.29 (1.37) 1.95 (1.62)
Prior collaborative 1.45 (1.27) 1.55 (1.69) 1.43 (1.38)

veridical recall with delay, overall participants were less accu-
rate across time (cf. Bergman & Roediger, 1999). Importantly,
the ANOVA revealed no main effect of collaboration, F(1,
246)=0.99, MSE=0.04, p=0.32, n2 <0.01. Specifically, par-
ticipants who previously collaborated (M =0.20) recalled sim-
ilar proportions of false items as participants who previously
recalled alone (M'=0.19). The error correction evident on Test
1 was short lived and did not persist on Test 2, a finding con-
sistent with previous research showing no lasting effects of
error correction on categorized lists (e.g., Hood et al., 2023;
Meade & Roediger, 2009; Whillock et al., 2020). Finally,
the interaction between collaboration and delay was not sig-
nificant, F(2, 246)=1.34, MSE=0.04, p=0.26, n><0.01.
Furthermore, A Bayesian analysis showed the BF,,=0.21,
suggesting that the null model (including main effects) is 5
times more likely than the interaction effect model, providing
moderate evidence for the null hypothesis.

For prose errors, a separate 2 (prior collaboration: prior
collaborative or prior individual recall) X 3 (delay: 5 min,
48 h, or 1 week) between-subjects ANOVA computed on
the mean number of extra list intrusions on prose passages
revealed no main effect of collaboration, F(1, 246)=0.16,
MSE=2.43, p=0.69, n><0.01, or delay, F(2, 246)=0.80,
MSE=2.43, p=0.45,1>=0.01, or interaction between col-
laboration and delay, F(2, 246)=1.40, MSE=2.43, p=0.25,
n2=0.01. Again, we conducted a Bayesian analysis and
found BF,,=0.24, indicating that the null model (includ-
ing main effects) is 4.2 times more likely than the interac-
tion effect model, and this is moderate evidence for the null
hypothesis. The error rates are very low overall, so these
results must be considered with caution. Nonetheless, they
suggest that the error correction present on the initial test did
not persist on subsequent tests (see Table 6).

Discussion

The current experiment systematically examined the time
course of collaborative inhibition and post collaborative
benefits across word lists and prose passages. For correct
recall, we obtained collaborative inhibition on initial tests
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of both word lists and prose passages, and post collabora-
tive benefits that lasted 1 week. For false recall, we obtained
error correction on initial tests of word lists and prose pas-
sages, and importantly, there were no lasting effects of error
correction on subsequent tests. The results demonstrate that
post collaborative benefits are long lasting and selective to
veridical recall.

The current experiment demonstrated that post collabo-
rative benefits are present after just 5 min, and they persist
at 1 week. These findings are consistent Blumen and Stern
(2011), who demonstrated that post collaborative benefits
for unrelated words persist 1 week after multiple tests. These
results are also somewhat consistent with Yaron-Antar and
Nachson (2006). Although they found no difference in the
number of items produced following a 1-week delay, they
did find that those who collaborated to remember the prime
minister’s assassination had a higher accuracy rate. Impor-
tantly, however, the current results extend these findings
to more typical experimental procedures in collaborative
memory research; in the current study, we used just one
collaborative recall of word lists and prose passages. Given
the powerful effect of repeated tests on organization and
memory (e.g., Congleton & Rajaram, 2011), and the role of
emotion in memory (cf. Wessel et al., 2015), it is notable and
important that post collaborative benefits in the current study
persisted following a single collaborative recall session of
basic laboratory stimuli.

Also important is that in the current study, long-lasting
post collaborative benefits generalized across both word
lists and prose passages. Marion and Thorley (2016) dem-
onstrated that, at least on immediate and short delayed tests,
post collaborative benefits are least likely for materials with
high interitem association. In the current study, the catego-
rized word lists and prose passages were both somewhat
interrelated (at least relatively more so than unrelated word
lists), and yet we found post collaborative benefits for both.
Most likely, this is because of the difference in the time
course of post collaborative benefits. Marion and Thorley
examined post collaborative benefits on immediate and
short delay test (0O—10 min), whereas the current study exam-
ined post collaborative benefits after relatively long delays
including 48 h and 1 week. To our knowledge, this is the first
study to demonstrate long-lasting post collaborative benefits
across different materials.

Theoretically, the veridical recall results are consistent
with reexposure effects (Rajaram & Pereira-Pasarin, 2010).
Reexposure provides individuals with a second studying
opportunity because they are exposed to the information first
during study and again during collaboration (e.g., Rajaram,
2018; Rajaram & Pereira-Pasarin, 2010). Our results are
consistent with reexposure because post collaborative ben-
efits were detected after both a short delay and a long delay.
In contrast, if post collaborative benefits were the result of
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desirable difficulty, post collaborative benefits should have
been detected only after a long delay. We tested the idea that
trying to maintain to-be-recalled items in the face of distrac-
tion and interference might strengthen the items and/or cause
more effortful retrieval during collaboration. However, we
found no evidence that collaboration is a desirable difficulty
because the post collaborative benefits were evident after
just 5 min. This suggests that the types of difficulties present
during collaboration (e.g., interruptions, disruptions, oth-
ers’ errors) may operate on a different time course than the
types of difficulties present during individual testing. This
is important in understanding the mechanisms underlying
collaborative inhibition, desirable difficulties, and post col-
laborative benefits.

Interestingly, the patterns of collaborative inhibition and
post collaborative benefits obtained for correct recall did
not generalize to false items. Regarding the time course of
false memory, we found a different pattern. Specifically,
on the initial test, we found evidence of error correction,
but there were no lasting effects of error correction on the
subsequent tests of word lists or prose passages. This find-
ing is consistent with previous literature demonstrating that
the effects of error correction are short lived (e.g., Hood
et al., 2023; Whillock et al., 2020). However, our findings
are inconsistent with previous papers showing that collabo-
ration can increase errors (e.g., Meade & Roediger, 2009)
and that error correction persists (e.g., Rossi-Arnaud et al.,
2020). Possible explanations for the different results include
the collaborative instructions (i.e., turn-taking vs. free-for-all
recall; Thorley & Dewhurst, 2007) and the different mecha-
nisms underlying false memory across materials (i.e., asso-
ciative, categorical, schematic, etc.; cf. Roediger, 1996).
For example, turn-taking collaboration has been shown to
produce higher levels of subsequent false recall in both the
misinformation paradigm (e.g., Saraiva & Garrido, 2024),
and the Deese—Roediger—McDermott (DRM) associative
memory paradigm (e.g., Thorley & Dewhurst, 2007); how-
ever, the evidence is more mixed with the DRM paradigm
(e.g., Maswood et al., 2022). Differences across experiments
can also be explained by the different delays between collab-
oration and subsequent recall. Again, the novel contribution
of the current experiment is to examine the time course of
post collaborative false recall. To our knowledge, the current
experiment is the first paper to examine false recall follow-
ing collaboration across different materials and delays, and
we found no evidence that error correction persists.

Theoretically, error correction occurs because individu-
als are less likely to generate false items when they are in
a group and/or they are just as likely to generate the false
items, but their partners can correct them (Ross et al., 2008).
The results of the current study are consistent with these
mechanisms. More interesting is how to explain the findings
that this error correction did not persist. One possibility is

source monitoring errors; on the subsequent test, partici-
pants could have remembered the errors, but not whether
they said them during recall and/or if the item was corrected
or not (cf. Johnson et al., 1993). It is also possible that the
participants went along with their partner’s error correction
but privately continued to believe the false memory and so
reported it on the later test and/or simply reverted to their
original errors on the subsequent test. Another explanation
is that when recalling in groups, individuals may not suggest
items with low confidence (or set a stricter criterion) to avoid
making mistakes, but when recalling individually, they tend
to report all items they remember, including those they are
not confident about, to perform well on the test. Finally, it
is possible that collaborative groups may incorporate and
respond to accurate and false suggestions differently, and
this may influence how likely the items are incorporated in
the group and subsequent individual memory (Ekeocha &
Brennan, 2008; Meade, 2013).

There are several limitations to the current study that
highlight the need for future research. One limitation is
the materials used. Although we did examine generaliz-
ability across word lists and prose passages, future work
is necessary to examine unrelated word lists, emotional
events, and other materials to better understand how and
when post collaborative benefits might differ across materi-
als and across the time course. Also, in the current study,
participants always recalled word lists first and then prose
passages, and they completed both recall sessions with the
same collaborative partner. Future research can examine
how recalling one type of material might influence recall
of other materials, and if there are practice effects with
recall and/or collaborative partners (cf. Choi et al., 2014;
Greeley et al., 2024). Another limitation is the low level of
false memory for the prose passages. Again, future research
should directly compare the time course of error correction
and post collaborative errors across a range of materials. The
current study relied on categorized word lists, and future
extensions to associated memory illusions, misinformation
effects, or conjunction errors could help isolate mechanisms
related to error correction on immediate and delayed tests.
Finally, the current experiment considers 48-h and 1-week
delays as measuring long-term effects of collaboration. This
is just a starting point to begin to understand the lasting
consequences of collaboration and how durable such effects
are across materials, delays, partner characteristics, larger
groups, and longer delays.

In summary, the current experiment was the first to exam-
ine the time course of collaborative inhibition and post col-
laborative benefits for word lists and prose passages. We
found post collaborative benefits for veridical recall that
lasted up to 1 week. However, we found no lasting effects
of error correction, suggesting a different time course of
post collaborative effects for veridical and false recall. These
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results inform our understanding of the lasting effects of
collaboration on individual memory. We frequently recall
with others and collaborate in daily life, and these results
can begin to help us understand beyond the collaboration
itself how the experience continues to shape and influence
our memories.
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