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From close friends to people on a first date, imagining a shared future appears fundamental
to relationships. Yet, no previous research has conceptualized the act of imagination as
a socially constructed process that affects how connected we feel to others. The present
studies provide a framework for investigating imagination as a collaborative process in
which individuals cocreate shared representations of hypothetical events—what we call
collaborative imagination. Across two preregistered studies (V = 244), we provide evi-
dence that collaborative imagination of a shared future fosters social connection in novel
dyads—beyond imagining a shared future individually or shared experience in general.
Subjective ratings and natural language processing of participants’ imagined narratives
illuminate the representational features of imagined events shaped by collaborative imagi-
nation. Together, the present findings have the potential to shift how we view the structure
and function of imagination with implications for better understanding interpersonal
relationships and collective cognition.

collaborative imagination | collective cognition | collective future thinking |
interpersonal relationships | dyadic relationships

Humans are mental time-travelers, capable of imagining novel hypothetical experiences
in order to help us envision, plan for, and motivate desired future goals. A wealth of lit-
erature has advanced our theoretical understanding of imagination, identifying cognitive
processes and brain regions that contribute to this ability (1-4), and establishing several
key adaptive functions of imagination, such as improved decision-making ability and
emotion regulation (5-7). Yet one area that has received considerably less attention is the
contribution of imagination in social relationships. Imagination is seemingly a ubiquitous
part of our social lives: from family and friends to people on a first date, from the mundane
decisions of what to make for dinner to the consequential choices of where to live and
with whom, we imagine and feel out possible future events together. How might engaging
in imagination as a collaborative social act shape our relationships in the present? Can
imagining a shared future be the first step toward creating one?

Here, we investigate the phenomenon of “collaborative imagination” (co-imagination),
the act of cocreating novel hypothetical experiences in a shared moment outside the
present, such as in the future. We test the prediction that collaboratively imagining a
shared representation of the future can shape the formation of new relationships, fostering
a sense of closeness and connection. We then explore the features and qualities of imagined
events that change as a consequence of co-imagination and may contribute to this effect.

Although prior work has yet to consider the role of collaborative imagination in social
connection, integrating findings across disparate research areas suggests a possible associ-
ation. First, research shows that participants often report thinking about their future for
social bonding purposes (8). Moreover, imagination often involves social content and
consequences. Thought sampling procedures reveal that people’s spontaneous thoughts
about the future frequently involve other people (9—11), and that the social context of
the present moment can shape spontaneous thoughts. For example, individuals inde-
pendently completing mind-wandering tasks in the mere presence of a familiar person
generate more social content in their spontaneous thoughts, considering others’ thoughts,
feelings, and intentions more often than individuals mind-wandering in solitude (12).
Indeed, the social content of imagination has important downstream effects related to
interpersonal relationships, enabling us to feel empathy (13), increasing mentalizing (i.e.,
consideration of others’ mental states) (14), guiding moral decision-making, and moti-
vating us to help others (15, 16).

In considering the potential social consequences of collaborative imagination within
interpersonal interactions, insight can be gained from research on collective future think-
ing, defined as the act of an individual imagining the collective future of the group or
sociopolitical context in which they are embedded (17). This work has deepened our
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understanding of how individuals imagine the future of their social
groups, revealing, for example, an important role for agency in
how people imagine the future of their countries (18-21).
Furthermore, how individuals think of their group’s future can
have important social consequences, providing a sense of meaning
and continuity within a community (22).

Although research highlighting the social content and conse-
quences of imagination has been highly productive for more than
a decade, previous efforts to understand how and why people
imagine the future have largely focused on individuals inde-
pendently imagining personal events. Existing work has yet to
examine the effects of imagining a shared future together, cocre-
ating shared representations of novel future events in an interac-
tive, generative social context.

Related phenomena in the memory literature help inform pre-
dictions regarding how imagination may function as a social pro-
cess. Prior work has broadly demonstrated the importance of
memory in relationships (23-25), illustrating how remembering
prior experiences that include a close other can foster feelings of
social connection (26). Further, work on collaborative recall has
found that memories can be socially reconstructed (for review, see
ref. 27), with individuals who recall together showing convergence
in which details are later retained, creating a shared understanding
through interpersonal interactions which, when occurring
throughout a group, can give rise to collectively held beliefs across
group members (e.g., ref. 28). Given that the structure and func-
tion of imagination are intimately tied to memory such that both
processes draw on a shared cognitive-neural basis (4), this prior
work opens the possibility that imagination may too be part of a
transactive, distributed social system that extends beyond the indi-
vidual and to the level of interpersonal interaction. Indeed, imag-
ination may have a uniquely flexible advantage compared to
memory for forming new social connections, providing an oppor-
tunity to create common shared experiences even in the absence
of past interactions and shared history.

Another area of research that can inform predictions about the
social functions and consequences of collaborative imagination is
work on shared experiences. Work in this area has revealed that in
initial dyadic interactions, both individuals are likely to form the
impression that they liked their partner more than their partner
liked them, a widely observed phenomenon termed “the liking gap”
(29-31). Meanwhile, other work shows that simply sharing an
experience can heighten positive feelings and satisfaction in a variety
of relationships (32-36), even when people do not have a shared
goal and are simply completing similar tasks independently (37).

Moreover, it is not just having a similar experience, but actively
sharing in that experience which may elicit feelings of bonding
(38, 39). Engaging in such shared experiences is thought to pro-
mote social closeness both by communicating an interaction part-
ner’s competence and cooperation, and by fostering the creation
of a shared representation of that experience which can facilitate
future cooperation (40). Further, experiences shared with another
can engender perceptions of shared inner states (e.g., thoughts and
feelings) and a common sense of shared reality and purpose (41,
42), which can foster feelings of social closeness in dyadic interac-
tions (43) and support relationship formation and maintenance
(44). Similar findings can be observed in interpersonal interactions
within small groups, such that sharing an experience with a small
group can heighten the perceived similarity between self and oth-
ers, subsequently heightening feelings of group cohesion and con-
nection (45). Out of these interpersonal interactions may then
arise representations of a collectively shared reality with one’s
broader social group that can have implications for coordination,
cooperation, and connection (46). Thus, this literature suggests
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that the opportunity to engage in shared experiences can foster
social connection, yet it remains unclear whether collaborative
imagination may influence connection beyond the effects of engag-
ing in a shared experience in general with another person.

In sum, a diverse and multidisciplinary body of work opens the
possibility that cocreating imagined future events may play an
important but unexplored role in social relationships. While
co-imagination may contribute to a variety of interpersonal rela-
tionships, the present work provides an initial exploration of this
phenomenon in pairs of strangers. Specifically, we developed an
experimental paradigm in which participants imagined shared
future events in as much detail as possible and measured its impact
on feelings of social connection. Participants imagined either col-
laboratively with another participant (collaborative imagine con-
dition) or independently (individual imagine condition).
Additionally, a third condition [collaborative perception, game
(Study 1) or scene (Study 2)] involved either collaborating on a
game with another participant or collaboratively discussing and
describing details in an image depicting an event with people and
objects in a specific location (Fig. 1). We predicted that interacting
with a novel conversation partner to co-imagine a shared future
event may heighten feelings of social connection above imagining
a shared future event independently or collaborating on a nonim-
aginative task and sharing a novel experience in general.

Additionally, we sought to identify what features of imagined
episodes may be shaped by co-imagination. To this end, we meas-
ured subjective scene imagery vividness, mentalizing, and other
features of imagined events during the experimental task (Szudy 1
in Materials and Methods). Participants in the collaborative imagine,
individual imagine, and collaborative perception (scene) conditions
also completed a recall phase in which they provided individual
narratives describing the imagined events or presented scenes from
prior experimental trials. Natural language processing tools [i.c.,
latent semantic analysis (LSA) (47, 48); bidirectional encoder rep-
resentations from transformers (BERT) (49)] were used to assess
the degree of similarity in each dyad’s individually held event or
scene representations, allowing us to analyze the effect of
co-imagination on the creation of shared representations.

Across studies, results revealed that collaboratively imagining
a shared future increases social connection compared to imagin-
ing a shared future independently or collaborating on nonimag-
inative tasks. Furthermore, collaborative imagination increased
participants’ engagement in mentalizing (i.e., considering their
partners’ thoughts and feelings) and heightened the vividness of
the imagined event (i.e., clarity of spatial representation) com-
pared to control conditions. Co-imagination also facilitated the
creation of shared future representations. These findings have
implications for our understanding of the social functions of
imagination and begin to illuminate how shared representations
and the subjective phenomenology of imagined events may
change as a consequence of co-imagination. This work provides
insight into how imagination may itself be a social process that
can help foster new relationships.

Results

Study 1. In the following, we investigate a social effect of collaborative
imagination as tested among /V = 120 undergraduate students.
We then explore the subjective features of event representations
and explore the role of similarity in how imagined events are
represented across partners. Please note, in the results that follow
for both studies, the P-values reported for 7 tests with multiple
comparisons are Bonferroni corrected and can be compared to an

alpha level of 0.05.
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Fig. 1. Experimental design and logic for Study 1 and Study 2. Two studies were conducted to test the hypothesis that co-imagining a shared future event may
heighten feelings of social connection above imagining a shared future independently or collaborating on a nonimaginative task and sharing a novel experience
in general. Across conditions, participants were first introduced to their dyad partner (in person for Study 1, over video call for Study 2). Participants then
completed the experimental task. In the collaborative imagine condition, participants worked together to complete the imagine task: imagining shared future
events in as much detail as possible. In the individual imagine condition, participants completed the imagine task independently, allowing us to control for
the effect of imagining a shared future in the absence of social interaction. In the collaborative perception conditions (S1: game, S2: scene), participants either
collaborated on a game with another participant or collaboratively discussed an image depicting an event with people and objects in a specific location, allowing
us to control for the effect of engaging in general present-focused social collaboration. Further, the collaborative perception (scene) condition involved describing
details presented in an image (e.g., people, actions, spatial surroundings), enabling us to consider what effect may arise from engaging in a component process
necessary for but not unique to imagination (e.g., representing and processing nonautobiographical scene content). All participants then completed a set of items
measuring feelings of social connection and closeness with the dyad partner. All participants (excluding S1's game condition) then completed a recall phase, in
which they recounted the imagined event or scene they had described prior in order to isolate stored representations of these experiences for each participant.

Co-imagination Fosters Social Connection. Participant responses
to six social connection items had high reliability at both pretask
(Cronbach’s alpha = 0.7) and posttask measurement (Cronbach’s
alpha = 0.85) (SI Appendix, Tables S1 and S2) and were averaged
to form a composite measure of social connection measured prior
to and following the experimental task (i.e., imagine task or
game). The preregistrations for the present work also included
two additional items measuring social connection (i.e., self-
other overlap; perceived social distance); however, these two
items lowered scale reliability and had poor factor loadings
at pretask measurement (SI Appendix, Tables S1 and S3), and
thus were excluded from the composite measure in the present
analyses. Please see ST Appendix, Tables S12-S14 for analyses
of these individual items and SI Appendix, Tables S7-S11 for
main analyses conducted on the composite of all eight items.
To preview these findings, the overall pattern of results and key
condition differences remain unchanged due to the exclusion
of these items.

The social connection composite scores were then analyzed with
a mixed-effects ANOVA including a between-subjects effect of
condition [collaborative imagine, individual imagine, and collab-
orative perception (game)], a within-subjects effect of time point
(pre- vs. posttask), and a time point * condition interaction. There
was a siglniﬁcant effect of both condition (#(2,117) = 4.22, P =
0.017,n°¢ = 0.05) and time point (F(1,117) = 144.59, P < 0.001,

“The only difference in conclusions due to excluding these two items is that the difference
in social connection for the individual condition from pre- to posttask is statistically signif-
icantwhen all eight items are analyzed (i.e., {(39) = 3.26, Pg,,;= 0.02, d = 0.33,95% CI [-0.12,
0.77]) but this difference is not statistically significant using the six-item composite (t(39)
=2.86, Pgon= 0.06, d = 0.46, 95% CI [0.013, 0.92]). However, this does not change the main
interpretation or any related conclusions.

PNAS 2024 Vol.121 No.25 2318292121

0’ = 0.25) on social connection. Critically, the expected interac-
tion between condition and time point was also significant
(F(2,117) = 14.05, P< 0.001, 0’ = 0.062).

Post hoc Bonferroni corrected two-sided Welch’s ¢ tests showed
that, as expected, there were no significant differences between
conditions in pretask social connection ratings [collaborative
imagine vs. individual imagine: #73.6) = -0.49, P,,,= 1.0, d =
-0.11, 95% CI [-0.55, 0.34]; collaborative imagine vs. collabo-
rative perception (game): #77.5) = 0.75, PBmf: 1.0, 4 =0.17,
95% CI [-0.28, 0.61]; individual imagine vs. collaborative per-
ception (game): #75.9) = 1.36, Py, = 1.0, 4 = 0.30, 95% CI
[-0.14, 0.75]; see ST Appendix, Table S4 for descriptive statistics;
please note, these analyses were also run using Student’s rather
than Welch’s models, which produced comparable results]. Yet,
analysis of posttask social connection ratings revealed significant
condition differences. Consistent with preregistered hypotheses,
Bonferroni-corrected two-sided t-tests of condition differences in
posttask social connection ratings indicated that participants in the
collaborative imagine condition (M = 5.40, SD = 0.56) felt more
connected with their partners relative to participants in the indi-
vidual imagine condition (M = 4.57, SD = 0.97; 1(62.65) = 4.72,
Py, < 0.001, d = 1.06, 95% CI [0.58, 1.53]) and relative to
participants in the collaborative perception (game) condition (M
= 4.90, SD = 0.83; #68.55) = 3.19, Py, = 0.02, d = 0.71, 95%
CI[0.25, 1.17]). A Bonferroni corrected two-sided ¢ test revealed
that posttask ratings in the individual imagine condition did not
significantly differ from those in the collaborative perception
(game) condition (#(76.25) = -1.64, Pg,,r=0.95, d=-0.37,95%
CI [-0.81, 0.083]).

Bonferroni corrected two-sided # tests of change over time
within each condition revealed a consistent pattern: social
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connection scores significantly increased in the collaborative
imagine condition (#(39) = 10.63, Py, < 0.001, 4 = 1.96, 95%
CI [1.42, 2.51]) and, to a lesser degree, the collaborative percep-
tion (game) condition (#(39) = 7.69, Pp,,<0.001, d=1.17,95%
CI [0.69, 1.66]). The change in social connection from pre- to
posttask in the individual imagine condition did not remain sig-
nificant following correction (#(39) = 2.86, Pg,,r=0.06, d=0.46,
95% CI [0.013, 0.92]).

Taken together, these findings provide initial evidence that
cocreating and collaboratively imagining a shared future event
increases a sense of social connection and affiliation, above and
beyond imagining a shared future event independently or collab-
orating on a nonimaginative task.

Co-imagination Changes the Phenomenology of Imagined Events.
Next, we analyzed the features of imagined events that may change
as a consequence of collaborative imagination and could relate to its
effect on social connection. Subjective phenomenology ratings were
not measured in the collaborative perception (game) condition, so the
following analyses summarize differences between the collaborative
imagine and individual imagine conditions, assessed using two-sided
¢ tests. ‘The following results were obtained using Welch’s # tests;
however, similar statistics were obtained when running Student’s # tests.
Co-imagination facilitates mentalizing. Participants who co-imagined
a shared future event reported engaging in mentalizing to a greater
extent (M = 5.26, SD = 0.90) than participants who imagined a
shared future event individually (M = 3.95, SD = 1.45; #65.2) = 4.89,
P <0.001, d=1.09, 95% CI [0.62, 1.57]). This suggests that co-
imagination may shape the way that individuals access the thoughts
and feelings of someone they imagine a shared future with.
Co-imagination heightens scene imagery vividness. Co-imagination
also had an effect on participants’ subjective experiences of scene
imagery vividness in imagined episodes. Scene imagery vividness
was measured with a rating of the subjective coherence and clarity
of the imagined scene and a visual rating of how vividly the
individual pictured the scene in their mind (87 Appendix, Note S2).
Specifically, individuals who co-imagined rated their imagined
scenes as more coherent and clear (M =5.28, SD = 0.86) than those
who imagined individually (M = 4.42, SD = 1.12; #73.08) = 3.90,
P<0.001,4=0.87,95% CI [0.41, 1.34]). Furthermore, participants
in the collaborative imagine condition indicated picturing a more
visually vivid scene (M = 5.01, SD = 1.00) than participants in the
individual imagine condition (M = 4.36, SD = 1.27; #73.76) =
2.56, P = 0.01, 4 = 0.57, 95% CI [0.12, 1.03]). These findings
suggest that co-imagination can shape the subjective features of the
spatial context in which imagined events are embedded, heightening
the perceived vividness and clarity of the imagined scene relative to
independently imagined events.

Co-imagination is perceived as easier than individual imagination.
Participants in the collaborative imagine condition reported lower
levels of perceived task difficulty (M = 3.57, SD = 1.01) on trials
of the imagine task than participants in the individual imagine
condition (M = 4.34, SD = 1.07; 77.71) = -3.30, P = 0.001,
d=-0.74,95% CI [-1.20, -0.28]).

Co-imagination Leads to Shared Representations of the Future.
We additionally analyzed the participants’ transcriptions as dyads
to assess whether there would be higher similarity for recollections
of co-imagined events than individually imagined events. Dyadic
event text similarity was measured using two methods, LSA (45)
and BERT (47). Briefly, LSA relies on rich and curated text corpora
along with singular value decomposition; BERT is a more recent
and computationally intensive large language model that codes the
conceptual relatedness of statements using sentence embeddings
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and much larger, unconstrained text corpora. Here, we computed
text similarity for each event with each method and averaged across
events before comparing the two imagine conditions using Welch’s
¢ tests (with a comparable pattern of findings observed using
Student’s # tests). Using LSA, the recollections were higher in
similarity for the collaborative imagine condition (M = 0.74, SD =
0.07) as compared to the individual imagine condition (M = 0.51,
SD =0.10; £34.3) = 8.35, P < 0.001, two-sided; 4 = 2.64, 95% CI
[1.77, 3.49]). This effect was also found with the BERT approach,
with again higher similarity for the collaborative imagine condition
(M = 0.72, SD = 0.06) as compared to the individual imagine
condition (M = 0.43, SD = 0.08; #(34.0) = 12.9, P < 0.001, two-
sided; 4 = 4.07, 95% CI [2.96, 5.16]). These findings suggest that
co-imagination leads to convergence in the content of imagined
future events to create shared representations across individuals.

Study 2. While Study 1 provided initial evidence demonstrating
the social effect of co-imagination, the conditions included did
not control for the potential effect of collaboratively engaging in a
component process necessary for but not unique to imagination (e.g.,
representing and processing nonautobiographical scene content).
Study 2 sought to examine this possibility through the inclusion
of the collaborative perception (scene) condition (Fig. 1). Due to
coronavirus-related restrictions, Study 2 was run via a digital medium
(i.e., video call). Albeit not a primary goal, this methodological
change further strengthened the experimental design by allowing us
to examine whether the effects of co-imagination observed in Study
1 generalize and extend to a virtual format (Figs. 2—4).

The Effect of Co-imagination on Social Connection Replicates
and Extends to Online Interaction. First, we examined differences
in how close and connected participants reported feeling with their
dyad partner following the experimental task [i.e., collaborative
imagine, individual imagine, or collaborative perception (scene)].
Consistent with Study 1, participants’ responses to six social

Post-Task Social Connection by Condition

Social Connection

Collaborative Individual Collaborative
Imagine Imagine Perception
(Game)
Condition

Fig. 2. The effect of collaborative imagination on social connection. Plot
depicting participant responses to social connection items measured posttask
(Study 1) across conditions. Ratings were made on a scale from 1 to 7 and
averaged to form a composite measure. Colored dots correspond to individual
data points and are jittered for readability, with split violin plots overlaid to
show the relative distribution of scores across conditions. Error bars depict 95%
Claround the mean. Notched boxplots are included, with notches depicting a
Cl around the median with a value of £1.58*IQR/sqrt(n). Overlapping notches
suggest that median values across groups are not significantly different. Please
see S/ Appendix, Tables S5 and S6 for analyses of social connection ratings
excluding outliers. Note that a similar pattern was observed for analyses run
with and without outliers.
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Fig. 3. The effect of collaborative imagination on social connection replicates.
Plot depicting participant responses to social connection items measured
posttask (Study 2) across conditions. Ratings were made on a scale from 1
to 7 and averaged to form a composite measure. Colored dots correspond
to individual data points and are jittered for readability, with violin plots
overlaid to show the relative distribution of scores across conditions. Error
bars depict 95% Cl around the mean. Notched boxplots are included, with
notches depicting a Sl around the median with a value of +1.58*IQR/sqrt(n).
Overlapping notches suggest that median values across groups are not
significantly different.

connection items were averaged to form a composite measure,
which had high reliability (Cronbach’s alpha = 0.75).

The social connection composite scores were then analyzed with
a one-way Welch’s ANOVA assessing the effect of condition on
social connection. This ANOVA showed a significant effect of
condition on social connection (#(2,77.89) = 9.44, P < 0.001,
n’g = 0.20). Replicating findings from Study 1 and consistent
with preregistered hypotheses, Bonferroni corrected two-sided
Welch’s # tests of condition differences indicated that participants
in the collaborative imagine condition felt significantly more con-
nected with their partners (M = 5.80, SD = 0.59) than participants
in the individual imagine condition (M = 5.08, SD = 0.89;
#67.59) = 4.26, Pg,,r< 0.001, 4 = 0.95, 95% CI [0.49, 1.41]).
Although the Welch’s 7 test for differences in social connection
between the collaborative imagine and collaborative perception
(scene) (M = 5.47, SD = 0.61) conditions fell on the threshold of
significance following Bonferroni correction (#(81.93) = 2.48, Py, .=
0.05, 4 = 0.54, 95% CI [0.11, 0.98]), the effect size for this
condition difference would be considered medium following
conventional guidelines (50) (please note, these analyses were
also run using Student’s # tests and conventional ANOVAs
rather than Welch’s models, which found comparable results
to those presented here). There were no specific predictions
regarding differences between control conditions. Results found
that although the numerical difference in social connection
between the collaborative perception (scene) and the individual
imagine condition was not statistically significant (#(68.77) =
-2.30, Pg,,r = 0.07, two-sided; 4 = -0.51, 95% CI [-0.95,
-0.07]), these analyses indicated a medium effect size between
conditions.

These findings replicate the pattern observed in Study 1,
demonstrating consistent evidence that co-imagination fosters
heightened social connection above and beyond imagining a
shared future independently or sharing in a present-focused, col-
laborative experience. Expanding this understanding, Study 2
shows that the effects of co-imagination on social connection

PNAS 2024 Vol.121 No.25 2318292121

extend to a sample of the general public, and hold in an online
interaction (i.e., video call). Furthermore, data from Study 2 sug-
gests that the social effects of co-imagination cannot be explained
by the effects of collaboratively processing or representing nonau-
tobiographical scene content—rather, these effects may be driven
by something unique to engaging in imagination as a social act.

The Effects of Co-imagination on the Phenomenology of Imagined
Events Replicate. Next, we analyzed whether the changes in
features of imagined events observed in Study 1 would replicate
in Study 2. The following results were obtained using Welch’s
ANOVAs and r tests; however, a comparable pattern of results
was obtained when running conventional ANOVAs and Student’s
£ tests.

Co-imagination facilitates mentalizing. A one-way Welch’s ANOVA
revealed that participants experienced different levels of mentalizing
across conditions (#(2,77.67) = 13.52, P < 0.001, T]ZG = 0.206).
Bonferroni-corrected 7 tests further showed that participants in the
collaborative imagine condition (M = 5.97, SD = 0.95) reported
considering the thoughts and feelings of their partner to a greater
degree than participants in the individual imagine (M= 4.91, SD =
1.05; /(78.31) = 4.77, Py,,r< 0.001, two-sided; & = 1.06, 95% CI
[0.59, 1.53]) or collaborative perception (scene) conditions (M =
4.90, SD = 1.68; #(64.93) = 3.57, Py,,r= 0.002, two-sided; 4 =
0.78, 95% CI [0.33, 1.23]). This replicates evidence observed in
Study 1 and further illustrates how co-imagination can influence
the degree to which individuals consider others’ thoughts and
feelings when imagining a shared future.

Co-imagination heightens scene imagery vividness. Analysis of
scene imagery vividness ratings suggested that co-imagined events
were subjectively experienced in ways distinct from individually
imagined events. Specifically, the scene imagery of co-imagined
events was rated as more coherent and clear (M = 5.87, SD =
0.83) than the scene imagery of individually imagined events
(M =5.32,8D =0.92; #78.2) = 2.81, P = 0.006, two-sided; =
0.62, 95% CI [0.17, 1.07]). Further, co-imagined scenes were
rated as higher in picture vividness (M = 5.95, SD = 0.76) than
individually imagined scenes (M = 5.39, SD = 1.10; #68.6) = 2.68,
P=0.009, two-sided; 4= 0.60, 95% CI [0.15, 1.05]). Consistent
with the pattern observed in Study 1, these findings suggest that
co-imagination can shape how the scene imagery of an episode is
subjectively experienced.

Co-imagination is perceived as easier than individual imagination
but not easier than collaborating in general. Although analyzing
ratings of perceived task difficulty initially suggests differences across
conditions (#(2,79.07) = 11.41, P < 0.001, T|2G = 0.22), further
tests indicate that the pattern of these differences is unlikely to
account for the social effects of co-imagination. Specifically, the
comparison between the collaborative imagine (M = 3.15, SD =
1.28) and individual imagine (M = 3.76, SD = 1.33) conditions did
not remain significant following correction (#79.39) = -2.10, Pg,, =
0.12, two-sided; 4= -0.46, 95% CI [-0.91, -0.019]). Furthermore,
the collaborative imagine condition was rated as more difficult than
the collaborative perception (scene) condition (M =2.51, SD = 1.03;
#(78.43) = 2.53, PBmf: 0.04, two-sided; 4 = 0.55, 95% CI [0.11,
0.99]). Considering the effect size in relation to the difference in
social connection ratings for the collaborative imagine condition
versus the collaborative perception (scene) condition (i.e., Cohen’s
d=0.54), despite greater perceived task difficulty of co-imagination,
suggests that it is unlikely that the perceived difficulty level of co-
imagination could explain its social consequences. Furthermore,
participants across conditions reported comparable levels of overall
task positivity (i.e., enjoyment, pleasantness, and fun) (#(2,79.97) =
1.93, P=0.15,1°; = 0.05), ruling out the possibility that differences

https://doi.org/10.1073/pnas.2318292121

50f 12



A C »t P2
P1: We're at our house, and we’re prepping for our picnic. We have to grab the blanket and throw that in, the o H T
plates and napkins and all that into a big basket. E’ antB' ket SWIng EnJOy Bit Blanket
P2: It’s a really nice sunny day. We decide to set our blanket out and start eating. E Food anke u Start Beautiful
@ P1: We set it all up, our little charcuterie board, just having fun. o Sl g Charcuterie o
c P2:1t’s fall so I'm absorbing the last rays of sunshine. We decide to go onto the swing sets as adults. 2 Wa Ik L |tt I e Grab L |‘t‘t | e
%D P1:We’re swinging and we’re trying to see which one of us can go higher fastest, like a little competition. © Basket B d
o
oar
E 8 House d SRR ein . .Sun
S | -7
g P2: We were at our house. It was a © : PlCnlC g PICnIC
E P1: We were at our house beforehand. | beautiful fall day. We managed to get P3 P4
S grabbed the blanket and threw ﬂ!at into the bl_anket and a!l ofthe!r plates, ° Hot GI’OUD JUIy Fr|Sbee Fr|end
o the basket. | set up the charcuterie utensils, food, all into a big basket. So £ [Com Frisbee Washington
© board, and it was a really nice fall day. we spread the blanket out, and we had @ Friend Tree Different Around Start Park
% Had a relaxing time while we ate our our little picnic. | was resting in the sun. E |Lake : % SheA Snack D Uittle
(@] food. We wanted to go over and play on We went over to the playground andwe | g [Deorees PicniCh it B Og
the swing sets and are having a are swinging on the swings, having a 2lpark Fourth Afternoon A9Towards Big
competition of who could swing higher. little competition to see who could get -g e Sound Plan| Drive
the highest. = §
¢ Remember — waterl [Fall.. Area ... Time
B P3: We set up in a park that’s waterfront D Study 1 Study 2

P4: Me and my wife are going to meet
up with some friends at the park
because it’s fall and we wanted to enjoy os
the weather before it got too cold. We $ = $ k3
brought the frisbee, some card games. o,

As we were driving we noticed that the
leaves around us were beautiful. Our
friend also brought her dog. We decided
to throw the frisbee around and our dog 02 02
grabbed the frisbee and started running
towards the lake.

to be able to view a big fireworks
display. We set up under a nice tree.
We participate in fun activities for the
Fourth of July. Throwing a Frisbee back
and forth. A group of our friends walk to
the water and look at all the boats and
seaplanes passing by. As we get closer
to the fireworks, everybody’s building
up that excitement for the show to
start.

BERT
_m_
=

o4

P4: | went to a picnic down the street
with my wife. It was fall, so we were
tryna get in some outdoor time before

winter hit. We packed up our big bag $ | - $ z #i’

P3: It was a hot July afternoon. A group
of friends had planned to set up a picnic

in a waterfront park. We set up
underneath a tree. People participated
in different activities, like throwing

‘ } frisbee, walking down and putting your

feet in the water and watching the boats

and seaplanes go by. As the sun started

to set everybody got excited for the

Fourth of July, the fireworks show.
Fig.4. Narrative similarity in stored representations of individually or collaboratively imagined events. (A and B) Excerpts of participants’ event narration during
both the imagine phase (darker boxes) and recall phase (lighter boxes). Panel (A) shows excerpts from the collaborative imagine condition, while (B) shows
excerpts from the individual imagine condition. (C) Word clouds depicting the 50 most frequent content words within narratives of participants’ individual stored
representations of the imagined event (collected during the recall phase). Word color and size both correspond to word frequency. (D) Natural language processing
of recalled imagined events was conducted using BERT (47) and LSA (45). Converging results across Studies 1 and 2 suggest that co-imagination synchronizes

Individual Imagine

with goodies like cards and a frisbee. As
we were driving there it was breezy and
the leaves were falling around us. We
notice that our friend brought her dog.
We played frisbee for a little while and
then our dog got the frisbee and started
running towards this body of water. g gios

ol

Condition ™

Downloaded from https://www.pnas.org by "UNIVERSITY OF NOTTINGHAM, PERIODICALS ACQ GROUP" on June 11, 2024 from |P address 128.243.2.19.

6 of 12

the content of imagined future events to create shared narrative representations that are stored across partners in novel dyads.

in enjoyment of the experimental task could explain the observed
effects of co-imagination on social connection.

Co-imagination Leads to Shared Representations of the Future.
Analysis of participants’ individual narratives revealed an effect of
condition on similarity within dyads (LSA: /(2,38.36) = 29.04,
P < 0.001, n°; = 0.60; BERT: F(2,39.20) = 48.07, P < 0.001,
n’g = 0.71). Specifically, recollections were higher in similarity
for the collaborative imagine condition (LSA: M = 0.71, §D =
0.06; BERT: M =0.71, 8D = 0.07) as compared to the individual
imagine condition (LSA: M = 0.59, SD = 0.06; BERT: M = 0.56,
SD = 0.06) (LSA: #38.8) = 6.20, Py, < 0.001, two-sided; 4 -
199, 95% CI [1.17, 2.70]; BERT: #(38.6) = 7.0, Py, < 0.001,
two-sided; d = 2.24, 95% CI [1.40, 3.01]) (while these results are
reported using Welch’s ANOVA and 7 tests, consistent findings
were observed using a conventional ANOVA and Students 7 tests).
Replicating the findings observed in Study 1, this demonstrates that
co-imagination can foster the creation of shared representations
of the future.

Notably, recollections were comparable between the collabora-
tive imagine condition and collaborative perception (scene) con-
dition (LSA: M =0.71, SD = 0.04; BERT: M = 0.74, SD = 0.06)
(LSA: #37.6) = -0.44, PBmf: 1.0, two-sided; 4= -0.13, 95% CI
(-0.76, 0.49]; BERT: #39.2) = -1.65, Pp,,»= 0.2, two-sided; 4 =
-0.52,95% CI [-1.14, 0.12]).Thus, dyads in both the collabora-
tive imagine and collaborative perception (scene) conditions held
shared representations with high levels of similarity. However, the
effect size observed in relation to the difference in social connec-
tion in the collaborative imagine versus collaborative perception
(scene) conditions (i.e., Cohen’s = 0.54) suggests that the social
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effects of co-imagination are unlikely to be fully explained by
creating a shared representation of an experience in general.

Discussion

In what ways does imagining a shared future together shape our
social relationships? Across two studies, we find that co-imagining
a shared future with a novel partner cultivates feelings of social
connection, to a greater degree than individually imagining a
shared future or engaging in a collaborative or shared experience
in general. Specifically, participants in the collaborative imagine
condition reported liking and valuing their partner more and feel-
ing greater satisfaction with their relationship than participants
in the individual imagine or collaborative perception conditions.
This work provides a theoretical perspective on imagination and
sheds light on the fundamental role it may play in our relation-
ships: Imagination itself can be a socially constructed process that
affects how close and connected we feel to others.

Across studies, comparing the social effects observed in the col-
laborative imagine condition versus the individual imagine and col-
laborative perception conditions enabled us to rule out multiple
explanations for the present findings. Specifically, the individual
imagine condition revealed that the social effects of co-imagination
are not driven by simply imagining a shared future, regardless of the
present social context. Moreover, the collaborative perception con-
ditions revealed that these social effects are not driven by engaging
in a shared experience and general social collaboration (i.e., S1 game
condition) or by engaging in social collaboration on tasks that require
component processes involved in but not unique to imagination
(e.g., scene content and description) (i.e., S2 scene condition).
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While previous efforts to understand how and why people
imagine the future have considered the social content and conse-
quences of imagination, they have almost exclusively involved
individuals independently imagining personal events (4, 16, 51).
The present studies investigate imagination itself as arising from a
social process, in which people cocreate shared representations of
what could be. Such a framework has implications for better under-
standing the structure and function of imagination and provides
insight into the nature of interpersonal relationships, collective
future thinking, shared beliefs, and collaborative memory. In what
follows, we note limitations of the present studies and highlight
what we believe are some of the most exciting directions and open
questions for future research to explore.

Beyond showing that co-imagination can cultivate social con-
nection, these studies take an important step in demonstrating how
collaborative imagination can change the features and phenome-
nology of what is imagined. Specifically, the present research found
that the vividness of scene imagery, degree of mentalizing, and
narrative similarity all increased when people collaboratively
imagined future events together compared to when they imagined
independently. Such changes will likely have a number of down-
stream effects on attitudes and behavior that are ripe for exploration.
For example, given that vividness of scene imagery has previously
been associated with a willingness to help others in need when an
individual is independently imagining (15), it is possible that col-
laborative imagination may serve to amplify this prosocial effect.

We also observed increased self-reported mentalizing in the
collaborative imagine condition, a finding consistent with recent
evidence that social context can affect levels of spontaneous social
thought while mind-wandering (12), and that increased eye- and
face-directed gaze predict performance on a collaborative recall
task (52). In light of the present findings, might mind wandering
and collaborative recall also increase mentalizing within a dyad?
If so, could mentalizing serve as a domain-general mechanism to
shape and synchronize mental content across individuals?

The present studies consistently revealed greater narrative sim-
ilarity for future event representations in the collaborative imagine
condition compared to the individual imagine condition. Such a
finding provides insight into how dyads form beliefs and mutual
understandings about future experiences, with potential implica-
tions for forming a shared sense of reality (42) and collective beliefs
(53, 54). Furthermore, research on narrative identity suggests that
sharing life stories about the future may play an important role in
relationships, though this literature has yet to isolate the effects of
sharing future versus past life story events (55, 56). How might
co-imagination shape individuals’ life stories about the future, and
thus, their narrative identity? What role could narrative identity
play in the social functions of co-imagination?

Related to the present work’s analysis of participants’ recollec-
tions of imagined future events is research exploring the features
and functions of “memories of the future,” or memories of the
contents of individually simulated future events (57, 58). The
current studies’” findings of significantly greater similarity in rec-
ollections of co-imagined versus individually imagined future
events present initial evidence suggesting that people can create
memories of the future that they collaboratively imagine together.
This represents an initial step toward a deeper exploration of the
features and phenomenology of memories of a co-imagined
future—as little is currently known about how the features and
functions of such memories of the future may differ from mem-
ories of an individually imagined future. For example, individually
generated future event simulations involving more familiar indi-
viduals were more likely to be subsequently recalled (59). Would
future episodes that are co-imagined with a familiar and close
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individual be more likely to be remembered in detail than episodes
co-imagined with a stranger or acquaintance? Or might imagining
collaboratively versus individually reduce the effect of familiarity
on recall?

While the present studies revealed that scene imagery, mental-
izing, and narrative similarity are affected by collaborative imagi-
nation, this is by no means intended to be an exhaustive list of
what phenomenology and features of imagined events could be
shaped by collaborative imagination. Testing the impact on addi-
tional variables is an exciting direction for future research. One
opportunity for additional work to pursue is assessing how the con-
tent of co-imagined future events may shape the social outcomes
of co-imagination. The present studies instructed participants to
imagine positive experiences. However, extant work found that
watching a film in a group had a greater effect on social bonding
when the film content was an emotionally intense drama versus a
neutral film (60), with further work finding that the social bonding
effect of shared attention to a film was only observed for emotionally
negative film clips (45). This work raises interesting questions
regarding the role of valence in the effects of co-imagination. Could
the social effects of co-imagination be amplified by cocreating a
shared difficulty or challenge in the future? Related evidence on
memory finds that individuals who collaboratively recall a shared
stressful experience show a heightened ability to regulate negative
emotions about the event and provide increased levels of external
details compared to those who recalled individually (61). Could
collaborative imagination of a negative future also facilitate emotion
regulation, perhaps enabling one to access external perspectives
regarding a future challenge that could more effectively equip one
to deal with that challenge?

Emerging research on collective future thinking has begun to
investigate how individuals imagine the future of the collectives
they identify with [e.g., imagining the future of your country or
nation (22)]. The present findings draw attention to an intriguing
gap in knowledge: How, and in what ways, does collaborative
imagination shape collective future thinking and give rise to shared
beliefs across a social network about the future of a society? Can
engagement in the collaborative imagination of a shared future in
interpersonal interactions within a community shape the way that
community collectively represents its future? That is, what are the
consequences of collaborative imagination on phenomena at the
level of collective cognition?

While we await new research to address this important question,
we can turn to existing work on how collaborative memory shapes
collective memory and beliefs to provide a road map (for review
see ref. 27). For example, evidence shows that remembering past
shared experiences collaboratively with others can shape not only
the content that is retained versus forgotten [e.g., socially shared
retrieval-induced forgetting (28, 62)], but also the emotions asso-
ciated with that memory (e.g., ref. 61), leading to greater similarity
in individuals’ memories following collaboration. As events are
collaboratively recalled within interpersonal interactions distrib-
uted through a social network, these interactions can collectively
give rise to communally held representations and shared under-
standings of the past events (i.e., collective memories) that can be
important for group identity and the formation of collective beliefs
(27, 53, 63—66). Through similar mechanisms of mnemonic acces-
sibility and social network convergence, it seems plausible that
engaging in collaborative imagination through interpersonal inter-
actions may give rise to collectively shared beliefs about the future
of a society that may have important implications for group iden-
tity and a commitment to that society’s future.

A potentially fruitful opportunity for future research is to
explore how collaborative imagination and collaborative memory
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are similar and distinct in terms of both underlying mechanisms
and consequences for beliefs, identity, and behavior. While forming
collective memories requires a shared past, imagination may offer
a unique advantage in that it requires no previously shared expe-
riences to create a unified collective representation. Thus, although
collaborative memory and collaborative imagination may both
play a role in maintaining relationships, we suspect that collabo-
rative imagination may be particularly influential during initial
moments of bonding in new relationships, like the novel dyads
studied in the present work.

However, longitudinal research is needed to assess the social
effects of co-imagination throughout the course of relationship
development and maintenance. Such work could provide valuable
insight into the temporal dynamics of co-imagination’s social
effects, and what individual- or relationship-specific factors may
moderate such effects. Moreover, studying how co-imagination
can shape relationship formation over time could provide valuable
insight into ways of combating loneliness and feelings of social
disconnection. Loneliness is a prevalent issue and is associated
with a variety of health and well-being concerns (67, 68). Future
research may consider designing intervention programs targeting
loneliness by leveraging the social effects of co-imagination. Such
an extension of the present work would have significance across
disciplines, from public health (69) to economics (70).

‘There are many ways in which feelings of social connection may
grow, from engaging in unstructured conversations, shared atten-
tion, or working toward a shared goal (37, 38, 40, 71). Yet the
present evidence suggests that co-imagination may foster social
closeness in ways distinct from these other social processes. What
might be unique about co-imagination versus other mechanisms
by which strangers foster a connection, from engaging in “small
talk” about trivial topics (72, 73) to engaging in self-disclosure and
identifying common ground (44, 74-76)? One possibility is the
manner in which co-imagination creates shared memories of the
future. Considering evidence that having shared memories of past
events with others can have important relationship functions (e.g.,
refs. 25 and 77), could co-imagination be a particularly potent way
of connecting with someone new by creating shared memories
pertaining to a future that one may have the opportunity to actually
experience? Notably, recent work finds that participants who sim-
ulate choosing a particular option are subsequently more likely to
choose the simulated option and less likely to choose nonsimulated
options (78). Could co-imagining a shared future experience with
another individual heighten the likelihood one would choose to
actually share the experience with that individual in real life?

Demonstrating that co-imagination can cultivate feelings of close-
ness in the first moments of social interaction between novel dyad
partners opens the possibility that it may play an important role in
maintaining existing close relationships as well. Co-imagining future
events seems to be a part of everyday life with those we are closest
to, including friends, family, and romantic partners. Indeed, we
suspect it may be a fundamental aspect of forming and maintaining
interpersonal relationships broadly. Although no research has exam-
ined co-imagination in interpersonal relationships, related work
suggests that imagining future events involving a close other may
facilitate access to relationship-relevant information (79) and foster
other-oriented feelings of warmth and love (80, 81). While these
findings illustrate a dynamic link between imagination and close
relationships, no work to date has considered the effects of imagining
a future event involving one’s partner, with one’s partner.

Another important function imagination may play in main-
taining close relationships is in the pursuit of relationship-oriented
goals. Enabling effective goal pursuit is a key function of imagining
future events (e.g., refs. 82 and 83; for review, see ref. 84). How
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might co-imagining a future event shape relationship-oriented goal
pursuit? One possibility arises from considering research on inter-
personal synchronization [i.e., the temporary coordination of
behavior or biological activity across multiple individuals (85)].
This work finds that interpersonal synchronization of both behavior
and neural activity is associated with a variety of important social
outcomes (86, 87), and supports cooperative action toward social
goals (88, 89). Might co-imagination be particularly important in
coordinating relationship-oriented goal pursuit, enabling partners
to generate a synchronized vision in which shared goals are being
pursued? This perspective is consistent with work suggesting that
relationship partners coconstruct a sense of shared reality about
their future in the interest of coordinating goal pursuit (44). While
we suspect that co-imagination may have the potential to support
relationship-oriented goals, and more broadly, may shape how we
connect and coordinate with close others, longitudinal research
will be needed to investigate how co-imagination contributes to
long-term interpersonal relationships.

While the above discussion highlights many ways in which
co-imagination may support interpersonal relationships, an excit-
ing opportunity for future research to pursue is assessing whether
co-imagination may also support intergroup relationships.
Evidence shows that people tend to feel empathy preferentially
toward members of their in-group (for review, see ref. 90). Notably,
prior work reveals that activating episodic simulation heightens
empathy across group boundaries (13), and that imagining a help-
ing episode may reduce in-group biases in willingness to help (91),
an effect that was mediated by both mentalizing and the subjective
vividness of the imagined helping episode. Considering the present
work’s findings that co-imagined future events are perceived as
more vivid and are more likely to facilitate mentalizing than indi-
vidually imagined events, could co-imagining a shared future with
an outgroup member be a particularly effective way to foster empa-
thy across group boundaries?

The human capacity for imagination and its value to our society
has long been a subject of intrigue among artists and philosophers
but has only recently captured the attention of the cognitive sci-
ence community. The present work has the power to change the
way we view imagination by providing evidence that imagination
itself is a socially creative process. Humans are mental time trav-
elers capable of imagining what the future could be. But our
future—the hopes, dreams, and obstacles it may bring—is not
ours alone to imagine. Our future and its possibilities are some-
thing that we actively cocreate with others; in doing so, we become
closer and more connected to them in the present. The current
findings suggest that collaboratively imagining a shared future
together may be an initial step toward creating it.

Materials and Methods

This research was approved by the Institutional Review Board at the University
at Albany, State University of New York. We complied with all relevant ethical
regulations, and informed consent was obtained from all participants prior to
their participation in the study.

Study 1.

Participants. Participants were undergraduate students at the University at
Albany, State University of New York. The preregistered (https://aspredicted.org/
BFR_BVA) sample size was informed by an a priori power analysis indicating that
atotal N = 15 would be required to detect an effect size f = 0.624, an effect size
observed in pilot data collection. However, we took a conservative approach and
collected usable data from N = 120 participants, which would allow detection
of an effect size f = 0.1817 with 95% power using a between-within repeated
measures ANOVA. Participants had a mean age of 19 y; 66.7% self-identified as
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female, 32.5% as male, and 0.8% as other; and 55.8% White/Caucasian, 15.8%
Black/African American, 12.5% Hispanic/Latino/a/x, 3.3% Asian/Asian American,
0.8% Middle Eastern, and 11.8% multiracial. Participants were all native English
speakers and were compensated with course credit for their time through SONA.
Procedure. Study 1 involved a three [condition: collaborative imagine (n = 40),
individual imagine (n = 40), and collaborative perception (game) (n = 40)] by two
(pre-and posttask social connection measures) design. Participants were assigned
to pairs, and first were introduced to their fellow participant. Participants first filled
out a set of social connection items measuring how close and connected they
felt to the other participant. Participants in the collaborative imagine condition
completed the rest of the study in a room together, while participants in the
individual imagine condition completed the study in separate rooms.

Next, participants in both the collaborative imagine and individual imagine
conditions were read a similar set of instructions describing the imagine task
before answering comprehension checks to ensure that both participants under-
stood the instructions (see S/ Appendix, Note S1 for imagine task instructions).
Following these questions, all participants completed a minimum of two prac-
tice trials of the imagine task, providing research assistants an opportunity to
give feedback to participants and assess their understanding of the procedure.
If deemed necessary by the research assistants, participants completed up to
two additional practice trials. Participants still having difficulty at this point were
thanked and compensated for their time, dismissed, and excluded from analyses.
One participant and their dyad partner in the individual condition was excluded
due to difficulty with task comprehension. Participants were also excluded if tech-
nical problems occurred during the study. After completing the practice trials,
participants completed five trials of the imagine task.

The imagine task involved two phases: a brainstorm phase and an elaboration
phase. In the brainstorm phase, participants were first presented with a cue word.
The cue word was intended to help participants generate an event however use
of the cue word was optional. Presentation of the cue words was randomized.
During the brainstorm phase, participants were provided 60 s to decide upon a
plausible and positive future event that involved both participants.

During the elaboration phase, participants spent 3 min describing the future
event in as much detail as possible (including details such as where and when
the event takes place, who is there, what each participant is wearing or doing,
etc.). Inthe collaborative imagine condition, participants worked together on the
imagine task, taking turns to describe the eventin a manner akin to role-playing.
In the individual imagine condition, participants completed the imagine task
independently in separate rooms, describing the imagined events on their own.
Following each elaboration phase, participants in both conditions individually
answered questions about the imagined event (Posttrial measures).

After the imagine task, participants were led to separate rooms to complete the
same set of social connection questions a second time. After the social connection
measures, participants completed a math task involving three-digit multiplication
problems, which lasted approximately 15 min.

Finally, participants in both conditions worked independently on the recall task.
For this task, the participants were shown the same cue words that were used for
the imagine trials to act as a recall cue. Then participants were instructed to recall
the event described in the imagine trial for the given cue word in as much detail
as possible for 3 min. Following each trial, participants answered the same set of
questions that followed the imagine trials, this time probing their experience of
recalling rather than imagining. Following the recall task, participants completed
demographicinformation. Finally, participants were debriefed about the purpose
of the study, thanked for their time, and granted course credit on SONA.

In the collaborative perception (game) condition, participants were first
introduced to each other, and then completed the social connection measures.
Participants were then brought to a room where they were instructed to work on
a puzzle game together. They were told that they could talk freely about whatever
they wanted to as they worked on the game. Participants completed a brief set
of comprehension checks to ensure that they understood the instructions, then
worked on the game together for 30 min before completing the social connection
measures. Participants then completed demographic information.

Measures.

Social connection. Participants completed a set of social connection measures
both before and after the imagine task or game. Participants indicated on a scale
of 1 (strongly disagree) to 7 (strongly agree) to what extent they felt they had

PNAS 2024 Vol.121 No.25 2318292121

something in common with the other participant, were on the same wavelength
as the other participant, and felt satisfied with their relationship with the other
participant (92). Participants also indicated how much they liked, valued, and
felt connected with the other participant (93). Participants completed a measure
of self-other overlap that involved selecting from a set of images showing two
circles, one to represent each dyad partner, with varied degrees of overlap (94).
An additional item assessing social distance asked participants to indicate where
they would place the other participant on a list of the 100 people closest to them,
with 1being their close friend and 100 being an acquaintance (95). This item was
reverse-scored and then rescaled to a scale of 1to 7 to match the other variables.

Reliability analyses and exploratory factor analyses were conducted to guide
decisions regarding scale composition. The former indicated that, at pretask meas-
urement, reliability would improve based upon the exclusion of two items i.e., self-
other overlap; social distance; Cronbach’s a = 0.59 including all items, o = 0.70
excluding two items), with little change to reliability at posttask measurement(i.e.,
remains at o = 0.85) (S/ Appendix, Tables S1 and S2). Exploratory factor analyses
further showed that these two items had low factor loadings at pretask measure-
ment (S Appendix, Table S3). Thus, the present analyses made use of the six-item
composite measure and excluded the self-other overlap and social distance items
from composite analyses; however, S Appendix reports analyses of those individ-
ual items (51 Appendix, Tables $12-S14) as well as the full eight-item composite
measure (S/ Appendix, Tables 57-511). Critically, a comparable pattern of results
was observed using both the six- and eight-item composite (i.e., only one test
result differed, which did not change any key conclusions; see footnote #1 on p. 10).
Posttrial measures. Following each imagine trial and each recall trial, partici-
pants completed questions about their subjective experience of the imagined
event. Please see S/ Appendix, Tables S15-S17 for additional analyses regarding
these items.

Mentalizing. Participants were asked how much they considered the thoughts
and feelings of the other participant while they imagined or recalled the event
(1= notatallto 7 = strongly considered) (15).

Scene coherence. Participants indicated how coherent and clear the imagined
or recalled scene was in their minds (1 = vague to 7 = highly coherent and
clear) (15).

Picture vividness. Participants were presented with seven images increasing
in transparency and were asked to select the photo that most closely indicated how
vividly they imagined or recalled the scene in their mind (14) (SI Appendix, Note
52).The least vivid image was coded as 1 and the most vivid image was coded as 7.

Difficulty. Participants were asked how difficult the task was for them (1 =
extremely easy to 7 = extremely difficult).

Supplemental measures. Participants also completed items asking how prob-
able it was that they would experience this event in the future (1 = extremely
unlikely to 7 = extremely likely), and how detailed the imagined scene was in
their mind at recall (1 = simple to 7 = highly detailed) (15). Participants also
completed a measure asking what they pictured in their mind while answering
previous questions (1 = nothing or vague, 2 = objects only,and 3 = objects and
surrounding background, whole scene) (96).

Computational text similarity. Participants' transcriptions were compared
event-wise with their dyad partner. LSAwas conducted using the UC-Boulder web-
site (http://wordvec.colorado.edu/pairwise_comparison.html) with the "General
Reading up to 1styear college (300 factors)" corpus. BERTwas conducted using the
Sentence-BERT Python package (97) with the "multi-ga-distilbert-cos-v1" model,
which has 768 dimensions (https:/huggingface.co/sentence-transformers/multi-
qa-distilbert-cos-v1). Critically, this model produces normalized embeddings
with length 1. One event had to be excluded due to a recording error.

Study 2.

Participants. Participants were US residents recruited through the online research
platform Prolific. Participants were excluded from analyses if they met any of the
following criteria: technical problems occurred during the video call; they were
not native English speakers; they failed more than two attention checks; they
did not comprehend the experimental task after four practice trials; they were
30y of age or older. Nine participants (n = 4 in collaborative imagine condition
and n = 5inindividual condition) and their dyad partners were excluded due to
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difficulty with task comprehension. The age limit for participants was intended
to eliminate the possibility of age-related changes in episodic ability (98), and
to better match the sample from Study 1. This age limit was not reflected in the
initial preregistration (https://aspredicted.org/YNH_NXP); however, an updated
preregistration (https://aspredicted.org/BM6_NJS) was created shortly after data
collection began and prior to any data analysis. Additionally, due to concerns
regarding the study length, the updated preregistration specified that pretask
social connection items would not be measured in Study 2.

The preregistered sample size was informed by an a priori power analysis indi-
cating that n = 25/group would be required to detect an effect size d = 1.11, an
effect size observed in Study 1, at 95% power in an independent measures t test
at a Bonferroni corrected alpha level of 0.017. However, we took a conservative
approach and set the target sample size to 40 participants/condition for a total N =
120 usable cases. Sensitivity analysis indicates that n = 40/group will provide 95%
power to detect an effect size of d = 0.854 in an independent-measures ¢ test at a
Bonferroni corrected alpha level of 0.017.

An additional preregistration (https://aspredicted.org/HYH_1Q7) was cre-
ated to specify the hypotheses and analysis plan regarding the use of nat-
ural language processing algorithms to examine narrative similarity across
conditions.

Participants had a mean age of 24 y; 62.9% of participants self-identified

as female, 33.1% as male, and 4.0% as other; participants were 61.3% White/
Caucasian, 11.3% Black/African American, 8.9% Asian/Asian American, 5.6%
Hispanic/Latino/a/x, 0.8% Middle Eastern, 0.8% Native American, and 11.3%
multiracial. Participants were compensated for their time at a rate of $15/h. The
study duration was between 90 and 120 min.
Procedure. Participants first completed a survey assessing interest and availability
to participate in the full study. Interested and available participants were sched-
uled for 2-h slots and provided a Zoom link prior to the scheduled study time. Due
to high rates of nonattendance, study slots were overbooked. The first two indi-
viduals to arrive would participate in the timeslot, while additional participants
would be compensated for the inconvenience ($5) and given an opportunity to
sign up to participate in the future.

Study 2 used a three-condition [collaborative imagine (n = 42), individual
imagine (n = 40), collaborative perception (scene) (n = 42)], between participants
study design. Participants were randomly assigned to conditions. Upon arrival of
two participants in the Zoom meeting, participants were instructed to keep their
video cameras on for the duration of the study and provided informed consent for
portions of the study to be recorded. Participants were then given an opportunity
to introduce themselves, with the choice to choose a nickname if preferred.

Following introductions, participants in the individual imagine condition were
moved to separate break-out rooms in Zoom, where they completed the rest of
the study with only the research assistant present. Participants in the collaborative
imagine and collaborative perception (scene) conditions remained on the Zoom
call together until completing the experimental task.

The collaborative imagine and individual imagine conditions both completed
the same imagine task as described in Study 1 but adapted to take place over a
video call rather than in-person (please see S/ Appendix, Note S1 for instructions).
The cue words for the imagine task also now included an accompanying photo-
graph, to match the stimuli for the collaborative perception (scene) condition
(please see S/ Appendix, Fig. S1).

The collaborative perception (scene) task was drawn from previous research
that utilized the task as a control condition to isolate the effects of episodic simu-
lation from those of scene processing and representation (98). Stimuli for the task
were modified to include the same cue words and photos used in the imagine
conditions. Participants were instructed to work together to describe the people,
objects, and environment in the picture as they are literally presented, and to
describe the picture as if they are talking to someone who can't see it. Participants
were given 3 min to describe the scene.

All participants completed four comprehension checks after receiving task
instructions and completed between two and four practice trials of the imagine
or collaborative perception (scene) task to ensure understanding. Cue words and
photos were displayed in a separate survey that a research assistant shared on
their screen. Two versions of the cue survey were created with different randomly
chosen orders of cue word presentation. Cue survey versions were randomly
assigned. Participants completed ratings of the subjective phenomenology of
the imagined events or scenes on each trial in their individual surveys.
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Following completion of the experimental task, participants in the collaborative
imagine and collaborative perception (scene) conditions were brought to separate
break-out rooms and completed the remainder of the study with only the research
assistant. Participants completed the eight social connection items. Participants
then spent about 15 min completing a filler math task involving multiplication.

Participants in all conditions then completed a recall phase, in which they
were shown only the cue word (without the accompanying photo) and asked to
describe as much as they could recall about either the event they had previously
imagined or the picture they had previously described. Participants were given up
to 3 minto recall as much as possible. If participants could not recall any additional
information after 1 min, they proceeded to the next trial. Participants completed
ratings of the subjective phenomenology of the recalled events on each trial.
Presentation of the recall cue words matched the order of the imagine cue words.

Following the recall phase, participants completed four items measuring their
perception of the experimental task, and 10 items measuring their sense of rapport
with the other participant. Following completion of the survey, participants were
debriefed on the purpose of the study and given the opportunity to provide feedback.
Participants were then thanked for their time and sent compensation through Prolific.

Measures.

Social connection items. Social connection was measured using the same six
items as in Study 1. Please see SI Appendix, Tables $21-S24 for analyses of the
items excluded from the composite measure, and S/ Appendix, Tables S18-S20
for analyses of the eight-item social connection composite.

Posttrial measures. The subjective phenomenology of event representations was
measured using the same variables as in Study 1: mentalizing, scene coherence,
picture vividness, difficulty, with supplemental measures including probability,
detail, and ratings of scene-object integration. Please see S/ Appendix, Tables 525-
S$27 for analyses of these items. Additionally, the distribution of responses to the
mentalizing measure during the imagine phase was skewed, and analyses of the
transformed variable are available in S/ Appendix, Tables S28 and S29.

Global task evaluations. Overall perceptions of the experimental task were meas-
ured by asking participants to rate how enjoyable, pleasant, fun, and difficult
the task was for them (e.g., 7 = extremely unenjoyable, 7 = extremely enjoy-
able). Positive task evaluation items were averaged into a composite measure
that showed high reliability (S/ Appendix, Table S30). Please see SI Appendix,
Tables S31-S34 for additional analyses of these items.

Supplemental rapport items. Participants' sense of rapport with their experi-
mental partner was measured by asking participants to rate the degree to which
each of a list of words described their interaction with the other participant
(7= notatall, 9 = extremely) (42, 99). Interaction descriptions included: com-
fortable; friendly; harmonious; positive; satisfying; awkward; boring; cold; dull;
slow. Positive and negative items were formed into separate composite measures
that showed high reliability (S/ Appendix, Table S35). Please see SI Appendix,
Tables S36-538 for analyses of rapport measures.

Data, Materials, and Software Availability. Anonymized data (Quantitative
survey data) have been deposited in OSF (https://osf.io/j8uhc/) (100). Some study
data available. (Participant narratives were collected and transcribed. Transcripts
will not be made publicly available to protect participant privacy, however quanti-
tative, anonymized data obtained from analyzing the transcripts will be available.)
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