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Everyday joint remembering, from family remembering around the dinner 
table to team remembering in the operating theatre, relies on the successful 
interweaving of multiple cognitive, bodily, social and material resources, 
anchored in specific cultural ecosystems. Such systems for joint remembering 
in social interactions are composed of processes unfolding over multiple 
but complementary timescales, which we distinguish for analytic purposes 
so as better to study their interanimation in practice: (i) faster, lower-level 
coordination processes of behavioral matching and interactional synchrony 
occurring at timescale t1; (ii) mid-range collaborative processes which re-evoke 
past experiences in groups, unfolding at timescale t2; (iii) cooperative processes 
involved in the transmission of memories over longer periods occurring at 
timescale t3; and (iv) cultural processes and practices operating within distributed 
socio-cognitive networks over evolutionary and historical timeframes, unfolding 
at timescale t4. In this paper we survey studies of how the processes operating 
across these overlapping and complementary timescales constitute joint 
remembering in social interactions. We describe coordination, collaboration, 
cooperation, and culture as complementary aspects of interacting to remember, 
which we consider as a complex phenomenon unfolding over multiple timescales 
(t1, t2, t3, t4).

Keywords:  joint remembering; interaction; timescales; coordination; 
collaboration; cooperation; distributed cognitive networks; culture

1.  �Introduction

Joint activities, from playing rugby to collaborating with classmates on a 
mathematical problem, rely on the successful interweaving of multiple cognitive, 
bodily, social and material resources, each anchored in specific historical, social 
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and cultural environments. Joint remembering is no exception: it involves people 
engaged in recalling past experiences, which may themselves have been shared. 
Sometimes people went through the same events as a group (a couple saw movie X 
at theatre Y on date Z), sometimes they experienced the same event separately (the 
partners saw the same movie but at different locations and times). So the infor-
mation re-evoked during joint remembering can be the result of either shared or 
individual encodings of the same or a similar original event (Barber, Rajaram, & 
Aron, 2010; Barnier, Sutton, Harris, & Wilson, 2008; Harris, Barnier, & Sutton, 
2013; Pereira-Pasarin & Rajaram, 2011).

Social interactions during joint remembering are complex phenomena 
unfolding over shorter and longer timescales, from milliseconds, seconds, and 
minutes to days, months, and years. Processes at shorter timescales are regulated 
by people’s ability to respond to actions and intentions, the turn-taking struc-
ture given by the reciprocity of roles (e.g. speaker-addressee, giver-taker), their 
alternation over time, and the expectation of an immediate response (Levinson, 
2006, p. 45–46). But this kind of ‘human interaction engine’ (Levinson, 2006) is 
supported by and in a range of cultural ecosystems (Hutchins, 2014) evolving over 
longer timescales (Cowley, 2014; Lemke, 2000; Pedersen & Steffensen, 2014: Uryu, 
Steffensen, & Kramsch, 2014).

Such cultural ecosystems of human cognition include the kinds of cultural 
practices in which particular social interactions occur, as well as their social and 
material histories and the histories of the participants engaged in them (Hutchins, 
2014). When people jointly recall shared events in everyday situations (e.g. when 
partners talking to their friends remember the last movie they saw together), 
perhaps in the service of shared goals (e.g. to demonstrate and communicate their 
shared enthusiasm about the movie), there are complex bodily, linguistic and 
cognitive processes unfolding in synchrony over a micro-timescale, which we label 
for convenience timescale t1. People engaged in joint remembering tend to mimic 
each other’s bodily movements and practices (e.g. eye-gaze, manual gestures, and 
body positions) in a sequential rather than in simultaneous fashion (Bietti, Kok, & 
Cienki, 2013; Cienki, Bietti, & Kok, 2014). The temporal dynamics of non-verbal 
behavioral coordination seems to be determined by the sequential organization of 
the conversations in which joint remembering takes place. These processes typi-
cally occur over milliseconds and seconds.

But remembering together in conversations also relies on processes which 
begin to expand or extend this micro-timescale, such as the dynamics of verbal 
interactions reflected in cuing attempts, repetitions and turn-taking (Harris, Keil, 
Sutton, Barnier, & McIlwain, 2011; Harris et al., 2013; Harris, Barnier, Sutton, & 
Keil, 2014; Meade, Nokes, & Morrow, 2009). While there are no sharp distinctions 
between processes operating over seconds to those operating over minutes, we 
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can for analytic convenience identify a mid-range timescale t2. At this timescale, 
in contrast to the cognitive processes that govern other collaborative activities 
(such as collaborative problem-solving or joint reasoning), remembering together 
involves re-evoking a shared or partially shared past distributed among interact-
ing partners (Barnier et al. 2008; Bietti, 2012, 2014; Harris, Paterson, & Kemp, 
2008; Hirst & Echterhoff, 2012; Michaelian & Sutton, 2013; Rajaram & Pereira-
Pasarin, 2010; Sutton, Harris, Keil, & Barnier, 2010). Such re-evoking of past expe-
riences involves the human capacity for mental time travel: the “faculty that allows 
humans to mentally project themselves backwards in time to re-live stages of 
their lives, or forward, to pre-live events” (Suddendorf & Corballis, 2007, p.299). 
When measuring the outcomes of re-evoking the past in joint activities, it has 
been shown that collaboration can inhibit or facilitate individual recall (e.g. Bas-
den, Basden, Bryner, & Thomas, 1997; Hyman, Cardwell & Roy, 2013; Meade et 
al., 2009; Weldon & Bellinger, 1997). The acts of mentally travelling back in time 
in social interactions as well as the performance outcomes of these activities are 
phenomena occurring at a slightly longer timescale t2. They are influenced by how 
people coordinate verbal and non-verbal behaviors at a t1, but do not fully depend 
on that.

What goes on over t2 has to be related to something that occurred in the 
past if we are using the term ‘remembering’ rather than talking about some other 
kind of cognitive activity. Although of course our individual and shared memo-
ries do not always represent past events accurately, they do make claims on and 
about that past (Sutton, 2008). We relate such ‘pastness’ and outcomes of joint 
remembering to our second timescale in the model (see Figure 1). At this sec-
ond timescale, we find processes of collaboration in order to achieve something, 
rather than coordination, which need not depend on specific intentions, plans 
or goals. Collaboration involves taking the intentions, plans and goals of others 
into account (e.g. Gordon & Theiner, 2015; Knoblich, Butterfill, & Sebanz, 2011, 
Pacherie, 2013). Therefore, collaboration plays a central role in guiding acts of 
going back in time in our minds in social interactions. During joint remember-
ing collaboration influences the action and planning of interacting partners and 
shapes interactive outcomes, such as when partner A asks “Do you remember the 
name of the steakhouse we had lunch at last week?” B replies: “Yes, I do, it′s name 
was Cambalache”, and A acknowledges B: “Yes you’re right, the place with the nice 
terrace near the river”. This short remembering sequence (Question => Answer 
=> Acknowledgement) illustrates that joint remembering goes beyond coordinat-
ing verbal and non-verbal behaviors over time. It also shows how each interacting 
partner’s intentions, plans and goals come into play.

So far, there is still something missing if we want to understand how 
people  remember together in the real-world. Joint activities in which people 
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remember together are also anchored in longer-term cooperative and cumulative 
group dynamics between people with a history of interaction, which we can char-
acterize as typically operating at a timescale t3 of hours and days. But this timescale 
stretches, because these processes typically involve a constant interaction between 
internal cognitive resources (such individual biological memory resources) and 
external cognitive resources (such as other people and technology) (Donald, 1993; 
Michaelian & Sutton, 2013; Sterelny, 2012; Sutton et al. 2010). Such interactions 
lead to an accumulation of knowledge and skills over cultural-historical time, but 
this has cumulative downstream effects on ontogenetic development because it 
transforms the social and cultural environments in which subsequent generations 
of learners grow up (Sterelny, 2012).

The knowledge and skills involved are partly transmitted culturally and his-
torically and learnt throughout complex communication chains, which play a key 
role in the formation and transmission of collective memories (Wertsch, 2002, 
2009) within mnemonic communities (Zerubavel, 2003). Studying the transmis-
sion of knowledge and skills that enable the formation of collective memories 
takes us into consideration of a macro cultural timescale or t4 (Figure 1).

Time

T () Culture
(evolutionary processes)

T () Cooperation
(transmission)

T () Collaboration
(re-evoking past experiences)

T () Coordination
(alignment)

Figure 1.  Multiple timescales of joint remembering
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As Figure 1 shows, the long-term processes unfolding over t4 are also affected (and 
partly constituted) by shorter processes occurring over t1, t2, and t3. That is, the way 
collective memories emerge and are transmitted over longer, cultural timescales (t4) 
partly depends on the human ability to coordinate verbal and non-verbal behaviors 
over t1, the human capacity to mentally travel back in time jointly in collaborative 
social interactions over t2, and on the diachronic processes of cooperation by which 
enduring groups form and function over t3. Purely for analytic convenience, we 
adopt these four terms to describe processes operating at each timescale. Situated 
one level beneath longer-term cultural processes, we can treat ‘cooperation’ as label-
ing the most inclusive, general, and enduring processes by which groups engage in 
the diachronic management and negotiation of the shared past. At shorter times-
cales, ‘collaboration’ is a useful term for the active and often deliberate sharing of 
actions and experiences for mutual benefit, while in turn the processes of ‘coordina-
tion’ can include faster and more dynamic interactions of which participants need 
not be explicitly aware (compare Sterelny 2012; Sutton 2013, p.30).

In this paper we attempt to understand how processes operating across these 
distinct timescales interact with and complement each other in joint remember-
ing. Firstly, we review literature dealing with aspects of verbal and non-verbal 
coordination in micro-level social interactions. Secondly, we contrast these stud-
ies on the coordination of brains, language and bodies during social interactions 
with the seemingly contradictory finding that collaboration between interacting 
partners is rarely beneficial to recall. Thirdly, we suggest that the possible costs of 
remembering with other people can be linked to the malleability and adaptability 
of human memory as we coordinate over slightly longer timescales, and hence to 
the human capacity for engineering hybrid cognitive networks throughout evo-
lutionary and cultural history. Malleable memories as well as cultural–cognitive 
hybrid networks may have created the conditions for the emergence of large-scale 
collective memories. Finally, we argue that coordination, collaboration, coopera-
tion, and culture reveal complementary aspects of interacting to remember, which 
we consider a complex phenomenon unfolding at multiple interanimating times-
cales. The literatures we seek here to critically integrate are diverse and not always 
effectively integrated in current research. In order to redress this situation, we pro-
vide extensive references throughout, aiming to encourage students of memory 
across the disciplines actively to forge clearer cross-disciplinary conversations.

2.  �Timescale #1: Coordination Processes

Conversations about past experiences are one way in which people develop shared 
memories of the past (Bietti, 2012, 2014; Middleton & Brown, 2005; Hirst  & 
Echterhoff, 2012). The mechanisms involved when individuals are engaged in 
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conversations often include the coordination of linguistic and bodily resources 
(e.g. gesture, gaze, posture, and facial expressions) in order to achieve shared goals 
(e.g. to try jointly remember where we left the car parked).

Conversations are joint activities (Clark, 1996; Clark & Brennan, 1991) in 
which partners have to “share or synchronize aspects of their private mental states 
and act together in the world” (Brennan, Galati, & Kuhlen, 2010, p. 304). These 
types of coordination dynamics can occur without conscious awareness (Dale, 
Fusaroli, Duran, & Richardson, 2013; Rączaszek-Leonardi & Cowley, 2012). Coor-
dination dynamics between interactants can be reflected in cases of behavioral 
alignment. We use the general term ‘alignment’ (Tollefsen & Dale, 2012; Wachs-
muth, de Ruiter, & Kopp, 2013) to refer to the holistic phenomena by way of which 
“individuals, over time, change their affect, behavior, and cognition as a direct 
result of their interaction with one another” (Paxton & Dale, 2013, p. 1121). That 
is, we use ‘alignment’ as an umbrella concept to refer to cases of behavioral match-
ing as well as interactional synchrony. To relate this distinction to our model (see 
Figure 1), we associate instances of behavioral matching with forms of co-action 
driven, to an important extent, by perception-action links (e.g. Chartrand & 
Bargh, 1999) and by priming effects based on semantic relationships occurring at 
a local level (simultaneously or almost simultaneously).

We consider instances of interactional synchrony as the “degree of behavioral 
congruence between the behavioral cycles of two or more people” (Bernieri & 
Rosenthal, 1991, p. 241). This goes beyond the mere fact of mirroring each of the 
interacting partner’s behaviors, and includes cases of behavioral complementarity 
that may lead to synergistic couplings over longer stretches of time. We explain 
each of these concepts, describe different types of coordination dynamics for 
social interaction (2.1 and 2.2), and review empirical studies showing how bodily 
resources may affect remembering in interactive contexts (2.3), Finally, we report 
the implications for joint remembering (2.4 and 2.5).

2.1  �Behavioral matching

Cases of human behavioral matching arise when two or more people perform 
the same behavior at (roughly) the same time. Behavioral matching involves the 
mirroring of co-speech gestures (e.g. Goldin-Meadow & Alibali, 2013; Holler & 
Wilkin, 2011), facial expressions (e.g. Sato & Yoshikawa, 2007), postures and 
body movements (e.g. Chartrand & Bargh, 1999), and linguistic structures (e.g. 
Ireland et. al, 2011). Behavioral matching in dialogue is manifested in the rep-
etition of lexical items or syntactic constructions across interlocutors’ utterances 
(Allen, Haywood, Rajendram, & Branigan, 2011), or in copying features of others’ 
spoken signals such as intensity, pitch, and voice quality (Levitan & Hirschberg, 
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2011). It smooths communication by enhancing accessibility of lexical and syntac-
tic resources. Thus, behavioral matching in dialogue or ‘interactive alignment’ as 
some authors prefer to call it (Pickering & Garrod, 2004) is argued to reinforce the 
‘implicit common ground’ between speakers, and allow for anticipation of upcom-
ing utterances (Pickering & Garrod, 2013).

Research on behavioral matching shows that interactants’ mimicking each 
other’s behavior can foster prosocial behavior, creativity and mood regulation 
(Chartrand & Lakin, 2013). In contrast, other studies suggest that less mirroring 
among interacting partners tends to occur when their goal is to disaffiliate (Stel, 
van Baaren, & Vonk, 2008). Hence, human behavioral matching of multiple bodily 
and linguistic resources at a micro-timescale of milliseconds appears to be a basic 
cognitive tuning process that facilitates social interactions.

2.2  �Interactional synchrony

Research on interactional synchrony has shown that interactants’ bodily resources 
can also be coordinated in time in a sequential fashion, thus creating the condi-
tions for the emergence of behavioral patterns (e.g. Bernieri & Rosenthal, 1991; 
Condon & Ogston, 1966; Schmidt, Morr, Fitzpatrick, & Richardson, 2012). Inter-
actional synchrony has been shown to be a social and motor factor increasing 
rapport (e.g. Bernieri, Davis, Rosenthal, & Knee, 1994), and to play a crucial role 
in caretaker- infant interaction (e.g. Nomikou, Rohlfing, & Szufnarowska, 2013; 
Mühlhoff, 2014; Trevarthen, 2005).

Shockley and colleagues have demonstrated a direct link between the stress 
patterns of the words spoken by members of dyads and the way they synchro-
nize their postural sway during conversational interactions (Shockley, Baker, 
Richardson, & Fowler, 2007). A study on gaze by Richardson and colleagues addi-
tionally reported tight coupling of eye gaze during conversational interaction 
(Richardson, Dale, & Kirkham, 2007). As their subjects discussed a work of art, 
their eye movements became distinctly synchronized in time. Similar processes 
are likely to be in operation, though harder to study, in fast-paced dynamic group 
activities such as team sports (Williamson & Sutton, 2014).

Research on interactional synchrony has focused not only on how one or 
two behavioral channels are coordinated in sequential manner, but also on how 
several of these channels complement each other during social interaction as a 
self-organizing property of human interaction (Dale et al., 2013; Fusaroli & 
Tylén, 2012; Fusaroli et al., 2012). Louwerse and colleagues found that in a route-
communication task, participants synchronized within multiple behaviors (i.e. 
facial expressions, manual gesture, touching face and speech) (Louwerse, Dale, 
Bard & Jeuniaux, 2012). This example of multimodal synchrony led the authors to 
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suggest that behavioral resources in interaction constitute a holistic web of mutual 
dependencies. Dale and colleagues claim that interpersonal synchrony is one way 
of reducing the cognitive load of interlocutors, thereby condensing the complexity 
of the interaction (Dale et al., 2013).

2.3  �Bodily resources and remembering in interactive contexts

So far little attention has been paid to the role played by bodily resources during 
joint remembering in social interactions in controlled experimental settings. 
This means studying whether differences in the use of bodily resources in both 
listeners and speakers may influence recall performance during social interac-
tion. However, when considering the compelling evidence collected in experi-
mental settings when looking at the influence of manual gesture on higher 
cognitive functions in individual tasks (spatial navigation, memory, learning, 
etc.), the landscape for the design of controlled experimental studies aimed 
at shedding light on these topics in interactive contexts seems promising. For 
example, a series of studies on gesturing while speaking have demonstrated that 
manual gesture improves learning (e.g. Goldin-Meadow, Nusbaum, Kelly, & 
Wagner, 2001; Sauter et al. 2012) and performance in simultaneous memoriza-
tion tasks (e.g. Stevanoni & Salmon, 2005). Regarding gaze, several studies (e.g. 
Mason, Hood, & Macrae, 2004) have suggested that a person’s direct gaze (in 
contrast to averted gaze) towards a target enhances its subsequent memorability 
– of the object gazed at – and significantly improved the gazer’s recognition of it. 
Research on body posture has found compelling evidence regarding the impor-
tant role that bodily states play in encoding and retrieval personal memories 
(e.g. Dijkstra & Zwaan, 2014). Studying the interactive functions of head-move-
ments like nodding during storytelling, a human activity which joint remem-
bering uses to a great extent, has shown the ways in which head-movements 
act as embodied resources for back-channeling, that is as a mode to signal the 
degree of the listener’s attention to the story being narrated (Bangerter & Clark 
2003).

2.4  �Alignment and joint remembering

Research on specific aspects of behavioral matching in dialogue (Pickering & Gar-
rod, 2004) suggests that priming effects play a central role in successful commu-
nication. In this context, successful communication refers to “the development of 
similar representations in the interlocutors” (Pickering & Garrod, 2006, p. 203). 
Although it is a long way from the development of similar representations in 
interacting partners to the actual collaborative activity of joint remembering in 
social interactions, research on collaborative recall has reported that mnemonic 
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benefits were associated with interactive cueing, and repetition in conversations 
about shared past experiences (Harris et al. 2011; Harris et al. 2014, Meade et. al, 
2009). Interactive cuing and repetitions are conversational phenomena that rely 
on priming effects to a large extent.

Only recently has research on alignment focused on joint remembering 
(Tollefsen, Dale & Paxton, 2013). In a recent observational study on multimodal 
alignment during the collaborative remembering of shared, autobiographical 
events (such as vacations) in small intimate groups (close friends and family mem-
bers) at their homes, Cienki and colleagues (Cienki et al., 2014) annotated video 
recordings by assigning binary values to a range of behavioral channels (n=19) 
for every 500- millisecond interval, designating whether each of these behaviors 
was performed or not at that time by each of the participants. These behaviors 
were clustered into three categories: (i) gestural behaviors; (ii) postural behaviors 
and (iii) gaze behaviors. For each behavioral variable, they computed two types of 
alignment rates. Time points where two or more participants concurrently per-
formed a given behavior were counted as instances of simultaneous alignment; 
time points where a behavior was initiated within ten seconds after another par-
ticipant had withdrawn that same behavior were counted as sequential alignment. 
For all coded behaviors, they counted instances of simultaneous and sequential 
alignment defined as such, and compared observations to a chance baseline. The 
results showed that sequential alignment rates were significantly higher than 
chance for all three behavioral categories.

Based on these results, Bietti et al. conducted a more fine-grained analysis 
focusing on the delay of sequential alignment (Bietti et al., 2013). They computed 
the distribution of all time lags between the withdrawal of a behavior by one par-
ticipant and the instantiation of that same behavior by another participant. A 
notable trend was that, for all of these clusters of behaviors, the highest counts of 
behavioral alignment corresponded to a delay of a single second. This showed that 
sequential alignment occurred very fast, suggesting that participants tended to 
mimic each other behaviors immediately after observing them. However, whereas 
the sequential alignment rate declined as a function of lag length, that is, as time 
progressed during the unfolding social interaction, Bietti et al. found that sequen-
tial alignment rates only reached chance level for lags of around 20 seconds. These 
findings led the authors to make two suggestions. Firstly, instances of behavioral 
copying, coincidental rather than specifically related to and relevant to joint 
remembering, may have provoked that the highest point of behavioral resonance 
across participants corresponded to delay of a single second. Secondly, speech 
production processes during joint remembering may have caused that partici-
pants tended to mimic each other’s behaviors up to 20 seconds after they were first 
observed (Bietti et al. 2013; Cienki et al. 2014). In speech production processes, 
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it has been found that interactive linguistic alignment plays an important role 
in the creation of common ground between speakers during joint remembering 
(Bietti & Galiana-Castelló, 2013).

2.5  �Linking micro and mid-range timescales

A recent study (Bietti & Baker, submitted) examined the joint remembering of 
a previous interactive encounter in which groups had to collaboratively design 
its dream house under certain constraints relating to number of occupants, rela-
tionships, and funds. The results suggested that the most elaborated items during 
co-design were the best-remembered ones during joint remembering, measured 
by the amount of information remembered rather than memory accuracy. The 
analysis also showed that some of the categories less elaborated in co-design were 
omitted during joint remembering. Additionally, Bietti and Baker reported that 
participants collaboratively remembered better those moments of creativity when 
they were more jointly involved in elaborating the features of their design. That 
is, they remember better what initially generated most joint activity during the 
previous co-design phase. Based on these results, Bietti and Baker concluded that 
participants did not necessarily collaboratively remember what was more impor-
tant, but rather what initially generated most joint activity during co-design.

Other studies measuring the outcomes of joint remembering that consider the 
quality of verbal interactions among interacting partners have found that repeti-
tions and cross-cuing (the co-construction of utterances among speakers) tended 
to facilitate group recall (Harris et al. 2011; Meade et al. 2009). As the focus of these 
studies (Harris et al. 2011; Meade at al. 2009) was the outcome of joint remember-
ing processes occurring over a t2, we review them further in the next section.

3.  �Time scale #2: Collaborative processes

Remembering with other people goes beyond the coordination of verbal and non- 
verbal resources in synchronized fashion over time. At some point during the joint 
activity, interactants have to collaboratively create a shared account or expression 
of the past in order to actually remember together, as distinct from doing some-
thing else (e.g. imagining together). This means that joint remembering is not only 
about how this specific kind of social interaction is coordinated and unfolds over 
time, but also the collaborative processes that for example enable interactants to 
cue each other’s memories (e.g. Harris et al. 2011; Meade et al. 2009), and whether 
or not familiarity (Harris, Barnier & Sutton, 2012; Harris et al. 2014; Rajaram & 
Pereira-Pasarin, 2010;) or shared encoding (Harris et al. 2013) influence recall. 
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This section is organized as follows: first, we discuss research on the benefits and 
costs of collaboration in different cognitive tasks (e.g. Bahrami et al., 2010) and 
introduce the concept of transactive memory (Wegner, 1986) (3.1); then we criti-
cally evaluate the collaborative recall paradigm in cognitive psychology (Rajaram, 
2011; Weldon & Bellinger, 1997), developed to study the costs and benefits of 
collaboration in recall (3.2).

3.1  �Benefits and cost of collaboration

When paying particular attention to the outcomes of collaboration occurring at a 
timescale from seconds to minutes (t2), evidence suggests that in many cases two 
or more interacting partners do perform better than any one person alone but 
not better than the same number of people working separately and pooling their 
results (Basden et al. 1997; Rajaram & Pereira-Pasarin, 2010; Weldon & Bellinger, 
1997). However, several studies have indicated that collaboration can be beneficial 
under specific circumstances (e.g. Bahrami et al. 2010; Fusaroli et al., 2012). In 
a two-choice perceptual task, Bahrami and colleagues (2010) demonstrated that 
collective decision-making in dyads can significantly be improved if individuals 
have similar individual effectiveness in visual discrimination and they can com-
municate their own relative confidence about the perception task. However, when 
free information sharing and communication were restricted, the group benefit 
disappeared.

Research in organizational psychology, collaborative learning, cognitive 
psychology and philosophy of mind suggests that under specific circumstances 
teams of experts, groups of learners and long-term couples can form transactive 
memory systems (Hollingshead 1998; Jackson & Moreland 2009; Lewis, Lange, & 
Gillis, 2005; Ren & Argote 2011; Sparrow, Liu, & Wegner, 2011; Theiner, 2013; 
Wegner, 1986). A transactive memory system is group memory that “involves the 
operation of the memory systems of the individuals and the processes of com-
munication that occur within the group” (Wegner, 1986, p. 191). In order for a 
transactive memory system to develop, once information is distributed in a certain 
way among the members of the group, the individuals within the system must 
share the higher-level knowledge that there are domains of expertise within the 
group, distributed in a certain way. When meeting these two requirements, indi-
viduals within a transactive memory system can distribute cognitive labor, such 
that each member only has to assume responsibility for learning information 
within his or her own domain of expertise, while knowing (explicitly or implic-
itly) that each other member of the transactive memory system is accountable for 
their area of expertise. Thus, within a transactive memory system, individuals do 
not waste cognitive resources trying to remember something their partner is an 
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expert in. Hence, groups that are able to develop transactive memory systems may 
have a greater chance of performing better than groups in which such a distribu-
tion of cognitive labor does not occur and their members remember information 
individually (Wegner, Erber, & Raymond, 1991).

3.2  �The collaborative recall paradigm

Research on transactive memory, in organizational psychology for example, has 
tended to be satisfied with the criterion under which a group will inevitably out-
perform an individual. Therefore, if a group performs better than an individual 
in memory tasks, it may be the case that this better performance was due to the 
ability of the group to develop a transactive memory system. But in cognitive psy-
chology, studies of shared remembering have imposed a higher bar or criterion for 
success: that the group’s performance should be better not just than that of any one 
individual, but than that of the same number of individuals working separately 
as a ‘nominal’ group. Numerous experimental studies in the ‘collaborative recall’ 
paradigm have found that remembering in a group often, counter-intuitively, 
impairs the group’s overall memory performance compared to the pooled, non-
overlapping recall of the same number of individuals remembering alone (Basden 
et al. 1997; Rajaram & Pereira- Pasarin, 2010; Weldon & Bellinger, 1997).

In general, such experiments consist of a learning or encoding phase in which 
participants are presented lists of words and are asked to remember them (base-
line). Next, participants are instructed to recall these words either individually or 
in a group (first recall). And finally, all participants are asked to recall the same 
stimuli again individually (second recall) (Barnier et al., 2008). Studies in this 
tradition have consistently found that joint remembering does inhibit individ-
ual recall performance rather than promoting it (Andersson & Rönnberg, 1995; 
Blumen & Rajaram, 2008; Congleton & Rajaram, 2011; Henkel & Rajaram, 2011). 
The ‘retrieval disruption hypothesis’ (Basden, Basden, & Henry, 2001) has been 
the typical way of explaining the collaborative inhibition effect: seeing or hear-
ing other people’s responses disrupts the way each individual organizes his/her 
retrieval sequences and strategies, thus causing the collective failure to achieve 
potential (Barber et al. 2010; Barber & Rajaram, 2011; Basden et al. 1997; Rajaram, 
2011).

However, within the collaborative recall paradigm, recent studies (Harris 
et al. 2011; Harris et al. 2014; Meade et al. 2009) suggest that in some groups and 
under specific circumstances, remembering with other people can be less detri-
mental, or even beneficial. For example, in a study that compared collaborative 
recall performance in groups of non-expert and expert pilots (Meade et al. 2009), 
collaborative facilitation was found in groups of expert pilots. This is to say that 
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the performance of the groups of expert pilots was better than the sum of the per-
formances of each of their members working separately. This positive effect was 
not found in the non-expert groups where collaborative inhibition was observed. 
Meade and colleagues analyzed the verbal interactions in both types of groups, and 
discovered that one key factor in successful collaboration for the expert group was 
the repetition of one’s partner’s contributions in order to make explicit common 
ground and support further elaboration. This communicative strategy was absent 
in the groups of non-experts that showed collaborative inhibition. The authors 
indicated that the effective communication found in the groups of expert pilots 
came from training and expertise in which the exchange of information is crucial.

In another series of studies focusing on the benefits and costs of collabora-
tion in older couples, Harris et al. (2011) have shown that under some conditions 
when long-term married couples re-evoke shared experiences together they can 
remember information that both individuals in isolation appear to have forgot-
ten. However, the conditions and the kind of material that the couples are asked 
to remember play a central role in the collaborative facilitation effects. Despite 
considerable differences in recall performance across couples, Harris et al. (2011) 
eliminated collaborative inhibition when older couples recalled lists of both non-
personal and personally relevant material. Factors leading to such mnemonic ben-
efits included shared retrieval strategies, interactive cueing styles, and repetition 
(Harris et al. 2011; Harris et al. 2014). In other words, verbal interaction style 
and communication play a central role in improving collaborative performance 
(Harris et al., 2011; Harris et al., 2014). These findings were in line with the results 
shown in the study on groups of experts and non-expert pilots (Meade et al., 2009).

Besides the central role that these kinds of verbal communication play in 
the emergence of collaborative facilitation effects, Harris et al. (2013) examined 
whether the conditions (individual vs. shared) in which people (strangers vs. 
friends) encoded the information to be recalled later influence recall performance. 
The study reported that sharing the encoding of information had later mnemonic 
benefits. That is, the elimination of collaborative inhibition in the collaborative 
recall stage was correlated with having previously shared the encoding of the 
information. When collaborating groups were instructed to discuss and generate 
the items which they would later have to recall, these groups performed as well as 
nominal groups (Harris et al. 2013).

These positive results linked to the elimination of collaborative inhibition 
due to shared encoding were found in both groups of strangers and friends. This 
indicates not only that verbal communication style plays a key role in creating 
the right conditions for more effective collaboration, but also the significance of 
whether interactants in a joint remembering task went through the experiences 
being recalled as a group – thus sharing the encoding process – or on their own. 
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Thus processes operating at the timescale of second and minutes (t2) are depen-
dent on group processes operating over days or longer (t3).

4.  �Time-scale #3: Cooperative Processes

Interacting to remember over timescales of hours, days, weeks, and months (t3) 
is grounded both in residual traces of social interactions occurring over t1 (e.g. 
coordination of verbal and non-verbal resources) and in their outcomes at t2 (e.g. 
collaboration while re-evoking past experiences). The transmission, learnability, 
persistence, and transformation of memories in and across social groups over time 
constitute the temporal dynamics of t3. In this section we discuss how memories 
are transmitted across multiple individuals along communication chains (4.1); 
and the ways that malleable memories may create the conditions for the social 
contagion of memories. (4.2). In the next section (5), we focus on the cultural 
processes enabling the formation of long-term collective memories.

4.1  �Transmission of memories

Bartlett’s (1932) seminal research on how individual recollections change over 
repeated retelling provides a general framework for understanding the reproduc-
tion and transmission of memories over time. He used two primary techniques to 
investigate such phenomena: repeated reproduction and serial reproduction. In 
repeated reproduction participants learn new material (e.g. stories) and then recall 
it over multiple occasions over time, without being exposed to the same original 
stimulus. In serial reproduction, in contrast, a participant (A1) is asked to learn 
new material (e.g. images and stories) and then write or draw (depending on the 
material) from memory the new material just learnt. Next, A1 leaves the testing 
room, and a new participant (A2) sees the previous image or reads the previous 
story generated by A1, and is asked to write or draw from memory the new mate-
rial just learnt.

In the original experiments ten participants made up the transmission chains 
(Bartlett, 1932). By comparing recall performance in both conditions, results sug-
gested that in repeated reproduction (same participant), compared to serial repro-
duction (multiple participants), more information was preserved over time (Bartlett, 
1932; Bergman & Roediger, 1999; Carbon & Albrecht, 2012; Roediger, Meade, & 
Bergman, 2001; Roediger, Meade, Gallo & Olson, 2014). Multiple re-telling of the 
same story by a single participant seemed to consolidate and enhance future recall 
compared to what happens in serial reproduction (Roediger et al., 2014).
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Memory research has focused more on experimentally testing recall perfor-
mance using repeated reproduction rather than serial reproduction techniques 
(Bergman & Roediger, 1999; Gauld & Stephenson, 1967; Wagoner & Gillespie, 
2013; Wheeler & Roediger, 1992). A possible reason for this is that the serial 
reproduction of memories passed along chains of participants has shown how 
the final reconstruction could be very different from the target message presented 
at the beginning of the chain. Hence, it would be difficult to measure and track 
down these changes over transmission chains. However, when we are interested 
in the transmission and learnability of memories in and across social groups and 
communities over time, we need to pay particular attention not to how the same 
individual retells the same story multiple times but how these stories spread across 
multiple individuals and social groups. Thus, the serial reproduction condition 
is potentially more relevant when focusing on larger and more complex social 
dynamics.

Bartlett’s ‘transmission chain’ method, using images and stories as original 
stimuli, has inspired many studies on how verbal descriptions based on individ-
ual memories change over time (Mesoudi, 2008; Mesoudi & Whiten, 2008; Ost & 
Costall, 2002; Roediger et al., 2014; Xu & Griffiths, 2010). Experiments dealing 
with the transmission of verbal descriptions typically use scripts of typical event 
sequences such as ‘going to the restaurant’ as stimuli. They find that over time the 
descriptions made by participants change significantly as the transmission chains 
become more distant from the event in which the original stimuli was presented 
(e.g. Mesoudi & Whitten, 2004). Such changes in verbal descriptions ranged from 
generalizations and abstractions of stories (Mesoudi & Whiten, 2004), distortions 
based on memory biases (Xu & Griffiths, 2010) to strengthening of cultural stereo-
types (Bangerter, 2000; Kashima, 2000; see Mesoudi & Whiten, 2008 for review). 
Nonetheless, in a recent study that examined the influence of social interaction in 
transmission chains, Tan and Fay found that in cases in which transmission chains 
involved adjacent participants freely interacting with one another (interactive 
chains condition) more accurate information was preserved (e.g. fewer abstrac-
tions and generalizations were found) compared to what they found in one-way 
transmission chains (non-interactive chains condition) (Tan & Fay, 2011). In one-
way transmission chains, participants had to listen to audio-recordings of narra-
tions produced by a previous generation of participants, and then recorded their 
own accounts of what they had listened to, which were passed on to a new gen-
eration of participants for the same procedure (Tan & Fay, 2011). Tan and Fay 
(2011) reported that listeners’ feedback (such as requests for further information 
and backchannel responses) played an important role by improving the narrators’ 
information recall accuracy.
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4.2  �Social contagion and malleable memories

Research on the malleability of human memory (Loftus, 1979, 2005) has shown 
how we can incorporate misinformation under certain social and cognitive 
conditions. This line of inquiry has led cognitive and forensic psychologists to 
focus on memory errors and misinformation effects caused by social contagion 
(Numbers, Meade, & Perga, 2014; Meade & Roediger, 2002; Muller & Hirst, 2014; 
Roediger et al. 2001). Several studies on social contagion using confederates have 
reported that participants remembered more incorrect elements inserted by the 
confederate than non-inserted incorrect elements, that is, new incorrect items 
that the participants inserted on their own (e.g. Roediger et al., 2001). In addition, 
other studies reported that confederates’ false memories are highly contagious to 
other subjects after social interaction (Echterhoff, Groll, & Hirst, 2007; Hirst & 
Echterhoff, 2012; Roediger & McDermott, 2011). Based on the same social con-
tagion effect, recent studies have focused on its potentially adaptive features, as 
a trust-based mode for promoting cultural learning and cooperation among in-
group members (Wheeler, Allan, Tsivilis, Martin, & Gabbert, 2013) and enabling 
the formation and maintenance of mnemonic communities which are the basis 
for the emergence, formation and transmission of collective memories (Fagin, 
Yamashiro, & Hirst, 2013).

5.  �Time scale #4: Cultural processes

The formation of collective memories occurs at a community level and goes 
beyond the transmission of memories in communication chains or the possible 
effects of social contagion. Collective memories are supported by distributed cog-
nitive networks. Distributed cognitive networks (Donald, 2007) integrate embod-
ied human minds into larger institutional structures with their own histories and 
dynamics. In distributed cognitive networks technology, too, plays a central role. 
A well-known example of an operating distributed cognitive network guiding the 
formation of socially distributed memories can be found in the multi-layered pro-
cesses involved in the teaching of the history of children’s own nation in schools. 
When pupils start learning about their country’s past in institutional settings, they 
rely on information coming from multiple resources such as teachers, textbooks, 
and institutional rituals (e.g. commemoration of important historical dates). In 
addition, pupils are also exposed to their parents’ and family’s memories and opin-
ions about their national history, as well as information and evaluations they may 
come across in films, on television, and through social media platforms. As young 
children develop (in ontogenetic time), institutionalized national histories may 
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be subjected to revision, and as result, teachers’ opinions and accounts presented 
in textbooks may also change. Their friends, own readings and personal interests 
may affect their knowledge about the country’s past. Technologies used to trans-
mit such national histories may also change too, as we witness in the development 
of social media, virtual reality and tangible interactive technology. As the exam-
ple suggests, although distributed cognitive networks do operate in a synchronic 
dimension (e.g. the pupil performing a national hero on stage during the com-
memoration of Independence Day at the school), their distinctive feature comes 
from linking embodied human minds to institutional structures. These are two 
sides of the same coin, co-evolving over time.

This section is about the timescale t4, at which such large-scale and long-term 
cultural and evolutionary processes occur. First we discuss research that has dealt 
with the formation of collective memories from a socio-psychological perspective 
(5.1). Then, we relate the formation of such higher-level cultural and cognitive 
products (e.g. collective memories) to the creation of distributed cognitive net-
works that enabled people to learn, remember, transmit and accumulate knowl-
edge over ontogenetic time (5.2).

5.1  �The formation of collective memories

While bracketing for current purposes the philosophical debate about whether 
groups can have a mind, and therefore can themselves form collective memories 
(Sutton, 2008; Theiner, 2013; Tollefsen et al. 2013; Wilson, 2005), we may consider 
that collective memories can be operationalized as “individual memories shared 
across a community that bear on the community’s identity” (Coman, Brown, 
Koppel, & Hirst, 2009). These collective memories may belong to an identity 
project that members of groups often use to preserve an established group history 
and maintain group cohesion (Wertsch, 2002).

A number of studies have begun to investigate how different social, cognitive, 
and linguistic phenomena influence collective memory-making, such as conversa-
tional roles (Hirst & Manier, 1996), expertise (Hirst & Manier, 2008), and conver-
sational silence (Stone, Coman, Brown, Koppel, & Hirst, 2012). Hence, the ways 
in which members of a community share memories are crucial in understanding 
how individual memories are shaped and how collective memories are formed 
through communication (Coman et al., 2009; Hirst & Manier, 2008; Hirst  & 
Echterhoff, 2012).

Several studies on the influence of changing social roles in conversations 
about past experiences have reported that interacting partners tend to adopt 
complementary roles while jointly constructing shared accounts of the past 
(Hirst & Manier, 1996; Hirst et al., 1997). These studies have identified three com-



© 2015. John Benjamins Publishing Company
All rights reserved

	 Lucas M. Bietti & John Sutton

plementary social roles: narrators, mentors and monitors. Partners who assume a 
narrator role take the lead in the conversation about past experiences and tend to 
also talk about experiences that were not shared by other members of the group. 
Secondly, those who take a mentor role support narrators by providing them with 
memory prompts to elaborate further. Thirdly, partners who assume a monitor 
role are in charge of assessing whether the narratives being told are accurate and 
whether it is the case that specific elements are missing (Hirst & Manier, 1996). 
These three main conversational roles during joint remembering in social interac-
tions are flexible to some extent and depend on the interacting partners’ identities, 
goals and actions in relation to the task. This means that in family conversations 
about first-hand experiences of national political events (e.g. “what I was doing 
when the war began”) around the dinner table elder partners switch roles as nar-
rator, mentors and monitors for generational reasons (they have lived longer than 
their children), whereas their children typically take the role of mentors and moni-
tors (based on family memories learnt previously) but rarely as narrators (Bietti, 
2010).

Other studies that have taken this line of research into more controlled exper-
imental conditions (e.g. Cuc, Ozuru, Manier, & Hirst, 2006) show that in groups 
in which interacting partners assume the role of dominant narrators, there are 
higher chances of the group forming a collective memory. Brown, Coman and 
Hirst (2009) studied whether there were important distinctions between being 
a dominant narrator and an expert for the formation of a collective memory in 
conversations in small groups. They reported that both aspects can be indepen-
dent of each other (being an expert does not necessarily lead to being a dominant 
narrator), but both facilitated the formation of a collective memory. In addition, 
Brown et al. argued that compared to those partners with the perceived status of 
experts, dominant narrators had more chances of implanting false memories on 
other group members (see Coman et al., 2009 for a review).

In relation to ways in which what remains unsaid in a conversation shapes 
the forging of a collective memory, Stone et al. have demonstrated that remaining 
selectively silent about a topic not only induces these aspects to be less acces-
sible (i.e. forgetting), but also provides a functional mechanism for forging a col-
lective memory (Stone et al., 2012; Stone & Hirst, 2014). Based on the notion 
of public silence, defined as a silence experienced by a mnemonic community, 
ranging from small groups to nations or religious groups (Stone & Hirst, 2014, 
p. 314), Stone and Hirst argued that not all silences have the same influence on 
the formation of a collective memory: “If the public silence is related to what is 
mentioned, the resultant individual and collective forgetting would be greater 
than if the public silence was unrelated to what is mentioned ” (Stone & Hirst, 
2014, p. 322).
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The evidence presented in these studies illustrates the important role that social 
factors occurring at macro timescale t4 (e.g. social identity, status, dominance 
and power relations) have in the formation of collective memories over shorter 
timescales.

In a recent study focused on the role of collaboration in the formation of col-
lective memories, Barber and colleagues reported that even when collaboration is a 
detriment to group recall, it can foster the creation of collective memories (Barber, 
Rajaram, & Fox, 2012). In relation to these findings, some studies have employed 
agent-based modeling (ABM) to investigate the transmission and spread of 
collective memories among larger social groups (Coman, Kolling, Lewis, & Hirst, 
2012; Luhman & Rajaram, 2013). In a study that used ABM to investigate collab-
orative inhibition in larger social groups (Luhmann & Rajaram, 2013), the results 
obtained through computer simulations were in accord with some effects observed 
in experimental studies, namely that as group size increases, so does collaborative 
inhibition. Furthermore, the computer simulations also indicated that informa-
tion (e.g. memories) diffuses across social networks (Luhmann & Rajaram, 2013). 
These results are in line with the findings coming from research on the trans-
mission of memories over communication chains (e.g. Tan & Fay, 2011) and the 
evolutionary and cultural advantages of social contagion (e.g. Wheeler, 2013). All 
this evidence suggests that questions about collectivity seem to be quite indepen-
dent of questions about whether outcomes of social interacting to remember are 
beneficial for preserving memory accuracy.

Wertsch (2009) maintains that collective memories are composed of repre-
sentations of the past distributed among people and cultural tools. The interaction 
between these elements within specific cultural, historical and technological envi-
ronments creates the conditions for the emergence of collective memories. That is, 
the formation and transmission of collective memories is constrained by biologi-
cal, socio-cultural and technological resources as well as by cultural practices. The 
social, cultural and technological resources depend on cultural differentiations. 
One culture may supply mnemotechnic practices that distinguish it from others 
(Wang, 2013). This takes us to the ways in which distributed cognitive networks 
and cultural ecosystems have constituted enriched environments for joint remem-
bering throughout evolutionary history.

5.2  �Distributed cognitive networks

Throughout human evolution, “the social environment, not just individual minds, 
has become increasingly organized to support the flow of information across the 
generations” (Sterelny, 2012, p. 27). Several authors assert that human intelligent 
behavior has its roots in interactions between people, with their adaptable bodies 
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and plastic brains, and social and material environments, and not only in abstract 
models or representations of human behavior, or in brain tissue (Donald, 1991, 
1993; Malafouris, 2013; Sterelny, 2012). Recurrent patterns of human-environ-
mental couplings enable humans to create distributed cognitive networks in 
culture (Donald, 2007). This is what Donald calls the ‘exographic revolution’ in 
human cultural and cognitive evolution (Donald, 1991), and this takes us to a 
consideration of the longer timescales which form the cultural and evolutionary 
background to processes of joint remembering (t4).

The creation of distributed cognitive networks in our species’ history 
enabled people to learn, remember, transmit and accumulate knowledge, sup-
porting the formation of collective memories at the community level. The ‘exo-
graphic revolution’ was driven by novel interfaces between systems of engrams 
and exograms, defined as memory records or fragments inside and outside the 
brain, respectively. Engram systems include: motor plans (procedural and skill-
related); conditioned emotional response (CER) (automatic response to a stim-
uli or cue that has been learned from past experiences); perception (familiarity 
in the form of repeated exposure to a stimulus and perceptual priming); and 
semantic (factual and abstract) as well as episodic (vivid, concrete and detailed) 
memories. Exogram systems include the built environment; crafted mnemonic 
devices; painted and sculpted images; measuring instruments; written records 
(such as books); mathematical notations; libraries and archives; and electronic 
media.

Such novel interfaces allowed the significant enhancing of the storage 
capacity of biological memory systems throughout human cultural evolution. 
Donald argues that exograms enable human beings to manipulate complex rep-
resentations by significantly increasing working memory capacity. In this way, 
non-biological memory storage (such as, now, electronic media) together with 
bio-memory systems create the conditions for the emergence of distributed 
hybrid networks formed by interwoven neural capacities and external memory 
devices.

Donald maintains that due to brain plasticity, the interanimation of exograms 
and engrams leads to a continuous re-formatting of distributed hybrid memory 
networks that triggers the updating and re-wiring of the neural apparatus. An 
example of such adaptations can be observed in new research on the Internet 
and its effects on memory, which suggests that people’s memory is adapting to 
new computing and communication technology (Sparrow et al. 2011). These new 
adaptations are reflected in the claim that we “remember less by knowing informa-
tion than by knowing where the information can be found” (Sparrow et al. 2011, 
p .778).
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This example of bio-memory adaptations due to changes in the material cul-
ture is related to the notion of ‘metaplasticity’ proposed by Malafouris in the field 
of neuroarchaeology (Malafouris, 2013). Malafouris acknowledges the central 
role of material culture in the evolution and development of human cognition. 
He goes further by proposing that the brain can be conceived as both a biological 
entity and a cultural artifact because of its continuous re-shaping, re-wiring and 
re-modeling.

Drawing from the use of the term ‘metaplasticity’ in neuroscience, which is 
defined as “change in the physiological or biochemical state of neurons or synapses 
that alters their ability to generate synaptic plasticity” (Abraham, 2008, p. 387), 
Malafouris (2010) expanded the scope of the term ‘metaplasticity’ to refer to the 
properties that emerge as result of the “enactive constitutive intertwining between 
neural and cultural plasticity” (p. 56).

Although the examples explored by Donald and Malafouris and the study 
on the Internet’s effects on memory were cases of human-tool interaction, dis-
tinct from the core kinds of human-human, face-to-face interactions in scaffold-
ing joint remembering that we have been discussing in this paper, they do clearly 
show how such adaptations are currently taking place. In a co-evolutionary pro-
cess, people’s adaptable bodies and plastic brains may have gradually adapted to 
such new distributed hybrid memory networks throughout evolutionary history, 
and vice versa. That is, such networks, as products of human coordinated action 
over macro-timescales, should have adapted to people’s cognitive abilities and bio-
logical predispositions.

It may be that when we look at the larger picture, and take into account the 
web of mutual dependencies in our distributed cognitive networks, the ‘costs’ of 
remembering with other people in synchronic (collaboration) and diachronic 
(transmission) terms may be the price that we have to pay for our high capacity 
for building and adapting to cultural ecosystems (Hutchins, 2014).

6.  �Relations between timescales

At the micro-timescales of milliseconds and seconds t1, when two people are 
involved in synchronous social interaction, there is a high possibility that verbal 
and non-verbal behaviors will become temporally aligned and synchronized at an 
inter-individual level. This also occurs when conversations are about shared past 
experiences among group members during unstructured social interactions in 
naturalistic settings. Lags of multimodal alignment between interacting partners 
during conversations about the shared past reflect the key role that the sequential 
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organization of joint remembering plays in determining the dynamics of events 
(e.g. changes in gaze direction) occurring over a micro-timescale.

Joint remembering involves not only the coordination of verbal and non-ver-
bal behaviors unfolding at a micro-timescale, but also collaboration to re-evoke 
past experiences. Interestingly, even though people are excellent coordinators of 
verbal and non-verbal resources during social interaction over t1, research on the 
benefits and costs of collaborative recall indicates that remembering with other 
people may disrupt rather than benefit memory over t2 (collaborative inhibition). 
However, this is not always the case. For specific groups (such as experts and older 
couples) and under certain conditions (depending for example on the type of 
material to be recalled), collaboration during joint remembering may bring ben-
efits rather than only costs. Importantly, the characteristics of verbal interactions 
in which interacting partners engage (such as interactive cueing and repetitions) 
played a key role when collaborative facilitation effects were observed. These find-
ings illustrate that to some extent and under certain circumstances, what goes on 
at t1 may influence what occurs at t2, and vice-versa.

If we consider how memories are transmitted and evolve across communica-
tion chains over more macro-timescales (t3), more accurate information may be 
lost as the communication chains gradually move away from the original events. 
However, although the loss of information may be a natural effect of transmis-
sion over time, studies indicate that in interactive chain conditions with verbal 
interaction more information is preserved compared to what occurs in non-inter-
active chains with one-way transmission. Here again, the ways in which collective 
memories are created over a t3 can be influenced by events occurring over a t1 
(back-channel responses, i.e. “ok,” “yeah,” and “mmm”) as well as over a t2 (request 
for further information).

Controlled experimental tasks have provided fundamental insights into 
the interactional and cognitive mechanisms of joint remembering, as well as its 
outcomes over multiple timescales, mostly within the confines of the laboratory 
(except from Harris et al., 2011). Nonetheless, cases of joint remembering in the 
world outside the laboratory, and the processes driving the formation of collective 
memories are also driven by long-term interactions, specific cultural dynamics 
and evolutionary processes, supported by distributed cognitive networks (from 
the creation of written records to electronic media) and social factors (e.g. asym-
metric power relations, social roles and identities). These are processes occur-
ring over a t4, which have created the conditions for the emergence of cultural 
ecosystems for human cognition (Hutchins, 2014). Of course, processes occur-
ring over t1, t2, and t3 determine the dynamics of joint remembering in these 
complex systems too. Figure 1 shows how timescales complement each other in 
synchronic and diachronic terms. Further memory research will go beyond the 
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analysis of joint remembering over individual timescales. It will need to integrate 
more controlled laboratory studies with richer observations of processes of joint 
remembering in natural settings, bringing experiment and ethnography together 
in the attempt to explain how these diverse processes are integrated in a syn-
ergistic fashion, as happens when people remember with other people in their 
everyday lives.

Acknowledgements

We thank two anonymous reviewers for their invaluable feedback on an earlier 
version of this manuscript. We gratefully acknowledge the support of the Swiss 
National Science Foundation (Ambizione grant PZ00P1-154968), the European 
Commission (Marie Curie IEF grant P7-PEOPLE-2012-IEFMC-IEF 326885) and 
the Australian Research Council (Discovery Project DP120100187).

References

Abraham, W.C. (2008). Metaplasticity – tuning synapses and networks for plasticity. Nature 
Reviews Neuroscience, 9, 387–399.  doi: 10.1038/nrn2356

Allen, M.L., Haywood, S., Rajendran, T., & Branigan, H.P. (2011). Evidence for syntactic align-
ment in children with autism. Developmental Science, 14, 540–548.

	 doi: 10.1111/j.1467-7687.2010.01001.x
Andersson, J., & Rönnberg, J. (1995). Recall suffers from collaboration: Joint recall effects of 

friendship and task complexity. Applied Cognitive Psychology, 9, 199–211.
	 doi: 10.1002/acp.2350090303
Bahrami, B., Olsen, K., Latham, P.E., Roepstorff, A., Rees, G., & Frith, C.D. (2010). Optimally 

interacting minds. Science, 329(5995), 1081–1085.  doi: 10.1126/science.1185718
Bangerter, A. (2000). Identifying individual and collective acts of remembering in task- related 

communication. Discourse Processes, 30, 237–264.  doi: 10.1207/S15326950dp3003_2
Bangerter, A., & Clark, H.H. (2003). Navigating joint projects with dialogue. Cognitive Science, 

27, 195–225.  doi: 10.1207/s15516709cog2702_3
Barber, S.J., Rajaram, S., & Aron, A. (2010). When two is too many: Collaborative encoding 

impairs memory. Memory & Cognition, 38, 255–264.  doi: 10.3758/MC.38.3.255
Barber, S.J., & Rajaram, S. (2011). Collaborative memory and part-set cueing impairments: The 

role of executive depletion in modulating retrieval disruption. Memory, 19, 378–397. 
	 doi: 10.1080/09658211.2011.575787
Barber, S.J., Rajaram, S., & Fox, E.B. (2012). Learning and remembering with others: The key role 

of retrieval in shaping group recall and collective memory. Social Cognition, 30, 121–132. 
	 doi: 10.1521/soco.2012.30.1.121
Bargh, J.A., & Chartrand, T.L. (1999). The unbearable automaticity of being. American Psycholo-

gist, 54, 462–479.  doi: 10.1037/0003-066X.54.7.462

http://dx.doi.org/10.1038/nrn2356.

http://dx.doi.org/10.1111/j.1467–7687.2010.01001.x.

http://dx.doi.org/10.1002/acp.2350090303.

http://dx.doi.org/10.1126/science.1185718.

http://dx.doi.org/10.1207/S15326950dp3003_2.

http://dx.doi.org/10.1207/s15516709cog2702_3.

http://dx.doi.org/10.3758/MC.38.3.255.

http://dx.doi.org/10.1080/09658211.2011.575787.

http://dx.doi.org/10.1521/soco.2012.30.1.121.

http://dx.doi.org/10.1037/0003-066X.54.7.462.



© 2015. John Benjamins Publishing Company
All rights reserved

	 Lucas M. Bietti & John Sutton

Barnier, A.J., Sutton, J., Harris, C.B., & Wilson, R.A, (2008). A conceptual and empirical frame-
work for the social distribution of cognition: The case of memory. Cognitive Systems 
Research, 9(1–2), 33–51.  doi: 10.1016/j.cogsys.2007.07.002

Bartlett, F. (1932). Remembering. Cambridge: Cambridge University Press.
Basden, B.H., Basden, D.R., Bryner, S., & Thomas, R.L., III. (1997). A comparison of group and 

individual remembering: Does collaboration disrupt retrieval strategies? Journal of Experi-
mental Psychology: Learning, Memory, and Cognition, 23, 1176–1191.

	 doi: 10.1037/0278-7393.23.5.1176
Basden, B.H., Basden, D.R., & Henry, S. (2001). Costs and benefits of collaborative remember-

ing. Applied Cognitive Psychology, 14, 497–507. 
	 doi: 10.1002/1099-0720(200011/12)14: 6<497::AID-ACP665>3.0.CO;2-4
Bergman, E., & Roediger, H.L. (1999). Can Bartlett’s repeated reproduction experiments be rep-

licated? Memory & Cognition, 27, 937–947.  doi: 10.3758/BF03201224
Bernieri, F.J., & Rosenthal, R. (1991). Interpersonal coordination: Behavior matching and 

interactional synchrony. In R.S. Feldman & B. Rim (Eds.), Fundamentals of nonverbal 
behaviour: Studies in emotions & social interaction (pp. 401–432). New York Cambridge 
University Press.

Bernieri, F., Davis, J., Rosenthal, R., & Knee, C. (1994). Interactional synchrony and rapport: 
Measuring synchrony in displays devoid of sound and facial affect. Personality and Social 
Psychology Bulletin, 20(3), 303–311.  doi: 10.1177/0146167294203008

Bietti, L.M. (2010). Sharing memories, family conversation and interaction. Discourse & Society, 
21(5), 499–523.  doi: 10.1177/0957926510373973

Bietti, L.M. (2012). Towards a cognitive pragmatics of collective remembering. Pragmatics & 
Cognition, 20(1), 32–61.  doi: 10.1075/pc.20.1.02bie

Bietti, L.M. (2014). Discursive remembering: Individual and collective remembering as a discur-
sive, cognitive and historical process. Berlin/New York: Walter de Gruyter.

Bietti, L.M., & Galiana Castelló, F. (2013). Embodied reminders in family interactions: Multi-
modal collaboration in remembering activities. Discourse Studies, 15(6), 665–686. 

	 doi: 10.1177/1461445613490010
Bietti, L.M., Kok, K., & Cienki, A. (2013). Temporal aspects of behavioral alignment in collab-

orative remembering. In Proceedings of the Tilburg Gesture Research Meeting 2013. Avail-
able at: http://tiger.uvt.nl/pdf/ papers/bietti.pdf.

Bietti, L.M., & Baker, M.J. (submitted). Collaborating to remember collaborative creativity: A 
case study.

Blumen, H., & Rajaram, S. (2008). Effects of group collaboration and repeated retrieval on Indi-
vidual Recall. Memory, 16, 231–244.  doi: 10.1080/09658210701804495

Brennan, S.E., Galati,A., & Kuhlen, A. (2010). Two minds, one dialog: Coordinating speaking 
and understanding. In B. Ross (Ed.), Psychology of learning and motivation, vol. 53. (pp. 
301–345). Academic Press/Elsevier.

Brown, A., Coman, A., & Hirst, W. (2009). Expertise and the formation of collective memory. 
Social Psychology, 40, 118–128.  doi: 10.1027/1864-9335.40.3.119

Carbon, C.C., & Albrecht, S. (2012). Bartlett’s schema theory: The unreplicated “por-
trait  d’homme” series from 1932. Quarterly Journal of Experimental Psychology, 65(11), 
2258–2270.  doi: 10.1080/17470218.2012.696121

Chartrand, T.L., & Lakin, J. (2013). The antecedents and consequences of human behavioral mim-
icry. Annual Review of Psychology, 64, 285–308.  doi: 10.1146/annurev-psych-113011-143754

http://dx.doi.org/10.1016/j.cogsys.2007.07.002.

http://dx.doi.org/10.1037/0278–7393.23.5.1176.

http://dx.doi.org/10.1002/1099–0720(200011/12)14: 6〈497::AID-ACP665〉3.0.CO;2–4.

http://dx.doi.org/10.3758/BF03201224.

http://dx.doi.org/10.1177/0146167294203008.

http://dx.doi.org/10.1177/0957926510373973.

http://dx.doi.org/10.1075/pc.20.1.02bie.

http://dx.doi.org/10.1177/1461445613490010.

http://tiger.uvt.nl/pdf/
http://dx.doi.org/10.1080/09658210701804495.

http://dx.doi.org/10.1027/1864–9335.40.3.119.

http://dx.doi.org/10.1080/17470218.2012.696121.

http://dx.doi.org/10.1146/annurev-psych-113011-143754.



© 2015. John Benjamins Publishing Company
All rights reserved

	 Interacting to remember at multiple timescales	 

Cienki, A., Bietti, L.M., & Kok, K. (2014). Multimodal alignment during collaborative remem-
bering. Memory Studies, 7(3), 354–369.  doi: 10.1177/1750698014530624

Clark, H.H. (1996). Using language. Cambridge: Cambridge University Press.
	 doi: 10.1017/CBO9780511620539
Clark, H.H., & Brennan, S.A. (1991). Grounding in communication. In L.B. Resnick, J.M. Levine, 

& S.D. Teasley (Eds.), Perspectives on socially shared cognition (pp.127–148). Washington: 
APA Books.  doi: 10.1037/10096-006

Coman, A., Brown, A.D., Koppel, J., & Hirst, W. (2009). Collective memory from a 
psychological perspective. International Journal of Politics, Culture and Society, 22(2), 
125–141.

Coman, A., Kolling, A., Lewis, M., & Hirst, W. (2012). Mnemonic convergence: From empiri-
cal data to large-scale dynamics. In Social Computing, behavioral – cultural modeling and 
prediction. Lecture Notes in computer science, vol. 7227 (pp. 256–265). Berlin/Heidelberg: 
Springer.  doi: 10.1007/978-3-642-29047-3_31

Condon, W.S., & Ogston, W.D. (1966). Sound film analysis of normal and pathological behavior 
patterns. Journal of Nervous and Mental Disease, 143, 338–347. 

	 doi: 10.1097/00005053-196610000-00005
Congleton, A.R., & Rajaram, S. (2011). The influence of learning methods on collaboration: 

Prior repeated retrieval enhances retrieval organization, abolishes collaborative inhibition, 
and promotes post-collaborative memory. Journal of Experimental Psychology: General, 
140, 535–551.  doi: 10.1037/a0024308

Cowley, S. (2014). Linguistic embodiment and verbal constraints: Human cognition and the 
scales of time. Frontiers in Psychology, 5(1085).  doi:10.3389/fpsyg.2014.01085

Cuc, A., Ozuru, Y., Manier, D., & Hirst, W. (2006). The transformation of collective memo-
ries: Studies of family recounting. Memory & Cognition, 34, 752–762.

	 doi: 10.3758/BF03193423
Dale, R., Fusaroli, R., Duran, N.D., & Richardson, D.C. (2013). The self- organization of human 

interaction. In B. Ross (Ed.), Psychology of Learning and motivation (pp. 43–95). Academic 
Press.

Dijkstra, K., & Zwaan, R.A. (2014). Memory and action. In L. Shapiro (Ed.), The routledge hand-
book of embodied cognition (pp. 286–305). London: Routledge.

Donald, M. (1991). Origins of the modern mind: Three stages in the evolution of culture and cogni-
tion. Cambridge, MA: Harvard University Press.

Donald, M. (1993). Précis of Origins of the modern mind. Behavioral and Brain Sciences, 16, 
737–791.  doi: 10.1017/S0140525X00032647

Donald, M. (2007). The slow process: A hypothetical cognitive adaptation for distributed cogni-
tive networks. Journal of Physiology (Paris), 101, 214–222. 

	 doi: 10.1016/j.jphysparis.2007.11.006
Echterhoff, G., Groll, S., & Hirst, W. (2007). Tainted truth: Overcorrection for misinformation 

influence on eyewitness memory. Social Cognition, 25, 367–409. 
	 doi: 10.1521/soco.2007.25.3.367
Fagin, M.M., Yamashiro, J.K., & Hirst, W. (2013). The adaptive function of distributed remem-

bering: Contributions to the formation of collective memory. Review of Philosophy and 
Psychology, 4(1), 91–106.  doi: 10.1007/s13164-012-0127-y

Fusaroli, R., & Tylén, K. (2012). Carving language for social coordination: A dynamical 
approach. Interaction Studies, 13(1), 103–124.  doi: 10.1075/is.13.1.07fus

http://dx.doi.org/10.1177/1750698014530624.

http://dx.doi.org/10.1017/CBO9780511620539.

http://dx.doi.org/10.1037/10096–006.

http://dx.doi.org/10.1007/978-3-642-29047-3_31.

http://dx.doi.org/10.1097/00005053-196610000-00005.

http://dx.doi.org/10.1037/a0024308.

http://dx.doi.org/10.3758/BF03193423.

http://dx.doi.org/10.1017/S0140525X00032647.

http://dx.doi.org/10.1016/j.jphysparis.2007.11.006.

http://dx.doi.org/10.1521/soco.2007.25.3.367.

http://dx.doi.org/10.1007/s13164-012-0127-y.

http://dx.doi.org/10.1075/is.13.1.07fus.



© 2015. John Benjamins Publishing Company
All rights reserved

	 Lucas M. Bietti & John Sutton

Fusaroli, R., Bahrami, B., Olsen, K., Roepstorff, A., Rees, G., Frith, C., & Tylén, K. (2012). Com-
ing to Terms: Quantifying the benefits of linguistic coordination, Psychological Science, 
23(8), 931–939.  doi: 10.1177/0956797612436816

Gauld, A., & Stephenson, G.M. (1967). Some experiments related to Bartlett’s theory of 
remembering. British Journal of Psychology, 58, 39–49.

	 doi: 10.1111/j.2044-8295.1967.tb01054.x
Goldin-Meadow, S., Nusbaum, H., Kelly, S., & Wagner, S. (2001). Explaining math: Gesturing 

lightens the load. Psychological Science, 2, 516–522.  doi: 10.1111/1467-9280.00395
Goldin-Meadow, S., & Alibali, M.W (2013). Gestures role in speaking, learning, and creating 

language. Annual Review of Psychology, 123, 448–453.
Gordon, B.R., & Theiner, G. (2015). Scaffolded joint action as a micro foundation of organi-

zational learning. In C.B. Stone & L.M. Bietti (Eds.), Contextualizing human memory: An 
interdisciplinary approach to understanding how individuals and groups remember the past 
(pp. 154–186). London: Psychology Press.

Harris, C.B., Paterson, H.M., & Kemp, R.I. (2008). Collaborative recall and collective memory: 
What happens when we remember together? Memory, 16, 213–230.

	 doi: 10.1080/09658210701811862
Harris, C.B., Keil, P.G., Sutton, J., Barnier, A., & McIlwain, D. (2011). We remember, we forget: 

Collaborative remembering in older couples. Discourse Processes, 48, 267–303.
	 doi: 10.1080/0163853X.2010.541854
Harris, C.B., Barnier, A.J., & Sutton, J. (2012). Consensus collaboration enhances group and 

individual recall accuracy. Quarterly Journal of Experimental Psychology, 65, 179–194.
	 doi: 10.1080/17470218.2011.608590
Harris, C.B., Barnier, A.J., & Sutton, J. (2013). Shared encoding and the costs and benefits of 

collaborative recall. Journal of Experimental Psychology: Learning, Memory, and Cognition, 
39, 183–195.  doi: 10.1037/a0028906

Harris, C.B., Barnier, A.J., Sutton, J., & Keil, P.G. (2014). Couples as socially distributed cogni-
tive systems: Remembering in everyday social and material contexts. Memory Studies, 7(3), 
285–297.  doi: 10.1177/1750698014530619

Henkel, L.A., & Rajaram, S. (2011). Collaborative remembering in older adults: Age-invariant 
outcomes in the context of episodic memory deficit. Psychology & Aging, 26, 532–545.  
doi: 10.1037/a0023106

Hirst, W., & Manier, D. (1996). Social influences on remembering. In D. Rubin (Ed.), Remem-
bering the past (pp. 271–290). New York: Cambridge University Press. 

	 doi: 10.1017/CBO9780511527913.011
Hirst, W., Manier, D., & Apetroaia, I. (1997). The social construction of the remembered self: 

Family recounting. Annals of the New York Academy of Sciences, 818, 163–188. 
	 doi: 10.1111/j.1749-6632.1997.tb48254.x
Hirst, W., & Manier, D. (2008). Towards a psychology of collective memory. Memory, 16(3), 

183–200.  doi: 10.1080/09658210701811912
Hirst, W., & Echterhoff, G. (2012). Remembering in conversations: The social sharing and 

reshaping of memories. Annual Review of Psychology, 63, 55–69.
	 doi: 10.1146/annurev-psych-120710-100340
Holler, J., & Wilkin, K. (2011). Co-speech gesture mimicry in the process of collaborative refer-

ring during face-to-face dialogue. Journal of Nonverbal Behavior, 35, 133–153.
	 doi: 10.1007/s10919-011-0105-6

http://dx.doi.org/10.1177/0956797612436816.

http://dx.doi.org/10.1111/j.2044–8295.1967.tb01054.x.

http://dx.doi.org/10.1111/1467–9280.00395.

http://dx.doi.org/10.1080/09658210701811862.

http://dx.doi.org/10.1080/0163853X.2010.541854.

http://dx.doi.org/10.1080/17470218.2011.608590.

http://dx.doi.org/10.1037/a0028906.

http://dx.doi.org/10.1177/1750698014530619.

http://dx.doi.org/10.1037/a0023106.

http://dx.doi.org/10.1017/CBO9780511527913.011.

http://dx.doi.org/10.1111/j.1749–6632.1997.tb48254.x.

http://dx.doi.org/10.1080/09658210701811912.

http://dx.doi.org/10.1146/annurev-psych-120710-100340.

http://dx.doi.org/10.1007/s10919-011-0105-6.



© 2015. John Benjamins Publishing Company
All rights reserved

	 Interacting to remember at multiple timescales	 

Hollingshead, A.B. (1998). Communication, learning and retrieval in transactive memory 
systems. Journal of Experimental Social Psychology, 34, 423–442. 

	 doi: 10.1006/jesp.1998.1358
Hutchins, E. (2014). The cultural ecosystem of human cognition. Philosophical Psychology, 

27(1), 34–49.  doi: 10.1080/09515089.2013.830548
Hyman, I.E., Cardwell, B.A., & Roy, R.A. (2013). Multiple causes of collaborative inhibition in 

memory for categorised word lists. Memory, 21(7), 875–890.
	 doi: 10.1080/09658211.2013.769058
Ireland, M.E., Slatcher, R.B., Eastwick, P.W., Scissors, L.E., Finkel, E.J., & Pennebaker, J.W. 

(2011). Language style matching predicts relationship initiation and stability. Psychological 
Science, 22(1), 39–44.  doi: 10.1177/0956797610392928

Jackson, M., & Moreland, R.L. (2009). Transactive memory in the classroom. Small Group 
Research, 40(5), 508–534.  doi: 10.1177/1046496409340703

Kashima, Y. (2000). Maintaining cultural stereotypes in the serial reproduction of narratives. 
Personality and Social Psychology Bulletin, 26(5), 594–604. 

	 doi: 10.1177/0146167200267007
Knoblich, G., Butterfill, S., & Sebanz, N. (2011). Psychological research on joint action: Theory 

and data. In B. Ross (Ed.), The psychology of learning and motivation, vol. 54 (pp. 59–101). 
Burlington: Academic Press.

Lemke, J.L. (2000). Across the scales of time: Artifacts, activities and meanings in ecosocial sys-
tems. Mind, Culture and Activity, 7(4), 273–290.  doi: 10.1207/S15327884MCA0704_03

Levinson, S.C. (2006). On the human “interaction engine”. In N.J. Enfield & S.C. Levinson 
(Eds.), Roots of human sociality: Culture, cognition and interaction (pp. 39–69). Oxford: 
Berg.

Levitan, R., & Hirschberg, J. (2011). Measuring acoustic-prosodic entrainment with respect to 
multiple levels and dimensions. In Proceedings of INTERSPEECH 2011 (pp. 3081–3084).

Lewis, K., Lange, D., & Gillis, L. (2005). Transactive memory systems, learning, and learning 
transfer. Organization Science, 16(6), 581–598.  doi: 10.1287/orsc.1050.0143

Loftus, E.F. (1979). The malleability of human memory. American Scientist, 67, 312–320.
Loftus, E.F. (2005). Planting misinformation in the human mind: A 30-year investigation of the 

malleability of memory. Learning and Memory, 12(4), 361–366.  doi: 10.1101/lm.94705
Louwerse, M.M., Dale, R., Bard, E.G., & Jeuniaux, P. (2012). Behavior matching in multimodal 

communication is synchronized. Cognitive Science, 36, 1404–1426.
	 doi: 10.1111/j.1551-6709.2012.01269.x
Luhmann, C.C., & Rajaram, S. (2013). Mnemonic diffusion: An agent-based modeling investi-

gation of collective memory. In M. Knauff, M. Pauen, N. Sebanz, & I. Wachsmuth (Eds.), 
Proceedings of the 35th Annual Conference of the Cognitive Science Society (pp. 936–941). 
Austin, TX: Cognitive Science Society.

Malafouris, L. (2010). Metaplasticity and the human becoming: Principles of neuroarchaeology. 
Journal of Anthropological Sciences, 88, 49–72.

Malafouris, L. (2013). How things shape the mind: A theory of material engagement. Cambridge, 
MA: MIT Press.

Mason, M.F., Hood, B.M., & Macrae, C.N. (2004). Look into my eyes: Gaze direction and person 
memory. Memory, 12, 637–643.  doi: 10.1080/09658210344000152

Meade, M.L., & Roediger, H.L., III. (2002). Explorations in the social contagion of memory. 
Memory & Cognition, 30, 995–1009.  doi: 10.3758/BF03194318

http://dx.doi.org/10.1006/jesp.1998.1358.

http://dx.doi.org/10.1080/09515089.2013.830548.

http://dx.doi.org/10.1080/09658211.2013.769058.

http://dx.doi.org/10.1177/0956797610392928.

http://dx.doi.org/10.1177/1046496409340703.

http://dx.doi.org/10.1177/0146167200267007.

http://dx.doi.org/10.1207/S15327884MCA0704_03.

http://dx.doi.org/10.1287/orsc.1050.0143.

http://dx.doi.org/10.1101/lm.94705.

http://dx.doi.org/10.1111/j.1551–6709.2012.01269.x.

http://mitpress.mit.edu/books/how-things-shape-mind
http://mitpress.mit.edu/books/how-things-shape-mind
http://dx.doi.org/10.1080/09658210344000152.

http://dx.doi.org/10.3758/BF03194318.



© 2015. John Benjamins Publishing Company
All rights reserved

	 Lucas M. Bietti & John Sutton

Meade, M.L., Nokes, T.J., & Morrow, D.G. (2009). Expertise promotes facilitation on a collabora-
tive memory task. Memory, 17, 39–48.  doi: 10.1080/09658210802524240

Mesoudi, A. (2008). An experimental simulation of the “copy-successful-individuals” cultural 
learning strategy: Adaptive landscapes, producer-scrounger dynamics and informational 
access costs. Evolution and Human Behavior, 29(5), 350–363. 

	 doi: 10.1016/j.evolhumbehav.2008.04.005
Mesoudi, A., & Whiten, A. (2004). The hierarchical transformation of event knowledge in 

human cultural transmission. Journal of Cognition and Culture, 4(1), 1–24. 
	 doi: 10.1163/156853704323074732
Mesoudi, A., & Whiten, A. (2008). The multiple roles of cultural transmission experiments in 

understanding human cultural evolution. Philosophical Transactions of the Royal Society B, 
363, 3489–3501.  doi: 10.1098/rstb.2008.0129

Michaelian, K., & Sutton, J. (2013). Distributed cognition and memory research: History and 
current directions. Review of Philosophy and Psychology, 4(1), 1–24.

	 doi: 10.1007/s13164-013-0131-x
Middleton, D., & Brown, S.D. (2005). The social psychology of experience: Studies in remembering 

and forgetting. London: Sage.
Muller, F., & Hirst, W. (2014). Remembering stories together: Social contagion and the moder-

ating influence of disagreements in conversations. Journal of Applied Research in Memory 
and Cognition, 3, 7–11.  doi: 10.1016/j.jarmac.2013.12.002

Mühlhoff, R. (2014). Affective resonance and social interaction. Phenomenology and the Cogn-
tive Sciences.  doi: 10.1007/s11097-014-9394-7

Nomikou, I., Rohlfing, K.J., & Szufnarowska, J. (2013). Educating attention: Recruiting, main-
taining and framing eye-contact in early natural mother-infant interactions. Interaction 
Studies, 14(2), 240–267.  doi: 10.1075/is.14.2.05nom

Numbers, K.T., Meade, M.L., & Perga, V.A. (2014). The influences of partner accuracy and part-
ner memory ability on social false memories. Memory & Cognition.

	 doi: 10.3758/s13421-014-0443-9
Ost, J., & Costall, A. (2002). Misremembering Bartlett: A study in serial reproduction. British 

Journal of Psychology, 93, 243–255.  doi: 10.1348/000712602162562
Pacherie, E. (2013). How does it feel to act together? Phenomenology and the Cognitive Sciences, 

13(1), 25–46.  doi: 10.1007/s11097-013-9329-8
Paxton, A., & Dale, R. (2013). Multimodal networks for interpersonal interaction and conver-

sational contexts. In M. Knauff, M. Paun, N. Sebanz, & I Wachsmuth (Eds.), Proceedings 
of the 35th Annual Meeting of the Cognitive Science Society (pp. 1121–1126). Austin, TX: 
Cognitive Science Society.

Pereira-Pasarin, L., & Rajaram, S. (2011). Study Repetition and divided attention: Effects of 
encoding manipulations on collaborative inhibition in group recall. Memory & Cognition, 
39, 968–997.  doi: 10.3758/s13421-011-0087-y

Pickering, M.J., & Garrod, S. (2004). Toward a mechanistic psychology of dialogue. Behavioral 
and Brain Sciences, 27, 169–190.

Pickering, M.J., & Garrod, S. (2006). Alignment as the basis for successful communication. 
Research on Language and Computation, 4(2–3), 203–228.  doi: 10.1007/s11168-006-9004-0

Pickering, M.J., & Garrod, S. (2013). Forward models and their implications for production, 
comprehension, and dialogue. Behavioral and Brain Sciences, 36, 377–392.

	 doi: 10.1017/S0140525X12003238

http://dx.doi.org/10.1080/09658210802524240.

http://dx.doi.org/10.1016/j.evolhumbehav.2008.04.005.

http://dx.doi.org/10.1163/156853704323074732.

http://dx.doi.org/10.1098/rstb.2008.0129.

http://dx.doi.org/10.1007/s13164-013-0131-x.

http://dx.doi.org/10.1016/j.jarmac.2013.12.002.

http://dx.doi.org/10.1075/is.14.2.05nom.

http://dx.doi.org/10.1348/000712602162562.

http://dx.doi.org/10.1007/s11097-013-9329-8.

http://dx.doi.org/10.3758/s13421-011-0087-y.

http://dx.doi.org/10.1007/s11168-006-9004-0.

http://dx.doi.org/10.1017/S0140525X12003238.



© 2015. John Benjamins Publishing Company
All rights reserved

	 Interacting to remember at multiple timescales	 

Rączaszek-Leonardi, J., & Cowley, S.J. (2012). The evolution of language as controlled collectiv-
ity. Interaction Studies, 13(1), 1–16.  doi: 10.1075/is.13.1.01rac

Rajaram, S. (2011). Collaboration both hurts and helps memory: A cognitive perspective. Cur-
rent Directions in Psychological Science, 20, 76–81.  doi: 10.1177/0963721411403251

Rajaram, S., & Pereira-Pasarin, L.P. (2010). Collaborative memory: Cognitive research and the-
ory. Perspectives on Psychological Science, 5, 649–663.  doi: 10.1177/1745691610388763

Ren, Y., & Argote, A. (2011). Transactive memory systems 1985–2010: An integrative frame-
work of key dimensions, antecedents and consequences. The Academy of Management 
Annals, 5(1), 189–229.  doi: 10.1080/19416520.2011.590300

Richardson, D.C., Dale, R., & Kirkham, N.Z. (2007). The art of conversation is coordination 
common ground and the coupling of eye movements during dialogue. Psychological Sci-
ence, 18(5), 407–413.  doi: 10.1111/j.1467-9280.2007.01914.x

Roediger, H.L. III, Meade, M.L., & Bergman, E. (2001). Social contagion of memory. Psycho-
nomic Bulletin & Review, 8, 365–371.  doi: 10.3758/BF03196174

Roediger, H.L. III, & McDermott, K.B. (2011). Remember when? Science, 333, 47–48.
	 doi: 10.1126/science.1208565
Roediger, H.L. III, Meade, M.L., Gallo, D.A., & Olson, K.R. (2014). Bartlett revisited: Direct com-

parison of repeated reproduction and serial reproduction techniques. Journal of Applied 
Research in Memory and Cognition, 3(4), 266–271.  doi: 10.1016/j.jarmac.2014.05.004

Sato, W., & Yoshikawa, S. (2007). Spontaneous facial mimicry in response to dynamic facial 
expressions. Cognition, 104, 1–18.  doi: 10.1016/j.cognition.2006.05.001

Sauter, A., Uttal, D., Alman, A.S., Goldin-Meadow, S., & Levine, S.C. (2012). Learning what chil-
dren know about space from looking at their hands: The added value of gesture in spatial 
communication. Journal of Experimental Child Psychology, 111(4), 587–606. 

	 doi: 10.1016/j.jecp.2011.11.009
Schmidt, R.C., Morr, S., Fitzpatrick, P.A., & Richardson, M.J. (2012). Measuring the dynamics of 

interactional synchrony. Journal of Nonverbal Behavior, 36, 263–279. 
	 doi: 10.1007/s10919-012-0138-5
Shockley, K., Baker, A.A., Richardson, M.J., & Fowler, C.A. (2007). Articulatory constraints on 

interpersonal postural coordination. Journal of Experimental Psychology: Human Percep-
tion and Performance, 33, 201–208.  doi: 10.1037/0096-1523.33.1.201

Sparrow, B., Liu, J., & Wegner, D.M. (2011). Google effects on memory: Cognitive conse-
quences of having information at our fingertips. Science, 333, 776–778. 

	 doi: 10.1126/science.1207745
Steffensen, S.V., & Pedersen, S.B. (2014). Temporal dynamics in human interaction. Cybernetics 

& Human Knowing, 21 (1–2), 80–97.
Steffensen, S.V., Uryu, M., & Kramsch, C. (2014). The ecology of intercultural interactions: Tim-

escales, temporal rangers and identity dynamics. Language Sciences, 41A, 41–59.
Stel, M., van Baaren, R.B., & Vonk, R. (2008). Effects of mimicking: Acting prosocially by being 

emotionally moved. European Journal of Social Psychology, 38, 965–976. 
	 doi: 10.1002/ejsp.472
Sterelny, K. (2012). The evolved apprentice: How evolution made humans unique. Cambridge, 

MA: MIT Press.  doi: 10.7551/mitpress/9780262016797.001.0001
Stevanoni, E., & Salmon, K. (2005). Giving memory a hand: Instructing children to gesture 

enhances their event recall. Journal of Nonverbal Behavior, 29, 217–233.
	 doi: 10.1007/s10919-005-7721-y

http://dx.doi.org/10.1075/is.13.1.01rac.

http://dx.doi.org/10.1177/0963721411403251.

http://dx.doi.org/10.1177/1745691610388763.

http://dx.doi.org/10.1080/19416520.2011.590300.

http://dx.doi.org/10.1111/j.1467–9280.2007.01914.x.

http://dx.doi.org/10.3758/BF03196174.

http://dx.doi.org/10.1126/science.1208565.

http://dx.doi.org/10.1016/j.cognition.2006.05.001.

http://dx.doi.org/10.1016/j.jecp.2011.11.009.

http://dx.doi.org/10.1007/s10919-012-0138-5.

http://dx.doi.org/10.1037/0096–1523.33.1.201.

http://dx.doi.org/10.1126/science.1207745.

http://dx.doi.org/10.1002/ejsp.472.

http://dx.doi.org/10.7551/mitpress/9780262016797.001.0001.

http://dx.doi.org/10.1007/s10919-005-7721-y.



© 2015. John Benjamins Publishing Company
All rights reserved

	 Lucas M. Bietti & John Sutton

Stone, C.B., & Hirst, W. (2014). (Induced) Forgetting to form a collective memory. Memory 
Studies, 7(3), 314–327.  doi: 10.1177/1750698014530621

Stone, C., Coman, A., Brown, A.D., Koppel, J., & Hirst, W. (2012). Toward a science of silence: 
The consequences of leaving a memory unsaid. Perspectives in Psychological Science, 7(1), 
39–53.  doi: 10.1177/1745691611427303

Suddendorf, T., & Corballis, M.C. (2007). The evolution of foresight: What is mental time travel 
and is it unique to humans? Behavioral and Brain Sciences, 30, 299–313.

Sutton, J. (2008). Between individual and collective memory: Interaction, coordination, distri-
bution. Social Research, 75(1), 23–48.

Sutton, J. (2013). Skill and collaboration in the evolution of human cognition. Biological Theory, 
8(1), 28–36.  doi: 10.1007/s13752-013-0097-z

Sutton, J., Harris, C.B., Keil, P.G., & Barnier, A.J. (2010). The psychology of memory, extended 
cognition, and socially distributed remembering. Phenomenology and the Cognitive Sci-
ences, 9, 521–560.  doi: 10.1007/s11097-010-9182-y

Tan, R., & Fay, N. (2011). Cultural transmission in the laboratory: Agent interaction improves 
the intergenerational transfer of information. Evolution & Human Behavior, 32(6), 399–406.  
doi: 10.1016/j.evolhumbehav.2011.01.001

Theiner, G. (2013). Transactive memory systems: A mechanistic analysis of emergent group 
memory. Review of Philosophy and Psychology, 4(1), 65–89.  doi: 10.1007/s13164-012-0128-x

Tollefsen, D.P., & Dale, R. (2012). Naturalizing joint action: A process-based approach. Philo-
sophical Psychology, 25(3), 385–407.  doi: 10.1080/09515089.2011.579418

Tollefsen, D.P., Dale, R., & Paxton, A. (2013). Alignment, transactive memory and collective 
cognitive systems. Review of Philosophy and Psychology, 4(1), 49–65. 

	 doi: 10.1007/s13164-012-0126-z
Trevarthen, C. (2005). First things first: Infants make good use of the sympathetic rhythm of 

imitation, without reason or language. Journal of Child Psychotherapy, 31(1), 91–113. 
	 doi: 10.1080/00754170500079651
Wachsmuth, I., de Ruiter, J., Jaecks, P., & Kopp, S. (2013). Introduction: Why a new theory of 

communication? In I. Wachsmuth, J. de Ruiter, P. Jaecks, & S. Kopp (Eds.), Alignment in 
communication: Towards a new theory of communication (pp. 1–10). Amsterdam: John 
Benjamins. doi: 10.1075/ais.6.01wac

Wagoner, B., & Gillespie, A. (2013). Sociocultural mediators of remembering: An extension 
of Bartlett’s method of repeated reproduction. British Journal of Social Psychology, 53(4), 
622–639.  doi: 10.1111/bjso.12059

Wang, Q. (2013). The autobiographical self in time and culture. New York: Oxford University 
Press.  doi: 10.1093/acprof:oso/9780199737833.001.0001

Wegner, D.M. (1986). Transactive memory: A contemporary analysis of the group mind. In 
B. Mullen & G.R. Goethals (Eds.), Theories of group behavior (pp. 185–208). New York: 
Springer.

Wegner, D.M., Erber, R., & Raymond, P. (1991). Transactive memory in close relationships. 
Journal of Personality and Social Psychology, 61, 923–929.  doi: 10.1037/0022-3514.61.6.923

Weldon, M.S., & Bellinger, K.D. (1997). Collective memory: Collaborative and individual pro-
cesses in remembering. Journal of Experimental Psychology: Learning, Memory, and Cogni-
tion, 23, 1160–1175.  doi: 10.1037/0278-7393.23.5.1160

Wertsch, J.V. (2002). Voices of collective remembering. Cambridge: Cambridge University 
Press.  doi: 10.1017/CBO9780511613715

http://dx.doi.org/10.1177/1750698014530621.

http://dx.doi.org/10.1177/1745691611427303.

http://dx.doi.org/10.1007/s13752-013-0097-z.

http://dx.doi.org/10.1007/s11097-010-9182-y.

http://dx.doi.org/10.1016/j.evolhumbehav.2011.01.001.

http://dx.doi.org/10.1007/s13164-012-0128-x.

http://dx.doi.org/10.1080/09515089.2011.579418.

http://dx.doi.org/10.1007/s13164-012-0126-z.

http://dx.doi.org/10.1080/00754170500079651.

http://dx.doi.org/10.1075/ais.6.01wac.

http://dx.doi.org/10.1093/acprof:oso/9780199737833.001.0001.

http://dx.doi.org/10.1037/0022–3514.61.6.923.

http://dx.doi.org/10.1037/0278–7393.23.5.1160.

http://dx.doi.org/10.1017/CBO9780511613715.



© 2015. John Benjamins Publishing Company
All rights reserved

	 Interacting to remember at multiple timescales	 

Wertsch, J.V. (2009). Collective memory. In P. Boyer & J.V. Wertsch (Eds.), Memory in mind and 
culture (pp. 117–137). Cambridge: Cambridge University Press.

	 doi: 10.1017/CBO9780511626999.008
Wheeler, M.A., & Roediger, H.L. III. (1992). Disparate effects of repeated testing: Reconciling 

Ballard’s (1913). and Bartlett’s (1932). results. Psychological Science, 3, 240–224.
	 doi: 10.1111/j.1467-9280.1992.tb00036.x
Wheeler, R., Allan, K., Tsivilis, D., Martin, D., & Gabbert, F. (2013). Explicit mentalizing mecha-

nisms and their adaptive role in memory conformity. PLoS ONE, 8(4), e62106. 
	 doi: 10.1371/journal.pone.0062106
Williamson, K., & Sutton, J. (2014). Embodied collaboration in small groups. In C.T. Wolfe 

(Ed.), Brain theory: Essays in critical neurophilosophy (pp.107–133). London: Routledge.
Wilson, R.A. (2005). Collective memory, group minds, and the extended mind thesis. Cognitive 

Processing, 6, 227–236.  doi: 10.1007/s10339-005-0012-z
Xu, J., & Griffiths, T.L. (2010). A rational analysis of the effects of memory biases on serial repro-

duction. Cognitive Psychology, 60(2), 107–126.  doi: 10.1016/j.cogpsych.2009.09.002
Zerubavel, E. (2003). Time maps: Collective memory and the social shape of the past. Chicago: 

University of Chicago Press.  doi: 10.7208/chicago/9780226924908.001.0001

Authors’ addresses

Lucas M. Bietti
Institute of Work and Organizational Psychology
University of Neuchâtel
Rue Emile-Argand 11
CH-2000 Neuchâtel
Switzerland

Email: lucas@bietti.org

John Sutton
Department of Cognitive Science
Australian Hearing Hub
Macquarie University
Sydney
NSW 2109
Australia

Email: john.sutton@mq.edu.au

Authors’ bionotes

Lucas M. Bietti is an Ambizione Fellow of the Swiss National Science Foundation at the Uni-
versity of Neuchâtel. Previously, he was a Marie Curie Fellow at Telecom ParisTech and held an 
Alexander von Humboldt Fellowship for postdoctoral researchers at the Institute for Advanced 
Study in the Humanities, Essen, and was visiting scholar at the Department of Language and 
Communication at VU University Amsterdam. His research interests include collaborative 
remembering, multi-modal interaction, cultural learning and distributed cognition. For further 
information visit URL: http://www.collectivememory.net.

http://dx.doi.org/10.1017/CBO9780511626999.008.

http://dx.doi.org/10.1111/j.1467–9280.1992.tb00036.x.

http://dx.doi.org/10.1371/journal.pone.0062106.

http://dx.doi.org/10.1007/s10339-005-0012-z.

http://dx.doi.org/10.1016/j.cogpsych.2009.09.002.

http://dx.doi.org/10.7208/chicago/9780226924908.001.0001.

http://www.collectivememory.net


© 2015. John Benjamins Publishing Company
All rights reserved

	 Lucas M. Bietti & John Sutton

John Sutton is Professor of Cognitive Science at Macquarie University in Sydney, where he 
was previously Head of the Department of Philosophy. He is author of Philosophy and Memory 
Traces: Descartes to connectionism, and coeditor of the international journal Memory Studies. 
His current research addresses distributed cognition, social and collaborative remembering, 
skilled movement and expertise, perspective in autobiographical memory, and cognitive his-
tory. URL: http://johnsutton.net/


	Interacting to remember at multiple timescales
	1. Introduction
	2. Timescale #1: Coordination Processes
	2.1 Behavioral matching
	2.2 Interactional synchrony
	2.3 Bodily resources and remembering in interactive contexts
	2.4 Alignment and joint remembering
	2.5 Linking micro and mid-range timescales

	3. Time scale #2: Collaborative processes
	3.1 Benefits and cost of collaboration
	3.2 The collaborative recall paradigm

	4. Time-scale #3: Cooperative Processes
	4.1 Transmission of memories
	4.2 Social contagion and malleable memories

	5. Time scale #4: Cultural processes
	5.1 The formation of collective memories
	5.2 Distributed cognitive networks

	6. Relations between timescales
	Acknowledgements
	References


