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Humans readily engage in idle chat and heated discussions and negotiate tough joint decisions without
ever having to think twice about how to keep the conversation grounded in mutual understanding.
However, current attempts at identifying and assessing the conversational devices that make this possi-
ble are fragmented across disciplines and investigate single devices within single contexts. We present a
comprehensive conceptual framework to investigate conversational devices, their relations, and how
they adjust to contextual demands. In two corpus studies, we systematically test the role of three conver-
sational devices: backchannels, repair, and linguistic entrainment. Contrasting affiliative and task-
oriented conversations within participants, we find that conversational devices adaptively adjust to the
increased need for precision in the latter: We show that low-precision devices such as backchannels are
more frequent in affiliative conversations, whereas more costly but higher-precision mechanisms, such
as specific repairs, are more frequent in task-oriented conversations. Further, task-oriented conversations
involve higher complementarity of contributions in terms of the content and perspective: lower semantic
entrainment and less frequent (but richer) lexical and syntactic entrainment. Finally, we show that the
observed variations in the use of conversational devices are potentially adaptive: pairs of interlocutors
that show stronger linguistic complementarity perform better across the two tasks. By combining moti-
vated comparisons of several conversational contexts and theoretically informed computational analyses
of empirical data the present work lays the foundations for a comprehensive conceptual framework for
understanding the use of conversational devices in dialogue.
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Conversation lies at the heart of language. Conversational
exchanges are foundational to our social lives, critical for learn-
ing language and establishing friendships, as well as key to in-
formation-sharing, the acquisition of new knowledge, and the
coordination of tasks and problem-solving across a range of
contexts (Schegloff, 2006). Conversations are a joint undertak-
ing, but one that seems surprisingly easy (Pickering & Garrod,
2004). Not unlike experienced dancers, interlocutors engage

with each other in seamless coordination, synchronizing and
complementing each other, as well as quickly solving problems
when things go wrong (Clark, 1985; Clark & Brennan, 1991;
Dale et al., 2013; Duran & Fusaroli, 2017; Fusaroli et al., 2016;
Fusaroli, Gangopadhyay, et al., 2014). How are people able to
conduct this “conversational dance” with such ease, ensuring
mutual understanding through entrainment and coordination of
subtle behavioral cues?
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The question of how people successfully coordinate with one
another in conversations has been widely debated (Bangerter &
Clark, 2003; Clark & Brennan, 1991; Fusaroli, Rączaszek-Leonardi,
et al., 2014; Pickering & Garrod, 2004), with individual accounts
typically pointing to different cognitive mechanisms and conversa-
tional devices. An integrative and detailed exploration of these
diverse findings has potential implications and applications in sev-
eral fields. A thorough understanding of how we create mutual
understanding in conversation can accommodate the design of more
successful human-computer interactions, as well as building a more
detailed understanding of how effective team collaboration is facili-
tated through conversation. Furthermore, knowledge of how conver-
sational devices are structured in conversation can help us better
understand how atypical social functioning in neurodiverse people is
expressed during interaction.
A key account of conversational coordination involves the notion

of common ground, defined as “the sum of information that people
assume they share” (Clark, 2009). Common ground is built and
maintained as interlocutors share positive or negative evidence of
understanding in conversation, a process also referred to as ground-
ing of situation models (Clark & Schaefer, 1989; Clark & Wilkes-
Gibbs, 1986). The grounding process is thought to involve pragmatic
top-down mechanisms and a variety of conversational devices such
as backchannels (positive evidence), repairs (negative evidence, or
better, evidence of lack of mutual understanding), as well as lexical
entrainment reflecting agreed on representations, or conceptual pacts
(positive evidence; Brennan & Clark, 1996; Clark & Brennan, 1991).
Another prominent account of mutual understanding in conver-

sation is interactive alignment (Pickering & Garrod, 2004). This
account eschews the conception of common ground as explicitly
shared representations, in favor of more implicit and automatic
mechanisms (but see also Pickering & Garrod, 2021, for an inte-
gration of more explicit processes). When processing each other’s
linguistic forms, interlocutors are primed to reuse them (linguistic
alignment). And as they converge on similar lexical expressions,
interlocutors also come to align their syntax and semantics, and
thereby end up sharing similar representations of the situation
(Pickering & Garrod, 2004), which makes them able to communi-
cate and interact successfully.
A third account, interpersonal synergy (Fusaroli et al., 2016;

Fusaroli, Rączaszek-Leonardi, et al., 2014; Riley et al., 2011), takes
an orthogonal stance and focuses on the cognitive challenge posed
by conversations: as one interlocutor speaks, the other has to monitor
and process their behaviors (from words to posture), produce and
monitor their own reactions (from an attentive gaze to a backchan-
nel), and plan their own turns (including anticipating the other’s reac-
tions) in a way that is sensitive to the goals of the interaction. The
cognitive challenge to control all this complexity is facilitated by syn-
ergies: interlocutors locally couple and constrain their own and each
other’s degrees of freedom, greatly reducing the amount of control
needed. In other words, the different behaviors enacted in conversa-
tions are made interdependent. Linguistic entrainment is an obvious
example: by reusing each other’s words we are reducing the space of
possible utterances, simplifying the coordination. However, although
linguistic entrainment might be pervasive and play an important role,
just repeating each other is not enough to successfully coordinate,
especially when trying to solve a task together. Indeed, interpersonal
synergies are crucially constituted by complementary behaviors and
routines sensitive to contextual demands. Just like muscular synergies

in our arms are assembled on the fly to carefully hold a precious cup,
or more forcefully take hold of a handrail while slipping, different
conversational devices, including linguistic entrainment, are modu-
lated and interconnected to fit contextual demands.

Mutual understanding between speakers has often been treated
as a one-size-fits-all concept. The vast majority of quantitative
studies have thus focused only on one conversational context
assessing whether, for instance, linguistic entrainment was a good
predictor of the success of the conversation, in terms of rapport or
performance in a specific task (for a review, see, e.g., Duran et al.,
2019). However, people continuously adjust their expectations and
behaviors to the particular context of a conversation (e.g., see the
grounding principle in Clark & Brennan, 1991, and the notion of
functional assemblies in Fusaroli, Rączaszek-Leonardi, et al.,
2014; Dale, 2015). For example, conversations between pilots and
control towers are likely to require high levels of precision and are
explicitly structured to ensure more frequent checks for mutual
understanding than a casual dinner party conversation (Prinzo &
Britton, 1993). By contrast, in more casual conversations, precise
mutual understanding might not always be necessary, or even
sought for. Indeed, Galantucci and colleagues repeatedly found
interlocutors to be insensitive to miscommunication and to avoid
repair as much as possible when engaged in casual conversation
(Galantucci et al., 2020; Galantucci & Roberts, 2014).

Given these differences in contextual demands, we expect the use
of conversational devices to vary across contexts (Fusaroli et al.,
2017; Healey et al., 2014; Reitter & Moore, 2014). Specifically, in
conversational contexts demanding a high degree of precision in in-
formation sharing, we should expect variation in the use of conversa-
tional devices to be associated with variation in performance. For
instance, proponents of the interactive alignment model have shown
that the more interlocutors entrain in a task-oriented task, the better
they perform on this task (Fusaroli & Tylén, 2016; Gries, 2005, p. 20;
Reitter & Moore, 2006, 2014; Slocombe et al., 2013). Nonetheless,
approaches based on the interpersonal synergy account of conversa-
tion have argued that effective conversations do not rely on similarity
alone. On the contrary, effective coordination requires complementary
contributions adapted to the current context (Fusaroli, Rączaszek-
Leonardi, et al., 2014). Indeed, too much entrainment might be
deleterious: highly entrained interlocutors might end up merely
repeating each other without contributing new information, which
will impede performance (Fusaroli et al., 2012; Fusaroli, Gango-
padhyay, et al., 2014; Tylén et al., 2020; Xu & Reitter, 2017).

Inspired by such accounts, in this article we combine these different
foci of analysis to critically investigate how conversational devices
contribute to the mutual understanding between speakers. In particu-
lar, we focus on three prominent linguistic devices and their interrela-
tions: backchannels, conversational repair, and linguistic entrainment
(Bangerter & Clark, 2003; Clark & Brennan, 1991; Dale et al., 2013;
Dingemanse & Enfield, 2015; Fusaroli et al., 2017; Gardner, 2001;
Mills et al., 2017; Pickering & Garrod, 2004; Schegloff, 1982, 2000;
Yngve, 1970). Backchannels are subtle cues that signal understanding
or agreement (positive evidence of understanding; Bangerter & Clark,
2003; Clark & Brennan, 1991; Schegloff, 1982; Yngve, 1970).1

1Whereas backchannels frequently feature multimodal aspects (as in
head nods or eye blinks that may accompany or replace verbal forms
(Hömke et al., 2018), our empirical scope in the studies reported here is on
verbal backchannels.
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Conversational repair refers to linguistic resources that signal a poten-
tial misunderstanding and request its resolution (negative evidence of
understanding; Dingemanse et al., 2015; Dingemanse & Enfield,
2015; Schegloff, 2000; Schegloff et al., 1977). Lastly, linguistic
entrainment—independently of the underlying mechanism assumed
—indicates the reuse of one’s interlocutor’s lexical choices, syntax
and semantic topics. Linguistic entrainment has been variously argued
to facilitate and reflect mutual understanding in conversation some-
times by signaling and promoting a common representation of the sit-
uation, sometimes by indicating a lack of diverse contributions to the
problem (Brennan & Clark, 1996; Duran et al., 2019; Garrod &
Anderson, 1987; Pickering & Garrod, 2004). We refer to these central
linguistic processes as conversational devicesmotivated by their func-
tion as facilitators for the establishment of mutual understanding in
conversations between speakers. Although a large number of studies
have looked at individual conversational devices in isolation, in the
current article, we investigate them together in a systematic and quan-
titative manner.
By experimentally manipulating contextual demands, in particu-

lar the need for precise information sharing, we present theoreti-
cally motivated constraints of how conversational devices facilitate
mutual understanding in conversations. By measuring the relation-
ship between the use of conversational devices and task perform-
ance across two diverse tasks, we provide robust and generalizable
hypotheses for their functional role.
The aim of this article is to develop a conceptual framework to

better understand and gain new insights into the use and function of
fundamental conversational devices underpinning the collaborative
dynamics of conversation. We do this by (a) providing empirically
grounded, theoretically informed, and standardized ways to identify,
quantify, and model three conversational devices from the current
literature; (b) investigating these three devices and their relations as
they systematically vary across two well-motivated types of conver-
sation, and (c) quantifying their relation to performance across two
diverse tasks. Moreover, we aim to develop an open science pipeline
to enable replicable and transparent progress in the scientific study
of conversational dynamics. In particular, we provide reproducible
methodological tools, such as manual and automated coding
schemes, appropriate distributional modeling of the data, and full
release of the preprocessing and analytical code. In this way, we
ensure our conceptual contributions are seamlessly integrated and
support methodological and empirical contributions.
Next, we detail the different kinds of conversational devices

before reporting on our two-part study of Danish conversations in
the subsequent sections (building on an exploratory study reported
in the online supplemental materials) and conclude with a broad
discussion of the dynamics of conversation.

General Hypotheses

The following study investigates backchannels, conversational
repair, and linguistic entrainment, in two different conversational
contexts: task-oriented conversations and affiliative conversations.
Based on the notion that task contexts are often more information-
ally dense, we hypothesize that conversational devices which enable
higher referential precision in the construction and maintenance of
shared knowledge, will be more frequent in task-oriented conversa-
tions (H1). In addition, we explore how the individual mechanisms
are related, and whether they are interdependent. Furthermore, since

we argue that conversational devices have an adaptive function, we
hypothesize that pairs of interlocutors that promote relevant conver-
sational devices will perform better in the tasks (H2). In other words,
if we observe task-oriented conversations to be associated with, for
instance, higher entrainment levels than affiliative conversations, we
would also expect pairs with higher entrainment levels to perform
better in that task than those with lower entrainment levels. We
investigate H1 in a controlled within-subject corpus collected for the
explicit purpose of task comparison. H2 is then assessed on a subset
of the same corpus, including only the task-oriented conversations.

It should be noted that none of these hypotheses should be taken
to the extreme: a conversation consisting only of backchannels or
with no reuse of linguistic forms from the interlocutor is unlikely to
be successful. We are only stipulating these hypotheses within rela-
tively naturalistic adult-adult conversations and the typical ranges of
backchannels, repairs, and entrainment they entail. Further, although
we manipulate the contextual demands of the conversations (H1),
the assessment of the adaptive role of conversational devices (H2) is
purely observational and will need further experimental evidence to
enable more robust inferences of causality (see Discussion).

Conversational Devices

Research on conversational devices—although productive—has
been challenged by a disconnect between the various disciplines
involved. The sociologically oriented field of Conversation Analy-
sis has carried out qualitative work identifying and describing con-
versational devices such as backchannels and repair, and studying
their function in interaction (for instance, Gardner, 2001; Schegl-
off et al., 1977; Yngve, 1970). In contrast, the field of psycholin-
guistics has experimentally investigated linguistic entrainment in
various forms (for instance, Brennan & Clark, 1996; Garrod &
Anderson, 1987; Pickering & Garrod, 2004; Reitter & Moore,
2006, 2014). Although these studies could be argued to address
related phenomena, the use of radically different methods makes it
difficult to compare results across studies, thereby restricting more
general theoretical claims and hypotheses (de Ruiter & Albert,
2017). Here, we combine insights from both fields, to investigate
the role of conversational devices within a unified framework.

We focus on three different conversational devices: backchan-
nels, conversational repair, and linguistic entrainment and how
they are differentially engaged contingent on varying contextual
demands, such as the need for more or less precise information
sharing across different contextual settings. It is important to note
that these are not the only conversational features that promote
mutual understanding or shared conceptualization (see Clark &
Brennan, 1991, for a number of processes whereby one can
assume that the grounding criterion has been met), and the incor-
poration of additional devices should be included in future studies.

Backchannels

Backchannels are subtle cues produced by the recipient in
response to a current speaker (Yngve, 1970). They mostly consist
of short words like “yes,” “uh-huh” or “okay” but they can also be
short utterances that repeat what the speaker just said (A: “I’ll
bring cake, then you can bring coffee.” B: “I’ll bring coffee!”).
Even though backchannels are typically produced while someone
else is speaking, they are not considered an interruption. Rather,
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they act as an affirmation that the listener is paying attention to the
conversation and that there are currently no problems of mutual
understanding between the interlocutors (Gardner, 2001).
Backchannels can also act as “continuers” (Schegloff, 1982),

signaling both that some input has been received and that more is
expected, and that the recipient has no intention of taking the floor
(Bangerter & Clark, 2003; Goodwin, 1986; Jefferson, 1984;
Schegloff, 1982; Yngve, 1970). This continuer use is illustrated
here in Danish examples (see Example 1) with English gloss
(using boldface to highlight the particular device).

Previous studies have found backchannels to be more prevalent
in task-oriented conversations, where they support precise infor-
mation sharing in grounding processes by continuously confirming
mutual understanding between speakers (Fusaroli et al., 2017; see
also the Preliminary Exploratory Study in the online supplemental
materials). Based on this, we expect to see a higher rate of back-
channels in task-oriented conversations, and an even higher preva-
lence of them in the better performing pairs.

Repair

Whereas backchannels serve as positive feedback to the speaker,
conversational repair comes into play when mutual understanding
is potentially compromised and needs to be reestablished or indeed
repaired. By using a repair request, an interlocutor indicates they
have not fully heard or understood the previous sentence and that
they need a clarification. Repair requests (see Example 2) can take
different forms and vary in degree of specificity (Schegloff et al.,
1977), but they all share the main function of mending possible
break-downs in mutual understanding between interlocutors.

Previous work has identified three basic ways to initiate repair,
on a scale from general to specific (Dingemanse et al., 2015): open
requests call for repair of a prior utterance while leaving open
what or where the problem is. They are often initiated with short

expressions like “huh?” or “what?.” Restricted requests, by con-
trast, point to a specific part of the utterance that needs clarifica-
tion. They often feature question words like “where?,” “who?” or
“which?” along with expressions that repeat or refer to some ele-
ment of the prior utterance. Finally, restricted offers put forward a
possible interpretation of the prior utterance: “the main street?” or
“the Labrador?” They restrict the problem space by pointing
directly to the troublesome aspect and offer a possible solution
that enables the original speaker to respond, in many cases, with a
simple confirmation.

In line with the principle of least collaborative effort (Clark &
Wilkes-Gibbs, 1986), comparative cross-linguistic work has found
a general preference for using more specific repair types: people
tend to choose the most specific repair initiation type possible
given the circumstances (Dingemanse et al., 2015). Assuming that
interlocutors try to minimize collaborative effort, initiating a repair
by offering the most general repair type would be less helpful and
require more effort.

The contextually adaptive nature of repair initiation has only
rarely been studied contrastively: one study finds a higher frequency
of repairs in task-oriented conversations compared with affiliative
conversations (Mills et al., 2017), whereas others suggest that repairs
might facilitate the construction of shared abstract conventions
(Mills, 2014). Nonetheless, the importance of repair in the negotia-
tion of mutual understanding and the sharing of information (in par-
ticular with restricted requests and restricted offers) indicates that
they might be most prominent in contexts that require a high degree
of referential precision, such as task-oriented conversations. In other
words, interlocutors might be less likely to check their mutual under-
standing, and more likely to overlook minor signs of miscommuni-
cation when the need of precise information sharing is lower, as in
affiliative conversations (Galantucci et al., 2020; Galantucci & Rob-
erts, 2014).

Linguistic Entrainment

A third mechanism that has been suggested to be crucial for mu-
tual understanding between interlocutors is linguistic entrainment
(Bangerter & Clark, 2003, 2003; Brennan & Clark, 1996; Dale
et al., 2013; Duran et al., 2019; Fusaroli et al., 2012; Fusaroli &
Tylén, 2016; Mills, 2014; Pickering & Garrod, 2004). Linguistic
entrainment has been conceptualized in a variety of ways (Rasen-
berg et al., 2020). For example, Pickering and Garrod construe
interactive alignment as an implicit mechanism leading to mutual
understanding (Goudbeek & Krahmer, 2012; Pickering & Garrod,
2004). An interlocutor’s linguistic production is mutually primed
by the partner’s production, leading to the production of more sim-
ilar linguistic forms that, in turn, automatically and implicitly pro-
mote a shared representation of the situation (alignment). By
sharing a mutual understanding of the situation, then, interlocutors
can more easily coordinate their efforts on a joint task or problem.
Other approaches have conceptualized linguistic entrainment as a
more explicit mechanism, whereby individuals reuse their interloc-
utors’ expressions in a deliberate and targeted way, to signal and
express mutual understanding (e.g., “conceptual pacts,” Brennan
& Clark, 1996; Carbary & Tanenhaus, 2011). For the purpose of
this study, we use the more general term of “linguistic entrain-
ment” and will not address the implicit or explicit nature of the
underlying cognitive mechanism.

Example 1
Backchannel

A og dreje mod øst efter guldminen sådan at man - at guldminen
kommer til at gå—være nord om for en

and turn east after the goldmine so that you - that the goldmine is
going to - will be North of you

B ja
yes

A og så skal man efter guldminen gå cirka en centimeter længere mod
øst og så dreje en lille smule mod nord

and, after the goldmine you move about one centimeter further East
and then turn a bit towards the North

Example 2
Repair (Restricted Offer)

A fra fra runestenene altså sådan lidt højere oppe end der hvor der står
guldmine

from from the runic stones, like just a little higher up than where it
says goldmine

B okay hvad sagde du det var? En kirkegård?
okay what did you say it was? A cemetery?

A en kirkegård, ja
a cemetery, yes
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No matter the mechanism, interlocutors have been observed to
entrain on several parameters, from lexical and syntactic choices
to relatively lower-level features such as bodily postures, facial
expression, and accent (Branigan et al., 2007; Brennan & Clark,
1996; Chartrand & Bargh, 1999; Chartrand & Lakin, 2013; Dumas
& Fairhurst, 2021; Garrod & Anderson, 1987; Healey et al., 2014;
Louwerse et al., 2012; Misiek et al., 2020; Rasenberg et al., 2020;
Scheflen, 1964; Shockley et al., 2003). However, the function of
entrainment, and linguistic entrainment in particular, has been
debated, with different studies focusing either on the importance
of alignment and similarity (Pickering & Garrod, 2004) or on that
of dissimilarity and complementarity of contributions (Fusaroli,
Rączaszek-Leonardi, et al., 2014; Tylén et al., 2020).
Here, we focus on the verbal aspects of entrainment: the interlocu-

tors’ propensity to reuse each other’s linguistic forms in adjacent con-
versational turns; specifically, lexical items, syntactic constructions, or
semantic content. Entrainment could, of course, happen over longer
time scales and across multiple turns. Here we focus on adjacent turns
as they represent a particularly salient and often investigated phenom-
enon (for a broader discussion of the time scales at work, see Duran
et al., 2019). Notice that episodes of entrainment may occasionally
overlap with both backchannel and restricted offers, where part of the
previous utterance is often repeated to explicitly signal understanding
or request clarification (Fusaroli et al., 2017).
Lexical entrainment (see Example 3) is the perhaps most studied

form of linguistic entrainment, whereby interlocutors reuse each
other’s lexical material (Brennan & Clark, 1996; Fusaroli et al., 2012).

In the above example, the lexical forms “I” and “have” uttered by
speaker A are repeated by speaker B, constituting a case of lexical
entrainment. Note that different words have different baseline rates
of occurrence and that could confound measures of entrainment
(Healey et al., 2014; we return to this issue in the Method section).
Interlocutors can also entrain on the syntactic level. For the current pur-

poses, the repetition of consecutive sequences of parts of speech (bigrams
or trigrams) from a previous utterance acts as a proxy for syntactic
entrainment (see Example 3; including cases of whole or partly lexical
repetition, see Example 4) and has been shown to yield analogous results
to the explicit modeling of syntactic trees (Reitter & Moore, 2006). For
instance, an interlocutor can repeat the use of pronouns and verb forms.

Here speaker A’s sequence of pronoun (PRON), verb (VB),
adverbs (ADV) and adjective (ADJ) are repeated in the identical
order by speaker B, although most of the specific words change.
Syntactic entrainment is more abstract than lexical repetition, and
we expect it to be pervasive (as the inventory of parts of speech is
limited, making n-grams more likely to co-occur across utterances).
It has been argued to play an important role in conversational suc-
cess, as it catalyzes and/or reflects a shared understanding of the sit-
uation (Reitter & Moore, 2014; it has also been connected to
language development: Fusaroli et al., 2021; Rowland et al., 2012).

We also investigate semantic entrainment (see Example 5): that
is, the extent to which people stay with the similar topics and
themes although not necessarily using the same words and syntax.

Here the two interlocutors, although not entraining lexically,
use words that are semantically related and therefore entrain on
their topic, namely “outer space.”

Several studies have found relations between linguistic entrainment
and performance in joint tasks (positive relations: Fusaroli & Tylén,
2016; Gries, 2005; Reitter & Moore, 2014, 2006; Slocombe et al.,
2013; negative relations: Fusaroli et al., 2012; Xu & Reitter, 2017).
However, going beyond previous studies, we will distinguish between
two components of lexical and syntactic entrainment: rate and level.
Rate of entrainment is defined as the frequency of utterances that con-
tain any entrainment relative to an immediately prior utterance, no
matter how much. Level of entrainment is defined as the relative
amount of repeated items (for instance, words) within adjacent utteran-
ces displaying entrainment. This is motivated conceptually and sup-
ported by the data. We might imagine conversations with lots of
“touching base” by frequent repetitions of single key lexical or syntac-
tic forms, but without any extensive repetition of full utterances (high
rate, low level, see Example 6a). On the other hand, we can also imag-
ine conversations with very infrequent entrainment, but when entrain-
ment happens, full utterances are repeated (low rate, high level, see
Example 6b). This distinction is further supported by the data: many
utterances present no lexical and syntactic entrainment (zero inflation),
whereas utterances containing entrainment have more normally

Example 3
Lexical Entrainment

A jeg har ikke nogen altså jeg har en stor klippe men den ligger
I don’t have any, I mean, I have a big rock, but it’s

B jeg har to
I have two

Example 4
Syntactic Entrainment

A det er faktisk slet ikke godt
PRON VB ADV ADV ADV ADJ
that’s actually not very good

B det er overhovedet ikke sundt
PRON VB ADV ADV ADJ
that’s not healthy at all

Example 5
Semantic Entrainment

A den dér er anderledes end det første rumvæsen
that one is different from the first alien

B det ville sikkert være nemmere hvis vi havde et rumskib
it would probably be easier if we had a spaceship

Example 6a
High Rate, Low Level in an Affiliative Conversation (Words That
Are the Same Color Are Entrained)

Danish English translation

A men- men det vel lige så fint, fordi
det jo både din lønseddel og
en- altså det jo både en lønseddel

but- but it is just as good, because
it is both your paycheck and a-
you know it’s both a paycheck

B skal jeg ikke bare vedhæfte
årsopgørelsen og så se om den
ikke går

shouldn’t I just attach the tax return
and then see if it goes through?

A jo nemlig. den går da, fordi det j-
den har jo begge dele

exactly. It will go through,
because it- it has both

B altså jeg har ikke nogen well, I don’t have any

Note. See the online article for the color version of this table.
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distributed entrainment scores (centered somewhere around .30 and
decreasing in frequency at both sides). This can be described as a bi-
modal distribution of lexical and syntactic entrainment, which requires
us to separately deal with the two modes (rate and level, see the
Method section and Figure 3).
Example 6a displays an affiliative conversation where there is

some entrainment in all adjacent utterances (high rate), however,
only few words are repeated (low level).

Example 6b displays a task-oriented conversation in which rela-
tively few utterances are aligned (low rate), but more words from
the previous utterance are aligned (high level).
Given the novelty of these measures and the contradictory pre-

vious findings we rely on a single study for hypotheses for entrain-
ment (see Section 1 in the online supplemental materials). Based
on this, we expect to see a contextual difference with higher
entrainment rates in affiliative conversations, but low levels and
the opposite pattern in task-oriented conversations: high entrain-
ment levels, but low rates. These hypotheses attempt to combine
previous theoretical approaches (e.g., the need for similarity and
for complementarity) with the empirical findings established in the
exploratory analysis reported in the online supplemental materials.

Relations Between Conversational Devices

One important question is also how independent these conversa-
tional devices are from each other, and whether they can meaning-
fully be analyzed in isolation. For instance, it is a tenet of the
Interactive Alignment framework that linguistic entrainment at
any level catalyzes the entrainment of all other levels (Pickering &
Garrod, 2004). Therefore, higher lexical entrainment should go
hand in hand with syntactic entrainment (as also shown in Row-
land et al., 2012). Analogously, Fusaroli et al. (2017) have shown
that specific forms of repairs often involve lexical repetition, and
therefore should covary with entrainment. The interpersonal syn-
ergy account would also suggest that there are multiple ways in
which interlocutors can reduce the complexity of the interaction
potentially resulting in trade-offs in the use of conversational devi-
ces (Fusaroli, Rączaszek-Leonardi, et al., 2014). For instance,
Schegloff (1982) conceptualized backchannels as passing opportu-
nities for repair, which would imply that more backchannels could

be related to fewer repairs. Furthermore, interlocutors relying
more on lexical entrainment as a conversational device for mutual
understanding have been shown to also display fewer backchan-
nels and repairs (Fusaroli et al., 2017). It seems therefore crucial
to better understand the network of interdependencies in which
conversational devices are used.

Preliminary Exploratory Study

Prior to the current study we conducted an exploratory between-
subjects study relying on two already existing corpora, the Dan-
TIN (Steensig et al., 2013) and the DanPASS corpora (Grønnum,
2009). The DanTIN corpus consists of affiliative conversations,
whereas the DanPASS corpus consists of task-oriented conversa-
tion, where participants solved the Map Task (Anderson et al.,
1991). The two corpora were small (DanTIN: N = 18; DanPASS:
N = 22) and varied along a number of properties, which made
them suboptimal for direct contrastive comparison between con-
versations. However, this exploratory study was aimed at develop-
ing and testing the methods to analyze our within-subject corpus,
and to identify meaningful priors. The analyses are the same as
those described in Part I.

We found that backchannels, restricted offers, and lexical and
syntactic entrainment level were more frequent in task-oriented
conversations, whereas open requests, lexical and syntactic
entrainment rate, and semantic entrainment were more frequent in
affiliative conversations. Thus, the key findings suggested that the
increased need for referential precision in task-oriented conversa-
tions would be related to a more frequent occurrence of conversa-
tional devices. See the online supplemental materials for a detailed
overview of the corpus, methods, and findings.

Part I: Conversations

Part I sets out to systematically investigate the hypotheses in a
large and controlled within-subject experimental design. This
approach allows us to directly test whether the same participants
modulate their use of conversational devices as contextual
demands change.

Most previous studies rely on a single conversational context:
for instance, informal phone conversations, or a specific collabora-
tive task involving navigating a map or jointly making a decision.
In an attempt to maximize the comparability of our findings to the
previous literature and to address the heterogeneity of real-world
conversational contexts, we opted for collecting four different con-
versations from each pair of participants: two sessions of affiliative
conversations and of task-oriented conversations covering a num-
ber of tasks used in previous studies.2 Note that the distinction
between task-oriented and affiliative conversations likely belongs
on a continuum. Affiliative concerns, such as not losing face,
being polite, etc., are also present during task-oriented conversa-
tions although they are likely to have a relatively lower salience,
as other concerns—such as performing well on the task—will be
at the forefront.

The two affiliative conversations varied by the degree of partici-
pants’ familiarity, being situated at the beginning and at the end of

Example 6b
Low Rate, High Level in Task-Oriented Conversations (Words
That Are the Same Color Are Entrained)

Danish English translation

A det var den der ikke? it’s that one, right?
B ja mm yes uh-huh
A den har ikke pletter it does not have spots
B den har ikke pletter det er

næsten det samme som ja
it does not have spots, it’s almost
the same as, yes

A ja det var det det var blå okay
måske kan man ikke få lov
så

yes it was it it was blue, okay,
maybe you’re not allowed then

B nej ha ha no ha ha
A er det også sådan en blå? is it also this kind of blue?
B ja yes
A det gjorde vi også til den der we did the same for that one

Note. See the online article for the color version of this table.

2 Preliminary analyses of parts of this corpus were presented at CogSci
2019 (Dideriksen, Fusaroli, et al., 2019).
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the data collection. The two task-oriented conversations varied in
the particular tasks assigned. Previous studies investigating con-
versational strategies in task-oriented conversations have often
applied tasks from one of two categories: more asymmetric direc-
tor-matcher tasks (e.g., the Map Task, Anderson et al., 1991; or the
visual perspective taking task, Hawkins et al., 2021; Keysar et al.,
2000), or more symmetric tasks with both participants having access
to equal amounts of information (e.g., the Optimally Interacting
Minds task, Fusaroli et al., 2012; the Maze Game, Garrod & Ander-
son, 1987; and the tangram task, Clark &Wilkes-Gibbs, 1986; Haw-
kins et al., 2020). To be able to more meaningfully compare our
findings to previous studies, as well as to assess the generality of our
findings beyond one specific task, we chose to include two tasks that
vary along these dimensions. The first task—the Alien Game—
implemented a symmetric joint decision situation: the participants
had to jointly assess whether different aliens were dangerous or not
(see Figure 1 and Tylén et al., 2020). The second task, the Map
Task, was more asymmetrical. Here one participant has access to in-
formation (a path on a map) that they have to share with the other
(Anderson et al., 1991).
Given the studies reviewed above, we predict the increased

need for accurate information sharing in task-oriented conversa-
tions to be related to an increased frequency of backchannels, and
repairs compared with affiliative conversations. Moreover, we
expect the type of repairs to be affected by the contexts, with a
higher frequency of the more specific kinds of repair types in task-
oriented conversations compared with affiliative conversations.
Linguistic entrainment has shown more mixed results, with some
studies arguing for a positive relation to performance (the more
similar, the easier to coordinate, see Gries, 2005; Ireland & Hen-
derson, 2014; Reitter & Moore, 2014; Slocombe et al., 2013) and
others for a negative relation (the more similar, the less we con-
tribute to each other’s solutions, see Fusaroli et al., 2012; Tylén
et al., 2020; Xu & Reitter, 2017). To refine our hypotheses, we
explored two existing corpora of affiliative and task-oriented con-
versations (see Section 1 in the online supplemental materials).
This led us to restate our hypotheses on backchannels and repairs
and to hypothesize lower lexical and syntactic entrainment rates
and semantic entrainment, but higher lexical and syntactic entrain-
ment levels in task-oriented conversations. In other words, supported

by exploratory analyses on a different corpus, we hypothesize that
when more precise and complementary information sharing is
required, entrainment will be less frequent, but involve more sub-
stantial repetitions of the previous utterance. This strongly resonates
with our previous work on conversations as synergies, where com-
plementarity and entrainment both play a role (Dale et al., 2013;
Fusaroli, Rączaszek-Leonardi, et al., 2014; Fusaroli & Tylén, 2016).
Last, we explore whether the occurrences of conversational devi-

ces are related to each other and display interdependencies across
mechanisms. For instance, we expect repair and entrainment to be
related, because repair often involves the repetition of linguistic
forms, but backchannel and repair to be negatively related, as interac-
tions where mutual understanding is continuously confirmed should
require fewer repairs (see Fusaroli et al., 2017).

Method

Corpora and Participants

We elicited conversations from 40 pairs (80 Danish individuals).
Each pair produced four conversations: 2 affiliative conversations
and 2 task-oriented conversations (for dataset see https://doi.org/
gqw3, Dideriksen, Christiansen, et al., 2019). Prior to the conversa-
tions, participants filled out a questionnaire reporting their age (mean
age = 23.2, SD = 3.5), gender (58% female participants), and educa-
tion (5 participants had finished a high school degree, whereas the
remaining 75 were students at Aarhus University). All participants
had Danish as their first language, although 8 participants also had
early exposure to at least one other language from birth (Italian, Can-
tonese, Tamil, Turkish, German, and English).

For the first affiliative conversation, we provided the partici-
pants with a sheet of open-ended conversation starters (e.g., “Dis-
cuss and agree on two superpowers that you would both like to
have,” see Section 2 in the online supplemental materials for the
full list) and asked them to get acquainted for a while. Afterwards
they were asked to complete the two collaborative tasks.

First, they played the Alien Game (Tylén et al., 2020), a joint deci-
sion task, where participants jointly make decisions about how to cat-
egorize a series of stimuli (in this case, aliens; see Figure 1). The
stimulus categories related to visual features of the aliens, where for
instance, the combination of spots and eyes on stalks would indicate

Figure 1
Sample of the Aliens Appearing in the Alien Game

Note. “The Social Route to Abstraction: Interaction and Diversity Enhance Rule-Formation and Transfer in a
Categorization Task,” by K. Tylén, R. Fusaroli, P. Smith, & J. Arnoldi, 2020, PsyArvix, p. 8 (https://doi.org/
10.31234/osf.io/qs253). CC-BY 4.0. Adapted with permission. See the online article for the color version of
this figure.
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whether the alien is friendly or hostile. Participants were explicitly
instructed that different species of aliens might behave differently,
without specifying that they should attend to visual features to clas-
sify them. Before the task started, examples of different aliens were
visually displayed including the available choices and the participants
were given time to discuss them. Then participants were presented
with one alien at a time on a joint screen. After 3 s the alien disap-
peared and participants were instructed to jointly decide whether they
thought the alien was hostile, friendly or valuable. The procedure
made sure that decisions relied on participants’ propensity to interac-
tively share their experiences of the stimulus.
At first, participants would rely on a trial-and-error strategy to

identify the correct choice, but gradually they seemed to learn
the association between specific features deciding the category
and became able to correctly identify also never-seen-before ali-
ens. Correct answers were rewarded with 100 points, whereas
wrong answers cost the pair a penalty of �100 points. The
game terminated after 10 min, yielding a variable number of
trials depending on the pace and collaborative style of the
participants.

Second, participants were instructed to solve the Map task (see Fig-
ure 2 and Anderson et al., 1991), which is a director-matcher task. The
task is an asymmetric game, where a director gives directions to a
matcher as to how to draw a path on a map, with the matcher being
free to interact, ask for explanations, etc. (see Figure 2). The partici-
pants each had their own individual monitor on which the maps
appeared but were separated by a screen limiting their view of each
other from the chest down; however, they were still able to see each
other’s facial expressions. The participants were introduced to the task
and shown examples of the maps. At the beginning of the task a map
would appear on both screens. Although the landmarks and a “start”
marking were the same on both screens, the route only appeared on
the director’s screen. The task was for the matcher to draw a route as
similar as possible to the route on the director’s map guided only by
the director’s verbal instructions. Again, the game terminated after 10
min, yielding a variable number of maps solved by each pair. For the
second affiliative conversation, if no conversation arose spontaneously,
the participants were instructed to continue discussing the conversation
starters provided for the first affiliative conversation. Often, however,
the participants naturally continued talking casually about the games
without any need for the experimenter to prompt them (23 of 39 pairs).
This second affiliative conversation differed from the first not only in
terms of simple increased familiarity between the participants but also
because it took place after an extended conversational interaction with
potential long term priming effects, and because the actual topics dis-
cussed were typically not the same. Each conversation lasted for about
10 min and participants were seated next to each other with visual
access to each other’s facial expressions throughout all conversations.

Due to technical issues, data from one pair and three conversa-
tions from other pairs had to be discarded. The final corpus consists
of 39 pairs, 153 conversations, and a total of 38,259 conversational
turns. The first affiliative conversation had an average of 226 utter-
ances per conversation (min: 52; max: 351) and the second of 212
(min: 86; max: 395). The first task-oriented conversation (the Alien
Game) had an average of 311 utterances per conversation (min:
241; max: 459) and the second (the Map Task) of 249 (min: 135;
max: 384). All conversations were transcribed orthographically and
coded manually for backchannel and repair. Twenty research assis-
tants were trained to code the data aided by coding schemes with
explicit examples explaining backchannels types and repair types
(coding schemes can be retrieved here: https://doi.org/gqw3; see
also example 1 and 2 for instances of backchannels and repairs).
The Preliminary Exploratory study was used to validate the coding
schemes and ensure intercoder reliability (see Section 1 in the
online supplemental materials). Moreover, the data were coded for
the entrainment analysis, as explained below.

Equipment

Conversations were recorded with a GoPro Hero 5 camera and
sound was recorded with an omni-directional microphone con-
nected to the camera. The stimulus presentation and response col-
lections were set up in Psychopy3 (Peirce & MacAskill, 2018).

Statistical Analyses

To test whether backchannels are modulated by conversa-
tional context (task-oriented conversations vs. affiliative con-
versations), we built a Bayesian multilevel logistic regression.
The presence or absence of backchannel for any given turn was

Figure 2
Director’s Map in the Map Task

Note. “The HCRC Map Task Corpus,” by A. H. Anderson et al., 1991,
Language and Speech, 34(4) (https://doi.org/10.1177/002383099103400404).
Copyright 1991 by SAGE. Reprinted with permission.
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predicted by conversation type (task-oriented vs. affiliative).
Individual and pair-level propensities to use backchannels
were accounted for using separate but correlated varying inter-
cepts for each conversational type for the rate parameter. Full
details on the implementation, including priors, prior impact
assessment and other quality checks are reported in the online
supplemental materials (see Section 3).
Estimates from the model are reported as mean and 95% compat-

ibility intervals (CI) of the posterior estimates. We tested whether
conversational contexts modulate the use of conversational devices
by calculating an evidence ratio (ER) in the form of the posterior
probability of the directed hypothesis against the posterior probabil-
ity of all the alternatives. That is, if we expected increased back-
channels in affiliative conversations, we would count the posterior
samples compatible with this hypothesis and divide them by the
number of posterior samples compatible with a null or negative
effect. For analyses without a directed hypothesis we assessed both
directions of effects. We also report the credibility of the estimated
parameter distribution, that is, the probability that the true parame-
ter value is above 0 if the mean estimate is positive, or below 0 if it
is negative. When our hypotheses were not supported by the data
(evidence ratio below 3) or when our hypothesis was of no differ-
ence, we also tested for evidence in favor of the null. We also per-
formed analyses at individual level, that is, if we observe the same
effects at the population (grand average) and at the group (estimate
by individual) level. Note that individual level effects are made
more robust by our experimental setup, since keeping the order of
the task constant makes any order effects the same for all partici-
pants. Because the results of the individual level analyses were in
agreement with the population level analysis (all individuals dis-
played the same direction of effects as the population), the details
are only reported in the online supplemental materials.
To test whether repair is modulated by conversational demands,

we used the same procedure as for backchannels, but with absence
or presence of repair as predicted outcome. To test the more spe-
cific hypothesis that the type of repair is affected by the context,
we included only utterances coded as repair, and repeated the
same procedure as for backchannels, with the specific type of
repair as predicted outcome.
To test whether entrainment is modulated by contextual demands,

we first had to quantify the degree of turn-to-turn lexical, syntactic
and semantic entrainment between speakers. We relied on the stand-
ardization work and ALIGN package provided by Duran et al.
(2019).
To prepare for lexical entrainment measures, all words were

lemmatized, that is, we reduced all inflected forms to their diction-
ary form, or lemma, relying on the Danish language model on
udpipe (Strømberg-Derczynski et al., 2020). In this way,
“dogs” becomes “dog” and “are” becomes “be.” To prepare for
syntactic entrainment, we inferred parts-of-speech tags
(Adverb, Noun, etc.) from the original (nonlemmatized) tran-
scripts and produced for each utterance a list of n-grams (2-
grams, 3-grams and 4-grams), that is, of contiguous sequences
of parts of speech of length n within the same utterance. If an
utterance contained fewer parts-of-speech than necessary to
create the n-gram, syntactic entrainment to that sentence was
considered impossible and therefore excluded from the analy-
sis. Since the results are analogous using different n-grams, we
only report those related to 2-grams (see Table 1 for an

example), because 3- and 4-gram analyses excluded more
utterances owing to insufficient sentence length. Note that our
approach deviates from some previous approaches (e.g., Hop-
kins et al., 2016; Reitter & Moore, 2014) that removed words
that were repeated across two turns before calculating syntactic
entrainment. We chose not to do so because removing repeated
words would most often break the parts-of-speech sequence
and create artifactual 2-grams (see Example 1).

To prepare for semantic entrainment, we relied on word
embeddings trained on the Danish version of Wikipedia
(Bojanowski et al., 2017). Word embeddings encode the mean-
ing of a word as a vector of values, such that words that appear
in similar contexts (co-occurring with similar words) are closer
in the vector space (they have similar values) and thus are
assumed to have similar meanings. Word embeddings are
widely and effectively used for text processing purposes such
as automated translation. Identifying word embeddings
requires much larger amounts of text than the corpora in our
study provide. Although the genre of conversations arguably is
not akin to that of online encyclopedias, no sufficiently large-
scale corpus of conversational Danish is yet available to create
reliable word embeddings representations (Kirkedal et al., 2019;
Strømberg-Derczynski et al., 2020). Each word was associated
with the 300 values identifying its position in the 300-dimension
vector space of the word, and we averaged word embeddings
within each utterance.

To calculate entrainment, we first identified all pairs of succes-
sive utterances spoken by the two interlocutors and transformed
them into numerical vectors for lexical, syntactic, and semantic
forms. The lexical vector included all unique lemmas present in at
least one of the utterances in the pair. Each lemma constitutes a
“dimension” of the vector, and the number of occurrences of that
lemma in a given utterance, the value under that dimension. The
syntactic vector included all unique n-grams of parts of speech
present in at least one of the utterances in the pair. Each unique

Example 7
A Depiction of How Removing Repeated Words Between Utterances
Can Create Artifactual 2-Grams

Without removing repetitions Removing repetitions

A: så skal man bare kende en
masse

A: så skal man bare kende en
masse

PoS: [CONJ; VB; PRP; ADV;
VB; ART; N]

PoS: [CONJ; VB; PRP; ADV;
VB; ART; N]

eng then you just have to know a
lot

eng then you just have to know a
lot

B: give dem eliksir så de ikke
øh dør

B: give dem eliksir så de ikke
øh dør

PoS: [VB; PRP; N; CONJ; PRP;
ADV; INJ; VB]

PoS: [VB; PRP; N; CONJ; PRP;
ADV; INJ; VB]

eng give them elixir, so they do
not eh die

eng give them elixir, so they do
not eh die

Note. The parts-of-speech sequence of Speaker b in the second column
is artifactual because it creates n-grams with words that were not close to
each other before the removal. In particular, we would now observea [N;
PRP] 2-gram that does not reflect the original sentence structure. One
could remove the spurious n-grams to overcome the issues, but that would
generate much shorter sequences of 2-grams (five 2-grams instead of
seven) with a nontrivial impact on the quantification of entrainment.
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n-gram constitutes a “dimension” of the vector, and the number of
occurrences of that n-gram in a given utterance, the value under
that dimension. The semantic vector was the utterance-level word
embeddings representation described above. See Table 2 for an
example.
Linguistic entrainment was calculated as cosine similarity

(that is, the cosine of the angle between two vectors) between
successive conversational turns according to the following
formula:

SimilarityðA;BÞ ¼ A � B
||A||3 ||B||

¼
Xn

i¼1
Ai 3BiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXn

i¼1
A2
i

q
3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXn

i¼1
B2
i

q ;

where A and B represent the vectors respectively for the first and
the second interlocutor’s utterance, and i indicates the ith dimen-
sion in the vector. Cosine similarity is a common measure of simi-
larity in natural language processing. Although it is not always
preferable to other methods, for instance, the proportion of words
or part-of-speech n-grams reused (see Xu & Reitter, 2015, for a
systematic comparison), cosine similarity has the advantage that it
can be consistently applied across lexical, syntactic and semantic
entrainment. Two utterances with no elements in common (A:
“look!,” B: “where?”) will have cosine scores of 0 for lexical and
syntactic entrainment. On the contrary, two utterances with similar
lexical but not syntactic choices (A: “pet pet pet,” B: “pet the
alien!”) will yield a relatively high cosine of .58 for lexical
entrainment, but 0 for syntactic entrainment.
Alternative ways to calculate entrainment are available in the

literature. Some focus only on content words or on selected word
classes. Others ignore turn-by-turn dynamics to focus on overall
similarity over longer stretches of conversation (see Duran et al.,
2019, for a review). These different choices are likely to lead to
different results. However, we choose to stick to the standardized

procedure described and motivated in Duran et al. (2019). Turn-
by-turn dynamics of entrainment is a more consistent operationali-
zation of the theoretical construct of linguistic entrainment for our
study because it is more akin to the way we analyze backchannels
and repairs, and including all words reflects the notion that func-
tion words play important roles in linguistic style and style match-
ing (Ireland et al., 2011; Ireland & Henderson, 2014; Tausczik &
Pennebaker, 2010).

Entrainment scores had a clear peak at 0 (no entrainment)
and a second peak within the 0 and 1 boundaries for lexical
and syntactic, but not semantic, entrainment (see Figure 3). In
other words, a high number of turns do not align with the pre-
vious turn. However, when there is any entrainment, the distri-
bution is centered above zero and decreases steadily at both
sides.

We chose to use a Bayesian multilevel Zero Inflated Beta
regression to model lexical and syntactic entrainment, and a
Bayesian multilevel Beta regression to model semantic entrain-
ment. By separating the occurrence of zeros (zero inflation) from
the actual level of entrainment once an utterance is entraining,
we respect the distributional nature of the data, avoiding model
misspecifications (for instance, assuming that a mean entrain-
ment would be an adequate description of the bimodal distribu-
tion). Moreover, this distinction makes sense from a conceptual
perspective: we want to know both how relevant it is to entrain
at all in a given context (entrainment rate, or the inverse of the
zero inflation), and how much entrainment there is within an
utterance (entrainment level). We report entrainment rate as the
negative of the inflation term, indicating the log odds rate of any
entrainment instead of the rate of no entrainment. We report
entrainment level as the log odds of the cosine similarity for the
utterances containing entrainment. We conditioned zero inflation and
average level of entrainment on the conversation context and individ-
ual and pair level variability. The remaining procedures of model

Table 1
Example of Transcript Preprocessing

Original Lemmatized Parts of speech 2-Grams

A: she wants to play [“she,” “want,” “to,” “play”] [(“she,” “PRP”), (“want,” “VB”),
(“to,” “IN”), (“play,” “VB”)]

[(“PRP,” “VB”), (“VB,” “IN”), (“IN,”
’VB”)]

B: she gets to play with the
bath toys

[“she,” “get,” “to,” “play,” “with,” “the,”
“bath,” “toy”]

[(“she,” “PRP”), (“gets,” “VB”),
(“to,” “IN”), (“play,” “VB”),
(“with,” “PP”), (“the,” “DT”),
(“bath,” “NN”), (“toys,” “NN”)]

[(“PRP,” “VB”), (“VB,” “IN”), (“IN,”
’VB”), (“VB,” “IN”), (“IN,”
“DT”), (“DT,” “NN”), (“NN,”
“NN”)]

Note. Parts of speech reported here are abbreviated: Personal Pronouns (PRP), Verb (VB), Preposition (PP), Determiner (DT), Noun (NN), Infinitive
Marker (IN).

Table 2
Examples of Lexical, Syntactic, and Semantic Vectors

Original Lexical vector Syntactic vector Semantic vector

She, Want, To, Play, Get, With,
The, Bath, Toy

(“PRP,” “VB”), (“VB,” “IN”),
(“IN,” ’VB”), (“VB,” “PP”),
(“PP,” “DT”), (“DT,” “NN”),
(“NN,” “NN”)

300 dimensions

She wants to play 1, 1, 1, 1, 0, 0, 0, 0, 0 1, 1, 1, 0, 0, 0, 0 0.0,232, 0.02,515, 0.027185, . . .
She gets to play with the bath toys 1, 0, 1, 1, 1, 1, 1, 1, 1 1, 1, 1, 1, 1, 1, 1 0.027013, 0.0117625, �0.01,897 . . .
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fitting, model quality checking, model comparison, and hypothesis
testing were analogous to the previously described analyses.
It has been debated whether methods to measure entrainment

adequately consider the chance level of entrainment, given the
baseline frequency of different words and parts of speech as well
as the constraints a conversational context gives to those baseline
frequencies (Healey et al., 2014). Accordingly, in the online sup-
plemental materials, we report a control analysis involving surro-
gate pairs (see Figure S54). We built surrogate pairs by artificially
interleaving the utterances of speakers from two different pairs
within the same condition. We compared entrainment in real and
surrogate pairs via plots and statistical models including an inter-
action between task and type of pairs. We find that all forms of
entrainment are credibly higher in real pairs compared with surro-
gate pairs. Detailed results are reported in the online supplemental
materials (see Figure S54).

Networks

To explore how the use of conversational devices covaries
across pairs and contexts, we constructed marginal correlation net-
works. Estimates of individual propensities to use each of the
mechanisms were extracted from the models described above and
a correlation matrix was estimated. The separate conversational
devices were used as nodes, and the correlation scores as the
weight of the connection between each pair of nodes. Given the
small sample size of the corpus for a network analysis, we adopted
a conservative threshold for considering connections to avoid a
proliferation of false positives. Only correlations with an absolute
coefficient above .5 (explaining at least 25% of the variance in the
two variables) were included.

Results

The data revealed some of the patterns expected from previous lit-
erature, but also somemore surprising ones. Based on previous stud-
ies and the exploratory study reported in the online supplementary
materials, our main hypothesis (H1) was that backchannels, repairs,
and lexical and syntactic entrainment levels would be more frequent
in task-oriented conversations than in affiliative conversations,
whereas lexical and syntactic entrainment rate and semantic entrain-
ment would be more frequent in affiliative conversations. This was
partially supported by the data. As shown in Figure 4 and Table 3,
we find that task-oriented conversations show a lower frequency of
backchannels (against H1), a higher frequency of repair and in partic-
ular specific forms of repair (supporting H1), a lower rate of lexical,
syntactic, and semantic entrainment, as well as higher levels of lexi-
cal and syntactic entrainment (supporting H1). The results indicate a
more complex pattern than expected where each conversational de-
vice seems to be modulated differently by the conversational
context.

Differences could, however, also be observed within the single con-
versational contexts (Figure 5 and Table 4). Open requests and lexical
entrainment levels slightly increased in affiliative conversations with
increased familiarity (the second affiliative conversation . the first
affiliative conversation). Furthermore, the asymmetric task-oriented
conversation (the Map Task) presented higher frequencies of repair—
particularly restricted offers—than the more symmetric Alien Game.
Similarly, we found a more frequent use of backchannels in the Map
Task, again pointing to conversational devices being modulated by
specific demands in a particular conversational context.

In summary, the results do not accommodate a simple explanation
of conversational coordination, where, for instance, linguistic
entrainment enables mutual understanding across contexts and is
driven bottom-up independently of contextual demands. On the con-
trary, the use of conversational devices is modulated by context
within the same individuals. Note that although we expected to see
relations between repair and entrainment, as well as between back-
channel and repairs, we did not find any strong interdependence
between these different conversational devices. However, the net-
work analysis (see Figure 6) displayed positive and negative cor-
relations within the same types of conversational devices, and
showed at least two clusters of relations, as well as differences
contingent on contextual demands. Note the strong positive cor-
relations between entrainment types, in particular in affiliative

Figure 3
Zero Inflated Distributions of Linguistic Entrainment

Note. x axes indicate probability on a 0–1 scale (cosine similarity, with
0 being no entrainment, and 1 being perfect repetition). y axes indicate
both the probability of the different rate (height of the density plot).
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conversations, while repairs display more sparse and negative
correlations.
An exploratory analysis was also conducted (see Figure 7) low-

ering the threshold for relations to .25 (about 6% of the variance in
common). There are indications of some trade-offs. These results
will be further explored and interpreted in detail in the discussion.

Part I Interim Discussion

Part I set out to compare the use of conversational devices in a
large and controlled within-subject corpus, including a diverse set of
affiliative conversations (increasing familiarity) and task-oriented

conversations (Map Task and Alien Game). We expected conversa-
tional patterns to be credibly affected by the context, and in particular
that the increased need for precise information sharing in task-oriented
conversations would be related to more frequent backchannels, repair,
and entrainment compared with affiliative conversations. Further, we
expected repairs to be more specific in task-oriented conversations,
again to serve the higher need for precise information sharing. This
was generally supported by the data. The need for precise information
sharing in task-oriented conversations increases—within participants
—the use of repair, particularly more specific forms of repair, and lexi-
cal and syntactic entrainment levels. Task-oriented conversations also
display decreased within-participant lexical and syntactic entrainment

Figure 4
Effects of Task on Conversational Devices

Note. Posterior values for each mechanism are depicted in the left column (affiliative conversations [AC]; task-oriented conver-
sations [TOC]), whereas the plot illustrates the posterior estimates of differences between the two conditions. Note that backchan-
nel and repair are reported relative to the total number of utterances, whereas repair types are reported relative to repair
utterances. See the online article for the color version of this figure.
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rates and semantic entrainment. However, contrary to our hypothesis,
we observe an overall higher frequency of backchannels in affiliative
conversations. Last, we see consistent patterns of covariation modu-
lated by context. Interestingly, we do not observe conversation-level
covariations across, for instance, repairs and entrainment, or backchan-
nels and repairs, but only within-mechanism covariations (for instance,
between different forms of entrainment).

Session Effects

These results generally hold across sessions, but with some im-
portant variations, especially in how the use of conversational
devices vary between the two tasks in the task-oriented conversa-
tions. In particular, we see that effects of repair, restricted offers,
and syntactic entrainment level (where the mean frequency is
higher in task-oriented conversations than in affiliative conversa-
tions) are primarily driven by a high frequency of use in the Map
Task, whereas the Alien Game results are closer to affiliative con-
versation levels. Similarly, the effects on lexical entrainment level
(where task-oriented conversations are higher than affiliative con-
versations) are driven by the Alien Game, whereas restricted
requests are lower in task-oriented conversations than in affiliative
conversations, but only because of low levels in the Map Task.
This suggests that, beyond general differences between affiliative

and task-oriented conversations, these mechanisms are modulated
by the specific task demands. For instance, the two tasks differ in
the amount of information that interlocutors share, which is likely
to modulate the requirements for mutual understanding. In the Alien
Game, the participants have perceptual access to the same informa-
tion, which likely decreased their need for restricted offers, the
most specific and precise repair type. In the Map Task, on the con-
trary, there is an asymmetry in the information that the participants
have access to (the director sees a path which is not visible to the

matcher). Therefore, participants have to be more specific about
potential problems and give more detailed information to their part-
ner to facilitate mutual understanding and increase their chance of
success in the task. In this sense, the differences between the two
tasks further support our hypothesis that the use of conversational
devices are specifically affected by the contextual need for precise
information sharing. Further, the results also seem to support the
model of conversation as interpersonal synergy, with its emphasis
on contextually sensitive coordination. Pure bottom-up models of
linguistic coordination as reciprocal priming would be challenged
by systematic within-interlocutors changes in the use of conversa-
tional demands across tasks. By adapting the rate and level of
entrainment to the conversational context, interlocutors vary the
conversational devices they use to build mutual understanding
while avoiding redundancy of contributions in contexts that afford
a high degree of precise information sharing. At the same time,
entrainment is widespread and does seem to play a role, which
would also exclude pure top-down models of coordination.

The observed heterogeneity in the use of conversational devices
between the two tasks calls for the exploration of a wider variety of
tasks, carefully designed to systematically vary contextual demands.
Moreover, the frequency of individual conversational devices is only
an indirect cue to their actual function. To systematically address the
more functional aspect of mutual understanding, we need to assess
whether pair variability in the use of conversational devices is related
to variability in task performance; that is, whether for instance, a
higher frequency of repair in the Alien Game also implies a higher
performance in the task.

Summing Up

Our findings support the hypothesis that the use of conversa-
tional devices is indeed modulated by contextual demands. When
tasks demand high precision information sharing, we see fewer

Table 3
Effects of Conversational Devices by Context

Parameter Affiliative conversations
Task-oriented
conversations Difference (in % points)

Backchannel % of utterances 33.52%, b = �0.68,
95% CI [�0.81, �0.57]

19.69%, b = �1.41,
95% CI [�1.53, �1.28]

13.8%, b = 0.72,
95% CI [0.61, 0.84], ER . 1,000

Repair % of utterances 0.81%, b = �4.81,
95% CI [�5.02, �4.61]

1.85%, b = �3.97,
95% CI [�4.16, �3.78]

1%, b = �0.84,
95% CI [�1.07, �0.61], ER . 1,000

Open requests % of repairs 28.22%, b = �0.93,
95% CI [�1.37, �0.52]

6.18%, b = �2.72,
95% CI [�3.12, �2.35]

22%, b = 1.79,
95% CI [1.29, 2.28], ER . 1,000

Restricted requests % of repairs 15.84%, b = �1.67,
95% CI [�2.15, �1.22]

10.61%, b = �2.13,
95% CI [�2.52, �1.78]

5.2%, b = 0.46,
95% CI [�0.04, 0.96], ER = 14.27

Restricted offer % of repairs 50.76%, b = 0.03,
95% CI [�0.34, 0.4]

77.93%, b = 1.26,
95% CI [0.92, 1.61]

27.2%, b = �1.23,
95% CI [�1.65, �0.81], ER . 1,000

Lexical entrainment rate % of utterances 56.77%, b = 0.27,
95% CI [0.14, 0.41]

52.58%, b = 0.1,
95% CI [�0.01, 0.22]

4.2%, b = �0.17,
95% CI [�0.28, �0.05], ER = 89.91

Lexical entrainment level % of entrained
forms in entrained utterances

31.94%, b = �0.76,
95% CI [�0.8, �0.71]

33.91%, b = �0.67,
95% CI [�0.71, �0.62]

2%, b = �0.09,
95% CI [�0.13, �0.04], ER = 1,999

Syntactic entrainment rate % of utterances 76.83%, b = 1.2, 95%
CI [1.02, 1.37]

71.58%, b = 0.92,
95% CI [0.77, 1.08]

5.2%, b = �0.28,
95% CI [�0.43, �0.13], ER = 399

Syntactic entrainment level % of entrained
forms in entrained utterances

31.32%, b = �0.79,
95% CI [�0.83, �0.74]

31.97%, b = �0.76,
95% CI [�0.78, �0.73]

0.6%, b = �0.03,
95% CI [�0.07, 0.01], ER = 9.13

Semantic entrainment % of entrained forms
in entrained utterances

62.98%, b = 0.53,
95% CI [0.46, 0.6]

60.09%, b = 0.41,
95% CI [0.35, 0.46]

2.9%, b = 0.12,
95% CI [0.06, 0.18], ER = 999

Note. Percentages indicate the proportion of utterances identified as either backchannel, repair or entrainment (for entrainment rate). Repair types (open
request, restricted request, restricted offers) are percentages within the subset of repair utterances only. For entrainment level we report the percentages of lin-
guistic structures that are repeated from the previous utterance. b estimates and compatibility intervals are reported in the original scale of the model (log odds).
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backchannels, more selective entrainment (lower rates, but higher
levels), and more precisely targeted interactive repair (restricted
offers). By being more precise, interlocutors might better match
the contextual demands of task-oriented conversations and this
precision might assist them in performing well on a task. These
observations also raise the question of whether the differences are
simply a reflection of the context or, crucially, whether they are
functionally adaptive. In other words, does the increase in, for
example, levels of entrainment in task-oriented conversations
imply that pairs with higher levels also achieve higher task per-
formance, because levels of entrainment enable more effective and
precise coordination? The questions also apply across tasks: If the
Map task displays higher use of backchannels than the Alien
Game, do we also observe a more positive relation between back-
channels and performance in the former than in the latter? We
explore these and related questions in Part 2.

Part 2: Task Performance

The literature reports several attempts at more directly relating
specific conversational devices to collaborative performance.
Backchannels have mostly been related to social or affiliative
functions (Bavelas et al., 2000; Cutrone, 2005, 2011; Gardner,
2001), consistent with the observations in Part I reporting a higher
frequency in affiliative conversations. However, a few studies also
suggest that backchannels may play a role in structuring and

sharing information: interlocutors differentially use backchannels
to navigate joint projects, and the use of backchannels facilitate
both the precision of information produced and its comprehension
(Bangerter & Clark, 2003; Bangerter et al., 2004; Kuhlen &
Brennan, 2010; Tolins et al., 2017; Tolins & Fox Tree, 2016; Tol-
ins & Tree, 2014). Similarly, we see a higher use of backchannels
in the Map Task (compared with the Alien Game), which indicates
that they might serve to compensate for the asymmetries in access
to information of the director and matcher.

Conversational repair has often been highlighted on conceptual
grounds as a tool to fix miscommunication and restore mutual
understanding. One study manipulated the frequency of repairs
(by artificially adding repair requests in chat conversations), which
was found to facilitate the formation of more abstract representa-
tions and to aid pairs’ performance (Mills, 2014). In line with this,
we see more specific restricted offers, but fewer generic repairs
(open and restricted requests) in task-oriented conversations, in
particular in the Map Task. However, no study to our knowledge
has directly and quantitatively assessed the relationship between
performance in task-oriented conversations and backchannels or
repairs.

As mentioned before, the literature is richer when assessing the
relation between entrainment and performance. There are concep-
tual arguments suggesting that entrainment should facilitate per-
formance (Pickering & Garrod, 2004), and indeed some studies
positively relate different forms of lexical, syntactic and semantic

Figure 5
Effects of Session on Conversational Devices

Note. Panel a (right) shows posterior values of the difference between the two affiliative conversations, while panel b (left) shows posterior values of
the difference between the two task-oriented conversations. Posterior values for each mechanism are depicted in the left column (affiliative conversa-
tions [AC]; task-oriented conversations [TOC]), whereas the plot illustrates the posterior estimates of differences between the two conditions. Note that
backchannel and repair are reported relative to the total number of utterances, whereas repair types are reported relative to repair utterances. See the
online article for the color version of this figure.
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entrainment with task performance (Fusaroli et al., 2012; Gries,
2005; Ireland & Henderson, 2014; Reitter & Moore, 2014; Slo-
combe et al., 2013). However, alternative models of conversation
(for instance, interpersonal synergy, Fusaroli, Rączaszek-Leonardi,
et al., 2014) argue that simply repeating each other is not a produc-
tive form of cooperation and emphasize the need for complementary
contributions (i.e., with low entrainment). These perspectives have
also found empirical support in negative relations between entrain-
ment and performance (Fusaroli & Tylén, 2016; Tylén et al., 2020;
Xu & Reitter, 2017). In Part 1, we observe a first tentative synthesis
of the two perspectives with both entrainment and complementarity
playing a role: entrainment levels are higher in task-oriented conver-
sations, but rates and semantic entrainment are lower.
With the above findings in mind, we investigate the frequency

of conversational devices, and explore the function of these mech-
anisms with regard to task performance. This relation has not yet
been examined across different tasks in a within-subjects experi-
mental design. Specifically, we hypothesize that the distribution of
conversational devices will be predictive of task performance
(H2). Given the widespread inconsistencies in the prior literature,
we base our hypothesis on Part 1: if a mechanism was more fre-
quently used in task-related conversations, we expect it to be posi-
tively related to performance. Additionally, we also expect that
variations in frequency between tasks should lead to variations in
performance. For instance, given that backchannels are more

frequent in the Map task than in the Alien Game, we expect a
more positive relation between backchannels and performance in
the Map task than in the Alien Game (see Table 4 for specific
hypotheses).

It should be noted that these analyses are observational. How-
ever, we do provide theoretical reasons and previous findings to
motivate our hypotheses. The findings thus constrain our theoreti-
cal framework and provide a more robust and potentially general-
izable basis for future direct manipulations or other forms of
causal inference (see Discussion).

Method

Part II uses the data from Part 1. Individual differences in preva-
lence of conversational devices (within session) were extracted
from the models reported in Part 1 (adding up variation by partici-
pant and variation by pair). From the Alien Game, we collected
the cumulative score achieved by each pair across the whole ses-
sion. For the Map Task, we measured the area between the route
of the directors’ map and the route drawn by the matcher, using
the package “pathmapping” for RStudio (Mueller et al., 2016). The
smaller the area, the more similar the routes are and the higher the
performance. Map performance was calculated from the second last
map that the participants managed to finish, or from the only map if

Figure 6
Correlational Network of Each of the Sessions, With a Threshold of 0.5 (Only Correlations With an Absolute Value . 0.5
Are Visualized)

Note. Blue lines (darker grey) represent positive correlations, whereas red lines (lighter grey) represent negative. Line thickness is propor-
tional to the absolute effect size of the relation. See the online article for the color version of this figure.
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only one was completed. This was done to avoid performance pen-
alties for maps that were unfinished due to the time constraint, and
to measure performance at the stage where participant pairs had had
most time to establish mutual understanding. Some pairs only man-
aged to finish the first map, so their final score is based solely on
one map; for others it is based on their fourth map (average number
of completed maps: 1.6). We invert the deviance score (how differ-
ent the routes are) to yield a more intuitively interpretable perform-
ance score: lower deviance is higher performance. Note that other
performance measures would be possible: for instance, the number
of completed maps. Because the instructions emphasize the need
for precise reconstruction of the path, the deviation score is the
most direct measure of that. Pairs with a high number of completed
maps might have chosen to prioritize speed over accuracy against
instructions.
To test the hypothesis that the use of conversational devices,

for instance the frequency of backchannels, is systematically
related to task performance, we first calculated a performance
score per each pair across the two tasks. Frequency of use of
each conversational device for each pair was extracted as the
estimate from the models in Part 1 (rather than a raw count). We
then built two Bayesian linear regression models with perform-
ance as an outcome predicted by one conversational device at a
time (for instance, backchannel, repair, or lexical entrainment
rate). Performance and predictor scores were transformed on a z-
score scale—which made the regression coefficients comparable

to a Pearson correlation score—to facilitate comparison between
tasks and model convergence. Note that the distributions main-
tain the same shape and are not otherwise stretched.

Results

We hypothesized that if a mechanism was more frequently used
in task-related conversations, we would see it positively related to
performance, and if less frequent, negatively related. In support
for this hypothesis, we find that lower rates, and higher levels of
lexical and syntactic entrainment, as well as lower semantic
entrainment were related to higher performance across the task-
oriented conversations, with moderate absolute mean effect sizes
(mostly between .16 and .4). In other words, pairs that entrained
less often, except for occasional lengthy repetitions, also per-
formed better in the two different tasks.

Contrary to our hypotheses, some devices that were generally
more frequent in task-oriented conversations presented positive
relations with performance in only one task (higher frequency of
backchannels and restricted offers in the Map Task, lower fre-
quency of restricted requests in the Alien Game); and others
showed potentially opposite patterns. In the Map Task, backchan-
nels were positively related to performance, and repairs were
mostly unrelated or negatively related to performance. For the full
details see Table 5 and Table 6, as well as the discussion section
for interpretation of the findings.

Figure 7
Correlational Network of Each of the Sessions, With a Threshold of 0.25 (Only Correlations With an Absolute Value . 0.25
Are Visualized)

Note. Blue lines (darker grey) represent positive correlations, whereas red lines (lighter grey) represent negative. Line thickness is propor-
tional to the absolute effect size of the relation. See the online article for the color version of this figure.
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A model including all predictors showed that not all predictors
maintained evidence of relation to performance.3 This indicates
that not all conversational devices contribute unique information
to our understanding of effective conversational coordination.
However, backchannels, repair, open request, and semantic
entrainment retain moderate to strong correlations to performance.
Full details are presented in the online supplemental materials
(Table S67).

Part II Interim Discussion

Whereas Part I highlighted the role of contextual demands in
relation to the differential use of conversational devices, Part 2
more directly investigates whether these differences are related to
performance in the tasks. We expected that pairs with, for
instance, a high frequency of backchannels in the Map task would
also show higher performance scores, thus indicating a functional
dimension of the conversational strategy. Table 6 shows that,
although we generally find widespread associations between con-
versational devices and performance, our directional hypotheses
are strongly supported only for entrainment. Lexical and syntactic
entrainment rates, as well as semantic entrainment, are less frequent
in task-oriented conversations and indeed negatively correlated with
performance, whereas lexical and syntactic levels are higher in task-
oriented conversations and mostly positively related to performance.
This further supports our argument that complementarity (contribut-
ing different content and perspectives) and entrainment (using the
same material and building on each other’s contributions) both have
a place in successful task-oriented interactions (see additional dis-
cussion in the General Discussion).
Whereas entrainment shows relatively consistent patterns across

the two tasks, repairs and backchannels appear to play different
roles, thus highlighting more nuanced task-dependent contextual
demands. For instance, although in Part I, affiliative conversations
displayed higher frequencies of backchannels compared with task-
oriented conversations, this difference was primarily driven by a
low frequency in the Alien Game, while backchannels are rather
frequent in the Map Task. Accordingly, Part 2 found a positive
correlation between the frequency of backchannels and perform-
ance only in the Map Task. Analogously, open requests are less
frequent in the Map task and negatively correlated with perform-
ance. The same pattern is evident for restricted offers, which are

more frequent in the Map task and positively related to perform-
ance only in that task. This indicates a pattern in which pairs flexi-
bly modulate their conversational structure in a nuanced way
according to the local contextual demands, to achieve a successful
outcome. These findings indicate that for the Map Task, an
increase in performance is related to matchers providing more pos-
itive evidence of understanding (frequent backchannels) and maxi-
mally cooperative requests for clarification (frequent restricted
offers). The picture is not as clear-cut for the Alien Game as more
specific repair formats, like restricted offers, are negatively related
to performance, and backchannels do not present a credible rela-
tion (see Table 5). However, this pattern is not consistent for over-
all repair and restricted requests, both of which are negatively
correlated with performance in the task in which they are more
frequent.

In summary, we find a general trend where conversational devices
which are more frequent in a conversational context (task-oriented
conversations) are also consistently positively related to perform-
ance scores (and vice versa, if less frequent they are also negatively
related to performance). In particular, we find that performance is
consistently tied to entrainment patterns, whereas the link to back-
channels and general repair is less clear. However, the relation
between high frequency in Part I and performance in Part II is credi-
ble for restricted offers in the Map Task. The differences between
the two tasks indicate that variability in contextual demands within
task-oriented conversations might be more pronounced than
assumed in previous studies. Future research needs to further disen-
tangle the causes of this variability. For instance, a productive
approach could be to manipulate whether there are shared visible
referents, as in the current Alien Game, and whether these might dis-
appear before the conversation starts, or only allow one interlocutor
to have access to them.

General Discussion

We set out to systematically investigate how conversational
devices, such as backchannels, repairs, and linguistic entrainment,

Table 5
Effects of Conversational Devices on Performance

Alien game Map task

Device Estimate [95% compatibility intervals] ER Estimate [95% compatibility intervals] ER

Backchannel 0.05 [�0.13, 0.23] 2.16 0.25 [0.07, 0.42] 70.43
Repair �0.19 [�0.36, �0.01] 27.99 �0.06 [�0.24, 0.12] 2.58
Open request 0.07 [�0.11, 0.24] 2.55 �0.13 [�0.3, 0.05] 8.22
Restricted request �0.07 [�0.25, 0.1] 2.85 �0.08 [�0.26, 0.11] 3.02
Restricted offer �0.15 [�0.33, 0.03] 11.74 0.16 [�0.02, 0.34] 11.66

Lexical entrainment rate �0.32 [�0.48, �0.17] .1,000 �0.25 [�0.43, �0.08] 124
Lexical entrainment level 0.24 [0.07, 0.42] 75.92 0.17 [�0.01, 0.35] 17.18
Syntactic entrainment rate �0.32 [�0.48, �0.15] .1,000 �0.27 [�0.44, �0.09] 116.65
Syntactic entrainment level 0.08 [�0.09, 0.26] 3.65 0.16 [0, 0.33] 19
Semantic entrainment �0.39 [�0.56, �0.22] .1,000 �0.31 [�0.49, �0.15] .1,000

Note. Estimates correspond to how much the increase of 1 standard deviation in the predictor changes performance (on a standard deviation scale). They
are comparable across tasks, and similar to Pearson correlation scores.

3 For the Alien Game, lexical entrainment level did not provide credible
evidence of relation to performance once other predictors were included,
and in the Map Task, this was the case for backchannels, lexical
entrainment rate and syntactic entrainment level.
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relate to diverse contextual demands and the extent to which that
relates interpersonal coordination and performance. Part I found
largely consistent patterns with general repairs, restricted offers,
and lexical and syntactic entrainment level being more frequent in
task-oriented conversations, contingent on affordances for higher
precision when establishing and maintaining mutual understanding
in these contexts compared with affiliative conversations. Notably,
these findings are consistent (with the exception of backchannels)
with the exploratory between-subjects study described in the
online supplemental materials. The consistency across studies is a
nontrivial cue in assessing the generalizability of the results. Find-
ing analogous patterns even when corpora diverge across several
dimensions, in particular one being more controlled, and the other
more naturalistic, suggests that the patterns are robust across a
wide range of variations.
Different tasks, varying in contextual demands, modulated the

frequency of the conversational devices used, with restricted offers
and backchannels being more frequent in the asymmetric director-
matcher context, the Map Task, than when making joint decisions
in the Alien Game. These findings provide the foundation for a
more systematic framework for understanding conversational
devices in the interplay between their informativeness, cost and
contextual demands. Crucially the way in which mechanisms are
adjusted to contextual demands also affects performance in the
task. Part II found that entrainment in particular was more frequent
and associated with higher performance in task-oriented conversa-
tions. However, the picture seemed more complex for backchan-
nels and repair.

Backchannels

Backchannels were generally very frequent in the data: they
occurred on average every 8.4 s—in every third utterance in affili-
ative conversations, and every 10.81 s—or every fifth utterance—
in task-oriented conversations.4 The findings are compatible with
the suggestion in the literature that backchannels provide tools for
face management and affiliation (Bavelas et al., 2000; Brown &
Levinson, 1978; Cutrone, 2005). However, backchannels can also
help maintain and develop mutual understanding: they are more

frequent in the Map task than in the Alien Game and indeed are
positively related to performance in the former but not the latter.
Although these findings should be replicated and further elaborated,
we suggest that backchannels might be important for developing
mutual understanding in those situations where there is a clear per-
ceptual asymmetry in the conversation. In the Map Task, a director
has exclusive access to the relevant information (the path to retrace)
and accordingly does most of the talking. The matcher does not
have much information to share but can provide continuous low-
cost feedback (backchannels) steering the flow of information, reas-
suring the director of continuous attention, and when needed, sig-
naling potential gaps or misunderstandings (repairs). In the same
way, affiliative conversations often do not offer a joint perceptual
display, indicating that backchannels might be used as a verbal de-
vice to manage shared attention. This role of backchannels is sup-
ported by previous work on storytelling both in naturalistic and
experimental contexts highlighting the importance of backchannels
in shaping the interlocutor’s production. For instance, these studies
find that in presence of attentive listeners providing backchannels,
speakers produce more extensive and detailed utterances (Bavelas
et al., 2000; Kuhlen & Brennan, 2010; Roger & Nesshoever, 1987;
Sacks, 1992). One could also speculate that conversations com-
posed by longer turns (as in the Map task where a director provides
instructions) would provide more opportunity for backchannels
compared with interactions characterized by shorter and more
dynamic turns (as in the Alien Game where there is more equal in-
formation sharing).5 This is an interesting target for further studies.

Table 6
Indications of Whether the Findings of Part 1 (Which Conversation Type Shows Higher Frequencies of Conversational Devices in Task-
Oriented Conversations) Are Further Supported by Those of Part 2 (How Are Conversational Devices Related to Performance)

Measure

Affiliative conversations ver-
sus task-oriented conversa-

tions contrast-based
hypothesis: Relation to per-

formance across task: Supported

Map task vs. alien game con-
trast-based hypothesis: More
positive relation to perform-

ance in: Supported

Backchannels Negative No Map Task Yes
Repair Positive No Map Task No
Open request Negative Partially (Map) Alien Game No
Restricted request Negative Partially (Map) Alien Game No
Restricted offer Positive Partially (Map) Map Task Yes
Lexical entrainment rate Negative Yes Alien Game No
Lexical entrainment level Positive Yes No credible difference Yes
Syntactic entrainment rate Negative Yes No credible difference Yes
Syntactic entrainment level Positive Yes Map Task Yes
Semantic entrainment Negative Yes No credible difference Yes

4 Calculations are based on Part 1 as the more controlled dataset. In the
Preliminary Exploratory Study (see Section 1 in the online supplemental
materials), we find analogous overall frequencies, but with task-oriented
conversations having more frequent backchannels than affiliative
conversations.

5 In the current study the Map Task has a longer mean turn length and
fewer speaker changes than the Alien Game suggesting that this was the
case.
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Repairs

Cross-linguistic work has found that repair occurs roughly once
per 1.4 min in affiliative conversations across 12 languages (not
including Danish; Dingemanse et al., 2015). In the current study,
we observe a lower range of frequencies. In affiliative conversa-
tions, .81% of all utterances are repairs, which is equivalent to once
per 5 min and 53 s (or .17 repairs per minute) in a conversation.
However, we should note that this study involved more controlled
and homogeneous affiliative conversations than the cross-linguistic
study, which included dyadic as well as multiparty interactions in a
wide range of indoor and outdoor settings, often with concurrent
activities and various background noises and distractions.6

In the task-oriented conversations in our study, 1.85% of all
utterances were repairs, which is equivalent to .52 repairs per mi-
nute (once per 1 min and 55 s). We suggest that the higher fre-
quency of repair in task-oriented conversations is associated
with the increased need to maintain and/or reestablish mutual
understanding in these kinds of contexts. Importantly, task
demands also make a difference in the use of repairs: We see
that repairs are slightly more frequent in the Map task than in the
Alien Game. This difference resonates with the backchannel
results, suggesting that it might be driven by the asymmetry of
knowledge between the participants: The matcher must consis-
tently update their mental representation of the route, which
increases the need of repairing.
Earlier studies on affiliative conversations suggest that the more

specific (and thereby less general) the repair, the more preferred it
would be (Dingemanse et al., 2015), supporting the principle of least
collaborative effort (Clark & Schaefer, 1987; Clark &Wilkes-Gibbs,
1986). Listeners seem to prefer to provide as much information as
possible to the speaker when requesting a repair, to minimize the
effort of the speaker when reestablishing mutual understanding. This
is replicated in our study with restricted offers being the most
frequent repair type across all contexts and even more so in task-
oriented conversations, where 65.68% of all repairs consist in
restricted offers—the more specific repair type (although it is only
45.85% in affiliative conversations). This supports the idea that
repairs are used to establish and maintain mutual understanding,
especially when accurate information sharing is needed, and that the
specificity of the repair format follows the need for precision.
Indeed, both experimental and simulation work suggest a positive
role for repairs in developing and maintaining effective communica-
tion conventions (Arkel et al., 2020; Mills, 2014).
The investigation of task performance in Part II reveals a

nuanced relation between repair and communicative success. The
overall frequency of repairs is negatively related to performance in
both tasks, something that is not unexpected given that repair is a
sign of possible trouble. In the Alien Game, specific repair types
are likewise negatively related to performance. In the Map Task,
however, we find the opposite pattern, with restricted offers being
the only positive predictor of performance, while open requests
are a negative predictor. As for backchannels, the difference
between the tasks could be explained by the absence of a joint ref-
erence point in the Map Task, which might increase the need for a
continuous confirmation of mutual understanding, whereby refer-
ence specific mechanisms such as restricted offers are used more
frequently to update the mutual understanding during the task. Still
the negative relations are not easily explained. We speculate

(following Mills, 2014) that the temporal distribution of the repairs
over the task should be further investigated: Early repairs may
help establish mutual understanding, whereas repairs occurring in
later phases of the conversation might signal enduring problems in
reaching mutual understanding.

Linguistic Entrainment

Linguistic entrainment has been conceptualized within different
frameworks, from which contrasting predictions have been advanced
and supported by empirical studies. Whereas the interactive align-
ment framework suggests a positive relation to task-oriented conver-
sations and performance, the interpersonal synergy framework is
also compatible with a negative one. Distinguishing between differ-
ent forms of entrainment enables us to get a more nuanced picture
of entrainment and may contribute to solving apparent inconsisten-
cies. We found linguistic entrainment to be pervasive, with more
than half of all utterances containing some lexical repetitions
(around 45% in surrogate pairs) and more than 70% containing syn-
tactic repetitions (around 50% in surrogate pairs). These results hold
even when controlling for surrogate pairs (see Figure S54) and are
consistent with a priming mechanism. However, entrainment rate
and levels also vary consistently with contextual demands, which is
indicative of context-sensitive top-down modulation of entrainment
(for a similar take, see also Wang & Hamilton, 2012), compatible
with a more explicit strategy (e.g., I need to decrease/increase
entrainment), or the consequence of higher order goals (e.g., I need
to get those landmarks right). Lexical and syntactic rates, as well as
semantic entrainment, were lower in task-oriented conversations and
accordingly negatively related to performance in both tasks. Lexical
and syntactic levels were higher in task-oriented conversations and
consistently positively related to performance in both tasks (except
for syntactic levels in the Alien Game). This indicates that interlocu-
tors repeat each other less often in task-oriented conversations than
in affiliative conversations, but when they do so they repeat longer
sequences, possibly to increase precise information sharing. This
behavior seems adaptive as pairs following this pattern also perform
better in the tasks. Differences in task-specific demands within task-
oriented conversations seem to play a minor role for linguistic
entrainment, with most frequencies being equal across tasks and in
relation to performance.

Our findings provide support for a synergistic model of conver-
sation where both entrainment and complementarity (of content
and perspective) play a role (Dale et al., 2013; Fusaroli, Rączaszek-
Leonardi, et al., 2014; Fusaroli & Tylén, 2016). By entraining their
language, interlocutors might facilitate the establishment of mu-
tual understanding, especially when the entrained utterances con-
cern central aspects of the task (Fusaroli et al., 2012; Hawkins
et al., 2020). At the same time, generic entrainment is less perva-
sive in contexts involving the need for more precise information
sharing, where interlocutors rather provide complementary contri-
butions to the conversations. This also suggests that entrainment
might play different roles in different phases of the interaction, as
we discuss further in the section on limitations.

6 The Preliminary Exploratory Study (see Section 1 in the online
supplemental materials)—involving more varied affiliative conversations,
including dinners and other activities—showed a frequency of repairs
comparable to the cross-linguistic study (1 repair every 1 min and 38 s).
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Networks

Whereas previous studies predominantly investigated one con-
versational device at a time, here we set out to explore their inter-
dependencies across conversational contexts. The previous
literature motivated the expectation that linguistic entrainment
form a clear cluster, with each form of entrainment catalyzing
other forms of entrainment (Pickering & Garrod, 2004); trade-offs
between backchannel and repairs (Schegloff, 1982), as well as
between entrainment, repair, and backchannel (Fusaroli et al.,
2017; Fusaroli, Rączaszek-Leonardi, et al., 2014). We observed
two main clusters of relations and clear variations between conver-
sational contexts.
The stronger cluster was within the measures of linguistic

entrainment, supporting the general idea that different forms of
entrainment relate to and perhaps facilitate each other, as hypothe-
sized by Pickering and Garrod (2004), and partially supported by
studies showing positive relations between syntactic and lexical
entrainment (Hopkins et al., 2016; Rowland et al., 2012). How-
ever, the network of relations is markedly different between con-
versational contexts. Whereas affiliative conversations present a
strong cluster of positive correlations between entrainment types,
task-oriented conversations display a sparser cluster also including
negative correlations. This indicates both that there is context sen-
sitive top-down modulation of the mechanisms underlying entrain-
ment (against a pure priming mechanism) and that task-oriented
conversations might shape the use of conversational devices
beyond a general increase of coordination.
The second cluster was—predictably—within measures of

repairs, which directly relates to the way we express specific repair
types as a proportion of the total repairs observed: the more open
requests are observed, the fewer specific repairs. We do not
observe—with the current conservative threshold—any trade-offs
between different categories of conversational devices: for
instance, between repairs and entrainment, or repair and backchan-
nels. However, an exploratory analysis lowering the threshold to
.25 (about 6% of the variance in common, see Figure 7) indicates
that some trade-offs exist, but they appear to be very context de-
pendent and should be investigated in larger corpora. Future work
should more systematically assess these networks across contexts
and also explore the possibility of trade-offs at different scales, for
instance in turn or sequence level covariance (for an example of
this, see Fusaroli et al., 2017).

Overview of the Conceptual Contributions

Based on previous literature and a within-participant experi-
mental design that manipulated the conversational contexts, we
contribute to the foundations of a more comprehensive conceptual
and methodological framework for investigating the role of con-
versational devices in mutual understanding.
We argue that there is a role for both bottom-up mechanisms

(priming of linguistic entrainment) as well as top-down mecha-
nisms (the use of conversational devices is modulated by contex-
tual demands). Both aspects seem to provide complementary
insights as to the functioning of conversations.
We also argue that conversational devices seem to be used

adaptively. Linguistic entrainment in particular show robust cross-
task relations to joint performance. Although these findings are

still largely observational, they provide a more robust and nuanced
foundation for future studies that more directly assess causal
impact. In particular, previous studies have argued for contradic-
tory functions of linguistic entrainment and provided conflicting
evidence. Here we show across tasks that a lower frequency of
entrainment (rate) might be indicative of complementary contribu-
tions to the task and therefore higher performance; but once
entrainment happens (level) more extensive reuse of the linguistic
forms might provide a better check of mutual understanding and is
positively related to performance. This might help resolve the con-
tradictions in the literature, as both similarity and dissimilarity of
contributions are seen to play a role.

Furthermore, the literature has often opposed more explicit
forms of conversational coordination—grounding, based on top-
down conversational devices, such as backchannels and repairs—
to more implicit ones—interactive alignment, based on more bot-
tom-up entrainment. Our findings suggest that natural conversa-
tions might defy a mutual exclusion between the two approaches,
and mutual understanding relies on complex dynamics of implicit
and explicit mechanisms. Indeed, both explicit conversational
devices, such as restricted offers, and implicit conversational devi-
ces, such as entrainment, display independent correlations with
performance. More research is needed to identify the fine-grained
articulation of how these devices interact on a turn-by-turn level.

Limitations

The current series of studies presents some limitations. First,
while we manipulated contextual demands, we did so with quali-
tatively different conversational tasks. Our initial concerns were
to assess the generalizability of patterns across varied tasks
inspired by the existing literature. This has obvious limitations.
Our selection is not extensive and including additional—and
more diverse—tasks is a necessary next step. But more crucially,
future work will have to directly and systematically address the
dimensions underlying the diversity of these tasks to more pre-
cisely identify the mechanisms underlying variations in conversa-
tional dynamics. For instance, one could parametrically
manipulate the need for precise information sharing, and amount
of shared visual references within the same task. This would per-
mit stronger claims regarding the relation between the use of con-
versational devices and contextual demands.

Another important limitation is that the order of the tasks was
fixed: the Alien Task appeared first, the Map Task second. Order
did not seem to matter for task differences in our pilot data, and
we note that the two affiliative conversations—the first and last of
the conversations—are more similar to each other than the two
tasks are. Note also, that having a fixed order makes the within-
subject comparison less noisy because any order effects will be
similar across participants. This is particularly important for the
analyses in Part II. However, order effects are an important con-
cern and observed differences between the two tasks should be
treated with caution.

Second, a more fine-grained qualitative assessment of the con-
crete use of backchannels, repairs, and entrainment in context is still
missing. For instance, backchannels might be used in qualitatively
different ways in affiliative and task-oriented conversations, or
within different phases of a conversation (Bangerter & Clark,
2003), or they may represent different subtypes with their own
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interactional functions (O’Keeffe & Adolphs, 2008). Analogously,
entraining to one’s interlocutor might fulfil a variety of functions:
requesting a confirmation or expressing incredulity (repair), elabo-
rating on the other’s utterance, displaying shared understanding,
etc. Furthermore, entrainment might involve linguistic forms more
or less relevant to the task (e.g., as highlighted in Fusaroli et al.,
2012; Hawkins et al., 2020). Purely automated analyses are not, at
this stage, able to capture this complexity, and future work should
complement them with a more nuanced functional assessment of
the conversations.
Third, although the current studies offer new and interesting

insights about the correlation between conversational devices and
performance, it is important to stress that these are observational
relations, and that any causal relation cannot be inferred from this
experimental setting. Conversational devices are notoriously diffi-
cult to manipulate, although some promising directions have been
identified. For instance, some studies have manipulated the degree
of shared information between interlocutors either by providing
the same or different background information (Richardson, 2007)
or manipulating the presence/absence of backchannels (Brown-
Schmidt, 2012). In other studies, written chats and virtual reality
settings can be used to surreptitiously manipulate conversations,
for example, by adding repair utterances, or changing the fre-
quency of backchannels (Hale et al., 2020; Mills, 2014). At the
same time, conversations can be described as complex systems
(Fusaroli, Rączaszek-Leonardi, et al., 2014), implying that manip-
ulations of one element are likely to cascade across other elements
and any future experiment should acknowledge this. Additionally,
computational modeling of conversational devices could provide a
much needed check on the theoretical accounts of conversational
coordination, as it forces them to be specific and can more pre-
cisely assess their implications (e.g., Arkel et al., 2020; Dale et al.,
2013, 2016; Hawkins et al., 2020, 2021).
Fourth, we investigated conversations as whole units, assessing

rate and level of lexical entrainment across the entire conversation.
However, there is increasing evidence that the use of conversa-
tional devices changes over the course of a conversation: entrain-
ment has been reported to decrease (Duran et al., 2019), and repair
has been reported to play different functions depending on when it
is used in a conversation (Mills, 2014). Future work should further
investigate the temporal dynamics and timescales in the use of
conversational devices and how they covary.
Fifth, the current work focused on verbal aspects of backchan-

nels, repairs, and entrainment. However, these three mechanisms
do not exhaust the complexity of conversations. For instance, sev-
eral studies have highlighted the pervasiveness and importance of
multimodality in conversations: from the fine-grained temporal
dynamics of turn taking to eye blinks, gaze, pointing and other
bodily gestures (Holler & Levinson, 2019; Louwerse et al., 2012).
Differential affordances of interactional settings across tasks might
also have influenced participants’ reliance on nonverbal versus
verbal signals of mutual understanding. Investigating more than
one modality would enhance our understanding of the complex
interdependencies of language in interaction, and the mechanisms
behind establishing and maintaining mutual understanding. Multi-
modal semiotic resources add another level of complexity to the
pattern of individual differences and contextual dependencies that
characterizes language in interaction.

Finally, it is important to note that our studies investigated con-
versational dynamics in Danish, a medium-sized language with
about six million speakers, using Danish university students. To
better assess frequencies and variability in frequency in the use of
conversational devices, we need more diverse samples within Dan-
ish and across languages. Besides furthering a more basic under-
standing of how these mechanisms are used and vary, a more
systematic integration of diverse samples can shed light on the
interplay between cognitive and linguistic variation and the way it
is accommodated by and compensated for in conversation. For
example, Danish is known for its strong consonantal reduction
compared with Norwegian (Trecca et al., 2021). It is conceivable
that the properties of specific languages, like Danish, might impact
conversational behaviors in idiosyncratic ways (Dideriksen et al.,
2022). It will therefore be important to study conversational devi-
ces across a typologically broad set of languages and across a
wider spectrum of participants (cf. Christiansen et al., in press).
For a list of recommendations for future studies, summing up the
previous paragraphs, see Section 6 in the online supplemental
materials.

Broader Implications

With the current study we have combined knowledge from sev-
eral fields and investigated three distinct conversational devices to-
gether to assess interdependencies between them. This has led to a
better understanding of conversational devices and their interac-
tional functions, with potential applications in at least three
domains: human-computer interaction, team collaboration, and
clinical research.

With the increasing demand for well-functioning speech tech-
nology, research in conversational devices has become more rele-
vant. Human-computer interaction is already an integrated part of
many people’s lives, with voice-controlled software and hand-held
devices. Despite the staggering progress in this area, many artifi-
cial conversation systems are characterized by simple turn-taking
structures, which struggle to create context-appropriate sentences
and sequences, and often require a predetermined specific use of
words or word order to execute a command (Loth et al., 2015;
Sugiyama et al., 2018). As the complexity of the situations in
which we use these systems increases (for instance, noisy environ-
ments or planning of more complex activities such as travels),
more knowledge about conversational structure is necessary to
ensure a smooth and accurate interaction. The current study sup-
plies a number of pieces to this puzzle and contributes to a more
comprehensive understanding of the structure of conversations.
Future studies could focus on how to implement more specific
repairs, for example, in automated voice assistants to increase the
chances of successful outcomes. Likewise, attention to how higher
levels of entrainment in voice assistants might also have an effect
on how well commands are carried out (Fischer, 2014) could bene-
fit the development of automated speech systems, as well as fur-
thering the development of multisentence conversations.

Research in team collaboration (for instance, involving disci-
plines such as cognitive science and management) aims to uncover
the mechanisms of successful team coordination to promote effec-
tive and efficient collaboration (Fusaroli & Tylén, 2016; Pentland,
2012; Wiltshire et al., 2018). The finding that some conversational
devices are positively correlated with performance could be used
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to better understand performance in group efforts and further de-
velop team coordination monitoring tools.
Last, a range of neuropsychiatric disorders, such as schizophre-

nia and autism spectrum disorders, are characterized by atypical
social functioning (Dwyer et al., 2019; Hopkins et al., 2016); how-
ever, there is little knowledge about how it concretely unfolds in
social situations (Bottema-Beutel, 2017; Fusaroli et al., 2019,
2021). A better general understanding of conversational mecha-
nisms can help us characterize the varied ways in which neurodi-
verse people conduct interaction. The methods we have developed
here are agnostic to people’s neuropsychiatric profiles and so can
be applied to any kind of social interaction to deliver insights into
forms and functions of conversational devices.

Conclusions

By reviewing previous research findings, and implementing a
quantitative experimental approach, we developed a theoretically
and empirically motivated framework for the study of conversa-
tional dynamics based on how conversational devices, providing
different levels of precision, are adaptively used to meet contex-
tual demands. By carrying out a principled comparison of affilia-
tive and task-oriented conversations, sharing data and code for
others to build on, and formulating new insights into the relations
between backchannels, repair, and entrainment, our work provides
the empirical, methodological and conceptual foundations for a
framework that unifies research into the ways people cocreate
meaning in interaction.

Context of the Research

This article is part of a larger research program aimed at under-
standing how people manage to successfully coordinate with one
another in conversations and what mechanisms they use when
communication fails (Christiansen & Chater, 2016; Dideriksen,
Fusaroli, et al., 2019; Dingemanse et al., 2015; Fusaroli et al.,
2017). Groundbreaking work—like Clark & Brennan (1991) and
Pickering and Garrod (2004)—has highlighted the importance of
conversational devices in conversations, but much of this research
has been reported in separate literatures, relying on post hoc syn-
thetic attempts to compare studies. We aim at building a more
comprehensive, integrative, and quantitative framework for under-
standing coordinative mechanisms, their relation to each other,
and to context. Specifically, our work compares between- and
within-subject study designs, systematically manipulates the goal
of the conversations, and provides open access to the corpora and
scripts to enable future research to incorporate and improve on the
current work.
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