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Abstract

Entrainment refers to the tendency people have to speak more
similarly during a conversation. Although entrainment has been
observed frequently, the underlying mechanisms of the phe-
nomenon are debated. A specific point of disagreement is the
role of social or higher-order cognitive factors in entrainment.
The present study aimed to explore prosodic and lexical entrain-
ment in small groups of individuals with schizophrenia, a dis-
order that has been associated with theory of mind impairments
and social difficulties, and a control group without schizophre-
nia. All participants completed a referential communication
task with an experimenter. To determine prosodic entrainment,
the measures proposed by Levitan and Hirshberg [1] were used.
Results seem to suggest that the effect of task role on prosodic
entrainment was larger than any possible effects of group, sug-
gesting that social factors affect prosodic entrainment behaviour
more than individual differences in cognition or other factors.
Conversely, lexical entrainment was not affected by task role or
group. Importantly, no clear patterns in entrainment on different
dimensions, levels, or features could be observed, highlighting
the complex and multifaceted nature of entrainment.

Index Terms: entrainment, convergence, alignment,
schizophrenia, prosody

1. Introduction

People have a tendency to behave more similarly to each other
during an interaction. One of the domains in which this hap-
pens is language. Conversational partners tend to adopt similar
speaking patterns and use similar words or grammatical struc-
tures (e.g. [2, 3, 1]). This frequently observed pattern of lin-
guistic similarity in a conversation is referred to as entrainment,
though other terms such as accommodation, convergence, syn-
chrony, or alignment are also commonly used.

There is an ongoing debate about the underlying mecha-
nisms of entrainment, specifically regarding the extent to which
entrainment requires higher-order cognitive processing. Pick-
ering and Garrod’s influential theory of interactive alignment
[4, 5] states that entrainment is an automatic process caused
by priming. Pickering and Garrod [4, 5] theorise that entrain-
ment “percolates” up to different levels of language. Though
this theory does not explicitly hypothesise about entrainment
of prosody, it is plausible that entrainment on this level is also
caused by priming (e.g. [6]).

Other theories emphasise the role of social or cognitive
factors in entrainment. According to the Communication Ac-
commodation Theory (CAT, [7, 8]), entrainment is mediated by

social distance: one can alter their behaviour and language to
emphasise or minimise the differences between themselves and
their interlocutor.

The common ground theory highlights the influence of
higher-order cognition (e.g. [9, 10, 11]): interlocutors are aware
of the common ground, i.e. information that is shared and
known to be shared between interlocutors, and adjust their out-
put accordingly. The common ground account thus states that
entrainment relies on perspective-taking and theory of mind
(ToM) [11, 9] which is the ability to infer someone else’s men-
tal states such as intentions, beliefs, and knowledge. Unlike
the interactive alignment account, there is no strong relation-
ship between entrainment at different linguistic levels in this
theory. Common ground may affect the prosodic marking of
shared or new knowledge, but whether it can influence prosodic
entrainment is unclear.

Indeed, some individuals with a ToM impairment, such as
those with schizophrenia (SZ) [12, 13], appear to access and
mark information in the common ground differently to indi-
viduals without such an impairment (healthy controls, HC).
Champagne-Lavau et al. [14] recruited SZ and HC participants
to complete a referential communication task with an experi-
menter and found that after the initial trial, participants in the
HC group used more definite and less indefinite references to
describe previously presented objects than SZ participants. Ad-
ditionally, the group with schizophrenia required more words
and turns to complete a trial. Champagne-Lavau et al. [14] con-
cluded that SZ individuals did not attribute knowledge to their
addressee to the same extent as HC participants, in relation to
their ToM capacity as assessed by a standardised task.

1.1. The present study

The present study follows a similar procedure to the study by
Champagne-Lavau et al. [14]. In the present study, SZ and
HC individuals participated in a referential communication task
with an experimenter. The collaborative task used was the Tan-
gram task, in which participants have to repeatedly refer to a set
of abstract figures without a priori names, in order to place them
in a given order. The aim of the current study is to explore and
describe entrainment at the prosodic and lexical levels during
this collaborative task.

Entrainment has often been associated with positive social
measures such as feelings of closeness and interpersonal rap-
port (e.g. [15, 16, 17]). On the contrary, schizophrenia is as-
sociated with social difficulties. This suggests that individuals
with schizophrenia may show aberrant entrainment patterns.



A difference in entrainment between groups would suggest
that entrainment is not simply the effect of priming, as sug-
gested by [4], but rather is mediated by social factors, such
as task role or social distance, or cognitive factors, such as
ToM ability. Additionally, an absence of clear association be-
tween entrainment behaviours on both levels of language (i.e.
prosodic and lexical) would not support the theory that entrain-
ment at different levels “percolates up” [4], but rather would
suggest that entrainment on different levels is mediated by dif-
ferent mechanisms. The available sample size in the present
study is small and thus the approach to the aforementioned the-
oretical predictions is primarily descriptive and exploratory.

2. Methodology
2.1. Participants

31 SZ and 30 HC participants matched on age and education
level participated in a referential communication task. All SZ
individuals were diagnosed by clinicians according to DSM-
IV criteria and were outpatients recruited from Hopital Sainte-
Marguerite in Marseille. They were stable and on antipsychotic
medication. In the present study, data from 8 SZ and 6 HC par-
ticipants will be analysed. All participants in this subset were
male native French speakers. Written consent forms were ob-
tained from all participants following ethics guidelines set by
Aix-Marseille University.

The mean duration of illness in the SZ participants at time
of testing was 13.6 years (SD+11.8). The mean Positive and
Negative Syndrome Scale [18] scores for this group were 10.5
(SD=3.1) for positive symptoms, 14.9 (SD+4.9) for negative
symptoms, and 57 (SD+£10.8) overall.

Years of education, age, and Hinting task score [19] were
compared between groups using the non-parametric Mann-
Whitney U test. Mean years of education was 10.8 (SD+2.7)
years in the SZ group and 13.7 (SD+2.8) years in the HC group.
The two groups did not differ significantly in age (W=27.5,
p=0.70), nor in years of education (W=27.5, p=0.090). The
groups differed significantly on their performance on the Hint-
ing task (W=40.5, p=0.036), which is a test to assess ToM abil-
ity: participants are told a story and are asked questions about
the characters’ intentions, beliefs, or desires. Answering cor-
rectly thus requires the attribution of a mental state to the char-
acters in the stories. The mean score of the SZ group was 14/20
(SD#3.7) while that of the HC group was 17/20 (SD+1.7). Only
the SZ participants in dyads P18, P29, and P31 obtained a Hint-
ing task score that suggests a ToM impairment.

2.2. Procedure

All participants also completed the Tangram task [20, 21] with
an experimenter. The “director” was given a set of ordered
cards and had to communicate this order to the “addressee”.
Sixteen dialogues were included in the present study. Half of
the interactions involved SZ participants while the other half
involved HC participants. Participant task role was counter-
balanced across groups. All dyads were mixed gender male-
female. Importantly, two participants in the HC group partici-
pated in both conditions, i.e. as addressee and as director.

2.3. Analysis
2.3.1. Prosodic entrainment

Mean intensity, median fundamental frequency (f0), fO range,
and maximum fO (max f0) were extracted from segments of

speech that are separated by silences of at least S0ms, or inter-
pausal units (IPUs, following [1]). Overlapping speech (includ-
ing backchannels) was excluded from analysis. Feature extrac-
tion was done using a Praat script [22]. FO values were extracted
using pitch floors and ceilings adjusted for gender and speaker.

Features were normed by gender following a z-score based
norming procedure, as proposed by [1]. Prosodic entrainment
was measured following the methods in [1]. Specifically, the
measures of ”local” entrainment, i.e. entrainment that occurs
within adjacent IPUs, were used. This is because some of the
global measures involve comparing speakers between different
dyads. In the present study, several speakers were part of differ-
ent dyads, which skews such comparisons.

Local proximity is calculated by defining a “partner differ-
ence” and “other difference”. The difference in feature value
between the target [PU and its adjacent IPU (uttered by the other
speaker) is the partner difference. The difference between the
target IPU and the mean of 10 randomly selected IPUs from
the other speaker constitutes the other difference. A paired t-
test is conducted to compare the partner and other differences.
Local convergence is reflected by the Pearson correlation be-
tween partner differences of target IPUs and their IPU num-
ber (as an indication of time). To determine local synchrony,
feature values from a target IPU and its adjacent IPU are ex-
tracted. The Pearson correlation between the features indicates
local synchrony.

Following [1], for local synchrony and local convergence
the calculations were repeated 10 times with randomly shuffled
data (shuffled such that turn-initial [PUs were always matched
to turn-final IPUs). Results were only considered valid and sig-
nificant if p<C0.05 and no more than 1/10 randomly shuffled cor-
relations was significant. All these analyses were done using R
4.1.0. All code used for these analyses (Praat, R, Python) will
be made available on the first author’s Github. Because of the
exploratory nature of the present study, the small sample sizes,
and the non-independence of the data caused by two partici-
pants who acted as both director and addressee, additional sta-
tistical analyses will not be conducted. Instead, results will be
described to see whether any clear patterns can be observed.

2.3.2. Lexical entrainment

Measures of lexical entrainment were obtained using Spacy
3.1.3, specifically the "fr_core_news_sm" pipeline, in
Python 3.8.0. Utterances of each speaker were lemmatised and
stop words were removed. Lexical entrainment was determined
on a global dimension (i.e. over the whole interaction) rather
than at the turn-level, since some turns were very short (e.g.
only one word such as d’accord (okay) or oui (yes)).

3. Results

Results of the analyses are summarised in two tables, where
significant results (i.e. p<0.05) are indicated in the “entr.” col-
umn. A ”+” indicates significant entrainment while a ”-” indi-
cates significant disentrainment. Marginally significant results
(i.e. p>0.05 and p<0.06) are presented in brackets. Note that
for correlations, for a result to be significant and valid, p<0.05
and no more than 1 of the random permutations must return a
significant result.

Table 1 presents local proximity results. Many dyads
showed significant entrainment on at least one feature. Entrain-
ment on one feature does not always mean that the same dyad
will show entrainment on another feature, even when two fea-



Table 1: Results of the paired t-tests for local proximity. A "+”

in the “entr” column indicates significant entrainment while a

»

indicates significant disentrainment. Marginally significant results (i.e. p>0.05 and p<0.06) are presented in brackets.

condition median fO range max intensity
dyad group role t df p entr t df p entr t df p entr. t df p entr
P02 SZ addressee  2.10 75 0.039 + 1.74 75 0.086 1.58 75 0.118 -3.51 75 0.001 +
P10 SZ addressee  -2.37 97 0.020 + -1.17 97 0.245 -2.26 97 0.026 + -3.03 97 0.003 +
P18  SZ addressee  -0.08 49 0.937 -0.56 49 0.578 -0.64 49 0.527 -0.37 49 0.712
P21  SZ addressee  0.61 81 0.547 242 81 0.018 + 1.96 81 0053 (+) -097 81 0.336
T0O6 HC addressee  -0.98 91 0.331 -1.67 91 0.098 -2.07 91 0.041 + -220 91 0.030 +
T09 HC addressee  -7.09 55 <0.001 + -1.51 55 0.138 -400 55 <0.001 + 273 55 0.009 +
T13 HC addressee  -5.68 59  <0.001 + -2.05 59 0.045 + -3.86 59 <0.001 + 0.69 59 0.496
T15 HC addressee  -4.32 49 <0.001 + -0.89 49 0.376 -2.14 49 0.038 + -341 49 0.001 +
P13 SZ director 245 68 0.017 + 0.44 68 0.663 1.17 68 0.248 -2.66 68 0.010 +
P26  SZ director -0.16 35 0.875 433 35 <0.001 + 1.11 35 0.273 10.56 35 <0.001 +
P29 SZ director 3.14 67 0.003 + 925 67 <0.001 + 786 67 <0.001 + 794 67 <0.001 +
P31 Sz director 314 7 0.016 + 1.81 7 0.114 270 7 0.031 + 230 7 0.055 (+)
T0O5S HC director 0.01 64 0.989 -1.97 64 0053 (+) -0.56 64 0.574 -1.46 64 0.148
TO8 HC director -021 27 0.834 038 27 0.705 0.16 27 0.875 382 27 0.001 +
T13 HC director 1.87 49 0.068 -2.35 49 0.023 + -0.56 49 0.577 -0.16 49 0.871
T15 HC director -5.55 43 <0.001 + -3.22 43 0.002 + -3.35 43 0.002 + -3.64 43 0.001 +

tures are closely related (e.g. fO range and max f0). Further-
more, there is no systematic effect of role or group. Nonethe-
less, there are some patterns. Firstly, more entrainment on O
range was observed in director condition (4(+1)/8) than in the
addressee condition (2/8). Secondly, slightly more max f0O en-
trainment can be seen in the addressee condition (5(+1)/8) than
in the director condition (3/8). Thirdly, more max f0 entrain-
ment can be seen in the HC group (5/8) than the SZ group
(3(+1)/8). The participants that participated twice (T13 and
T15) did not show the same entrainment behaviour in the differ-
ent conditions. Finally, there are no clear trends in entrainment
behaviour in the dyads with an individual with a ToM impair-
ment (i.e. P18, P29, and P31): for example, while dyad P18
showed no significant entrainment, P29 showed entrainment on
every feature. The three dyads also do not appear to exhibit dif-
ferent patterns than the other dyads, suggesting that ToM ability
may not affect prosodic entrainment on the dimension of local
proximity.

Table 2 shows that on the dimension of local synchrony, all
but two of the significant results indicate disentrainment. How-
ever, no clear pattern can be seen between disentrainment on
the different features: some dyads disentrain on only one fea-
ture, while others disentrain on several. Additionally, a dyad
may show disentrainment on one feature, but entrainment on
another (e.g. P13). Interestingly, the only two instances of en-
trainment occured in the director condition. In the addressee
condition, only disentrainment was found. Conversely, more
disentrainment on mean fO was found in the director condition
(5/8) than in the addressee condition (2/8). There seem to be no
clear differences in entrainment between groups, though more
disentrainment on max fO can be seen in the SZ (3/8) than HC
condition (1/8). The dyads T13 and T15 appear to follow the
same pattern of entrainment in both conditions: no entrainment
is observed in interactions with T13, while disentrainment on fO
range is found in both conditions for dyad T15. Finally, results
from the dyads P18, P29, and P31, show no systematic patterns
or differences.

Results of the lexical entrainment analysis are presented
in the final column of Table 2. Note that the mean of the SZ
group (M=0.74, SD+0.15) and HC group (M=0.71, SD+0.09)
are practically identical. Similarly, the mean of the interactions
in the addressee (M=0.77, SD#£0.06) and director (M=0.68,

SD=+0.14) conditions are very similar. Note that dyads P18, P29,
and P31 do not seem to lexically entrain differently to the other
dyads. Within the three dyads, no pattern can be seen either:
for example, dyad P29 exhibited the highest degree of lexical
entrainment of all dyads, while dyad P31 exhibited the lowest
cosine similarity.

4. Discussion

The aim of this paper was to conduct an exploratory investiga-
tion of prosodic and lexical entrainment in SZ and HC groups.
Minimal differences in prosodic entrainment between HC and
SZ individuals were detected, but results suggest that the influ-
ence that social factors such as task role have on prosodic en-
trainment may be more pronounced than any possible effects of
group. An example of this can be seen in Table 2: three dyads
showed disentrainment in the addressee condition (2 SZ, 1 HC)
and two dyads showed entrainment in the director condition (1
SZ, 1 HC).

It would not be surprising if task role affects prosodic en-
trainment: previous research has shown that social factors such
as and social dominance (e.g. [23]) and gender, task role,
and the interaction between the two (e.g. [24]) can influence
prosodic entrainment. The finding may be further explained by
considering that the analysed conversations involve an experi-
menter who participated in multiple interactions, and that the
addressee tends to speak less than the director. The entrain-
ment behaviour of the experimenter may thus influence the re-
sults more than that of the participants in the addressee con-
ditions. Furthermore, task role could be linked to feelings of
dominance, since the director possesses more information than
the addressee. This may increase feelings of social distance and
could thus, following CAT, influence entrainment.

The dyads including the participants that acted as both di-
rector and addressee did not always show the same entrainment
behaviours: for example, on the dimension of local proximity,
T13 showed entrainment on all but one feature in the addressee
condition, and on only one feature in the director condition.
This suggests that the effect of role on prosodic entrainment
may have a larger effect than individual differences. On the con-
trary, on the dimension of local synchrony, dyad T15 showed
the same pattern of disentrainment in both conditions. These
findings could be interpreted as suggesting that entrainment is



Table 2: Results of the analyses for local synchrony on prosodic features and for global lexical entrainment. Pearson’s correlation for
local synchrony measures are presented per feature. A "+ in the "entr.” column indicates significant entrainment (p<0.05) while a
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similarity presented in the final column.

indicates significant disentrainment. Marginally significant results (i.e. p>0.05 and p<0.06) are presented in brackets. Cosine

condition median fO range max intensity lexical entrainment
dyad SZ role r p entr r p entr r p entr r p entr cosine similarity
P02 SZ  addressee -0.58 <0.001 -0.35  0.002 -0.47  <0.001 - -0.48 <0.001 0.84
P10 SZ  addressee -0.32 0.001 - 0.00 0.999 0.06 0.568 -0.16 0.123 0.82
P18 SZ  addressee -0.82 <0.001 0.05 0.738 -0.21 0.151 -0.55 <0.001 - 0.77
P21 SZ  addressee -0.55 <0.001 -0.09  0.443 -0.35 0.001 - -0.37 0.001 - 0.81
TO6  HC addressee -0.17 0.099 0.06 0.556 0.00 0.983 -0.23 0.026 - 0.82
T09 HC addressee  0.05 0.717 0.00 0.977 -0.03 0.853 0.03 0.839 0.76
T13 HC addressee  0.03 0.807 0.08 0.559 0.07 0.588 0.23 0.075 0.67
T15 HC addressee -0.32 0.024 - 0.01 0932 -0.01 0.933 -0.15 0.299 0.68
P13 SZ  director -0.36 0.003 -0.39  0.001 -0.57  <0.001 - 0.48 <0.001 + 0.68
P26  SZ  director -0.68 <0.001 - 024 0.153 -0.66  <0.001 0.31 0.065 0.57
P29 SZ  director -0.35 0.004 - 0.03 0.836 -0.07 0.584 0.07 0.546 0.94
P31 SZ  director -0.19 0.657 -0.43  0.285 -0.39 0.343 -0.68 0.066 0.50
TOS  HC director -0.33 0.007 - -0.21  0.087 -0.25 0.041 - 0.37 0.003 + 0.73
TO8  HC director -0.67 <0.001 - -0.23  0.234 -0.74  <0.001 -0.20 0.304 0.58
T13 HC director -0.03 0.839 -0.26  0.070 -0.08 0.574 0.24 0.093 0.61
T15 HC director -0.57 <0.001 - -0.07  0.636 -0.27 0.072 -0.64 <0.001 0.81

mediated by both social factors and individual differences, and
that the balance between the two may differ from person to per-
son.

While the comparison of these two dyads in different con-
ditions is interesting, the fact that these individuals partici-
pated in both condition is a limitation of the study. The non-
independence of the data that results from this means that no
statistical comparisons between roles can be done. Addition-
ally, this limitation makes the findings less generalisable and
may have skewed the results.

Contrary to the results regarding prosodic entrainment, no
clear effect of role, group, or ToM ability can be observed on
lexical entrainment. It is possible that no significant differ-
ences were found because of the task: participants were to dis-
cuss specific objects; conversation topics were thus highly con-
strained. An alternative explanation is the small sample size
included in the present study. Alternatively, it is possible that
lexical entrainment simply is not affected by social or cognitive
factors during this task. However, there is substantial variation
in the cosine similarities between dyads (range from 0.50-0.94).
It is thus possible that other social factors or individual differ-
ences affect lexical entrainment.

Importantly, there is no apparent relationship between
prosodic and lexical entrainment: they are not similarly affected
by social or cognitive factors, and dyads who exhibited entrain-
ment on prosodic features do not necessarily show more lexical
entrainment. See for example dyad P29 in Table 2, who showed
the most lexical entrainment, but disentrainment on median fO
on the dimension of local synchrony. This suggests that entrain-
ment at the prosodic and lexical level may not be mediated by
the same underlying mechanism. This is not in line with the
interactive alignment account [4]. In general, the exploratory
results of the present study seem to be more in line with CAT
[8] than the other theories.

Moreover, results of the present study highlight the lack of
structure or patterns in entrainment behaviour: no pattern can
be observed in entrainment on different features, dimensions,
or levels. For example, all signficant results on the dimension
of local proximity reflected entrainment, while all but two of the
significant results on the dimension of local synchrony indicated

disentrainment. Furthermore, prosodic and lexical entrainment
seemed unrelated. This lack of structure or pattern is corrobo-
rated by recent research [25, 26] that investigated whether en-
trainment on different levels, dimensions, and features is cor-
related, but failed to find an underlying structure. The authors
write that it appears that entrainment, rather than a single be-
havior or a structured collection of behaviors, is a set of behav-
iors which are only loosely linked and perhaps independently
explained by the competing theories.” (p.301, [25]). Entrain-
ment on different levels, dimensions, and features may serve
different functions and may be governed by different mecha-
nisms. Different forms of entrainment may be affected by so-
cial, cognitive, physiological, attentional, or contextual factors,
and some of these factors may weigh more heavily than others.
Additionally, this weighting may differ from person to person.

In other words, the present study provides an initial explo-
ration of prosodic and lexical entrainment in SZ and HC indi-
viduals. Results seem to suggest minimal effects of group or
ToM ability, but suggest that task role may affect entrainment.
While data from all participants recruited should and will be
analysed to confirm and extend these initial findings, it is im-
portant to keep in mind the complex, multifaceted nature of en-
trainment. Although the results of the present study come from
a small sample size and are primarily descriptive, the findings
are nonetheless informative and valuable, especially consider-
ing the challenges of collecting such data from clinical popula-
tions.
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