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Abstract

Researchers and clinicians have long used meaningful intransitive (i.e., not tool-related; MFI) gestures to assess apraxia—a
complex and frequent motor-cognitive disorder. Nevertheless, the neurocognitive bases of these gestures remain incompletely
understood. Models of apraxia have assumed that meaningful intransitive gestures depend on either long-term memory (i.e.,
semantic memory and action lexicons) stored in the left hemisphere, or social cognition and the right hemisphere. This
meta-analysis of 42 studies reports the performance of 2659 patients with either left or right hemisphere damage in tests of
meaningful intransitive gestures, as compared to other gestures (i.e., MFT or meaningful transitive and MLI or meaning-
less intransitive) and cognitive tests. The key findings are as follows: (1) deficits of meaningful intransitive gestures are
more frequent and severe after left than right hemisphere lesions, but they have been reported in both groups; (2) we found
a transitivity effect in patients with lesions of the left hemisphere (i.e., meaningful transitive gestures more difficult than
meaningful intransitive gestures) but a “reverse” transitivity effect in patients with lesions of the right hemisphere (i.e.,
meaningful transitive gestures easier than meaningful intransitive gestures); (3) there is a strong association between mean-
ingful intransitive and transitive (but not meaningless) gestures; (4) isolated deficits of meaningful intransitive gestures are
more frequent in cases with right than left hemisphere lesions; (5) these deficits may occur in the absence of language and
semantic memory impairments; (6) meaningful intransitive gesture performance seems to vary according to the emotional
content of gestures (i.e., body-centered gestures and emotional valence-intensity). These findings are partially consistent
with the social cognition hypothesis. Methodological recommendations are given for future studies.
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Introduction

The ability to produce and recognize gestures that convey mean-
ing is an essential dimension of communication in everyday
social interactions (for a review, see, for example, Yang et al.,
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2003), this observation emphasizes the communicative function
of gestures and its potential alteration in the context of apraxia.

Apraxia is an acquired cognitive-motor disorder charac-
terized by an inability to perform goal-directed or skilled
movements that is not better explained by elementary motor
or sensory deficits (e.g., weakness, deafferentation, tremor,
abnormal posture, and ataxia), aphasia, inattention to com-
mands, lack of motivation, or general cognitive decline
(Foundas & Duncan, 2019; Rothi et al., 1991, 1997). Limb
apraxia (hereafter referred to as “apraxia”) refers to disor-
ders of skilled action most commonly affecting the upper
limbs. The assessment of apraxia in neuropsychological
evaluations is recommended because this syndrome can
reduce functional recovery, prevent patients from returning
to work, and increase caregiver burden (Bickerton et al.,
2012; Chestnut & Haaland, 2008; Coslett, 2018; Donovan
et al., 2008; Foundas, Macauley, et al., 1995a; Foundas &
Duncan, 2019; Sunderland & Shinner, 2007). Apraxia is also
a good predictor of communication deficits in patients with
aphasia (e.g., Hogrefe et al., 2012). However, this syndrome
has been less studied than other neuropsychological syn-
dromes (e.g., see Lesourd et al., 2013). For example, a Title-
Abstract Pubmed search (on 04-26-22) using the keywords
“apraxia AND stroke” returned 494 results, compared to
3663 for aphasia, 3937 for memory, and 5960 for attention.
There is therefore a need to better understand the prevalence,
severity, and causes of apraxia in stroke patients.

Studies on apraxia have emphasized a left hemispheric
dominance for gesture production (Liepmann, 1905, 1920).
The estimated prevalence of apraxia varies from 40 to 70%
in patients with left hemisphere damage (LHD) and from 8 to
30% in patients with right hemisphere damage (RHD; Foundas,
2013). In fact, the exact prevalence of apraxia depends on the
task used for the diagnosis (Baumard et al., 2014; Baumard

Table 1 Description of tasks

& Le Gall, 2021; Buchmann et al., 2020). Under some test
conditions, apraxia may even be more common in RHD than
in LHD patients (Goldenberg, 1996; Zwinkels et al., 2004).
Recent studies have focused in particular on the contribution
of the right hemisphere in producing meaningful intransitive
gestures, a topic for which there is conflicting evidence (Bartolo
& Ham, 2016; Foundas et al., 1995a, b; Foundas & Duncan,
2019; Hanna-Pladdy, 2001; Rapcsak et al., 1993) but no com-
prehensive review. As a result, the neurocognitive basis of these
gestures remain unclear. The aim of this study was therefore
to review the performance of patients with lesions confined
to either the left or right hemisphere on tests of meaningful
intransitive gestures.

Clinical and Experimental Tasks

Limb apraxia is a complex disorder that has been assessed
using a wide variety of task batteries. However, there is a gen-
eral consensus that the assessment of apraxia must take into
consideration the gestures examined, the way gestures are
presented (i.e., the input modality), and the required response
modality (i.e., the output modality; Table 1; for reviews, see
Dovern et al., 2012; Vanbellingen et al., 2010). Regarding the
gestures used in apraxia, the taxonomy may vary across stud-
ies. In this paper, we refer to meaningful intransitive (MFI)
gestures as communicative gestures that convey meaning, are
recognizable by peers, and do not involve the reproduction
of a tool-use action. Meaningful transitive (MFT) gestures,
also called pantomime of tool use, convey meaning and are
tool-related gestures. They consist in asking patients to show
how they would use a given familiar tool, without touching
or holding the tool in hand. Meaningless intransitive (MLI)
gestures do not convey any recognizable meaning, and they
are not tool-related (e.g., Achilles et al., 2016; Baumard et al.,

Stimuli Description

Meaningful intransitive gestures
Meaningful transitive gestures

Gestures that convey meaning but that are not tool-related (e.g., military salute).
Gestures that demonstrate the use of a tool (e.g., hammering gesture). In the present study, only gestures

performed in the absence of the tool and of the corresponding object are considered (i.e., pantomime of tool

use).
Meaningless gestures
Task modality (input)
Verbal command
Imitation

Gestures that do not convey meaning (e.g., putting the thumb on the ear).

Gestures performed following verbal instructions (e.g., “show me how you would use a hammer”).
The individual imitates a gesture while the examiner holds the model (concurrent imitation) or after the

examiner’s demonstration (delayed imitation).

Visual presentation
Response modality (output)

Production

Reception

Gestures performed following the visual presentation of a picture (e.g., tool, picture of tool, or context).

The individual has to make the requested gesture with their upper limbs.
The individual has to retrieve gesture-related knowledge about the presented gesture. They must discriminate

correctly/incorrectly performed gestures (recognition) and name or match a gesture with a word or picture

(comprehension).
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2020, 2023; Goldenberg, 1996, 1999; Goldenberg & Hag-
mann, 1997). Unfortunately, most studies have used mixed
sets of stimuli, making it difficult to test the effect of transitiv-
ity (comparison between meaningful intransitive and mean-
ingful transitive gestures) and meaning (comparison between
meaningful intransitive and meaningless gestures).

Meaningful intransitive gestures include a variety of gestures
(Cochet & Vauclair, 2014; Ferri et al., 2014; Gallagher & Frith,
2004; Straube et al., 2011; Yang et al., 2015). They are gener-
ally assimilated to symbolic gestures, also called emblems or
emblematic gestures. These gestures differ from the gestures
that accompany speech (co-speech gestures) in that they are
intentional, and they can be fully understood by peers without
recourse to speech. Meaningful intransitive or symbolic ges-
tures can be divided into subcategories. Iconic gestures illus-
trate concrete physical features of the world (e.g., making an
arch with the hand to illustrate a “bridge’), whereas metaphoric
gestures illustrate abstract concepts (e.g., making an arch with
the hand to convey the idea of a “link” between two concepts;
Straube et al., 2011). Some meaningful intransitive gestures do
not convey concepts but rather express habits within a given
culture (e.g., “waving goodbye”). All these gestures depend
on conventional knowledge, shared by both the sender and the
receiver. In addition, expressive gestures communicate an inter-
nal physical state (e.g., “hungry”) or an emotion (e.g., “angry”).
Deictic gestures are pointing movements that draw to a referent
in the environment, with the intention of showing interest in
an object (expressive pointing), providing information to the
receiver (informative pointing), or asking the receiver to grasp
or act on the target (imperative pointing). Instrumental ges-
tures are commands or requests (e.g., “shut up”). In the present
review, we refer to meaningful intransitive gestures as a broad
category of gestures that are understandable and performed
independently of language—as in most apraxia studies.

Studies on apraxia have long emphasized the importance
of controlling for input modality (Cubelli et al., 2000; Rothi
etal., 1991, 1997). It is critical in patients with lesions of the
left hemisphere, who often have aphasia, and in patients with
lesions of the right hemisphere, who often have visuospatial
impairments. Gesture production is generally assessed (1) by
verbal command (e.g., “show me the sign of the cross” for
meaningful intransitive gestures; “show me how you would
use a hammer” for meaningful transitive gestures) and (2) by
imitation. This can be concurrent imitation (i.e., the exam-
iner continues to present the gesture until the patient imitates
it, or holds the model while the patient imitates) or delayed
imitation (i.e., the examiner makes a gesture and tells the
patient to wait until the gesture is complete before starting to
imitate it; Stamenova et al., 2010, 2012) (3) on visual input
(e.g., showing the patient a scene that provides contextual
cues to the expected corresponding gesture, for meaningful
intransitive gestures; Mozaz et al., 2002; showing the picture
of a tool, for meaningful transitive gestures).

Cognitive models of apraxia have made a distinction
between the conception and the production of gestures,
allowing for a distinction between action production and
action reception (Rothi et al., 1991, 1997; Roy & Square,
1985). Meaningful intransitive and transitive gestures can
be assessed with reception paradigms (e.g., Binder et al.,
2017). In the naming condition, the patient is asked to name
the action corresponding to the presented gesture. In the
recognition condition, the patient has to discriminate cor-
rectly performed from incorrectly performed gestures. This
condition tests whether the gesture is familiar to the patient
with only minimal recourse to both speech production and
explicit retrieval of semantic knowledge. In the comprehen-
sion condition, patients are asked to match a given gesture
to a target picture (presented among distractors), which
requires them to retrieve semantic knowledge about the
meaning of the gesture.

The Cognitive Bases of Meaningful Intransitive
Gestures

Previous studies have consistently found clinical dissociations
between impaired meaningful and preserved meaningless ges-
tures, and conversely (e.g., Bartolo et al., 2001; Goldenberg
& Hagmann, 1997; Tessari et al., 2006). On this ground,
cognitive models of apraxia have been conceived as dual-
route models, thus including a lexical and a sub-lexical route
(Cubelli et al., 2000; Rothi et al., 1991, 1997; Roy & Square,
1985; Stamenova et al., 2012). The non-lexical route is spe-
cific to meaningless gesture imitation thanks to visuomotor
transformation mechanisms (see also Achilles et al., 2016,
2019), visuospatial skills (Dellasala et al., 2006; Goldenberg,
1996, 1999; Goldenberg et al., 2009) and to body representa-
tions (Buxbaum, 2001; Goldenberg, 1995, 2009; Goldenberg
& Spatt, 2009). The lexical route is used to perform meaning-
ful gestures (whether meaningful intransitive or transitive) on
command (verbal or visual) or imitation. This route consists
of two action lexicons, one of which allows the individual to
recognize familiar gestures (input lexicon) and the other to
perform them (output lexicon). Between the two lexicons, an
action semantic system allows the retrieval of the conceptual
information associated with the gesture.

Importantly, the model accounts for a meaning effect (i.e., the
difference in performance between meaningful and meaning-
less gestures) but it does not predict a transitivity effect (i.e., the
difference in performance between transitive and intransitive
gestures). Nevertheless, there is some evidence that meaningful
transitive gestures are more difficult than other gestures (Bar-
tolo et al., 2003; Baumard et al., 2014; Buxbaum et al., 2007;
Carmo & Rumiati, 2009; Dumont et al., 1999; Foundas et al.,
1999; Haaland et al., 2000; Morlaas, 1928; Mozaz et al., 2002;
Rapcsak et al., 1993; Roy et al., 1991). Indeed, meaningful tran-
sitive gestures are performed in the absence of feedback from
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the mechanical interactions of tools and objects (Hermsdorfer
et al., 2006). As a consequence, they call for multiple cognitive
processes (Bartolo et al., 2003; Bartolo & Ham, 2016; Buxbaum
et al., 2005a, b; Goldenberg et al., 2003; Osiurak, 2014; Osiurak
etal., 2021). The greater difficulty of meaningful transitive ges-
tures, together with the lack of conceptual distinction between
transitive and intransitive gestures, has long obscured the poten-
tially specific nature of meaningful intransitive gestures. Most
apraxia studies have therefore used mixed lists of transitive and
intransitive gestures, making it difficult to document isolated
impairments of meaningful intransitive gestures.

The Lexical-Semantic and Social Cognition
Hypotheses

At least two hypotheses have been advanced to account for
meaningful intransitive gesture production. According to
the lexical-semantic hypothesis, the production and recog-
nition of meaningful gestures (whether meaningful intran-
sitive or transitive) rely on semantic memory or action
lexicons that contain visuokinesthetic engrams of previ-
ously experienced gestures (Binkofski & Buxbaum, 2013;
Buxbaum, 2001, 2017; Cubelli et al., 2000; Rothi et al.,
1991, 1997; Roy & Square, 1985; Stamenova et al., 2012).
Action lexicons and semantic memory are not specific to
meaningful intransitive gestures; therefore, the disruption of
these modules cannot predict isolated impairments in mean-
ingful intransitive gesture tasks. A less strict version of this
hypothesis suggests that meaningful transitive gestures, but
not meaningful intransitive gestures, rely on action lexicons
(Buxbaum et al., 2007; Buxbaum et al., 2005a, b). Thus, the
lexical-semantic hypothesis predicts only two possible pat-
terns of performance: either similar levels of performance
between meaningful transitive and intransitive gestures or
preserved meaningful intransitive gestures versus impaired
meaningful transitive gestures. The opposite pattern is not
envisaged. This hypothesis also predicts a lower perfor-
mance of patients with left hemisphere lesions, compared
to patients with right hemisphere lesions, as visuokines-
thetic engrams are strongly dependent on the left parietal
lobe (Binkofski & Buxbaum, 2013; Buxbaum, 2001, 2017,
Buxbaum et al., 2007; Buxbaum et al., 2005a; Buxbaum,
Kyle, et al., 2005b).

The social cognition hypothesis (Bartolo & Ham, 2016;
see also Osiurak et al., 2021) posits that meaningful intransi-
tive gesture production and recognition depend on a specific
“social cognition” module that is independent of semantic
memory and action lexicons. Social cognition refers to the
psychological processes that enable individuals to interact
with peers and to be part of a social group (Frith, 2008).
It encompasses various mechanisms and phenomena, such
as person recognition (e.g., face and body perception),
personality perception (e.g., friendliness), membership
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perception (e.g., gender and age), social beliefs (e.g., ste-
reotypes), social mechanisms (e.g., perspective-taking and
intentionality detection), mind-reading (e.g., emotion and
bodily sensations), social attitudes (e.g., like or dislike), and
social interaction (e.g., imitation and communication; Gold-
man & de Vignemont, 2009; Quesque & Rossetti, 2020).
In this view, communicating with gestures implies that the
sender and receiver share a “common ground,” namely, “the
knowledge, assumptions, and beliefs that people in interac-
tion know (or assume) they share” (Holler & Stevens, 2007,
p.5; see also Gerwing & Bavelas, 2005). This presumably
relies not only on semantic memory (shared knowledge) but
also on the theory of mind for the sender to infer the initial
state of mind and knowledge of the receiver, to predict the
expected state of mind and behavior to be induced by the
gesture, and to select features of the gesture that will be rec-
ognizable to the observer. Emotion processing may also be
necessary to experiment with and identify and express emo-
tions with gestures (e.g., Blonder et al., 1995; Gallagher &
Frith, 2004). Within the dual-route model, a social cognition
mechanism has been included. This mechanism processes
the social cognitive information necessary for meaningful
intransitive gesture production (Bartolo & Ham, 2016). In
the presence of social cognitive impairment, meaningful
intransitive but not transitive gestures should be affected, as
has been found in an individual with autism (Stieglitz Ham
etal., 2010). Thus, in contrast to the lexical-semantic hypoth-
esis, the social cognition hypothesis admits the existence of
a pattern characterized by impaired meaningful intransitive
gestures and preserved meaningful transitive gestures. This
would be particularly true for patients with right hemisphere
lesions, as the right hemisphere is considered the “social
brain” (Happé et al., 1999).

Objectives of the Present Review

This study had three main goals: First, to compare the per-
formance of patients with lesions confined to either the
left or right hemisphere in the production and reception of
meaningful intransitive gestures in order to test whether or
not there is hemispheric asymmetry for these gestures; Sec-
ond, to compare the performance of both patient groups on
tests involving only meaningful intransitive gestures, only
meaningful transitive or meaningless gestures, or a mixture
of meaningful intransitive and other gestures. Our aim here
was to investigate associations and dissociations between
gesture types in stroke patients; Third, to study the relation-
ship between meaningful intransitive gesture performance
and other cognitive deficits, such as language and seman-
tic memory, when available. We also studied how specific
features of meaningful intransitive gestures (i.e., the body-
centered nature of gestures and their emotional valence and
intensity) influenced the performance of patients.
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Methods
Monitoring and Selection of Studies

Three authors (JB, AL, VB) carried out several Title-
Abstract “PubMed” researches, without date limitation,
during the year 2020. PubMed was chosen because it
accesses the MEDLINE database of references on bio-
medical and health topics. The following keywords were
used: “symbolic gestures”, “meaningful gestures”, “intran-
sitive gestures”, “social gestures”, “communicative ges-
tures”, “deictic gestures”, “iconic gestures”, “depictive
gestures”, “emblematic gestures”, “emblems”, “apraxia”,
“limb apraxia”, “ideomotor apraxia”, “imitation”, “action
understanding”, “gesture understanding”, “gesture com-
prehension”, “gesture observation”, “gesture recognition”,
“gesture discrimination”, as well as “stroke”, “lesions”,

stroke”, “left brain damage”, “right brain

EEINNT3

EEINN3

“hemisphere”,

damage”. This search returned 2505 results. Following the
PRISMA guidelines, we removed duplicate records and
clearly irrelevant studies and identified 399 potentially
relevant studies (see Fig. 1). These studies were screened
twice in 2021 and 2022 to select studies that met the fol-
lowing criteria:

1. Only English-language clinical studies were included.

2. Group studies, but not reviews or single case studies,
were included.

3. Studies using pure lists of meaningful intransitive gestures
were included. Studies using mixed lists of meaningful
intransitive and transitive gestures or meaningful intransi-
tive and meaningless gestures were also included, but not
studies mixing the three types of gestures.

4. Studies were required to provide details on the input and
response modalities (see the “Clinical and Experimental
Tasks” section).
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Fig.2 Number of studies on
meaningful intransitive ges-
tures. Notes. Overall, 42 studies
met the selection criteria. Some
studies have studied apraxia as
a general cognitive domain and
hence have used mixed lists

of meaningful/meaningless or
transitive/intransitive gestures
while there has been growing
interest in the specific nature of
meaningful intransitive (MFI)
gestures. Four studies have used
both types of lists: Cubelli et al.,
2000, 2006; Ferro et al., 1980;
Mengotti et al., 2013

Number of studies

[ ]

q

1960's 197

Studies of patients with lesions limited to either the left
(LHD group) or the right hemisphere (RHD group) were
included. Subcortical lesions were included only if they
were clearly circumscribed to one hemisphere. Studies
involving only healthy controls, psychiatric patients, or
patients with disconnection syndromes after lesions of
the corpus callosum were not included.

Studies with consecutive patients or studies providing
data on apraxic and non-apraxic patients were included.
Only studies that included a control sample consisting of
either healthy individuals or non-neurological patients
were included.

Studies were required to provide quantitative data for
both patients and controls, including either mean scores
or the percentage of patients showing an impairment (or
both). Studies reporting error rates were only included
if they could be converted to a success rate to allow
comparison between studies. Studies that included only
Z-scores, qualitative data (e.g., spatial, temporal, and
content errors), or kinematic data were not considered.
Studies with data overlap (i.e., the same data used in
two manuscripts, as explicitly mentioned in the manu-
script) were not included to avoid overrepresenting
some findings.

The final selection included 42 different studies between
1966 and 2017 (Fig. 2 and Tables 2 and 3). There were 22
“pure meaningful intransitive gesture” studies (left hemi-
sphere lesions, n = 22; right hemisphere lesions, n = 8), of
which 11 studies also reported pure meaningful transitive
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gesture scores (left hemisphere lesions, n = 11; right hemi-
sphere lesions, n =6) and 9 also reported pure meaningless
gesture scores (left hemisphere lesions, n = 9; right hemi-
sphere lesions, n = 4). There were also 12 studies report-
ing mixed scores of “meaningful intransitive + transitive
gestures” (left hemisphere lesions, n = 12; right hemisphere
lesions, n = 5) and 12 studies reporting mixed scores of
“meaningful intransitive + meaningless gestures” (left hem-
isphere lesions, n = 12; right hemisphere lesions, n = 5).
Notably, four studies have used both pure meaningful intran-
sitive tests and mixed “meaningful intransitive + meaning-
less” tests on the same clinical sample (Cubelli et al., 2000,
2006; Ferro et al., 1980; Mengotti et al., 2013). All these
studies reported data from 2659 different patients, including
2115 patients with left hemisphere lesions and 544 patients
with right hemisphere lesions (Table 2). The sample sizes for
patients with left hemisphere lesions were as follows: pure
meaningful intransitive gesture studies: n = 1209; pure mean-
ingful transitive gesture studies: n = 469; pure meaningless
studies: n = 391; mixed “meaningful intransitive + transi-
tive” gesture studies: n = 559; mixed “meaningful intransi-
tive + meaningless” gesture studies: n = 525. Sample sizes
for patients with right hemisphere lesions were as follows:
pure meaningful intransitive gesture studies: n = 267; pure
meaningful transitive gesture studies: n = 187; pure meaning-
less gesture studies: n = 188; mixed “meaningful intransitive
+ transitive” gesture studies: n = 192; mixed meaningful
intransitive + meaningless” gesture studies: n = 85). The 22
meaningful intransitive studies used 15 different tests that
included 74 different meaningful intransitive gestures.
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Table 3 Methods

Study Production Task modality  Items Measure

(P)/reception
R)

MFl/total

List

Pure MFI lists

De Renzi et al. (1966)

De Renzi (1980)

Ferro et al. (1980)
Basso et al. (1981)

Raade et al. (1991)

Roy et al. (1991)
Schnider et al. (1997)

Cubelli et al. (2000)
Haaland et al. (2000)
Hanna-Pladdy (2001)

Hanna-Pladdy (2001)

Heath et al. (2001)

Cubelli et al. (2006)
Stamenova et al. (2010)

Vanbellingen et al. (2010)

la~]

la~]

VC+I

DI

VC+I
VC+I

VC

VvCi
vCi

VC

VC

VC

VC/CI

VC/CI

VC/DI

10/10

12/12

7117
12/12

10/10

4/4
10/10

20/20
5/5
10/10

10/10

8/8

15/15
9/9

8/8

Sign of the cross, salute,
goodbye, threatening, hungry,
thumb your nose, snap
fingers, horns, crazy, O with
fingers

Victory, OK, horns, snap
fingers, walking with fingers,
scissors with fingers, military
salute, blowpipe, stop, sign
of the cross, crazy, sending
a kiss

NA

Items from De Renzi et al.
(1966)

Hitchhike, snap fingers, wave
goodbye, salute, scratch head,
make a fist, OK, victory sign,
pinch nose, cross fingers

NA

Wave goodbye, hitchhike, salute
like a soldier, come here, stop,
go away, threatening (fist),
point to me, OK, scratch head

NA
NA

Salute, hitchhike, stop, go away,
wave goodbye, come here,
crazy, be quiet, OK, threaten
(fist)

Salute, hitchhike, stop, go away,
wave goodbye, come here,
crazy, be quiet, OK, threaten
(fist)

Military salute, hold nose, OK,
hitchhike, crazy, beckon, wave
goodbye, “go away”

NA

Waving goodbye, saluting, OK,
putting cream on one’s face,
beckoning, hold nose (bad
smell), OK, scratch ear, hail-
ing a cab

VC: military salute, throw Kkiss,
crazy, scratch head, point
to sky, wave goodbye, stop,
threatening. DI: sign of the
cross, crazy, wipe dust from
shoulder, military salute,
hitchhiking, stop, clasp fin-
gers, point to the sky

Accuracy score 0-2

Trial-based score 0-3

NA
Accuracy score 0-2

Accuracy score 0-1

Accuracy score 0-1
Accuracy score 0—4

Trial-based score 0-2
Error-based score 0-1
Accuracy score 0-3

Accuracy score 0-6

Dimensional score 0-2

Accuracy score 0-1
Dimensional score 0-2

Dimensional score 0-5
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Table 3 (continued)

Study Production Task modality  Items Measure
(P)/reception -
MFl/total List
R)
Mengotti et al. (2013) P I 18/18 Tired/sleep, military salute, Trial-based score 0-2

hungry, no!, hallo, later,
silence!, crazy, stop, well
done, come here!, finger
crossed, hitchhiking, listening,
strength, so-and-so, more or
less, go away, victory

Bonivento et al. (2014) P 1 15/15 Tired/sleep, military salute, Accuracy score 0-1
no!, hallo, silence, crazy, stop
sign, good, come here, cross
fingers, hitchhiking, listen,
strength, shortening, victory

Vanbellingen et al. (2015) P DI 8/8 Items from Vanbellingen et al.  Dimensional score 0-5
(2010)
Dressing et al. (2018) P I 10/10 Military salute, wave goodbye,  Accuracy score 0—1

stop, hush gesture, threaten-
ing (fist), hitchhiking, one
hand up (school), both hands
up (surrender), cold (rub-
bing one's arms), pointing at

someone

Weiss et al. (2016) P I 4/4 Blowing cheeks, sticking out Accuracy score 0-2
the tongue, be quiet, stop sign

Binder et al. (2017) P 1 40/40 Thumb nose, hold nose (bad Trial-based score 0-2

smell), comb with hand, imi-
tate spy-glass, attract (index
finger), shake hand (put forth
one’s hand), hold up one’s
hand to feed an animal, point
at sth., clean one’s interdental
space with forefinger, hitch-
hiking, pick one’s ear (index
finger), hiding eyes, sleep,

be quiet, listen, raising hand
(school), strength (show one’s
biceps), good (thumbs up),
bad (thumbs down), yawn,
scratch head, shout mega-
phone, whistle, stop, headache
(holding one’s head),
clenched fist, shadow one’s
eyes, military salute, blow
kiss, flip so. the bird, sneeze
facial tissues, watching one’s
own reflect, cough, rest one’s
head on one’s hand, hand

on mouth, victory sign, OK
(index and thumb together),
fingers crossed, hand on one’s
chest (heartbreak), pull down
lower eyelid (incredulity)

R Recog. 40/40 Same list as above N of correct responses

R C (GCM) 36/36 Same list as above, minus 4 N of correct responses
gestures: OK, fingers crossed,
heartbreak, incredulity
Ortiz and Mantovani-Naga- P vC 3/3 Waving goodbye, hailing a taxi, Accuracy score 0—1
oka (2017) come closer
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Table 3 (continued)

Study Production Task modality  Items Measure
(P)/reception -
MFl/total List
R)
Mixed MFI+MFT lists
Gainotti and Lemmo (1976) R C (GPM) 3/10 Hungry, military salute, kiss, N of correct responses

to uncork a bottle, to fire a
pistol shot, to drink, to brush
one’s teeth, to play the guitar,
to look through binoculars, to
comb one’s hair

Ferro et al. (1980)* R C (GPM) 4/12 Military salute, cross-sign, N of correct responses
blowing, looking at the time,
playing guitar, typewriting,
phoning, drinking, smoking,
eating, writing, using scissors
Ferro et al. (1983) R C (GPM) 4/12 Same list as above N of correct responses

Sunderland et al. (1999) P VvC/ 3/9 Salute, threaten (fist), wave Accuracy score 0-3
goodbye, cup, key, ball, pen-
cil, toothbrush, hammer

Hanna-Pladdy et al. (2003) P VC 10/20 Salute, hitchhike, stop, go Accuracy score 0—-6
away, wave goodbye, come
here, crazy, be quiet, OK,
threaten (fist), scissors, saw,
bottle opener, wire cutters,
salt shaker, glass, spoon,
hammer, comb, knife, brush,
screwdriver, pencil, key, iron,
razor, eraser, vegetable peeler,
ice pick, scoop.
Schwoebel et al. (2004) P VC/DI 4/10 Wave goodbye, come here, Accuracy score 0-1
salute, hitchhiking, comb
hair, brush teeth, scissors,
hammer, flip a coin, pour
water

Kaya et al. (2006) P VC+I 9/20 Put out tongue, close eyes, Accuracy score 0-3
whistle, sniff flower, threaten
(fist), salute, wave goodbye,
scratch head, snap fingers,
use comb, toothbrush, spoon,
hammer, key, drive car, knock
at the door, fold a newspaper,
light a cigarette, play the saz
(a lute-like stringed instru-
ment), blow out a match

Pazzaglia et al. (2008) R Recog. 30/60 NA N of correct responses
Unsal-Delialioglu et al. P VC+I 9/20 Same list as Kaya et al. (2006)  Accuracy score 0-3
(2008)
Bickerton et al. (2012) P vC 3/6 NA NA
R C (GWM) 3/6 NA NA
Papeo and Rumiati (2013)* P VC/DI 12/15 To sleep, to count, to walk, Accuracy score 0-3

to lift, clapping, to leave,
to hear, to stop, to pray, to
salute, waving, to shout, to
phone, to eat, to cut

R C (GWM, GN) 12/15 Same as above N of correct responses
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Table 3 (continued)

Study Production Task modality  Items Measure
(P)/reception -
MFl/total List
R)
Van Nispen et al. (2016)* P Visual 22/30 Bed, rhino, igloo, whistle, Number of default techniques
domino, escalator, ham- used
mock, helicopter, pelican,
octopus, pyramid, coat
hanger, unicorn, camel,
funnel, cookie, hangman’s
rope, snail, volcano, sphinx,
pallet, beaver, pencil, comb,
saw, racket, bolt, scroll, dart,
abacus
Mixed MFI+MLI lists
De Renzi et al. (1982) P DI 12/24 Same list as De Renzi (1980) Trial-based score 0-3
De Renzi et al. (1986) P DI 12/24 Same list as De Renzi (1980) Trial-based score 0-3
Basso et al. (1987) P DI 12/24 Same list as De Renzi (1980) Trial-based score 0-3
Barbieri and De Renzi (1988) P DI 12/24 Same list as De Renzi (1980) Trial-based score 0-3
Cubelli et al. (2000) P DI 12/24 Same list as De Renzi (1980) Trial-based score 0-3
Ambrosini et al. (2006) P DI 5/12 Stop, send kiss, salute, blow in  Trial-based score 0-1
a tube, sign of the cross
Cubelli et al. (2006) P I 15/30 NA Accuracy score 0-1
Negri et al. (2007) P DI 12/24 Same list as De Renzi (1980) Trial-based score 0-3
Tessari et al. (2006) P DI 12/24 Same list as De Renzi (1980) Trial-based score 0-3
Mengotti et al. (2013) P DI 12/24 Same list as De Renzi (1980) Trial-based score 0-3
Mengotti et al. (2015) P 1 18/36 Tired/sleep, military salute, Trial-based score 0-2
hungry, no!, hallo, later,
silence, crazy, stop, well
done, come here, finger
crossed, hitchhiking, listening,
strength, so-and-so/more or
less, go away, victory
Frenkel-Toledo et al. (2016) P I 12/24 Same list as De Renzi (1980) Trial-based score 0-3
Pure MFT lists
Raade et al. (1991) P VC 0/10 Scissors, hammer, key, tooth- Accuracy score 0-1
brush, comb, screwdriver,
pencil, flip coin, fork, razor
Roy et al. (1991) P VCia 0/6 NA Accuracy score 0-1
Schnider et al. (1997) P VC/Visual/l 0/12 Hammer, gun, saw, toothbrush, Accuracy score 0—4
key, scissors, fork, comb,
pencil, screwdriver, tea pot,
phone dial
Haaland et al. (2000) P I 0/5 NA Error-based score 0-1
Hanna-Pladdy (2001) P vC 0/10 NA Accuracy score 0-3
Stamenova et al. (2010) P VC/CI 0/8 Comb, spatula, hammer, fork, =~ Dimensional score 0-2
knife, watering can, tooth-
brush, tweezers
Vanbellingen et al. (2010) P VC/DI 0/8 VC: toothbrush, comb, eat, cig- Dimensional score 0-2

arette, screwdriver, key, stamp
(to post-mark), cut bread. DI:
drink, comb, phone, cigarette,
hammer, key, scissors, stamp
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Table 3 (continued)

Study Production Task modality  Items Measure
(P)/reception -
R) MFl/total List
Bonivento et al. (2014) P I 0/20 To clean with a cloth, comb, Accuracy score 0-1
paint wall, iron, shave, drink,
eat, put lipstick on, pour,
brush teeth, stir, hammer, play
tennis, write, strike match,
saw, cut with knife, lightbulb,
key, cigarette
Vanbellingen et al. (2015) P DI 0/8 Same list as above Dimensional score 0-2
Dressing et al. (2018) P 1 0/10 Comb, hammer, pen, key, Accuracy score 0-1
cigarette, knife, piano, phone,
drink from glass, toothbrush
Weiss et al. (2016) P Visual 0/6 Pen, dice, glass, razor, tooth- Accuracy score 0-2
brush, watering pot
Pure MLI lists
De Renzi (1980) P DI 0/12 - Trial-based score 0-3
Roy et al. (1991) P VC/1 0/4 - Accuracy score 0-1
Schnider et al. (1997) P DI 0/8 - Dimensional score 0-2
Haaland et al. (2000) P I 0/5 - Error-based score 0-1
Cubelli et al. (2006) P I 0/15 - Accuracy score 0-1
Vanbellingen et al. (2010) P VC/DI 0/8 - Dimensional score 0-2
Mengotti et al. (2013) P DI 0/18 - Trial-based score 0-2
Vanbellingen et al. (2015) P DI 0/8 - Dimensional score 0-2
Weiss et al. (2016) P I 072 - Accuracy score 0-2

The data are sorted by type of gesture and by year of publication

P production, R reception, VC verbal command, / imitation (unspecified), DI delayed imitation, CI concurrent imitation, Visual visual input
other than imitation (e.g., performing a gesture from pictures), Recog recognition (i.e., discriminating correct versus incorrectly performed
gestures). C, comprehension, which can be based on gesture-picture matching tasks (GPM), gesture-context matching tasks more specifically
(GCM), gesture-word matching tasks (GWM), or gesture naming (GN). VC+I means that imitation was performed “if necessary” and hence
that the same score encompasses verbal command and imitation. VC/I means that performance on verbal command and on imitation were coded
separately. The list of items is given for meaningful items only. Gestures written in bold are MFI gestures, emphasized for mixed MFI+MFT lists

only

aGestures were not explicitly classified as “intransitive,” so we classified the gestures as “transitive” if they implied the interaction with a manu-

factured object or “intransitive” if they did not

Data Analysis

We first extracted the data corresponding to tests of
meaningful intransitive gestures. From these studies, we
also extracted data from tests of meaningful transitive or
meaningless gestures (when available), for comparison in
the same patients. Many studies have used mixed lists of
“meaningful intransitive + transitive” or “meaningful intran-
sitive + meaningless” gestures. We extracted these data as
well, allowing us to show a gradient of tasks ranging from
“pure” meaningful intransitive gesture tests, to tests that mix
meaningful intransitive and other gestures, to “pure” tests of
meaningful transitive or meaningless gestures.

Particular Cases Met During Data Extraction

In some cases, we had to reconstruct or correct the data.
Supplementary Table 1 shows particular cases encountered
during data extraction. Where scores from apraxic and non-
apraxic patients were available, we calculated the mean
score of both groups to approach the effect of hemisphere
damage on performance. When data were only available in
histograms, we derived the raw data by calculating cross-
products (i.e., score in pixels * maximum score/maximum
score in pixels). This method expresses the raw data with
only a small margin of error. Finally, where individual data
were available, data from left-handers were removed before

@ Springer



Neuropsychology Review

computing the mean score of the group for group compari-
sons (Bonivento et al., 2014; Frenkel-Toledo et al., 2016;
Mengotti et al., 2013, 2015). As a result, the sample included
almost exclusively right-handed participants (Table 2). Nota-
bly, in several studies, the handedness of the patients was not
reported. These studies were nevertheless included for three
reasons: (1) several of them had large samples (Bickerton
et al., 2012; Dressing et al., 2018; Vanbellingen et al., 2010),
which is rare and valuable in the field of apraxia; (2) large
samples naturally control for laterality, as 90% of the popula-
tion is right-handed (Papadatou-Pastou et al., 2020); (3) even
among strong left-handers, only a minority of individuals
shows right-hemisphere dominance for language (e.g., 22 to
27%; Knecht et al., 2000; Szaflarski et al., 2002), and there
is no right-left difference for meaningful transitive gestures
(Vingerhoets et al., 2012).

Measures Extracted

We first extracted demographic data (i.e., age, years of edu-
cation, and percentage of females and right-handed patients)
and clinical data (i.e., prevalence of aphasia and days post-
onset) from each study to characterize the clinical samples.
When available, we extracted the frequency of the deficit
(i.e., the percentage of patients with a score below the cut-off
score). We were also interested in the intensity of the deficit,
i.e., the control-patient difference. Given the heterogeneity
of assessment methods, we resorted to a qualitative meta-
analysis method developed by our research group (Baumard
et al., 2014; Lesourd et al., 2013). This method allows stud-
ies with different methodologies to be compared. It consists
of two steps: (1) converting raw scores into percentages of
the maximum score, for each study, condition, and group and
(2) calculating a control-patient difference score, i.e., the dif-
ference between the clinical group and the matched control
group (e.g., controls’ score = 90%, patients’ score = 50%,
hence control-patient difference score = 40%). The greater
the difference, the more impaired the patients. We controlled
for sample sizes in two ways to avoid overrepresentation of
small samples. In Table 4 (bottom rows), we calculated the
mean of control-patient differences weighted by sample size.
In Fig. 3, the colors correspond to the different studies and
the size of the circles represents the sample size.

Coding of the Emotional Valence of Gestures

Parameters other than meaning and transitivity may influ-
ence patients’ performance. In the light of the social cogni-
tion hypothesis, we investigated how some characteristics
of gestures related to emotion processing might influence
the performance of patient groups. First, gestures may or
may be not body-centered (i.e., performed toward the body).
Body-centered gestures may elicit different emotional and

@ Springer

physiological responses compared to gestures performed
away from the body (Bartolo et al., 2019). Second, gestures
may express different emotional categories (e.g., happiness
and fear) and may vary in terms of emotional valence (i.e.,
positive, neutral, and negative) and intensity. Previous studies
have investigated the effect of this variable on reaching and
grasping gestures (e.g., Esteves et al., 2016) but not on mean-
ingful intransitive gestures. Third, the content of meaning-
ful intransitive gestures may be important, as these gestures
may be deictic, or may express an internal bodily state, an
emotion, a command or request, or a concrete or an abstract
concept (see the “Clinical and Experimental Tasks” section).
This may have an impact on the neural networks involved in
gesture production (Gallagher & Frith, 2004), and, thus, on
the performance of patients with focal brain lesions.

Where possible, we performed a fine-grained analysis
of the meaningful intransitive gestures used in the included
studies. To decide whether gestures were body-centered or
not, we asked three judges to rate video clips of 102 mean-
ingful intransitive gestures (Supplementary Table 2). This
allowed us to calculate the mean percentage of body-cen-
tered gestures used in each study (Supplementary Table 3).
We also asked 28 healthy controls with no neurological or
psychiatric history (mean age, 26.9; standard deviation,
8.1; 15 females; 26 right-handed; mean years of education,
15.2, standard deviation, 1.8) to rate the 102 gesture video
clips for meaning (i.e., “Does the gesture have a meaning for
you?”, yes or no), valence, and intensity (on a 7-point Likert
scale; Supplementary Table 4). This allowed us to calculate
the mean score for each of the studies included in this review
(Supplementary Table 5). The results of these analyses are
shown in Table 5.

Results
Methodological Considerations

In this section, we review differences between studies that
may have influenced the findings and that may require exper-
imental control in future studies.

Demographic and Clinical Data

Table 2 shows demographic data for each clinical group.
The mean age was similar in both groups (patients with left
hemisphere lesions, mean age = 61.2, sd = 5.7; patients
with right hemisphere lesions, mean age = 63.9, sd = 3.8).
The same was true for years of education (patients with left
hemisphere lesions, mean = 10.2, sd = 2.9; patients with
right hemisphere lesions, mean = 12.8, sd = 2.2) and for
the percentage of right-handed participants (100% in both
groups, considering the studies that provided this data).
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Fig.3 Control-patient differ- 35
ence, meaningful intransitive
gestures. Notes. Figure based

on the data available in Table 4. 30 @)
Only scores corresponding to —_
production on verbal command

or imitation are displayed given

the lack of data regarding recep-

tion and other task modalities.

Each color corresponds to a spe-

cific study. The larger the circle,

the larger the sample size. LHD,

left hemisphere damage; RHD, \
right hemisphere damage
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LHD

Production
Verbal command

® Raade et al. (1991)
Haaland et al. (2000)
Heath et al. (2001)

Vanbellingen et al. (2010)

Ortiz et al. (2017)

None of the studies made reference to race/ethnicity. Not
surprisingly, 79.6% of cases with left hemisphere lesions
(sd = 17.5) had aphasia. The number of days post-onset at
the time of assessment was also comparable in both popu-
lations, although with high heterogeneity between studies
(patients with left hemisphere lesions, mean = 305.7, sd
= 473.2; range = 4-1825; patients with right hemisphere
lesions, mean = 374.2, sd = 365.2; range = 75-860). Of
note, two studies included patients more than 2 years after
onset and still documented deficits in patients’ meaningful
intransitive gestures (Haaland et al., 2000; Stamenova et al.,
2010), suggesting limited spontaneous recovery.

Differences in Response Modality

As shown in Table 3, gesture production is clearly over-
represented in the literature, and there is only one study on
the recognition and comprehension of meaningful intran-
sitive gestures (Binder et al., 2017). Other studies have
investigated these task modalities, but with mixed lists of
meaningful intransitive and transitive gestures, making it
difficult to draw conclusions about meaningful intransitive
gestures. This is without mentioning differences in test-
ing procedures, as we found tasks assessing gesture-tool
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=
(& ° e
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RHD

Production
Imitation

Roy et al. (1991)
Hanna-Pladdy et al. (2001a)
Cubelli et al. (2006)
Mengotti et al. (2013)

Schnider et al. (1997)
Hanna-Pladdy et al. (2001b)
Stamenova et al. (2010)
Binder et al. (2017)

@ Vanbellingen et al. (2015)

matching (Gainotti & Lemmo, 1976), gesture-context
matching (e.g., “military salute” goes with “officer”; Ferro
et al., 1980, 1983), gesture-word matching (Bickerton
et al., 2012), naming (Papeo & Rumiati, 2013), and judging
of correctly or incorrectly performed gestures (Pazzaglia
et al., 2008). The variety of assessment methods makes it
difficult to draw firm conclusions about the patients’ ability
to understand meaningful intransitive gestures.

Differences in Task Modality

We also found differences in task modality. Some older
studies have tested gesture production on verbal command
and then on imitation only if the patient failed on verbal
command (Basso et al., 1981; De Renzi et al., 1966; Ferro
et al., 1980). In contrast, more recent studies have tested
verbal command and imitation independently from each
other, allowing cognitive routes to be tested separately
(Heath et al., 2001; Roy et al., 1991; Schnider et al., 1997,
Stamenova et al., 2010; Vanbellingen et al., 2010). How-
ever, the type of imitation (concurrent or delayed) is rarely
explicit, making it difficult to infer how working memory
might have influenced the results.
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Table 5 (continued)

18

5 = Differences in Number of Items
S - |a =) )
N
° °I° N Furthermore, the number of items varies widely across
g9 studies, ranging from 4 gestures (Weiss et al., 2016) to 40
§ —Z o gestures (Binder et al., 2017). A small number of items
5 E 9| N - @ may either exaggerate or minimize the clinical deficit.
S . Regarding mixed lists of gestures, the proportion of mean-
ingful intransitive gestures was well controlled in studies
5 = - that mixed meaningful intransitive and meaningless ges-
§ § S |n " - tures, but not in studies that mixed meaningful intransitive
<8 2= SR and transitive gestures (Table 3).
Q
5% s _
é § iy 5 % g E Differences in Coding Systems
<
o - :: As shown in Table 3, there is significant heterogeneity
g 9| - T }: E between scoring systems, as we found four different types
A e - < =) g of coding systems. First, trial-based scores are scores that
3 i ; depend on the number of trials required to achieve normal
é 2 o § ‘% performance (Binder et al., 2017; De Renzi, 1980; De Renzi
§ % 9| jr 2 S % g) et al., 1982; Mengotti et al., 2013) or the number of correct
oS e |- - b E 8 trials (Mengotti et al., 2015). Second, error-based scores
§ o % I correspond to error counts that are converted into scores
= g 9| ﬁ 2 =) % % (e.g., Haaland et al., 2000). Third, multidimensional coding
% f =1 oo g ‘g systems encode for different dimensions of a given gesture.
; § z g For instance, Heath et al. (2001; see also Stamenova et al.,
% E § = ) - ;ﬂ = 2010) scored five dimensions on a 2-point scale: orientation
O 1= S |= = b E of the hand (rotation of the palm relative to the arm), action
) § E E (movement of the hand through space), hand posture (posi-
g E E ‘*?D tion or shape of the limb), plane of movement of the hand,
% “éu % g and the location of the hand relative to the body. Fourthly,
é § o o S % £ QE’ accuracy scores code f.or the quality of overa.ll perfo.rmance.
3 P S T < E ._E s These are the most widely u.sed, bu.t there is cons1d§rgble
% - -~ = ; % § hete?rogenelty between studies, which means that §1m11ar
% 2 s S £ & & coding systems may actually correspond to very dli:‘ferent
E 4 |E P 3 52 errors. Some coding systems have coded the patient’s first
A ‘g < :} @ response (Raade et al., 1991) while others have allowed
2 g % = 3 for self-corrections (Ambrosoni et al., 2006; Bartolo et al.,
2 3 g - 2008; Schnider et al., 1997; Weiss et al., 2016). Binary pass-
g 3 = ) é "? = 2 E or-fail scores have been used (Cubelli et al., 2006; Dress-
g LE i E’ g C‘:’ g § é % i ing et al., 2018; Ortiz & Mantovani-Nagaoka, 2017), but
|l -1 D g © § © ﬁ also 3- to 7-point scales based on different error types such
n@ § % g g = as abnormal amplitude, force, or speed; perseverations;
% ’,§ % z 2 é oral performance; spatial errors (i.e., location or plane of
;; - g- g ; cE; '5 movement); postural errors h(e.g., wroFg hand po;ture or no
<] S T < & 5 action); content errors such as visual errors and semantic
g g e T o i% % % é E parapraxias (e.g., a combination of two items or an action
S e - % f§ g % :5, visually similar to the target)' or movements unrel’atf’:d to
§ 02 é -% g 3 ‘é Eo E Td fg” the task; hesitations, “robot-like” movements, omissions,
%7 .% .5 _: %’ § §0 % ;D E § cé substitutions, extra moYements; and no response or‘unrec—
g 3 E) 2 ‘% :% ‘Z“ el g £ 835 & ognizable gesture (Bonivento et al., 2014; De Renzi et al.,
2z %c’u 3 % § S8 NE § © S § § § 1966; Hanna-Pladdy, 2001; Roy et al., 1991; Schnider et al.,
g Slg' = § ' 8°C|g£222 1997; Vanbellingen et al., 2010).
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Are “Meaningful” Gestures Actually Meaningful?

In previous studies, gestures that were considered meaning-
less were in fact meaningful to naive participants (Achilles
etal., 2016). Our coding of gesture meaning (see the “Cod-
ing of the Emotional Valence of Gestures” section) confirms
that the gestures used in previous studies were mostly mean-
ingful, with very rare exception (Table 5).

Percentage of Patients Showing a Deficit

Eleven studies of patients with left hemisphere lesions (total
n cases = 866) reported the number of patients showing
a deficit in meaningful intransitive gestures (see details
in Table 4 and Supplementary Tables 6 and 7). The mean
percentage of patients performing below the cut-off score
(across all studies and conditions) was 46.4% (standard devi-
ation across studies: 12.4%). In comparison, the mean per-
centage of cases with a deficit was 53.5% (sd = 18.0%) for
pure meaningful transitive gesture tests (N = 5 studies, total
N cases = 272) and 35.9% (sd = 7.3%) for pure meaning-
less gesture tests (N = 3 studies, total N cases = 168). More
specifically, 67 out of 118 cases (57%) failed the meaningful
intransitive gesture test on verbal command, and 280 out of
847 cases (33%) on imitation. There were no data on visual
input and reception.

Four studies of patients with right hemisphere lesions (total
n cases = 188) reported the same data. The mean percentage
of patients scoring below the cut-off score on pure meaning-
ful intransitive gesture tests was 31.2% (standard deviation,
20.7%). In comparison, the mean percentage of cases with a
deficit was 32.1% (sd = 1.1%) for pure meaningful transitive
gesture tests (N = 2 studies, total N cases = 46) and 11.3% (N
= 1 study, total N cases = 80) for meaningless gesture tests.
More specifically, 48 out of 100 cases (48%) failed the mean-
ingful intransitive gesture test on verbal command and 37 out
of 188 cases (20%) failed the gesture test on imitation. There
was no data on visual input or reception.

We performed chi-square tests with two factors (factor
1: presence or absence of a deficit; factor 2: group with left
or right hemisphere damage) for meaningful intransitive
gestures only, on verbal command (data available for n =
118 cases with left hemisphere lesions and 100 cases with
right hemisphere lesions; cases with left hemisphere lesions
with no deficit, n = 51 (43%), with a deficit, n = 67 (57%);
cases with right hemisphere lesions with no deficit, n = 52
(52%), with a deficit, n = 48 (48%)) and on imitation (data
available for 847 cases with left hemisphere lesions and 188
cases with right hemisphere lesions; cases with left hemi-
sphere lesions with no deficit, n = 567 (67%), with a deficit,
n = 280 (33%); cases with right hemisphere lesions with
no deficit, n = 151 (80%), with a deficit, n = 37 (20%)).
The test was significant for imitation (y2 = 12.3,df =1, p

< 0.001) but not for verbal command (y2 = 1.34, df = 1,
p = 0.247). In conclusion, (1) previous studies have docu-
mented meaningful intransitive gesture impairments in both
cases with left hemisphere lesions and cases with right hemi-
sphere lesions, and in both verbal command and imitation;
(2) the prevalence of meaningful intransitive gesture defi-
cits is higher after left hemisphere lesions, especially when
testing imitation. It is noteworthy, however, that in studies
of patients with right hemisphere lesions, the prevalence
of deficit in verbal command was higher for meaningful
intransitive gestures (mean = 42.5%, sd = 30.4%) than for
meaningful transitive gestures (mean = 26.0%, n = 1 study),
whereas in studies of patients with left hemisphere lesions,
the reverse pattern was found (meaningful intransitive mean
= 54.5%, sd =12.7; meaningful transitive mean = 62.0%, n
= 1 study). Overall, the results remained unchanged when
strictly controlling for laterality (i.e., excluding studies that
did not provide data on laterality from the analyses; Sup-
plementary Fig. 1).

Control-Patient Difference Score

Table 4 and Fig. 4 show the mean control-patient differ-
ence (weighted by sample size) as a function of the clinical
group, task, and modality. Control-patient differences were
higher in patients with left than right hemisphere lesions in
all tasks and modalities. Specifically, for meaningful intran-
sitive gestures, 8 out of 9 studies of patients with left hemi-
sphere lesions have documented significant control-patient
differences in verbal command, and 6 out of 7 in imitation.
In contrast, 2 out of 5 and 2 out of 4 studies of patients
with right hemisphere lesions have documented significant
control-patient differences in verbal command and imita-
tion, respectively. However, patients with left or right hemi-
sphere lesions have shown similar levels of performance on
the meaningful intransitive gesture tests (especially after
controlling for laterality, see Supplementary Fig. 2).

Gesture Production

With regard to gesture production in patients with left hemi-
sphere lesions, the control-patient difference was smaller
for meaningful intransitive gestures than for any other con-
dition (see Fig. 4). A transitivity gradient was observed,
with tests using meaningful intransitive gestures only being
easier than tests mixing meaningful intransitive and tran-
sitive gestures, which in turn were easier than tests using
meaningful transitive gestures only. Figure 4 shows that
there was no clear meaning effect: tests with meaningless
gestures seemed to be more difficult than tests with mean-
ingful intransitive gestures, but this was strongly influenced
by the verbal command modality, which is quite unusual
for this type of gesture (i.e., it consists of giving complex

@ Springer
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Fig.4 Mean control-patient difference. Notes. Figure based on the
data available in Table 4. Standard deviations reflect the between-
study discrepancy. Left panel: mean across all task modalities, includ-
ing verbal command, imitation, production based on visual input,

instructions such as “put your right thumb on your right
ear with the other fingers pointing upward”) and probably
complex for aphasic patients with left hemisphere lesions.
When it comes to imitation, and when laterality is strictly
controlled for (Supplementary Fig. 2), there is actually little
difference between meaningful intransitive and meaningless
gestures for patients with left hemisphere lesions. In sum-
mary, we found a transitivity effect, but no clear meaning
effect, in these patients.

Based on Fig. 4 again, gesture production performance
followed a different pattern in patients with right hemisphere
lesions. Pure meaningful intransitive gesture tests yielded
the highest control-patient difference, while meaningful
transitive gesture tests yielded the lowest one. This was true
for verbal command and imitation and was confirmed after
controlling for laterality (Supplementary Fig. 2). Again,
meaningful intransitive and meaningless gestures yielded
similar levels of performance. In conclusion, we found no
meaning effect, but a “reverse” transitivity effect in patients
with right hemisphere lesions, where the gesture production
performance increased when patients were asked to panto-
mime the use of tools, but decreased when they were asked
to make meaningful intransitive gestures.

Gesture Reception

Studies that have mixed meaningful intransitive and transi-
tive gestures (see Table 4) have consistently found deficits
in gesture reception in patients with left hemisphere lesions,
with 30 to 58% of cases showing a deficit and a mean con-
trol-patient difference similar to that observed for gesture
production. In contrast, gesture reception deficits were rarer
in patients with right hemisphere lesions (7-12% of cases),
and control-patient differences were smaller. Nevertheless,
different tasks were used (see the “Methodological Consider-
ations” section) and there may be a confounding transitivity
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and reception. Data for visual input and reception are given in the
text given the low number of studies. LHD, left hemisphere damage;
RHD, right hemisphere damage; MFI, meaningful intransitive; MFT,
meaningful transitive; MLI, meaningless intransitive

effect due to the presence of meaningful transitive gestures
in the tests. Only one study (of patients with left hemisphere
lesions) has investigated and documented gesture recogni-
tion and gesture comprehension deficits with meaningful
intransitive gestures (see definitions in the “Methodological
Considerations” section; Binder et al., 2017). Notably, in a
study not included in this review, patients with right hemi-
sphere lesions performed worse than patients with left hemi-
sphere lesions in a comprehension task (i.e., describing the
meaning of gestures and indicating the context in which they
appear; Halsband et al., 2001). In conclusion, based on the
available data, both patient groups seem to have meaningful
intransitive gesture reception impairments, although with a
high degree of uncertainty due to the low number of studies.

Relationship Between Types of Gestures

We found 11 pure meaningful intransitive studies that also
provided gesture scores obtained with pure meaningful tran-
sitive gesture tests. Similarly, we found 9 pure meaningful
intransitive studies that also provided gesture scores from
pure meaningless tests. This made it possible to test the rela-
tionship between meaningful intransitive gesture production
scores on the one hand and meaningful transitive and mean-
ingless gesture production scores on the other hand—in the
same task modality. As shown in Fig. 5, there was a strong
association between meaningful intransitive and transitive
gesture scores, but a weak association between meaningful
intransitive and meaningless gesture scores.

Dissociations Between Types of Gestures
We examined individual cases in all the studies that had used

both pure meaningful intransitive and either pure meaningful
transitive or pure meaningless gesture lists. Only five studies
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Fig.5 Association between scores obtained with meaningful intransi-
tive, meaningful transitive, and meaningless gestures. Notes. Figure
based on the data available in Table 4. Only scores corresponding
to production on verbal command or imitation are displayed given
the lack of data regarding reception and other task modalities. Each

have provided individual scores (see Table 6) for a total sub-
sample of n = 259 cases with left hemisphere lesions and n
= 43 cases with right hemisphere lesions.

As shown in Table 6, double dissociations (i.e., normal
performance with gesture type 1 but impaired performance
with gesture type 2 in some cases, and the opposite pattern
in some other cases) were documented between meaningful
intransitive and transitive gesture production tasks, in both
patient groups. In verbal command, selective meaningful
intransitive gesture impairments were documented in 4 out
of 35 cases with right hemisphere lesions (11.4%) but were
not observed in the patients with left hemisphere lesions
(Stamenova et al., 2010). In imitation, selective impairments
of meaningful intransitive gestures were documented in 6
out of 43 RHD cases (13.9%) and 11 out of 225 LHD cases
(4.9%). The difference was significant (chi-square test with
“meaningful intransitive impaired but meaningful transi-
tive normal” versus “any other profile,” and left versus right
hemisphere damage; y2 = 4.49, df = 1, p = 0.034).

Finally, only two imitation studies (of patients with left
hemisphere lesions) provided individual meaningful intran-
sitive and meaningless gesture scores (see Table 6). Again,
double dissociations were found. For example, in Mengotti
et al.’s study, three cases showed impaired performance with
meaningful intransitive gestures but normal performance
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Cubelli et al. (2006)

color corresponds to a specific study. The larger the circle, the larger
the sample size. Full circles and lines: patients with left hemisphere
lesions. Dotted circles and lines: patients with right hemisphere
lesions. MFI, meaningful intransitive; MFT, meaningful transitive;
MLI, meaningless intransitive

with meaningless gestures (DR: meaningful 25/36, cut-off
30, meaningless 29/36, cut-off 29; BV: meaningful 28/36,
cut-off 33.7, meaningless 31/36, cut-off 29.6; SS: meaning-
ful 33/36, cut-off 33.7, meaningless 32/36, cut-off 29.6),
while three cases showed the opposite pattern (FN: meaning-
ful 33/36, meaningless 27/36; PI: meaningful 33/36, mean-
ingless 25/36; SR: meaningful 30/36, meaningless 24/36;
cut-off meaningful 30, meaningless 29 for the three cases).
Selective impairments of meaningful intransitive gestures
were documented in 5 out of 52 LHD cases (9.6%).

It should be noted, however, that in the only study that pro-
vided individual scores for the three types of gestures separately
deficits in meaningful intransitive gestures were always associ-
ated with deficits of either meaningful transitive or meaningless
gestures (or both; Vanbellingen et al., 2015).

Links to Aphasia

Nine pure meaningful intransitive gesture studies of patients
with left hemisphere lesions have provided language scores.
We extracted comprehension scores (as this was the most
commonly reported testing condition) and, were these not
available, global aphasia scores. We found an associa-
tion between the results of the language tests and mean-
ingful intransitive gesture production in patients with left

@ Springer
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Table 6 Dissociations in individual cases

MFI vs. MFT MFI vs. MLI
Total cases MFI+ MFI- MFI+ MFI- Total cases MFI+ MFI- MFI+ MFI-
MFT+ MFT- MFT- MFT+ MLI+ MLI- MLI- MLI+
LHD studies
Stamenova et al. (2010) — verbal command® 45 17 18 10 0 - - - - -
Stamenova et al. (2010) — imitation® 45 13 23 5 4 - - - - -
Bonivento et al. (2014) — imitation® 6 2 3 1 0 - - - - -
Vanbellingen et al. (2015) — imitation® 18 10 5 2 1 18 11 4 1 2
Dressing et al. (2018) — imitation? 156 98 23 29 6 - - - - -
Mengotti et al. (2013)° - - - - - 34 15 13 3 3
RHD studies
Stamenova et al. (2010) — verbal command® 35 23 4 - - - - -
Stamenova et al. (2010) — imitation® 35 15 6 9 5 - - - - -
Bonivento et al. (2014) — imitation® 8 4 0 3 1 - - - - -

1

The data are sorted by patient group. “+” and “—
in the analysis

mean “normal” and “impaired,” respectively. Only clearly right-handed cases were included

LHD left hemisphere damage, RHD right hemisphere damage, MFI meaningful intransitive, MFT meaningful transitive, MLI meaningless

intransitive
4Based on Table 4 from Stamenova et al. (2010)
"Based on Supplementary Table 1 from Bonivento et al. (2014)

“Based on Table 1 from Vanbellingen et al. (2015), using cut-off scores provided inVanbellingen et al. (2010)

9Based on the section “Imitation of meaningful gestures” from Dressing et al. (2018, p.7)
“Based on Table 3 from Mengotti et al. (2013), considering both MFI tests used

hemisphere lesions (Supplementary Fig. 3), both for verbal
command and imitation. Furthermore, the prevalence of
meaningful intransitive gesture production deficits varies
according to the presence or absence of aphasia. In the study
by Basso et al. (1981), 3 out of 32 (9%) non-aphasic patients
with left hemisphere lesions failed the gesture test compared
with 57 out of 141 (40%) aphasic patients. De Renzi (1980)
documented meaningful intransitive gesture production defi-
cits in 1 out of 40 (3%) non-aphasic patients with lesions of
the left hemisphere, but 41 out of 60 (68%) aphasic patients.
Cubelli et al. (2000) and Ferro et al. (1980) found simi-
lar values (53% and 31% of aphasic patients, respectively).
Two studies have reported meaningful intransitive gesture
production scores for aphasic vs. non-aphasic patients. In
the study by Cubelli et al. (2000), aphasic patients (n = 17)
had a lower mean performance than non-aphasic patients
with left hemisphere lesions (n = 2; 44% and 65% of the
maximum score, respectively). In the study of Mengotti et al.
(2013), aphasic patients had a lower score than non-aphasic
patients (66% and 71%, respectively), and both subgroups
had a lower score than the control group (94%). In conclu-
sion, the presence of aphasia is a good predictor of meaning-
ful intransitive gesture production deficits in patients with
lesions of the left hemisphere.

However, both disorders can occur independently. Mis-
understanding of gesture labels cannot explain the failure to
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imitate gestures. In addition, some patients may have gesture
production deficits without aphasia. For example, in Cubelli
et al.’s (2000) study, one patient with left hemisphere lesions
(case 16) scored in the normal range on all language tests while
showing a marked impairment in the production of meaning-
ful intransitive gestures on verbal command (16/40, cut-off
score 24). Case 9, on the other hand, had severe aphasia but
no gesture impairment. These findings suggest that language
and meaningful intransitive gesture production are independent
from each other, in line with a previous study (Papagno et al.,
1993). Thus, aphasia alone cannot account for meaningful
intransitive gesture production deficits.

Links to Semantic Memory

There is a lack of data on the relationship between mean-
ingful intransitive gesture production and semantic mem-
ory. Based on the only study that has provided quantitative
scores for both meaningful intransitive gesture production
and semantic cognition (Mengotti et al., 2013), there is no
clear association between these dimensions (Supplemen-
tary Fig. 4) —possibly due to ceiling effects. Most apraxia
studies that have provided semantic scores have used mixed
lists of meaningful intransitive and transitive gestures (Papeo
& Rumiati, 2013; van Nispen et al., 2016) or meaningful
intransitive and meaningless gestures (Negri et al., 2007).
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These studies found either no correlation or a moderate cor-
relation (r = 0.33) between the two dimensions (Supplemen-
tary Fig. 4). In the Van Nispen et al. study, 7 out of 38 cases
with left hemisphere lesions (18%) had semantic memory
deficits, and all of them failed to communicate with gestures.

Nevertheless, some patients may show normal gesture
performance despite impaired semantic knowledge, and con-
versely. First, with regard to mixed lists studies, in the study
by Papeo and Rumiati (2013), one case with left hemisphere
lesions (C7) scored in the normal range in the semantic test
but failed the gesture test, while several other cases showed
the opposite pattern. In the study by Van Nispen et al.
(2016), several cases with left hemisphere lesions failed
the gesture test despite having normal semantic memory.
In the study by Negri et al. (2007), none of the patients had
severe semantic deficits, and yet 6 out of 22 patients with
left hemisphere lesions (27%) and 1 out of 14 patients with
right hemisphere lesions (7%) failed the gesture test. In the
study by Mengotti et al., two patients with selective mean-
ingful intransitive gesture imitation impairments (without
meaningless gesture imitation impairments), DR and SS,
scored in the normal range on tests assessing semantic cog-
nition.' Thus, in these two cases, neither general imitation
impairments (as meaningless gesture imitation was normal)
nor semantic deficits (as semantic cognition was normal)
could account for the selective meaningful intransitive ges-
ture imitation deficit. Another case, GU, performed below
the cut-off score on the semantic test (32/52, cut-off score
40 based on Gamboz et al., 2009) but above the cut-off score
on both the meaningful intransitive and meaningless gesture
tests (35/36 and 34/36, cut-off score 32 and 31, respectively).
This means that impaired production of meaningful intransi-
tive gestures can be observed even in the context of normal
semantic cognition. Thus, semantic memory deficits are not
sufficient to explain meaningful intransitive gesture produc-
tion impairments.

Effect of Characteristics of Meaningful Intransitive
Gestures

Eleven meaningful intransitive gesture studies provided both
the full list of gestures and the control-patient difference
(Tables 3 and 4), allowing us to test associations between
gesture characteristics (i.e., body-centered or not; emotional
valence and intensity) and the control-patient difference
score. Figure 6 shows the association between the percent-
age of body-centered gestures used in the meaningful intran-
sitive gesture tests and the control-patient difference score.
There was an association in the group of patients with left

! Cut-off scores for these tests were not available in Mengotti et al.’s
study. We used cut-off scores of Quental et al. (2013) and Gamboz
et al. (2009), allowing to control for age and culture.

hemisphere lesions (mainly on verbal command) as well as
in the group of patients with right hemisphere lesions (only
on imitation). This dimension therefore predicts a portion
of the gesture performance: the higher the number of mean-
ingful intransitive body-centered gestures in the task, the
greater the impairment.

Figure 6 also shows that the valence and intensity of ges-
tures influence the performance. Studies that have used ges-
tures with negative emotional valence, or gestures with high
emotional intensity, seem to yield higher control-patient dif-
ference, at least on verbal command (see Supplementary
Fig. 5). The influence of emotional valence and intensity
is less clear on imitation, probably because when a model
is presented, individuals focus on the shape of the gesture
rather than on its meaning.

General Discussion
Summary of the Findings

The first aim of this review was to compare the performance
of patients with left versus right hemisphere lesions on
meaningful intransitive gesture production and recognition
in order to verify the hemispheric dominance for meaningful
intransitive gestures. Our results showed that 46% of cases
with left hemisphere lesions and 31% of cases with right
hemisphere lesions had a deficit in meaningful intransi-
tive gestures. The control-patient difference score was also
higher in patients with left than right hemisphere lesions,
although RHD studies have documented significant control-
patient differences. The second aim of this review was to
compare meaningful intransitive gesture performance with
meaningful transitive and meaningless gesture performance.
We documented a transitivity effect in patients with left
hemisphere lesions (i.e., meaningful transitive gestures are
more difficult than meaningful intransitive gestures) and a
“reverse” transitivity effect in patients with right hemisphere
lesions (i.e., meaningful transitive gestures are easier than
meaningful intransitive gestures) while meaning (i.e., mean-
ingful intransitive versus meaningless gestures) had only lit-
tle effect on the performance. We also found associations,
in both clinical groups, between meaningful intransitive and
transitive gestures, but not between meaningful intransitive
and meaningless gestures. Finally, we reported selective
impairments of meaningful intransitive gestures, suggest-
ing that the latter require specific cognitive mechanisms.
Finally, the third aim of this study was to describe associa-
tions between meaningful intransitive gesture impairments,
and other cognitive impairments. We found associations
with measures of language and semantic memory, but also
selective impairments of meaningful intransitive gestures
without language or semantic memory impairments.
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According to cognitive models of apraxia, the production
of meaningful gestures requires access to semantic memory
or action lexicons, whereas the production of meaningless
gestures depends on direct visuomotor connections (Achil-
les et al., 2016; Raade et al., 1991) or body representations
(Buxbaum, 2001; Cubelli et al., 2000; Goldenberg, 1995).
The finding of an association between meaningful intran-
sitive and transitive gestures, but not between meaningful
intransitive and meaningless gestures, is consistent with this
view. However, the finding of a transitivity effect and selec-
tive impairments for meaningful intransitive gestures sug-
gests that the latter require specific cognitive mechanisms.
This finding contradicts the lexical-semantic hypothesis,
which predicted either no difference of performance between
meaningful intransitive and transitive gestures, or selective
deficits of meaningful transitive gestures. The results are
more consistent with the social cognition hypothesis, which
predicted selective deficits in meaningful intransitive ges-
tures. The following sections discuss the hemispheric domi-
nance and the cognitive processes that may be involved in
meaningful intransitive gestures.

Is There Hemispheric Dominance for Meaningful
Intransitive Gestures?

Over the last two decades, it has become clear that the
left parietal lobe plays an important role in the compre-
hension and production of tool-related actions (Binkofski
& Buxbaum, 2013; Buxbaum, 2001, 2017; Buxbaum &
Kalénine, 2010; Osiurak et al., 2021; Reynaud et al., 2016,
2019). In contrast, it has been suggested that meaningful
intransitive gestures rely on a bilateral network (Buxbaum
et al., 2007). This may be due to their social nature and
the involvement of the right hemisphere in social skills
(Bartolo & Ham, 2016; Happé et al., 1999). Our results
are consistent with this hypothesis: although meaningful
intransitive gestures are impaired after lesions of both the
left and right hemispheres, selective impairments of mean-
ingful intransitive gesture production are more frequent
after right than left hemisphere lesions (see the “Dissocia-
tions Between Types of Gestures” section). It is concluded
that both hemispheres are involved in meaningful intransi-
tive gesture processing, with a possible specific role of the
right hemisphere in the processing of the social content of
gestures. A similar “contextual hypothesis” has been for-
mulated, according to which the left hemisphere is involved
in the programming of an abstract, decontextualized ges-
tures, whereas the right hemisphere is involved in the pro-
gramming of concrete gestures performed in an ecological
context (Rapcsak et al., 1993; see also "abstract attitude",
Goldstein, 1948; "automatic-voluntary dissociation", Jack-
son, 1866). In this view, meaningful intransitive gestures
may be represented bilaterally in the brain because of their

ecological, context-related nature—in contrast to meaning-
ful transitive and meaningless gestures which are complex,
creative tasks (see Osiurak et al., 2021). However, in the
current state of the literature, the role of each hemisphere
remains unclear. After all, the emotional valence and inten-
sity also seemed to influence the performance of patients
with left hemisphere lesions as well, and different sub-
processes of social cognition are distributed across bilat-
eral brain regions (Adolphs, 1999; Van Overwalle, 2009).
Future studies should investigate the specific contribution
of each hemisphere to these gestures.

Methodological issues may also explain the bilateral rep-
resentation of meaningful intransitive gestures. Since the
assessment of apraxia generally consists of asking patients
to perform gestures out of context, this may explain the con-
tribution of the left hemisphere but it does not mean that in
an ecological setting, some gestures are not processed in
the right hemisphere. Indeed, some studies have highlighted
the difficulties of patients with right hemisphere lesions in
tasks requiring spontaneous gestures (e.g., Blonder et al.,
1995; Jason, 1985). These studies have suggested that these
patients do not have a reduced ability to generate gestures,
but rather difficulties in generating gestures that meet the
requirements of the task. In this view, the problem for them
may not be generating gestures, but using contextual cues or
increasing emotional arousal to generate the right gestures
in the right situation. To test this assumption, future studies
should not only test meaningful intransitive gesture produc-
tion in verbal command and imitation but also in ecological
settings (see also Sekine & Rose, 2013).

Furthermore, while apraxia studies have focused on dis-
tinctions between broad gesture categories (meaningful
intransitive, meaningful transitive, and meaningless), the
performance may vary as a function of the “socioemotional
complexity” of meaningful intransitive gestures. We found
that the number of body-centered gestures, as well as the
emotional valence and intensity of the gestures, may influ-
ence the results. Thus, subtle differences between meaning-
ful intransitive gestures can lead to different results. For
instance, giving simple commands or expressing feelings or
inner states produce different brain activations, as suggested
by an fMRI study (Gallagher & Frith, 2004). Similarly, some
meaningful intransitive gestures are likely to be triggered by
contextual cues in a highly automatic manner (e.g., waving
goodbye), whereas other meaningful intransitive gestures
may depend on conscious cognitive control (e.g., miming
a spider). As most studies have used mixed lists of emo-
tional, instrumental, deictic, and conceptual gestures, this
may explain differences in findings when comparing patient
groups. Future studies on meaningful intransitive gestures
should control for these dimensions.

The coding systems used can also strongly influence the
results (see the “Methodological Considerations” section).
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Most coding systems have focused on the kinematic com-
ponents of movements (e.g., spatial, temporal, and postural
errors) rather than on the communicative nature of gestures
(e.g., the recognizability of gestures and independent of execu-
tion errors). Thus, they may have exaggerated the prevalence
and severity of meaningful intransitive gesture impairments
in patients with left hemisphere lesions and failed to capture
deficits in patients with right hemisphere lesions. For the same
reason, tasks assessing gesture production (focusing on spati-
otemporal parameters) and gesture reception (focusing on ges-
ture recognizability and knowledge) are not fully comparable.
For this reason, differences in performance do not necessarily
correspond to differences in cognitive architectures (e.g., pro-
duction vs. reception action lexicon) but probably reflect differ-
ences in task design and encoding systems. By controlling for
meaningful intransitive gesture types and using both produc-
tion and reception tasks with similar encoding systems, future
studies may reveal specific patterns of hemispheric dominance.

Do Meaningful Intransitive Gestures Depend
on Language and Semantic Memory?

There is a link between measures of meaningful intransitive
gestures and language, probably because of the similarity of
the two dimensions. Indeed, both are complex motor acts of
a communicative nature, in which a sender conveys symbolic
content to a receiver (Xu et al., 2009). Thus, they probably share
a common ground, which has been proposed to be the need to
access semantic memory (to retrieve knowledge about words
and gestures) or lexicons (containing words for language, spa-
tial coordinates, and kinematics of the movement for gestures;
e.g., Cubelli et al., 2000; Stamenova et al., 2012). Some theories
of the origin of language suggest that communication was first
gestural before evolving into the modern language (Armstrong,
2008; Corballis, 2010; Gentilucci & Corballis, 2006). In all
likelihood, gestures and language also share common neural
networks (Devlin & Watkins, 2007; Willems et al., 2007). It has
been proposed that semantic memory is strongly dependent on
the temporal lobes, whereas action lexicons are dependent on
the left parietal lobe (Binkofski & Buxbaum, 2013; Buxbaum,
2001, 2017; Buxbaum & Kalénine, 2010). The anatomical
proximity of these structures to brain regions underlying lan-
guage may explain the frequent co-occurrence of aphasia and
meaningful intransitive gesture impairments, in line with what
Liepmann originally emphasized for apraxia in general. How-
ever, after controlling for lesion volume and stroke-test interval,
the aphasia severity actually predicts only a marginal amount of
variance of meaningful intransitive gesture production (Hanna-
Pladdy, 2001; see also Goodglass & Kaplan, 1963). Indeed,
meaningful intransitive gesture production impairments without
language impairments have been documented, implying that
meaningful intransitive gesture performance depends on other
cognitive mechanisms.
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Semantic memory plays a role in the production of mean-
ingful transitive gestures (e.g., Baumard et al., 2016, 2019;
Bozeat et al., 2002; Hodges, 2000), and it is likely to play a
role in the production of meaningful intransitive gestures—
especially given the association between meaningful intran-
sitive and transitive gestures. Indeed, the production or rec-
ognition of a gesture requires that the sender and receiver
share knowledge about the content of the gesture. However,
while some studies have suggested an association between
gesture production and semantic scores (Van Nispen et al.,
2016), this association is not clear when only meaningful
intransitive gestures are considered (Mengotti et al., 2013).
This may be due to a ceiling effect of semantic measures, as
well as to the use of semantic measures that are not specific
to gestures (Mengotti et al., 2013; Negri et al., 2007; Papeo
& Rumiati, 2013). Based on the available data, the involve-
ment of semantic memory in the production and reception
of meaningful intransitive gestures remains an open issue.
More importantly, given the observation of selective impair-
ments of meaningful intransitive gesture production in the
context of normal semantic memory (and conversely),
semantic deficits are neither necessary nor sufficient to
explain meaningful intransitive gesture impairments.

Do Meaningful Intransitive Gestures Depend
on Social Cognition?

The results are consistent with the social cognition hypoth-
esis, which predicted selective impairments of meaning-
ful intransitive gestures. We also found that the emotional
valence and intensity of gestures appeared to influence the
performance. These findings are consistent with the possible
role of socioemotional processes in meaningful intransitive
gesture processing (Bartolo & Ham, 2016; Gallagher &
Frith, 2004). Social cognition may be required to perform
meaningful intransitive gestures, because of their social
nature (Bartolo & Cubelli, 2014; Cubelli et al., 2000), or
because the production of such gestures involves the selec-
tion of gesture features that the observer may be able to rec-
ognize (for a similar view on meaningful transitive gestures,
see Goldenberg et al., 2003; Osiurak et al., 2021).

The hypothesis of a link between social skills and gesture
performance is appealing, especially in the light of the devel-
opment of apraxia studies in some pathologies with commu-
nicative disorders such as autism spectrum disorders (e.g.,
Mostofsky et al., 2006; Stieglitz Ham et al., 2010, 2011) or
schizophrenia (e.g., Walther et al., 2013, 2020). However, it
raises three issues. The first one is the lack of data in the inter-
national literature. If social cognition deficits explain meaning-
ful intransitive gesture impairments, then the latter should be
found in all the patients with social skills deficits, an assump-
tion that remains to be demonstrated, as patients with social
skills deficits are not systematically tested for apraxia.
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The second issue is that social cognition has been pro-
posed to play a role in the production of meaningful transitive
gestures as well (e.g., Osiurak et al., 2021). If social cognition
plays a role in both meaningful intransitive and transitive
gestures, then how can the difference in performance between
these gestures be explained? One possible explanation is
that different social skills underlie meaningful intransitive
and transitive gesture production. Both gestures presumably
require theory of mind and perspective-taking in order to
select features of the gesture that will be recognizable to the
observer. Because pantomime is a novel gesture, meaning-
ful transitive gestures specifically require working memory,
to hold semantic and procedural information about the tool
to be mimed in order to create the gesture (Bartolo et al.,
2003; Goodglass & Kaplan, 1963; Hanna-Pladdy, 2001). In
contrast, knowledge of social situations and rules (i.e., know-
ing which gesture to perform in which social context), as
well as retrieval of the emotional content of gestures, may be
important for performing meaningful intransitive gestures.
However, it is also plausible that meaningful intransitive ges-
tures require basic communication but not high-level social
cognition processes. After all, intuitively, waving goodbye
does not necessarily require perspective-taking, emotion pro-
cessing, or theory of mind. Future studies should investigate
the associations between specific social skills and different
types of meaningful intransitive gestures.

This raises a third issue: social cognition, and its subcom-
ponents, remain a topic of debate. Some tests widely used to
detect deficits of social cognition, especially theory of mind,
show poor psychometric properties and specificity as they may
measure other cognitive or socio-cognitive constructs (Hig-
gins et al., 2023; Kittel et al., 2022; Pavlova & Sokolov, 2022;
Quesque & Rossetti, 2020). There is indeed uncertainty about
what tests of social cognition actually measure. For instance,
Olderbak and Wilhelm (2020) emphasized both jingle falla-
cies, when tests designed to assess the same construct actually
assess different constructs (e.g., “emotion perception” may be
assessed with self-report questionnaires, facial emotion pro-
cessing or prosody processing, with actually poor between-
task correlations) and jangle fallacies, when tests designed to
assess different constructs actually assess the same construct
(e.g., tests designed to assess “empathy,” “theory of mind,” or
“emotion perception” may use a very similar design consisting
in presenting emotional faces, resulting in strong between-task
correlations). This will be a major challenge in the study of
the relationships between meaningful intransitive gestures and
social cognition because the findings and conclusions of future
studies may depend on methodological choices, that is, on the
nature of the gestures used on the one hand and the nature of
the social cognition tests used on the other hand.

Conclusion and Recommendations

The ability to make and recognize meaningful intransitive
gestures is an important component of non-verbal commu-
nication, with great ecological significance. It is therefore
important to test meaningful intransitive gesture production
and reception in neuropsychological assessments. This arti-
cle is a groundbreaking contribution to the field of apraxia
in that it is the first to provide a comprehensive review of
the literature on the subject of intransitive gestures. The
results showed that impairments in meaningful intransitive
gestures were documented in patients with left but also right
hemisphere lesions, suggesting that the right hemisphere
contributes to meaningful intransitive gesture processing.
Different levels of performance between meaningful intran-
sitive, meaningful transitive, and meaningless gestures, as
well as between meaningful intransitive gestures on the one
hand and language and semantic memory on the other hand,
suggest that meaningful intransitive gestures require specific
cognitive processes. These findings are not consistent with
cognitive models of apraxia but rather invite us to explore
the links between meaningful intransitive gesture processing
and socioemotional processing. Finally, this review allows
us to make a series of recommendations for future neuropsy-
chological studies:

¢ Investigate meaningful intransitive gestures in patients
not only with left but also with right hemisphere lesions.

e Test meaningful intransitive gestures together with mean-
ingful transitive and meaningless gestures in order to detect
selective impairments of meaningful intransitive gestures.

e Test meaningful intransitive gesture production but also
recognition and comprehension to distinguish between
conceptual and production disorders.

e Test different subtypes of meaningful intransitive ges-
tures (e.g., instrumental, emotional, deictic, and concep-
tual gestures).

e Control for the content, meaning, and emotional valence
of meaningful intransitive gestures.

e Test meaningful intransitive gestures using classical
methods (i.e., on verbal command and imitation) but
also in more ecological settings (e.g., during actual social
interactions or based on contextual cues).

e Test the relationship between meaningful intransitive
gesture performance and cognitive dimensions such as
language, semantic memory, working memory, visual-
spatial skills, and social cognition.
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