Rodophe Prosper MAAH

PALILALIA AND EXECUTIVE DYSFUNCTION IN SCHIZOPHRENIA:
A THREE-CASE STUDY1
Rodophe Prosper MAAH
University of Douala, Cameroun
marop86@yahoo.com
Abstract: Palilalia is a repetitive speech disorder that has considerably been
studied. However, the causes of this disorder are still unclear. This paper
discusses the cognitive hypothesis that could shed light on the explanation
of palilalia in schizophrenia. Three patients with palilalia deliberately
participated to the study; they were all diagnosed with schizophrenia at the
Psychiatric Center of the Yaoundé Jamot Hospital (PCYJH). The methods
used are essentially empirical: no experimental method (MRI or Scan) was
used to investigate the brain of participants. A Dictaphone was used to
collect spontaneous linguistic data. The corpus presented revealed two types
of palilalia (spasmodic and atonic). Both types of palilalia described were
slightly different from the original description by Sterling (1924). As far as
the explanation of the disorder is concerned, it is conjectured that palilalia
can be related to a disorder in the activation process which is one of the
executive functions involved in language production mechanism.
Key words: Palilalia, executive function, activation processes, inhibitory
processes, schizophrenia.
Résumé : La palilalia qui est un trouble de répétition de la parole a fait l’objet
de plusieurs études. Cependant, ses causes restent encore inconnues. Dans
cet article, nous présentons une hypothèse cognitive qui pourrait apporter
plus de lumière sur l’explication des causes de ce trouble en schizophrénie.
Pour ce faire, trois patients diagnostiqués de schizophrénie par les médecins
du Centre Psychiatrique de l’Hôpital Jamot de Yaoundé (CPHJY) ont
volontairement participé à cette étude. Les méthodes utilisées dans le cadre
de cette étude sont essentiellement empiriques (aucune méthode
expérimentale comme l’IRM ou scanner n’a été utilisée). Le discours des
patients était enregistré à l’aide d’un Dictaphone, puis transcrit
phonétiquement. Les données obtenues de nos patients indiquent deux
types de palilalia (spasmodique et atonique). Ces derniers types de palilalia
sont légèrement différents de ceux antérieurement décrits par Sterling
(1924). Quant aux causes de la palilalia, nous avons postulé que la palilalia
peut être due à un disfonctionnement dans le processus d’activation qui
constitue l’une des fonctions exécutives impliquées dans les mécanismes de
production du langage.
Mots clés : Palilalie, fonction exécutive, processus d’activation, processus of
inhibition, schizophrénie.
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Introduction
This paper investigates the cause of palilalia in three schizophrenic
patients, using a cognitive approach. Reports on the origin of palilalia rather
seem diverging than converging to the same explanation, though bringing
together elements that significantly contribute in getting closer to the truth. While
it is widely attested that palilalia could be associated with neurological damage
like basal ganglia calcification and a motor speech disorder, etc. (Lapointe &
Horner, 1981; Benke& Butterworth, 2001), studies on other repetitive disorders
(Kipps & Hodges, 2013; Bossikass et al., 2014) associate executive dysfunctions
with perseveration and echolalia, and suggest that palilalia should be,
analogically to perseveration and echolalia, considered as resulting from deficits
of inhibitory processes. Since brain investigations of patients with schizophrenia
do not show any neuroanatomical abnormality as it is the case in aphasia, one is
tempted to argue that palilalia is associated with executive dysfunctions. In
addition to the fact that the relation between palilalia and executive functions has
received less attention, we want to investigate the relationship between
activation process and palilalia.
Background of study
Palilalia is a rare speech disorder characterized by a compulsive and
abnormal repetition of utterances. Dubois (2001, p.341) defines it as a language
disorder characterized by a spontaneous repetition of the same utterance over
and over again. Palilalia is also defined in terms of its acoustic features as a
disorder of speech characterized by the compulsive repetition of a sentence,
phrase, word, or syllable with an increasing rapidity and a decreasing voice
volume (Fergusson & Boller, 1977; Lapointe & Horner, 1981; Ikeda & Tanabe,
1992; Benke & Betterworth, 2001; Yankovsky & Treves, 2002). Palilalia is widely
known as an acquired speech disorder. However, it has been mostly identified in
aphasia and most degenerative disorders. It can result from a cerebrovascular
damage (Merzbach, 1928, Yasuda et al, 1990), infarcts (Abe et al, 1993) or other
neurologic pathologies like epilepsy (Van Bogaert, 1934; Alajouanine et al., 1959;
Benke& Butterworth, 2001; Yang-je cho et al, 2009). It can also be observed in
Alzeimer disease (Braanten et al, 2006; Barkat-Defradas et al, 2008;Garno,
Tempini, et al, 2011; Azevedo et al, 2011), encephalitis (Leyser, 1923; Sterling,
1924),Creutzfeldt-Jacob disease, disease of white matter (Asai et al, 2001;
Walterfang et al (2005) and Parkinson and Pick diseases (Mary & levy, 1992;
Ikeda & Tanabe, 1992). Some reports also indicate cases of palilalia
inschizophrenia and schizophrenia-like (Marie & Levy, 1925; Lapointe& Horner,
1981 Yasuda et al, 1990; Insel, 2010). Palilalia is considered by some authors as a
language disorder (Dubois, 2001). Unlike the latter, Critchley (1929), Boller
(1972), Boller (1977), Lapointe (1981) Benke & Butterworth (2001), Ikeda & Tanabe
(2002), Yang-je Cho et al (2008), amongst others, rather describe palilalia as a
speech disorder, since the symptom does not affect the structure of the repeated
utterance. Meanwhile, the disorder is, to a certain extent, considered as a fluency
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disorder (Ludlow &Loucks, 2003; Chang et al, 2009; Bertutletti, 2012; Lavoie &
O’conner, 2012).
Palilalia should, however, be distinguished from other repetitive disorders
such as verbal perseveration, stereotypy and echolalia. While perseveration
designates an inappropriate repetition of a behavior or an utterance in a
repetition task, echolalia refers to the repetition of a speaker’s verbal expression
in a form of echo. Stereotypy of speech is a segment uttered repeatedly and
frequently in almost every situation of conversation (Neary et al, 1998). Reports
from the literature point out two types of palilalia: spasmodic palilalia or
heterolalia and atonic palilalia or homolalia (Sterling, 1924; Ikeda & Tanabe, 1992;
Benke& Butterworth, 2001).According to these researchers, spasmodic palilalia
would refer to a compulsive reiteration of utterances with increasing rate,
decrease in voice loudness, and content change after interruption, while atonic
palilalia would be characterized by the reiteration of utterances with a constant
rate, occasionally altering with periods of silence and content maintenance after
interruption. Though widely spread, the distinction between the types of palilalia
is still questionable. Tools from acoustic methods would address the gap between
both spasmodic and atonic palilalia and shed more insights on the origin of the
disorder. This raises the question of whether the types of palilalia can yield
different explanations of the syndrome.
Previous reports on the explanation of palilalia highlight many causes, the
most usual being default in basal ganglia and a motor speech disorder (Lapointe
& Horner, 1981; Benke & Butterworth, 2001). The problem with these studies is
that brain investigations suggest diverging hypotheses on the explanation of
palilalia. In Ikeda & Tanabe (1992), spasmodic palilalia is associated with
disturbances of the basal ganglia, damage to the median frontal lobe and atrophy
of brain stem, while atonic palilalia is related to fronto-temporal convexity
(Norman & Shallice, 1986; Berthier et al, 1996; Neary et al, 1998). In Yankovsky &
Treves (2002), patients’ fMRI revealed lesions on the left frontal lobe, which led
to the conclusion that palilalia is caused by a dysfunction on the left frontal lobe.
Another account of palilalia comes from Yang-je Cho et al (2009) where the MRI
showed a lesion along the left superior and posterior frontal gyrus, the cortical
and subcortical structures. Paramedian thalamic and midbrain infarcts and extra
pyramidal system have also been associated with palilalia (Marie& Levy, 1925;
Boller et al, 1973; Yasuda et al, 1990).Levelt (1989) points out to control
malfunctions at the level of articulators. According to this hypothesis, different
verbal repetitions result from various levels of speech system, some at the level
of motor speech assembly and others from an additional source at a more central
level (Sterling, 1924; Butterworth, 1992; Benke & Butterworth, 2001). This, in
other words, relates palilalia to disturbances of the control system (Butterworth,
1992).Obviously, most of these studies relied on experimental brain investigation
methods of patients whose electroencephalogram (EEG) or functional magnetic
resonance imaging (fMRI) disclosed brain lesions or atrophy of one organ or
another. However, researches from the cognitive and neurocognitive domains
suggest that motor inhibition problems could be the most plausible explanation
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of palilalia and other repetitive disorders like perseveration and as we are putting
forward in this paper.
1. Methods
The methodological approach used in this paper is mainly empirical; data
were collected using a recorder, then transcribed. The transcription was
crosschecked by a phonetician.
1.1 Research material and methods
Twenty-one patients, that is, eighteen men and three women hospitalized
participated to the study. Participants all deliberately signed a consent form, their
care givers also signed the same consent form. They were all met at the
Psychiatric Center of the Yaoundé Jamot Hospital (PCYJH) in Cameroon.
Diagnosis and symptom profile were investigated by psychiatrists using the
Structured Clinical Interview for DSM-IV (First et al., 1997). The age interval
between patients was 15 – 48 years, with general mean average of 20.23 years. As
far as the education background is concerned, all participants attended at least
secondary school and they were French speakers.
Palilalia was observed in three participants out of twenty-one. Patient one
(BAS) was a 46-year-old-man diagnosed with simple schizophrenia. He was met
on the fourth day of hospitalization and was a speaker of ɓasaá, a Cameroonian
Bantu language. He was admitted into the hospital for a relapse caused by an
interruption of medical treatment. He exhibited a single case of palilalia all
through the interview, see example (1). No iteration was observed during the
naming task. Patient two (NSS) was a seventeen-year-old young man who was
diagnosed with paranoid schizophrenia. He was interviewed on the third day of
hospitalization and was a French speaker. He presented a case of palilalia as
indicated in (2). Patient three (BMS) was a man aged 41 and was hospitalized for
his ninth relapse. He was diagnosed with hebephrenic schizophrenia twenty
years before, and he spoke French. Unlike the first two patients, patient three was
very productive. Twenty four (24) cases of palilalia were observed in his speech.
He was interviewed on the third day. Examples (3), (4) and (5) indicate the types
of iterations uttered by BMS. It is worth noting that the three patients were
already under treatment at the moment of the interviews.
1.2 Procedures
The approaches used are mainly naturalistic, that is observation and
interview. A language test was also used whereby patients were expected to
recognize and name objects or images. Patients were received in the
investigator’s office, and they were given a seat at a two meters distance from the
table of the investigator. Observation checklists were filled using Information
contained in the patients’ medical file, those provided by their guardian and the
one collected by observation. There was no specific topic for the interview; the
conversation depended on each patient since we needed the conversation to be
as natural as possible. Each patient was interviewed only once. The interviews

186

Septembre  pp. 183-196

Rodophe Prosper MAAH

were recorded using a dissimulating Dictaphone. The record file was transferred
to a computer and saved as a VLC file, then transcribed orthographically. The
linear frequencies of the iterative speech were obtained using the acoustic
“Pratt”software.
2. Results
Reiterations were observed in both spontaneous speech and naming
objects. BAS exhibited a single case of palilalia, the symptom occurred in a
spontaneous speech as illustrated in (1). No repetition was observed in naming
objects or images, or in the repetition task.
(1)
Mbálɛ̀ɓé ì, mbálɛ̀ ɓé ì, mɛ̌mbálɛ̀ ɓé ì,
mbálɛ̀ ɓé ì
Truth not that truth not that, I say truth not that, truth not that
“That is not true that is not true I say that is not true, that is not true2”

There are four reiterations of the same sentence without any change in the
content of the repetition. There is no change of content in the repetition after
interruption, indicating that we are in presence of homolalic or atonic palilalia as
indicated in figure 1.

Dark= speech stream /HZ
Blue column = repetitions /ms
White spaces = pauses / ms
Yellow curve = Frequency / voice volume
Red line = highest frequency
Fig 1: Acoustic characteristics of BAS’s repetitive speech

2This

translation was provided by linguists who are native speakers of basaa.
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Three main analyses can be carried out from figure 1: first of all, the yellow
curve on the spectrogram indicating the frequency in db or the loudness of the
reiteration shows that the volume of the repetitive sentence is decreasing, shifting
down from 69 db in the first repetition to 65 db in the fourth repetition. Secondly,
there are periods of silence between repetitions. The duration of these silences
increases considerably from the first to the last repetition. The third observation
concerns the duration of each of the iterations which increases from one iteration
to another, except the last repetition. Also, the frequency decreases within the
same phrase and increases after a period of silence. In sum, the above iterative
speech is characterized by a decrease in rate and loudness, and periods of silence.
This was also observed in NSS as indicated in (2).
(2)
Mhm ! J’ai dit c’est mon sang éééé….Elle connait, elle connait que c’est
mon sang, elle connait3…
In this example, two phrases are repeated, resulting in what Lapointe &
Horner (1981) called “phrase reiteration within a reiterated phrase (Prp). The first
iterated phrase is “c’es tmon sang”, while the second one is “elle connait que”. In
terms of acoustic features, the above example shares the same characteristics with
(1). Among the twenty-four (24) cases of palilalia observed in BMS, only three
examples are provided here, that is (3), (4) and (5). All examples occurred in
spontaneous speech. However, (5) also occurred sixteen times (16) in naming task
and eight (8) times in spontaneous speech.
(3)
900000 milliards4… (34 times) was the iterated segment.
This was repeated thirty four times (34) in an increasing rate and increasing voice
volume. No silence was observed, except when the patient was breathing. Also,
BMS did not show any change in the content of repetition as illustrated in figure
2 below.

3Mhm!
4“900

188

I said it’s my blood eeee…. She does know that it’s my blood
000 billions”

Septembre  pp. 183-196

Rodophe Prosper MAAH

72
71

frequencies (db)

70
69
68

Frequencies (db)

67
66

Linéaire (Frequencies
(db))

65
64
63
0

10

20

30

40

Number of repetitions

Fig 2: Graphic representation of linear frequency of (3)
Figure 2 represents the linear frequency of 34 iterations of the same number
(900 000 milliards) uttered by BMS in a natural conversation. Within this
repetitive speech, seven breaths could be observed, dividing the 34 iterations into
eight sub groups. The capital observation is that the frequency of the first
iteration after each breath is considerably higher than those preceding the
breaths. Also, the frequency of the first iteration after the breath depends on
whether the breath is brief or long. The dark line indicating the linear frequency
shows that the voice volume is increasing (from 67 to 68.5 db).
(4)
900 000 milliards n-tier fois5.

In (4), the number of phrase is repeated up to thirteen times in an increasing
rate and voice volume. The only moment of silence observed is when the patient
is breathing. In (5) below, BMS reiterates the word (5) Tirétirétirétiré [tire]), “to
pull”. Repetition occurs all through the identification task without any change in
the content. Every palilalia utterance of this word ends with an unidentified word
or syllable [ɛk]. As far as the rate and loudness are concerned, they are all
increasing as indicated in the diagram below.

5900

000 billions n-times
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Fig 3: Graphic representation of the linear frequency of (5)
Three observations can be made from this diagram: firstly, while the lowest
frequency is 66 db, the highest one is 73 db. Secondly, these frequencies
surprisingly fall within the 13th and the 36threpetitions, while the highest
frequency was expected to occur at the first iteration and the lowest one at the
final iteration. Thirdly, the dark line indicating the linear frequency shows that
in general, the voice volume is increasing, instead of decreasing.
As far as the reiteration types are concerned, four reiteration types were
identified in the corpus presented here following the model designed by
Lapointe& Horner (1981).
 One-word (W) reiteration, e.g. Tire as in (5).
 Phrase reiteration (P), e.g. mbálɛ̀ ɓé i, mbálɛ̀ ɓé ì6, as in (1)
 Phrase reiteration within a reiterated phrase, e.g. C’est mon sang, elle
connait que c’est mon sang, elle connait que c’est mon sang.
 Number reiteration, e.g. 900 000 billions.
3. Discussion
Structurally speaking, four types of reiteration were observed, that is the
one-word reiteration, the phrase reiteration, the sentence reiteration within a
reiterated phrase and the number reiteration. This can shed more light on the
typology of palilalia in a sense that the typology of reiteration is likely to
determine the classification of palilalia. When the repeated segment is a word or
a number, the iteration can occur severally in an increasing rate and voice
volume. But when the repeated segment is a phrase or a phrase within a repeated
phrase, the palilalic utterance will be short of no longer than six iterations
realized in a decreasing rate and voice volume and altering with periods of
silence. Assuming that long iterated segments result in atonic palilalia while
6The
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short repeated ones yield in spasmodic palilalia, the classification of palilalia will
bring in the problem of the management of energy during the repetition.
3.1 The types of palilalia
Based on the classification of Sterling (1924) attested in Ikeda &
Tanabe(1992) and Benke & Butterworth (2001) who identify two types of palilalia
(spasmodic and atonic), it is difficult to categorize the above examples because
they don’t fall in either of the two types. The acoustic analysis of the above
iterative speech showed differences within the types of palilalia. Firstly, BAS and
NSS combine characteristics of the two types of palilalia described by the above
mentioned authors. Decrease in voice loudness from spasmodic palilalia and
periods of silence from the atonic type were found in both (1) and (2). The third
characteristic of both utterances is a “decrease in rapidity” which, to the best of
our knowledge, has not been described before. BAS and NSS can be considered,
to some extent, as a type of palilalia characterized by compulsive repetitions of
utterances with a decrease in rate and voice volume, and periods of silence. It is
worth noting that these characteristics could be signs of tiredness or loss of
energy. This in turn results in a kind of monotony of speech which assumingly
cannot exceed six iterations; otherwise the patient will get out of breath.
Secondly, examples (3), (4) and (5) do not confirm the categorization described in
the literature either. The problem lies on the voice volume which is increasing,
instead of decreasing as in Sterling (1924), Ikeda & Tanabe (1992) and Benke &
Butterworth (2001). The corpus indicates that spasmodic palilalia is not uttered
with a decrease in voice volume, revealing specific characteristics of palilalia that
had not been addressed before.
The distinction between two types of palilalia is not contested in this
paper, instead, the specific characteristics of each type of the disorder need to be
reconsidered. It is now clear that the designation “atonic” which means lack of
energy fits the type of palilalia described, that is, compulsive repetitions of
utterances with a decrease in rate and voice volume, and periods of silence. As
opposed to the wide spread description of atonic palilalia (constant rate, periods
of silence and content maintenance after interruption), the current corpus clearly
indicates the gradual loss of energy (decrease in voice volume and rapidity,
increase in pauses duration) through repetitions. As indicated above, this loss of
energy could be explained by the characteristics of the linguistics element
repeated by the patient. The longer the reiterated segment, the faster the loss of
energy. As far as spasmodic palilalia is concerned, it was observed that instead
of a decrease in voice volume, participants show an increase in loudness all
through the repetitions. This highlighting the original meaning of the word
“spasmodic” (compulsive contraction of muscles), increase in loudness and rate
are direct result of the compulsivity of speech. This being the case, the
classification of palilalia should be reconsidered. The energy-base opposition
between the two types of palilalia can be a guide to our explanation of palilalia,
raising the question of whether those differences are pertinent to the origin of the
disorder.
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3.2 On the origin of palilalia
Though not converging, hypotheses highlighting neuroanatomical
problems such as defaults in basal ganglia (Lapointe & Horner, 1981; Benke &
Butterworth, 2001), problems of white matter (Walterfang et al, 2005),
calcification of the frontal lobe and atrophy of the brain stem (Norman &
Shallice,1986) have provided materials for the cognitive explanation of palilalia.
It is now known that frontal lobes determine the ability to initiate thought and
actions and coordinate them with the mental objective to realize them. Also,
default in inhibitory processes caused by a reduction in basal ganglia affects
motor processing that is implicated in initiating motor processes (Lavoie &
O’Conner, 2012). Accounts from the literature indicate that repetitive speech
disorders like perseveration, echolalia and palilalia could directly result from
deficits of executive functions (Lopez Villegas, 1996; Hemple, 2001, Kipps &
Hodges, 2005; Bossikass et al, 2014). Defaults of executive functions could in turn
be associated with problems in the frontal lobe and the calcification of basal
ganglia (Oliviera & Oliviera, 2013).It is suggested that repetitive speech disorders
are associated with a disorder in inhibitory processes (Villegas, 1996; Hemple,
2001; Kipps& Hodges, 2005).It is also stipulated that deficits in inhibitory
processes include palilalia (Vitkovich & Hemphreys, 1991; Cohen &Dehaen,
1998; Lavoie & O’Conner, 2012). But when examined closely, palilalia seems to
be different from stereotypes, echolalia and perseveration. While stereotypes are
characteristics of filled pauses and not necessarily related to executive functions,
perseveration and echolalia are respectively associated with conception deficits
and default of inhibition. The claim of this hypothesis is that failure to inhibit the
realized segment can result in the exteriorization of the same element over and
over again.
The problem with this hypothesis is that inhibitory processes involve
significant and sustained control abilities, or self-awareness (Norman & Shallice
1986; Moses et al. 2004; Brunet 2010; Barkley 2012).The assumption that palilalia
is associated with deficit of inhibition implies that patients could be able to selfregulate their speech, because most of them are conscious of their repetitions
(Lapointe& Horner, 1981).Since they are not able to self-regulate their speech,
that means palilalia is not related to inhibitory processes. Also, the linear
frequency of the above described repetitive speech indicates that voice volume is
increasing for spasmodic palilalia and decreasing for atonic palilalia. This is not
the case when a disorder is associated with inhibitory disorder, because
inhibitory processes are not associated with problems of energy. For instance,
perseveration is uttered with a constant voice volume but it is related to
inhibitory processes (Villegas, 1996; Hemple, 2001; Kipps & Hodges, 2005).
Instead, palilalia seems to be uttered with more energy than ordinarily. Such
compulsive utterance cannot be inhibited even when there is no deficit in the
process. Inhibitory processes do not actually function in a unitary way. It is
hypothesized that motor processes are regulated by two antagonist mechanisms
functioning alternatively to achieve the same goal (Moses et al, 2004). These

192

Septembre  pp. 183-196

Rodophe Prosper MAAH

processes include Activation processes and inhibitory processes. While speaking,
syllables, words and phrases are released by activation processes and
automatically inhibited when uttered.
The other alternative is, however, more conceivable whereby a
dysfunction in activation processes can provide a plausible explanation to
palilalia. By definition, palilalia is a compulsive repetitive disorder. This
compulsive characteristic results from an energetic contraction of the activation
system. This, in turn, can induce a hyper activation of the same segment yielding
in a compulsive iterative speech. In this case, the disorder is more associated with
problems of energy, the length of the iterated segment, and contractions. Thus,
the duration of the contraction depends on the energy supply at the moment of
the contraction and the length of the segment to be uttered: when the quantity of
energy at the moment of contraction is poor and the segment to be uttered long,
the resulting repetitive utterance is realized with a decrease in rapidity, voice
volume and sometimes altering with periods of silence (atonic palilalia); when
the energy supply is rather exceeding, this results in a compulsive iterative
speech produced with increase rapidity and voice volume, that is spasmodic
palilalia. Activation processes are involved in a number of disorders that include
cognitive, physical, and social behaviors. Based on the above explanations,
palilalia would not directly related to a neurophysiological problem as discussed
in cases of aphasia, dementia, front temporal atrophy or the calcification of basal
ganglia, etc. because its presence in schizophrenia where brain investigations do
not generally disclose any neurophysiological anomaly. This is an evidence that
the origin of palilalia could be somewhere else. Concerning the cognitive origin
of palilalia, the compulsive characteristic of palilalia provides arguments against
the hypothesis of a deficit in inhibitory processes which do not involve changes
in rapidity or voice volume. Thus, our assumption is that palilalia can originate
from a disorder in the activation processes of executive functions, resulting a
compulsive contraction of activation processes with implications in speech flow
characterized by spasmodic or atonic iterations.
Conclusion
This paper aimed at providing an explanation to palilalia, a compulsive
iterative speech disorder identified in schizophrenic patients. It was originally
hypothesized that defaults in activation processes can be the explanation to the
disorder. The acoustic characteristics of the utterances disclosed two opposing
types of palilalia: instead of the original characteristics of palilalia, an energybased description of palilalia was disclosed our data, bringing in arguments for
compulsive contractions of activation mechanisms. In sum, it is argued that
palilalia may neither be related to a neurophysiological problem nor may it be
related to deficits in inhibitory process as discussed in previous works, but to
compulsive contractions of activation processes, one of the most important
executive functions involved in language production. However, our study is
mainly empirical that is, it relies on naturalistic methods. This can bias our
findings, for we did not use any experimental method to investigate the cognitive
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capacities of our patients. Therefore, further studies on this topic need to bring in
a language test that can help identify cognitive deficits.
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