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Electroencephalographic activity during sentence production
in healthy and schizophrenic men
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Abstract

Background: Schizophrenia is a psychiatric disorder marked by hallucinations, delusions, cognitive deficit, apathy, and
thinking disorders. Speech disturbance is one of the main diagnostic criteria during acute periods of schizophrenia.
In addition, abnormalities of brain language areas have been consistently described in schizophrenic individuals. The
aim of this study was to describe the linguistic performance and cerebral activity during sentence production using
word pairs with high or low semantic relatedness. Material and methods: We recorded electrical brain activity (elec-
troencephalography [EEG]) of 15 healthy men and 11 men with disorganized schizophrenia while they were producing
sentences with high and low relatedness word pairs. Results: The results showed significant differences; participants
in both groups had significant longer latencies to produce sentences with low than with high relatedness word pairs.
Furthermore, sentences formed with low relatedness pairs were significantly longer than those formed with high relat-
edness word pairs in both groups. EEG parameters also showed differences; in healthy subjects, we found enhance-
ment of absolute alpha rhythm over the occipital leads during the period preceding sentence production with high
relatedness word pairs. Conclusion: In contrast, in schizophrenia patients producing sentences with high relatedness
word pairs, it was theta and beta rhythms that were enhanced in frontal regions.
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Actividad electroencefalografica durante la produccion de oraciones en hombres
sanos y con esquizofrenia

Resumen

Antecedentes: La esquizofrenia es una enfermedad caracterizada por alucinaciones, déficits cognitivos, apatia y alteraciones
del pensamiento. Uno de los principales criterios diagndsticos durante los periodos agudos son las alteraciones del lengua-
Je. El objetivo de este trabajo fue describir el desempefio lingdiistico y la actividad cerebral durante la produccién de oracio-
nes usando pares de palabras con alta y baja relacion semantica. Material y métodos: Registramos la actividad eléctrica
(EEG) de 15 hombres sanos y 11 pacientes con esquizofrenia desorganizada mientras producian oraciones con pares de
palabras con alta y baja relacion semantica. Resultados: Los resultados mostraron diferencias significativas; ambos grupos
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tuvieron latencias méds largas al producir oraciones usando palabras con baja relacion semantica. Ademads, estas oraciones
fueron significativamente mds largas, que aquellas formadas usando palabras con alta relacion semantica, en ambos grupos.
El EEG también mostré diferencias; en los sujetos sanos hubo un aumento del ritmo alfa en el occipital durante el periodo
previo a la produccidn de oraciones con alta relacion semantica. Conclusiones: En contraste, en los pacientes con esquizo-
frenia fueron los ritmos teta y beta los que incrementaron en regiones frontales al producir este tipo de oraciones.

Palabras clave: Cercania semdntica. Fluidez verbal. EEG. Poder absoluto.

Introduction

In patients with schizophrenia, language disorder has
been considered a diagnostic indicator of the illness'.
Particularly, abnormalities in connections between
words and concepts are the most representative sign
of thought disorder>.

Some studies have showed that schizophrenic pa-
tients have deficits in tasks involving semantic relations
between words®®. Building sentences with highly se-
mantically related words lead to fast activation of their
inner representation in working memory (WM)’. Sen-
tence production involves cognitive processes that are
based on the integration of activity in multiple brain
regions, particularly associative cortical sites®?.

One technique widely used to study brain mecha-
nisms of cognitive impairments in patients with mental
disorders is electroencephalography (EEG)°. EEG
studies indicate that between 50% and 60% of patients
with schizophrenia show slowing of alpha rhythm, al-
though 15% of them show beta activity between 13 Hz
and 18 Hz and 10% of the patients have paroxysmal
EEG changes'.

Some authors have used EEG to describe the brain
functioning that underlies cognitive task performance
in schizophrenic patients'?. Most of the symptoms are
evident while patients are solving daily life problems;
cognitive researchers are aware of this problem and
have developed experimental conditions that simulate
life demands, such as arithmetical problem-solving'?;
memory retrieval'¥; syntactical language organization,
and communication fluency'®.

In this study, we analyzed the EEG during sentence
production in schizophrenic and healthy men. Our ob-
jective is to identify possible changes in brain electrical
activity in healthy and schizophrenic subjects during
the construction of sentences using word pairs with
high and low semantic relatedness. We predicted that
sentence production using low relatedness word pairs
requires more verbal processing and WM capacity than
using high relatedness word pairs, and this would be
associated to differences in EEG patterns in schizo-
phrenic patients compared to healthy men.

Methods

The study was carried out in accordance with the
Helsinki Declaration and was approved by the Faculty
of Psychology Institutional Review Board at the Univer-
sidad Auténoma de Puebla (Puebla, Mexico).

Participants

We analyzed the brain electrical activity of 11 men in
the acute phase of disorganized schizophrenia and 15
healthy men. Patients were recruited from the Rafael
Serrano Psychiatric Hospital in Puebla, México, and
healthy men were selected by advertisement. All sub-
jects were right-handed according to the Annette
scale'®. Mean age of healthy men was 32.5 years (stan-
dard deviation [SD] = 4.2) and 31.7 years (SD = 3.2) for
schizophrenic subjects. Educational level of healthy
men was 6.5 years (SD = 2.3) and schizophrenic
subjects was 6.1 (SD = 1.4). Patients’” mean age of
schizophrenia onset was 31.3 (SD = 0.6) and the mean
duration of illness was 6.0 months (SD = 0.1).

All of the patients had between mild and moderate
ilnesses according to their scores on the Scale for the
Assessment of Positive Symptoms'” (mean score = 16.5,
SD = 12.8, range = 0.41). Patients were evaluated 1 day
after they were admitted to the hospital to avoid chang-
es in their clinical status. All participants were native,
monolingual Spanish speakers who never learned any
other language. No history of head trauma, substance
abuse, or addiction was recorded. After a complete
description of the study, written informed consent was
obtained from all participants and their relatives.

Stimuli and task

Thirty pairs of highly related words (e.g., table chair)
and 30 pairs of low-related words (e.g., dog lock) were
collected from the previous work'®. Each participant
was instructed to construct a sentence using the pair
of words involved without changing the order of words
or modifying the word itself (e.g., chairs instead of



chair). We presented 33 pairs of words for each of the
two conditions: low-related and high-related words.

Experimental procedure

Each subject received the instruction that after hear-
ing the pair of words, they must construct a sentence
using the pair of words without changing them. The
experimental session began by asking the participant
to close his eyes. Over the next 5 min, the participants
sat with their eyes closed to record resting brain activ-
ity. Each test began with the presentation of one pair
of words, previously recorded, through headphones.
When the subject was ready to state his sentence, he
began to speak. The next pair of words was given 5-6
s after the end of sentence articulation. Pairs of
high- and low-related words were presented in pseudo-
random order.

EEG data acquisition and analysis

EEG was recorded with an EEG device (Nicolet
Viking EEG) according to the international 10-20 system
from the following leads: Fp1, Fp2, F3, F4, F7, F8, Fz,
T3, T4, T5, T6, C3, C4, Cz, P3, P4, Pz O1, 02, and Oz
referred to linked earlobes. The sampling rate was
128 Hz. Amplifiers had a bandpass from 0.5 Hz to 30 Hz.
For analysis, cerebral electrical activity was selected
during the period from the beginning of word presenta-
tion to the start of the first oral articulation in each word
pair. This period was defined in EEG with physiological
markers (quick mouth movement). The sentences were
recorded for posterior linguistic analysis.

We eliminated those EEG epochs with movement
artifacts. Electromyography and EOG derivative from
the movement of the chin, mouth, and eyes was indi-
cated and marked. The final analyzed EEG period was
120 s in all participants. We used the fast Fourier trans-
formation to estimate the power spectra. We analyzed
the absolute power EEG rhythms in the following fre-
quencies bands: delta (1-3.5 Hz), theta (4-7.5 Hz), alpha
(8-12.5 Hz), beta 1 (13-18.5 Hz), beta 2 (19-24.5), and
beta 3 (25-30 Hz).

Behavioral data analysis

The analysis is based on the comparison of values
between the group of healthy subjects and the group
of patients with schizophrenia. The response variables
were the latencies (time in seconds) and length of sen-
tences (number of words) constructed using high and
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Figure 1. Comparison of latency to produce sentences
between healthy (white) and schizophrenic (black) men
with high and low relatedness word pairs. Data are means
+standard deviation (n =15 healthy and n =11 schizophrenic
men). Letters indicate significant differences. Details of
statistics are given in the text.

low relation word pairs. Due to the different number of
subjects in each group, we used the Mann-Whitney U
test to compare the latency between groups and be-
tween the two stimulus conditions (high and low word
pair relatedness). For statistical analysis and graphical
representations, we used the program Prism 5 for Win-
dows (GraphPad Software Inc., San Diego, USA, 2002).

Results

In healthy subjects, the latency for constructing sen-
tences with high relatedness word pairs was
5.1 s (+ 0.37 SD) and with low relatedness pairs was
74 s (+ 0.52 SD). Subjects with schizophrenia con-
structed sentences using pair of high relatedness word
pairs in 6.7 s (= 0.30 SD) and low relatedness pairs in
10.1 s (+ 0.97 SD).

Kruskal-Wallis (KW) test showed significant differ-
ences in the latency to produce sentences (KW = 47.75,
p < 0.0001), post hoc Dunn’s multiple comparison tests
showed that this difference depended only on word pair
relatedness (Fig. 1).

We counted the number of words utilized to
construct sentences. Healthy subjects incorporated
5.86 (+ 0.91 SD) words in sentences with high related-
ness word pairs and used 7.8 words (x 0.91 S.D) to
form sentences with low relatedness pairs. Subjects
with schizophrenia incorporated 7 (+ 1.0 S.D) words in
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Figure 2. Difference in number of words used to produce
sentences between healthy (white) and schizophrenic
(black) men, with high and low relatedness word pairs.
Data are means + standard deviation (n = 15 healthy and
n = 11 schizophrenic men). Letters indicate significant
differences. Details of statistics are given in the text.

sentences with high relatedness pairs and 10.18 words
(x 1.3 SD) in sentences with low relatedness pairs.

KW test showed significant differences in the number
of words to construct sentences (KW = 35.92, p < 0.0001),
post hoc Dunn’s multiple comparison tests showed that
this difference depended only on word pair relatedness
(Fig. 2).

EEG data

EEG data were compared between groups using the
Mann-Whitney U-test to assess the statistical signifi-
cance of the difference in the absolute power of each
EEG band. During the construction of sentences with
high relatedness word pairs, healthy subjects showed
significant higher absolute power in delta and alpha
rhythm than schizophrenic patients. However, schizo-
phrenic patients showed significantly higher absolute
power in theta, beta 1, beta 2, and beta 3 rhythms
compare to healthy subjects (Fig. 3).

During the construction of sentences with low relat-
edness word pairs, schizophrenic patients showed sig-
nificant higher absolute power in delta, theta, and beta
rhythms, while healthy subjects exhibited significantly
higher alpha rhythm (Fig. 4).

Topographical analysis

Construction of sentences with highly related word
pairs induced a different distribution of absolute power

between the control and schizophrenic groups. The
absolute power of alpha rhythm was increase in healthy
subjects over the occipital leads. The absolute power
of theta and beta rhythms is increase over the frontal
and central leads in schizophrenic patients (Fig. 5).

Construction of sentences with low relatedness word
pairs also induced different distribution of absolute
power between the groups. In healthy subjects, we
found enhancement of alpha rhythm, especially in oc-
cipital regions, as well as theta power in frontal areas.
Schizophrenic patients showed an increase in absolute
power in theta band in frontotemporal areas. In addi-
tion, a diffuse increase of absolute power in beta band
appeared in schizophrenic patients (Fig. 6).

Discussion

There is extensive literature about deficits in verbal
functioning in schizophrenia, showing various abnor-
malities in verbal production, comprehension, and ce-
rebral lateralization of language'. Several functional
magnetic resonance imaging studies using language
paradigms also show abnormal processing in verbal
fluency tasks and loss of left hemisphere lateralization
in the temporal and frontal lobes of patients with chron-
ic schizophrenia?.

Some authors Ford and Mathalon?' have argued that
EEG measures of coherence indicate interdependence
of activity in the frontal speech production and temporal
speech reception areas during speech in control sub-
jects, but not in schizophrenia patients. These data
suggest that a corollary discharge from frontal areas
fails to alert the auditory cortex that they are self-gen-
erated, leading to the misattribution of inner speech to
external sources.

Wynn et al.?? found no differences between schizo-
phrenic patients and controls in the ability to form glob-
al objects from local elements, during visual integration
tests. This is relevant to our tests because we asked
patients and control subjects to form coherent sentenc-
es (global object) from isolated words (local elements).
The cognitive effort required for that kind of tasks in-
volves information sorting (word pairs), to generate a
coherent order. Schizophrenic patients have difficulty
maintaining thematic consistency. In our study, patients
formed sentences with no morphological deficits, but
which were thematically incoherent. To construct a sen-
tence, using pairs of word, it is necessary to maintain
the words in the short-term memory while seeking a
context in which to put them, as well as constant mon-
itoring to avoid mistakes?®. Short-term memory and
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Figure 3. Comparison of the absolute power (Log PA) obtained during sentence production using highly related word

pairs. Details of statistics are given in the text.
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Figure 4. Comparison of the absolute power (Log PA) obtained during sentence production using low relatedness word

pairs.

monitoring are functions associated with the work of
the frontotemporal and frontoparietal cortex?+2¢,
Expression of language is a complex process and in-
volves a distributed network in cortical regions. Our re-
sults demonstrate that when control subjects form

sentences with highly related word pairs, absolute power
over theta and beta bands is more expressive on fronto-
polar and frontal-inferior regions, respectively. Lin et al.?”
suggested that theta power increases during longer laten-
cies; furthermore, alpha-band oscillations are suggested
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Figure 5. Brain mapping while producing sentences with high relatedness word pairs.
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Figure 6. Brain mapping while producing sentences with low relatedness word pairs.




to be closely associated with attentional selection, specif-
ically anticipatory and temporal attention?.

In schizophrenic patients, the absolute power of the
theta band increased in the frontotemporal regions in
both hemispheres with an extension to the right parietal
region. The beta band also increased diffusely. Does-
burg et al. suggested that oscillatory synchronization
and cross-frequency interactions are mechanisms of
functional integration among distributed brain areas
that support expressive language processing®.

Theta activity has been found over frontal regions
when subjects form images during mental task perfor-
mance®’. We believe that a sentence forming task in-
volves organizing images, but in more complex tasks,
the images may be less structured. On the other hand,
beta activity is associated with sensory information
analysis and decision-making because the task implies
a goal-oriented behavior. The assumption behind this
idea is that the motor system initiates active movement
preparation on the reception of stimulus input®'. Lan-
guage production in schizophrenia is disordered and
filled with irrelevant pieces of information and derail-
ments. Such erratic discourse may be linked to the
inability to use pragmatic rules, attention, action plan-
ning, ordering, and sequencing®.

Finally, we consider that sentence production using
high and low relatedness word pairs could be used to
explore different cognitive process, such attention,
WM, executive functions, as well as the search for co-
herence. We believe that in the area of neuropsycho-
logical rehabilitation, particularly for schizophrenic pa-
tients, it is necessary to create methods to solve
problems in discourse construction, looking into differ-
ent cognitive processes that are required for generating
meaning in patients’ speech.

Conclusion

There are significant differences in behavior and
EEG activity during sentences production, using low
and high relatedness words. Specifically, absolute pow-
er is increased in patients with schizophrenia over the
theta, and beta rythms. We consider that producing
sentences with high or low relatedness words could be
used for new experimental paradigms.

Differences in EEG patterns in schizophrenic patients
compared to healthy men.
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