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ABSTRACT

Background and Objectives: This study aims to examine the acoustic characteristics of the
second formant (F2) transition produced by Persian-speaking Broca’s aphasics compared to normal
speakers.

Methods: Eight subjects diagnosed with Broca’s aphasia and eight normal speakers participated
in this study. The subjects produced six words (/ bad /- /pa/-/tab/-/das/-/kéar/and / gaz /).
The samples were analyzed using PRAAT and the F2 transition was measured for these words. F2
values were compared to the data available in the literature.

Results: Since the data distribution was abnormal in this study, the Mann-Whitney U test was
applied. The results of this study show that the mean of the second formant transition in healthy
people and people with aphasia are significantly different from each other in the words /Bad/ and /
Kér/ (P<0.05), in which the mean of the second formant transition in both words was higher in the
group of people with aphasia compared to healthy people. The results also showed that the mean of
the second-formant transition in these six words is significantly different and higher in the group of
aphasic people compared to the group of healthy people (P<0.05).

Conclusion: In patients with Broca’s aphasia, the F2 value was higher than normal speakers. The
nature of Broca’s aphasia suggests that subjects with Broca’s aphasia show higher F2 values. Also,
the focus on Broca’s aphasia indicates difficulties in applying secondary articulation to a sufficient
extent. The results of these studies are likely clinically applicable in particular to improving
assessment approaches and therapeutic programs for Persian speakers with Broca’s aphasia.
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f What is “already known” in this topic:

—» What this article adds:

Broca's aphasia suffer from deficits that affect the structure of sounds in their speech output; therefore, these pa-
tients require to be managed by an speech and language pathologist for determining the nature of speech errors
and diagnosing the disturbed and effective mechanisms that cause these errors.

Acoustic analysis of phonetic patterns of speech in patients with Broca s aphasia in various studies shows def-
icits in motor control in these patients. These deficits include problems in timing, coordination in production
movements, and laryngeal control, which is the result of deficits in coordination and integration of production
movements and production execution necessary to produce the target segment. Considering the importance of
the nature of errors and their mechanisms in person with aphasia, and also the role of acoustic assessments in
determining the nature of errors accurately, this study aims to analyze formant transition in people with Broca s
aphasia to determine the nature of motor control speech and speech errors.

Introduction

phasia is an acquired language communi-

cation disorder caused by stroke, tumor,

or brain injury characterized by a disorder

in language skills, such as speaking, com-

prehension, reading, and writing. Differ-
ent types of aphasia with diverse clinical features exist.
Broca’s aphasia is one of the most familiar and wide-
spread types of aphasia, classified as non-fluent aphasia.
The prominent features of speech in people with Broca’s
aphasia include limited and non-fluent verbal output pro-
duced with many efforts and pauses, reduced speech rate,
reduced speech length, inaccurate production of sounds,
agrammatism, and impaired speech tone [1]. One of the
clinical manifestations of Broca’s aphasia is a deficit in
speech articulation. Various studies have shown that pa-
tients with Broca’s aphasia suffer from deficits that affect
the structure of sounds in their speech output. Determin-
ing the nature of speech errors in these patients is strictly
necessary and crucial in diagnosing the disturbed and ef-
fective mechanisms that cause these errors [2].

On the other hand, the production of speech sounds
requires the integration of auditory, somatosensory, and
motor information represented in the temporal, parietal,
and frontal lobes. In addition to subcortical structures,
cortical areas, and their functional connections form a
functional unit called the speech-motor control system
[3]. Speech motor control refers to systems and strategies
which control speech production. Some sets of produc-
tive movements convert the desired language message
into an acoustic signal interpreted by the listener, includ-
ing the input of the speech motor control system, linguis-
tic representations, especially the sequence of abstract
units, i.e. phonemes, and also the output of the speech

motor control system. Therefore, the speech motor con-
trol system is located between the two processes of lan-
guage formulation and the creation of an acoustic signal
that transmits the message [4, 5]. Recent research focuses
on the processing stages underlying speech production to
determine the nature of speech motor control [6].

Recent studies have used the analysis of speech acous-
tic parameters to determine the nature of speech er-
rors in patients with Broca’s aphasia [7, 8]. Acoustic
speech analysis allows therapists to access information
in speech signals, such as speech speed (rate), character-
istics of vowel and consonant articulation, phonetic and
prosodic aspects, and variability in the vocal tract shape
[9]. Acoustic analysis of phonetic patterns of speech in
patients with Broca’s aphasia in various studies shows
deficits in motor control in these patients. These deficits
include problems in timing, coordination in production
movements, and laryngeal control, which is the result
of deficits in coordination and integration of production
movements and production execution necessary to pro-
duce the target segment [10].

During the production of vowels, each form of produc-
tion creates a specific resonant frequency in the vocal
cords, called a formant. Changes in the structure of the
formant with different places of articulation are reflect-
ed by the frequencies of the formant at different times,
which is called formant transition. Formant transition is
based on changes in articulatory movement from con-
sonant to vowel. Formant transition provides significant
details about changes in the form of articulators. The
transition time of the second formant (F2) reflects the
changes in the articulatory movement over time, there-
fore this formant is used to reflect the timing of the ar-
ticulatory movement [11].
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In recent studies, formant transition in the speech of
people with various neurological disorders has been
analyzed [12-14]. The results of a study showed that the
formant transition in people with cerebellar disease and
bilateral damage to the upper motor neurons was longer
than normal.

The results of various studies show that people with
Broca’s aphasia display impairment in the timing and
coordination of articulatory movement [15, 16]. To de-
termine the nature of errors in people with Broca’s apha-
sia, various studies have examined the phonetic patterns
of speech in these patients using acoustic analysis. The
results of these studies show that people with Broca’s
aphasia display impairment in the timing and coordina-
tion of articulatory movement. These studies examined
the spectral properties of stop consonants through acous-
tic assessments. The results showed a change in the
spectral characteristics of stop consonants in patients
with Broca’s aphasia compared to the control group. This
change in the spectral characteristics of stop consonants
indicates that apart from the timing and coordination
of the larynx with the vocal tract, patients with Broca’s
aphasia have deficits in laryngeal control [15, 16].

Kurowski et al. [16] studied the articulation of nasal
consonants in people with mild to moderate Broca’s
aphasia and Wernicke’s aphasia. In this study, the for-
mant transition of the nasal murmur was evaluated to ex-
amine speech timing. The range of the first harmony was
also studied to evaluate articulation coordination, and the
range of changes during the nasal murmur was examined
to evaluate laryngeal control. The results showed patients
with Broca’s aphasia had deficits in all three factors of
laryngeal control, speech timing, and articulation coor-
dination during the articulation of nasal consonants [16].

The most explicit and the most incontrovertible evi-
dence for distinguishing between the stage of articula-
tory performance and the stages of phonological selec-
tion and planning comes from the acoustic research of
speech articulation patterns [5]. Deficits in any of the
various aspects of motor control (timing, coordination of
articulatory movements, laryngeal control) indicate that
deficits in the structure of sounds in aphasic individuals
are often due to impairment in articulatory performance
rather than selection and planning of the target segment
[5]. Considering that acoustic properties are different
in diverse languages, language is considered a critical
factor in the study of acoustics. Differences in acoustic
properties of sounds in different languages have led to
divergent results in the pattern of speech articulation in
aphasic individuals reported by numerous studies [9, 17].

2022, Volume 5

Most aphasiologists agree that aphasia is an impair-
ment in language function and is caused due to brain
damage; therefore it falls within the scope of neurolo-
gists [1]. However, in the context of learning language
processing disorders under conditions, such as Broca
traumatic aphasia, there is an opportunity to address rel-
evant questions via a multidisciplinarity approach [1].

We’ve been studying the phonographic characteristics
of resonant sounds in Persian spoken subjects with Br-
oca’s aphasia, and an essential part of this investigation
is to improve our knowledge of word emphasis given
to patients suffering from Broca’s aphasia. Moreover,
it can contribute to the development of applications for
the evaluation and treatment of Broca’s aphasia among
Persian-speaking patients as well as neurolinguistic re-
search.

Determining the nature of errors in people with Broca’s
aphasia, who constitute a vast portion of aphasia pa-
tients, is vital in identifying the underlying mechanisms
involved in causing these errors. Diverse languages have
different acoustic features and in Persian based on stud-
ies; it seems that no study has been conducted in this
field. Considering the importance of the nature of errors
and their mechanisms in aphasics, and also the role of
acoustic assessments in determining the nature of errors
accurately, this study aims to analyze formant transition
in people with Broca’s aphasia to determine the nature of
motor control speech and speech errors.

Materials and Methods

A total of 16 participants, a control group consisting
of eight normal speakers, and eight patients with mild
to moderate aphasia were selected for the experiments
in this study. Most studies in this field have had about
eight cases due to limitations in the number of Broca’s
patients. All participants were selected voluntarily after
completing the ethical consent form from Isfahan Uni-
versity of Medical Sciences. All participants were native
Persian speakers. No history of psychiatric disorders
or other cognitive impairments was observed. Hearing
and vision were judged to be within normal limits. The
aphasia group had a cerebrovascular accident (CVA)
localized to the left hemisphere. They were at least 6
months post-cerebrovascular accident (CVA). Based on
oral and verbal apraxia tests [18] and clinical examina-
tion, the patients had no co-occurring severe apraxia or
dysarthria. The bedside version of the Persian WAB!
(P-WAB-1) [19] was used to determine the type and se-

1. A clinical linguistic measuring tool to determine severity and type of aphasia
in brain damaged patients based on aphasia quotient (AQ) as a functional
measure.
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Gender, No. Education, No. Age
Groups Higher
Female Male Elementary Diploma . Maximum Minimum Mean
Education
Aphasic group 4 4 1 4 3 75.02 41.08 58.13
Healthy group 4 4 2 2 4 75.09 41.04 58.05

verity of aphasia. Finally, the subjects were eight males
(50%) and eight females (50%). Based on the academic
system in Iran, participants had one of three levels of ed-
ucation, elementary, diploma, or higher education. Table
1 presents demographic data for the participants.

Materials and procedure

Speech samples for the second formant transition in-
cluded meaningful monosyllabic words with syllable
structures (i.e. CV-CVC), beginning with the voiced and
voiceless stop consonants (g-k-d-t-p-d). The words in-
cluded /bad/-/pa/-/tdb/-/das/-/kar/-/gaz/,
which begin with bilabial, labiodental, and velar conso-
nants in terms of place of articulation [20].

These words were written on 3x5 cm cards with legible
and appropriate handwriting and presented to the par-
ticipants. To minimize background noise (less than 50
dB), speech samples were recorded in a suitable noise-
monitored environment (using the Praat software). To
collect acoustic signals, after placing the participants in
a suitable environment, the microphone was placed at a
distance of 15 cm to the right of the participant’s mouth.
In the next step, the participants were asked to read the
target words written on the card clearly and naturally.
If the participants were incapable of uttering each word
correctly, the repetition task was used. To control the ef-
fect of loudness and speed of speech, the auditory mod-
el was pre-recorded in the repetition task and played a
maximum of three times for each participant. If the par-
ticipants were incapable of repetition and reading tasks,
both tasks were used simultaneously. Voice recording
was done simultaneously via a microphone (Micromic
¢520) and using a laptop (Sony VPCEA3SI1E) equipped
with a sound card. After recording, the spectrogram of
each word was carefully examined using the Praat soft-
ware, version 5.3.8.1.

Scoring and data analysis

The process of calculating F2 transition was investi-
gated by the researcher and another expert outside the
study so that the data collection and analysis process pro-

vided good reliability (60% of the samples). The intra-
class correlation coefficient test was used to examine the
correlation between the scores of the two testers and the
Mann-Whitney test was used to compare aphasia and the
normal group. Data were analyzed in the SPSS software,
version 16 (SPSS Inc., Chicago, IL).

Results

In this study, due to some limitations in the sample
size, the data distribution was more than the standard. To
coordinate the distributions, the Mann-Whitney U test
was used to compare the mean of the second formant
transition in healthy and aphasic groups. It was the most
appropriate choice due to the normality of the distribu-
tion of second formant transitions in each group and for
each word.

This study was conducted to evaluate the mean of the
second formant transition of six words in eight people
with aphasia and eight healthy individuals. The results
show that the mean of the second formant transition in
healthy people and people with aphasia are significantly
different from each other in the words /Bad/ and /Kar/
(P<0.05), in which the mean of the second formant tran-
sition in both words was higher in the group of people
with aphasia compared to healthy people. However, the
mean of the second formant transition of the words /Pa/,
/Tab/, /Gaz/, and /Das/ in aphasic individuals was not
significantly different from healthy individuals.

The results also show that the mean of the second-for-
mant transition in these six words in the group of aphasic
people is significantly different compared to the group of
healthy people (P<0.05), in which the mean of the sec-
ond-formant transition in the group of people with apha-
sia is higher than healthy people (Table 2 and Figure 1).

Discussion

In the present study, the differences in the second for-
mant transitions in people with mild to moderate aphasia
and normal people were examined in one-syllable words:
/bad/-/pa/-/tab/-/das/-/kér/-/gaz/. The results

Qodrati Tavana A, et al. Second Formant Transition in Broca’s Aphasia. Func Disabil J. 2022; 5:E76.
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0.000

Figure 1. The mean of F2 transition

showed a significant difference between F2 transition
in words / bad / and /kar/ in the two groups, while the
mean score of second formant transition in words /pa/,
/tab/, /gaz/ and /das/ in aphasic individuals was not sig-
nificantly different from healthy individuals. The results
also showed that the F2 transition in all six words was
longer in the aphasic group than in the healthy group.
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According to Fant’s study, the position and degree of
constriction of the vocal tract play a critical role in vowel
production and vary depending on the target vowels. The
whole vocal cavity is involved in the production of vow-
els (e.g. lips, tongue, hard palate, pharyngeal wall, etc.).
However, the place and degree of vocal tract constriction
are mainly controlled by the position of the tongue [21,

22]. Due to the relationship between the position and
degree of constriction of the vocal tract for vowels and

Table 2. MeanzSD values of the F2 transition and Mann-Whitney test values of formant frequencies (n=8)

Consonant Status MeantSD t Sig
Patient 0.106750+0.0136880
/Bad/ 3.244 0.006"
Healthy 0.079500+0.0194200
Patient 0.087380+0.0216390
/Pa/ -1. 706 0.110
Healthy 0.10075+0.0048330
Patient 0.10138+0.0246800
/Das/ 0.851 0.409
Healthy 0.092620+0.0153520
Patient 0.106130+0.0237750
/Tab/ 1.656 0.120
Healthy 0.089500+0.0155100
Patient 0.123640+0.0302990
/Kar/ 2.604 0.021°
Healthy 0.092500+0.0150430
Patient 0.111750£0.0225310
/Gaz/ 1.496 0.157
Healthy 0.09737+0.0151840
Patient 0.1062+0.0156
Total 2.234 0.042"
Healthy 0.0920+0.0086
*P<0.05.
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http://fdj.iums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

2022, Volume 5

formant frequencies, assumptions about a fundamental
relationship between tongue position and formant fre-
quency have been generalized in this area.

Acoustic research in neurological disorders has shown
that the second formant transition is related to the clar-
ity of speech of these clients. These patterns of damages
to second formant transition in aphasic individuals are
consistent with the results of studies conducted by Den
Ouden et al. [12] and restrictions on the jaw, lips, and
tongue movements and slow tongue movements appear
to lead to prolonged second-formant transition and im-
paired timing of speech in aphasic individuals.

As mentioned earlier, no significant difference was
observed in the mean of the second formant transition
in the words /pa/, /tab/, /gaz/, and /das/ in the group of
patients with aphasia compared to the healthy group.
Significant differences in this study indicate that the sec-
ond formant transition in voiced bilabial consonants and
voiceless palatal consonants are prone to further dam-
age compared to other consonants. These significant dif-
ferences may be due to the greater demand for tongue
movements and as a result, are more prone to damage in
these people.

The second formant is chiefly determined by the posi-
tion of the tongue (front to back) on the horizontal plane,
especially for front vowels. Lips and pharyngeal sections
of the vocal tract also play a part in F2 [23]. F2 variations
show a compound effect of tongue height and advance-
ment. Consequently, expanded F2 variations may reflect
the inaccuracy of the horizontal position of the tongue in
the production of vowels, while the increased absolute
value of F2 indicates more frontal articulation patterns in
people with aphasia.

The results of a study conducted by Lee et al. [23] indi-
cated that different tissues show different sensitivities to
speech-motor control problems.

Considering that F2 transition depends on the type of
tongue movement from the consonant position to the
vowel and also tongue muscles are one of the smallest
and most delicate muscles in the body, it can be con-
cluded that the brain can control speech movement.

The acoustic distinction between emphatic aphasia
and plain aphasia cannot be achieved by subjects with
Broca’s aphasia. This is because such patients are unable
to coordinate the articulatory sets needed to create sound
patterns that induce loud sounds.
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As a consequence, subjects with Broca aphasia have
demonstrated articulatory limitations in their tongue
movements to the right and therefore produce an em-
phatic sound at the same place of articulation as plain
speech.

Compared to the normal speakers, subjects with Broca
aphasia have shown higher F2 values. Focusing on Br-
oca’s aphasia provides an insight into its characteristics
and indicates difficulties in applying the secondary ar-
ticulation to a sufficient extent. Furthermore, the results
of these studies can be used to develop assessment tech-
niques and therapeutic programs for Persian speakers
with Broca’s aphasia [24, 25].
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