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Abstract: The activity of the left hemisphere is often associated with linguistic functioning, including
in a foreign language. At the same time, research results demonstrate that different structures in both
hemispheres can be jointly activated in the performance of particular linguistic tasks. The current
study aimed to identify functional hemispheric activity and asymmetry markers for effective foreign
language performance. The study sample consisted of 27 3rd-grade, 26 10th-grade, and 21 university
students, all native Russian. To measure functional hemispheric asymmetry and activity before and
after an English class and before an English test, we used computer laterometry in the ‘two-source’
lead–lag dichotic paradigm. The study results reveal that left hemispheric functional dominance
can be considered as a marker for effective activity during an English class and an English test in
3rd-grade and 10th-grade students. In university students, right hemispheric functional dominance
predicted better efficacy during the English class. Therefore, the results obtained provide evidence
about different hemispheric activity and asymmetry modes for different ages of foreign language
mastering, and the results may support the hypothesis about the possibility of a ‘sensitive period’ for
foreign language acquisition occurring at any age. These findings can be applied to the creation of
biofeedback trainings for hemispheric profile optimization when learning a foreign language and
may help in creating personalized learning schedules.
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1. Introduction

The issue of the physiological ‘substrate’ of the linguistic system has been raised in
science since the second half of the 19th century. Many works postulate the fact of the
greater participation of the left hemisphere in the organization of linguistic functions. In
1861, Paul Broca showed that damage in the left frontal lobe caused difficulties in speaking
but not in perceiving auditory information [1], and in 1874, Carl Wernike discovered
that when the left posterior temporal area was damaged, there occurred difficulties in
speech perception [2]. Later studies on patients with split hemispheres expanded the
knowledge about the distribution of speech functions in the brain: right-handed patients
had difficulties performing verbal tasks with their left hands [3]. All this would seem to
confirm a greater role of the left hemisphere in the performance of speech functions. Yet, the
interhemispheric organization of speech functions has been the subject of much research in
recent years.

The doctrine of the distributed functional activity of different brain areas for providing
certain mental functions is being increasingly used, replacing the idea of strict localiza-
tionism. For example, Imaezue in the integrated systems hypothesis, using Broca’s region
as an example, pointed to the multimodal role of specific localized integrated systems of
the brain [4]. Burnston, using perceptual brain areas as an example, showed that their
functional activation is context-dependent [5]. In a meta-analysis of publications on the
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topic of intentional decision, Si et al. concluded that different anatomical brain areas are
involved in this process, which perform distinct cognitive and computational roles [6].

Regarding speech functions, the facts of the activation of different brain areas dur-
ing the solving of linguistic tasks with different target functions have been shown. It is
demonstrated that syllable processing occurs predominantly in the auditory cortex in the
right hemisphere [7–9], while phoneme processing mainly takes place in the left hemi-
sphere [10]. This tendency for the functional asymmetry of speech acoustic processing
is observed already in children: in newborns, responses to slow (syllable-rate) acoustic
modulations are lateralized to the right hemisphere [11], and in 3- and 6-month-old babies
fast acoustic modulations (e.g., phoneme perception) cause bilateral neuronal activations
and slow modulations cause right-lateralized responses [12]. There is evidence that com-
plex auditory stimuli (like speech) are dominantly processed by the auditory cortex of the
left hemisphere [13]. However, of course, that is not the complete system that provides
the processing: Rodrigues de Almeida et al. claimed that the target network subserving
phonological processing is more complex and is composed of both the left and right inferior
frontal gyri and left superior temporal gyri [14].

1.1. Brain (a)Symmetry and Its Role in Bilingual Maintenance

Numerous publications have been devoted to the study of the relationship between
hemispheric asymmetry and speech development, also in a foreign language. Along with
the acquisition of new data with the usage of noninvasive research methods, there was
a change in opinions on the brain maintenance of speech functions in native and foreign
languages. Pitres (1895) suggested that there are areas that process two or more languages
through different cycles of information processing [15]. Later, Potzl (1925) hypothesized the
existence of a switching mechanism between languages. In his opinion, the supracranial
gyrus and the adjacent parieto-temporal area were responsible for this mechanism [16].
Paradis et al. proposed the activation threshold thesis [17]. The assumption here was
that the same neural substrate is responsible for understanding and generating speech
but that more ‘energy’ (or neural impulses) is required for arbitrary self-activation than
for activation by external stimulation. The more often this ‘pathway’ is activated, the less
‘energy’ is needed to reactivate it. Speech in a particular language is part of a particular
subsystem, and speech in another language is part of a different subsystem with different
neural networks involved [17].

Relatively recent studies provide an opportunity to compare the patterns found for
early and late language acquisition. We can make assumptions about the work of the
switching between languages. The works of Abutabeli et al. claim the existence of the
switching for the transition from one language to another (which confirms the assumptions
of Potzl [16]). The internal control system ensures an accurate selection of the right lan-
guage [18]. The following areas of the brain are involved in this process: the subcortical
structures of the anterior cingulate cortex, which are involved in the processes of attention
and the control of mental actions, and the caudate nucleus, a subcortical structure which
participates in the process of movement inhibition. The authors point out that due to their
special functions, these areas are the main ones in the mechanism of language control. An
argument in favor of the involvement of the left caudate nucleus in the internal control
functions is that bilingual patients with injuries in this zone observe two pathologically
mixed languages. There is evidence that the left inferior frontal gyrus and the left caudate
nucleus take part in the resolution of semantic competition [19].

The ability to switch from one language to another is acquired from childhood, and
the control mechanism is intensively perfected by the age of three. This is the age when
monolinguals stop mixing the components of words within one language and bilinguals
stop mixing words and their components within different languages. Neurophysiological
data show that functional fronto-temporoparietal connectivity actively develops exactly by
the age of three years [20]. At 24–32 months of age, lexical and morphological connectivity,
which largely maintain inhibitory control [21], actively develop, while the free resolving of



Symmetry 2022, 14, 1659 3 of 19

conflicting representations occurs at the age of 4 (cited in [22]). Consequently, there is a
reason to believe that the mentioned brain structures and the asymmetry in them may be
directly related to language acquisition.

Subsequently, asymmetry in this area (the left caudate nucleus) might be a factor of
readiness for successful foreign language acquisition. It has been shown that the levels of ac-
tivity of the left caudate nucleus and the fusiform gyrus serve as important neurobiological
markers for predicting good foreign language reading skills [23].

Thus, the functional dominance of the left hemisphere may be an important marker
for the effective bilingual use of two languages.

1.2. Age-Related Differences in Brain Symmetry in Foreign Language Acquisition

There is a substantial difference in maternal (early bilinguals) and school (late bilin-
guals) language acquisition. Recent research confirms that the parallel early acquisition
of several languages causes changes in the functional organization of the brain. Neural
connectivity in bilingual infants is different from that in monolingual infants, and much con-
nectivity in prefrontal areas is observed [24]. Early bilingualism results in enhanced cortical
development at the microstructural level: the activity of structures providing lexical com-
petition resolution (the left inferior frontal region and the left fusiform gyrus) depends on
the age of second language acquisition [25]. Early interaction with several languages leads
to qualitative (the need to sort and parse the information corresponding to each type of
speech) and quantitative (the parallel acquisition of different language codes with reduced
exposure to each of them) brain development conditions in such children [26]. Therefore, it
is important to consider the role of asymmetry in the case of early and late bilinguals.

It is acknowledged that age significantly affects the success of learning a foreign
language, but there is no consensus on the specific role of the age factor in the success of
acquisition. Studies of auditory response show that the rudiments of interhemispheric
asymmetry are observed from birth: when verbal stimuli are presented to children at the age
of 2 weeks, the left hemisphere is activated more, and the right hemisphere is more activated
by musical stimuli [27]. Similar are the results of EEG studies: the same differences are
observed in children at 5 weeks of age [28]. Studies have shown that anatomical differences
in the hemispheres are present in the adult brain [29] and in children, even in the prenatal
period [30,31]. Thus, the lateralization of functions partially occurs before birth.

The influence of age on the success of foreign language acquisition has often been
considered through the framework of the ‘critical period’ theory. Penfield and Roberts’
theory assumes that there is a biologically determined period in ontogenesis when one can
easily acquire a foreign language [32]. After this period, it is impossible to master a foreign
language at the same level as the native one. There are many opinions about this period:
Hyltenstam and Abrahamson believe that the ‘critical period’ occurs from birth [33], and
Lennenberg points out that it occurs at the end of puberty (based on the knowledge that
the lateralization of linguistic functions occurs at this age) [34]. It is argued that after the
lateralization of linguistic functions the acquisition of a foreign language occurs consciously,
through explicit learning [34]. Before the ‘critical period’, language acquisition occurs
through implicit learning mechanisms, i.e., we unintentionally acquire new knowledge [35].
Later, however, learning a foreign language engages explicit mechanisms.

This change in the mechanisms of foreign language acquisition after puberty is also
noted in the fundamental difference hypothesis [36] and in the paper by DeKeyser [37].
The fundamental difference hypothesis explores how children acquire a foreign language
through implicit mechanisms and how adults use explicit mechanisms and conscious strate-
gies. This hypothesis notes that children learn a foreign language in a natural environment,
while adults do so under artificial conditions.

There are several linguistic skills that children learn better than adults. Children have
been shown to perform better on oral comprehension and pronunciation tasks [38]. The
effect of better pronunciation in children mastering a foreign language is due to the specific
localization of speech functions: different aspects of language develop independently of
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each other, which suggests several ‘critical periods’. Since pronunciation is based on a
neuromuscular basis, it is considered a ‘low-level function’ that is lateralized during the
first year of life [27]. In addition, in favor of the existence of several ‘critical periods’ are the
findings of Seliger, who notes that localization does not occur at a single moment, that this
process depends on the individual’s characteristics; there are many ‘critical periods’ during
life, each of which is an optimal time for the acquisition of certain linguistic functions [39].

The theory of the ‘critical period’ was doubted when many precedents of successful
foreign language acquisition in adulthood were discovered. Therefore, a ‘softer’ alternative
to the ‘critical period’ was proposed called the ‘sensitive period’ [40]. It has been suggested
that during the ‘sensitive period’ the brain goes into a mode of high sensitivity to certain
kinds of stimuli. At the same time, resources for neuroplasticity, which ensures the acquisi-
tion of a foreign language, are worse qualitatively and quantitatively in adulthood [41].

In addition to the already mentioned cognitive explanations of the influence of age on
the success of foreign language acquisition, there are other factors. An important factor is
self-confidence, as it is less common for children to be ‘lost’ in a situation of communication
with the representatives of another nationality in a foreign language. In addition, the factor
of motivation significantly influences the success of communication of children in a foreign
language environment, as they are more eager to interact than adults [42].

Most studies of the age-related dynamics of hemispheric asymmetry using dichotic
listening have shown that the lateralization of linguistic functions occurs earlier than puber-
tal age. However, some studies argue for an increasing role of the right hemisphere until
puberty, which is consistent with Lennenberg’s findings [34]. The difference in research
results is due to different experimental designs, investigating different linguistic functions.

Those who master two languages before the age of six years show equal hemispheric
involvement in speech activities [43]. The early acquisition of a foreign language leads to an
increase in the size of the right parietal cortex [44]. Later language learners show a dominant
role of the left hemisphere in both native and foreign language activities. Paradoxically,
the role of the left hemisphere in linguistic functions in a foreign language is higher in late
learners [43]. It has also been shown that the late learners of a foreign language have a
more diverse activation of structures in second language activities compared to those in
their native languages. Such an effect has not been found in early bilinguals [45].

Thus, neurocognitive studies show that asymmetry and age significantly affect the
process of foreign language acquisition. In early bilinguals and in people who speak
a foreign language professionally, the language systems of different languages are not
represented ‘separately’ in the brain. In general, the age of foreign language acquisition
and the level of language competence are in an inverse relationship.

1.3. Brain Symmetry Dynamics during Successful Foreign Language Acquisition

Speech perception requires plastic changes in the neural organization of the brain
that ensure the correct recognition of verbal information [46,47]. Acquiring a foreign
language leads to increased variability in the activation of neural structures during speech
activity, especially with respect to the lateralization of brain activity [48,49]. In addition,
the acquisition of a new language leads to the emergence of neural populations specific to
only one language [50].

Relatively recent studies (within the framework of the switching theory) claim that
the brain structures involved in maintaining a foreign language replicate the structures
involved in the native language. The speech activity of bilinguals is a dynamic process of
interaction between cortical and subcortical structures, in which inhibitory processes are
used to select the language needed for the current activity [51].

According to fMRI data, during the translation task and the language switching task,
there is an increase in oxyhemoglobin levels and a decrease in deoxyhemoglobin in the left
inferior frontal lobe, including Broca’s area [52]. In the switching task, the N2 component of
the ERP in the left frontal-central area is more negative compared to that of the task without
switching [53]. Furthermore, various studies assign a key role in language switching in



Symmetry 2022, 14, 1659 5 of 19

bilinguals to either the left caudate nucleus [53] or the right caudate nucleus [54]. Abler and
Albert et al. suggest a weakening of the right hemisphere’s role during gradual language
learning in people who learn a foreign language by the maternal method [55,56]. It has also
been shown that the more a subject is exposed to a language, the greater the activation of
neural structures in their brain, such as those involved when they use their native language,
occurs [18].

Individuals with high foreign language proficiency showed greater postsynaptic inte-
gration in the left posterior superior temporal gyrus during the oral speech comprehension
task. In the speech construction task, the dorsal part of the left inferior frontal gyrus was
less activated with higher foreign language proficiency. Consequently, foreign language
acquisition affects the brain’s ability to allocate neural resources for linguistic tasks [57].

Both the right and left hemispheres increase their roles in the task of lexical choice in
native and foreign languages (especially in the foreign language) during foreign language
acquisition [58]. However, left hemispheric lateralization weakens when learning a foreign
language later in life. When performing verbal tasks in the native language, the right
hemispheric structures are more activated in bilinguals than in monolinguals. Bilateral
activation in the superior temporal gyrus, as well as in other areas (the right inferior frontal
and occipital gyri and the right cerebellum), is observed while performing tasks in a foreign
language [58].

Therefore, the majority of the research conducted was focused on the study of brain
features in people who do well and poorly at foreign language tasks. However, there are
not enough studies aimed at assessing the initial state of the brain and its connection with
the future success of foreign language acquisition. The search for a method allowing us
to register the initial functional state of a person studying a foreign language is actual,
and the comparison of the initial state with the future success in mastering a foreign
language is important. Most studies show the leading role of the functional activity of the
left hemisphere in the successful performance of tasks in a foreign language [19,23,25,52].
However, at the same time, it is noted that while solving various language tasks different
brain areas are activated [52,53,58]. In addition, some studies mention a weakening of the
role of the left hemisphere in mastering a foreign language at a later age [58]. It is also
important to consider the structures responsible for language control and switching, which
ensure optimal performance in different languages [18,19,59].

Consequently, functional hemispheric activity and asymmetry can be important fac-
tors of readiness for successful foreign language acquisition. We believe that at the stage of
schooling left hemispheric activity will provide an advantage in foreign language acqui-
sition. We also assume that at the stage of professional foreign language acquisition the
functional activity of the right hemisphere will be more involved.

We verify these assumptions using computer laterometry technology [60], which is
based on dichotic listening with the lead–lag paradigm. This will allow us to study the
connection of the success of foreign language acquisition with both functional hemispheric
asymmetry and its activity.

2. Materials and Methods
2.1. Participants

A total of 74 Russian-speaking students acquiring English as a foreign language
participated in three experimental series. Twenty-seven 3rd-grade students (10 boys and
17 girls) aged 9.6 ± 0.4 participated in Experimental Series 1. One boy’s data were excluded
from the analysis because he was unable to perform the laterometry test correctly. Twenty-
six 10th-grade students (9 boys and 17 girls) aged 16.5 ± 0.3 participated in Experimental
Series 2. Experimental Series 3 involved 21 university students (7 males and 14 females)
aged 19.7 ± 0.9 pursuing a major requiring professional English language acquisition. All
the participants had good academic performance. A detailed description of the procedures
that were conducted within the different series is given in the Study Design section.
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2.2. Computer Laterometry

The fundamental basis of computer laterometry is described in [60]. Within the current
research, the virtual acoustic space was constituted by a series of dichotic impulses at a
frequency of 3 Hz with the increasing lead–lag delay duration at the rate of 23 µs.

The procedure started with the training phase when the participants were familiarized
with the stimuli. Within the experimental phase, the participants were asked to give a
joystick response when (1) the sound started shifting from the vertex to one of the ears;
(2) the sound reached extreme lateralization, i.e., it was clearly heard around one of the ears;
and (3) there appeared an image with two independent sounds in two ears (one of them
dominant and loud and the other an echo sound which was distinct, but quiet). Stimuli
were presented firstly with the left-side and then with the right-side lead.

Functional hemispheric activity was evaluated according to the following basic lat-
erometry parameters:

1. ∆t min L (µs)—lead–lag delay with the left-side lead when the sound started shifting
from the vertex to the left ear.

2. ∆t min R (µs)—lead–lag delay with the right-side lead when the sound started shifting
from the vertex to the right ear.

3. ∆t max L (µs)—lead–lag delay with the left-side lead when the sound reached extreme
left lateralization.

4. ∆t max R (µs)—lead–lag delay with the right-side lead when the sound reached
extreme right lateralization.

5. ∆t rash L (µs)—lead–lag delay with the left-side lead when there appeared an image
with two independent sounds in two ears: dominant and loud in the left ear and
distinct, but quiet, in the right ear.

6. ∆t rash R (µs)—lead–lag delay with the right-side lead when there appeared an image
with two independent sounds in two ears: dominant and loud in the right ear and
distinct, but quiet, in the left ear.

The basic laterometry parameters (∆t min, ∆t max, and ∆t rash) are related to hemi-
sphere lability, excitability, and stability. The lower the ∆t min, the higher the lability of the
hemisphere that is opposite to the sound lead direction, which reflects a lower activation
threshold for neuronal corollaries in the brain stem. The lower the ∆t max, the greater the
excitability of the hemisphere that is opposite to the sound lead direction, which reflects a
lower activation threshold for neural corollaries in the primary auditory cortex. The lower
the ∆t rash, the lower the stability of the hemisphere that is opposite to the sound lead
direction, which reflects a shorter time span of neuronal activity in the frontal, parietal, and
occipital cortexes [60,61].

Based on what we have mentioned previously, we can assume that by comparing
∆t min (which stands for hemisphere lability), ∆t max (which stands for hemisphere
excitability), and ∆t rash (which stands for hemisphere stability) with sound replay leading
to the right and to the left we can evaluate functional hemispheric asymmetry in terms of
lability, excitability, and stability.

Functional hemispheric asymmetry for lability, excitability, and stability was evaluated
according to the following coefficients:

K min = (∆t min R − ∆t min L)/(∆t min R + ∆t min L) (1)

K max = (∆t max R − ∆t max L)/(∆t max R + ∆t max L) (2)

K rash = (∆t rash L − ∆t rash R)/(∆t rash L + ∆t rash R) (3)

Therefore, we analyzed the following two phenomena based on computer laterometry
measurements:

1. Functional hemispheric activity, as reflected in ∆t min, ∆t max, and ∆t rash and
interpreted as hemisphere lability, excitability, and stability.
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2. Functional hemispheric asymmetry for lability, excitability, and stability, as reflected
in K min, K max, and K rash.

2.3. Methods for Classifying the Sample According to the Success of English Language Acquisition

(1) Within Experimental Series 1 and 3, a special protocol was used to assess the success
of student interaction as well as the use of old and new language material during
the English class. Classroom activities were assessed according to the following
criteria: 1— interaction with students; 2—interaction with a teacher; 3—interaction
with a group; 4 – statements appropriateness; 5—new lexical material usage accuracy;
6—new lexical material usage fluency; 7—new grammar structures usage; 8—new
vocabulary usage; 9—previous lexical material usage accuracy; 10—previous lexical
material usage fluency; 11—previous grammar structures usage; 12—previous vocab-
ulary usage. Criteria 1–3 were evaluated on a 3-point scale, and criteria 4–12 were
evaluated on a 5-point scale.

(2) In Experimental Series 2, 10th graders were tested using the Pre-Intermediate or Inter-
mediate Level Test (http://engblog.ru/test-pre-intermediate-intermediate, accessed
date 5 August 2022). The number of points per student was calculated.

2.4. Study Design

Experimental Series 1. At the beginning, the subjects were examined by the method of
computer laterometry. Then, they attended a 45-min English class. During the class, the
teacher noted the students’ activity scores in the protocol on 12 parameters. After the class
was over, the children were re-examined by the method of computer laterometry.

Experimental Series 2. Before the test, the subjects were examined by the method
of computer laterometry. Afterwards, they passed the Pre-Intermediate or Intermediate
Level Test. The sample of students was divided into three groups, depending on their
scores on the test: low level—2–6 points (6 students: 3 males and 3 females); medium
level—7–10 points (11 students: 3 males and 8 females); and high level—13–19 points
(9 students: 3 males and 6 females).

Experimental Series 3. At the beginning, the subjects were examined by the method of
computer laterometry. Then, they attended a 90-min English class. During the class, the
teacher noted the students’ activity scores in the protocol on 12 parameters. After the end
of the class, the students were re-examined by the method of computer laterometry.

Figure 1 illustrates the study design.
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The study design and procedure were approved by the Ethics Committee of Lobachevsky
State University, and all participants or their legal representatives provided written in-
formed consent in accordance with the Declaration of Helsinki.

2.5. Data Analysis

The Mann–Whitney U test was used to assess the differences in the laterometry
parameters, classroom and test scores between the groups of independent subjects. K-means
clustering was used to divide the sample into groups with different activity performances
during the English class. The statistical analysis was carried out using RStudio software.

3. Results
3.1. Experimental Series 1
3.1.1. Dividing the Sample into Groups Based on the Effectiveness of the Activity during
the English Class

To identify groups of students with different levels of activity success during the
English class, a cluster analysis was conducted. As a result, three clusters were identified:
the first cluster included 6 students (two boys and four girls), the second cluster included
7 students (two boys and five girls), and the third cluster included 13 students (five boys
and eight girls). Figure 2 shows the average values of the criteria of activity during the
English class for the three clusters.
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Figure 2 shows that the students in Clusters 1 and 3 were the most different in their
scores for the English lesson. The representatives of Cluster 3 had the highest scores for all
criteria, and students from Cluster 1 had the lowest scores for all criteria except ‘interaction
with students’ and ‘interaction with a group’ (Cluster 2 had the lowest average scores for
these indicators).

To prove that Clusters 1 and 3 were really different in terms of activity effectiveness
during English class, a U test was conducted for all the criteria of activity. Figure 3 shows
the average values for the criteria of activity within the classroom in Clusters 1 and 3 with
a statistical evaluation of the differences (U test). Thus, we can call the students in Cluster 3
the most effective during English class and those in Cluster 1 as the least effective ones.
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3.1.2. Functional Hemispheric Activity and Asymmetry before English Class vs.
Effectiveness of the Activity during the Class

An analysis of the differences in laterometry between the groups of boys and girls
was conducted to check for the possible influence of unequal numbers of children of
different genders on the results of the study. Statistical processing revealed that there
were no significant differences between the groups of boys and girls (p > 0.32 for all the
criteria of activity during the English class and laterometry parameters). Thus, within the
framework of this study, the gender factor had no influence on language performance or
on hemispheric activity and asymmetry.

A comparison of laterometry parameters in Clusters 1 and 3 revealed that students
in Cluster 3 (the most effective ones) had significantly higher values of ∆t min L (U = 10,
p < 0.05), indicating less lability in the right hemisphere. The more effective students also
had lower values of the K min index (U = 16.5, p < 0.05), which confirms that they had a
more pronounced left hemispheric functional asymmetry than the less effective students.
Figure 4 shows the data on the lability (∆t min) asymmetry distribution before the English
class in students in Clusters 1 and 3.

It was obtained that the proportion of students with left hemispheric lability domi-
nance in Cluster 1 was only 17%, while in Cluster 3 their proportion was 62%. Thus, among
the students who were the most effective during the English class, the left hemisphere was
dominant by lability in most of the students. At the same time, the less effective students
had a mostly right hemisphere dominance.

3.1.3. Functional Hemispheric Asymmetry after English Class vs. Effectiveness of the
Activity during the Class

Figure 5 shows the data on the lability (∆t min) asymmetry distribution after the
English class of students in Clusters 1 and 3.

It was revealed that the proportion of students with left hemispheric lability asym-
metry after the lesson in Cluster 1 was 33% and in Cluster 3 their proportion was 46%.
Thus, among the students who were the most effective during the English class, the left
hemisphere dominated by lability in most of them after the class. At the same time, the
less effective students mostly (67%) had right hemisphere lability dominance (like before
the class).
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3.1.4. Functional Hemispheric Activity Dynamics vs. Effectiveness of the Activity during
the English Class

To assess the dynamics of functional hemispheric activity before and after the English
class, a coefficient was used which was calculated as the difference between the AFTER-
class and BEFORE-class laterometry parameters divided by their sum. Table 1 shows the
significant differences found in these coefficients between Clusters 1 and 3.

Table 1. Mean coefficient values for Clusters 1 and 3 on laterometry parameters, U criterion values,
and p-values when comparing the two Clusters.

Coefficient for ∆t min L Coefficient for ∆t rash L

Cluster 1 0.175 0.052
Cluster 3 −0.021 −0.102

U 0.016 0.009
p 0.018 0.007

Based on the data in Table 1, we can conclude that the most effective students were
characterized by a decrease in ∆t min L and ∆t rash L by the end of the class, and the
least effective students were characterized by an increase in ∆t min L and ∆t rash L. Thus,
students who received maximum scores for the English class demonstrated increased
lability and decreased right hemispheric stability after performing tasks in the English



Symmetry 2022, 14, 1659 11 of 19

language, and students who received low scores demonstrated decreased lability and
increased right hemisphere stability. It was also noted that there were no overall decreases
in the thresholds ∆t min L, ∆t max L, or ∆t rash L for the entire sample.

3.2. Experimental Series 2

An analysis of the differences in laterometry between the group of boys and girls re-
vealed that the gender factor had no influence on language performance or on hemispheric
activity and asymmetry.

A cluster analysis was conducted using the K-means method to identify clusters that:

1. Differed as much as possible in the English test score.
2. Differed in terms of the maximum number of laterometry parameters.

The cluster analysis resulted in three Clusters. Cluster 1 included nine students (four
boys and five girls), Cluster 2 included nine students (two boys and seven girls), and
Cluster 3 included eight students (three boys and five girls). Based on the above criteria,
Clusters 1 and 3 were identified, which differed significantly in the final score in English
as well as in the three laterometry parameters (Figure 6). The average test score in Cluster
1 was 8.57 and in Cluster 3 was 12.55 (U = 9; p < 0.01). Thus, students in Cluster 3 were
labeled as ‘successful’, while those in Cluster 1 comprised the ‘unsuccessful’ group.
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It can be concluded that the representatives of Cluster 3 were in the optimal functional
state for completing an English test, as their scores were higher. Successful students had
higher ∆t min L (U = 10; p < 0.01) and ∆t max L (U = 17; p < 0.05) and lower ∆t rash R
(U = 10; p < 0.01).

Figure 7 shows the data on the lability (∆t min) asymmetry distribution before the
English tests of students with low (test scores of 2–6 points) and high (test scores of
13–19 points) scores.

It was found that in the group with low scores, the proportions of left and right
hemispheric students were the same, while in the group with high scores the proportion
of left hemispheric students was 78%. Thus, among the students who most successfully
completed the English test, the left hemisphere dominated in terms of lability in the
absolute majority.
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3.3. Experimental Series 3
3.3.1. Dividing the Sample into Groups Based on the Effectiveness of the Activity during
the English Class

An analysis of the differences in laterometry between the groups of males and fe-
males revealed that the gender factor had no influence on language performance or on
hemispheric activity and asymmetry.

To identify groups of students with different levels of effectiveness during the English
class, a cluster analysis was conducted. As a result, two clusters were identified: Cluster 1
included 9 students (three males and six females), and Cluster 2 included 12 students (four
males and eight females).

Figure 8 shows the average values for the criteria of activity during the English class
in Clusters 1 and 2.
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Therefore, we can consider the students in Cluster 1 as less successful during the
English class and the students in Cluster 2 as more successful.
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3.3.2. Functional Hemispheric Activity and Asymmetry before English Class vs.
Effectiveness of the Activity during the Class

A comparison of laterometry parameters in Clusters 1 and 2 revealed that students
in Cluster 2 (the more effective ones) had significantly lower values of ∆t min L (U = 20.5,
p < 0.05), indicating less lability in the right hemisphere—Figure 9.
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Figure 10 shows the data on the lability (∆t min) asymmetry distribution before the
English class in the students of Clusters 1 and 2.
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It was found that in Clusters 1 and 2, the proportion of right hemispheric students
was bigger. Within Cluster 2, only 8% had left hemispheric lability dominance, while in
Cluster 1 such asymmetry was observed in 33%. Right hemispheric lability asymmetry was
67% in Cluster 1 and 75% for Cluster 2.

3.3.3. Functional Hemispheric Asymmetry after English Class vs. Effectiveness of the
Activity during the Class

Figure 11 shows the distribution of functional hemispheric asymmetry by lability (∆t
min) in Clusters 1 and 2 after the English class.
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Thus, the proportion of left hemispheric students in both clusters increased after the
English class. In general, the distributions of students after the class were roughly the same
in the two clusters.

3.3.4. Functional Hemispheric Activity Dynamics vs. Effectiveness of the Activity during
the English Class

To assess the dynamics of functional hemispheric activity before and after the English
class, a coefficient was used, which was calculated as the difference between the AFTER-
class and BEFORE-class laterometry parameters divided by their sum. No differences were
observed between Clusters 1 and 2. To analyze data in more depth, we compared the values
of the basic laterometry parameters before and after the English class in Clusters 1 and 2.
For this purpose, we analyzed what percentage of students in each Cluster had a decrease
in the basic laterometry parameters (Table 2).

Table 2. Percentage of students in Clusters 1 and 2 who had a decrease in the values of the basic
laterometry parameters.

Cluster 1 (n = 9) Cluster 2 (n = 12)

∆t min L 44% 42%
∆t max L 56% 67%
∆t rash L 56% 83%
∆t min R 44% 75%
∆t max R 56% 42%
∆t rash R 44% 75%

Therefore, a decrease in parameters was detected for both clusters and for all indicators
(in contrast to the sample of students of the third grade). It was found that successful
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students (Cluster 2) were more characterized by more pronounced decreases in thresholds
for the indicators ∆t max L, ∆t rash L, ∆t min R, and ∆t rash R.

4. Discussion

In Experimental Series 1, it was revealed that differences in the effectiveness of activity
during the English class were found only for parameters 4–12 (where the scale is five-point).
The absence of differences in criteria 1–3 may be due to less variance since the scale there is
three-point.

In the most effective students during the English class, less lability in the right hemi-
sphere and a more pronounced left hemispheric functional lability asymmetry were de-
tected. This was confirmed by the results of the asymmetry coefficient analysis on lability
(K min) and the results of comparing the asymmetry proportion distribution in different
clusters of effectiveness. Thus, left hemispheric functional dominance can be considered as
a marker for effective activity during an English class.

It was also revealed that after the English class the most effective students did not
change their general functional lability asymmetry profiles, i.e., before the class the ma-
jority of them had right hemispheric lability asymmetry. However, some of the students
still changed their lability asymmetry direction, which can be considered as the effect
of linguistic workload, as different linguistic tasks involve the activity of different brain
structures [52–54,58]. In the most effective students, the share of left hemispheric ones by
lability decreased after the class.

In Experimental Series 1, it was also found that the most effective students were
characterized by a decrease in ∆t min L and ∆t rash L by the end of the class and the
least effective students were characterized by an increase in ∆t min L and ∆t rash L. This
suggests that the physiological state of the representatives of Cluster 1 and 3 was differently
affected by the load during the English class. Perhaps the functional hemispheric activity
and asymmetry measures of less successful students approach those of more successful
students only by the end of the class. Assuming that the workload was optimal for
the representatives of Cluster 3 and that the initial functional hemispheric activity and
asymmetry were also optimal for the acquisition and practice of foreign language speech
skills, this raises the problem of finding the optimal physiological state for activity during
the English class and for the students, such as those who fell into Cluster 1. Probably,
attending the second English class (right after the first one) would have been most effective
for the representatives of Cluster 1 because only after the language activity during the first
class did their physiological functional state become optimal for the acquisition of foreign
language skills.

In Experimental Series 2, it was found that students who performed well on the English
test (Cluster 3) differed by higher values of ∆t min L and ∆t max L and lower values of ∆t
rash R before testing, indicating lower lability and excitability in the right hemisphere and
lower stability in the left hemisphere. An analysis of hemispheric functional asymmetry
revealed that students with good English test scores had left hemispheric functional lability
asymmetry. Based on these results, we can identify the physiological factors of readiness
for successful high school English test solving: low lability and excitability in the right
hemisphere and low stability in the left hemisphere. Perhaps the optimal state for solving
test tasks is related to the special state of the brain, including those due to the optimal
functioning of the areas responsible for executive functions and responsible for language
control [18].

In Experimental Series 3, it was revealed that the more efficient students during the En-
glish class (Cluster 2) were characterized by greater lability in the right hemisphere. These
students were also characterized by a greater right hemispheric functional lability asymme-
try. Thus, the results for the sample of students show that functional hemispheric activity
and asymmetry are related to success in English language acquisition. Efficient students
were characterized by right hemispheric functional hemispheric lability asymmetry, and
this may be related to the specific context, i.e., mastering English at the professional level.
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Consequently, the presence of left hemispheric functional hemispheric lability asymmetry
prior to class is not a factor of success in this context (unlike in the context of third-grade
students). On the contrary, right hemispheric functional lability dominance is a predictor
of more successful performance during English class. The presence of a more pronounced
lowering of the laterometry indices after the English class in effective students may testify
to the fact that the variety of tasks solved during class and their efficient performance in
general leads to the mobilization of all brain resources, i.e., to an overall increase in the
functional activity of the brain. In addition, these results are consistent with the fact that a
bilateral activation of brain structures was observed when late bilinguals performed tasks
in a foreign language [58].

Based on the results of Experimental Series 3, we can identify the physiological factors
of readiness for successful activity during the English class: high lability in the right
hemisphere and right hemispheric functional hemispheric lability asymmetry.

In general, the results of Experimental Series 1–3 reveal that functional hemispheric
asymmetry is related to success during both an English class and an English test. The
sensitivity of lability asymmetry to the effectiveness of activity during the English class and
to success in solving the English test can be explained by the following. The lability score is
related to predominantly brain stem activity [60,61], and in speech processing the brain
stem plays an important role for selective attention [62] and its responses are related to the
level of language training [63,64]. It is likely that it is selective attention that can provide
optimal functioning for linguistic tasks.

In comparison to 3rd-grade and 10th-grade students, effective university students were
characterized by right hemispheric functional lability asymmetry. This result is consistent
with the previous findings that the right hemispheric structures are more activated in
bilinguals than in monolinguals [58]. This shift in lateralization during the acquisition of a
foreign language and the increased role of the right hemisphere may indicate a reaction to
new professional information in a foreign language. At the same time, some structures of
the right hemisphere, which are activated when performing tasks in a foreign language,
were not previously considered to be involved in the linguistic system of the brain. Perhaps
they can play a role in the perception of unknown information in a foreign language, and
the role of these structures could become less important as the degree of foreign language
level increases [23]. These results can also be explained based on a neuro-ontogenetic
model [65]: the performance of functions lateralizing before age 5 and after age 11 is
directly proportional to the degree of asymmetry, while functions lateralizing from ages
5 to 11 are inversely related to it. In addition, young men and women may involve more
explicit mechanisms for foreign language acquisition [36,37].

The results of the current study may also contribute to the ‘sensitive period’ hy-
pothesis [40]. In adulthood, brain resources are more limited [41], but the factor of self-
motivation [42] and optimal functional hemispheric activity and asymmetry may activate
such ‘sensitive period’ during language acquisition by adults.

The findings obtained can be applied to the creation of biofeedback trainings, which
would optimize the hemispheric profile of a person when learning a foreign language.
In addition, an assessment of the hemispheric profiles of students who have difficulties
learning a foreign language can help in creating a personalized learning schedule.

5. Conclusions

1. Functional hemispheric activity and asymmetry parameters appeared to be related
to success during an English class and an English test in 3rd-grade, 10th-grade, and
university Russian-speaking students.

2. The markers of hemispheric profile before language activity that cause effective
foreign language performance include:

• In 3rd-grade students: less lability in the right hemisphere and left hemispheric
functional lability asymmetry;
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• In 10th-grade students: lower lability and excitability in the right hemisphere,
lower stability in the left hemisphere, and left hemispheric functional labil-
ity asymmetry;

• In university students: greater lability in the right hemisphere and right hemi-
spheric functional lability asymmetry.

6. Limitations of the Study

1. The study was conducted on a relatively small sample, and the clusters were made
with a small number of students. This study was a pilot, and the sample could be
expanded in the future. In addition, the obtained cluster sizes were suitable for
analysis using methods of nonparametric statistics.

2. For objective and beyond-our-control reasons, the author could not conduct the study
on 10th-grade students by the same design as the 3rd-grade and university students.
Nevertheless, the author tried to explain the results with this limitation in mind.
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