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The aim of the study was to identify autonomic factors of successful acquisition of a foreign language by students and schoolchildren
and find the optimal modes of autonomic regulation of the learning processes.

Materials and Methods. 16 children in grade 4, 37 pupils in grades 5-11 studying at school with in-depth English language learning,
and 10 second-year linguistics university students participated in the study.

The data on the functional state dynamics of the university students and schoolchildren during English lessons were collected using
event-related telemetry technology, which continuously recorded the heart rate. A specially designed protocol and a standard 5-point grading
scale were used to assess the language progress.

Results. The analysis of heart rate variability data in different contexts revealed a similarity in autonomic regulation modes for the
schoolchildren and university students who studied English successfully. Consequently, similar functional states are typical for performing
different language-related tasks. For all age groups, high activity of the autonomic nervous system was optimal for English learning. The
difference was in the sympathetic and parasympathetic activity ratio: the contribution of the sympathetic circuit is more important for the
university students, whereas the parasympathetic one — at school stage.

Conclusion. The study of a foreign language acquisition by the Russian students and schoolchildren showed that from the standpoint
of psychophysiology, the main factor of success for the students was a high autonomic nervous system activity with a prominent dominance
of the sympathetic activation. For the schoolchildren, a coordinated activation of both sympathetic and parasympathetic regulation modes

was the most optimal state for language learning.
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Introduction

The study of psychophysiological pre-requisites
for optimal foreign language learning is one of the
contemporary issues in modern cognitive science. It
still remains unclear how autonomic nervous system
modulates foreign language learning and to what
extent heart rate variability (HRV) can determine the
success in language-related tasks. HRV is a measure
of neurocardiac function that reflects the correlation
between heart rate and brain activity and the autonomic
nervous system activity [1-3]. It is shown that heart
activity affects not only autonomic regulatory centers.
It also affects higher centers of the cortex involved in
emotional and cognitive cycles, including thalamus,
amygdala, and cortex. Through these pathways, heart
activity can modulate various brain functions [1, 4-11],
which provide successful foreign language acquisition.

Stress can also affect the process of learning.
Scientifically, stress is best described by Selye, an

Austro-Canadian researcher [12, 13], whose ideas were
further developed within the three-component theory of
extremal states [14]. Within this framework, endogenous
opioid system is a significant component of stress. It is
activated from the first minutes of stress and its function
is to limit excessive effects of sympathoadrenal system
and hypothalamic-pituitary-adrenal axis [15].

The present study investigates the distribution
of acute stress episodes that Russian-speaking
schoolchildren and university students experienced
during EFL-learning (English as a foreign language).
Acute stress is the body’s response at the first stage of
stress (“anxiety”). The activation of sympathoadrenal
system and endogenous opioid system is physiological
marker of acute stress. Within this paper, a “stress
episode” is defined as an autonomic manifestation of
the interaction of neuroendocrine systems at the first
stage of stress. A pattern that includes a drop in the
total power of the HRV spectrum and an increase in the
autonomic balance index (ABI — LF/HF) is regarded
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as an autonomic manifestation of the sympathoadrenal
system and endogenous opioid system. A similar pattern
is observed in the context of different loads (cognitive,
motor, and emotional), which contain different stress
factors [16, 17]. Stressogenicity is a number of stress
episodes recorded during a specific activity context.
Data on optimal modes of autonomic regulation for
successful mastering of a foreign language will provide
the opportunity to create unique training courses of
biological feedback to make the process highly effective.

Materials and Methods

Event-related telemetry. Heart rate was being
continuously monitored using event-related telemetry
technology [18] to collect data on the dynamics of the
schoolchildren and students functional state during the
EFL-class. The technology allowed us to monitor and
analyze the dynamics of HRV during different events [16,
17]. Thus, ambient monitoring of the functional status of
schoolchildren and university students during foreign
language learning is possible irrespective of distance or
mobility constraints.

A personalized analysis of the dynamics of
autonomic regulation was carried out based on
HRV spectral indices. Dynamic Fourier analysis
with a window of 100 s and a step of 10 s was used
to calculate the following indicators: the total power
of the HRV spectrum — TP (ms?), which is an index
of the adaptation potential; power spectrum in the
frequency range from 0.04 to 0.15 Hz — LF (ms?),
which is an index of sympathetic nervous system
activity in modulating the heart rate; power spectrum in
the frequency range from 0.15 to 0.4 Hz — HF (ms?),
which is an index of parasympathetic nervous system
activity; the ratio of LF to HF is the ABI characterizing
the tension of regulatory systems [2].

The identification of specific indices of spectral HRV
stress-response dynamics was based on the three-
component theory of neurochemical mechanisms for the
development of extreme states [19]. The detection of
stress episodes was carried out based on the analysis
of the dynamics of TP and LF/HF [20]. The duration and
number of stress episodes during the monitoring session
were recorded.

Eye tracking. Eye movements were recorded
according to the method of video-oculography using
the SMI Hi Speed 1250 installation (Germany). The
text corpus from [21] was used as a stimulus material
in English, the text corpus described in [22] was used in
Russian stimuli.

Determining the success of English acquisition by
the students and schoolchildren. A specially designed
protocol was used to assess the “useful activity” at the
EFL-class for the children in grade 4 and students [23].
Classroom interaction, as well as the use of the known
and a new language material, were analyzed.

A standard academic 5-point grading scale was used
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to evaluate the progress in EFL-class in schoolchildren
in grades 5-11.

Study design. Three groups were formed. Group 1
included 16 children in grade 4, group 2 comprised
37 pupils in grades 5-11 all studying at school with in-
depth English language learning. Group 3 consisted
of 10 second-year students of the linguistics university
specializing in “Theory and Methods of Teaching a
Foreign Language”.

Heart rate was continuously monitored during the
EFL-class using event-related telemetry [18]. The
progress in English learning was evaluated in each
group. In group 3, eye movements were additionally
recorded when students were reading the texts in
Russian and English.

Data processing. Analysis of variance, cluster
analysis, parametric (a posteriori analysis — Fisher
criterion), and nonparametric (Mann-Whitney U test)
tests were performed to obtain statistical values.

Results

Age-related properties of the autonomic nervous
system tonus before and after the EFL-class. To
study functional state dynamics of Russian-speaking
schoolchildren and university students during EFL-
learning, the tonus of the autonomic nervous system
before and after the class was analyzed taking into
the account the age of the participants. Statistically
significant results are described below.

All age groups showed the increase in the sympathetic
system activation after the EFL-class. For beginner
EFL-learners only, the central heart rate regulation
contour was strengthened, the parasympathetic nervous
system got activated, and the ABI was decreased after
the EFL-class. Students demonstrated a significant
increase in the ABI after the EFL-class. It turned out that
LF and TP were significantly higher for schoolchildren
in grades 10-11 than for those in grades 5-6 and 8-9.
HF was significantly higher for schoolchildren in grades
10-11 than for those in grades 5-6. The ABI (the ratio
of LF/HF) was significantly higher for pupils in grades
10-11 than for those in grades 8-9.

So, at the initial stage of EFL-learning, the learning
process leads to an increase in the power of the HRV
spectrum and to a decrease in the tension of regulatory
systems, and at more advanced stage the tension of
regulatory systems is being increased.

The relationship of success in English acquisition
and autonomic regulation modes. Cluster analysis
was conducted in order to divide the schoolchildren of
group 1 depending on their activity during the EFL-class.
This group was divided into 2 clusters. Cluster 1
(n=7) included children with a higher score on 5 of
12 parameters (U-test; p<0.05) than pupils from cluster 2
(n=9). Children from cluster 1 were designated as “high-
performing”, and from cluster 2 as “low-performing”.

When processing the results of the cluster analysis
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in group 2, EFL-class was evaluated by the

2
teacher according to a standard academic ms? LF 3000 ms HF
5-point grading scale. 4 schoolchildren 3000 wox
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12 — “5”. For data processing, pupils were | 2500
also divided into 2 clusters: those who got “5” 2000 -
(“high-performing”) and those who got “3” and 2000
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into 2 clusters depending on the students’
activity during the EFL-class. Cluster 1 (“high- 1000 1000 1
performing”; n=5) included students with a
higher score on 7 of 12 parameters (U test; 500 500 -
p<0.05) than students from the cluster 2 (“low-

performing”; n=5). 0

For the elementary school pupils (group 1),
successful English learning was established to
be associated with a high total spectrum power
of HRV (F (1, 5716)=195.50; p<0.001) (see the
Figure). A high power of both low-frequency
(F (1,5716)=25.907; p<0.001) and high-
frequency components (F (1,5716)=233.99;
p<0.001) was also noted in this cluster. This
indicates a coordinated increase in the activity
of the sympathetic and parasympathetic
autonomic regulation components.

In the successful pupils of the middle and
high school (group 2), only a high-frequency
component of the HRV spectrum appeared to
be significantly higher. At the same time, all
well-performing pupils demonstrated a lower
tension of the regulatory system (LF/HF)
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during the lesson.

In the students of group 3, successful
English learning was associated with a high
power of the HRV spectrum at the expense
of increased values in all of its constituents:
sympathetic (F (1, 4967)=108.84; p<0.001)
and parasympathetic (F (1,4967)=171.03;
p<0.001). The ABI was higher for successful
students (F (1, 4967)=27.43; p<0.001). This indicates
a greater contribution of sympathetic regulation
to English learning at the advanced stage. Also,
successful mastering of EFL by students is associated
with the absence of a change in the pupil diameter
when working with texts in Russian and English. This
indicates the similarity of the autonomic regulation
regimes when performing linguistic tasks in the native
and foreign languages with the latter being successfully
mastered.

The effect of the class stress on EFL-learning
progress. The distribution of stress episodes during the
EFL-class was analyzed (Table 1). It was found that the
time factor (the lesson phase) significantly affects the
distribution of stress episodes during the entire period
of schooling: the beginning of the lesson is the most
stressful stage, fewer stress episodes were observed in
the middle of the lesson than at the end of it (Fisher’s

Autonomic Factors of Successful Foreign Language Acquisition

HRV spectral values for schoolchildren in primary (group 1), middle,
and high schools (group 2), and university students (group 3),
successful and not successful in EFL-class

Statistically significant difference between high- and low-performing
schoolchildren and university students: * p<0.05; ** p<0.001 (Fisher’s
a posteriori criterium)

Table 1
Number of stress episodes per lesson stage
Time (min)
Stage .. Grade4 Grades5-11 Students
School  University

Beginning  0-15 0-30 6.1 49 6.9
Middle 15-30  30-60 3.1 28 741
End 3045  60-90 3.6 39 8.8

LSD test; p<0.001). No such effect of the lesson stage
could be observed for the university students.

Then the relationship between the number of stress
episodes during the class and the quality of classroom
performance in English was evaluated. No regularity
was found for groups 2 and 3. The analysis results for
group 1 are given below.

K-means clustering was carried out to classify a
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sample of schoolchildren according to the stress-
related parameters (the number of stress episodes and
their duration). As a result, the sample was divided into
2 clusters. Cluster 1 included 8 children with fewer stress
episodes and their shorter duration. Cluster 2 included
8 pupils with a greater number of stress episodes and
their increased length (U test; p<0.05). Cluster 1 was
designated as a “low stress” cluster, cluster 2 — as a
“high stress” cluster.

Then, the sample was re-clustered with the help of
K-means in terms of “useful activity” during the class, and
the results of previous clustering were used as a grouping
variable. As a result, 3 clusters were distinguished.
Cluster 1 (n=5) included only schoolchildren with a low
stress load at the lesson, and cluster 3 (n=4) included
only pupils with a high stress load during EFL-learning;
cluster 2 consisted of 7 children.

Then schoolchildren’s grades in English in clusters 1
(a low stress load) and 3 (a high stress load) were
compared. Pupils with a low stress load during the lesson
turned out to have significantly higher grades on three
different language-related activities (U test; p<0.05) —
“‘interaction within a group”, “accuracy using a known
language material”’, and “use of known structures”.

Therefore, low stress load is an indicator of a
language progress during English learning.

Discussion

Specific HRV values were registered depending
on the age group. It turned out that the activity of
sympathetic and parasympathetic regulation circuits
increases with age, which may indicate both age-
related properties of the autonomic nervous system
(late myelination of tangential fibers of the cerebral
cortex, which implies ion channel clustering in the
nodes of Ranvier, an increase in excitability and nerve
fiber lability), and the development of general language
abilities that underlie the functioning in English as a
foreign language.

All age groups evidenced an increase in the activation
of the sympathetic nervous system after the EFL-class.
Only at the initial stage of English learning, enhancement
of the central heart rate regulation circuit, activation of
the parasympathetic nervous system, and the decrease
of the ABI after the English lesson have been noted.

Table 2
Functional state during classroom-based EFL-learning

Optimal state markers

Groups
LF HF TP ABI (LF/HF)
Primary school High High High Low
Middle and high
school High High High Low
Students High High High High
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The current study results demonstrate the changes in
HRV during the EFL-class with schoolchildren studying
in different school years. It was shown that the greatest
number of stress episodes occurs at the beginning of
the school lesson, while the middle of the lesson is the
least stressful phase. The structure of a school lesson
is regulated by the requirements of the Russian Federal
State Educational Standard. This allows us to single out
the most stressful activity types during an EFL-class
with Russian-speaking schoolchildren. They are: lesson
opening and directives; checking up the hometask.

Similar distribution of stress episodes was not found
with university students, which may be related to the
specificities of school and university classroom-based
language teaching. The structure of a university English
class is non-linear and implies a constant change of
different types of activity. Since the measurements were
carried out during different classes, their structure was
different, which makes it difficult to determine stress-
induced types of activity for students.

General features of spectral HRV indicators with
high-performing schoolchildren and university students
point to a high total power of the regulation spectrum as
a result of an increase in the values of all its links (LF
and HF). For low-performing schoolers, the ABI was
significantly higher, being indicative of greater intensity
of parasympathetic regulation circuit activity in high-
performers. This may be due to the activation of selective
attention in successful pupils while performing linguistic
tasks [2]. For university students, ABI was higher in
high-performers demonstrating a greater contribution
of the sympathetic regulation. It has been shown that
sympathetic activation can cause working memory
improvement [24]. Presumably, when Russian university
students learn English as part of their professional
training, operational information processing plays a great
role. On the one hand, a well-developed working memory
determines a fast acquisition of a new material, on the
other, the very fact of learning a foreign language may
promote the improvement of the mnestic processes.

The analysis of HRV indicators in different contexts
allowed us to conclude that autonomic regulation
patterns are similar for the schoolchildren and university
students who performed well at the EFL-class.
Consequently, similar functional states are necessary
for performing different linguistic tasks. In either age
group, a high autonomic nervous system activity is
optimal. However, university students and schoolchildren
differ in the ratio of sympathetic and parasympathetic
circuits: the contribution of the sympathetic activity is
more important for students, and of the parasympathetic
one — for schoolchildren (Table 2).

Conclusion

Thus, the study allows us to define the following
main psychophysiological pre-requisites of successful
EFL-learning by the Russian university students and
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schoolchildren. High autonomic nervous system activity
with a pronounced dominance of sympathetic activation
over parasympathetic one is a success factor for
university students. The optimal state for schoolchildren
studying a foreign language implies coordinated
activation of both sympathetic and parasympathetic
regulation modes.
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