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The article describes methods of non-verbal speech characteristics analysis used to
determine psychophysiological state of female subjects under simulated microgravity
conditions (“dry” immersion, DI), as well as the results of the study. A number of
indicators of the acute period of adaptation to microgravity conditions was described.
The acute adaptation period in female subjects began earlier (evening of the 1st day of
DI) and ended faster than in male ones in previous studies (2nd day of DI). This was
indicated by a decrease in the level of state anxiety (STAI, p < 0,05) and depression-
dejection [Profile of Mood States (POMS), p < 0,05], as well as a decrease in pitch
(p < 0,05) and voice intensity (p < 0,05). In addition, women, apparently, used the
“freeze” coping strategy — the proportion of neutral facial expressions on the most
intense days of the experiment was at maximum. The subjects in this experiment
assessed their feelings and emotions better, giving more accurate answers in self-
assessment questionnaires, but at the same time tried to look and sound as calm
and confident as possible, controlling their expressions. Same trends in the subjects’
cognitive performance were identified as in similar experimental conditions earlier;
the subjects’ psychophysiological excitement corresponded to better performance in
sensorimotor tasks. The difference was in the speed of mathematical computation:
women in the present study performed the computation faster on the same days
when they made fewer pauses in speech, while in men in previous experiments this
relationship was inverse.

Keywords: dry immersion, women, ground-based model of microgravity, NAIAD-2020, human operator
performance, psychophysiological state, speech analysis

INTRODUCTION

In the context of the possibility of long-term flights into deep space, new approaches are currently
being developed to create systems for psychophysiological support of the crew. Among the main
requirements for such systems there are increased autonomy and minimal invasiveness (Egorov,
2001; Cermack, 2006). Such methods would allow for continuous monitoring of the crew members’
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condition, without interfering with their regular activities and
with minimal involvement of Mission control specialists.

One of the methods that meets these criteria is automated
analysis of psychologically and psychophysiologically relevant
characteristics of human operators” speech (Johannes et al., 20005
Alberdi et al., 2016; Gushin et al., 2016).

Nevertheless, speech is studied mainly using content analysis,
which limits the possibility of correct interpretation of the
subject’s emotional and psychophysiological state (Nikonov,
1985). On the other hand, the acoustic characteristics of speech
are less susceptible to conscious control and better reflect the
deep features of the human functional state. For this reason,
they have been used for a long time in studies devoted to
assessing the functional state of a person in extreme conditions
(Kartavenko, 2005).

Previously, the study of the speech acoustic characteristics
was successfully carried out in a number of analog and space
experiments (Johannes et al., 2008; Gushin et al., 2016; Gushchin
et al, 2018; Supolkina et al, 2019). The technological and
methodological progress over the years allows the researchers
to bring their studies to a new level within the framework of
the modern approach, which ultimately presupposes minimizing
the subjectivity and invasiveness of psychophysiological and
psychological techniques.

At the same time, acoustic analysis of speech often
shows reproducibility limitations due to varying experimental
conditions. One of the most studied characteristics of speech,
fundamental frequency (F0), usually increases when a person
experiences physiological or psychological stress (Giddens et al.,
2013). However, in a number of studies this was not confirmed.
These discrepancies may be associated with different recording
conditions, nature of the stress factors, and the individual
characteristics of the subjects. Thus, in order to minimize the
differences caused by various simulated factors of space flight
as well as other possible interfering factors, it is reasonable to
analyze the voices of test subjects under the same experimental
conditions (National Aeronautics and Space Administration and
the National Center for Gender Physiology and Environmental
Adaptation, 2002; Park and Stepp, 2019).

The “dry” immersion is currently recognized as the best
model for long-term simulation of weightlessness and support-
free conditions (Mikhailov et al., 1995; Tomilovskaya et al., 2019).
Thus, the conditions of “dry” immersion make it possible to study
the psychophysiological state of the subjects in the conditions
closest to a real space flight.

The technology and experimental approach have been known
and applied since the 1970s, but until the year 2020, only male
subjects participated (Shul’zhenko and Vill-Villiams, 1976; Orlov,
1985). Taking into account the underrepresentation of women in
space, as well as the small number of ground-based simulation
experiments with their participation (National Aeronautics and
Space Administration and the National Center for Gender
Physiology and Environmental Adaptation, 2002; Saralyn, 2006),
it was necessary to start experimental studies with women under
conditions of “dry” immersion in order to assess not only the
physiological reactions of adaptation to microgravity conditions,
but also the psychophysiological response to this type of stress.

The aim of this study was to assess the female subjects’
psychophysiological response to physiological stress caused by
adaptation to the conditions of simulated microgravity, and also
to determine whether it differs from the analogous response in
male subjects in the same conditions.

MATERIALS AND METHODS

Participants

The study involved 6 healthy female volunteers aged 24 to
39 years. The studies were carried out in the same periods of the
participants’ natural menstrual cycle (7th-10th days of MC).

Bioethics and Informed Consent

The conducted studies were approved by the Bioethical
Commission of the Institute of Biomedical Problems of RAS
(Protocol No. 544 of July 16, 2020) and fully complied with
the principles of the 1964 Declaration of Helsinki. Each
study participant voluntarily signed an informed consent after
explaining to her the potential risks, benefits and nature of
the upcoming study.

Design of the Study

From September 7 to November 30, 2020, the IBMP RAS
conducted the world’s first “dry” immersion experiment
with the participation of female volunteers («NAIAD-2020»)
(Tomilovskaya et al., 2021).

The method used in our study is based both on the
methodological approaches implemented in previous space and
analog experiments, and on recent methods and technologies of
speech acoustic analysis.

The main material for the analysis were audio recordings of
the subjects’ speech during the morning and evening reports
on daily events, health and mood (analogous to daily planning
conferences, or DPCs, the ISS-MCC standard communication
procedure). The reports were recorded right after waking up
(8-9 AM) and before going to sleep (9-10 PM). Portable voice
recorders Zoom H1 were used, positioned at 15 cm from the
subject’s mouth during the recording.

Simultaneously with the audio recording of DPC audio
messages, for the first time, within the framework of the
experiment in the conditions of “dry” immersion, video
recording was included to our experimental protocol for the
analysis of basic emotions using facial expressions (Sanchez
et al., 2014). Within the united methodical approach, acoustic
analysis of speech and analysis of facial expressions can become
promising means of remote monitoring of the psychoemotional
and psychophysiological state of human operator both in space
flight and in other extreme conditions (Fontes and Madureira,
2019; Gushchin et al., 2020).

We studied only the period of acute adaptation in order
to reveal the differences between the female and male
psychophysiological responses to adaptation to microgravity
conditions. We also used additional cognitive and sensorimotor
tests, facial expression assessment using the FaceReader software,
Spielberger’ state-trait anxiety inventory (STAI) and Profile of
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Mood States (POMS), as well as medical control data: systolic
(SBP) and diastolic (DBP) blood pressure, and heart rate (HR)
provided by Dr. E.S. Tomilovskaya.

Speech Acoustic Characteristics

Analysis

Within the framework of this study, the main method was
the analysis of the acoustic characteristics of speech reflecting
the functional state of the subjects, with the Praat software
(Boersma and Weenink, 2018). We analyzed speech segments
unified by the audio reporting protocol, in order to minimize the
impact of varying content of statements. The speech fundamental
frequency (F0) (Mean and Median pitch values, as calculated
by the Praat software algorithm within every acoustic sample),
intensity (speech volume), the number of voice pulses and
pauses in speech, shimmer and jitter were studied in dynamics
over the course of immersion. These indicators are often used
as correlates of emotional and psychophysiological stress and
pathological conditions in humans, as well as to describe a
person’s individual speech “portrait” in order to more reliably
identify individual differences in stress responses (Lebedeva et al.,
2020; Lebedeva and Shved, 2021).

One of the first still the most studied parameters of speech
signal is the pitch (fundamental frequency, F0) (Buchanan
et al,, 2014; Pisanski et al., 2018). Its measurement made it
possible to solve a number of practical problems in speech
technologies development, such as the speaker’s gender
identification, determining their emotional state, speech
recognition, as well as identifying the functional state of the
vocal apparatus (Johannes et al., 2007; Teixeira et al,, 2011;
Alberdi et al., 2016; Ak¢ay and Oguz, 2020).

When measuring the intensity (speech volume), we took into
account that in calmly speaking subjects its average value is
40-60 dB, and in an excited state - 70-80 dB. Changes in the
intensity are an important diagnostic feature in assessing the
psychophysiological state of a person (Rothkrantz, 2004; Zhang,
2016).

Unvoiced fragments length is an absolute value corresponding
to the physical duration of the pauses, ie., a break in sound
when the average sound pressure drops to zero at the junction
between two sound segments. In relation to the duration of
the utterance, the percentage of pauses that a person makes
between words and phrases is calculated. This value may
indicate a state of psychophysiological tension or asthenization
(Buchanan et al., 2014).

The use of jitter and shimmer effects is important for
determining the voice pathologies and is often used in the
clinical studies (Zwetsch et al., 2006; Teixeira et al., 2011). Jitter
is a measure of period-to-period fluctuations in F0, showing
involuntary changes in the frequency of adjacent vibrational
cycles of the vocal folds. Shimmer is a measure similar to
jitter, which characterizes the period-to-period variability of the
amplitude value. The reason for the widespread use of jitter and
shimmer parameters in clinical studies is that the structure of
vibrations of the vocal folds has a periodic nature for healthy
voices, while this periodicity in the structure of vibrations is

significantly impaired in the presence of pathological changes
(Teixeira and Fernandes, 2014; Teixeira and Gongalves, 2016).
However, some studies show that changes in the functional state
of a human operator can also lead to changes in their voice’s FO
and may be a diagnostic sign of significant distress.

Facial Expressions Analysis

The analysis of the subjects’ facial expressions was carried out
using the FaceReader software. The softwares algorithm allows
detection of neutral emotional state, as well as six basic emotions
according to the generally accepted classification of Ekman and
Friesen (1978) (happiness, surprise, sadness, anger, fear, disgust),
the general valence of emotions and the level of arousal. The
daily video reports were used for the analysis. The FaceReader
assesses the general level of a person’s arousal based on the
number of facial movements they performs per unit of time.
A deep neural network algorithm is used, working in three main
stages: detecting a face in the presented image, building a model
based on 500 key points and classifying facial expressions (Loijens
and Krips, 2018). It is worth noting that a comparison of the
expert assessments and the FaceReader software showed its 95%
accuracy (Gusev et al., 2018; Stockli et al., 2018).

Auxiliary Tests and Questionnaires

The subjects performed computer-aided tests, including
psychological questionnaires, twice a day. The State-Trait
Anxiety Inventory (STAI) (only the state anxiety was
measured) (Spielberger, 2010) and (POMS; Mcnair et al,
1971) questionnaire were used.

Then the subjects performed sensorimotor and cognitive
tests simulating operator activity: reaction to a moving
object (RMO extrapolation and coordination tasks), short-term
memory tests, simple mathematical calculation, response speed
(Ushakov et al., 2015).

In the morning after waking up and in the evening before
going to bed, medical control was carried out, including
measurement of body temperature, heart rate, blood pressure
(systolic and diastolic). The data are supplementary to the main
research, and are provided by Dr. E.S. Tomilovskaya.

The experimental schedule is presented in Table 1.

Statistical Analysis

The used statistical methods included factor analysis by the
principal component extraction method (Varimax rotation
with Kaiser normalization), correlation analysis (Pearson’s
correlation), comparison of paired samples means (Wilcoxon
t-test), tests of between-subjects effects (ANOVA).

RESULTS

Acoustic Analysis of Speech

The values of Mean pitch (fundamental frequency, F0) in the
subjects were 205.4 (3.9) Hz on average. The values of Median
pitch were 198.4 (3.8) Hz on average. The data was normally
distributed. Mean pitch showed a significant decrease by the
morning of day 2 in comparison with the evening of the previous
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TABLE 1 | Design of the psychophysiological study of female
3-day dry immersion.

Approaches and Timing Duration Explanations

techniques used

Medical control 7:30-8am  5min  Assessment of body temperature,
heart rate, blood pressure (systolic
and diastolic).

Speech acoustic 8am 5 min FO (Mean and Median), speech

analysis signal intensity, number of pulses,
unvoiced speech fragments, jitter
and shimmer were analyzed in
voice recordings.

Facial expressions Emotional state assessment using

analysis FaceReader software.

Morning experiments, breakfast

State-trait anxiety 10 am 1 min Analysis of the subjective

inventory (STAI) assessment of state anxiety.

Profile of mood 5 min Analysis of the subjective mood

states (POMS) assessment.

Cognitive and 10 min  Human operator activity analysis

sensorimotor tests using the computer-aided cognitive
and sensorimotor tests.

Daytime experiments, lunch, rest

State-trait anxiety 6-7 pm 1 min Analysis of the subjective

inventory (STAI) assessment of state anxiety.

Profile of mood 5min  Analysis of the subjective mood

states (POMS) assessment.

Cognitive and 10 min  Human operator activity analysis

sensorimotor tests using the computer-aided cognitive
and sensorimotor tests.

Dinner, rest

Medical control 9pm 5 min Assessment of body temperature,
heart rate, blood pressure (systolic
and diastolic).

Speech acoustic 9-10 pm 5min FO (Mean and Median), speech

analysis signal intensity, number of pulses,
unvoiced speech fragments, jitter
and shimmer were analyzed in

voice recordings.

Facial expressions
analysis

Emotional state assessment using
FaceReader software.

day (p = 0,04), in 5 out of 6 subjects (Figure 1). A similar
result was obtained by Median pitch measurements. In 1 out of
6 subjects, two insignificant decreases in FO were observed in
the evening of the 1st day and in the morning of the 3rd day
of the immersion.

The values of speech signal intensity (speech volume) were
80.2 (1.2) dB on average, the data was normally distributed.
The speech volume increased significantly by the evening of
the day 1 in all subjects (p = 0,04) (Figure 2). An insignificant
decrease in the speech volume was observed only in the
evening of the 2nd day.

Basic Emotions in Facial Expressions

(FaceReader Software)

Video recording took place simultaneously with speech recording
every day, in the morning and in the evening. Based on the results
of this study, it was not possible to identify significant trends in

Pitch (f0), Hz, normalized

1,5

FIGURE 1 | Average mean pitch per morning/evening during the 3-days “dry”
immersion experiment. Mean + SEM.

Intensity, dB, normalized

15

FIGURE 2 | Average intensity per morning/evening during the 3-days “dry”
immersion experiment. Mean + SEM.

basic emotions changes during the immersion. Nevertheless, we
were able to identify the dynamics of “neutral” emotional state
(neutral facial expression) in the course of the experiment: it
gradually decreased (R? = 0.7) (Figure 3).

Psychological Questionnaires
The POMS questionnaire was completed twice a day, in the
morning and in the evening, throughout the experiment.

In the evening of the Ist day, a sharp decrease in the
subjectively perceived Vigor-Activity (p = 0.04) and a significant
increase in Depression-Dejection (p = 0.04) were revealed
(Figure 4). By the morning of the 2nd day, the level of
Depression-Dejection significantly decreased (p = 0.04), as the
level of Vigor-Activity slightly increased, while Fatigue decreased
(the difference was not statistically significant). On the last day of
the experiment, a sharp decrease in Fatigue-Inertia was observed
(p = 0.04).

The state anxiety test according to the STAI questionnaire,
presented every day in the morning and in the evening, showed a
change in the level of anxiety. The test results can be interpreted
as a mild form of S-anxiety (scores less than 30 points) and
moderate form of S-anxiety (scores from 31 to 44 points). The
peak in the state anxiety was observed in the evening of the first
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Neutral (facial expression)
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FIGURE 3 | Average neutral emotion (facial expression) per morning/evening during the 3-days “dry” immersion experiment. Mean + SEM.

R?=0,6933

DI3 am DI3 pm DI4 am

20
18
16

14 < 0,05
12

p<0,05

O N B O

DI1 am DI1 pm DI2 am

Mean + SEM.

Profile of Mood States (POMS)

p <0,05

e=@==\/igor-Activity = ==@=Depression-Dejection

FIGURE 4 | Average mood states (Vigor-Activity, Depression-Dejection and Fatigue-Inertia) per morning/evening during the 3-days “dry” immersion experiment.

p<0,05

DI2 pm DI3 am DI3 pm

=== Fatigue-Inertia

immersion day, which indicates the beginning of the acute phase
of adaptation (Figure 5).

Cognitive and Sensorimotor Tests

Computer tests performed in the morning and evening
throughout the DI experiment showed variability in some of the
cognitive and sensorimotor functions of the subjects.

The test for sensorimotor coordination “RMO Extrapolation”
(Reaction to a Moving Object, motor response to a moving
and vanishing point) showed a gradual decrease in error/lability
values (Figure 6).

The time for simple mathematical calculations also decreased
during the DI experiment (Figure 7).

Statistical Analysis

We carried out a factor analysis of data on speech acoustics, the
results of cognitive tests, facial expressions, the STAI test results,
the POMS questionnaire results and medical control. We used the
principal component analysis (rotation method: Varimax with
Kaiser normalization. Rotation converged in 12 iterations). The
analysis made it possible to identify the components that are
significant for this study.

The first component of the resulting matrix shows an inverse
relationship between the level of speech intensity and the
percentage of pauses, decision time when math calculation,
anxiety, hostility, depression, fatigue, anxiety and confusion,
and a direct relationship with systolic blood pressure (SBP),
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FIGURE 5 | Average state anxiety per morning/evening during the 3-days “dry” immersion experiment. Mean + SEM.

DI2 pm DI3am DI3 pm

RMO Extrapolation, error/lability

140
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100

80
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40

20

DI1 am
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FIGURE 6 | Average error/lability in RMO Extrapolation test per morning/evening during the 3-days “dry” immersion experiment. Mean + SEM.

DI2 am

R?=0,8794

DI2 pm DI3 am DI3 pm

activity and friendliness. This component can be described as a
state in which a person speaks in a quieter voice, pauses more,
solves mathematical equations more slowly, and notes anxiety,
hostility, depression, fatigue and confusion, while their SBP is
low. The flip side of this component describes a more active
and friendly person, with a higher SBP, solving mathematical
equations quickly, speaking in a louder voice and making fewer
pauses in speech.

The second component shows the inverse relationship
between the speech acoustic characteristics (the number of
pulses and jitter) and the results of the RMO Extrapolation
sensorimotor test (error/lability values). This component could
be described as a state of a person in which they utter fewer

sounds and their voice «trembles» less, and at the same time
they cope better with sensorimotor tasks that require relying
on internal time.

The third component showed the relationship between the
facial expression of basic emotions according to the FaceReader
software: an inverse relationship between sadness and happiness,
valence, and diastolic blood pressure (DBP). This component
could be described as a state of a person in which they have
a higher DBP, and their facial expressions speak of a state of
happiness and vivacity.

To clarify the obtained relationships within the
components, we carried out an additional correlation analysis
(Pearson’s correlation).
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FIGURE 7 | Average time for simple math calculations per morning/evening during the 3-days “dry” immersion experiment. Mean + SEM.

DI2 am

R*=0,7487

DI2 pm DI3 am DI3 pm

Speech Acoustic Characteristics and the

Results of Cognitive Tests

The study revealed significant negative correlations (p < 0.01)
between such speech characteristic as intensity and the number
of pulses, and error/lability values when performing RMO
Extrapolation, as well as the simple math calculations time. Also,
significant positive correlations were noted between the number
of pauses in speech and error/lability values when performing
RMO Extrapolation and RMO Coordination tests (p < 0.05) and
the simple math calculations time (p < 0.0001). There was also
a positive correlation between Median pitch and the simple math
calculations time (p < 0.0001). Jitter was inversely correlated with
errors in solving mathematical equations (p = 0.01).

Speech Acoustic Characteristics and the

Results of Medical Control

Intensity (p = 0.001) and the number of pulses (p = 0.04) were
positively correlated with systolic BP and shimmer was negatively
correlated (p = 0.001). Intensity (p < 0.0001) and the number of
pulses (p = 0.002) were positively correlated with diastolic BP,
and Median pitch (p = 0.02), pauses (p = 0.006), and shimmer
(p = 0.02) were negatively correlated. The number of pulses
positively correlated with heart rate (p = 0.04).

Speech Acoustic Characteristics and the
Results of the Emotions Analysis by

Facial Expressions

The number of pulses negatively correlated with «neutral» facial
expression (p = 0.02), and the percentage of pauses correlated
positively (p = 0.01). Shimmer positively correlated with the
emotion of fear (p = 0.001).

Speech Acoustic Characteristics and the
Results of Self-Assessment
Questionnaires

The Level of State Anxiety

The state anxiety level was positively correlated with
Median pitch (p = 0.005) and the percentage of pauses

(p = 0.006), and the number of pulses (p = 0.04) was
negatively correlated.

Profile of Mood States

Median pitch (p = 0.01 and p = 0.005) and the number of
pauses (p = 0.01 and p = 0.005) correlated with the “hostility”
and “depression” scales. Pauses correlated with the fatigue
scale (p < 0.05). Intensity (p = 0.02) and the number of
pulses (p = 0.007 and p = 0.003) were correlated with the
“activity” and “friendliness” scales, and pauses (p = 0.008 and
p < 0.0001) were negatively correlated; in addition, Median
pitch (p = 0.008) was negatively correlated with “friendliness”.
Median pitch (p = 0.002 and p = 0.003) and pauses (p = 0.003
and p = 0.001) positively correlated with the scales “anxiety”
and “confusion”, and in addition, the number of pulses
(p < 0,0001).

Analysis of Basic Emotions by Facial

Expressions

Despite the fact that this study did not show a significant number
of correlations between basic emotions and data from other
methods, we conducted tests of between-subjects effects. The
results are presented in Table 2.

He showed the influence of such factors as the person of the
subject, the number of the day, morning or evening, as well
as basic emotions according to FaceReader on the results of
cognitive and sensorimotor tests and some acoustic parameters.
The results of the analysis show that the person of the subject
had the greatest influence, and in some cases, it depended on
the time of day (morning or evening). The results of the RMO
Extrapolation test were also influenced by the number of the day
(which correlates with R? for these values).

“Neutral” emotional state influenced the results of RMO
Extrapolation and simple calculations. State of “Happiness”
influenced the results of RMO Extrapolation and jitter. Jitter was
also affected by “Sad” and “Disgusted” emotions. “Surprised” state
affected accuracy in RMO Extrapolation and simple calculations.

“Arousal” influenced the results of the RMO Extrapolation
and the Median pitch. “Valence” influenced the results of RMO
Extrapolation and jitter.
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TABLE 2 | Tests of between-subjects effects with basic emotions and
days covariates.

Dependent variable: “RMO Time for Median Jitter
extrapolation” math pitch
error/lability calculations

Source Sig. Sig. Sig. Sig.

Corrected model 0,000 0,000 0,011 0,062
Intercept 0,000 0,007 0,004 0,666
N day 0,003 0,119 0,446 0,079
Neutral 0,002 0,052 0,568 0,073
Happy 0,026 0,088 0,685 0,036
Sad 0,160 0,139 0,725 0,043
Angry 0,187 0,120 0,046 0,037
Surprised 0,023 0,052 0,905 0,174
Scared 0,120 0,471 0,588 0,091
Disgusted 0,116 0,134 0,857 0,048
Valence 0,059 0,101 0,541 0,037
Arousal 0,050 0,350 0,029 0,274
Subject name 0,000 0,000 0,004 0,010
Am/Pm 0,323 0,119 0,230 0,475
Subject name Am/Pm 0,030 0,288 0,016 0,397
R squared 0,949 0,960 0,883 0,747
Adjusted R squared 0,852 0,884 0,658 0,263

DISCUSSION

According to the results of our study, the acute period of
adaptation in women under simulated microgravity began in the
evening of the 1st day and ended in the morning of the 2nd
day of immersion. This is indicated by the results of the speech
acoustic analysis and self-assessment questionnaires, in which
the subjects noted an increase in anxiety and depression, and a
decrease in activity. This was compared with the data obtained
in the same experiment regarding the attitude of the subjects to
their physical discomfort (such as general discomfort, back pain
and abdominal pain) also peaking at the 1st day and decreasing
by the 2nd day evening (Tomilovskaya et al., 2021). Previously,
in studies with participation of astronauts (58% of whom were
female) it was shown that approximately half of all astronauts
report back pain during the early stages of spaceflight: back pain
was most often reported on the first and 2nd days of space flight
(Kerstman et al., 2012).

The presence of an acute adaptation period was indicated
by a change in the pitch and intensity of the subjects
voices, which confirms the importance of these non-verbal
characteristics of speech for assessing the psychophysiological
state of a person. It should be noted that the dynamics
of changes in pitch, when compared with the same period
of adaptation in men, was less pronounced. In connection
with stress, Mean and Median pitch in women significantly
increased by the evening of the 1st day in 5 out of
6 subjects, and then decreased to the initial values, and
did not show significant fluctuations as it was shown in
men under similar conditions. Judging by this indicator,
psychophysiological stress in the process of adaptation to

microgravity conditions lasted less in women - in a similar
experiment, the acute adaptation period in men ended on
immersion day 3 (FO and the number of pulses decreased by the
3rd day) (Lebedeva et al., 2020).

Similar results in terms of sex differences in stress responses
were reported previously. A stronger increase in cortisol levels
in response to stress in men than in women was shown in some
studies (Kudielka and Kirschbaum, 2005). This physiological
phenomenon can also cause a stronger increase in some acoustic
parameters of the subjects’ speech (Buchanan et al., 2014; Alberdi
et al., 2016; Pisanski et al., 2018). At the same time, changes in
the subjects’ voice intensity in our study turned out to be almost
identical with the same indicator dynamics in male subject during
the same period of acute adaptation.

Cognitive tests performed in the morning and evening
throughout the experiment showed variability in some mental
and sensorimotor functions. The “RMO Extrapolation” test
showed a gradual decrease in error/lability values, which
correlates with the results of sensorimotor tests obtained from
male subjects in longer experiments with “dry” immersion
(Lebedeva et al., 2020). The time of simple math equations
solving also decreased significantly. We suppose that the
observed trends were influenced both by the training effect
and stress level decrease. Some authors note that lower
quality of sensorimotor and calculation tasks results under
simulated (head-down bed rest, parabolic flight) and real
space flight conditions may be caused by additional stress
associated with increased cognitive load (Wollseiffen et al,
2016; Oluwafemi et al, 2021). Other studies have also
shown that “dual-tasking” costs increase for reaction-time
tasks requiring rhythm production, and to a lesser degree,
visuo-spatial transformation, compared with regular choice
reaction-time tasks (Bock et al., 2010). However, in the present
study we found no significant difference in performance
improvement in two types of tasks: sensorimotor (RMO)
and cognitive (mathematical computation), although the
sensorimotor task performance is more consistent with the
dual-task paradigm than the computation. It is necessary to
conduct further studies of longer duration in order to find
out the dynamics of these performance changes, and the
factors influencing it.

It should be noted that a similar relationship was found
between the acoustic characteristics of speech and the
sensorimotor performance in the experiment with female
subjects and in a similar experiment with men: higher speech
volume and the number of pulses were associated with more
accurate performance of sensorimotor tasks. This was probably
due to an activation tendency in the subjects’ functional state
(Cohen et al., 2016; Abur et al., 2021). A significant difference
between the female and male samples was a positive (rather
than negative, as in men) correlation between the number of
pauses in speech and the time of mathematical equations solving.
We assume that this distinction needs additional research.
Pauses in speech may be interpreted as a sign of concentration,
self-control - a transition to the inner voice in order to articulate
certain attitudes and rules (Tullett and Inzlicht, 2010). We
should also note that the female subjects participated in a
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3-day experiment, while the male subjects participated in a
21-day study. Different duration of the “dry” immersion can
by itself explain the possible difference in the reasons why
the subjects used self-control. In the short experiment with
women, the time of mathematical computation was decreasing,
as also were the subjects’ anxiety and depression indicators
(according to STAI and POMS). It can be assumed that the
larger percentage of speech pauses and the longer time spent
on mathematical computation were both associated with the
subjects’ physical unwellness in the 1st days of adaptation,
and, subsequently, with the increased need for self-control
(in order to fulfill their tasks despite their current state).
We suppose that the reason that female subjects made more
pauses in speech during their first audio reports could be
that they made additional efforts for self-regulation, and were
also more worried about the correct task results, so they
additionally used the inner voice to recite the rules of the
task (Laukka et al., 2008). At the same time, the male sample,
while solving the computation task at a much later period of
the experiment, probably used the inner voice to decelerate
impulsive responding. Le., on the days when the male subjects
felt more disinhibited (and, subsequently, spoke faster, with less
pauses), they tried to take more time for better computation
performance, slowing down their motor reaction (pressing a key
to respond) (Tullett and Inzlicht, 2010).

Also, the distinction of the female sample were the significant
correlations between objective psychophysiological indicators
(acoustic analysis of speech and analysis of facial expressions) and
the results of self-assessment tests. The results of self-assessment
questionnaires correlate well with each other and with the data
of acoustic analysis of speech. This indicates that the subjects in
the present study interpreted their psychological state well and
answered honestly to the questionnaire questions.

The method of the basic emotions analysis using facial
expressions revealed some limitations of this study: the body
position (recumbent), as well as the redistribution of body
fluids in the cranial direction, could affect the quality of the
analysis. The most informative was the indicator of “neutral”
emotional state — during the 3-day exposure, it significantly
decreased. It should be noted that “neutral” emotional states
positively correlated with the percentage of pauses in speech
and negatively — with vocal pulses. A similar pattern was found
between the same acoustic indicators and the subjects’ perception
of anxiety (STAI and POMS) and confusion (POMS). This can
be interpreted as a mild variant of a “freeze” stress reaction,
when a person speaks less, their face becomes less emotional, and
at the same time they feel anxious and confused. Some studies
have noted similar reactions in connection with social stress
(social phobias): under the influence of increasing anxiety, the
percentage of pauses in voluntary speech increases (Laukka et al.,
2008; Buchanan et al., 2014).

CONCLUSION

The conducted psychophysiological study revealed some
indicators of the acute period of adaptation to microgravity

conditions. For the first time conducted with the participation
of female subjects, this study showed possible differences from
all-male samples: in the duration and specificity of adaptation
to «dry» immersion conditions, in a more accurate reflection
of one’s state in questionnaires, as well as in some patterns of
correlations between the acoustic characteristics of speech and
the results of cognitive tests.

The acute adaptation period in female subjects began earlier
and ended faster than in male ones in previous studies. This
was indicated by a decrease in the level of state anxiety
(STAI) and depression-dejection (POMS), as well as a decrease
in pitch and voice intensity. Women in this study reacted
to the adaptation stress differently than men previously: a
significant decrease in pitch was shown, while in men under
the same conditions the opposite was more often observed.
In addition, women, apparently, used the “freeze” coping
strategy - the proportion of neutral facial expressions on
the most intense days of the experiment was at maximum.
Thus, the subjects in this experiment understood their feelings
and emotions better, giving more accurate answers in self-
assessment questionnaires, but at the same time tried to look
and sound as calm and confident as possible, controlling
their expressions.

Same trends in the subjects’ cognitive performance were
identified as in similar experimental conditions earlier: an excited
state (high intensity and a higher number of pulses in speech)
corresponded to better performance of sensorimotor tasks.
The difference was in the speed of mathematical computation:
women in the present study performed the computation
faster on the same days when they made fewer pauses in
speech (ie., spoke more quickly), while in men in previous
experiments this relationship was inverse: on the days when
male subjects made more pauses in speech, they performed the
computation faster.

The results obtained need to be corroborated both in the
«dry» immersion model and in other physiologically stressful
conditions. In studies related to speech, facial expressions and
cognitive performance, it is necessary to take into account the
subjects’ individual differences, and also, the specific influence
of the experimental conditions and the method of obtaining
experimental data.

In order to get a better understanding of the influence of
physiologically stressful conditions on the human operator’s
psychophysiological state, further studies with the participation
of women are required.
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