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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

This study investigates the relationship between emotional
states and respiratory dynamics in drivers operating under
varying levels of cognitive load. The research integrates
psychophysiological measurements with emotional self-reports
to examine how affective processes influence respiratory
patterns during driving tasks. A total of 1,000 professional
drivers participated in simulated and real-world driving, with
859 valid datasets retained after quality control procedures.
Respiratory parameters, including respiratory rate, tidal volume,
inspiratory duration, and inspiratory flow, were recorded using
wearable sensors. Emotional states were assessed using the Self-
Assessment Manikin (SAM) scale and a structured emotional
questionnaire measuring stress, negative emotions, fatigue, and
related indicators.

The results revealed stable associations between emotional
states and respiratory dynamics. Negative emotional states
were associated with reduced inspiration time and decreased
respiratory variability, indicating more constrained breathing
patterns. In contrast, strong emotional activation was associated
with increased tidal volume and inspiratory flow, reflecting
greater respiratory amplitude. Correlation analysis demonstrated
a strong physiological relationship between tidal volume and
inspiratory flow (r = 0.90).

Overall, the findings suggest that respiratory parameters
represent sensitive psychophysiological markers of emotional
regulation during driving tasks under cognitive load and may
contribute to the development of driver monitoring systems
aimed at detecting stress and cognitive overload.

Key words. Emotional valence, arousal, cognitive load,
respiratory dynamics, psychophysiology, driving.

Introduction.

Emotional and psychophysiological regulation plays a
crucial role in an individual’s ability to function effectively
under conditions of increased cognitive and emotional
demands. Contemporary research in psychology and
medicine conceptualizes mental well-being as a dynamic
psychophysiological system involving the interaction of
emotional, cognitive, and physiological processes that enable
individuals to adapt to environmental challenges [1,2]. In
professional contexts requiring sustained attention and rapid
decision-making, the regulation of emotional states and
physiological activation becomes a critical factor influencing
cognitive functioning and behavioral performance [3,4].

One of the central mechanisms supporting mental health
and adaptive functioning is emotional regulation. According
to the circumplex model of affect, emotional experiences can
be described along two fundamental dimensions: valence,
representing the positive or negative quality of an emotion,
and arousal, reflecting the level of physiological activation
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[5,6]. The balance between these dimensions plays a significant
role in the regulation of cognitive processes such as attention,
working memory, and decision-making [7]. Emotional states
characterized by excessive negative valence or extreme arousal
may disrupt cognitive functioning, whereas balanced affective
states may facilitate optimal information processing [6,8,9].

Psychophysiological studies demonstrate that emotional states
are closely linked to autonomic nervous system activity [2,10].
Chronic stress and emotional instability are recognized risk
factors for mental health disturbances and can lead to measurable
physiological changes, including alterations in cardiovascular,
electrodermal, and respiratory activity [2]. These physiological
signals provide objective indicators of emotional and cognitive
load, making them valuable markers for studying the interaction
between mental states and behavioral performance [11,12].

Among these physiological indicators, the respiratory system
represents one of the most sensitive and accessible markers of
psychophysiological regulation. Variations in breathing rate,
respiratory volume, and the temporal structure of breathing
cycles reflect the functioning of the autonomic nervous system
and are closely associated with emotional tension, stress
responses, and cognitive workload [13,14]. In recent years,
respiratory parameters have increasingly been considered
potential biomarkers of emotional regulation and mental
states, as respiration serves as a bridge between voluntary and
autonomic control mechanisms.

These psychophysiological processes become particularly
relevant in professional activities that require continuous
cognitive monitoring and rapid responses to changing
environmental conditions. Driving represents a complex
cognitive activity involving sustained attention, sensorimotor
coordination, working memory, and decision-making under
time pressure [3,15,16]. Emotional states experienced during
driving, including stress, anxiety, fatigue, or frustration, can
significantly influence driver behavior and road safety [17].

Research in transportation psychology indicates that elevated
emotional arousal may impair attentional control, increase
reaction time, and reduce the ability to make optimal decisions
in dynamic traffic environments [7,18]. Negative emotional
states may narrow attentional focus and increase susceptibility
to errors, while moderate levels of arousal combined with
positive emotional valence may support cognitive stability and
situational awareness. Understanding the psychophysiological
mechanisms underlying these effects is therefore essential for
improving both driver safety and mental well-being.

Despite the growing body of research on driver stress and
cognitive workload, the relationship between emotional
valence, arousal and respiratory dynamics remains insufficiently
explored [4,19]. In particular, limited evidence exists regarding
how respiratory parameters reflect emotional regulation under
cognitive load.
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Therefore, the aim of the present study is to examine
the relationship between emotional states and respiratory
parameters in drivers under varying levels of cognitive load.
Special attention is given to respiratory indicators as potential
psychophysiological markers of emotional regulation and
factors influencing cognitive functioning.

The findings of this study may contribute to a deeper
understanding of psychophysiological regulation in complex
professional activities and provide a foundation for the
development of driver monitoring systems capable of detecting
emotional stress and cognitive overload in real time, thereby
improving road safety and supporting mental health [19,20].

Materials and Methods.

The relationship between emotional states, and respiratory
dynamics in drivers under varying levels of cognitive load was
investigated. The research design combined simulated driving
tasks, real-world driving experiments, and psychophysiological
measurements, with particular attention to respiratory
parameters as indicators of emotional regulation under
cognitive load [2,13]. A total of 1,000 professional drivers
were initially recruited (mean age = 45 years, range = 25-60
years; mean driving experience = 10 years). All participants
held wvalid driver’s licenses and reported driving on a daily
basis. To comply with ethical standards, drivers signed a
document agreeing to participate in the experiment. After data
screening, including removal of incomplete sessions, sensor
artifacts and physiologically implausible values, 859 wvalid
datasets were retained for final analysis. For paired analyses
involving respiratory variables, including inspiratory duration
and respiratory rate, all 859 valid observations were used. This
procedure ensured a dataset of sufficient quality and size for
statistical analysis.

The experimental protocol was designed to induce varying
levels of cognitive load in both a controlled driving-simulator
environment and real-road driving conditions. The combination
of these two modalities increased ecological validity, as previous
studies have demonstrated substantial behavioral parallels
between simulated and real-world driving under conditions of
stress and workload [3,16]. The experimental tasks integrated
visual stimuli, auditory instructions, and physiological
recordings obtained through wearable sensors, allowing
simultaneous characterization of emotional and respiratory
responses under cognitive load [19].

Participants and Experimental Setting:

Participants completed the study in a controlled laboratory
environment equipped with a full-scale driving simulator
featuring a panoramic display and realistic steering and
pedal feedback. Driving simulators provide a controlled and
safe environment for studying driver behavior and cognitive
workload while maintaining ecological validity comparable to
real-world driving conditions.

In addition to the simulator sessions, real-road driving
assessments were conducted using a vehicle equipped with
sensors for physiological and behavioral monitoring. The
vehicle allowed continuous recording of respiratory parameters
and behavioral responses during natural driving conditions. The
two environments were designed to match as closely as possible
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in terms of task structure, driving scenarios, and cognitive load
induction.

Physiological and behavioral signals were recorded using
wearable sensor systems integrated with the vehicle and
simulator data acquisition platforms, allowing synchronized
measurement of driver responses during task performance.

Experimental Procedure:

The experimental protocol consisted of multiple task blocks
designed to induce three predefined levels of cognitive load:
low, medium, and high. Each block included calibration tasks,
cognitive load-inducing tasks, emotional self-report measures,
and continuous physiological recordings. At the end of each task
block, participants completed a brief questionnaire including
both emotional self-report measures and task-related responses
corresponding to the immediately preceding time period. The
manipulation of task difficulty allowed the assessment of
cognitive workload effects on emotional and physiological
responses, a methodological approach widely used in mental
workload research [4].

Visual stimuli were presented either on the central simulator
screen or on a tablet device mounted on the vehicle dashboard.
Emotional states were assessed using standardized self-
report procedures based on valence and arousal dimensions,
commonly applied in experimental emotion research [21,22].
All experimental instructions were delivered verbally via an
audio communication system in order to ensure consistent
delivery across participants and to minimize additional cognitive
demands associated with reading.

Before the experimental trials, participants completed a
training and familiarization stage. During this phase, each
task type was demonstrated, and participants were given the
opportunity to practice the procedures. When necessary, the
experimenter provided additional guidance or repeated the
practice block to ensure that all participants fully understood
the task requirements prior to entering the experimental phase.

Cognitive Load:

The task set was designed to induce varying levels of cognitive
load through memory, attention, and information-processing
demands.  Psychophysiological  responses, particularly
respiratory dynamics, were continuously recorded during task
execution in order to examine the relationship between cognitive
load, emotional activation, and physiological regulation. The
task sequence consisted of three primary components. These
tasks were used to manipulate cognitive load rather than to
provide direct cognitive performance outcomes in the present
analysis.

1. Detail Memory Task:

Participants viewed either a static image or a 30-second
video depicting a traffic-related scenario. After viewing, they
answered a set of five multiple-choice or short-answer questions
related to scene details (e.g., “What color was the car on the left
side?”, “How many pedestrians were visible?”, “Which road
sign appeared near the intersection?”). The scenarios varied
in environmental complexity to modulate cognitive load and
emotional engagement. Respiratory activity was monitored
throughout the viewing and response phases to examine



physiological responses associated with attentional engagement
and memory-related processing.

2. Target Detection Task:

Participants were instructed to locate a specified object,
such as a number, sign, or symbol, embedded among 10-15
distractor stimuli presented on the screen for 10 seconds. This
task required rapid visual search under time constraints and
engaged selective attention and perceptual discrimination. Some
studies have shown that emotional stimuli may interfere with
attentional control and information processing [7,18]. During
the task, respiratory parameters were recorded to examine
changes in physiological activation associated with attentional
effort and time pressure.

3. Question Formulation Task:

Participants were presented with a stimulus and instructed
to formulate two meaningful questions about a target object
(e.g., “Why is the vehicle positioned this way?”). This task
was designed to assess deeper cognitive processing, semantic
integration, and conceptual reasoning. Because this task required
higher-order cognitive processing, it was expected to produce
increased cognitive load and corresponding psychophysiological
responses. Respiratory measurements collected during this task
were used to examine changes in breathing patterns associated
with cognitive effort and emotional regulation.

Auditory Attention Task:

To impose an additional layer of cognitive load, participants
completed an auditory working memory task embedded within
driving conditions. During this task, participants listened to
sequences of numbers or words and were asked to repeat
them in forward or reverse order. This dual-task paradigm
simulated real-world driving situations in which drivers must
simultaneously respond to external auditory cues such as
navigation instructions or in-vehicle alerts, while maintaining
continuous control of the vehicle. Dual-task paradigms are
commonly used in driving research to investigate cognitive
workload and attentional resource allocation [3,4,23].

Throughout the auditory attention task, respiratory activity was
continuously recorded in order to examine psychophysiological
responses to increased cognitive demands. Variations in
respiratory rate and breathing cycle structure were considered as
indicators of physiological activation associated with working
memory load and attentional effort.

Driving Load Levels:

Three levels of cognitive load were implemented in the driving
simulator to systematically manipulate task difficulty and
emotional activation during driving.

Low Load: Driving on a straight, low-density highway with no
pedestrians, no vehicles, and minimal visual complexity. Speed
limits were enforced, but no unexpected events occurred. This
condition represented baseline driving with minimal cognitive
demand.

Medium Load: Driving in moderate traffic conditions
requiring monitoring of road signs, traffic lights, lane positions,
and the behavior of surrounding vehicles. Moderate levels of
unpredictability were introduced, increasing attentional demand
and decision-making requirements.
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High Load: Driving conditions involving sudden obstacles
and events, such as unpredictable pedestrian crossings, abrupt
braking by the preceding vehicle, erratic lane changes by other
cars, or sudden auditory alerts. These situations correspond
to established experimental paradigms used to induce high
cognitive workload and emotional stress in driving research
[3.4].

During all driving conditions, respiratory parameters were
continuously monitored to examine psychophysiological
responses to varying levels of cognitive load and emotional stress.

In addition to the controlled simulator conditions, real-world
“City driving” sessions were conducted in urban environments
across different time periods (e.g., daytime, rush hours, and
nighttime). This condition represents naturalistic driving with
varying traffic density and environmental complexity and
therefore encompasses a range of cognitive load levels rather
than a single predefined category.

Physiological Measurements:

Physiological indices were recorded continuously using
clinically validated wearable sensors attached to the torso and
abdomen. Key respiratory parameters included: Respiratory
Rate (breaths per minute); Tidal Volume (volume of air per
breath); Inspiratory Duration (length of the inhalation phase);
Inspiratory Speed (rate of air intake).

These parameters were selected due to their sensitivity to
changes in both emotional valence and arousal, making them
suitable markers for the integration of cognitive and emotional
dynamics in driving.

Respiratory signals were recorded continuously throughout the
experimental tasks and subsequently segmented into predefined
time interval (30, 60, and 120 seconds) for analysis of temporal
variations in respiratory dynamics across different levels of
cognitive load.

Emotional Assessment:

Emotional state was assessed using two complementary
methods: the Self-Assessment Manikin (SAM) scale [21] and
a structured self-report questionnaire developed for the study.

SAM Scale Dimensions:

* Valence: from very unpleasant (1) to very pleasant (8)

* Arousal: from calm (1) to highly aroused (8)

* Dominance: from controlled (1) to submissive (8)

SAM ratings were collected during the experimental tasks and
immediately after each task block.

Structured Emotional Questionnaire:

To obtain more context-specific emotional data, participants
completed a questionnaire consisting of the following items,
each rated on an eight-point Likert scale [21]:

1. Stress Level: perceived intensity of stress during each task

block.

2. Dry Mouth Sensation: a physiological correlate of stress

and anxiety during driving.

. Calmness: assessment of emotional stability and relaxation.

4. Negative Emotional Intrusion: likelihood of experiencing
distracting negative thoughts.

5. Fatigue: subjective experience of physical and mental
exhaustion.

W



This multidimensional assessment approach aligns with
psychophysiological methodologies commonly employed in
driving research and allows for the integration of emotional
reports with physiological data under varying levels of cognitive
load. Emotional self-report measures were collected following
each cognitive load condition. While respiratory signals were
analyzed using predefined time windows (30, 60, and 120 seconds),
these windows represent analytical segments rather than discrete
questionnaire time points. For correlation analysis, emotional
ratings were aligned with the corresponding experimental condition
from which the respiratory data were derived.

Calibration Tasks:

Each load block began with calibration procedures designed to

standardize baseline conditions:

1. Dot Tracking Task: Participants followed a moving dot
(2 cm diameter, speed 5-10 cm/s) on the screen using
either head movements or eye movements. This assessed
visuomotor coordination and attentional consistency.

2. Breathing Calibration: Participants performed synchronized
deep inhalations with specific steering wheel turns. This task
established baseline respiratory—motor interaction patterns
for later comparison under cognitive load.

Histogram of tidal_velume

tidal_valume

Figure 1. Tidal volume indicators.

Histogram of inspiratory_flow

inspiratory_flow

Figure 2. Inspiratory flow indicators.

Histogram of respiratory_rate

respiratony_rate

Figure 3. Respiratory rate indicators.
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Figure 4. Heatmap of correlations between respiratory variables.

Linear Regression: Actual vs Predicted

@ Linear Regression -
1 === Ideal Fit __,.--"
Ly
-
f"
L ] ””
® e
P &
o® __.-"': e
L ":t*"‘t " .
L ] 'i - [ 4 - e ® o ™
® .;i s ogg ®@° ® . e @
-] - & - L]
w g0 QLY o °
[ ] [ ] [ ]
H o 8500 _:‘.ﬂ" 3 B . -
* o i 2
° o~
15 2.0 25 30 35 40 4.5 50 55

Actual respiratory_rate

Figure 5. Linear regression: actual and predicted respiratory rate values.
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Task: City — 30s (stars: p<.05/.01/.001; grey: N<20)
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Respiratory metrics

Figure 7. Correlations between emotions and breathing - City task (30 seconds).
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Figure 8. Correlations between emotions and breathing — City task (60 seconds).
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Figure 9. Correlations between emotions and breathing — City task (120 seconds).

Table 1. Predictive performance of respiratory rate models (MSE, MAE, R?).

Model MSE MAE R?
Linear Regression 0.610 0.580 0.134
Random Forest 0.673 0.587 0.046

Data Processing and Quality Control:

Allphysiological and behavioral data underwent preprocessing,
including filtering to remove artifacts due to movement, signal
loss, or incorrect sensor placement. Unrealistic respiratory
values (e.g., respiratory rate below 5 or above 45 breaths per
minute) were excluded. Only trials with fully completed task
procedures were retained for analysis.

Ethical Considerations:

The study was approved by the Ethics Committee of Yerevan
State University and was conducted in accordance with
recognized ethical guidelines. Written informed consent was
obtained from all participants prior to data collection (protocol
code: N6, 25.03.26).

Results.

Analysis of distributions of respiratory parameters:

The histogram of tidal volume shows pronounced asymmetry,
with most values up to 30 ml, indicating a predominance of
relatively small breaths. Rare deep breaths of up to 90 ml form
a long right-hand tail, reflecting high variability in respiratory
amplitude (Figure 1).

This pattern highlights the adaptive nature of respiration:
typical breaths are small and regular, while occasional deep
inhalations demonstrate flexibility in response to physiological
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or emotional demands. Both average values and distributional
characteristics are important for understanding respiratory
behaviour.

The distribution of inspiratory flow has a similar pattern:
the modal values are within 5-15 conventional units, while
values above 50 are rare. At the same time, a long right tail
extends up to 70 conventional units (Figure 2). This indicates
the predominance of moderate inhalation rates with occasional
high-intensity peaks. The similarity in distribution shape with
tidal volume reflects their physiological relationship.

The respiratory rate is presented by a more compact and closer
to a normal distribution with minor asymmetry. Most indicators
are concentrated in the range of 2.5-3.5 conventional units,
and values above 5 are observed only occasionally (Figure
3). This suggests the relative stability of the respiratory cycle
rate compared to the indicators of the depth and strength of
inspiration.

Thus, the obtained inspiratory distributions show that the
variability of the respiratory process is largely determined by
the parameters of the depth and intensity of inhalation (tidal
volume and inspiratory flow), whereas the respiratory rate
is a more stable physiological indicator. This characteristic
is consistent with established physiological understanding
that the respiratory rate is maintained within a narrow range
due to regulatory mechanisms, while the volume and flow of



inspiration are adapted to the current functional requirements of
the organism, in particular the presence of stress.

To assess the relationships between key respiratory parameters,
a correlation analysis was performed (Figure 4). The strongest
correlation was found between tidal volume and inspiratory
flow (r = 0.90, p < 0.001), indicating a close physiological
relationship: an increase in inspiratory volume is typically
accompanied by an increase in inspiratory flow. In addition, a
moderate positive correlation was found between tidal volume
and inspiration time (r = 0.51, p <0.001), indicating an extension
of inhalation at higher respiratory volumes. Interesting results
were obtained for the inspiration time — respiratory rate pair. For
respondents (N = 859), significant Pearson (r = 0.462, p = 9.6
x 107%7) and Spearman (p = 0.438, p = 1.4 x 107*") coefficients
were found, which indicate a stable positive relationship of
medium strength. This means that the prolongation of inhalation
time in the studied sample is associated with an increase in the
respiratory rate. However, the magnitude of these coefficients
(r < 0.5) suggests that the respiratory rate remains a relatively
autonomous parameter, which is also influenced by other
regulatory factors.

At the same time, the relationships between respiratory rate and
the parameters of inhalation depth and force (tidal volume and
inspiratory flow) were weak (r = 0.15 and —0.06, respectively).
This emphasizes the relative independence of the respiratory
cycle frequency from the amplitude characteristics of breathing.

Thus, the results of the analysis show that the variability of the
respiratory process is largely determined by amplitude-related
characteristics (tidal volume and inspiratory flow), while the
respiratory rate and inhalation duration form a partially distinct
but statistically significant pattern of association reflecting the
adaptive mechanisms of respiratory regulation.

To further explore the relationships between respiratory
parameters, an additional modeling analysis was conducted to
examine whether respiratory rate could be inferred from other
components of the respiratory cycle. Two machine learning
models were built: linear regression and random forest. The
predictors included tidal volume, inspiratory flow, as well as
derived variables.

The results of the quality assessment of the models using
standard metrics, mean squared error (MSE), mean absolute
error (MAE), and coefficient of determination (R?), are presented
in the table below (Table 1).

Graphical analysis (Figure 5, 6).

Comparison of actual and predicted values showed:

+ In the case of linear regression, the predictions are slightly
more concentrated around the ideal fit line, indicating
marginally better agreement with observed values compared
to the random forest model.

* For the random forest model, the spread of predictions is
wider, with greater variability particularly at higher values,
indicating reduced predictive stability.

Interpretation of results:

» Linear regression showed slightly better results: R = 0.13,
indicating weak but still statistically significant explanatory
power.

* Random forest, despite its ability to model nonlinear
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relationships, demonstrated low quality in this task (R* =
0.05), only slightly improving the MAE compared to the
linear model.

* Both algorithms predict respiratory rate with a mean
absolute error of ~0.58, which is comparable with the
variance of the original data.

Respiratory rate remains a difficult parameter to predict based
on the volume-time characteristics of the respiratory cycle.
From a physiological perspective, this result supports the
relative independence of respiratory rate from amplitude-related
parameters such as tidal volume and inspiratory flow. In the
context of the present study, this finding indicates that respiratory
rate may reflect partially distinct regulatory mechanisms and
should be considered separately when examining emotion-
related changes in respiratory dynamics. Despite statistically
significant correlations with individual features (e.g. inspiration
time), their combined influence explains only a small proportion
of the variability in the indicator. This supports the autonomy
of respiratory rate regulation and the need to involve additional
physiological variables to build more reliable predictive models.

In the experiment, along with physiological parameters of
breathing, emotional indicators (Negative emotions, Strong
emotions, Stress, Sickness, Dry mouth) were considered. This
allowed us to study the relationship between the affective state
of the participants and the characteristics of the breathing cycle.
Correlation analysis (City driving):

The heatmaps presented in Figures 7-9 illustrate the strength
and direction of associations between emotional indicators and
respiratory parameters across different analytical time windows
(30, 60, and 120 seconds). Consistent patterns are observed
across all intervals, indicating stable psychophysiological
relationships.

Analysis of correlations in the “City driving” condition,
representing naturalistic driving with variable cognitive load,
showed consistent patterns:

* Negative emotions showed significant negative correlations
with inspiration time (-0.25 at 30s, —0.36 at 60s, —0.26
at 120s; p < 0.05/0.01). This indicates that an increase in
negative affect is accompanied by a shortening of inhalation,
meaning that breathing becomes shorter in duration.

* 120 s condition also showed a negative correlation between
Negative emotions and respiratory rate variability (r =
—0.26, p < 0.05), which indicates a decrease in respiratory
variability with a stable negative emotional background
(Figure 9).

+ Strong emotions had positive, albeit moderate, associations
with tidal volume and inspiratory flow (r = 0.17-0.22),
reflecting a tendency toward deeper and more intense
inhalations

* Additional somatic indicators (Sickness, Dry mouth)
showed weak positive associations with respiratory
volume parameters, which can be considered as secondary
manifestations of physiological discomfort.

These patterns were visually consistent across all heatmaps,

confirming the robustness of the observed relationships.

Comparative analysis:
Dividing participants into groups with low (<3) and high (=6)



levels of emotional scales (rated on an 8-point scale) confirmed
these effects:

« At high levels of negative emotions, breathing became
irregular, with a shortening of inspiration time and
decreased respiratory rate variability (p < 0.05 after FDR
(False Discovery Rate) correction).

* During strong emotional activation, a tendency toward
increased respiratory amplitude (tidal volume, inspiratory
flow) was observed, corresponding to the activation
component of the emotional response.

* The effects were of moderate size (Cohen’s d = 0.5-0.6),
suggesting that they are psychologically meaningful and
potentially relevant in applied contexts.

Discussion.

Overall, the findings indicate that respiratory parameters
are sensitive psychophysiological markers of emotional
activation during driving tasks. The results support the view
that emotional valence and arousal influence the temporal and
amplitude characteristics of breathing, which are relevant for
understanding psychophysiological regulation under cognitive
load.

Negative emotional states were consistently associated with
shorter inspiration time and lower respiratory variability.
This pattern suggests that negative affect is accompanied
by more constrained and less flexible breathing, which may
reflect increased physiological tension and reduced regulatory
adaptability. The stability of these associations across different
time windows indicates that such respiratory changes may
serve as reliable markers of negative emotional load in driving
contexts.

In contrast, strong emotional activation was associated with
increased tidal volume and inspiratory flow. This finding suggests
that heightened arousal is reflected primarily in the amplitude
of breathing rather than only in respiratory timing. Together,
these results indicate that different emotional dimensions may
influence different components of the respiratory cycle: negative
emotional states appear to compress the temporal structure of
breathing, whereas strong arousal increases respiratory intensity.

The strong association between tidal volume and inspiratory
flow supports their close physiological relationship, while the
weaker associations involving respiratory rate suggest that
this parameter remains relatively autonomous. The limited
predictive performance of the regression and random-forest
models is consistent with this interpretation, indicating that
respiratory rate cannot be reliably inferred from volume-
time characteristics alone. This result further suggests that
respiratory rate may reflect a partially independent component
of respiratory regulation and therefore should be interpreted
in future separately from volume-based measures in emotion-
related analyses. From an applied perspective, the results
suggest that respiratory indicators may be useful components
of driver monitoring systems, especially for early detection of
emotional stress and increased cognitive load. At the same time,
respiration alone is unlikely to be sufficient for comprehensive
classification, and future work should combine respiratory
measures with additional physiological signals.

The findings support psychophysiological models suggesting
that respiration is a multidimensional marker of emotional
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regulation. Temporal parameters of breathing appear to be
more sensitive to negative affect, whereas amplitude-related
parameters are more strongly associated with heightened
arousal. Practically, these results may inform the development
of driver-state monitoring systems that use respiration-based
indicators to detect emerging stress and maladaptive emotional
activation during driving.

Limitations.

This study has several limitations that should be considered
when interpreting the findings. First, although the study
combined simulated and real-world driving conditions,
physiological recordings in dynamic environments are
susceptible to motion artifacts and environmental noise, which
may affect signal precision.

Second, emotional states were assessed using self-report
measures, including the Self-Assessment Manikin (SAM)
scale and structured questionnaires, which may be influenced
by subjective bias and individual differences in emotional
awareness. In addition, although emotional ratings were
collected in relation to experimental conditions, some degree
of recall bias may still be present, as self-reported measures
reflect subjective evaluation rather than continuous real-time
emotional tracking.

Third, the cross-sectional design of the study does not allow
for causal inference, and the observed relationships between
emotional states, respiratory dynamics, and cognitive load
should be interpreted as correlational.

Fourth, although significant associations between emotional
indicators and respiratory parameters were identified, the
predictive models demonstrated limited explanatory power,
indicating that additional physiological variables (e.g., heart
rate variability, electrodermal activity) may be necessary to
fully capture psychophysiological regulation.

Conclusion.

Emotional states are systematically associated with respiratory
dynamics in drivers under cognitive load. Negative emotions
were linked to shorter and less variable breathing, whereas strong
emotional activation was associated with greater respiratory
amplitude. These findings indicate that respiratory parameters
can serve as useful psychophysiological markers of emotional
regulation in driving conditions. Although respiration alone
does not fully characterize driver psychophysiological state or
predict respiratory rate with high accuracy, but it also provides
valuable information for understanding psychophysiological
regulation and may contribute to future multimodal monitoring
systems.
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