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Analytic and holistic thinking styles are known to be associated with individual
differences in various aspects of behavior and brain activity. In this study, we tested
a hypothesis that differences in thinking styles may also be manifested at the level of
neuro-visceral coordination. Heart rate variability (HRV) was compared between analytic
and holistic thinkers at rest, during a simple motor choice reaction time task and
when solving cognitive choice reaction time tasks in conditions with varying instructions
contrasting the role of the field when evaluating objects. Participants (N = 52) with
analytic and holistic thinking styles were equally successful at solving the cognitive tasks
but response times were longer in the analytic group, compared to the holistic group.
Heart rate complexity, as measured by sample entropy, was higher in the analytic group
during the cognitive tasks but did not differ from the holistic group at rest or during the
simple motor task. Analytic participants had longer response times and higher heart rate
complexity when evaluating objects in relation to the field than when evaluating objects
irrespective to the field. No difference in response times or heart rate complexity between
tasks was observed in the holistic group. Our findings demonstrate that differences in
individual behavior, including those related to holistic and analytic thinking styles, can be
reflected not only in brain activity, as shown previously using fMRI and EEG methods, but
also at the level of neuro-visceral coordination, as manifested in heart rate complexity.

Keywords: analytic thinking, holistic thinking, visual discrimination, reaction time, heart rate variability,
complexity, entropy analyses, system-evolutionary theory

INTRODUCTION

A theoretical model of analytic vs. holistic thinking was proposed by Nisbett et al. (2001) to explain
cognitive differences observed between individuals from Eastern and Western cultures. Some key
elements that distinguish analytic and holistic thinkers include their attention to relationships
between objects and the field these objects belong to, understanding of causality, perception of
changes and explanation of contradictions. In general, analytic thinkers tend to focus their attention
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on an object rather than the field it belongs to; explain causal
relationships primarily via internal dispositions of an actor;
perceive most objects as independent, often observing linear
changes in them; and rely on formal logic approach to resolve
contradictions by choosing one alternative over another. In
contrast, holistic thinkers tend to pay more attention to the
relationships between an object and the field; consider a greater
amount of information and complex relationships between an
actor and the surrounding situation when determining causality;
perceive cyclical changes of elements and their interconnections
with one another; and try to reconcile contradictions by looking
for compromises when contradictory opposites exist. Although
initially applied in cross-cultural studies, this model was also
shown to differentiate thinking styles between individuals within
cultures (e.g., Choi et al., 2007).

Differences in cognitive performance between holistic and
analytic individuals have been demonstrated across various tasks
involving attention (Ji et al., 2000; Masuda and Nisbett, 2001),
categorization (Choi et al., 1997; Ji et al., 2001; Norenzayan et al.,
2002), causal attribution (Norenzayan et al., 2002), tolerance of
contradiction (Peng and Nisbett, 1999), etc. These differences
are reflected in problem solving strategies and brain activity of
analytic and holistic thinkers. EEG and fMRI studies reported
differences in brain activity related to thinking styles during
cognitive tasks (Apanovich et al., 2021) and in socio-emotional
contexts (Baranski and Petrusic, 1999; Haun et al., 2006; Winawer
et al,, 2007; Tan et al, 2008; Apanovich et al., 2018; Huang
et al., 2019; Hsieh et al., 2020). Psychophysiological processes
that occur outside the brain are not always considered in
cognitive studies but there is substantial evidence demonstrating
that neuro-visceral coordination plays an important role in the
organization and regulation of individual behavior (Bakhchina
et al,, 2018; Forte et al, 2019). We have come across only
one study reporting results on visceral dynamics observed in
analytic and holistic individuals, which included analyses of
respiration and heart rate (Bacha-Trams et al., 2018). In the
current work, we aim to compare heart rate variability (HRV)
and complexity between holistic and analytic individuals to
test whether differences in cognitive performance and brain
activity shown in many previous studies are manifested in
neuro-visceral processes. On the one hand, it will provide an
opportunity to consider physiological bases of analytic and
holistic thinking wider shedding light on visceral peculiarities of
individuals with different cognitive styles. On the other hand,
it will assist in the development of the embodiment theory that
views cognition as a whole organism process with the body
playing an important role in decision-making and other cognitive
activities (Macedonia, 2019).

Heart rate variability (HRV) reflects the dynamics in the
time intervals between adjacent heartbeats that are in coherence
with the functioning of the entire body. It is widely accepted
that the source of HRV originates in the regulation of
transport of resources through the body in order to adapt
an organism’s functioning to external challenges by achieving
optimal performance ratio. From the physiological perspective,
the primary origin of HRV is related to the activity of
the autonomic nervous system through its sympathetic and

parasympathetic parts (Thayer and Lane, 2009). Various cortical
areas in the brain contribute to the regulation of heart rate
(e.g., see review in Smith et al, 2017) and changes in HRV
indexes during cognitive and socioemotional tasks are shown
to correlate with some aspects of task performance (Kemp
et al., 2010; Arutyunova et al, 2020; Hilgarter et al,, 2021).
Therefore, the analysis of HRV has become a popular non-
invasive tool in psychophysiological studies (Laborde et al,
2017). In our previous work, addressing the problem of brain-
heart interactions from the positions of the system-evolutionary
theory, we proposed a model explaining HRV in relation to
neuronal processes involved in the orchestration of an organism’s
behavior (Bakhchina et al., 2018).

The  system-evolutionary  theory  (Shvyrkov,  1990;
Aleksandrov, 2006), building upon the foundations of P.K.
Anokhin’s theory of functional systems (Anokhin, 1974),
proposes that morphologically different components of the
brain and the rest of the body comprise functional systems
in order to achieve a positive result, i.e., adaptive organism-
environment relations. A functional system is understood as
a dynamic organization of activity of neurons and other cells
across different anatomical localizations which provides the
achievement of an adaptive result for the whole organism. Each
novel way of adaptive organism-environment interaction has a
potential to underlie the formation of a new functional system
in the process of learning. Subsequent actualization of this new
functional system underlies execution of the corresponding
behavioral act in order to achieve the adaptive interaction with
the environment. In this way, HRV originates in the cooperation
of the heart with the other components of actualized functional
systems, including neuronal groups. Variable changes in heart
rate are viewed as a result of heart coordination with changes
in the sets of activated neurons distributed across the cerebral
cortex and subcortical structures and specialized in relation
to particular behavior. Our previous studies (Bakhchina et al,
2018; Arutyunova et al., 2020) demonstrate that, out of existing
and widely used HRV indexes, non-linear metrics, such as
entropy measures, most accurately reflect changes in behavior
and cognitive performance. Other authors also reported that
non-linear HRV metrics (e.g., entropy and fractal dimension) are
more informative for the studies of behavior than statistical and
frequency measures of HRV (Pham et al., 2021). In accordance
with the system-evolutionary theory, entropy measures of
HRYV reflect the system characteristics of individual experience
actualized in current behavior. Behavior acquired at earlier stages
of development is more automated and intuitively implemented
than newly formed behavior, and vice versa behavior acquired
at later stages of development is more differentiated and
detailed than earlier acquired behavior. Values of heart rate
complexity observed during newer behavior are expected to be
higher (Bakhchina et al., 2018; Arutyunova et al., 2020). Thus,
comparative analyses of HRV entropy measures can be used to
reconstruct the relative level of differentiation of the individual
experience actualized during problem-solving. Reflecting the
complexity of neuro-visceral coordination, heart rate entropy
allows us to test the hypotheses about the systems orchestration
of behavior in individuals with analytic and holistic thinking.
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In this work, we compared heart rate complexity between
groups of participants with holistic and analytic thinking
styles during performance of holistic (field-dependent) and
analytic (field-independent) tasks. Based on the assumption
that functional systems are comprised by different components
of the brain and the rest of the body, our hypothesis was
that cognitive and behavioral specificity of analytic and holistic
thinking styles is not only manifested in brain activity but reflects
the system organization of individual experience at the level
of the whole organism. More specifically, we hypothesized that
there are differences in heart rate complexity between analytic
and holistic thinkers when solving cognitive tasks and these
differences are related to their task performance. We expected
analytic individuals to be faster and more successful at solving
tasks in a field-independent condition and holistic individuals to
be faster and more successful in a field-dependent condition. We
hypothesized that the cognitive effort and the system complexity
of current behavior would be manifested in neuro-visceral
activity so that higher HRV complexity would correspond to
performance in the tasks that are harder for individuals: field-
dependent tasks for analytic thinkers and field-independent tasks
for holistic thinkers.

MATERIALS AND METHODS

Ethics Statement
All of the participants gave written informed consent to take part
in the study after receiving an explanation of the procedures.

The study was conducted in accordance with the Declaration
of Helsinki. The Ethics Committee of Institute of Psychology
of Russian Academy of Sciences (Moscow) approved the
experimental protocols and the specific consent procedure used
in this study and assessed it as safe for the participants’ psychic
and physical health. All of the participants were paid for their
participation (500 rubles).

Participants

We studied 52 healthy participants (25 women; 18-34 years
old: M = 21.2, SD = 4.34). All participants were Russian
citizens speaking Russian as their native language. None of them
reported any history of neurological or psychiatric disorders. All
participants had either normal or corrected-to-normal vision.
One participant was excluded from the analyses due to corrupted
ECG recordings. The holistic and analytic groups were formed
on the basis of participants’ answers to the items of AHS
questionnaire (see below). It was not possible to calculate AHS
scores for 5 of the participants because they used the option
“difficult to answer” too often. Finally, the electrophysiological
data of 46 participants were included into the analyses.

Experimental Procedure

Experimental design and procedures are illustrated in Figure 1.
ECG was recorded in 6 stages: at rest (5 min, while sitting

down with closed eyes without moving), during a simple motor

task involving familiarizing with keys to be used in the following

experimental sessions (2 min), and in the process of four
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FIGURE 1 | Experimental design and procedure. Prior to the experiment, participants (N = 52) filled an Analysis-Holism Scale (AHS) questionnaire and were divided
into two groups: those with scores higher than median for the sample comprised the holistic group and the rest comprised the analytic group. ECG was recorded at
rest (5 min, while sitting down with closed eyes without moving), during a simple motor task (2 min), and in the process of solving four blocks of cognitive tasks

(5 min per each block). Cognitive tasks included presentation of two square frames (fields) containing lines (objects), sizes of which varied; participants were asked to
compare objects either in relation to their fields (H-tasks) or irrespective of the fields (A-tasks). Response times, success rates and the dynamics of HRV indexes
(av-RR, SDNN and SampEn) were compared between the two groups of participants.
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experimental sessions (5 min per session, two blocks of analytic
tasks and two blocks of holistic tasks).

Four experimental sessions included solving tasks in two
analytic and two holistic conditions. Analytic tasks were
constructed to allow successive stages in the process of searching
for a solution; holistic tasks could only be solved in one stage,
simultaneously (Apanovich et al., 2020). It is also shown that
people with analytic and holistic thinking have different attention
focus signatures: the former have higher scores in tasks that
require abstraction from the context (i.e., background, or field),
whereas the latter are more successful when the background is
necessary as a part of attention focus (Kitayama et al.,, 2003).
The same framed-line test principle (Kitayama et al., 2003)
had been fruitfully employed previously in psychological and
psychophysiological research (Hedden et al., 2008). We selected
this type of tasks because it constitutes a simple behavioral model
which allows to manipulate the use of the field while evaluating
objects as one of the basic features contrasting analytic and
holistic thinking.

In all tasks, participants were presented with two frames
of different sizes which contained vertical lines. A screenshot
example of one of the experimental tasks is presented in Figure 1.
The first line was presented 900 ms after the “Attention” signal
(a white cross on a dark background) and the second line
was presented in a random interval in the range from 700 to
900 ms after the first line. After two successively presented
images, a participant was prompted to respond, whether one
of the aspects within the two images was similar or different.
The response was provided by pressing one of two keys
(left or right - counterbalanced between tasks). The criterion
for similarity/difference was determined in the instruction: in
the analytic condition, participants were asked to compare the
absolute length of lines, ignoring the frames, whereas in the
holistic condition, participants compared lengths of the lines
relative to the frames. Presentation order of analytic and holistic
tasks was counterbalanced between participants. Thus, the main
factor which induced subjective differences in analytic and
holistic tasks between these experimental conditions was the
instruction: an object was evaluated either in relation to the field
or independently of the field.

After reading the instructions, an experimenter started a
training trial and asked the participants whether presented figures
were similar or different according to the principle indicated in
the instructions (analytic or holistic). The experiment began only
after the participant understood the instructions and correctly
performed the training task.

Response times (RT) were analyzed for three conditions:
simple motor trial, blocks of holistic and analytic tasks. Medians
and between-subject variances were also calculated for all
of the parameters.

Rest, or baseline, condition was viewed as a situation when an
individual was not acquiring a new skill. A simple motor task
was used, firstly, to control the response rate with the right and
left hands, and, secondly, it was used as a “neutral” condition
which did not involve thinking styles. Analytic and holistic tasks
are considered as situations of operating and developing thinking
styles based on prior individual experience.

Classification of the Participants Into the

Analytic and Holistic Groups
All the participants filled the Analysis-Holism Scale (AHS)
questionnaire prior to the experiment.

Choi and colleagues (Choi et al., 2007) developed the AHS
questionnaire to measure key differences in individuals’ thinking
styles and showed that AHS scores correlated with holistic
and analytic patterns of performance in cognitive tasks. They
also highlighted that individuals’ thinking styles vary not only
across cultures but also within the same cultures. AHS score
characterizes individual thinking styles on a continuum between
analytic and holistic poles so that some individuals are closer
to one of the poles while others score around the middle
combining more or less features of both. AHS is based on a
four-component model of cognition proposed by Nisbett et al.
(2001). The questionnaire had been translated and adapted on a
sample of Russian participants in 2014-2017 (Apanovich et al.,
2017) and was effectively used in our studies, including analysis
of EEG (Apanovich et al., 2016; Apanovich et al., 2018) and
tasks performance (Apanovich et al., 2020). In our work, we
studied analytic and holistic thinking styles within one culture,
but, as mentioned above, the AHS can be used to measure both
cross-cultural and within-cultural differences (Choi et al., 2007).

The AHS questionnaire consists of 24 statements. Participants
were asked to rank whether they agree or disagree with each of
the statements on a 7-step Likert scale (from 1 = “completely
disagree” to 7 = “completely agree;” with 4 = “difficult to answer”
in the middle). The test provides a total score of analytic-holistic
thinking, and four subscores of the individual components of the
analytic-holistic thinking type. The detailed description of the
subscales can be found in Choi et al. (2007). The highest score for
each scale represents a holistic pole, and the lowest-the analytic
pole. Participants who responded “difficult to answer” 6 or more
times were excluded from subsequent analyses (N = 5).

The internal consistency reliability (Cronbach’s
coefficient) of the AHS in our study was 0.696.

On the basis of AHS scores (Med = 113, Min = 86, Max = 148,
25% = 106, 75% = 123), the participants were divided into two
groups with a cut-off at the median value for all participants so
that we had a holistic group and an analytic group, containing 23
participants each.

alpha

ECG Acquisition

ECG was recorded using monopolar surface silver chloride
electrode in the medial part of the thorax. The electrode had
conductive adhesive hydrogel for better signal conductivity. The
sampling frequency ECG was 250 Hz with 0.1-70 Hz band-pass
range and 50 Hz notch filter. Encefalan EEGR-19/26 for ECG
recording was used.!

Heart Rate Variability Analyses

For HRV analyses, we used SampEn as an index of complexity,
SDNN as an index of variation, and averaged RR-intervals as
an index of mean frequency of the heart rate. It is accepted

'http://medicom-mtd.com/
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that heart rate complexity measured with non-linear algorithms
can correlate with statistical measures of HRV, such as SDNN,
but these correlations are not linear (Acharya et al, 2006).
Such modes of heart activity exist when variability is the
same, but complexity is different, and vice versa. Heart rate
complexity and variability reflect different aspects of temporal
dynamics: for example, SDNN is a statistical measure of HRV
which is modulated by breathing, or respiratory arrhythmia,
while SampEn is an index of heart rate complexity which is
independent of respiratory arrhythmia (Richman and Moorman,
2000). Thus, SampEn and SDNN are both HRV indexes partly
complementing each other when describing heart activity in
relation to behavior.

ECG processing, RR-intervals detection and HRV calculations
were made using open-sourced python library neurokit 2 0.1
(Makowski et al., 2021).

Raw ECG signal data obtained for experimental periods (rest,
simple motor task, two blocks of analytic tasks and two blocks of
holistic tasks) underwent signal preprocessing. It was detrended
to remove the linear trend and mean value from the signal. After
detrending, it was filtered using a Butterworth band-pass filter
with a gain of 1 and frequency range between 5 and 40 Hz to
remove the baseline drift, white noise, and any motion artifacts.
In the resulting ECG, R-peak detection was based on the Pan and
Tomkins algorithm (Pan and Tompkins, 1985).

Acquired sequences of RR-intervals were pre-processed before
proceeding to the analyses with the aim to select sequences that
were free from artifacts. Sequences with abnormal beats and
any artifacts (ectopic beats, motion artifacts, and coughs) were
excluded from the analyses. Sequences containing RR-intervals
that did not satisfy the condition (1) were excluded from the
analyses.

RR; — RR;_;

< 0.7% — L (1)

|RR; — RR; 1| 5

Heart rate complexity was described using sample entropy
(SampEn) as a set of measures of system irregularity reporting
on similarity in time series. SampEn can be applied to relatively
short and noisy data; it is largely independent of the length of
time series, displays relative consistency under circumstances
and has been widely used in physiological studies with different
signals analyses (Richman and Moorman, 2000). SampEn (m, r,
N) is precisely the negative natural logarithm of the conditional
probability that two vectors that are similar for m points remain
similar at the next point, where self-matches are not included in
calculating the probability (2).

SampEn (m, r,N) = — ln%, (2)
The parameter N is the length of the time series, m is the length
of vectors to be compared, and r is the tolerance for accepting
matches. A is the number of pairs of vectors (x) for m points
that satisfy the condition d[xm(i), xm(j)] < r, and B is the
number of pairs of vectors (x) for (m+1) points that satisfy the
condition d[xm(i), xm(j)] < r. Thus, a low value of SampEn
reflects a high degree of regularity. SampEn values are largely
independent of the time series length and display immunity to

signal noise. The length of the analyzed time series was within
the range 200-400 RR-intervals. The parameters m and r were
fixed: m = 2, r = 0.2 x SDNN (SDNN—standard deviation of
RR-intervals distributions).

Additionally, the time domain indexes of HRV (mean (av-RR,
ms) and standard deviation (SDNN, ms) of RR-intervals) were
calculated to characterize the average level and general variance
of heart rate dynamics.

Statistical Data Analyses

Statistical analyses were performed using IBM SPSS 17.0 software
and open-sourced python SciPy library.” Distributions were
tested for normality using Kolmogorov-Smirnov tests. Where
distributions were not different from the normal distribution,
parametric statistics was applied: t-tests for independent samples
for between groups comparisons and paired samples ¢-tests for
comparisons within subjects. Where distributions differed from
the normal distribution, non-parametric tests were used: Mann-
Whitney U test, to compare between groups, and Wilcoxon
signed-rank and Friedman tests, to compare conditions within
subjects. Cohen’s d was calculated as an estimate of effect size
for parametric tests. Spearman’s rank correlation coefficient was
computed for analyses of relationships between AHS scores,
behavioral metrics and HRV indexes. We used an alpha level of
0.05 for all statistical tests.

RESULTS

Behavioral Performance in Holistic and

Analytic Tasks

Response Times

Response times (RTs) were averaged after excluding RT values
exceeding two standard deviation units in either direction.
RTs for each subject were distributed normally (Kolmogorov-
Smirnov test). No difference from the normal distribution was
observed for RTs in the entire sample or in separate groups of
analytic and holistic participants.

RTs were compared between the analytic and holistic groups
when they were solving tasks in analytic and holistic conditions.
The results are presented in Figure 2A (in addition, see
Supplementary Table 1). In general, when comparing RTs for the
entire sample, analytic tasks (M = 778, SD = 201) were shown
to require longer solution time than holistic tasks (M = 718,
SD = 182) during the first presentation [paired samples ¢-test,
t(51) = 2.35, p = 0.02]; however, solution time did not differ
between the two types of tasks (M = 667, SD = 179 for analytic
tasks; M = 640, SD = 165 for holistic tasks) during the second
presentation [paired samples ¢-test, £(51) = 1.66, p = 0.10].

Holistic participants solved all tasks faster than analytic
participants (first block of holistic tasks: M = 781, SD = 182 for
analytic participants, M = 651, SD = 132 for holistic participants,
t(45) = 2.78, p = 0.01, d = 0.83; second block of holistic tasks:
M = 688, SD = 146 for analytic participants, M = 570; SD = 120
for holistic participants, £(45) = 3.00, p = 0.01, d = 0.44; first block

Zhttps://www.scipy.org/
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FIGURE 2 | Task performance in analytic and holistic groups. Distribution
shapes, median values (dashed lines) and quartiles (dotted lines) are shown
for response time (ms) (A) and success rate (B) in analytic and holistic tasks.
Analytic participants solved the cognitive tasks slower than holistic
participants. No difference in success rate was observed. T-tests for
independent samples, *p < 0.05; # - paired samples t-tests, #p < 0.05.

of analytic tasks: M = 844, SD = 200 for analytic participants,
M =719, SD = 202 for holistic participants, £(45) = 2.11, p = 0.05,
d = 0.37; second block of analytic tasks: M = 716, SD = 191 for
analytic participants, M = 601, SD = 144 for holistic participants,
t(45) = 2.31, p = 0.05; d = 0.34). As can be seen from the effect
sizes, this was more pronounced for the holistic tasks.

In addition, tasks were always solved faster during the
second presentation, as compared to the first presentation in the
whole sample [analytic tasks: M = 778, SD = 201 for the first
presentation, M = 667, SD = 179 for the second presentation,
t(51) = 5.29, p < 0.001; holistic tasks: M = 718, SD = 182 for the
first presentation, M = 640, SD = 165 for the second presentation,
t(51) = 5.27, p < 0.001] as well as separately in analytic [analytic
tasks: M = 844, SD = 200 for the first presentation, M = 716;
SD = 191 for the second presentation, #(23) = 4.90, p < 0.001;
holistic tasks: M = 781, SD = 182 for the first presentation;
M = 688, SD = 146 for the second presentation, #(23) = 3.74,
p < 0.001] and holistic [analytic tasks: M = 719, SD = 202 for the
first presentation, M = 601, SD = 144 for the second presentation,
£(22) = 3.55, p < 0.001; holistic tasks: M = 651, SD = 132 for the
first presentation, M = 570; SD = 120 for the second presentation,
t(22) =4.17, p < 0.001] groups.

Results of correlational analysis (see Table 1) showed reliable
negative linear relationships between AHS scores and response
times across all tasks, including the simple motor task and
cognitive (analytic and holistic) tasks.

Success Rate
The results are presented in Figure 2B (in addition, see
Supplementary Table 2). No difference was found between

TABLE 1 | Spearman’s rank correlation coefficients for relationships between
behavioral metrics (response time (ms), success rate), HRV indexes (av-RR, SDNN
and SampEn) at different stages of the experiment and subjects AHS scores

("o < 0.05).

Stage av_RR SDNN SampEn Responsetime Success rate
Rest -0.13 -0.08 -0.12

Motor task -0.13 -0.03 —0.13 —0.30*

Holistic tasks ~ —0.14 0.04 -0.26* -0.31* 0.02
Analytic tasks  —0.12 0.08 -0.21* —0.29* —0.05

analytic and holistic groups in the percent of correct solutions
[first block of holistic tasks: M = 85.4, SD = 12.6 for analytic
participants, M = 90.8, SD = 5.5 for holistic participants,
t(45) = -0.41, p = 0.67; first block of analytic tasks: M = 66.7,
SD = 23.9 for analytic participants, M = 67.2, SD = 23.0 for holistic
participants, £(45) = -0.06, p = 0.94; second block of holistic tasks:
M =904, SD = 7.6 for analytic participants, M = 92.4, SD = 4.4
for holistic participants, #(45) = -1.05, p = 0.29; second block
of analytic tasks: M = 72.0, SD = 21.4 for analytic participants,
M = 77.3, SD = 20.0 for holistic participants, £(45) = -0.86,
p=038].

Analysis of task performance within groups showed the
following results. Participants were less successful at solving
analytic tasks than holistic tasks at the first [M = 67.2, SD =224
for analytic tasks, M = 87.8, SD = 9.9 for holistic tasks, #(50) = -
6.30, p < 0.001] and second [M = 74.9, SD = 19.8 for analytic
tasks, M = 91.4, SD = 6.5 for holistic tasks, #(50) = -5.91,
p < 0.001] presentations. These results were also observed
separately in analytic [first presentation: M = 66.7, SD = 23.9 for
analytic tasks, M = 85.4, SD = 12.6 for holistic tasks, #(23) = -
3.72, p < 0.001; second presentation: M = 72.0, SD = 21.4 for
analytic tasks, M = 90.4, SD = 7.6 for holistic tasks, #(22) = -4.09,
p < 0.001] and holistic [first presentation: M = 67.2, SD = 23.0
for analytic tasks, M = 90.8, SD = 5.5 for holistic tasks, #(21) = -
4.76, p < 0.001; and second presentation: M = 77.3, SD = 20.0 for
analytic tasks, M = 92.4, SD = 4.4 for holistic tasks, #(21) = -3.66,
p < 0.001] groups.

Success rate of the entire sample significantly increased in the
second block of tasks compared with the first block of tasks in
both analytic [M = 67.2, SD = 22.4 for the first presentation,
M = 749, SD = 19.8 for the second presentation, #(51) = -
3.51, p < 0.001] and holistic [M = 87.8, SD = 9.9 for the first
presentation, M = 91.4, SD = 6.5 for the second presentation,
t(49) = -3.27, p < 0.001] conditions, probably reflecting the
learning effect. However, in the analytic group, this temporal
dynamics was significant only for holistic («nonspecific») tasks
[M = 854, SD = 12.6 for the first presentation; M = 904,
SD = 7.6 for the second presentation, £(22) = -2.42, p = 0.02] while
no significant shift was observed for analytic tasks [M = 66.7,
SD = 23.9 for the first presentation; M = 72.0, SD = 21.4 for the
second presentation, #(23) = -1.73, p = 0.09]. Similarly, in the
holistic group, significant dynamics in success rate was observed
in analytic («nonspecific») tasks [M = 67.2, SD = 23.0 for the first
presentation, M = 77.3; SD = 20.0 for the second presentation,
(22) = -2.74, p = 0.01], with only a tendency observed for holistic
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tasks [M = 90.8, SD = 5.5 for the first presentation, M = 92.4,
SD = 4.4 for the second presentation, #(21) = -1.88, p = 0.07].

No correlation was observed between AHS score and success
rate (see Table 1).

Comparing Heart Rate Variability Indexes

Between Holistic and Analytic Groups

We compared HRV indexes (SampEn, SDNN, av-RR) between
holistic and analytic groups in four conditions: baseline,
simple motor task, analytic and holistic blocks of experimental
tasks. The results are presented in Figure 3 (in addition, see
Supplementary Table 3).

Higher values of SampEn were observed in analytic
participants, as compared with holistic participants, in both
analytic (Mann-Whitney test, U = 186, p = 0.04) and holistic
(Mann-Whitney test, U = 177, p = 0.02) tasks. No difference in
SampEn was observed between analytic and holistic groups in
the baseline condition (Mann-Whitney test, U = 196, p = 0.20)
or during the simple motor task (Mann-Whitney test, U = 240,
p = 0.38). No significant difference between the groups was
found in SDNN values for any of the four conditions: baseline
(Mann-Whitney test, U = 224, p = 0.43), simple motor task
(Mann-Whitney test, U = 243, p = 0.41), analytic tasks (Mann-
Whitney test, U = 255, p = 0.42) or holistic tasks (Mann-Whitney
test, U = 243, p = 0.32). No difference between the groups was
observed in the length of RR-intervals (av-RR) for baseline
(Mann-Whitney test, U = 200, p = 0.23), simple motor task
(Mann-Whitney test, U = 239, p = 0.38), analytic tasks (Mann-
Whitney test, U = 215, p = 0.14) or holistic tasks (Mann-Whitney
test, U = 221, p = 0.17).

In addition, we further compared the HRV indexes between
the subgroups of participants with the highest analytic scores
(AHS score below 75% of the threshold of the sample
distribution, N = 18) and highest holistic scores (AHS score above
25% of the threshold of the sample distribution, N = 17). Despite
the smaller sample sizes, this contrast replicated the findings
shown for the entire sample. Higher values of SampEn were
observed in participants with high analytic scores, as compared
with participants with high holistic scores, in both types of tasks:
analytic (Mann-Whitney test, U = 95, p = 0.02) and holistic
(Mann-Whitney test, U = 98, p = 0.03). SampEn did not differ
between the subgroups in the baseline condition (Mann-Whitney
test, U = 117, p = 0.35) or during the simple motor task (Mann-
Whitney test, U = 115, p = 0.16). No difference between the
subgroups was observed in SDNN values for the baseline (Mann-
Whitney test, U = 124, p = 0.45), simple motor task (Mann-
Whitney test, U = 138, p = 0.42), analytic tasks (Mann-Whitney
test, U = 143, p = 0.37), or holistic tasks (Mann-Whitney test,
U = 151, p = 0.48). No difference was found in av-RR values:
baseline (Mann-Whitney test, U = 117, p = 0.35), simple motor
task (Mann-Whitney test, U = 142, p = 0.47), analytic tasks
(Mann-Whitney test, U = 126, p = 0.19), and holistic tasks
(Mann-Whitney test, U = 126, p = 0.19).

Results of correlational analysis (see Table 1) showed reliable
negative linear relationships between AHS score and SampEn
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FIGURE 3 | HRV dynamics in analytic and holistic groups. Distribution
shapes, median values (dashed lines) and quartiles (dotted lines) are shown
for av-RR, SDNN and SampEn estimates. No significant difference between
the groups was found in av-RR or SDNN values for baseline, motor task or
either type of the cognitive tasks. Higher values of SampEn were observed in
the analytic group, as compared with the holistic group, in both analytic and
holistic types of tasks. No difference in SampEn was observed between
analytic and holistic groups in the baseline or during the motor task. SampEn
was increasing from the rest (baseline) condition to the experimental tasks in
both groups. SDNN was decreasing from the rest (baseline) condition to the
experimental tasks in the analytic group of participants, and their SampEn
was higher during solving holistic tasks, as compared to analytic tasks.
Mann-Whitney U test, *b < 0.05; Wilcoxon test, ¥p < 0.05; Friedman test,
&p < 0.05 (color of & reflects the group of analysis).

values in analytic and holistic tasks. No correlation was found
between AHS score and other HRV indexes (SDNN and av-RR).

Dynamics of Heart Rate Variability
Indexes Within Analytic and Holistic

Groups During the Experiment

We studied the dynamics of HRV indexes in analytic and holistic
groups during four experimental conditions: rest, simple motor
task, holistic and analytic tasks. HRV indexes were compared
across the above conditions using Friedman test followed by
pairwise comparisons using Wilcoxon test. These results are
presented in Figure 3.

Frontiers in Psychology | www.frontiersin.org

November 2021 | Volume 12 | Article 762225


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Bakhchina et al.

Analytic and Holistic Thinkers: HRV

Dynamics of Heart Rate Variability Indexes in the
Analytic Group

Significant difference in SampEn values was shown between
analytic and holistic tasks (Wilcoxon test, T = 72, p = 0.04).
In general, SampEn was increasing from the rest condition to
experimental tasks (Friedman test, Q = 11.35, p = 0.01), with the
highest values observed during the holistic tasks.

SDNN dynamics was also significant: the index values
decreased from the rest condition to experimental tasks
(Friedman test, Q = 10.42, p = 0.02), which may be accounted
for by light fatigue participants developed during the experiment.
However, no difference was observed between the analytic and
holistic tasks (Wilcoxon test, T = 95, p = 0.19).

No trend was found for av-RR (Friedman test, Q = 0.71,
p = 0.87) and no difference in av-RR was shown between the
analytic and holistic tasks (Wilcoxon test, T = 136, p = 0.95).

Dynamics of Heart Rate Variability Indexes in the
Holistic Group

SampEn was increasing from the rest condition to the
experimental tasks in the holistic group (Friedman test, Q = 8.54,
p = 0.04). No difference was found between the analytic and
holistic tasks (Wilcoxon test, T' = 126, p = 0.72).

SDNN dynamics was not significant between the experimental
conditions (Friedman test, Q = 0.97, p = 0.58); and no difference
was observed between the analytic and holistic tasks (Wilcoxon
test, T =112, p = 0.42).

No difference was shown for av-RR dynamics between the
experimental conditions (Friedman test, Q = 0.49, p = 0.92) or
between the analytic and holistic tasks (Wilcoxon test, T = 96,
p=0.20).

DISCUSSION

In this study, we tested the hypothesis that cognitive and
behavioral specificity of analytic and holistic thinking styles is
manifested in the dynamics of neuro-visceral processes, reflecting
the system organization of individual experience. Our results
have shown differences in behavioral performance and heart
rate complexity between analytic and holistic thinkers when
solving cognitive tasks designed to contrast analytic and holistic
conditions, i.e., instructing to focus on either an object itself
or the same object in relation to the field it is presented with.
More specifically, longer response times and higher heart rate
complexity values were observed in the analytic group compared
with the holistic group, with no difference in the number of
correct solutions between the groups.

As mentioned above, analytic participants tended to solve all
tasks, in both holistic and analytic conditions, slower than holistic
participants; and this difference in response times was more
prominent for holistic tasks. Both groups were equally successful
at solving the tasks and delivered similar numbers of correct
responses. These results on task performance reflect the fact
that holistic and analytic individuals use different behavioral and
problem-solving strategies, which had been described previously
(Norenzayan et al., 2002; Choi et al.,, 2007). As mentioned in

the introduction, one of the key features of holistic thinking
is a propensity to evaluate events and objects in relation to
the context and pay attention to various links between them
and the environment. In contrast, analytic individuals tend to
consider events and objects as separate and invariant in time,
primarily changing according to their own rules, rather than due
to interaction with the environment (Nisbett, 2003). In our tasks,
holistic participants may have relied on the relationship between
the objects (lines) and their fields (frames) which helped them
to make comparative judgments faster in both conditions, when
the field was part of the instruction and when it was not. In
contrast, analytic thinkers used pre-set criteria to select individual
objects in the environment and evaluate them independently.
In other words, while holistic thinkers tended to classify objects
on the basis of their general relationship to the field, analytic
thinkers were inclined to rely on categorization rules and formal
logic, evaluating given objects separate from their context. Due
to no difference in success rate but slower response times in
analytic participants, it may be suggested that the tasks used in
our study were harder for them to solve, and more so in the
holistic condition.

In line with the behavioral performance, we have shown
that analytic individuals had significantly higher heart rate
complexity, as measured by SampEn, than holistic individuals
while solving both analytic and holistic experimental tasks.
This difference between the groups was related to the temporal
dynamics observed in analytic individuals, whose heart rate
complexity significantly increased from the rest condition
toward the experimental tasks and was higher during the tasks
with holistic conditions compared to the tasks with analytic
conditions. In the group of holistic individuals, heart rate
complexity showed similar dynamics, but no difference was
observed between the tasks with holistic and analytic conditions.
These results on differences in heart rate complexity are
consistent with our previous EEG data recorded while individuals
were solving the same experimental tasks: we had shown that
analytic thinkers had higher variability of P300 component of
ERP than holistic thinkers (Apanovich et al., 2021). In another
study, fMRI was performed while individuals were watching a
film depicting socioemotional interactions: it was shown that
holistic thinkers had significant inter-subject correlations in more
extensive cortical areas than analytic thinkers, suggesting that
they perceived the content of the film in a more similar fashion
(Bacha-Trams et al., 2018). In addition, the authors found that
participants’ eye gaze patterns were more uniform/correlated in
the group of holistic thinkers compared to analytic thinkers;
and higher variation in breathing rate was observed in the
analytic group while no difference was detected between the two
groups in averaged heart rate frequency. These results and our
findings indicate that individuals with holistic thinking style tend
to display less variation in behavioral and psychophysiological
measures, both in the brain and in visceral activity, while
engaging in problem-solving and other activities.

It is important to note that neither our work, nor the study
by Bacha-Trams et al. (2018) mentioned above, found differences
in averaged inter-beat intervals. This measure reflects more
general and intensive changes in physiological energy levels.
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Standard deviation of RR-intervals (SDNN) decreased in the
group of analytic participants throughout the experiment. Such
SDNN dynamics in combination with constant averaged heart
rate is usually related to a decrease in individual energy levels
due to experiencing light fatigue (Boneva et al., 2007; lizuka
et al., 2020). This is also supported by the fact that analytic
participants solved the tasks slower, suggesting higher cognitive
effort. No difference between analytic and holistic groups in
SDNN values indicate a similar general level of the autonomic
nervous system activity. SDNN and SampEn metrics reflect
different aspects of HRV and differences in their dynamics
can be observed for certain modes of activity: for example, a
decrease in general variation of the time sequence of RR-intervals
can simultaneously be accompanied by an increase in non-
stationarity of their internal structure. Therefore, we suggest that
the difference in heart rate complexity observed between analytic
and holistic thinkers is related to higher levels of neuro-visceral
integration, i.e., activity of neuronal groups in the cortex involved
in regulation of the heart rate related to behavior (Smith et al,,
2017; Bakhchina et al., 2018).

Cognitive tasks, especially attention tests, are often used in
the studies of neuronal structures involved in the regulation of
heart rate (Napadow et al., 2008; Lane et al., 2009). As a result,
the current models of neuro-visceral coordination demonstrate
correlations between brain activity in various cortical and
subcortical regions with HRV dynamics and cognitive processes
(Smith et al., 2017). In particular, positive correlations are shown
between neuronal activity in the cingulate cortex, cognitive
performance and nonlinear characteristics of HRV along with
directly proportional relationships between cingulate cortex
morphology (thickness, cell density) and characteristics of HRV
at rest (Winkelmann et al., 2017). Thus, the difference in heart
rate complexity observed between analytic and holistic thinkers
can also be considered in the framework of organization of
physiological activity in the brain and the rest of the body as a
foundation of behavioral performance.

As described in the Introduction, one of the key differences
between analytic and holistic thinkers is their attentional focus
on either separate objects or contextual relationships between
objects. For example, holistic strategies are often characterized as
involving the global precedence effect, i.e., when the global-level
properties are prioritized in cognitive processing compared to the
local properties (Wagemans et al., 2012). The difference in heart
rate complexity between analytic and holistic thinkers observed
in our study can be interpreted in terms of using different
cognitive strategies. At the same time analytic vs. holistic thinking
is a wider concept which is used as a psychological meta-category
(Masuda and Nisbett, 2001; Kitayama et al., 2003) describing
two different ways of organization of individual experience
(Apanovich et al,, 2018). Thus, analytic vs. holistic thinking
includes many local attentional and perceptual specificities that,
being considered separately, also correlate with non-linear HRV
metrics (Forte et al, 2019). As an illustrative example, it had
been shown previously in the studies contrasting individuals with
different political views that, on average, conservatives are more
likely to use holistic types of classification based on relationships

between objects, whereas liberals more frequently use analytical
taxonomic classification of objects (Amodio et al., 2007; Talhelm
et al., 2015); at the same time greater liberalism is associated
with higher gray matter volume in the anterior cingulate
cortex, whereas greater conservatism is associated with higher
volume in the right amygdala (Kanai et al, 2011). Cingulate
cortex and amygdala are shown to be the two key sources of
HRV across cortical structures due to their morphological and
functional relations with the main centers of the autonomic
nerve system in the brainstem (Smith et al., 2017). Therefore,
even such aspect of cognitive activity as political judgment
can be reflected in HRV. In line with the above, autonomic
changes representing sympathetic activity and measured by skin
conductance during viewing of threatening images were shown
to be more pronounced in conservatives (Oxley et al., 2008).

From the perspective of the system-evolutionary theory, HRV
originates in cooperation of the heart with the other components
of actualized functional systems, including neuronal groups,
activity of which underlies behavior at the level of the whole
organism. In this view, non-linear changes in heart rate dynamics
reflect coordination of heart activity with changes in the sets of
activated neurons distributed across the brain and supporting
current behavior. From this perspective, the results of our study
may be used to speculate about possible differences in the
structure of individual experience between analytic and holistic
thinkers. While solving analytic and holistic tasks during the
experiment, our participants were learning new behavior. In
the holistic group, heart rate complexity was lower and more
constant because the task was easier for them to solve, which was
reflected in faster response times, and their learning processes
involved more recombination of existing elements of experience
rather than creating new elements (e.g., see Aleksandrov, 2006;
Kuzina and Alexandrov, 2017). In analytic thinkers, the learning
process involved a more extended creation of new elements
and their addition into the structure of individual experience,
which required more resources and their regulation. Thus, higher
heart rate complexity and longer response times, especially
in holistic tasks, reflect more intense learning processes in
analytic individuals.

In all comparisons of response times, the tasks were
solved faster at the second presentation compared to the first
presentation, which points to the general effect of learning.
Interestingly, along with faster responses during the second
presentation, success rate increased selectively only in holistic
tasks for analytic participants and only in analytic tasks for
holistic participants. This task specific dynamics of success
rate suggests that during our experiment holistic thinkers were
learning to better solve analytic tasks and analytic thinkers
were improving at solving holistic tasks. At the same time, the
increase in heart rate complexity was less pronounced in the
holistic group and its values during experimental tasks were
closer to the rest condition, as compared with the analytic group.
This is consistent with our assumptions that different system
mechanisms may underlie seemingly similar learning dynamics,
and that differences in the structure of experience are manifested
in heart rate complexity.
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CONCLUSION

Opverall, our findings demonstrate that differences in individuals’
behavior, including those related to holistic and analytic
thinking styles, can be reflected not only in brain activity, as
it had been shown previously in other studies using fMRI
and EEG, but can also be observed at the level of neuro-
visceral activity as manifested in heart rate complexity. Our
results support the hypothesis about differences in neuro-
visceral coordination supporting behavior while solving cognitive
tasks between analytic and holistic individuals and that it
may vary across tasks and conditions. The holistic (systemic)
approach to achieving a deeper understanding of analytic and
holistic thinking requires further investigation into the nature
of psychophysiological organization of behavior in analytic and
holistic thinkers.
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