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Abstract

We tested a hypothesis on whether first-year medical students have shown
worse performance due to the new environment and stressful study regimes
of medical universities than second-year students. Using simple and complex
sensorimotor reaction times (SSMRT, CSMRT) measurements, in the virtual
model, healthy male students of both courses were exposed to two rando-
mized order increased visual complexity tasks, as acute stress factors. The
means and standard deviations (SD) during SSMRT and CSMRT for both
courses were calculated, then we calculated the Pearson correlation coeffi-
cient and coefficient of variation: CV=%. There were no statistically
significant differences between the means, no linear relation between the
means and SD and no significant differences between the different CVs. This
means well adaptation and less stress experienced by first-year students to the
new environment in the stress recognition virtual model, this is explained by
no individual differences between students of both courses, their almost equal
high mental abilities, and the mobile nervous system of healthy males. It
seems the new environment does not negatively affect first-year male stu-
dents’ performance ability. Our results contribute to a better understanding
of education process-related stress and help the discovery of the factors that
affect healthy male students’ processing speed.

Keywords

Acute Environmental Stress, Mental Chronometry, Sensorimotor Reaction
Time Tasks

1. Introduction

In several studies, the authors note that some aspects of hard and stressful
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teaching can have unintended negative effects on the mental and emotional
health of medical students. Due to the new environment and stressful study re-
gimes, first-year medical students have shown worse performance than second-
year students. On a personal level, this stress can diminish one’s capabilities and
the importance of a future profession (Dyrbye, Thomas, & Shanafelt, 2005;
Guthrie, et al., 1997; Moffat, McConnachie, Ross, & Morrison, 2004; Aktekin et
al., 2001). Studies found that the most important stressors related to academic
performance and the learning environment (Nowreen & Ahad, 2019; Damiano
et al., 2021; Nebhinani, Kuppili, & Mamta, 2021).

The prevention of stress-related problems during the education process, re-
vealing possible stress factors, and overcoming stress, especially in freshmen are
very important goals of the educational process. Fast reactions, instant deci-
sion-making skills, and problem-solving are necessary for the medical profes-
sion. Humans’ fast reactions are related to the time course of mental processes in
the brain. The study of temporal ratios of activity of mental chronometry is im-
portant in several aspects. It shows a person’s mental abilities based on subjec-
tive observations, to objectively perceive the environment in response.

Reaction time (RT) is measured by the time between a stimulus appearing and
an individual’s response which are relatively simple sensory-motor tasks typical-
ly administered in a laboratory setting as elementary cognitive tasks (Milner,
1986). In a complex RT task, the following processes are occurring: the sensory
organs received the sensory features of the stimuli and transmitted them to the
brain; the signal is identified and processed, then, the decision is made; and at
the end, a corresponding motor response is carried out (Riemann & Lephart,
2002).

Studies have been conducted where RT parameters are used to better perform
mental activities, make decisions, and optimally plan daily life, which is essential
for managerial, sports, and other activities that require great attention and in-
stant decision-making skills (Draper, McMorris, & Parker, 2010; Audiffren,
Tomporowski, & Zagrodnik, 2008; Sanders, 1998).

It has been found that the speed of information processing increases exponen-
tially from early childhood to early adulthood (Kail, 1991). This is followed by a
long period of stability, where the speed of information processing is approx-
imately equal and then decreases from middle age to old age (Salthouse, 2000).
Cognitive retardation is considered to be a good indicator of extensive changes
in brain function and intelligence, and it has been experimentally proven that it
is closely related to changes in working memory and thinking (Demetriou,
Mouyi, & Spanoudis, 2010). RT examination is often used to index cognitive ab-

ilities (https://www.predictiveindex.com/assessments/cognitive-assessment/) and

it is an indirect characteristic of neuronal efficiency (Feldman, 2004).
Noteworthy are studies that establish the connection between RT and the in-

dividual-psychological characteristics of a person. A neurotic person performs

RT determination tasks more slowly. The authors explain that this is due to the

existence of a higher excitation barrier in neurotic individuals in response to
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stimuli of different intensities, which they suggest is explained by their relatively
“weak” nervous system (Gupta & Nicholson, 1985). In an extensive study of 242
college undergraduates, neuroticism was found to be correlated with response
variability, and higher neuroticism was associated with more deviations from the
RT standard (Tamir & Robinson, 2005).

By Crow (Crow, 2019), neuroticism was significantly associated with faster
error RT and a higher frequency of multiple responses.

According to Hick’s law (Hick, 1952), in the decision-making process, an in-
dividual’s RT increases by a constant amount as a function of available choices,
or the “uncertainty” involved in which reaction stimulus would appear next. The
RT is found to be a function of the binary logarithm of the number of available
choices.

By Luce (Luce, 1986), the observed RT consists of the response preparation
and motor realization components, which together compose non-decision time
Ter. By the model, non-decision time Ter just shifts the distribution of DT,
the RT is considered as the accumulation time, plus a constant value for non-
decision processes Ter. In the more recent study by Sigman and Dehaene (Sig-
man & Dehaene, 2005), the non-decision component does vary across trials,
however, this variability does not depend on the mean of RT, since the motor
response can be carried out in parallel. Lee and Chabris (Lee & Chabris, 2013)
investigated the ability of more intelligent people to respond faster to two simul-
taneous stimuli and concluded that the superior ability of intelligent people re-
sided in the central processing time of the brain, not in the parallel peripheral
stages such as faster stimulus perception or response of the muscles.

Current studies have found that higher scores on the Intellect aspect signifi-
cantly correlate with faster and less variable response times and this advantage
lies solely in the decisional, but not perceptual, stage of information processing
(Willoughby, Kim, Lee, & De Young, 2023).

Given a view of cognitive ability as a component of personality, DeYoung
(DeYoung, 2020) is arguing, higher levels of Extraversion were associated with
faster responses, though the authors note perhaps, this fact is related to the spe-
cific task demands, instead of underlying cognitive differences, as Extraversion
seems does not appear to correlate with intelligence.

Interestingly, during the tests subjects are fast adapted to the periodically gen-
erated stimuli, often the participants predict the stimuli rather than react to
them (Zana & Zelei, 2020). Inattention, an emotional mood, fatigue, noise, sharp
light, etc. may prolong reaction times and/or alter its distribution (Sanders,
1998).

The correlations between RT standard deviations (RTSD) and general intelli-
gence are more pronounced than between the RT means (RTM), and perfect li-
near relations appear between individual differences in the RTM and RTSD.

By the diffusion model by the increasing task difficulty, RTM and RTSD in-
crease at the same rate (Wagenmakers & Brown, 2007). However, in identical

decision environments, different people demonstrate different SD. Individuals
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with high mental ability have smaller variable responses or smaller SD. The SD
rate indicates the degree of balancing of neural processes; the smaller the SD, the
more balanced the nervous system (Jensen, 2006; van Ravenzwaaij, Donkin, &
Vandekerckhove, 2011).

The SD increases linearly with the mean, and the linear relation between RTM
and RTSD also is found in the data outside the field of intelligence involving
memory, perception, categorization, and problem-solving (Wagenmakers &
Brown, 2007).

Based on these the objective of our current study was to compare SSMRT and
CSMRT measurements in first and second-year male medical students in an
acute stress recognition virtual model and test a hypothesis whether first-year
students due to the new stressful environment are showing worse performance

compared to second-year students or not.

2. Materials and Methods

An experimental study was conducted on 18 - 20 years old first and second-year
healthy male medical students, in compliance with the standards adopted by the
International (the Helsinki Declaration as well as data protection stipulations)
and university Ethics Commission (Protocol No. # 5/2019). Written consent was
obtained from all participants of the study. A brief history was filled in for each
participant, indicating basic physical parameters and objective test data.

Experiments were carried out using a block and between-subject design. The
research subjects were divided into 2 blocks, i.e., groups: group 1 (n = 14) in-
cluded first and group 2 (n = 13) second-year students respectively. The test
subjects were placed in the room one time to avoid the experience of the pre-
vious experiment. Testing was conducted after lectures, in the afternoon, all
students experienced some fatigue.

The study included physically healthy, right-handed subjects without wearing
glasses, visual impairment, head trauma, self-reported muscular or neurological
diseases, and who did not take alcohol, coffee, or any medication for the pre-
vious 2 days, which could be affected their ability to perform the RT tests.

The computer software for a virtual model of acute stress recognition was de-
signed and programmed by CSRL staff based on the “Python language” and the
language of valid cognitive tests (http://pebl.sourceforge.net/). It operates in a
specially created light and sound-shielded experimental room and is applied to
stimulus-reaction pairs.

In total 25 min. lab experiments with 5 subsequent stages, including a 5-
minute baseline period, and two 5-minute increasing complexity tasks (a stress
condition) each preceded by a 5-minute relaxation period and finished by a
5-minute recovery period, are presented for the measurement of the simple and
complex RT. The simple test includes 165 visual stimuli, complex test-164 visual
stimuli. Discrimination RT involves comparing presented visual stimuli (with
different configurations of interest) and then pressing the hand finger as quickly

as possible on the mouse one of two buttons (left/right) according to which they
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appear by the display. RT tests are sorted based on the complexity of the tasks.

SSMRT tests:

Stimulus: landolt’s broken rings with 3 or 5 gaps with different cuts positions
(https://www.stereooptical.com/wp-content/uploads/2018/07/OPTEC-PLUS-Su
mmary-of-Tests-v5-03-2018.pdf);

Reaction: pushing the left button.

CSMRT tests:

Stimulus: landolt’s broken rings with 3 - 5 or 4 gaps with different cuts posi-

tions appeared in randomized order;

Reaction: pushing the left button if appears an odd number of rings and the
right button in the case of even numbers.

Figure 1 shows landolt’s broken rings with 3 and 4 gaps.

For a detailed description of the model and tests, see in our previous article
(Janashia, Chikviladze, Ramishvili, & Mikeladze, 2022).

The program calculates each motion mistake and RT time associated with
performing simple and complex tasks; the total number of answers, number of
correct answers, and number of correct answers in percentage taking into ac-
count the speed-accuracy of each task. All these parameters appear on another
computer’s monitor, outside of the experimental room. Based on these parame-
ters, the RT histogram is constructed with the RT distribution.

Since the lower limit of human physiologically possible perception in a given
simple reaction time task is 100 ms, the results less than 100 ms were excluded
from the study as physiologically impossible, this means that the test subject was
attempting to anticipate the stimulus. In some cases, the difference between
CSMRT and SSMRT became even negative, which is logically impossible and
which means that the participant predicted stimuli rather than reacting to them
(Jensen, 2006).

For statistical analysis of data obtained, SPSS statistical software was used
based on Student’s t-test; in addition, the maximum and minimum value, the
mean value, and the standard deviation are summarized for each type of test.
The Pearson correlation coefficient r (1-tailed) was used to measure the correla-

tion between RTM and RTSD, and to control for baseline differences in processing
RTSD

speed we used the coefficient of variation CV = (Puth, Neuhduser, &

Ruxton, 2014). The significant level was taken as 0.05.

t)

Figure 1. Landolt’s broken rings with 3 and 4 gaps.
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3. Results

As we described above, we tested the null hypothesis that first-year students’ due
to the new environment are showing worse performance compared to second-
year students. To check whether our hypothesis is true, we computed the above-
mentioned parameters for use as features in the decision-making process during
simple and complex sensorimotor tasks in the virtual model comparing the
processing speed and efficiency of each task.

In Table 1, the absolute minimum, maximum, means (in seconds), standard
deviations of SSMRT and CSMRT (in seconds) in the two groups (N), Pearson
correlation coefficient r, coefficient of variations (CV) and p-values are shown:

As shown in Table 1, when comparing groups 1 and 2, the RT is larger in the
CSMRT1 measurements compared to the CSMRT2. This can be explained by the
more longer decision-making process by the brain required for the appropriate
reaction in first-year medical students, however, this is not statistically signifi-
cant (p = 0.064). There are no statistically significant differences between the
mean values of different RT in both courses.

There are also no statistically significant differences between the SD values in
both courses, which indicates no differences between the values of SD measured
in different persons. At the same time, SD rates are small for each group, which
indicates almost equal and high mental abilities of students involved in the
study.

As a statistical check, we calculated the Pearson correlation coefficient re-
presenting the strength of linear association between Means and SDs for groups
and the coefficient of variations. Comparison of linearity of the relationship be-
tween the Mean and SD of groups revealed no linear association between the va-
riables (r = —0.116); Calculation of CV revealed a small level of dispersion
around the mean, this indicates a cognitively same mode of processing speed in

first- and second-year healthy male students.

Table 1. The absolute min, max, means, SDs, Pearson correlation coefficient and coeffi-
cient of variations of the different tests.

N RT type Mean SD Min Max cv
14 SSMRT1 0.3565 0.1445 0.17847 0.65887 0.388889
13 SSMRT2 0.2752 0.1233 0.145 0.59379 0.428571
t 1.568

p 0.130

14 CSMRT1 0.6683 0.1404 0.47447 0.88095 0.208955
13 CSMRT2 0.5759 0.1022 0.45222 0.71778 0.172414
t 1.942

P 0.064

r -0.116

p 0.442
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These findings mean: a new environment such as acute stress in the virtual

model does not negatively affect healthy male students’ performance ability.

4. Discussion

When the response time parameters for a complex reaction time test for first-
year students are almost equal compared to the second-year students this means
well adaptation and less stress experienced by first-year students to the new en-
vironment. Performance related to accuracy and speed of cognitive response,
such as decision-making process and problem-solving can be impaired by stress,
leading to decreased productivity and a tendency to make mistakes during per-
formances.

In our case, there was no problem adapting to a new environment, which in-
dicates the degree of stability of the males’ concentration. It is in turn due to the
strength and balance of neural processes, or we can say that first-year healthy
male medical students did not experience some alertness or difficulty to the
acute visual stress, doing well in problem-solving and therefore, they have mo-
bile nervous system.

As seen from the results of our study, the problem of less adapting to a new
environment is more related to personal problems and individual differences in
persons. However, the students when they started studying at medical universi-
ties, had almost equal high mental abilities. In RT tasks they have smaller varia-
ble responses or smaller SD, the smaller the SD, the more balanced the nervous
system (Jensen, 2006; van Ravenzwaaij, Donkin, & Vandekerckhove, 2011; Wil-
loughby, Kim, Lee, & De Young, 2023).

Our results are shown that the male group of first-year medical students did
not experience specific stress related to the difficulty adapting to the new envi-
ronment, which coincides with the results of our previous study (Janashia, Chik-
viladze, Ramishvili, & Mikeladze, 2022) and with the results of a recent study
(Ragab et al.,, 2021) that revealed female medical students were more stressed
due to academics than males.

By the results of our study, we argue, that there are no personal problems, and
there is no stress in first-year male medical students compared to second-year
students. Seems first-year stress is more associated with stressful learning and
not with any personal problems as revealed in previous publications cited in the
section introduction (Guthrie, et al., 1997; Moffat, McConnachie, Ross, & Mor-
rison, 2004; Nowreen & Ahad, 2019; Damiano et al., 2021; Nebhinani, Kuppili, &
Mamta, 2021).

Our results show that male students have a good ability to concentrate on at-
tention as argued recent article by (Rajprabha, Sharma, Kacker, & Tomar, 2019),
which established that effective teaching is achieved through the concentration
of the student’s attention and the response time measurement is an important
tool for measuring students’ individual attention, concentration, arousal level,

and brain process speed.
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Our results show that the increased complexity of RT tasks demands more
working memory, which might slow down information processing speed as
shown in previous articles by (Vernon & Jensen, 1984; Vernon, Nador, & Kan-
tor, 1985) and these are related to the significant differences between the groups
in RT and intraindividual standard deviations.

As seen from the results of our study the RT really determines the alertness of
a person and can be considered as an indirect index of the processing capability
of the central nervous system results as established in previous study by (Bamne,
Fadia, & Jadhav, 2011).

5. Conclusion

The results of our study are summarized here.

1) The response time for a complex reaction time test for first-year students is
almost equal to that of second-year students.

2) There is no problem of difficulty adapting or some stress to a new envi-
ronment in first-year male students compared to second-year students.

3) There are no individual differences and no personal problems in first- and
second-year male medical students and both showed high mental abilities.

Our virtual model of measuring response time in simple and complex senso-
rimotor tasks can be suited to explore the adaptation possibilities of a person.

Our results contribute to a better understanding of education process-related
stress and help the discovery of the factors that affect healthy male students’
processing speed.

In order to arrive at more definite conclusions, we propose to continue such
studies by collecting and analysing more data, taking into account the data of

involved students’ academic achievement.
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