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Abstract: Effects of neuroticism on partial and whole body reaction times were investigated under stress, or choking conditions in
student participants (N = 127). We measured simple and choice reaction times of parts of the body and choice reaction times of the
whole body in the participants with high and low neuroticism such as depression, cyclic tendency, inferiority feelings, and
nervousness under the controlled stress scenario of being in front of people. Results indicated significant differences in reaction times
of partial body, discriminative decisions and choice reaction times of participants in the high neuroticism group. Results of whole
body reaction times were opposite to that of partial body reactions. However, a two-way factorial analysis of variance indicated
neither a significant main effect, nor interactions between reaction times and personality traits. Whole body reactions suggest that the
effects of stimulus transduction process from motor commands to motor outputs via motor neurons has a greater effect in the central
nervous system than recognition and decision-making. However, it is possible that changes in the intracortical mechanisms related to
cognitions and emotions could be correlated in partial body movements with nearly no muscular activity. Our findings suggested that
delays indiscrimination, decision-making, and choice times could affect the performance of individuals.
Key words: Personality traits, stress, reaction.

1. Introduction
Reactions times are important components of motor
movements. The movements of body parts in which
there is almost no muscular activity have been
evaluated during a target-tracking task, by using MEP
(motor evoked potential) involuntary finger
movements [1]. The authors concluded that increases
in excitability of the corticospinal tract were
determined by changes in intracortical mechanisms
related to cognitions and emotions. Also, in the case
of whole body reactions, the stimulus transduction
process from motor commands to motor outputs via
motor neurons might have a more significant effect in
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the central nervous system than recognition and
decision-making. Reaction times are physiologically
significant, and are simple, noninvasive tests of
peripheral, as well as central neural structures [2].
Many processes involved inhuman mental activities,
such as information collection, learning, and thinking,
among others, are unconscious processes. This
characteristic is distinctively observed in athletics and
sports. For these reasons, it is possible that
unconscious self-awareness, rather than conscious
self-awareness, has a larger impact on individual
performance in sports [3, 4].
A previous study has suggested that unrecognizable
stimuli could increase the speed of simple movements
such as key-pressing reactions. Based on this finding,
we examined whether participants high in neuroticism,
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compared to those low in neuroticism, would show
differences in discrimination times between partial and
complete body movements in terms of psychological
and behavioral dimensions.

2. Purpose
Stress in sports consist of three dimensions [5]:
psychological, physiological and behavioral [6-10].
One of psychological stress is pressure, which is also
known as choking. In terms of behavioral dimensions,
a decline in the speed of movement resulting from
choking has been reported [11]. This study was
designed to examine whether differences in
psychological states decreased the speed of
movements, or increased reaction times, by measuring
partial body and whole body reaction times under a
stress scenario of being in front of people.

resulting in a total score 80 points. Based on the mean
score of the present population (36.4 ± 2 SD points)
the participants were divided into two groups. The
group of the participants with the scores higher than
average was regarded as the unstable group, and the
other as the stable group [14, 15].
3.1 Ethical Considerations
This study was approved by the St. Marianna
University School of Medicine Clinical Research
Committee (No.1976). The Helsinki Declaration was
honored. The surveys were completed anonymously,
so that the participants’ identities were secured. The
survey responses have been maintained under careful
conditions. No results containing personal information
have been released, and the data will not be used for
other purposes.

3. Participants and Method

3.2 Statistical Analysis

Undergraduate students (N = 127) participated in an
experiment under the controlled stress of being
watched by people. We measured simple and choice
reaction times in a part of the participant’s body, the
finger, and the separate reaction times of the left and
right sides of the participants’ whole body, by using a
color detection task. Then, we measured partial and
whole body reaction times of the team, by using a
crossover design. After the measurement, we divided
participants according to their personality trait into
two groups, high and low neuroticism, based on their
neuroticism score, and conducted a comparative
analysis of SRT (simple reaction times), CRT (choice
reaction times) and DT (discrimination times) of the
two groups of participants.
We used the Japanese version of the Guilford
Personality Inventory [12, 13] and conducted
between-task comparisons of psychological stress
levels resulting from neuroticism. We first extracted
four scales of neuroticism: D (depression), C (cyclic
tendency), I (inferiority feelings), and N (nervousness).
Each scale had a maximum score of 20 points

Of the 127 participants, the results of 120 (72 men
and 48 women) were analyzed using a Student’s t-test
for between-groups comparisons and a Paired t-test
for between-subjects comparison. We also conducted
two-way (neuroticism groups × times) repeated
measures ANOVA (analyses of variance) by means of
Tukey HSD (honestly significant difference).
Follow-up univariate analyses of variance (ANOVAs)
were used in cases of significant main effects and
interaction. Analyses were carried out using SPSS
Statistics (ver. 21.0) and a P-value was set P < 0.05 to
determine statistical significance. The criteria for
including reaction times in the analysis were reactions
exceeding the average reaction time ± 3SD, but not
exceeding 200 msec, which were considered to be
respectively indicative of reaction errors and reaction
failures and were regarded as missing values.
About the experimental condition in this study, to
measure partial body reaction times, we used a
reaction time assessment software developed for basic
experiments by Okamoto Y. (Response/Reaction
Time, Keiso Shobo, Tokyo, Japan) [16, 17] and
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conducted a randomized signal-timing program with
approximately one minute duration of simple reaction
time measurement (separately for left and right for
fingers) and approximately two minutes duration of
choice reaction time testing (simultaneous for left and
right fingers). We calculated the median reaction
times for each condition. To assess SRT, participants
pressed the “J” key of a computer keyboard as quickly
as possible when the letter “J” appeared in white text
on a black computer screen. The time from the onset
of the presentation to participant’s key press was
regarded as their SRT. To assess CRT, participants
selected either the “F (left)” key, or the “J (right)” key
near the center of the keyboard, and quickly pressed
the selected key. The time from the onset of the
presentation to participants’ decision-making was
considered as their CRT.
To measure participants’ whole body reaction times,
we used a Multi Jump Tester (DKH, Tokyo, Japan).
We presented different colored lights to examine
differences
in
participants’
sensory
DT
(discrimination time). Measurement time was
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approximately one minute per leg. In this method,
participants moved their right or left leg from the front
of the mat to its top, as quickly as possible in response
to a color light that had been selected by the
participants from among three colors, which was
presented in a randomized order. The trials were
randomized three times each for the left and right legs.
Therefore, six measurements were conducted. First,
participants stood on the mat to which sensors were
attached, and one of the three colored lights was
randomly turned on in a random order. They
simultaneously lifted their leg from the front of the
mat and stepped on the mat when the instructed light
came on. We regarded the time from the light turning
on to participant jumping as the WBCRT (whole body
choice reaction time) of that participant; the time from
lifting the leg from the mat to landing on the mat was
considered their MT (movement time); and the time
required for making the decision to jump (decision
making time). The MTs could not measure
independently, so the WBDTs (whole body
discriminative times) were shown in Fig. 1.

(a) Partial body reaction
(b) Whole body reaction
Fig. 1 Experimental condition.
DT: The time required for distinction and decision, as reaction start time.
MT: The time required for movement, as muscular contraction time.
WBDTs: The MTs could not measure independently, so the whole body discriminative times (DT + MT = WBDTs).
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4. Results
Response times of all participants in the present
study indicated that the mean partial body SRT was
268.0 ± 33.1 msec. Similar to most Japanese people,
approximately about 90% of the participants were
right handed [18, 19], probably as the results of early
training of children’s chopsticks-handling in their
homes. Although the CRT and DT of the left finger
were slightly delayed (CRT: left; 398.1 ± 51.7, right;
390.9 ±54.3 msec, DT: left; 130.1 ±46.6, right; 122.9
± 47.7 msec), there were no statistically significant
differences either between the left and the right hands
or between men and women (Table 1).
Results also indicated that whole body CRTs were
evenly distributed for both the left and right sides of
the body and there were no significant differences
either in the side of the bodies or in gender.
4.1 Partial Body Scores of High and Low Neuroticism
Groups
Next partial body tasks were compared between the
high neuroticism group and the low neuroticism group.
Left CRTs were 389.2 ± 52.9 msec for the low
neuroticism group and 407.2 ±49.7 msec for the high
neuroticism group. Right CRTs were 383.1 ± 50.0
msec for the low neuroticism group and 398.8 ±58.1
msec for the high neuroticism group. Although the
high neuroticism group had slightly longer CRTs than
Table 1

the low neuroticism group, there were no significant
differences in CRTs between the two groups for left or
right fingers as follows, left: t(116) = -1.908, P = 0.059,
right: t(116) = -1.575, P = 0.118.
However, as can be seen in Fig. 2, there were
significant between-group differences (P < 0.05) in
partial body DTs. Left finger DTs were 120.4 ± 44.5
msec for the low neuroticism group and 140.1 ±47.5
msec for the high neuroticism group, t(116) = -2.334,
P = 0.021. Right hand DTs were 114.3 ±42.2 msec for
the low neuroticism group and 131.7 ± 52.0 msec for
the high neuroticism group, t(116) = -2.000, P = 0.048.
We found that high neuroticism group had slightly
longer DTs than the low neuroticism group, possible
indicative of reduced central processing in the brain.
4.2 Whole Body Scores of High and Low Neuroticism
Groups
Whole body CRTs of the high and low neuroticism
groups showed different trends to that of partial body
results (as shown in Fig. 3). There were differences
between the left and the right (left: the low
neuroticism group 420.7 ± 119.0 msec, the high
neuroticism group 366.4 ± 105.1 msec, right: the low
neuroticism group 408.1 ± 109.7 msec, the high
neuroticism group 370.7 ±97.5 msec). We found that
the WBCRTs of the low neuroticism group were
longer than those of the high neuroticism group; left:

Partial and Whole body reaction times (average ±standard deviation).

Partial Body Reaction
(msec)
Average
±SD
Whole Body Reaction
Left sides
(msec)
Average
±SD
Right sides
(msec)
Average
±SD

SRT
(AV)
268.0
33.3

CRT
(Left)
398.1
51.7

DT
(Left)
130.1
46.6

CRT
(Right)
390.9
54.3

DT
(Right)
122.9
47.7

1st time

2nd time

3rd time

WBCRT

WBDT

392.0
133.6

406.7
133.8

393.6
120.8

393.3
114.5

156.1
93.1

1st time

2nd time

3rd time

WBCRT

WBDT

400.5
112.5

394.8
122.5

399.3
126.9

390.8
104.5

141.9
91.2
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Fig. 2 Partial body discriminative time (by neuroticism traits).

Fig. 3

Whole body choice reaction time (by neuroticism traits).
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t(113) = 2.594, P = 0.011, right: t(113) = 1.925, P =
0.057. This finding suggests opposite effects of
neuroticism traits on partial body and whole body
reactions.
We conducted two-way factorial ANOVA of whole
body reaction measurements, with measurement
period and personality traits to examine differences in
repeated measurement periods. Results indicated
neither a significant main effects nor interactions; left:
F(2, 168) = 0.082, right: F(2, 168) = 0.595, Ps > 0.05
(Fig. 4).
It is suggested that slight differences between the
left and the right sides of the body were probably
related to whether or not it was the dominant leg of
the participants. The high neuroticism group had a
shorter response time and their performance improved
as they repeated the task. The low neuroticism group
was more likely to decrease the speed of their
performances as the task was repeated. The results
were in line with the degrees of performance observed
in relation to introversion versus extroversion
personality traits [20, 21]. The high neuroticism group
was more likely to improve their performances as they
repeated a task and the low neuroticism group was
more likely to perform at their best the first time.
If we review whole body reactions by breaking
them down according to the four personality scales of
neuroticism (among the four scales), “D (Depression)”

Fig. 4

Whole body choice reaction times (by neuroticism traits).

and “N (Nervousness)” scales of the two neuroticism
group indicated significant differences by repeated
measures ANOVA. (N) scale of the high neuroticism
group, indicated a two factor interaction (emotional
groups × period) on the right leg of the body, which
was the dominant side of most participants, F(4, 280)
= 3.442, P = 0.035. Especially in (D) scales on both
sides and (N) scale on the right leg of the body, these
results indicated that the high neuroticism group
tended to be shorter at first time, but were longer at
the 2nd and the 3rd time on the estimated averages.
Differences between the left and the right sides
were also observed in whole body DTs (left: low
neuroticism group 175.5 ± 99.6 msec, high
neuroticism group 135.9 ± 82.6 msec, right: low
neuroticism group 153.2 ± 97.3 msec, high
neuroticism group 127.9 ± 83.3 msec) as see Fig. 5. A
Difference (P < 0.05) was also observed in the left leg
between the two groups, t(94) = 2.107, P = 0.038. We
also observed a difference in the same direction for the
right leg, which did not reach significance, t(102) =
1.408, P = 0.162. The whole body DTs tended to be
opposite of DTs in partial body reactions; the WBDTs
of high neuroticism group were shorter than those of
low neuroticism group on average.

5. Discussion
Results indicated no significant differences between
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Fig. 5
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Whole body discriminative time (by neuroticism traits).

the two neuroticism groups in simple reactions,
although the SRTs of the high neuroticism group were
slightly shorter than that of the low neuroticism group.
There were significant differences between the two
neuroticism groups in partial body DTs for both left
and right fingers. Although this indicated a weak
causative relationship with choking in front of people,
we suggest a possible delay in the central processing
system of individuals when they are in a nearly
unconscious state.
Moreover, the high neuroticism group had a larger
standard deviation and a higher degree of dispersion in
the semi-interquartile range, which was likely skewed
in the direction of longer reaction times (Fig. 6). This
might have induced an “uncertainty of movement”.
Partial body movements, which have nearly no
muscular activity, perceptual conflicts such as
tiredness, anxiety, and health problems, as well as
environmental stressors, such as the need for making

social adjustments might influence individuals’
performances by decreasing efficiency [22]. Our
results corroborated this view. Also, the results
supported the findings by Tanaka et al. [1, 23],
suggesting that excitability in the corticospinal tract
was correlated with changes in the intracortical
mechanisms related to cognition and emotions.
In contrast, in the case of whole body reactions, the
effects of the stimulus transduction process from
motor commands to motor outputs via the pyramidal
tract, extrapyramidal tract, and motor neurons was
larger than recognition and decision-making in the
central nervous system. These results suggest that
neuroticism traits do not always have a significant
effect on performance [24].
However, if we postulate that there are no
differences in the time of stimulus transduction to the
whole body, the significant “delays in DTs” observed
in the high neuroticism group in the present study
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Fig. 6 Dispersion of discriminative time (by neuroticism traits).

might decrease individual performance. In particular,
children from 6 to 12 years of age are in a growth
period with ongoing development of their nervous
system. In the case of such children, the effects of a
delayed stimulus transduction time in the motor
command output system related to emotions, could
have significant effects on their performance.

6. Future Issues
It has been suggested with regard to whole body
reactions that “emotionally stable groups have a faster
whole body reaction time” under psychological stress
in the context of personality traits, and that “there is a
correlation between pressure and performance” [21,
25-28]. However, our results did not support these
findings, because individuals in the present study were
facing weak pressure, which might be correlated with
attention and concentration for particular types of
performance. This could be because an optimal level
of tension might have a facilitating effect on choking.
This experiment examined differences in participants’
whole body reactions under slight pressure, which
unlike under strong pressure, might have been

insufficient to generate differences in reaction
times.
In sports, it has been regarded that reaction time and
performance before and after official games differ
according to reaction times and neuroticism. However,
in the present experiment on whole body reactions, we
found the effects of motor control time, or the effects
of the stimulus transduction process from the motor
command to the motor output via the pyramidal tract,
extrapyramidal tract, and motor neurons may have a
larger effect. Our findings suggest that in the case of
partial body movements, in which there is almost no
muscular activity, changes in the intracortical
mechanisms related to unconscious cognitions and
emotions might be correlated.
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