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GO/NO-GO experiment to study
cerebral development patterns in Japanese and Chinese children

- The comparison survey in Japan and China -

Koji TERASAWA"', Osamitsu SAIJO™, Akitaka YANAGISAWA", Kikunori SHINOHARA™,

Kenichi NEMOTO™, Takeo MASAKI™

Abstract

Children's performance in a GO/NO-GO task was surveyed in 1969,1979 and 1998 in
Japan, and in 1984 in China. From the data collected, the subjects were classified into five

types as regards cerebral activity (melancholic, choleric, inhibitory, phlegmatic, and sanguine
types) in accordance with the model proposed by Pavlov, Miyata and Masaki. The

distribution of the five types in 1998 in Japan was found to be similar to that in 1979 in Japan,
but different from that in 1969 in Japan and in 1984 in China. It is suggested that this
difference is due to changes in the way children play leading to a decrease in the kind of

communication necessary to develop meaningful human relationships with other people .
Keywords: children, development, GO/NO-GO tasks

Introduction

To understand the history underlying our
investigation of child behavior it is necessary to go
back to Pavlov’s intcrest in the strength, balance,
and changes in excitatory and inhibitory processes
in the nervous svstem of dogs”‘z) . It was
Ivanov-Smolensky” and Luria 7, following in
Pavlov’s footsteps, who first employed autokinetic
paramcters in a comparative study of cerebral
development in diseased and healthy children. In
experiments using primates cercbro-physiologists
had already cstablished that it is the prefrontal loci
that become active in response to GO/NO-GO
stimuli PPN GO/NO-GO responses were also

recorded from human subjects, and the prefrontal
cortex of the cercbral hemispheres was examined
by using positron cmission tomography (PET) and
SQUID magnetocencephalography (EMG) N10)

Using a grasping movement conditioned rellex
with prior verbal instructions. as Luria'™''¥did,
we collected data that was uscd to classify the
subjccts into 5 types in accordance with the model
proposcd by Pavlov, Miyata and Masaki™'"').
Saijo and Masaki ot al'® compared the resuls
obtained in 1969 with thosc in 1979.

The results showed that in comparison with
1969 melancholic types in 1979 showed no
decreasc with age, and the percentage of choleric
types pecaked among children who were four years
older. Sanguinc types did not progress with age.
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The number of melancholic types gradually
becoming sanguine as the subjects approach
adulthood surpassed that of choleric and inhibited
types in existing rescarch.

In 1984, in order to cxplore ways of solving
these problems, Terasawa and Jya”) conducted an
cxperiment on cerebral activity and distributed
questionnaires in China, a country which lags
behind Japan in terms of economic development.

The cerebral activity of Chinese children in
1984 and the distribution pattern of behaviour
corresponded to the results obtained in Japan in
1969. This suggests that, at least in terms of these
two countries, the picture of cerebral activity
which emerged from the 1979 study was unique to
Japan. Findings from the questionnaire regarding
the living environment in China seem to indicate
that the changes in cerebral activity in children in
Japan between 1969 and 1979 were due to the fact
that children played increasingly in the home
](%t?hl)lc play) instead of outside (dynamic play)

Japanese  schools have recently been
confronted by a number of scrious problems such
as bullying, school phobia, anarchic behavior, and
explosions of anger in the classroom'®). The
investigation we conducted in 1998 into the
distribution of types of cercbral activity inJapanese
children has helped us to understand this situation
better. It has also led us to believe that the two
major causes underlying all these different
phenomena are a lack of communication among
children and a deterioration m the quality of their

play.
Mecthods

Following in Pavlov’s footsteps, Smolensky
and Luria used a grasping movement conditioned
reflex with prior verbal instructions in a
GO/NO-GO experiment®), The experiment
consisted of three stages:formation; differentiation;

Tablel. The number of subjects

and reverse differentiation. In the formation
cxperiment subjects were instructed to grasp a
rubber ball in response to a red light being
swilched on. Aflter a posilive response a
conditioned reflex was formed. The stimulus was
presented 5 times for 0.5 - 1.5 seconds with an
interval between presentations of 3 - 6 seconds. On
completion of the formation experiment the subject
moved immediately on to the differentiation phasc
in which a red and a yellow light were used. The
instruction was to grasp the ball in response to the
red light but not in response to the yellow light.
Again the stimulus was presented for 0.5 - 1.5
seconds at intervals of 3 - 6 seconds. The red light
and the ycllow light were switched on ten times
cach in a randomly determined order. Immediately
after the differentiation phase the subject moved on
to the reverse differentiation experiment. The
instructions were reversed and the subject was told
to grasp the ball only in response to the yellow
light. The presentation times, intervals and order

were identical to those in the differentiation
cxperiment.
Both pre-school infants and elementary

school children were assessed using the red and
yellow lights, while the experiment involving
junior high school students used lights of differing
intensities (170nit / 30nit). The stimulation light
was installed at the subjects’ cye level at a distance
of 1m.The data recorded for cach subject was as
follows: 1) the number of errors made: 2) the time
from stimulation to response (i.e. latent period); 3)
the form of the response(major or minor). On the
basis of this information the subjects were divided
into 5 types in accordance with the model
proposed by Pavlov, Miyata and Masaki 2"'®,
(D melancholic type (neither excitatory
inhibitory processes are strong) .@ inhibitory type
(excitatory process dominant) @ choleric type
(inhibitory process dominant) @ phlegmatic
type(both excitatory and inhibitory processes are

nor

Arca Kin |Elel |Ele2 |Ele3 |Ele4 |Ele5 |Ele6 [Juni [Sum
1969 [Tokyo 24 0 20 0 20 20 20 14 | 118
1979 |Gifu 24 12 12 12 12 12 12 36 | 132
1984 |Beijing 120 40 40 40 40 40 40 120 480
1998 [Nagano 130 37 38 33 36 34 33 105 | 446

Kin (Kindergarten pupils), Elc (elementary students),
Juni (Junior high school students)
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strong, balance remains constant, but change
occurs slowly) , ® sanguine type (both excitatory
and inhibitory processes are strong, balance
remains constant, and change occurs rapidly) ,
The number of subjects was 118 in 1969, 132 in
1979 . 449 in 1998 in Japan and 480 in 1984 in
China(Table 1).

Results

Table 2 shows the incidence of melancholic,
choleric, inhibitory, phlegmatic and sanguine types
against age. In the incidence of melancholic types,
in Japan in 1969 and in China in 1984 therc is a
gradual decrease from infancy. However, the
results for Japan in 1979 show a level among
infants of 50% and a tendency among elementary
school students to stagnate at around 20%. The
incidence of melancholic types among infants
Japan in 1998 was the lowest in existing research
into cerebral activity.

In the incidence of choleric types numbered
against age, 1n Japan in 1969 and in China in
1984 the peak occurs among second-year
clementary school students. However, the
corresponding peak among Japanese students in
1979 and in 1998 occurred 4 years later in the sixth
grade of elementary school.

In Japan in 1969 researchers found no
inhibited types in elementary schools. But in 1979
and 1998 the percentage had risen to around 20%
among first-year students.

With the exception of junior high school
students in Japan in 1979 no change was found in
phlegmatic types in any year.

" Although in Japan in 1969 and in China in
1984 sanguine types increased with age, in Japan
in 1979 and 1998 the peak was recorded among
fourth-year elementary school students. 1f we
exclude melancholic types, there is a similarity
between the distribution of cerebral activity types
in Japan in 1979 and 1998, and also between Japan
in 1969 and China in 1984,

The percentage values connected by the
symbol [ in table 2 indicate that square
contingency revealed a significant difference
(p<0.05) in the distribution of cerebral activity
types. Between the results for Japan in 1969 and
1979, a significant difference was recognized in
choleric types among fourth-year eclementary
school students and in melancholic types among
junior high school students. However, between
Japan in 1979 and China in 1984 a significant

difference was found with regard to melancholic
types in all academic years other than third-year
elementary school students. In the case of choleric
types a significant difference was found among
first and second-year elementary school students,
and with respect to sanguine and phlegmatic types
among junior high school students. Between China
in 1984 and Japan in 1998 there was a significant
difference in melancholic types among infants, in
choleric types among second-year elementary
school students and junior high school students,
and in sanguine types among infants and sixth-year
elementary school students.

Discussion
Luria""™"® refers to the fact that ever since
injuries to the brain provided clues to the function
of the frontal cortex, research into human cerebral
activity has focused on this area. In general the
role of the frontal cortex is recognized as that of
integrating the senses and motor control with
emotional response to others™.

Our go/no-go experiment, first carried out by
Masaki'¥ on Japanese children in 1969, had
previously been carried out on primates.

Various experiments with monkeys led
Sawaguchi*"?*o describe the function of the
cerebral cortex in terms of working memory.
Moreover, Sasaki et al”™®7¥ have studied the
function of the prefrontal cortex in the organization
and control of conditioned hand movements in
response to visual stimuli. They found a ‘no-go
potential”  in the prefrontal cortex of the monkey
which is specific to the no-go reaction in the
go/no-go reaction-time hand movement. Similar
no-go polentials were also recorded from the
human scalp and their location in the cerebral
hemispheres was examined by using SQUID
magnetoencephalography (EMG). The present
experiment was designed to determine whether or
not the same function exists in children.

Overall the lowest incidence of melancholic
types was that recorded among infants in Japan in
1998. On the basis of this {inding a follow-up
survey was conducted. This showed that among
kindergarten pupils in Nagano Prefecture 50% of
the youngest children, 63.8% of those in the
middle age range, and 88.2% of the older children
received some kind of additional tuition after
normal school hours. The figure for first-year
elementary school students was 97.4%. Indeed, we
had expected that this would be one factor in the
decrease of melancholic types among younger
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Table 2. Percentage of types

Type Year Kin Elel Ele2 Ele3 Ele4 Ele5 Ele6 Juni
Japan
1969 37.5% 15.0% 5.0% 1.0% weeeg| 5.0% 0%
Japan
%) 1979 54.2%=1|33.3%611125.0% T11|25.0%  [16.7%116.7%1{|25.0%25.0'F"
T‘; China a
= 1984 35.8% 1110.0% 2.5% 5.0% 0% 0% 0% 1.7%
p= Japan
1998 24.6Y 2. 7Yt | 5.3% wecd| 6.1% 2.8% 2.9% 9.1% 0%
Japan
1969 33.3% 50.0% 45.0%"13/10.0%3(25.0%73(28.0%
Japan
o 1979 16.7% 8.3%r— 116.7% ==4| 8.3% 8.3% {25.0% }33.3% §[11.1%
5 China
E 1984 25.8% 425%™ |50.0% ~=[32.5% |30.0% {[37.5%|35.0% §20.8% ==
© Japan
1998 23.8%  |27.0%  [26.3% TTI30.3%  [16.7% [26.53%  |54.5%% [32.4%
Japan
1969 0% 0% 0% 0% 0% 0% 0% 0%
Japan
. 1979 8.3% [16.7% 8.3% 8.3% 0% 0% 0% 2.8%
5 China
:f:f 1984 9.2% 2.5% 0% 0% 0% 0% 0% 0.8%
E Japan
1998 7.7%  21.6% 2.6% 3.0% 2.8% 0% 0% 0%
Japan
1969 16.7% 10.0% 10.0%  [15.0%  [15.0% | 7.0%
Japan .
© 1979 0% 8.3% 8.3% 16.7% 8.3% 16.7% 0% 30.6%T
é China
§° 1984 13.3% 7.5% 5.0% 10.0%  [10.0% 5.0% 2.5% [10.8Y
A Japan
1998 12.3% 8.1% 7.9% 15.2% 8.3% 5.9% 6.1% (143%™
Japan
1969 12.5% 25.0% == 40.0%m [65.0%  |55.0% [65.0%
Japan
° 1979 20.8%  |33.3%  |41.7% 41.7%  166.7% §141.7% |41.7% |30.6%1
; China
%D 1984 15,8%"] 37.5%  |42.5% 52.5% |60.0% §|57.5% [62.59573(65.8%
< Japan J A’J
1998 31.5% |40.5%  [57.9% ™ |45.5%  [69.4%* [64.7%  |30.3%|53.3%m-d

Kin(Kindergarten pupils), Ele]l — Ele6(First — Sixth year elementary students),
Juni (Junior high school students).

A blank space indicates that no survey was conducted.

[:p<005
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Children. There was also some debate as to
whether data drawn from schools attached to a
university could be viewed as representative of
contemporary Japanesc society as a wholc.
Proposals have thus been put forward for a survey
of cerebral activity in other public schools in the
near future.

The fact that choleric types peaked in the sixth
grade of elementary school might be attributable to
the disturbance caused to children's mental balance
by the onset of puberty.

In Japan m 1969 researchers found no
inhibited types among clementary school students.
But in 1979 and 1998 the percentage had risen. We
suspect that the kinds of stimulation that might
reinforce inhibited bchavior (the inhibitory
process) have increased in Japan in recent years.
Although in Japan in 1969 and in China in 1984
sanguine types increased with age, in Japan in
1979 and in 1998 the pcak was recorded among
fourth-year clementary school students. This is
because the incidence of sanguine types decreascd
and the peak in choleric types occurred four years
later in the sixth grade of clementary school.

If we cxclude melancholic typcs, there is a
similarity between the distribution of cerebral
activity types in Japan in 1979 and 1998, and also
between Japan tn 1969 and China in 1984,

The data revealed fcw statistically significant
differences in cerebral activity between 1969 and
1979 in Japan (perhaps because there were an
insufficient number of subjects). Their results were
analyzed in 3 separate age groups. The distribution
of five types in 1998 in Japan was found to be
similar to that in 1979 in Japan, and significantly
different from those in 1964 in Japan and in 1984
in China®”. While it had been thought that
children’s changing environment was a cructal
factor -between 1969 and 1979, there werc
relatively far fewer changes in the twenty yecars
that followed. It is our intention in the future to
expand the scope of our research, and to continuc
to analyze the resulting statistics as carefully as
possible.

It is difficult to determine preciscly the factors
involved in the drastic change which took place
between 1969 and 1979 in the environment of
Japanese children. Compared with the data
available for Japan in 1980*" and China in
1984 Pthere is very little statistical information
concerning the daily lives of children in Japan in
1969.

[t is known, however, that in 1980 the average
Japancse eclementary schoolchild spent 152

Wl

minutes a day watching television, while in China
in 1984 it was only 50 minutcs. In the same year in
China over 70% of sixth-ycar elementary school
students and second-year junior high school
students said that they prefcrred to spend their
leisure time playing sports. In Japan in 1980 the
picturc was not dissimilar for sixth-year
clementary school students of whom 40.4% put
playing baseball at the top of their list, while
31.6% preferred 1o play tag or hide-and-seek, and
11.3% to waltch television. For the Japanese
second-year junior high school students, however,
it was watching tclevision which came in first
place (22.1%), baseball in sccond (21.7%) and
listening to the stereo or radio in third place
(12.8%). It has been seen from animal experiments
that the stimulation provided by active play
encourages the development of the brain.

The following facts relate solely to Japanese
socicty™. In comparison with other age groups the
highest incidence of infant deaths due to traffic
accidents was recorded with the sudden increase in
cars. Kindergaricn pupils became the pedestrians
most often killed or injured in traffic accidents®”.
Furthermore the construction of buildings and
parking lots led to a significant decrease in the
amount of space available for children to play in.
Television ownership also rose sharply and
increasingly children played in the home (static
play) instead of playing outside (dynamic play).
Population statistics suggest that the birthrate in
Japan is soon likely to fall to half what it was in
1969,

As car owncrship grew the corresponding
incrcase in traffic accidents led to a tendency
among children to spend more timec playing
indoors. This coincided with a rise in the
popularity of television. In social terms the focus
of children’s play became much narrower as they
spent more and more time on their own watching
videos and playing television games. At the same
time the number of children in the average family
halved. 1t seems likely that as a result of these
developments communication among pcople
decrcased drastically. According to a recent survey
Japancsc children spend an average of about 5
hours a day waltching television and videos,
playing television games, listcning to CDs and
reading books *” . We suspect that the recent
changes in the behavior of Japanese children can
be attributed to the fact that their modern lifestyle
deprives them of the wvital opportunity to
communicate with other people.

We believe that if children enjoy physical
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exercise in an environment which provides them
with the opportunity to communicate with others,
then their brains will develop healthily. Research
on rats, rabbits and monkeys has also shown that
environments which promote communication have
a beneficial effect on both the brain and the
immune systcmso)j')‘32)‘33)‘34)‘35)‘36)'37). It has also
been suggested that, before modern medical
technology becamc available, doctors in the USA
were able to positively influcnce their patients
fight against discasc through communicative
practices such as group therapy, support and
counseling® 4% 40409 10 (he Tight of all of
these findings, it seems imperative to us that
Japanese children should avoid the kind of static
playing that takes place in [ront of television
screens and instead efforts should be made to
encourage a return to an environment in which
they spend more time communicating with their
parents and friends.
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