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STUDY OF THE EFFECT OF INTERMITTENT TYPE OF MENTAL
WORK-LOAD BY PHYSIOLOGICAL PSYCHOLOGICAL INDEX

This paper was aimed at evaluating the mental waak-(MWL) with psycho-physiological indices. Esfmly, we focused
on the intermittent type of MWL, which is assumed a predisposing factor of various somatic and aledtsorders.
In the experiment, we introduced a facial skin mh@rimage comparing with conventional physiologidgatlices, such as
electrocardiogram (ECG) and electroencephalograd&GiEAs a result, the facial skin image was suggesh be a useful tool for
evaluating such an intermittent type of MWL.

1. INTRODUCTION

Recently, the highly information society comes wétkplosive development on the information techngldthe work
contents change greatly with this. Particularlyatio of the mental work rises very much in the kvoontents. It is said to
give positive effects that the moderate mental vaurkh as the improvement of the will. But, it igds@ give negative effects
that the too much mental work such as the fatiguenotonous feeling, concentration fall for humaheToad and the burden
by the mental work are called a mental work-load Itlis said that MWL is distributed between twone is a primary MWL
evoked with a work start, and one more is seconiBfL evoked with continuation of work-load. The luénce of primary
MWL is only a transient mind burden. In the casethad influence of secondary MWL, mind burden antigfee caused
intermittent psychic strain, mind load, the distitibn of the attention resource is added to thjslfas thought that secondary
MWL become the factor of the healthy damage inltmg term [2]. Therefore, it is very important terform reasonable
evaluation of MWL in the modern society for prevahhuman error and the healthy damage due to MWiis. Jtudy is tried
to evaluate "Continuation of MWL". We used a merathmetic calculation task as a model of “thetoaration of MWL"
in this study. This task the high result of thesfildty is provided by a precedent study, but itvisry restrictive.
The effectiveness as the evaluation index of "cwatiion of MWL" are compared and inspected suchnasal skin
temperature, brain waves (Electroencephalogram:)E& Geartbeat (Electrocardiogram: ECG).

2. EXPERIMENT

2.1. EXPERIMENT ENVIRONMENT

We experimented that a characteristic and the @fsgess of evaluation of "Continuation of MWL" a@rspected by
nasal skin temperature. The experiment evaluattiseince on mind and body for the mental arithmetidculation task
imposed repeatedly. Add it and other physiologychsjogy indexes to mention later with other physital psychological
indexes. Figure 1 shows mesurement system. Thisnespt was carried out in an electromagnetic shielom (The room
width:3.8m depth:3.1m height:3.2m, Temperature025.0 degrees Celsius, lllumination: About 200Ixindless). A subject
is attached brain waves and a heartbeat conduetearode. Thermography (TH3102 made in NEC SANHE)put in a
position of horizontal distance about 1m from tlgedf nose of a subject. Thermal image size is 239x[pixels]. Thermal
resolution is 0.08[°C]. Sampling frequency is 2]sdte derivation electrode of brain waves assufoed points (F3, F4, Fz,
02) based on international 10-20 methods. The releatephalograph (EEG -2110 made in Nihon Kodemjoisnected
through an electrode box (a pre-amp). In additiba, subject put on the electrode for the electiogram measurement to
three points (Instruction approximatiti). Three points are ” Left collarbone bottom fo¢bg”, "right collarbone bottom
fossa ()" and "becoming poor axilla borderlinetlpkace in the ranking rib (+)”. The electrocardiag output is connected to
the DC input department of the electroencephaldgrdmwough bead side monitor (BSM-3201 made in Nilkaden).
The sampling frequency of the electroencephalogisa@0Hz. The PC which is displayed a mental arétic calculation
task is on the desk. A ten key to perform inputhis place that it is easy to do of the work forulject. A healthy adult
subjects are ten. They are 21~31years old. Thisrerpnt was based on Helsinki Declaration (1964gthycal consideration
and carried it out.
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Fig. 1. Measurement system Fig. 2. An experirsehedule

2.2. MEASUREMENT PROCEDURE

Figure 2 shows schedule this experiment. A subjest performed of a mental arithmetic calculaticsk tatermittently

as "Continuation of MWL" on the personal computfEhnis task takes 6 minutes by one trial and one Ipmldisplays for 3
seconds. It is the question of addition of two omhs without move up (one trial is 120 questiond)e Bubject input the
answer by ten keys during a number is displayee Jibject does 6 trials while taking a task of 3utés (36 minutes in
total, 720 questions). The subject performs anaijmer exercise of the ten keys before beginningxeriment. To consider
the custom of the subject to the measurement emvienit, the subject rests quietly for 15 minutesifting and eye opening
state. The physiology index (a facial thermal imdgain waves and a heartbeat) begins a measurdanearid three minutes
in rest time. A measurement is finished when thges takes the rest 10 minutes after the last t#RMS" for a psychology
index is measured in experiment before and aftitmAasurement time is 64minutes.

3. EVALUATION METHODS

3.1. ACTION EVALUATION AND A PSYCHOLOGICAL EVALUATION

In this study, we used the TSF (Time Shared Fraktimat is calculated by an expression (1) as aci@luation [3, 4].
TSF does not distinguish correct answer input femmoneous answer input for the issue of calculafit®F is technique to
evaluate a work load, based on time when the stulbeeded it for answer input for a problem pres@niaperiod. TSF
expresses a ratio of the real information througtiputhe greatest information throughput. It isdsto be effective for an
evaluation price of MWL [5].

TSF[%)] = (TA/ TB) X100 1)

where:
TA — A grand total of time before finishing pushitige key after a problem was shown
TB — Presentation time of problem)

For a psychology evaluation index, we use the PQi¥1$apanese edition. The POMS of Japanese edgitimei test
which is evaluated “condition of the feeling justwi by 65 questions. A POMS can be evaluated sixofa that the subject
physiological condition of the subject as tensiod anxiety (T-A), dejection and depress (D), arayet hostility (A-H), vigor
(V), fatigue (F) and confusion (C) [6].

3.2. APHYSIOLOGICAL EVALUATION

A physiology index is measured by a facial skirrth&l image, brain waves and a heartbeat change.

a) A facial skin thermal image We used the evaluation index which is differenceeofiperature of the forehead skin and
the nasal skin (abbreviate it to NST). It is sdidttnasal skin temperature reflects activity ofdlnéonomous nerve well.
In addition, the sum region is located in the hurtrank part, there are little bloodstream changeshie change of the
autonomous nerve activity because density of Artemous anastomoses (AVA) is low. Therefore, it weasure sthenia
of sympathetic system and the parasympathetic mystelirectly to measure a change of time of thdfedince
of temperature with forehead skin and the nasal. &karlier study evaluated various measuremengusitime change of
NST [7-10].
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b) Brain wave Performed frequency analysis to the brain wavesgetea Fri wave power (4~6Hz). It is said that Bm
wave appears at the time of attention concentrafiidh 12] It is thought that it changes by thergase and decrease of
MWL.

¢) Heartbeat We used RRI and HF for an autonomous nerve indei L [11].

4. ARESULT

4.1. AN ACTION EVALUATION AND A PSYCHOLOGICAL EVALUATION

TSF for all mental arithmetic calculation tasks vaé®ut 75% in the action evaluation. Furthermosea aesult of one
factor analysis of variance for TSF of six timesnoéntal arithmetic calculation tasks, the effectthsd repetition was not
acceptedFs.4s= 1.48, p > 0.05). In addition, it was similar about a correct ansvege and the erroneous answer rate.

In POMS which is psychology evaluation, Vigor (Vealeased a significantlyp < 0.05). On the other hand,
the significant difference was not recognized i@ flictor such as Fatigue (F), tension and anxie#)(which changes big in
a comparatively strong stressor.

Therefore, the mental arithmetic calculation tadktlis study can be said to have been monotonooglsi
"continuation of MWL" for a subject from both evation indexes.

4.2. APHYSIOLOGICAL EVALUATION

Figure 3(a)-(d) show the change of the mean of ghgkiological data standardized every subjecte(@ach data was
moving average processing in 20-30 seconds). Therawent result in NST, HF, Finchanges in the cycle along the
calculation and rest schedule. In particular, N&3cted conspicuously at the experiment. In addititthis seems to increase
during rest, adversely, Fhduring a mental arithmetic calculation task. Ithseught that it is a natural result couse that HF
being the index of the parasympathetic and Being an index of the mind concentration.
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Fig. 3. Change of each physiological index.

Figure 4(a)-(d) show the mean and the standardatiemi of each physiological index in experimentséems to be
a difference in HF and Finin the each section. Two factor analyses of vagafThe T-R X repetition number of times) is
performed about mental arithmetic calculation tas# rest. A result, the main effect of the meatahmetic calculation task
was accepted for Fimand HF in four kinds of physiological index@sn) : Fisa= 4.74 p < 0.05, HF: Fis54= 31.9 p < 0.001).
Therefore, it is said that HF and Bris a good index when a mental arithmetic caléuats distinguished from a task.
But the effect which is purpose of this study bg tepetition number of times of "continuation of MWwas recognized in
neither indexAll p > 0.05).
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Fig. 4. Quantity of change of each physiologicaler. The average and SD in the section that sixstiofienental arithmetic calculation
task(T1-T6) and rest(R1-R6). ("Base” is a value befhie experiment start)

Figure 5(a) shows a result of NST. Distinction afadculation and the rest is clear in NST. (For parison, figure 5(b)
shows the change for the HF). As a result of amalySvariance, the main effect of the mental anigtic calculation task was
accepted only in NST among four kinds of physiatagjindexes(Fi,52= 112 p < 0.001). But the effect of the number of times
was not accepted in the change speed statistiegdBatedly eithegll p > 0.05).
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Fig. 5. The average and SD of the quantity of ckanghe section in six times
of mental arithmetic calculation task (R1-R6) of epbysiological index.: (a)NST,(b)HF

We paid attention to the value of each mental amittic calculation task start point in time of T1-a6d analyzed it.
The value (R6e) added just after the last reantdysis. As a result, a difference by the numibeinees was recognized only
in NST (figure 6), furthermore, it was able to domfa tendency to decrease after T3. When onerfaatalysis of variance
(the repetition number of times) performed for daga, the main effect of the number of times waspied only in NSTFes4
= 4.90 p < 0.001) In addition, significant difference was recoguiza experiment start time and the second end d&and
R6e in the multiple comparison.
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5. CONCLUSION

In this study, we pay attention to "continuationMWL". We compared and inspected with a charadierasnd the
effectiveness as the nasal skin temperature andttier evaluation index in various physiologicablenation index. As a
result, for a nervous system index to show reflectieaction for a mental arithmetic calculationktasd rest, nasal skin
temperature had the reaction characteristic sloivlyas shown that this slow reaction characteristiabled "continuation
evaluation of MWL".
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