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= Abstract =
Development of Korean Neurobehavioral Test Battery
—Assessment of the Validity of Traditional and
Computerized Neurobehavioral Tests—

Jong Hak Chung, Chang Yoon Kim, Joon Sakong, Man Joong Jeon, Hong Chin Park

Department of Preventive Medicine and Public Health, College of Medicine, Yeungnam University

Aim. A neurobehavioral test for workers exposed to organic solvents in the wor-
kplace can be affected by many factors : age, education, motivation, ethnicity, etc. To
apply more suitable neurobehavioral test for Korean workers, we evaluated the val-
idity of several items of computerized and traditional neurobehavioral tests.

Methods. We have applied eleven tests : four items of computerized neurobehavior-
al test(Swedish Performance Evaluation System) including Addition, Symbol-Digit, Dig
it Span, and Finger tapping speed, and seven items of traditional neurobehavioral test
consisting of Addition, Digit-Symbol, Digit Span, Benton visual retention test, Pursuit
aiming, Pegboard, and Tapping. These tests were performed on 96 workers exposed to
solvents, and 100 reference workers. The concurrent and construct validities were
evaluated by group difference, correlation with age, educational level, hippuric acid
level, neurotoxic symptom, current exposure level, multitrait-multimethod matrix, fac-
tor analysis, and discriminant analysis.

Results. Statistically significant differences were observed between the workers ex-
posed to solvents and referents in computerized Symbol-Digit, Finger tapping speed,
traditional Digit-Symbol and Pegboard. The éomputerized Symbol-Digit, traditional
Digit-Symbol, Addition, Benton visual retention test, and Pegboard were found to be
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related to the age. The performance of computerized Symbol-Digit, Addition, and traditional
Digit-Symbol were found to be related to the educational level significantly. The computerized
Symbol-Digit, Finger tapping speed, and traditional Digit-Symbol were found to be related to
* hippuric acid, and neurotoxic symptom. The discriminability of Finger tapping speed, and Peg-
board was better than the other tests. In discriminant analysis, the model with two variables,

the computerized Symbol-Digit and Pegboard, classified almost 70 percent of the workers cor-

rectly.

Conclusions. These results suggest that the computerized Symbol-Digit, Finger tapping

speed, and Pegboard are more satisfactory for our purpose, and the Addition, Tapping, Benton
visual retention test, and Pursuit aiming are less valid than other items. These may allow the

reasonable selection of core neurobehavioral tests for workers exposed to solvents in Korea.

Key words : Neurobehavioral test, Validity, Computer, Solvent
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Table 1. General characteristics of control group
and cases exposed to organic solvents

Exposed Control

Characteristics (n=96) (n=100) Significance
Agelyrs.) NS
-24 12(12.5%) 10(10.0%)
25-29 34(35.4 } 30(30.0 )
30-34 24(25.0 ) 36(36.0 )
35-39 20{20.8 )} 20(20.0 )
40- 6(63 ) 440 )
Mean £ SD 30.245.9  30.7+5.0
Educational level {0.01
Middle school 8(83%) o — )

88(91.7 ) 88(88.0 )
Junior college of - ) 120120 )
Mean SD(yrs.) 120+11 13.0%14
Working duration(yrs) 85+48  6.0%35 (0.0l

High school

Alcohol(g/week) 1274198 111%135 NS
Smoking : NS
None 9(19%) 14(28%)
<1 pack/day 8(17 ) 918 )
>1 pack/day 3164 ) 27(54 )
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Table 2. Constituents of organic solvents and
level of exposure(TWA, ppm) at vari-
ous factories

Factory Solvents Exposure  No. of No. of
level subjects workers
Textile sizing
Factory 1 IPA ND-8.60 4 16
Factory 2 IPA ND-4.34 9 22
Textile coating
Factory 1 Toluene 1.19-4.36 4 8
DMF 0.32-0.87
Factory 2 Toluene 16.99-44.51 8 18
MEK 0.29-12.4
DMF 0.01-3.82
TDI 0.01-0.02
Factory 3 Toluene 3.08-175.97 6 12
MEK 0.21-11.52
DMF 8.96-16.63

Ethylacetate 0.23-3.06
Factory 4 Toluene 0.69-67.76 9 15
MEK 0.19-35.67

Textile screen printing

Factory 1 Toluene 0.18-1.08 10 17
MEK 0.16-1.08
Acetone 4.15-22.80

Factory 2 TCE 0.04-0.06 4 10

Factory 3 Toluene 0.73-2.78 6 12
Acetone 4.24-6.19
MEK 0.23-0.85
Xylene 0.21-0.76

Offset printing

Factory 1 Benzene 0.45-2.66 7 14
IPA 0.56-6.89
Toluene 0.01-0.02

Factory 2 Toluene 0.48-37.84 9 20

Metal instrument processing

Factory 1 TCE 4.82-12.93 6 18

Factory 2 TCE 0.01-2.03 3 17
Car repair v
Factory 1 Toluene 0.09-0.25 8 14
Xylene 0.05-0.16
Fouhdry .
Factory 1 Methanol 3.13-23.66 3 7
Total 96 220

ND, non detect.
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Table 3. Results of computerized neurobehavioral tests of control group ‘and cases exposed to organic

solvents
Unadjusted mean £ SD Adjusted mean®
Tests Exposed(n=88) Control(n=88) Exposed(n=88) Control(n=88)
Addition _
Reaction time(msec} 3,828 £859™ 3,357£788 3,784 3,402
SD(msec) 820329 748 +292 806 763
No. of correct answer 33.2%5.7 35.1+49 331 35.2
Symbol digit
Reaction time{msec) 2,872+423" 2,5324+327 2,875% 2,530
SD(msec) 970+ 392" 7391262 982%™ 728
Digit span
Length of memory span 8.14+1.37 8.381+1.86 . 8.16 ) 8.37
Finger tapping speed
No. of taps/10sec
Dominant hand . 66.41+8.1* 70.0+£8.2 66.6* 69.9
Non-dominant h@nd 59.7+8.5 60.6+7.4 59.6 60.7

Middle school graduates(8 cases) and junior college graduates(12 controls) were excluded to adjust the disparity of educational level
between two groups.

#, Adjusted mean controlling for age, smoking, alcohol and working duration.

* p(0.05, ** p{0.01.

Table 4. Results of traditional neurobehavioral tests of control group and cases exposed to organic sol-

vents
v Unadjusted mean £SD Adjusted mean®

Tests Exposed(n=88) Control(n=88) Exposed(n=88) Control(n=88)
Addition(sec) 150 +61* 121£57 148 123

No. of correct answer 38.242.0 38.2+2.1 38.3 38.1
Digit symbol 56.71+10.6* 62.2+ l.é 56.7* 62.2
Digit span(forward) 8.6+23 9.0%20 8.6 9.0
Digit span(backward) 5.9+2.2* 6.9+2.1 5.9% 7.0
Digit span(total) 14.5%3.6 15.9£3.5 14.5 16.0
Tapping

Dominant hand 174.9+22.5 179.5+18.7 176.4 178.0

Non-dominant hand 150.6 +20.7 152.0%15.4 151.0 151.7
Benton visual retention test 7.95t1.1 8.18+1.0 7.93 8.21
Pursuit aiming

Correct dot . 203.7+35.5 217.6+£35.0 205.2 2l6.1

Wrong dot 146%15.6 9.2t15.4 16.1* 7.8
Pegboard 61.9%6.5* 64.8£5.4 62.0* 64.7

Middle school graduates(8 cases) and junior college graduates{12 controls) were excluded to adjust the disparity of educational level

between two groups.
1, Adjusted mean controlling for age, smoking, alcohol and working duration.
* p(0.05, ** p(0.01.
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Table 5. Correlation matrix of general characteristics and neurobehavioral tests of control group and

cases exposed to organic solvents

Test Agel) Education? Duration” Alcohol? Smokings)
{yrs.) {yrs.) (yrs.) (g/week) {pack/day)
Computerized
Addition .09 28" ~—.06 13 .06
Symbol digit ~.13 43" —.15 -.03 —.04
Digit span 11 11 .02 —.02 © .03
Finger tapping speed
Dominant hand -.39* 11 —~.32" —.05 —.23*
Non-dominant hand —.23* .00 —.11 -.01 —.21*
Traditional
Addition .18 22 .01 12 1
Digit symbol —~.12 39 ~.08 —.07 -7
Digit span —~.02 .26* —.08 .05 .08
Tapping
Dominant hand —.20 .21* —.25* .12 .03
Non-dominant hand -.01 .04 —.02 .10 —.05
Benton visual retention test -2 11 —.19 .16 .03
Pursuit aiming
Correct dot —.08 .09 —~.09 ~.15 —.25*
Wrong dot —.05 .21° —.03 .05 —.15
Pegboard —.03 .04 -.10 .01 —.18
Rection time were multiplied by -1.
1) Partial correlation coefficients controlling for education, exposure, alcohol and smoking.
2) Partial correlation coefficients controlling for age, exposure, alcohol and smoking.
3} Partial correlation coefficients controlling for age, education, alcohol and smoking.
4) Partial correlation coefficients controlling for age, education, exposure and smoking.
5) Partial correlation coefficients controlling for age, education, exposure and alcohol.
* p{0.05, ™ p(0.01.
7} WEFEH FHIACL TP AL AR el 717} 9 # FABAE BE L SEFE e dE
o Zzgug gyos @ 2Ronge) Bage  slwe] 4R Zvish 4T JHE 6)
AR T BT FARBIRIL FALS FEEET 9 ol Gl el f7) 848 E24E 2 AEEA
FHIAE 2A A2k 3 AR Fs AL A o] oA 13
Aol 324 oJ3ldl FolMe AFH &7 Fu 2o AFH VAP EHAEE F ozt A 719}
270, BHY AR AR AFBEAFE RPN £AE A2} ek fole ga
Aol E FEE LA Yoo, 334 o) FME AZE AN FFF Ao A B4 9] B F=2)7],
A% S A AE75Y At FHBAE B EHHA7I7L e RS BA f718A9 AA
ol AAKEEo| 324 o]} 2o H]3) FHoE & Z2FEL AFE AAdeAAe Faea 83,
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Table 6. Correlation matrix of resuits of neurobehavioral tests by age group

Age groupl(yrs.)
Tests
20-32(n=130) 33<(n=66) 35<(n=50) 37<(n=24)
Computerized
Addition —.04 .23 32 43
Symbol digit 17 .41* 47 71t
Digit span .03 —.03 —.03 —.12
Finger tapping speed
Dominant hand —.31* —.10 .02 —.11
Non-dominant hand —.26* —.04 .19 .10
Traditional
Addition —.14 .35 .38 .48
Digit symbol —.25* —.22 —.31 —.39
Digit span —.03 —.06 —.21 —.20
Tapping )
Dominant hand —.12 —.26 —.27 —.35
Non-dominant hand .09 —-.21 -.28 —.38
Benton visual retention test —.09 —.35* ~.34 —.58
Pursuit aiming(correct dot} —.15 —.20 —.28 —.53
Pegboard —.03 —.29 —-.35 —.75"

Partial correlation coefficients controlling for education, exposure, alcohol and smoking.
* p(0.05, ** p{0.01.

Table 7. Correlation matrix of hippuric acid, exposure level, neurotoxic symptom and neurobehavioral
tests of cases exposed to organic solvents

2

Tests Hippuric acig” ’ Exposure Neurotoxic
(g/g creatinine) level symptom
Computerized
Addition 07 .10 ) 12
Symbol digit .40** 21* .28*
Digit span .08 .09 —.01
Finger tapping speed '
Dominant hand —.13 : .04 —.31*
Non-dominant hand —.07 .15 —.30*
Traditional
Addition . .05 —.03 .18
Digit symbol —.48* —.15 —.31*
Digit span .05 13 —.11
Tapping
Dominant hand .01 -.21 —.03
Non-dominant hand —.26* —.06 —.05
Benton visual retention test 14 —.20 . 13
Pursuit 2iming .
Correct dot —.31* .05 —.06
Wrong dot .28* 31* .01
Peg board .01 —-.12 —.01

Reaction time were multiplied by -1.

Partial correlation coefficients controlling for age, education, smoking and alcohol.

1) Hippuric acid level were measured in 64 workers exposed to toluene.

2) Exposure level for mixed organic solvents(C, /T, +C /T +++ +CofTw; C, : air concentraton of nth solvent, T, : TLV of nth solvent).
* p(0.05, ** p(0.01.
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Table 8. Multitrait-multimethod correlation matrix for computerized and traditional neurcbehavioral tests

Computerized _ Traditional

Tests Add Symbol Span  FtsD  FtsND Add  Digit Span TapD TapND - BVR PA
Computerized

Symbol 62

Span 32 25t

FtsD .09 27 .02

FtsND 12 26007 a7
Traditional

Add 87T .58™ .39* .03 .01

Digit 53 9% 19 24 17 .46**

Span 48" 47t 1t 02 02 567 4™

TapD : 271 .35 .09 S b A4 11 34 18

TapND 13 31 .09 .19 35 .04 2™ .16 65"

BVR .04 15 .09 .08 11 13 .03 22 12 .04

PA 30% .48* .20 34 32 .20 AT 17 AL 38" .05

Peg NaS .23 .06 30" .30 .05 .25% .01 33 37 .08 57

The correlations of reaction time were multiplied by -1 so that an increased score was associated with improved performance for
all tests.

Add, addition; Symbol, symbol digit; Span, digit span; FtsD, finger tapping speed dominant hand; FtsND, finger tapping speed
non-dominant hand; TapD, tapping dominant hand; TapND, tapping non-dominant hand; Digit, digit symbol; BVR, venton visual
retention test; PA, pursuit aiming; Peg, Pegboard.

X p(0.05, ** p(0.01.
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Table 10, Discriminant analysis of computerized and
traditional neurobehavioral tests

Table 9. Factor analysis of neurobehavioral tests

Factor 1  Factor 2 Factor 3 Factor 4
Tests Perception/ Motor Memory Dexterity Classification function
Response coefficients
Addition(C) 914 036 023 —.105 Variables Exposed Control
Addition(T) 888  —.064  .152 —.207
Symbol digit(c) 801 144 —.007 148 Computerized symbol digit .506 .601
Digit symbol(T) 760 077 —.138 .19 Peg board 418 453
Finger tapping speed Constant —224 —28.9
" Dominant hand(C) 111 .831 022 115 Classification results
Nondominant hand(C) 077 .835 041 170 ‘predicted group
Benton visual retention tesf{T)  —.088 338 698 —.129 Actual group Exposed Control
Digit span{C) 178 =379 645 250 v
Digit span(T) 437 222 69 0. Exposed(n=88) 6063.2%)  28(31.8%)
Tapping Control(n=88) 24273 ) 64(72.7 )
Dominant hand(T) 034 267 64 643 Ungrouped cases(n=20) 12600 ) 8(40.0 )
Nondominant hand(T) ~ —.126 — 01l 131 834 Percentage of grouped cases correctly classified: 70.5%
Pursuit aiming(T) 291 022 —182 674
Peg board(T) —.026 061 —.107 709

Computerized tests were printed in italic type.
© computerized neurobehavioral tests.
(T) traditional neurobehavioral tests.

Table 11. Relative evatuation of validity of neurobehavioral tests

Concurrent validity Construct validity

Discriminant
Tests ) . Hipurric ~ Neurotoxic Group  Factorial Discriminab- .
) Age Education acid symptom difference  validity ility analysis

Computerized

Addition 0 O

Symbol digit O O O O @) @ O

Digit span @

Finger tapping* O O 0] ® O
Traditional

Addition O @

Digit symbol O @] @] O 0 @

Digit span ' @

Tapping® @

Benton visual retention test O @

Pursuit aiming* - O @

Peg board* O @] @) O] O O

(D: Perception and response speed, @: Memory, @: Motor, @: Dexterity.
* otor or dexterity are more valid if they don’t have a correlation with educational level and other neurobehavioral tests measuring intellectural

performance.
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