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— Abstract —

Assessment of Changesin Computerized Neurobehavioral
Performance across M ultiple Test Sessions

Sung-Tae Chung, Man-Joong Jeon®, Joon Sakong

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

Objective: A cross-sectional study was performed to assess changes in computerized neurobehavioral
performance across multiple test sessions for developing a valid performance level and reducing test
time.

Methods: The study was conducted on 118 male car painters exposed to low-dose, mixed organic sol-
vents. The study controls were 113 unexposed reference workers matched for age and educational year
from different sections of the same factory. Each worker completed a medical and occupational exam and
questionnaire. Three tests of the Swedish Performance Evaluation System (5 minutes of Simple Reaction
Time, 9 sessions of Symbol Digit, and 4 sessions of Finger Tapping Speed) were administered to each
group.

Results: The mean age, mean duration of employment, and mean years of education were 33 years, 6.7
years, and 12 years in both groups, respectively.

The mean reaction times of the Simple Reaction Time increased with the lapse of time. The known
group difference between the exposed and control groups was larger for the first minute than for the suc-
cessive 3 minutes. Both groups showed improved performance across the first to the seventh sessions on
Symbol Digit. Following the seventh session, the performance levels of Symbol Digit had worsened. The
t statistic of the two groups was the largest when the two mean reaction times were calculated from the
sessions of the fifth to the seventh. In the dominant and non-dominant hands, the number of taps
increased and decreased, respectively, across the sessions on Finger Tapping Speed. The known group
difference was the largest when comparing the performances from the first to the second sessions.

Conclusions: For valid interpretation and timesaving in computerized neurobehavioral tests, the fol-
lowing is recommended: one practice and one test session for Simple Reaction Time, four practice and
three test sessions for Symbol Digit, and one practice and two test sessions for Finger Tapping Speed.

Key Words: Computerized neurobehavioral performance, Multiple test sessions, Valid performance
level, Timesaving
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Table 1. General and work related characteristics of car painters and controls

Characteristics Car painters (n=118) Controls (n=113) Pvalue
Age (year) 33.0+44 33.1+38 NS
Education (year) 12 12 NS
Duration of employment (year) 6.7 £ 32 6.8 £ 3.0 NS
Shift work (%)
No 21.2 354 0.016
Yes 78.8 64.6
Alcohal (%)
No 26.3 354 NS
Yes 73.7 64.6
Smoking (%)
None 271 28.3 NS
<1 pack/day 339 24.8
> 1 pack/day 39.0 46.9

The values are expressed as mean + standard deviation for age, education, and duration of employment.

Table 2. Results of neurobehavioral test for car painters and controls

Neurobehavioral test Parameter

Car painters (n=118) Controls (n=113)

Simplereaction time Reaction time (ms)

Symbol digit Reaction time (ms)
No. of error
Finger tapping speed No. of taps/10 sec

Dominant hand
Nondominant hand

257.0+47.6* 245.2+38.8
3,185+615" 2,980+570
180+ 24 1.32+19
65.6 + 6.1 66.4+6.2
59.1 + 5.9 59.8+6.0

The values are expressed as mean + standard deviation and ms means millisecond.

*: p<0.05, ' p<0.01 as measured by t test.
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Table 3. Mean reaction time, standard deviation, and t statistics of simple reaction time over 5 minutes
Test time (minute) *
Parameter F value Pvalue
1 2 3 4 5
Mean reaction time (ms)
Car painters 252! 255 253 262 262 3.396" 0.012
Controls 237 2457 2423 250% 251 9.353" 0.001
4218 0.041
Mean S.D.
Car painters 353 36.4 376 40.4 37.8 1.450* 0.222
Controls 331 40.0 35.9 39.1 374 2.884* 0.026
0.998' 0.409
T statistics -2.52 -1.74 -161 -1.88 -1.62
S.D. means standard deviation and ms means millisecond.
*: one minute has 16 trials.
11 P<0.05 as measured by t test between car painters and controls on the same test time.
*: F value represents within-subject effect by repeated measures ANOVA.
' F value represents between-subject effect by repeated measures ANOVA.
9239 there were significant successive difference on the same number.
Table 4. Mean reaction time, standard deviations and t statistics of symbol digit over 9 repeated test sessions
Test sessions*
Parameter Fvalue Pvaue
1 2 3 4 5 6 7 8 9
Mean reaction time (ms)
Car painters 3422y 3251' 3,008 3,045'» 3,017" 3,012" 3,077 2,957" 3,008' 17.533 0.001
Controls 3,375 3,054 29249 28579 2,798 2,781 2,808 2,781 2,741 10.688’ 0.001
6.287' 0.013
Mean S.D.
Car painters 936 884! 868 845" 791 875t 918’ 857 911' 0.726° 0.668
Controls 959 714 722 702 665 661 720 739 717 1904  0.067
6.648'  0.011
T statistics -041  -1.97 -180 -232 -282 -311 -276 -233 -3.09

S.D. means standard deviation and ms means millisecond.

*: each test session has 10 trials.

T P<0.05, *:P<0.01 as measured by t test between car painters and controls on the same test time.
' F value represents within-subject effect by repeated measures ANOVA.

I F value represents between-subject effect by repeated measures ANOVA.

9234 there were significant successive difference on the same number.
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Table 5. Mean number of taps for 10 seconds and t statistics of finger tapping speed over 4 repeated test sessions

Test sessions®
Parameter F value Pvaue
1 2 3 4
Dominant hand
Car painters 64.6 65.5 65.4 65.6 0.685" 0.563
Controls 65.7 66.5 66.3 66.4 0.342" 0.795
1.173* 0.280
T statistics 1.20 1.14 1.03 0.97
Non dominant hand
Car painters 60.2 59.0 58.9 59.4 2.075" 0.108
Controls 60.7 59.8 59.6 60.2 0.925" 0.431
1.204" 0.274
T statistics 0.65 1.06 0.87 0.93

*: 10 seconds are given for atest session.

' F value represents within-subject effect by repeated measures ANOVA.
t: F value represents between-subject effect by repeated measures ANOVA.,
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Table 6. Comparison of mean performance of specific periods or sessions of three computerized neurobehavioral testsin car painters

and controls
Neurobehavioral test Specific periods or sessions T dtatistics
Simple reaction time 1 (min) -2.52
1~2 -2.19
1-3 -2.14
1~-5 -2.06
Symbol digit 1~7 (session)* -2.31
2~6 -2.55
3~6 -2.66
5~7 -3.12
1~-9 -2.63
Finger tapping speed
Dominant hand 1 (session)! 1.20
1-3 125
2~3 114
1~4 1.06
Non dominant hand 2 1.06
1~-3 0.95
2~3 0.99
1~4 0.89

*: one session includes 9 trial's of symbol digit substitution.
': 10 seconds are given for a session.
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