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ABSTRACT 

Twenty young Navy en l i s t ed  male volunteers were f i r s t  rehearsed and then t e s t ed  before,  during. 
and a f t e r  whole-body v ibra t ion .  Fourteen were t e s t ed  only a t  8 Hz, and six were t e s t ed  a t  8 Hz/0.21 
g rms, 16 HzI0.43 & rms and 32 HzI0.85 & rms. using three  paper-and-pencil t asks  involving v i sua l ,  
motor, and cogni t ive  s k i l l s .  The t a sks  were "Spoke". a speed of tapping test; "Aiming", a test of 
f i n e  motor coordination; and "Coding", involving mental computation. Results showed an approximately 
equal decrement e f f e c t  across  conditions i n  t h e  Spoke and Coding (but not Aiming) tests t h a t  conforms 
wi th  t h e  frequency function embodied i n  the  cur ren t  in te rna t iona l  standard ( I S 0  2631:1978) on human 
exposure t o  v ibra t ion ;  but t h a t  a modicum of previous v ibra t ion  experience may be necessary before 
r e l i a b l e  d a t a  are obtained i n  t h i s  kind of t e s t i n g .  
t i o n  of t he  cur ren t  standard are b r i e f l y  discussed. 

Implications f o r  methodology and f o r  t h e  applica- 

INTRODUCTION 

An experimental program is underway a t  t he  
Naval Biodynamics Laboratory t o  measure whole- 
body v ib ra t ion  e f f e c t s  i n  man. These s t u d i e s  
are aimed a t  e s t ab l i sh ing  co r re l a t ions  between 
t h e  psychophysiological response and t h e  bio- 
dynamic ( i n e r t i a l )  response of human volunteer 
subjec ts  t o  various mechanical input forces  of 
t h e  kind t o  be experienced a t  the  crew s t a t i o n s  
of naval sh ips  and a i r c r a f t .  As par t  of t h e  
program, a series of four small p i l o t  experi- 
ments has been conducted using v e r t i c a l  sinu- 
so ida l  whole-body v ibra t ion .  The purpose of 
t h i s  preliminary study of motor and cogni t ive  
t a s k  performance i n  v ib ra t ion  was t o  provide a 
r e l i a b l e  methodological bas i s  f o r  the  syste- 
matic t e s t i n g  of human performance during t h e  
v ibra t ion  program a s  a whole. A subsidiary 
purpose w a s  t o  ob ta in  fu r the r  experience per- 
t a in ing  t o  t h e  v a l i d i t y  of the  cur ren t  i n t e r -  
na t iona l  standard ( I S 0  2631:1978) on human 
exposure t o  whole-body v ibra t ion  ( In te rna t iona l  
Organization f o r  Standardization, 1978). 

METHOD 

Subjects and Groups 

The sub jec t s  were 20 Navy en l i s t ed  men 
(aged 18 t o  21) who had volunteered f o r  duty as 
biodynamic research subjec ts .  They had been 
se lec ted  t o  be unusually f r e e  of s k e l e t a l ,  
cardiopulmonary and o ther  medical o r  psycho- 
log ica l  conditions which would preclude par- 
t i c i p a t i o n  i n  po ten t i a l ly  hazardous en- 
vironmental research. The subjec ts  were other- 
w i s e  t yp ica l  of t h e  general e n l i s t e d  
population. A l l  sub jec ts  were r ec ru i t ed ,  
evaluated, and employed i n  accordance wi th  
SECNAV Ins t ruc t ion  Series 3900.39 and BUMED 
Ins t ruc t ion  Se r i e s  3900.6. These in s t ruc t ions  
are based upon informed voluntary consent and 
m e e t  provisions of preva i l ing  na t iona l  and 
in t e rna t iona l  gu ide l ines  regarding proper human 
experimentation. A more de t a i l ed  descr ip t ion  
of the volunteers and t h e i r  s e l ec t ion  i s  given 
by Thomas, Majewski, Ewing, and Gi lber t  (1978). 

Nineteen of t h e  subjec ts  were divided i n t o  
th ree  groups. The f i r s t  and second (G1 and 62) 
consisted respec t ive ly  of 7 and 6 subjec ts  
comprising the  subject population ava i lab le  t o  
t h e  Laboratory at the  beginning of t h i s  study. 
The second group (G2), s t i l l  with t h i s  Lab- 
o ra tory ,  par t ic ipa ted  i n  t h e  sequence of four 
v ib ra t ion  experiments (1. 2, 3. and 4) des- 
c r ibed  below; while t h e  f i r s t  group (G1) par- 
t i c i p a t e d  only i n  experiment 1 before being 
reassigned upon completion of t h e i r  tour  a t  the  
Laboratory. The t h i r d  group (63) consisted of 
6 new replacement subjec ts  who have recently 
been run i n  experiment 4 (a r ep l i ca t ion  of 
experiment 1). Data from the  one subjec t  not 
included i n  any group, a l so  a recent re- 
placement, run i n  experiment 4, w a s  t rea ted  
separa te ly  because t h e  subjec t ' s  eyesight was 
a typ ica l  of general en l i s t ed  and c i v i l i a n  
populations. The da ta  from t h e  v isua l ly  
a typ ica l  subjec t  (VAS), however. were used 
later fo r  model genera l iza t ion  purposes. 

I n  summary, t he  second group (G2) of 6 
subjec ts ,  par t ic ipa ted  i n  all v ibra t ion  experi- 
ments while a l l  20 subjec ts  (G1 - G3 & t he  VAS) 
took pa r t  i n  the  f i r s t  v ibra t ion  condition 
(experiment 1 o r  4 ) .  

Vibration Conditions and Procedures 

The four  s inusoida l  v ib ra t ion  conditions 
are summarized i n  Table 1. These conditions 
were se lec ted  with reference t o  I S 0  2631:1978. 
A t  each frequency s tudied ,  the  root  mean square 
(rms) acce lera t ion  applied v e r t i c a l l y  t o  the  
seat was twice the  value of t h e  "Fatigue/ 
Decreased Proficiency Boundary" defined i n  the  
standard f o r  short-term, whole-body v e r t i c a l  
v ib ra t ion  exposure. On t h e  hypothesis t h a t  t h e  
standard is va l id ,  each condition studied 
should have had an  equal po ten t i a l  f o r  de- 
grading task  performance. G2 subjec ts  ex- 
perienced these  conditions sequent ia l ly ,  a t  
approximately monthly in t e rva l s .  
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Table I. Vibration Conditions 

Experiment Subject Frequency Acceleration 
Groups ( W  (g rms) 

1 G 1  & G2 8 0.21 
2 G2 16 0.43 
3 62 32 0.85 
4 G2 & G3 8 0.21 

+ VAS 

Experiment 4 r ep l i ca t ed  Experiment 1, i n  
order t o  show whether repeated experimentation 
a l t e r ed  r e s u l t s  obtained i n  iden t i ca l  con- 
d i  t ions. 

P r io r  t o  every v ib ra t ion  exposure, sub- 
j e c t s  were given 3, trials of each t a sk  i n  a 
t r a in ing  sess ion  on t h e  day preceding t h e i r  
experimental run. On t he  experimental day, 
before boarding the  v ib ra t ion  machine, sub jec t s  
performed each t a sk  once, t o  "warm up". Once 
mounted on t h e  v ib ra t ion  machine, one (data) 
trial of each t a sk  was adminstered before (B), 
during (D) and a f t e r  (A) v ibra t ion .  The dura- 
t i o n  of exposure t o  v ibra t ion  was standardized 
a t  8 minutes i n  a l l  four experiments. The 
t r a in ing  sess ion  and the  administration of 
v ib ra t ion  conditions i n  the  same order f o r  a l l  
subjec ts  preserved individual d i f fe rences  of 
performance, thus vas t ly  improving the  sensi- 
t i v i t y  of t he  methodology t o  the  e f f e c t s  of 
v ibra t ion .  

Apparatus 

The sub jec t s  rode seated on t he  Labora- 
to ry ' s  28,000 lb f  electrodynamic v ib ra t ion  
machine, operating i n  its v e r t i c a l  mode ( i . e . ,  
v ibra t ing  i n  the  d i r ec t ion  of g rav i ty ) ,  and 
equipped with a r i g i d  s e a t  and foot-rest  di- 
r ec t ly  coupled t o  the  armature of t he  machine. 
The hard seat w a s .  f o r  comfort, shaped i n  a 
fashion s i m i l a r  t o  t h a t  of a farm t r a c t o r  s ea t ;  
and incorporated the  seat reference ac- 
celerometer used t o  m n i t o r  t he  v ibra t ion  input 
t o  the  subjec t  i n  h i s  Z-axis. Only gravi ty  was 
used fo r  r e s t r a i n t :  t he re  w e r e  no s t r a p s  o r  
back-rest. The  machine is capable of shaking a 
seat and human subject without extraneous 
mechanical support o r  appreciable d i s t o r t i o n  of 
the  v ibra t ion  waveform i n  the conditions 
studied: rms acce lera t ion  a t  the  sea t  w a s  
cont ro l lab le  t o  within f 1%; v ibra t ion  f re -  
quency w a s  cont ro l lab le  t o  within 0.5%; and 
t o t a l  harmonic d i s to r t ion  was negl ig ib le .  

Subjects were provided with clip-boards 
fo r  holding t a sk  materials and with fine-point 
marker pens t o  en te r  responses. Tasks w e r e  
presented i n  a random order and timed by a test 
administrator who stood on the  platform beside 
the  v ibra t ion  machine. Table 2 summarizes the  
three  experimental tasks.  

Table 2. Experimental Tasks 

Task Description Reference 

SPOKE 

AIMING 

CODING 

Tapping a marker pen 
in s ide  1 c m  c i r c l e s  
following hand move- 
ments of 12 cm f o r  
t i m e  t o  complete 32 
t aps  (Score i s  time 
per co r rec t  response). 

Tapping i n  adjacent 
2 mm c i r c l e s  f o r  180 
seconds (Score i s  
number of t aps  cor- 
r e c t l y  placed). 

B i t tne r ,  Lundy 
& Kennedy ( i n  the  
press) 

Fleishman & 
El l i son  (1962) 

Letter t o  d i g i t  coding Pepper, Kennedy, 
f o r  120 seconds (Score B i t tne r  & Wiker 
is  number co r rec t ) .  (1980) 

The t a sks  were chosen t o  test gross motor, 
f i n e  m t a r ,  and mental performance i n  response 
t o  v i sua l  inputs:  t h i s  s e l ec t ion  w a s  based 
upon previous work c i t e d  i n  t h e  l i t e r a t u r e  
(Guignard, 1965, 1972) showing t h a t  v ib ra t ion  
may degrade performance e i t h e r  by d is rupt ion  a t  
t h e  poin t  of contact between man and t a sk  o r  by 
the  d i s t r a c t i o n  of cogni t ive  processing. 

ANALYSIS AND RESULTS 

Analysis was conducted i n  two phases. In  
t h e  f i r s t  phase, t he  da t a  from a l l  20 sub jec t s  
who served i n  experiments 1 and 4 (8  Hz, 0.21 8 
rms) w e r e  analyzed; and, i n  the  second phase, 
t h e  da ta  f o r  t h e  6 subjec ts  who served i n  a l l  
four  s tud ie s  (1 t o  4) w e r e  analyzed. 

F i r s t  Phase Andys i s  

The f i r s t  phase ana lys i s  w a s  d i rec ted  a t :  
(1) comparison of t he  3 groups repeated over 
Before (B), During (D), and Af ter  (A) v ib ra t ion  
exposures; (2) determination of t he  fine- 
s t r u c t u r e  models which bes t  characterized task  
(Coding, Spoke and Aiming) response t o  vibra- 
t i on ;  and (3) estimation of t he  magnitude of 
individual mental (coding) e f f e c t s  uniquely due 
t o  v ib ra t ion .  

Comparison of Groups 

Two-factor analyses of variance (ANOVA) 
with repeated measures over Before (B), 
During (D), and After (A) v ib ra t ion  conditions 
were conducted f o r  Spoke, Aiming and Coding. 
Summaries of these  analyses are given i n  Table 
3 which revea ls  e s sen t i a l ly  equivalent r e s u l t s  
f o r  all tasks.  Non-significant e f f e c t s  are seen &I-> .3) across  a l l  tasks.  ind ica t ing  no over- 
a l l  d i f fe rences .  
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Table 3. Results of F i r s t  Phase of Analysis 

Source - F 2 df - 

SPOKE TASK 

Between Subjects 
Group (G) 
Subs Within G 

Within Subjects 
Repetit ions (R) 
B vs  A 
D vs  (B + A ) / 2  
R x G  
R x Subs Within 

AIMING TASK 

Between Subjects 
Groups (G) 
Subs Within G 

Within Subjects 
Repetit ions (R) 
B vs  A 
D vs  (B + A ) / 2  
R x G  
R x Subs Within 

CODING TASK 

Between Subjects 
Groups (G) 
Subs Within G 

Within Subjects 
Repetit ions (R) 
B vs  A 
D vs ( B  + A ) / 2  
R x G  
R x Subs Within 

2 
16 

2 
1 
1 
4 

G 32 

2 
16 

2 
1 
1 
4 

G 32 

2 
16 

2 
1 
1 
4 

G 32 

3.23 1.18 N S  
2.75 5.71* loe4 

5.94 12.33 .0002 
5.79 12.02 .002 
6.09 12.64 .002 
0.36 0.74 NS 
0.48 

5238.1 0.59 NS-6 
8910.1 9.22* 10 

32837.1 33.97 
4949.8 5.12 .032 

60724.4 62.83 10- 
980.0 1.01 NS 
966.6 

209.4 1.27 NS4 164.1 5.51 10 

1083.4 36.38 LOe7 
44.6 1.50 NS,8 

2122.1 71.27 10 

29.8 
113.7 3.82 .02 

* Conservatively t e s t ed  aga ins t  R x Subjec ts  
within G.  

Individual d i f fe rences ,  as-4assessed by 
very highly s i g n i f i c a n t  4 10 ) subjects- 
within-group e f f e c t s ,  a r e  seen t o  be a l a r g e  
source of va r i a t ion  f o r  all tasks .  The ortho- 
gonal (B vs  A) Repet i t ion  con t r a s t s  revealed 
s i g n i f i c a n t  h< .035) ove ra l l  improvements i n  
performance f o r  Spoke and Aiming, but ove ra l l  
improvement fo r  Coding was not s ign i f i can t  
& > .22).  However, t he  vibration-baseline 
(D - (B + A / 2 ) )  con t ra s t s  were very highly 
s i g n i f i c a n t  k 4.001) across  a l l  t a sks  i n  all 
cases.  The Groups by Repetit ions (R x G) 
in t e rac t ion  w a s  not s ign i f i can t  1~ > .4) f o r  
Spoke and Aiming. However, t he  Coding R x G 
i n t e rac t ion  was s ign i f i can t  k <.02) :  Table 4 
i l l u s t r a t e s  t h i s  i n t e rac t ion .  

The Groups can be seen t o  be equivalent i n  
the  Before and During conditions;  but f o r  t he  
Af te r  condition, Group 3 shows an incomplete 
recovery f a l l i n g  below the  improving per- 
formances of Groups 1 and 2. 

Table 4. Coding: Groups by Repetit ions 
In t e rac t ion  

REPETITION 
Group Before During After 

1 72.4 58.1 78.0 
2 73.2 60.0 77.8 
3 68.3 59.8 64.2 

Pe r t inen t ly ,  t he  Coding Baseline-Vibration 
(D vs  (B + A)/2) Repetit ion cont ras t  is sig- 
n i f i c a n t  (F(1, 4) = 18.66; p <  0.05) when 
t e s t ed  aga ins t  R x G, ind ica t ing  main e f f e c t s  
genera l iza t ion  across  groups. Hence, t he  ANOVA 
overa l l  revealed subs t an t i a l  v ibra t ion  versus 
base l ine  e f f e c t s  which generalize across  groups 
f o r  all tasks .  

Fine S t ruc tu re  Responae t o  S t r e s s  

Three linear-form models of subject re- 
sponse t o  stress were f i t t e d  t o  da ta  f o r  the  19 
subjec ts  i n  Groups 1 t o  3 f o r  Spoke, Aiming, 
and Coding. Le t t ing  the  i- th sub jec t ' s  base- 

l i n e  be X o i  = (Bi + Ai)/2, and h i s  stress per- 

formance b e  Xli = Di, and ei - random e r ro r ,  

these  models were: ( I )  Xli = a+Xoi+ei, (11) 

Xli = bXoi+ei, and (111) Xli = a+bXoi+eir where 

a and b are empirical constants.  

These models have been described e a r l i e r  
and applied t o  preliminary da ta  (Bi t tner ,  
1981). Subsequent t o  f i t t i n g  models, v ib ra t ion  
performance of t he  v isua l ly  a typ ica l  subjec t  
(VAS) w a s  predicted from h i s  base l ine  f o r  each 
model. 

Analysis of da ta  from each test using 19 
subjec ts  provided no evidence fo r  r e j ec t ion  of 
t he  simplest  model (I) i n  favor of a more 
complicated model (I1 or 111) (J> .07). 
Comparison of the  models based on t he  VAS, 
indicated Model I was best f o r  t h e  Aiming T e s t ,  
Model I1 was bes t  f o r  Code Subs t i tu t ion ,  and 
Model 111 was bes t  f o r  t he  Spoke T e s t .  In 
summary, t he  simple add i t ive  model (I) appears 
t o  be adequate f o r  descr ip t ion  of e f f e c t s  of 
v ib ra t ion ,  a t  least a t  8 Hz, although more 
complex models may be mre appropriate f o r  
genera l iza t ion  t o  some unusual subjec ts  l i k e  
our VAS. 

Assessment of unique Vibration Effec ts  on Coding 

Multiple co r re l a t ion  ana lys i s  was per- 
formed t o  assess  the  na ture  of v ibra t ion  ef- 
f e c t s  on Coding. Employing Coding during 
v ib ra t ion  as the  c r i t e r i o n ,  pred ic tors  were: 
Coding Before; Spoke Before and After; and 
Aiming Before and Af ter .  The subs tan t ia l  & = 
0.86 (F(5,13) = 7.15; ~4 .003) indicated t h a t  
only a r e l a t i v e l y  s m a l l  proportion of the 
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change i n  coding scores  during v i b r a t i o n  could 
be a t t r i b u t e d  t o  a mental (not  manual) e f f e c t  
of v i b r a t i o n .  

Second Phase of Analysis  

Code S u b s t i t u t i o n  

Means and s tandard devia t ions  f o r  each 
condi t ion are shown i n  Table 5 .  

Table 5 .  Means (and Standard Deviat ions)  f o r  
Code S u b s t i t u t i o n  

Before During Af ter  

8 Hz(1) 73(12) 60(14) 78(11) 
16 Hz 72(11) 75(7) 76(11) 
32 Hz 80(11) 79 (26) 75(8) 
8 Hz(4) 84(10) 70(10) 80(7) 

The quest ion of primary i n t e r e s t  w a s  
whether t h e  e f f e c t  of v i b r a t i o n  (U- (B + A)/2)) 
changed from one frequency t o  another  No such 
change was detected g(1.15) = 1.87, 2 > .1). 
Hence, t h e  IS0 limits provided a c c e l e r a t i o n  
contours which produced i n d i s t i n g u i s h a b l e  
performances a t  each frequency. Averaging 
a c r o s s  f requencies ,  t h e r e  w a s  a d i p  i n  per- 
formance a t t r i b u t a b l e  t o  v i b r a t i o n  ( F ( 1 , S )  = 
7.27, p = .04), and t h a t  e f f e c t  accounts  
f o r  99.8% of t h e  var iance  of B, D ,  and A. 
Averaging a c r o s s  B ,  D ,  and A, t h e  ( l i n e a r )  
increase  i n  performance due t o  repeated ex- 
posure t o  t h e  t a s k s  a t  each frequency narrowly 
missed statist ical  s i g n i f i c a n c e  (F(1.5) = 4.95, 
p = .08). All non-linear t rends  w e r e  non- 
s i g n i f i c a n t  & >  .5 ) .  The change of per- 
formance from B t o  A wi th in  each of t h e  f o u r  
frequency condi t ions  shows a bigger  p r a c t i c e  
e f f e c t  during earlier condi t ions  (8 Hz(l), 
16 Hz) than during later condi t ions  (32 Hz, 
8 Hz (4)) <F(1,5) = 34.4, p < .02). These 
were t h e  only s a l i e n t  e f f e c t s  of v i b r a t i o n  and 
repeated measurements on code s u b s t i t u t i o n  
performance. 

Spoke T e s t  

Means and s tandard devia t ions  are shown i n  
Table 6. A s  with code s u b s t i t u t i o n ,  t h e  

Table 6. Means (and Standard Deviat ion)  f o r  
t h e  Spoke T e s t  

During Af ter  Before -._I_-- - - 
8 Hz(1) 10.1 (1.3) 10.3 ( .8) 9.5 (1.1) 
16 Hz 8.7 (1.0) 9.0 (1.1) 8.9 (1.0) 
32 Hz 8.3 ( .8) 8.8 (1.0) 8.3 (1.2) 
8 Hz(4) 8.2 ( .9) 8.9 (1.2) 7.9 (1.2) 

. - 
e f f e c t  of v i b r a t i o n ,  (D- (B + A)/2)) d id  not  
change appreciably from one v i b r a t i o n  condi t ion  
t o  the  next  (F(3.15) = 1.46, p 4 .25). Yence 
the  IS0 standard seems t o  be va l ida ted  f o r  t h i s  
gross  manual task ,  as i t  w a s  f o r  t h e  mental 

task of Code S u b s t i t u t i o n .  Averaging a c r o s s  
f requencies ,  'here was a d i p  in performance 
dur ing  v i b r a t i o n  (D) compared with b a s e l i n e s  (B 
and A), F ( 1 ,  5) = 22.25, E = .OOS). 
Averaging ';;cross B ,  D,  and A, t h e r e  was a 
p r a c t i c e  e f f e c t  from one frequency t o  t h e  next  
t h a t  w a s  86% l i n e a r  Q(1.5) = 15.74, p = 

.Ol), with no s i g n i f i c a n t  n o n l i n e a r i t y .  

Aiming 

?leans and s tandard devia t ions  are pre- 
sented i n  Table 7. 

Table 7. Means (and Standard Deviat ions)  f o r  
t h e  Aiming T e s t  

Before During Af ter  

8 Hz(1) 415 (28) 379 (44) 438 (30) 
16 Hz 453 (43) 456 (21) 469 (41) 
32 Hz 482 (36) 472 (28) 466 (59) 
8 Hz(4) 495 (59) 438 (15) 523 (60) 

The results f o r  t h i s  t a s k  are q u i t e  d i f -  
f e r e n t  from the  r e s u l t s  f o r  t h e  o t h e r  two. 
Most no tab ly ,  t h e r e  is a d i f f e r e n c e  i n  t h e  s i z e  
of t h e  e f f e c t  of v i b r a t i o n  from one frequency 
t o  another  (s(3,15) = 11.96, E < .01). The 
e f f e c t  w a s  l a r g e r  by a n  order  of magnitude a t  
8 Hz, than  i t  was  a t  16 o r  32 Hz. The IS0 
l i m i t s  d i d  n a t  provide f a r  homogeneous per- 
formance a c r o s s  f requencies  i n  t h e  case of 
Aiming. Averaged a c r o s s  f requencies ,  t h e r e  w a s  
no s t a t i s t i c a l l y  s i g n i f i c a n t  main e f f e c t  of 
v i b r a t i o n  (F(1.5) = 4.23 p = .1). There 
w a s ,  however, a ple thora  of p r a c t i c e  e f f e c t s ,  
w i t h i n  frequencies, (8(1,5) = 7.01, = 

. 0 5 ) ,  and a l i n e a r  e f f e c t  a c r o s s  f requencies  - (F(1,5)  = 17.32, 2 = .Ol) which explained 88% 
of t h e  o v e r a l l  var iance  of performance from one 
frequency t o  t h e  next .  

DISCUSSION 

Indiv idua l  Differences 

Large ind iv idua l  d i f f e r e n c e s  w e r e  a con- 
s i s t e n t  f e a t u r e  of both a n a l y s i s  phases. These 
d i f f e r e n c e s  w e r e  h ighl ighted  i n  t h e  f i r s t  phase 
where ANOVAs f o r  dl t a s k s ,  f ine-s t ruc ture  
models and assessment of v i b r a t i o n  e f f e c t s  on 
coding r e l i e d  on t h e i r  presence. The con- 
s i s t e n c y  of ind iv idua l  d i f f e r e n c e s  w a s  a goal 
which motivated t h e  s e l e c t i o n  of t a s k s ,  t r a i n i n g ,  
and u s e  of t h e  same order  of t reatments  f o r  a l l  
subjec ts .  The e f f i c a c y  of t h e  present  pro- 
cedures  appears  ro be supported. However, 
t h e r e  is some b a s i s  f o r  caut ion  when t e s t i n g  
na ive  s u b j e c t s  ind ica ted  by t h e  f i r s t  phase 
a n a l y s i s  of Coding. 

I n  t h i s  a n a l y s i s ,  t h e  group least  exposed 
t o  v i b r a t i o n  (G3) vas seen t o  d i f f e r  from more 
experienced groups only i n  t h e  After-condition. 
This  f ind ing  suggests  t h a t  t h e r e  should be 
f a m i l i a r i z a t i o n  of s u b j e c t s  t o  v i b r a t i o n  p r i o r  
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t o  co l l ec t ion  of perf,ormance da ta  i n  fu tu re  
s tud ie s  of t h i s  kind. However, t h e  r e s u l t s ,  
taken toge ther ,  support t h e  repeated measures 
procedures and experimental design employed i n  
t h i s  inves t iga t ion .  

Prac t ice  Effec ts  

A cons is ten t  f ea tu re  seen in t h i s  in- 
ves t iga t ion  was both betseen- and within- 
condition widence  of learning. Assessment of 
v ib ra t ion  e f f e c t s  independent of learn ing ,  
however, appears f a c i l i t a t e d  by the  use of the  
Vibration vs  Baseline, D -(B + A)/2, con t r a s t .  
Only f o r  sub jec t s  inexperienced i n  v ib ra t ion  
was t he re  any ind ica t ion  t h a t  t h i s  con t r a s t  
might be unsuitable.  The ana lys i s  of f ine- 
s t r u c t u r e  responses t o  stress a l s o  provides 
same ind ica t ion  t h a t  a l t e r n a t i v e  (e.g., co- 
variance) methods would be of value when a typica  
sub jec t s  are included. However f o r  "typical" 
subjec ts ,  t he  addi t ive  model has u t i l i t y .  
Altogether,  t he  D - (B + A)/2 con t r a s t  i s  
supported f o r  fu ture  inves t iga t ions .  

Standards 

The ef f icacy  of applying cur ren t  v ib ra t ion  
standards t o  performances was questioned i n  
t h i s  study. While Spoke and Coding performance 
were found equivalent across  v ibra t ion  con- 
d i t i o n s ,  Aiming w a s  found t o  be d i f f e r e n t i a l l y  
a f fec ted  at 8 Hz v s  16 and 32 Hz. Indeed, t h e  
v i b r a t l o n  decrement is an order of magnitude 
g rea t e r  a t  t he  lowest frequency, i nd ica t ing  
mechanlcal in te r fe rence .  The d i f f e r e n t i a l  
i n t e r f e rence  of frequency on performance during 
v ib ra t ion  deserves f u r t h e r  inves t iga t ion .  

The r e s u l t s  showed t h a t  performance of t h e  
Code Subs t i t u t ion  and Spoke t a sks  (although not 
f o r  Aiming) was s i g n i f i c a n t l y  degraded i n  a way 
cons is ten t  with the  human response frequency 
function €or t a sk  performance embodied i n  the  
in t e rna t iona l  standard,  IS0/2631:1978, "Fatigue/ 
Decreased Proficiency Boundary". I n  o the r  
words, the da ta  appear t o  support t he  
frequency-weighting given i n  t h e  standard t o  
provide an  "im- decrement" guide l ine ,  a t  least 
f o r  t he  r e l a t i v e l y  high acce lera t ion  l e v e l s  and 
shor t  durations used i n  our experiment. In a 
previous experiment. Guignard, Landrum and 
Reardon (1976) had found no s i g n i f i c a n t  change 
i n  performance. scores on a va r i e ty  of tests 
during human exposure t o  the  corresponding 
v ib ra t ion  l e v e l s  standardized by IS0/2631:1978 
f o r  Long-term exposures up t o  8 hours, and had 
concluded t h a t ,  f o r  such exposures a t  l e a s t ,  
t h e  standard might be unduly conservative. 
This may w e l l  be an indica t ion  t h a t  t he  guide- 
lines in the standard f o r  long-duration ex- 
posures beyond a few minutes dura t ion  a r e  
indeed based uncer ta in ly  on ext rapola t ion  from 
very meager data and w i l l  r equi re  rev is ion  i n  
t h e  l i g h t  of fu tu re  experimentation. 
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