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During a 3-year period, 56 drivers were individually taken 
through an esqjerimental 15-hr cycle. The first phase was 
to familiarize the subjects with the equipment and to minimize 
any practice effect that might be reflected. Because a pilot 
study showed that for variables of this type maximum per
formance was reached within the first 3 hr of driving, the 
practice period was limited to 3 hr behind the wheel. 

The second phase studied driving efficiency over a 6-hr 
period of simulated automobile driving. An attempt was made 
to determine the performance curve for variables amenable 
to continuous measurement. A series of psychological, 
physiological, psychometric, and psychophysical tests was 
administered both before and after the driving period to de
tect any changes that occurred in performance on certain 
factors relevant to safe driving. The effect of periodic tea 
pauses on the onset and extent of work decrement was noted. 
A personal evaluation from each participant was compared 
with driving performance and test results. 

The principal findings are as follows: (a) work decrement 
begins within the first 2 hr of simulated automobile driving; 
(b) tea pause prolongs the onset and reduces the work de
crement resulting from a prolonged period of simulated auto
mobile driving; (c) the effect of a tea pause can be detected 
most readily by measurements made while the subject is 
actually performing; and (d) drivers either cannot or do not 
accurately evaluate their own level of driving efficiency. 

# T H E P R O B L E M of exhaustion and drowsiness among drivers has been of concern for 
sometime to those working in the field of traffic safety. As early as 1935 the National 
Safety Council (_1) reported urgent need for scientific research to determine what effect 
continuous driving, long hours without sleep, and various mechanical aspects of vehicles, 
have on fatigue and to ascertain the recuperative value of various rest periods. Such 
research should also bring out, if possible, what degree of fatigue is dangerous and how 
different individuals vary in susceptibility. 

In 1936 Ryan and Warner (2) completed a study on the effect of automobile driving on 
the reactions of the driver. They concluded that the tendency of long automobile drives 
is to produce a loss of effectiveness of certain sensory discriminations, association 
processes and motor reactions similar to those required in driving. These observations 
suggest that the effect of a long automobile drive may render a driver temporarily prone 
to accidents. 

The present investigation is a study of driving efficiency. Experimentation covered 
a period of approximately 15 hr for each subject. The primary objective was to deter
mine the effect of a periodic refreshment pause on performance efficiency with respect 
to a laboratory-driving task. The nature and extent of work decrement for driving per
formance were also studied. 

The e}q>eriment was divided into two phases. The first or practice phase was intro
duced to familiarize the subjects with the equipment and to minimize any practice effect 
that might be reflected in performance. Because it was shown in a pilot study that for 
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v a r i a b l e s of t h i s type m a x i m u m p e r f o r m a n c e was reached w i t h i n the f i r s t 3 h r of 
d r i v i n g , the p r a c t i c e phase was l i m i t e d to 3 h r behind the w h e e l . 

I n the second phase the d r i v i n g t i m e was lengthened t o a 6 - h r p e r i o d of p e r f o r m a n c e 
on the s imula t ed -au tomobi l e d r i v i n g t a s k . A n a t tempt was made to de te rmine the na ture 
of the p e r f o r m a n c e cu rve f o r c e r t a i n v a r i a b l e s amenable t o continuous measuremen t . 

A s e r i e s of p sycho log ica l , p h y s i o l o g i c a l , p s y c h o m e t r i c and psychophys ica l t es t s 
was a d m i n i s t e r e d both b e f o r e and a f t e r the d r i v i n g p e r i o d i n an e f f o r t t o detect any 
changes that may have o c c u r r e d i n p e r f o r m a n c e on c e r t a i n f a c t o r s deemed re levan t t o 
safe d r i v i n g . P e r i o d i c r e f r e s h m e n t pauses were i n t roduced and the e f f e c t o n t h e onset 
and extent of w o r k decrement was noted . A pe r sona l evaluat ion was obta ined f r o m each 
pa r t i c ipan t about sub jec t ive f ee l i ngs w h i c h cou ld be c o m p a r e d w i t h d f i v i n g p e r f o r m a n c e 
and tes t r e s u l t s . 

M E T H O D A N D PROCEDURE 

The method was that o f an e}q}er imenta l ly c o n t r o l l e d study us ing c o m p a r i s o n groups 
matched as n e a r l y as poss ib le w i t h respect to sex, age, and d r i v i n g e}Q)erience. The 
groups were balanced a p p r o x i m a t e l y i n the r a t i o erf seven men to t h r ee women, w h i c h 
i s commensura te w i t h that found i n the d r i v i n g popula t ion of the Un i t ed States. The t w o 
groups were used i n a s imu la t ed -au tomob i l e d r i v i n g p e r f o r m a n c e t a s k . 

D u r i n g the f i r s t phase of the study the c o n t r o l g roup , hence fo r th designated as the 
no-pause g roup , d rove f o r t h r ee consecut ive hours wi thou t r e s t . The e^goerimental 
g roup , h e r e a f t e r r e f e r r e d to as the r e f r e shmen t -pause group , spent the same amount 
of t i m e behind the whee l but we re g iven a 1 5 - m i n r e s t pause w i t h tea and addi t ives as 
d e s i r e d e v e r y h r d u r i n g the e x p e r i m e n t a l p e r i o d . 

I n the second phase of the study the no-pause group drove f o r s i x consecut ive h o u r s . 
The r e f r e shmen t -pause group also drove f o r 6 h r , but was g iven a p e r i o d i c r e s t pause 
w i t h tea as desc r ibed e v e r y 1V2 h r . 

The f i r s t phase of t h i s i nves t iga t ion was designed t o tes t the hypothesis that p e r 
f o r m a n c e of a t a sk of the type s tudied i s subject t o i m p r o v e m e n t w i t h p r a c t i c e w h i c h 
may be a f f e c t e d by r e f r e s h m e n t pauses and basic e f f i c i e n c y changes i n the o r g a n i s m . 

The p r i m a r y hypothesis set up f o r t e s t i n g i n the second phase of the study m a y be 
s ta ted i n the n u l l f o r m as f o l l o w s : A p e r i o d i c r e f r e s h m e n t pause ( n a m e l y , a 1 5 - m i n 
r e s t p e r i o d eve ry \ % h r d u r i n g w h i c h t i m e tea as de sc r ibed i s served) has no e f f ec t 
on the s imula t ed -au tomobi l e d r i v i n g t ask p e r f o r m a n c e of au tomobi le o p e r a t o r s . 

A c o r o l l a r y hypothes is , that w o r k decrement as a r e s u l t of an extended p e r i o d of 
s imula t ed -au tomobi l e d r i v i n g w i l l not be r e f l e c t e d i n p e r f o r m a n c e on l a b o r a t o r y tes t s 
under the condi t ions stated, was a lso t e s ted . 

F i f t y - s i x d r i v e r s , i nc lud ing 38 men and 18 women , s e r v e d as sub jec t s . T h e y w e r e 
r e c r u i t e d f r o m among lay d r i v e r s i n the v i c i n i t y of Iowa State College and o ther C e n t r a l 
Iowa c o m m u n i t i e s . The se lec t ion was r e s t r i c t e d t o d r i v e r s hav ing had at least 3 y r o r 
10,000 m i of d r i v i n g exper ience . A second r e s t r i c t i o n was i m p o s e d b y the f a c t tha t the 
d r i v e r s be w i l l i n g and able to devote a t o t a l of a p p r o x i m a t e l y 15 h r to p a r t i c i p a t i o n i n 
the s tudy . Compensat ion was m o s t l y at t h e i r r e g u l a r h o u r l y r a t e of pay . The se lec t ion 
was i n o r d e r of a v a i l a b i l i t y of subjects as a r r angemen t s c o u l d be m a d e . 

The d r i v e r s ranged i n age f r o m 18 to 66 y e a r s . T l ie median age was 24 yea r s f o r 
the men and 25 y e a r s f o r the women , the mean being 28 .75 yea r s and 26 .40 years f o r 
men and women, r e s p e c t i v e l y . 

D r i v i n g exper ience i n t e r m s of years d r i v e n r anged f r o m 2 to 38. The median was 
8 y e a r s . 

M i l e s d r i v e n , as e s t ima ted by the sub jec t s , r anged f r o m 2 ,000 t o 564,000, w i t h 
medians of 70 ,000 and 16,000 f o r the men and women , r e s p e c t i v e l y . 

The e x p e r i m e n t a l p rocedure began by having each subject f i l l out a p r e l i m i n a r y i n 
f o r m a t i o n b lank con ta in ing p e r s o n a l data and s e l f - e v a l u a t i o n i t e m s . A s soon as the 
p r e l i m i n a r y i n f o r m a t i o n b lank was comple ted a s e r i e s of evaluat ion tes ts was a d m i n i s 
t e r e d i n the f o l l o w i n g o r d e r : 

1 . B l o o d p r e s s u r e . The Tycos s e l f - r e c o r d i n g sphygmomanometer was used f o r 
measu r ing b lood p r e s s u r e . T h i s i n s t r u m e n t i s p a r t i c u l a r l y adapted f o r use i n t h i s type 
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of study because i t makes a graphic r e c o r d i n g w h i c h inc reases the o b j e c t i v i t y o f meas 
u r e m e n t s obta ined. 

2 . Steadiness t e s t . A s ty lus Vs - i n . i n d i ame te r i s moved down between two b r a s s 
s t r i p s w h i c h a re % - i n . apar t a t the top and Va - i n . apar t at the b o t t o m . When e i t he r 
p la te i s touched a l i g h t f l a shes and the t r i a l ends. The score i s r ead f r o m a c a l i b r a t e d 
scale on one of the p l a t e s . A se r i e s of t e n t r i a l s , a l t e rna t i ng hands each t r i a l , c o n 
s t i tu tes the t e s t . 

3. S e r i a l choice r e a c t i o n t i m e . The subject i s seated w i t h the r i g h t f o o t p laced on 
a b r eak - type swi t ch adjacent to a s i m u l a t e d b rake pedal and i s i n s t r u c t e d to h o l d the 
r i g h t f o o t on the s w i t c h j u s t as though p r e s s i n g the acce l e r a to r of an au tomob i l e . 

Green , amber , and r e d s t i m u l u s l i g h t s a r e presen ted i n r andom o r d e r . The subject 
i s i n s t r u c t e d t o respond only to the r e d l i g h t ; tha t i s , as soon as the r e d l i g h t appears 
he i s to move the r i g h t f o o t f r o m the swi t ch and place i t on the b rake peda l as q u i c k l y 
as pos s ib l e . 

The apparatus r e c o r d s on ly the r e a c t i o n t i m e to the r e d l i g h t . Fa l se o r w r o i ^ r e 
ac t ions , such as responding to a g reen l i g h t , a re m e r e l y counted. The tes t continues 
i m t i l the r e d l i g h t i s p resen ted 25 t i m e s . Severa l a m b e r and green l i g h t s a r e i n t e r 
spersed as d i s t r a c t i o n s t i m u l i i n the se r ies of 50 p resen ta t ions . The number was c o n 
stant f o r each subjec t . 

4 . G r o s s coo rd ina t i on . T h i s i s measured by a device developed at the D r i v i n g R e 
search L a b o r a t o r y , Iowa State Col lege , f o r use w i t h A r m y d r i v e r s (_3). A t i l t i n g -
table maze i s c o n t r o l l e d by means of two l e v e r s a p p r o x i m a t e l y 43 Va i n . l o n g . One l e v e r 
t i l t s the tab le top u p w a r d o r downward f r o m f r o n t to back, the o the r t i l t s i t i n a s i m i l a r 
manner f r o m side t o s ide . A s tee l b a l l can be guided a round the lanes of the maze by 
man ipu la t i ng the l e v e r s . A t v a r i o u s p laces a long the course a re loca ted 1 - in . holes , 
t h rough w h i c h the b a l l w i l l d rop i f the l e v e r s a r e not manipu la ted p r o p e r l y t o maneuver 
i t a round t h e m . The ob jec t i s to guide the b a l l t h rough the maze wi thou t i t s f a l l i n g in to 
any of the ho les . When the b a l l f a l l s t h rough , a t r i a l i s comple ted . 

The holes a re numbered p r o g r e s s i v e l y , so that the f a r t h e r the b a l l advances a round 
the maze be fo re i t f a l l s t h rough a hole , the h ighe r the sco re , as the number of the hole 
de t e rmines the score va lue f o r the t r i a l . I n t h i s expe r imen t each subject was g iven f i v e 
t r i a l s and the mean of the scores was r e c o r d e d . 

5. G r i p endurance. ( N o t used i n Phase I ) . The apparatus used was a Smedley 
hand dynamomete r w i t h pneumat ic p lunger at tached to a t a m b o u r mounted on a W e i s s -
Renshaw p o l y g r a p h , w h i c h i n t u r n made an inked r e c o r d i n g on r u l e d pape r . The subject 
was asked to take the dynamomete r i n the p r e f e r r e d hand and g r i p i t as h a r d as poss ib le 
f o r 1 m i n . The percentage of lo s s f r o m the o r i g i n a l l e v e l a t ta ined was taken as the 
s co re . 

6. C a r d s o r t i i ^ . ( N o t used i n Phase I ) . The equipment cons is ted of a deck of Rook 
ca rds and f o u r s m a l l boxes w i t h one of the f o l l o w i n g c o l o r s p r i n t e d on the f r o n t of each: 
y e l l o w , r e d , green , o r b l a c k . The ca rds w e r e s h u f f l e d and handed, f ace down, to the 
subject w i t h the i n s t r u c t i o n s to t u r n the deck o v e r , look at the top c a r d , state a loud the 
c o l o r , then p lace i t i n the p r o p e r box . The subject was g iven only one chance f o r each 
ca rd ; thus , i f a c a r d w e r e p laced i n the w r o n g box, i t r e m a i n e d t h e r e . The object was 
to see how r a p i d l y the ca rds cou ld be so r t ed . The number of e r r o r s was also r e c o r d e d . 

7. M e n t a l add i t i on . ( N o t used i n Phase I ) . Twen ty add i t ion p r o b l e m s , each c o m 
posed of f i v e t w o - d i g i t number s , cons t i tu ted the t e s t . One minu te was a l l owed f o r c o m 
pu ta t ion . The number of p r o b l e m s a t tempted and number of e r r o r s w e r e r e c o r d e d . 
A l t e r n a t e f o r m s were used f o r the p r e - t e s t i n g and p o s t - t e s t i n g sess ions . 

8. E f f i c i e n c y i n obse rv ing , o r a t tent ion to d e t a i l . T h i s i s a pape r - and -penc i l t e s t 
cons i s t ing of s eve ra l r o w s of the same l e t t e r . F r o m one t o f o u r o ther l e t t e r s of n e a r -
i d e n t i c a l design w e r e i n s e r t e d i n some of the r o w s . T w o minu tes w e r e a l l owed f o r 
count ing the number of odd l e t t e r s i n the s e v e r a l r o w s . Rows a t tempted and e r r o r s 
were r e c o r d e d . 

9. Galvanic s k i n response, pu l se , and r e s p i r a t i o n . A S t o e l t i n g N o . 22496 decep-
tog raph was used f o r ob ta in ing these measuremen t s . The subject i s seated c o m f o r t a b l y 
i n a lounging c h a i r and t o l d to r e l a x as m u c h as pos s ib l e . A pneumat ic cu f f i s p laced 
a round one w r i s t and i n f l a t e d s u f f i c i e n t l y t o b r i n g out the pulse beat . 
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A pneumograph i s fas tened a round the chest t i gh t enough to s t r e t c h and con t rac t as 
the subject b rea thes . A f i n g e r e lec t rode i s a t tached w i t h e l e c t roca rd iog raph j e l l y to 
the midd l e f i n g e r of each hand i n o r d e r t o obta in a measurement of sk in r e s i s t ance . A 
graphic r e c o r d of pu lse , r e s p i r a t i o n , and galvanic s k i n responses was obtained f o r a 
p e r i o d of 1 m i n f o r each measurement be fo re and a f t e r d r i v i n g . 

A f t e r the p r e l i m i n a r y t e s t i ng each subject i n the r e f r e shmen t -pause group was s e rved 
t ea . Subjects i n the no-pause group went d i r e c t l y in to the s imula ted -au tomobi l e d r i v i i ^ 
t a sk phase of the study. Upon en t e r ing the booth the subject was seated i n the D r i v o -
m e t e r , a device cons i s t ing of a mock -up landscape w i t h a mode l c a r c o n t r o l l e d f r o m a 
c o n t r o l seat exac t ly as found i n a r e g u l a r au tomobi le , and g iven i n s t r u c t i o n s w i t h r e 
spect to the d r i v i n g task b y means of a tape r e c o r d e r to keep d i r e c t i o n s constant . 

A t the beginning of the d r i v i n g p e r i o d , a c o n t r o l t e s t r u n c o v e r i n g a cyc le of seven 
i n s t r u c t i o n s was made on the D r i v o m e t e r . D u r i n g t h i s t i m e a r e d stop l i g h t was p r e 
sented on f i v e d i f f e r e n t occas ions . L i k e w i s e , a t r a i n was made to emerge f r o m a 
tunne l and pass i n f r o n t of the d r i v e r on f i v e o ther occasions at i r r e g u l a r i n t e r v a l s . 
The t i m e r e q u i r e d f o r the d r i v e r t o do the d r i v i n g t ask was measured by an e l e c t r i c 
t i m e c lock and r e c o r d e d as t o t a l t r i p t i m e . The s t ee r ing score , stop l i g h t response 
t i m e , t r a i n r e a c t i o n t i m e , and e r r o r t i m e w e r e measu red and r e c o r d e d each hal f hou r . 

The subjects were t o l d t o d r i v e j u s t as though they w e r e on the open r o a d as soon as 
the i n s t r u c t i o n s ceased to appear i n the ape r tu re of the D r i v o m e t e r pane l . The r e d 
stop l i g h t was cons i s ten t ly presen ted f i v e t i m e s each ha l f hou r . The t r a i n was made to 
emerge f r o m the tunne l in to the v i e w of the d r i v e r on f i v e d i f f e r e n t occasions each ha l f hou r . 
The s t ee r ing score and number of be l t r evo lu t i ons were r e c o r d e d f o r eve ry hal f hour 
of d r i v i n g . The seve ra l hours of s i m u l a t e d d r i v i n g t a sk has been c a l l e d the i n t r a n s i t 
p e r i o d . 

A f t e r 1 h r of continuous d r i v i n g , the subjects i n the r e f r e shmen t -pause group were 
g iven a 1 5 - m i n r e s t p e r i o d and again s e rved tea as p r e v i o u s l y desc r ibed . The no-pause 
group drove f o r t h r e e and s i x consecut ive hours i n Phases I and I I , r e s p e c t i v e l y . 

T e n minu tes p r i o r to the end of the las t half hour of the i n t r a n s i t p e r i o d , a second 
c o n t r o l tes t r u n was g i v e n . A s soon as the s imula ted -au tomobi l e d r i v i n g t ask was 
f i n i s h e d , the eva lua t ion t e s t s were a d m i n i s t e r e d again i n the same o r d e r as p r e v i o u s l y 
desc r ibed . The e x p e r i m e n t a l cyc le was comple ted by ob ta in ing the d r i v e r ' s sub jec t ive 
evaluat ion of h i s l e v e l of e f f i c i e n c y by means of a spec ia l ly designed f o r m . 

The r e s u l t s of Phase I were r e p o r t e d p r e v i o u s l y (_3). T h e r e f o r e , the r e m a i n d e r of 
t h i s paper cove r s on ly Phase n of the s tudy. 

RESULTS 

A n ana lys i s of covar iance was made f r o m the scores on the eva lua t ion t e s t s tha t 
we re a d m i n i s t e r e d be fo re and repeated again a f t e r the i n t r a n s i t p e r i o d . The scores on 
the t e s t s a d m i n i s t e r e d be fo re the d r i v i n g p e r i o d were taken as the cova r i a t e s . The 
r e s u l t s a re p resen ted i n Tab le 1 . 

The drop i n d ia s to l i c b lood p r e s s u r e by the no-pause groups as c o m p a r e d to p r a c 
t i c a l l y equivalent measurements f o r the r e f r e shmen t -pause group was s t a t i s t i c a l l y 
s i gn i f i c an t at the 5 percen t l e v e l of conf idence . The r e f r e shmen t -pause group a t 
t empted m o r e i t e m s i n the tes t of e f f i c i e n c y i n o b s e r v i n g and got m o r e i t e m s r i g h t than 
the no-pause g roup . However , they also made m o r e e r r o r s . The d i f f e r e n c e was s i g 
n i f i c a n t at the 1 percen t l e v e l of conf idence . T o be sure tha t the d i f f e r e n c e was not 
s p u r i o u s l y i n f l a t e d due to the f a c t that the number r i g h t was not c o n t r o l l e d i n the f i r s t 
ana lys i s , a second ana lys i s was made w i t h the number r i g h t a f t e r the d r i v i n g p e r i o d 
taken as the c o v a r i a t e . The d i f f e r e n c e was s t i l l s i g n i f i c a n t a t the 1 percen t l e v e l of 
conf idence . A t h i r d ana lys i s was made w i t h the las t grade of school comple ted taken 
as the c o v a r i a t e . The d i f f e r e n c e r e m a i n e d s ign i f i can t a t the 1 percen t l e v e l of c o n f i 
dence. 

T o compare the e f f i c i e n c y of the two t r ea tmen t groups a f t e r the i n t r a n s i t p e r i o d w i t h 
respect to the v a r i a b l e s measu red d u r i n g the c o n t r o l tes t r u n , an ana lys i s of covar iance 
was made w i t h the scores on the i n i t i a l p e r f o r m a n c e taken as the c o v a r i a t e s . 

Regard ing two of the f a c t o r s , stop l i g h t response t i m e and t r a i n r eac t i on t i m e , an 
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inspec t ion of the data r evea led tha t some ind iv idua l s took an e x t r e m e l y long t i m e to r e 
spond on a f e w occas ions . The p o s s i b i l i t y that a f e w e x t r e m e l y long i n t e r v a l s m i g h t 
s p u r i o u s l y i n f l a t e the g roup means and the reby in f luence the r e su l t s of the ana lys i s was 
cons ide red . I t was decided to ad jus t the data f o r e x t r e m e va lue s . T o do th i s o b j e c t i v e l y , 
the method devised by Grubbs (5) was f o l l o w e d . Bo th the o r i g i n a l and ad jus ted data were 
ana lyzed . The r e s u l t s f o r a l l v a r i a b l e s cons idered i n the c o n t r o l t e s t r uns a re g iven i n 
Tab le 2 . No d i f f e r ences of s u f f i c i e n t magnitude to be s t a t i s t i c a l l y s i g n i f i c a n t were r e 
vea led . 

In the i n t r a n s i t p e r i o d the i n s t rumen t s used f o r c o l l e c t i n g data w h i l e the subject was 
behind the wheel of the D r i v o m e t e r were r e a d eve ry hal f h o u r . T h e r e were twe lve r e a d 
ings f o r each of the v a r i a b l e s cons ide red . Group mean scores were computed f o r each 
h a l f - h o u r p e r i o d . The r e su l t s a r e shown i n F igu re s 1 th rough 4 . 

T A B L E 1 

M E A N RESULTS OF E V A L U A T I O N TESTS 

Ref re shmen t -Pause No-Pause 
V a r i a b l e B e f o r e A f t e r B e f o r e A f t e r F 

Choice r eac t i on t i m e : 
Mean 
Average v a r i a b i l i t y 
False a t tempts 

37.300 
6.768 
0 .714 

39.429 
6.757 
0.893 

36.536 
6 .811 
1.607 

40 .321 
7.875 
1.036 

1.374 
0.405 
0.468 

Coord ina t ion 59.286 55.679 58.214 55.536 0.046 

G r i p endurance 35.336 35.339 34.479 34.529 0 .016 

Steadiness 7 .871 7.536 9.093 8.686 0.319 

Strength of g r i p 40 .354 42.136 38.568 40.004 0.253 

B l o o d p r e s s u r e : 
D ia s to l i c 
Systol ic 

67 .321 
120.250 

67.535 
123.286 

64 .071 
122.750 

62.000 
121.036 

4 . 0 6 1 ' 
0 .212 

Galvanic s k i n response 127.262 111.900 98 .771 76.737 0.266 
Pulse: 

Rate 
R e g u l a r i t y 
L e v e l of o s c i l l a t i o n 

77.429 
1.003 
1.071 

72.036 
1.001 
1.107 

76.786 
1.008 
1.000 

70.179 
1.014 
0 .964 

0.282 
0 .526 
0 .400 

R e s p i r a t i o n : 
F requency 
Mean I/E r a t i o 
Mean I/E v a r i a b i l i t y 

16.107 
0 .771 
0.210 

16.643 
0 .721 
0 .194 

15.250 
0 .837 
0 .224 

15 .821 
0 .781 
0.203 

0.138 
0.286 
0.010 

E f f i c i e n c y i n obse rv ing : 
N u m b e r a t t empted 
N u m b e r r i g h t 
E r r o r s 

25.607 
22 .071 

3.536 

34.393 
29.286 

5.107 

25.679 
22.464 

3 .214 

31 .071 
28.179 

2.893 

3.465 
0.843 

13.068^ 
C a r d s o r t i n g : 

T i m e 
E r r o r s 

44 .500 
0 .357 

42.857 
0 .286 

44.536 
0 .321 

40.500 
0.429 

1.747 
0 .244 

Men ta l add i t ion : 
Number a t tempted 
Number r i g h t 
E r r o r s 

16.429 
15.500 

0.929 

16.036 
15.179 
0 .857 

17.643 
17.214 
0 .429 

16.964 
16.357 

0.607 

0.018 
0.232 
0.168 

— o — — - - I 

Sign i f i can t at the 1 pe rcen t l e v e l . 
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The degree to w h i c h the ca r was kept i n thfe p r o p e r lane on the r o a d was o b j e c t i v e l y 
r e c o r d e d by means of a counter tha t was ac t iva ted e v e r y t i m e the m i n i a t u r e c a r passed 
ove r one of a se r i e s of copper b a r s i n the center of the r i g h t lane of the t r a v e l i n g r o a d 
way . The cumula t i ve count cons t i tu ted the s t ee r ing s co re . 

F i g u r e 1 r evea l s tha t at the end of the f i r s t ha l f hour of d r i v i n g , the scores f o r the 
two t r e a t m e n t groups w e r e p r a c t i c a l l y equivalent . The r e f r e shmen t -pause group c o n 
s i s t en t ly made the h igher s t ee r ing scores f o r the r e m a i n d e r of the d r i v i n g p e r i o d . 

T o obta in a measure of speed, the average number of D r i v o m e t e r be l t r evo lu t ions 
p e r minu te was r e c o r d e d f o r each h a l f - h o u r p e r i o d . The p e r f o r m a n e cu rves of the 
t w o t r e a t m e n t groups w e r e compared g r a p h i c a l l y ( F i g . 2 ) . 

T A B L E 2 

M E A N RESULTS O F C O N T R O L T E S T RUNS 

Ref reshment -Pause No-Pause 
V a r i a b l e B e f o r e A f t e r B e f o r e A f t e r F 

E r r o r t i m e 0 .832 0 .777 1.011 0 . 7 2 1 1.272 

S teer ing 106.893 103.321 129.893 98 .821 2.445 

Stop l i g h t response t i m e : 
Mean: 

O r i g i n a l data 
A d j u s t e d f o r 

e x t r e m e scores 

1.021 

0.835 

1.282 

0.863 

1.071 

0 .872 

1.185 

1.063 

0.298 

2.879 

Average v a r i a b i l i t y : 
O r i g i n a l data 
A d j u s t e d f o r 

ex t r eme scores 

0 .500 

0 .157 

0 .680 

0.163 

0.580 

0.148 

0 .454 

0 .279 

0.882 

2.539 

T o t a l t r i p t i m e 4.012 3.645 4 .019 3 .611 0 ,031 

T r a i n r e a c t i o n t i m e : 
Mean: 

O r i g i n a l data 
A d j u s t e d f o r 

ex t r eme scores 

0 ,780 

0 .735 

0 .774 

0 .720 

0.898 

0 .744 

0 .742 

0 , 7 0 1 

0.795 

0.143 

Average v a r i a b i l i t y : 
O r i g i n a l data 
A d j u s t e d f o r 

ex t reme scores 

0 .475 

0 .359 

0 .567 

0 .360 

0.649 

0.399 

0 .444 

0 ,367 

1.249 

0 .037 

The r e f r e shmen t -pause group cons i s t en t ly had the g rea t e r average nuniber of be l t 
r evo lu t ions p e r m i n u t e , w h i c h ind ica ted tha t they d rove somewhat f a s t e r than the n o -
pause g roup . The average number of be l t r evo lu t ions p e r minute inc reased d u r i n g the 
h a l f - h o u r p e r i o d i m m e d i a t e l y f o l l o w i n g each r e f r e s h m e n t pause. 

The groups a lso w e r e c o m p a r e d w i t h respec t t o s t ee r ing sco re p e r s i m u l a t e d d i s 
tance t r a v e l e d . A s a bas i s f o r the c o m p a r i s o n , the s t ee r ing score f o r each haU-hour 
p e r i o d was d i v i d e d by the number of be l t r evo lu t ions d u r i n g that p e r i o d . The r e s u l t , 
c a l l e d s t ee r ing e f f i c i e n c y ( F i g . 3) r evea l s how w e l l the c a r was kept i n the p r o p e r 
p o s i t i o n on the roadway . 

The r e d s t i m u l u s l i g h t was p resen ted on f i v e d i f f e r e n t occasions d u r i n g each hal f 
hour of the d r i v i i ^ p e r i o d . The t i m e r e q u i r e d f o r the d r i v e r t o not ice the r e d l i g h t and 
respond by depress ing the b rake peda l was r e c o r d e d as stop l i g h t response t i m e . Bo th 
the mean and average v a r i a b i l i t y we re computed . The r e s u l t s ( F i g . 4) show that the 
no-pause g roup cons i s ten t ly took a longer t i m e to respond to the r e d l i g h t than the r e 
f r e shmen t -pause g roup . T h e y a lso showed m o r e v a r i a b i l i t y i n stop l i g h t response t i m e 
than the r e f r e shmen t -pause g roup . 

A f e w d r i v e r s occas iona l ly took an e x t r e m e l y l ong t i m e to respond. A d j u s t m e n t f o r 
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e x t r e m e o u t l i e r s was made a c c o r d i i ^ t o the method devised by Grubbs (_5). A f t e r the 
ad jus tment had been made f o r e x t r e m e scores the stop l i g h t response t i m e f o r the two 
groups was p r a c t i c a l l y equivalent t h rough the t h i r d ha l f h o u r . Beyond the t h i r d ha l f 
hour of the d r i v i n g p e r i o d the no-pause group cons i s ten t ly took l o i t e r to respond than 
the r e f r e shmen t -pause g roup . 

T h e average v a r i a b i l i t y f o r the t w o 
groups a f t e r ad jus tment f o r ex t reme o u t 
l i e r s was n e a r l y equivalent t h rough the 
eighth ha l f hour , a f t e r w h i c h the no-pause 
group became i n c r e a s i n g l y m o r e v a r i a b l e 
w i t h respect t o stop l i g h t response t i m e 
than the r e f r e shmen t -pause g roup . 

A n e l e c t r i c t r a i n was caused to emerge 
f r o m a tunnel in to the v i e w of the d r i v e r 
at f i v e d i f f e r e n t t i m e s d u r i n g each hal f hour 

prociic. run w.r. not gmn o poui. in tht 
y.pViwtfltnl.run .and..10. wr^a 

Eipafimantol run 

Nuflibtr sf 30-minutn work pariodi 

Figure 1. Results of steering tests. 

of d r i v i n g . T h e t i m e e laps ing between the 
emergence of the t r a i n f r o m the tunne l and 
the d r i v e r ' s response by depress ing the 
b r a k e peda l was r e c o r d e d as t r a i n r e a c t i o n 
t i m e . The mean and average v a r i a b i l i t y of 
the two t r e a t m e n t groups w e r e computed 
f o r each ha l f hour of the i n t r a n s i t p e r i o d . 
S i m i l a r computat ions w e r e made a f t e r the 
data had been ad jus ted f o r ex t r eme scores . 

aoo -
780 • 

I nel f i v n • pavtw 

5 6 1 2 3 
Praclic* run 

Number of 30 -min i 

Eip*riM«nt«l run 
8 9 10 II IZ 

Tea paust \ 
No pause 

The subjects receiving a lea pause in the 
practice run were not given a pouee in the 
f«pe.rimentol ,run pnd ,vice,vcrsp , , 

Figure 3-

run Expcrimentol run 

Number of 3 0 - m i n u t e work per iods 

Steering efficiency vs time of 
driving. 

Figure 2. Speed vs driving time. 

The p e r f o r m a n c e of the two t r ea tmen t 
groups was p r a c t i c a l l y equivalent . No 
substant ia l d i f f e r e n c e s were revea led ( F i g . 
5 ) . 

T o t e s t the s ign i f i cance of the d i f f e r e n c e s 
between the t r e a t m e n t groups w i t h respect 
to the f a c t o r s s tudied d u r i n g the d r i v i n g o r 
i n t r a n s i t p e r i o d , the h a l f - h o u r i n t e r v a l s 
w e r e cons idered as s p l i t - p l o t t r i a l s and an 
ana lys i s was made . 

The r e s u l t i n g F -va lues f o r t r e a t m e n t 
g roups , 3 0 - m i n i n t e r v a l s , and i n t e r a c t i o n 
as obtained f o r each v a r i a b l e , a r e p resen ted 
i n Tab le 3. 

The ana lys i s r evea led a h i g h l y s i gn i f i c an t 
F -va lue w i t h respect to the number of be l t 
r evo lu t ions ( tha t i s , s i m u l a t e d distance 
t r ave led ) i n each ha l f hour of the d r i v i n g 
p e r i o d . T h i s ind ica tes a s t a t i s t i c a l l y s i g 
n i f i c a n t d i f f e r e n c e i n the number of be l t 
r evo lu t ions among the 12 h a l f - h o u r i n t e r v a l s . 

H i g h l y s i gn i f i c an t F -va lues w e r e obtained f o r the 3 0 - m i n i n t e r v a l s and the i n t e r a c t i o n 
between the t r e a t m e n t groups and the 3 0 - m i n i n t e r v a l s f o r the s t ee r ing s c o r e . Super ior 
p e r f o r m a n c e was demons t ra ted by the r e f r e shmen t -pause g roup . T h i s group was a lso 
s u p e r i o r i n s t ee r ing e f f i c i e n c y , as ind ica ted by h igh ly s i g n i f i c a n t F -va lue s f o r 3 0 - m i n 
i n t e r v a l s and i n t e r a c t i o n . 

A ch i - squa re ana lys i s of the number of ex t r eme scores r e s u l t e d i n a va lue s i g n i f i 
cant a t the 5 percen t l e v e l f o r stop l i g h t response t i m e . The no-pause group had the 
g r ea t e r number of e x t r e m e va lues . 
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T A B L E 3 

V A R I A B L E S STUDIED DURING T H E I N T R A N S I T PERIOD 

F 
V a r i a b l e T r e a t m e n t 

Groups 
3 0 - M i n . 
I n t e rva l s 

I n t e r 
ac t ion 

Super ior 
Group 

B e l t r evo lu t ions 2 .319 27.490* 0.473 

S teer ing 3.318 29.326 ' ' 2 ,649" R P ^ 

Steer ing e f f i c i e n c y 1.229 12 .627" 2 . 6 7 9 " R P 

Stop l i g h t response t i m e : 
Mean : 

O r i g i n a l data 
A d j u s t e d f o r 

e x t r e m e scores 

1.747 

1.609 

0.488 

1.774 

0 .384 

0 .871 

Average v a r i a b i l i t y : 
O r i g i n a l data 
A d j u s t e d f o r 

ex t r eme scores 

1.688 

2 .527 

0.673 

1.250 

0.623 

0 .667 

T r a i n r e a c t i o n t i m e : 
Mean : 

O r i g i n a l data 
A d j u s t e d f o r 

ex t reme sco res 

0 .004 

0.242 

0.483 

0.773 

0 .862 

0 .727 

Average v a r i a b i l i t y : 
O r i g i n a l data 
A d j u s t e d f o r 

ex t reme scores 

0 .600 

0 .207 

0.905 

1.417 

0 .917 

1.333 

^ Ref resehment -pause g roup . 
" S ign i f i can t a t the 1 percen t l e v e l . 

Each d r i v e r was g iven an oppor tun i ty t o evaluate h i s own l e v e l of e f f i c i e n c y at the 
end of the e x p e r i m e n t a l p e r i o d . No group d i f f e r e n c e s of s u f f i c i e n t magnitude t o be 
s t a t i s t i c a l l y s i g n i f i c a n t were r evea l ed . T i r e d n e s s of eyes, p h y s i c a l d i s c o m f o r t , and 
nervousness w e r e l i s t e d mos t f r e q u e n t l y by the d r i v e r s as i n d i c a t o r s of t h e i r own l e v e l 
of e f f i c i e n c y . 

DISCUSSION O F RESULTS 

I t i s i n the a r ea cove red b y the v a r i a b l e s s tudied d u r i n g the i n t r a n s i t p e r i o d that the 
r e f r e s h m e n t pause shows the mos t s i g n i f i c a n t and po t en t i a l l y b e n e f i c i a l r e l a t i onsh ip to 
d r i v i n g p e r f o r m a n c e . I t w o u l d seem that the r e f r e s h m e n t pause not on ly inc reases the 
e f fec t iveness of s t ee r ing p e r half hour of s imu la t ed d r i v i n g , but also tends t o delay the 
onset and reduce the extent of decrement i n p e r f o r m a n c e . The same i s t r u e f o r the 
number of be l t r evo lu t i ons o r s i m u l a t e d distance t r a v e l e d each half hour of d r i v i n g . 
T h i s m i g h t t end to indicate h ighe r concent ra t ion and g rea t e r zest on the p a r t of the r e 
f r e shmen t -pause g r o u p . 

The subjects i n the no-pause group made essen t i a l ly the same es t imate of t h e i r 
d r i v i n g e f f i c i e n c y , as i n f e r r e d f r o m t h e i r responses to the subjec t ive evaluat ion i t e m s 
obtained at the end of the 6 -h r d r i v i n g p e r i o d , as tha t made by the subjects i n the r e 
f r e shmen t -pause g roup . No s ign i f i c an t d i f f e r e n c e s w e r e shown. Because analyses of 
the o b j e c t i v e l y gathered data d i d r e v e a l s t a t i s t i c a l l y s i gn i f i c an t d i f f e r e n c e s between the 
two t r ea tmen t groups w i t h respect to s e v e r a l of the v a r i a b l e s cons ide red i n t h i s i n v e s t i -
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gat ion , i t appears that the i n d i v i d u a l d r i v e r i s not a lways able to o r at least does not 
a lways accu ra t e ly es t imate h i s own l e v e l of e f f i c i e n c y . A d r i v e r may have reduced 
e f f i c i e n c y and not be aware of i t . 

The t i m e of onset of decrement d i f f e r e d among the v a r i a b l e s s tudied . I n seve ra l 
instances a decl ine appeared a f t e r 1 h r of d r i v i n g . I t was not u n t i l 2 h r of d r i v i n g had 
elapsed tha t decrement was shown f o r a l l v a r i a b l e s cons ide red . 

The r e s u l t s seem t o indicate tha t i t w o u l d be w e l l f o r the average m o t o r i s t t o l i m i t 
the amount of continuous d r i v i n g to a p e r i o d of f r o m 1 to 2 h r . I t w o u l d seem that to 
be conserva t ive one should stop f o r r e s t eve ry hour . 

CONCLUSIONS 

W i t h i n the l i m i t a t i o n s of the des ign, number of subjec ts , and other condi t ions of 
t h i s study, the f o l l o w i n g tenta t ive conclus ions may be d r awn : 

1 . The onset of w o r k decrement occu r s w i t h i n the f i r s t 2 h r of s imu la t ed au tomobi le 
d r i v i n g t a sk . 

2 . The e f f ec t of a r e f r e s h m e n t pause can be detected mos t r e a d i l y by measurements 
made w h i l e the subject i s ac tua l ly p e r f o r m i n g the t a sk . 

3. A r e f r e s h m e n t pause subs tan t ia l ly p ro longs the onset of fa t igue and reduces the 
extent of w o r k decrement r e s u l t i n g f r o m a p ro longed p e r i o d of s imu la t ed automobi le 
d r i v i n g p e r f o r m a n c e t a sk . 

4. D r i v e r s e i the r cannot o r do not accu ra t e ly evaluate sub jec t ive ly t h e i r own l e v e l 
of d r i v i n g p e r f o r m a n c e e f f i c i e n c y . 

5. V a r i a b i l i t y i n p e r f o r m a n c e seems to be an ind ica to r of the e f f i c i e n c y l e v e l of 
p e r f o r m a n c e of the type s tud ied . 

6. A r e f r e s e h m e n t pause w i l l increase m a x i m u m e f f i c i e n c y of p e r f o r m a n c e . 
7. The m a i n hypothesis , tha t a p e r i o d i c r e f r e s h m e n t pause has no e f fec t on the 

s imu la t ed au tomobi le d r i v i n g p e r f o r m a n c e of au tomobi le o p e r a t o r s , can be r e j e c t e d 
f o r t h r e e of the v a r i a b l e s s tudied d u r i n g the i n t r a n s i t p e r i o d ( s t e e r i n g , be l t r evo lu t i ons , 
and s t ee r ing e f f i c i e n c y ) . 

8. A d r i v e r ' s e f f i c i e n c y may be l o w e r e d wi thout h i s be ing aware of i t . 
9. D r i v e r s become less e f f i c i e n t a f t e r 2 h r of continuous d r i v i n g . 
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