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tó  A t - 0 , ,~~’
F i t t  or  an ;I  I v s t s wer e  p~’r t o r m o d  on d a t a  f rom t i  s u b  o t t  5 t ,‘st  ed (111 t I l t ’ ,~ ‘F-l I ‘Iii I t  i p1 . - I
l a s k  I’ - r f or n i a n c e  Ba I t e r v  ( M ’l ’PB) F iv e  d i  I t  r e n t  comp l x  p er  ‘ri’ , u~ t t . t s k  conil i  m a —

r t i n t s  w , - r  u sed wt - I  1 as t l t t ’ s i x  i n d i v i d u a l  >fl l ’B t a s ks  p e r f o r me d  1w t l i - t i s - i v o s .
pr i r - n i r - v I r e a t m e nt  of  t he  d a t a  invo l ved f a c t o r  an a l  vs -s t h e  t a s k s  o ’ t h e  iv-

d i  f t . ’ rt ’n t con iph ’  x t a s k s  a t  ong  w i t  Ii a pp  rop  r i :t t o  it , ’ as t i r e  S 0 t l i  t a5k s p, ’,
s i i g l v .  ft, r e s u l t s  were  i n t e r p r e t e d  t o  s up p o r t  t he  l t v p o t l i e s i . ed e x i s t  , n c , ’ u t  a

i m e — s h a r  i ng  ab i  i t  v .  i l r t  hogona  1 t a c t  ors  wer e  f o u n d  on wIt i d ,  t he iu ’n i t t ’ i i  t ig  t a s s-

i n g. 5n. ’ra I , l o a de d  d u r i n g  s imp l e  p e r f o r m a n c e ;  t i e  mon i t  o r i n g  0 sk s  I , s a , I ’ .I ii
s -pa r a t e  ,ur t I t o g o n a l  f a c t  or s  when t h ey  wer .  per  lot — rn , ’ ,! a s .1 t I r t  o .1  coop I x  a s k .
P o t , - u i t  i a l  r , - i t ’v a n c, ’ o f  t l i . s,~ f i n d i n g s t o  a v i a t  ion s e l e c t  t o t ,  . , , i , t  p e r t  , t r u , I . I u i ,’
r . 5 sea r c h  p r o g r a m s  i s  n o t e d .
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TIME - SHARING ABILITY IN COMPLEX PERFORMAN CE : AN EXPANDE D REPLICATI ON

I. Introduction.

In an earlier study, Jennings and Chiles (I) define d the concept
time—sharing ability as being “a reliable source of variance that contributes
to performance of comp lex tasks but is independent of simp le—task performance
of the constituent tasks . ’ The resul .s of factor analy ses app lied to data
collected on tasks performed both sing l y and as part of a task comp lex were
found to fit that definition in the case of three monitoring tasks. One of
the monitoring tasks involved response to the onset of any one of five red
li ghts ; there was one li ght at each corner of the subject ’s panel and one
l i ght in the center. A second monitoring task involved response to the
offset of any one of five ~reen lights that were physically paired with each
of the red lights but programe d independentl y . The third monitoring task
involved the detection of a shift in the average position of a “randoml y”
fluctuating meter from a normal value of zero tc  a value of plus or minus 25;
the maximum pointer excursion for a meter without a signal present was + 25 ;
detection of a signal was indicated by the subject ’s throwing a three—position ,
spring—loaded—to--center lever switch in the direction in which the subject
thought the average position had shifted; immediate feedback was given by the
stopping o f the pointer on its “true” average value . Six of the tasks were
used to construct two complex tasks. The light—monitoring tasks were
performed sing ly as were a mental arithmetic task and an elementary , group
problem—solving task; the mental arithmetic and problem—solving tasks were
als o per formed con cu rren t ly wi th the li ghts task to form the firs t comp lex
task. A second comp lex task was made up of the meter—monitoring task , a
pattern discrimination , and a two—dimensional compensatory tracking task ; each
of these tasks was performe d both sing ly and in combinat ion as ~ comp lex task.
The findings that are of interest to the present discussion were (i) the three
monitoring tasks , when performed under complex conditions , had large loadings
on a single factor ; (ii) measure s from the moni tori -g tasks when performed
under simple task conditions showed small loadings on that factor; (iii) the
two li ght—monitoring tasks had large loadings on another orthogonal factor
under simp le performance conditions; and (iv) the meter—monitoring task had a
large loading on still another orthogonal factor under the simp le condition .
It was concluded that the results support the hypothesis that there is in
fact a comp lex—monitoring ability that could reasonably be called a
time—sharing ability. However , the number of subjects per measure , 39
subjects and 22 measures , was substantially smaller than is generally
regarded as adequate for purposes of factor analysis. For this and other
reasons , Jennings and Chiles stated that “. . this type of s tudy require s
rep lication be fore final acceptance of the validity of the concept of OIl

rime—sh aring is warranted. ” The present study was undertaken to provide such ‘ 0
a rep lication and to provide a wider range of complex tasks (i.e., a greater 0
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it ignal is present. With tltc ’ a ,ltt i t ion of a si gnal  , the’ point er behavior
c ot t  t i n t i s ’s a it be fore hu t  w i t it an ave r:I p - posit ion t hat has  sit i f t  ,-d e i t he r  to
t it,’ ri ght or t o  t ltt ’ I~’ft ot center. When a button for a given meter is
‘I , -p r .’s sot! , t h e  b a c k g r o u n d  noise i it removed and t h e  point e t  i t t  ops on it s ‘‘ t r u e ’
avt • r :u p. ’ vilue , t i tu s  g iv i ng  im m e d i a t e  f e e d b a c k  as to the  ac ct ~ra cv of the
r esponse  . When t I t s ’ bu t t o n  is no l e a s e d , t i t e  back  ground noise i s again added to
t he point er movement . In this study , t h e  amp lit t ide of a signal was set  e q u a l

0 t i l t ’ a ppr o ~ imtlt o maximum c ’xc u r  s ion of t h e  p o i n t e r  when dr i vert 1w no i s’ a l  one
Titu s  , fa  i rl~- frequent readings beyond the norma l m a x i m u m  in e ithi er dirt -ct ion
we r. - c le ar  ev i’k’nce of  t h e  p r t o sen c o  of  a si goal . Si gna Is , jOt roducod at an
, iv . ’ r , l t ’ t ’ rate o f  t ’fls ’ each minute , were distribut ed tinpr edict ah lv across
ti isp 1 avo and across t i tut ’ . A si gna l , when  p r e s e n t  eu l , remained not ii responded
t o  o r  until replaced by a new signal. The response time for a given si gnal
was com p u t e d  i n  m i l l  ist ’con(!s OIl the basis of t h e  I into the si gnal was
I n t  rod cuce  .,l ; however , F t h e  suhj oct  h t a d  not  r e s p o n d e d  to t h e  prece -  I i  ng si gna l

i t , ’ t i me at  wit i cit  t h a t  s i gna l  was i ~t t  r o d u ce d  was used in c o m p u t i n g  t he  r e spons t ’
into  t o  t h e  l a t e r  s i g n a l ;  t h i s  procedure  was e x t e n d e d  back in  t i m e  to i n c l u d e

a l l  cont  i gu t o u s  , n o t  — r o s po nd e ,- d— t o S i gna  is it t  ca l cu  l it  ing t Its ’ response  t i m e  ott
t h i s  task, Thus , the number of si gnals pr s - s o n t t ’d in a g i v e n  s e s s i o n  was , f o r
i’ .tn ~p t u  tat i oti a 1 purposes  , do to rot m e d  b y t Ito numb s’ r of si gnals to wit i cli t he
sub j o ct  had responded  cor r t’ c t 1 y . 

p

3 .  M e n t a l  arithmetic (~~~Thl ) . The d i s p lay  for t h i s  t a s k  i s  a
:‘ ~ i s — c 1 t a r i ~c t c ’r ( 32 c h ar a c t t ’r s/ row b y t~ rows ’) Bu r r o u g h s  sel  f—scan di sp lay.
Cli a r i ot e r s  a ri form, ’ ti a t  a p I von cita rac t t ’ r p o s i t i o n  b y the  i l l  umi n a t  ion 01
c o n f i g u r a t i o n s  of  dot s  in each  5 — d o t — w i d e  (!t6 nun ) by 7 — d o t — h i g h  ( h 7  nun )
mat  r i x  . -\~~ t n il  ly , onl y t i t e  hot tom row t i f c ha r ac  t ers is  used to present  the
a r i t h m e t i c  p rob lems . A t y p i c a l  p r o b l e m  m i g ht  l it ’ :  57 + 29 — 45 ? (answer:

I ), i ’ i t t ’ s ub j e ct  t ’nt e rs the  answer  by u s i n g  a r e v e r s e — o r d e r  s e r i a l  e n t r y
k ey b o a r d ;  i t  r e q u i r es  t it a t  t l t e  l e a s t  s ign i f i c a n t  d i g i t  be en te red  f i r s t  -
‘i’itt is , f o r  t h i t ’  above p r o b l e m , t he  s u bj e c t  f i r s t  e n t e r s  t h e  number  I , wit i cit
;up p s ’ar S  in t ho ext  rome r ig h t — h a n d  cc ’ 11 of  t h e  bet t om row ; next  , he en t e r s  t h e
I l l S ’ i ! ) , ’ r ‘s alit 1 i t  appears  in t h e  c e l l  t h a t  i s  second from t h e  r i  gu t  in t i t a t  row .
Iwo correct ion hu t  t o n s  are  p r o v i d e d , one for  ‘‘ e r asu re’’ of  t h e  l a s t  di p i t

s -it t c - r o i l  and one for  o ras  ing  a l l  d i g i t s  e nt e r e d .  When t h e  s u b j e c t  has  s ’I t t  t ’t e d
wha t  Ito c o n s i d e r s  to he t i to co r r ec t  answe r , he dep re s se s  a ‘ c o m p l e t e
hu t  t o n . At t h a t  t into , t h e  a c c u r a c y  of t he  answe r is d e t e r m i n e d  and , if it i s
c o r re c t , an “H” appears in the cs ’l 1 second from the  r i ght  of  t he  top  row of
t i ’t ’  disp lay . If t h e  answer is  w r o n g ,  a “W ” appears  at t h a t  loca t  ion ;
s i m u l t a n e ou s l y ,  tite problem and answe r are removed from t h e  d i s p l a y .  T h e
p r o h i e n t  e l e men t s  in  tit i s s t u t l v  cou ld  t a k e  any v a l u e  from 11 t h rough  99 ; they
ws - r . ’ s~~ 1 s’c t oct so t h a t  ne it h,’ r of t he  51 p I us ’’ s’ I cment s w o u l d  he the same a it ( it o
“m i  n t i s ’’ e I t ’nts ’n I and  t h e  p rob lems  were c o n s t r u c te d  so t h a t  approx ima t e l  v ha I f
t h e  answers  would be g r e a t e r  than  100 and h a l f  less t l t in  100 . Time from t he
i i t (  rod c ic t  ion t u f  t h e  p rob lem unti l depress  ion of t he  “comp let e ” hu t  ton i s
measured  i n  m i l l  i sc ’conds .  Problems are pr e s e n ted  at 20—s econd i n t e r v a l s .
Accu racy  ( c or r e c t  a n s w e r s/ t o t a l  problems p r e s e n t e d)  was i i ss ’ I as t he  si  ng i o
mea s t i r e  ot ’ MATH p e r f o rmance.
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-s  - }‘ . u t t t 1 I t t i i s t , I i i i t i I t 0 t i O t ~ ( P I ’~’) . ‘I i io  ci~’sps ’ r— l o  I t  it j x—c ltj t , t ~ t e t l ’s .-
six—row port ion .‘t  ( I t t - Ihirroug its so1 I— - s c o t t  d i s p i u i v  i s t t s t ’ ,i t o  pr • - s~ ’ I t I

pr5 ’b l e t t t s  t’n t h i s  t a s k ,  i”or .u g i v e n  ( ‘ t t t i t ’ t u c t o r  p o s i t  ion  il - u t h i s  nt: ut  r i ’5 , a l l
i t s ’ tb I s i t t  ,u ~ d ot  by -

, 
- -  t b  1 111 01 F i x  con  be I I  1 ti nt i u ttu t t~,l t o I ,‘nii a I it - I t t s - s i

1, - c t  a n g l e .  These  I ig ht t~t I 1 . - c t  u i t g l e s  a t - c ’ t h e n  ci s,’,h Ics  I .‘nit vs ’ rt  i , ’ , i l  I v
or i ,‘u it  s ’ ,I h _ u t - p rophs wit li et i c i t  col t im t t he i p i t t  I routt , ‘ t t t ’ I I t i - o t ig it s i x  - i p p s ’ t  I j I t o

j u s t  011cc ’ . I l t , ’ pr ob  I s uit  ott t ht i s  t t u s k  a t ’ , ’ a l lo t t ’p. i t i s  t o  a (l5R’ St  i t ’ll t i l t  1

u n i t  i p ls ’ — - c1t~’. i ~~ ’ t’x _ t i iu i t i t i t  I t ’ll , iii ,’ f i r s t  N ut  t , ’ rtt p r o s s ’It t ‘.1 t t ~~t :1 u ’ i V O i t
p t ’ oh  I em i _ -u t i t e ’ i t t  u i i t d z u t ’ ,h or ‘‘q u e s t  i on ’’ p at  t ‘r n - lit is Nil 1. - i - n is t , ’I I ‘se - s d  ‘v
1w, ’ cott i p a r u  soIl i ’ a t t t ’ r us  t h a t  i s ’ l t t  t i t i ’e, - pt ’s s i i s l e  :tt ’uswet ’ s : ( i t . ‘ i t s - 

~‘t  I I i . -

c o nt p a r i  son pat t el -I t s m i g h t  he t i t t ’ SOIl t e ’ 05  t i lt ’ st  , i i , , l , i t ’ ,I ; ( i t  t w o  ( I’ , ’I ii )

col t t pui r  i sott  pu t t I e t ’ iis lit j gitt 1’.- t i t o  Stunts ’ a s  t Ito i t t  o t t  , h u u r , l  ; , ‘~~ 
I, i j ) i t . - it lie

Ct ’ i t t p i l t S c S I t  pat  t t F I t  Iti ig h t t  be h u t ’ s ant e ’ as  t h e  s t u u n , l , u t ’ tI . This - u - i t t 1 ’  l s t ’ I  t l t t i t c i l t ‘ ‘‘-

it i s i t t  5w , ’ i by t h e ’pres  it i t tg , tt te  o f  t It roe sw i t c he s lobe  l e d  ‘‘ I , 
‘‘ ‘ .‘ .

5 ’  ot t ’ ! ‘‘ N - 
‘ ‘ t ’tt

e’t t t  e’r i  l tg  iii s answer , wit 1, - i t  i s  I t o t  u t k r t o w l e t I g u - d  i ’v ( i t o  ovnt ‘ i t  ( l u l l s ’s -t t n t , ! , ’ , u  i t  ‘ ‘ I
I t , ’ onss ’t o f  t u e  s econt i  ct s lnp ar  i s on  p a t  t t ’1~n , t it o cot -r , - ,- t ~u i t n w s ’ I , i p p s ’ , i t  S i i i  I i i , ’

,‘x t  r~- i-t. ’ upper— It’ t t — c l u , i i ’ a , - t e r  pt ’S i t t~~~ t o f  t i i , ’ , h i  uup l~ u s.’  - I i i , - I i t t t i t t p  s. - q t u . ’t t c . .
f o r  t it i s  t u s k  i s  us  t’o l  lows  : 1 i t , ’ st  a t t d u u t - ~! N it  t .‘ rt i  a pp o a t  S 1 , 5 1  ‘~ s, ’ c ot l, !s  t i l t , !

o t i ch i  ~- t ’nt p - i r i  SOIS p u t  N ’ r U  , ip~5t ’ ,i t ’s I ot -  2 i te ’coti ’ls  w i  f i t  I sot ’ u t l t , h  h ot  weolt pa I t e l  i i ’ t

I ite ’Fe i s  a I “— sec ond ‘‘ t ’  I I ’’  p er  i , s t l  ,u I t  t ’r l i t , ’ , ‘ I I set  o h  l ie  s, ’c, ’t t , i  ~-~‘t i t p ar  i son
li_ u t  t o r n .  I ’!tus , p i - oh l  Otl iS i t . ’ pl’ s ’ss ’t t t  . - ,h .‘s.- .’ t v  1 1 t  s, - ,’on,Is  on l i i i  $ t a s k . R s s t h i  ;‘
sp s ’e’d t ’ F r . ’ sp o l t s s - ( t ne ,u s t i  1 , ~ ,! i n  t u t i 1 I i st ’c t s l t t I S I roltt I I t o  . ‘ t t s , ’t  ,‘t  ( l i e ss ’c o nt i
conupo 1’ i son pat s - r h  ) a i i t i  ui ~’ & - t i r a c v ,‘ait h ’ recssr,i,- ,i , h I l t  i l l  t I i i  n o t  u i . I v  , 1 . ’ . ‘ l i t  , t t  V

W O 5 u s e ’ ~! as ( i t s ’ 5 i tt  i t ’ tuieits t i re ’ 0 1 pc ’ r 1 0 f lh lOl t I ’ e’

~s . i’ r t t b l t ’m sok’inL_~
h ’S
~~

. Fuc ,Ii sub i t ’~- t  ii t s - s t  pati o! i~~’ .‘q t i i p p o s !

wi th i I i v e - p t i s i t h u u t  t oll swi t c- i t , - s , ti w h i t  t e  ‘‘ t a s k  a c t  i v . ’’’ I i c , i t t  , t O t !  t i i r s ’ t-

f e ’t ’d h ac k ’ 1 i gi t t  it - V u , ’ I a sk  re’qu it - S ’S I i to  s u b  i . - c  I 1. ’ ,i  j s,’ ,’s.- ,’r l i t , ’ u ’ t ’ I  l’ s ’ ,’ I

ss ’. i ti s ’nt ’s ’ i t t  w it i c i t  t o  pt  t ’ u ; s t ito i ’ i i t  I . s t t s  i t t  or,io t ’ I .‘ I l i t - I t  ot t  .u h I ii , - I , - t ’ ,i i ’a, -k
1 i o, l t I  t h a t  s i gtt i t’ i s ’s t i t e ’ p r o h l o t t t  has  h es ’ti sol  vs - si. - \ i t v l  I t t t s ’ 0 b u t t ott  is
p l u s i i t ’j , t in  altthe ’ r i i  pi tt is i I l un t i oa t  e’ ,b t o  sii ,sw I l i i i  I I t s ’ t . - s po n se - i t t - u  h, ’s -t t

ck t iow 1 esi ge ’ti hs.’ the s v i t t  em.  A t- s - tI 1 1 g h t t pr ov  i i , ’ ,; s F 1 0 1 ’  I s , . h I ’ i ~‘ k - l It , ’

sub  I . ’ct s  are  i n s t  t - l i c t  ‘d t o  I o l  l ow  a st  , u t t . L u r , I  ,t s ’ a I t ’ I t  l s t t t , ’ s ’ .I t i I  e’ , iw .uvs
hog i t i n i n g  w i t  ii t I t t ’ I , f t I t t o ~u I b u t  I , ‘ i t  t i u t t i  h s ro t s ’ s ’ .I i l ip  I l’ . ’Ii t lo  I t  t 0 I i  p it t  - i i t s ~
i n i t  i a 1 i 1 lui ttt 1101 Oh 01 t I l t ’ wIt i t  0 i t t . !  t i l e ’ i t ’ .1 1 i p I t t  5 ( I t . 1  I ,‘ a t  s~5 I t~ t h e ’ it iii’ j e c t

l t uut tin iti uso I vet! prob 1 em i it p rs ’ sent . Stu b s t s , 1 tu , u t t  i v  , I i t s ’ t , - .! 1 i pI tt p I os. 1.1, ’ it
o r I-or ut t o i - m: iI  ion  i t s  t ’ ,’l I s w S  : An s. - I ~nte ’ . I i t \  s t i l t ’ . 1  I I I , - b i t t  I ons i s  ~!s ’pt - t ’ss t ’ ti
t i Ie ~ 1 s t !  I i  p it t  gsSt ’5 o l t l  . I I t he but t Ol t pt i s i i t ’.l i S I i t s ’ t ’ O h F t ’ t ’ I I i n s t  F0S !’ t ’t i ss ’
I or  ,u i vo lt  p rob  le t tu , t it s’ re t!  I i i t t  wi  1 1 i’ e’nta i n  ou t  wiu Il t I t o  hu t  t . ’ii i s
I’ . ’ I . ‘ uu s et i  - ‘l’lttuit , t l i t ’  i l l  i t  i : i ! s t e p  i t t  s o l v i ng  a is i - s ils 1 , -t n t s I . ’ p u i s i t  t i t t ’ i s t i t  I oti s
sills’ at a t I me t in t  ii I It o but  t o n  i s I t s e i t t t l  t It o  t , wit t ’n not.’ , t  so , b  , i s - ,t s.’ ,- s I i t , ’ rs ’d
1 i o u t  01  I - l’hte ’ s e ’ulI - t - i t  t i te ’It ,‘ont  iIILI5’S f i s t ’  t his ’ t t e ’X I t s t t t  t ots ; i I i t  i s  t ’ , ’ l ’ r e ’,’ I ,
t he’ ree l  I I gi l t  remit  i n s  0111 when t i t a t  b u t t  , ‘lt i s  re ’ l e ’ i s t - ,i ; i I i t  i s  wrong, t i t e ’

red i i p it t  ~
- ot tu , ’s  b u i c k  on ant I  I i i . - bu t  I ohs i i i ’ s ’s.’ I O t i S  Is.’ , l s ’t , ‘ t t t i  t s , ’d t o  he t h e ’ I I I ’  n t

but t , ‘i t  must  he ’ pt u s l t t ’sI t ipt u i i i  t o  c s ’I t I  l i t t l e ’ t i io Ss ’ t i t ’ t ’ I I  1 01’ 1 I ts ’ s, -c , s i t , i b ,, u t  t oll i n
l i t . ’ st ’q t lt ’nt - , - . ‘I’iie se ’t t  t - t ’ I I  p~~0 e ’t-d~ I It O I l  , l l t , t  I o p t i s i s  t i iuil i tte ,i’ h I l t  i I e ’u l c I t  ,‘ 1 1 i t , ’ ~~ ‘

I i vt ’ bu t  t , s t t u u has  b ,’en p t i s i t s ’.h l u s t  , ‘ t t . - , ’ i t t  ( l i e ’ ct s t ’ re ’s’ t se ’qll enct ’ t . ‘l ’ 0 p i v s - I t

p ~‘.‘l’ i t -nt . ,-\t t i t o t  pt ’ I t i t  , I i ts ’ b I t ie ’ I i  p I t t  t ’ t ’t i is ’ s . ‘ i t  , it i go i Is . -  I ng t h a t  ( It , ’ pt - oh I s5ttt

b u s  h , - s ’n s o l vs ’ t i  A t ’ t s ’r ,t l a p s . ’ o l  ,‘ t~ ss ’t o i t . i s  , t i t , ’ b i n , ’ I i p l t t  pot ’S otut and t ite~
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red and white lights come back on; however , tltis time the onset of those li ghts
indicates that the same problem is being presented a second t ime . Thus , the
subject must remember the  correct sequence and cannot (efficientl y )  solve a l l
problems in a trial—and—error manner without pay ing attention to which buttons
are correct and which are incorrect for a given phase o the solution . After
entering the solution a second t ime and after another lapse of 20 seconds , the
b l t t e  light goes out and the  red and white li ghts come on , but this time these
~‘v ent s  s i g n i f y that a new problem is p resen t . Thus , efficient performance
requires that the subject also remember whether a problem is being presented
for the first t ime or is a repetition of the previous problem. Several
measures can be derived from this task : (i) the speed of solution of the first
presentation of a problem; (ii) the speed of entering the second solution
(confirmation); (iii) the occurrence of redundant responses (responses made
when informat ion already acquired should make the subject aware that the
response being made is not correct); and (iv) errors made on the second entry
of the solution . Solution accuracy (PS—Sol) and confirmation time/problem
(PS—Conf) were used in the present study. Although the time between the
presentations of problems is fixed at 20 seconds , the rate at which the
subject attempts to solve the problem is subject paced ; the problem remains
u n t i l  so lved .

6. Two—dimensional compensatory tracking (TRK ). The disp lay for ;‘
the tracking task is a 7.5—cm oscilloscope cathode—ray tube (CRT) mounted in
the upper—center part of the subject ’s panel. The target on the CRT is a dot
of li ght about I mitt in diameter , and the center of the CRT is define d by hori-
zontal and vertical crosshairs scribed on a plastic cover in front of the CRT .
The subject ’s task is to use a control stick to attempt to counteract a
“randoml y” vary ing disturbance imparted to the dot by the computer and keep
the dot as near to the intersection of the crosshairs as possible. The
maximum amplitude of the disturbance and the stick gain are set so that
appropriate manipulation of the stick can always bring the dot to the center of
the screen. Performance of the tracking task is scored by analog circuitry
that integrates absolute error and a quantity that is proportional to error
squared for each dimension . The integration period is 1 minute , and the
computer reads Out and records the four error measures for each subject at the
end of each minute. The error—squared measure is converted to RMS (root mean
square ) error and , in addition , vector RNS and vector absolute error measures
are derived. Previous research (2) has shown that these measures are all
h ighly inter correlated; therefore , vector RNS error was used as a sing le ind ex
of tracking performance.

7. Task combinations. For the simp le task condit ions , each of t h e
six tasks was performed independentl y for 15 minutes on each of 2 successive
days; in addition , the meters— and lights—monitoring tasks were performed
simultaneously for two noncontiguous 15—minute periods on each of tiiose 2 days.
Five complex task conditions were used , each of which included the meters—
and the li ghts—monitoring tasks; the combinations were (i) problem solving
and tracking (PS/TRK ), (ii) problem solving and arithmetic (PS/MATH),
(iii) pattern discrimination and tracking (PD/TRX), (iv) patte rn discrimination

5
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anti pI ’ t t t ’ I e ’lit i - u o l s . ’ L l t p ( !‘I”/ 1’S~ , _ t i s . !  (v ~ , i r i t i t n t . - t  i c  aIt ~1 t r a c k i n g  ( MA T i i / ’ I ’RK ~ - l och
it , ’ss ’ cotnbjnat jolts WOS port t t t ’tits ’ tI t or  it ) m i t tt i t e ’s ot t  e a c h  of  2 s t ih s e q e u e ’nt

,I ,I s.’ s - t t n t i l e ’ t t t or t l  i n g s  ot th i s ’ 2 I t ’s I ,Livs l o l l  ow u u t~ tr a inin g. t its ’ s u bj e c t  it

pet I t t rnts’th on .‘,u~ it ot t Itt ’ s i x  it imp It ’ t aitk s in a sing le soss j O l t  0 !  -‘ h oot- s
.Itil ’ ,tt t , ’ i t  , A t t , ’r I ti tt c iu , I Its ’ cOIltp l~’X t u sks Wt ’t ’ t ’ pe’rforuute ’tl i n  t wo s, ’ s s j i t t s
c,’i:t! ’jitat ~ t ’ t t S  1, i  ‘

~ , I, i i ’i , ott ,! (t  t i )  we’re p e r t  on t i t ’d ,t s  , u ‘ ) t ) — m i t s t i t  .‘ s e s si o n  and

~ , ‘uti I’ j t t u u t  j o l t s  L I v )  uot~! (v) as 1— ito t ur ss ’ s si o t t ,

On I lu ~ ’ i t - s t  t i ; u v  of t e i t t  i itg , su b  j t ’e 1 it We’re given a p p  r o x  i tuua t e l v  1 hou r of
r~u 1 1 11  t t g  ut t t t l  or i e l lt  at  t O l l  ‘~ ‘ i t  it ea c it  I tusk it t t ro,Iuceti by it i ts ’ l f ; I it s ’ per t o  r m a t t c s ’ —

oI’ t I t , ’ st ihje ~’t it was  cb s,’ i v  t t i ’ss ’r vt ’d t o  u n s u r e  that lit ,’ subjects ap p o ar . ’ tI t o
l i t , ! . - I - i t t  ant i who t was  t’ t ’qu i no ~I ott .‘uuci t t ask - ‘I’It e it u t bj ~‘c t S W~~ re in -t t rue t s ~d t ha t

wet ,‘ to ( l ~s.~ to tb t i l e ’ i F I’. ’ itt on t’au ’i u t ask at ut i I t Ime’s

I I I  - Re ’ s t t l  t it -

Re - !  i ab u l i t  v coo t I i c i s - I t t  it We’re ’ cut I clu 1 at ~‘ ti It ’ r eutcit tuteasu ure for e’:ucit
ps - u ’  , t t - t t i , i ut ~’ .’ ,‘oit ,i i t  ion us ing tile ’ I)av I vs - t h e  I)uuv 2 dat u t .  S i ne , ’ t Ito t’a c t  or

i t t  I s.’ s o s  We ’ re ’ ca r r i .‘,i ,‘itl t ott  (Its ’ tttu ’0lt  it 0 !  the 2 tia s.-s of  Pt ’ r fortsance , t its ’
5;’ , ‘~ t r u t t a u t  t i  l - owt t  p rop it e ’t’ s.- t o r t u t i l  1,i was used  tee c ompt u  t e t i t o  e xp e c te d  ru ’ 1 jab iii  Is.’
01 t h o s e ’ itis ~ i t t s - l I t  s ’ r e ’s u t l  t t u t t l  coo ft i c i o t t  t it a r e  sl towt t  in  ‘l’ab le  I . ‘I ’ite
cot’ t ¶ i c ie ’nt  s f o r  l i t , ’ gr e e ’It I i gitt it task were si gts i t’i cant leer usl I cont l i t io n s
.‘xc s’pI t i t e ’ comb i not  i on  i nvo lvi t t g  or  i t  itme t ic ant! t r a c k  it ’tg . Ott lv I lt r oe ’ o I ‘

coo t t i c i , ’n t s  w,’t’ e s i g n i f i c a n t  lot-  t i t e  red I ig iu ts task : tite conditiot i s wi t h t
proh  1 t ’m so I v n p 01st! t I- ticking, pat tern d i s c  r j u t i nat ion and tr ui c hi tsp, and

‘,tt t s’ t-n ti I i t t’ r Un j I t t u t  ion anti prob letu solving. Two of the re’ ii oh iii t s.’
co. t i c i e’n t it were’ it i pit I f i c a t t l  lot- t h e  n ot  et -it  I tusk ; rite so were’ I Ito it i tnp 1 e
c~’lt ,h i t  ion and t Its ’ p r ob  I em s o l v i n g  and t r a c k i n g  con d i  I ion . A l  1 three
coo [tic i s’tt t s We ’ l’s’ it ign if I c a n t  f o r  or i t  itme t i c , b u t t  on 1 v one wi t s  si  pit i ~ i cant
I t ~ r pat t e rtt t! lit e r m t  inut t i o n — — t h e  comb m ut t ion i nvo lv i ttp pat to m s  and p r ob l e m
i t t ’! v i n g  . A l l  lout coo f f t c  l e n t  it for nonredundant r e ’sp on s e’s on prob lt’m solving
we ’ r e’ s i go if i c a n t  and large’ , and a l l  f o u r  c Os ’ ff 1 c lent it f o r  second
St t I t t  i 0I1 I (tile—pt ’ r—p rob lent we’re sign if ic.’int I l i oug li not  as large’. Al 1 four
c 0.’ It i C i t ’ll t 5 lot ’ t Ito t I’uI ~

‘ hi op task Wi’ re s i go if it’ ant  t i toug h not i t t  rge - ‘I ’ite
ct’rrs’ l , tt ion tita t rix of all of t h e  measures used in ( i t t’ a t l a lv s s ’s a re sitown i n
t ito apps ’n sh ix  -

Ft  ye ’ I t u e  b r  a n a l  s.’se’it we’r e ’ ca r t ’  i t ’d out One’ f o r  e’aeh of tite ’ comp lex  t a sk
c o nt b i n a t  j O l t S , t o  s’X t i n t t n t ’ t it s ’ f in d  ings for evidence eel tu I ime ’—s lt a r in g  f a c t o r .
l’Iie’ shil l 1 t u s e , i  We ’ t o  t its ’ av er a g e’ it utc ross t i t t ’ t w o  t t - i a  Is (one’ per d ay )  f o r  each

uui e ’ . i s t t t ’ , ’ at a p i V e ’tt  1 e’vt ’ 1 of cotttp lox  i t s . ’ , In  all of t i t o  a n a l  \ ‘5C 5 5  - tite pt - i n c  i p a l
a x e ’s me ’t h i s s d  was uis~~d wit lt u l n i t y  i n  t i l t ’ m a j o r  d i a g ona l  . F a c tor s  w e r e  e x t r a c ts ’tI
i n  .u St  s’pW i its’ p r o c e d u r e  tin t i 1 a fact or wit it an ci ge’nva I no of  It’s it t h a n  1 was
oi’ t .u i ne’d . A l l  f at ’ I or s wit it e’ i ge’nva I I t t ’S t s ~ u u t or t i t a n  1 W e’ re t lte’n rot at e ’J t O

it imp  . - i t t  r u i c  t tin .’ by the’ norma l var imax met itod . In the cast’ of  t h e  simp le ’
I ,usk con ch  i t  i 0115 , t i t e ’ s,’lms ’ dot a ‘- ‘ t ’ rs ’ ~~st’d i n  e’ach a na l  s.-it i s  i n  wit i ci i  a p i vt -n

iuu s ’,u sums’ ~-up p t ’.’ir e’el
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o t it i it - I t t i I s. u- I it , it j \ I o t  s ’ il — i t  1 s ’ V , ’ 1 ~‘ I e , ‘ uuu ~’ I , - X i t  V - l i t , ’ t t s ’ t  s t i r s -s t,’ i’ t . ‘

t s ’ -t i’ .’uu .’ I i t ’s ’s I t ’ ~I , ‘ .‘ t i  I t,e’Il t it , t o  I s ’,! I i  ph I  it , , u t t 5 i  I 0 Itle ’t s u i t ;  t t ~ t p u  , ‘~‘l , ’iu u
i t , ’ l s . ’ t u t p  . I ’ ’ t ’ t ’ t ’ I t t  i t ~~t h t  t ’ , i t i u u . t a t u l  t ’ s ’ 5 j S t I t t - O ’ ’~ I l i t ’ s  C St i ll i t I O t t

-~.‘ l t u t  t o u t  I i tas ’ i’s - u ;‘t~ ’~’bo i tt ~ ‘~~- t ’ o u t , i  s, ’ I t t I  i , ’tt ~ ; t o t ’ t u , t t ’ k u i u p ,  V s ’ t ’ t , ’t ~~5 ,‘ru ‘ u

I ~t ii i  ~
‘. l _ u t ’ i o t ~ L t ’O t f j ’ I I I ’ - t o t ’  i ’ S / i U k  C s t t t t ! j t j t t t t

( ‘~ -u i i i t p  I s ’  t ask i t t ’ t ’ t ’ s t u ’ t n, u u t c ’ c ’ ; (‘ e ’st ltl p lt ’~ pet’ ! orflt.t ute’e ’

I act 01- ,;
l a - .k I ’ , ’!’! t lF n t a u u e ’e ’ I 

- ‘  I , ’ I 1 - T - .  
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( . t ’ t ’ O u t  I i ~i tt it . ,‘ 1 . I ‘-‘ ,‘ . 0° .

C . “ 1 - . 1 - . 10 , 0 0°

h e ’d I j e i l t t  ‘ . ‘ .0” . 1- .  ~~~~~~ .0’’ _ . t t - *
I, ’ ~ 7 !  ~~~~~ . - s - ~ .10 _, ‘~ t

I -, . ‘s .  . . 00 .

C . I I — . 0s~ .0 ~ . 0’’ ,
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~ . 0”t . Oo . . 10

I i t j s ’’ i s .  ~ 1tic’ ~
‘ . ‘ i .‘ . 10 .‘ . 10 1 . t ’ ,’ b . 10

F i v. I ~u c t oi’ s we i’s’ ,~ \ t  r u e ! e,l wit ii I i to  ci p.’ut s.’ ,u l u t e ’ ~~t ’ i t  e’ t i  on it s  .- 5I . .‘\ I I  01’

v 1 1 ’ l r n , i \  i o l , u I  i o n  t V , u b l s ’ ~~~~ , the l i t ~s t  Lu5 - t o r  w a i t  t m i x s ’ , i — l t ’ , t t l i t i c ,  I . u ~’ t 5 ’i- ; t ltt’
uu , ’ , ’ t ’l t . t  t , u , -t , ‘t  s.- , u s 1 , u C i i , ’ I’ itt I’ ,’5 I l c ,  Iv ati i nd , ’x , ‘t  t t t ’It t- ,’t i t in i u n t  u~s’ sp o tt s i  ~~~~ ot t  t i l e’

p toi ’ l , ’tit — s. ’ s. i t i c, t ,u i t h  ; t i l e ’ t It i F t !  I ,u~- t or w i t s  p t  u t u u , u  i i  1 s. ~t tuts”n i t  s ’st ’ i up  I at’ t t i t ’ l o t ’
it t i t up  b e ’ t ,u s k  ,-ottd i t i ,s u t s  ; I i ts ’ foun t it I ~u~’ t on was 1’at hs’t’ ~

‘ 1 , -at - i v a t t a 5 -k  l u g  t ’ t i ’ .’t

t , u c t  t o t ’ ; . i i t,I  t it s ’ I i t  t h u  ! , i t ’ t  or w , u s  pi - i t t t . u r i  ls.’ a t t t e ’t  s ’t’ t t l O t t i t s i n i t t g  I a c l o t ’  w i t i t  a
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. u b  t Itoug h itOll t t ’W i t t t  i t s ’t  s ’ t ’ , ’ s s ’ l t s ’t ’ t i S  , d i d  e x h i b i t  pre ips ’t ’ t i s ’s t h h u t  We’t i l s l S u t p p s ’ S I

itti, ’ii .115 i i ’  i 1 i I V ; i t  i t , u , l  1.i t c, s ’ I ,‘,t ,i u t t p s  t or r~’s p o u t S e ’ t toe I 0 pres’tl 1 i ght it , iu sd

i’s’sl I i p h! 5 1 , ’t  l i t , ’ Cs ’itt p I s~~ t ’ t ’ t t s i  i t i i iii , t i l t s 1  1 al - ge’ load u it g s  lot t u r n , ’ ps - F — p r s ih I em

on pt-oh I s’ttt i t t ’ I v  lt~~ I 01 h o t  it i t i  ntp 1” an d ~‘omp 1 s’x ps’ t~to nitautc,’ s ilt  t lie’ Ss ’ t ’ silts!

i t t ’ I s i t  I t ’l t ,
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P. . P r o b I e ’tui so vj ~~~~ and ~u r i t t I u t , ’ t i c  ( I ’ S / M A P h i ) . A~~ ti j tt , L’ t l t s ’ ii s t i ! ’. ’s ws ’I ’e ’
u u s e d  I l l  i t , ’ tuna  1 s.’ - j s w i t  it pe- r c e - nt  C to I’ i ’s ’C I on uui i t  l t t i t s - I I c  he i tg  list’ d nu t t its ’ r t it ii tt

s.’s - c t t s t ’ R~IS s-I- ro t on t u a t ’ k i i t p ,  F o t t t  L u s t 01 ’S we ’re ’ s’x t r a c t , ’ 51 ( ‘l’a h l e ’ 1) ;  t b t s ’ f i r s t
t ’ils ’ , L p u i t t  was a niixs -~ i t i s ’ t t i t ’  w u  i i i  l o a t i i t t p s  o u t  , i t ’ j t b t i u t e ’t is ’ (i t i t t p l. ’ anti t- tm p lt’x)
t i l ts!  p I

_ t i1 ’ ! s’Itt sol vi up I j ilts ’ — i’ ’ ’ r — p  rob  1 ‘‘itt h ot  It S i tut ~’) is ’ tt t t t! c omp ~ x I or  l i t , ’ st  ‘00.1
st ’l u t  i t ilt , 1’lt, ’ s - c  t i t t t l I i c  t ‘t ’  l i i  ~i I~~t’ p - 1 o . t d  i t t p s  on I i t s ’ t l t  r i ’ . ’ tit s slt 1 t or  lug t a skit
t t t t , i . ’ i it ~Iflp Is 001St ! I I 1 t ’t t S - Tite’ tls i r t l  f t c  t ot’ was s’ S i t O t t t  i - t b  Is. -  an i n t i, ’x of  1’ ’ n t ’e~n t
t t~~i t r , ’ , I u u n t i t u n t  I . ‘Sp t i I t S s S s ’ I t  i’ i ’ oh 1 e ’tt t so Is . ’  t i e , t i n t !  b i t e ’ t ’ s ’u i t ’ t i t  t tic t or s l i , iu, ’ , ’ , i
i t t  c, ’ , u b i s ’ l ’ i I i t t p i t  out  I i i i ’ motu C ~‘i’ i t t g  t a s k s  t u t t d e ’r t h e  comp lex  s~o i t t i i t ion ,

I -WI 1 1 . I ,ie ’t or I oad 1 rtqs for PS/?-l’\l H Coutd i t  io n

S = ~; i fl1~ it ’  t ,tsk ~
iei’ fctt ’nt.ui te’t’ ; C (‘Ofl1~t I 0\ p ’~ ’ fctrm attc ’t’

I ,ict u t I ’’~
I ask I’t’rt’orm,tttt,’t’ I I 12 I I I

Green L i  q tt t  s S . 1 1 . ~ 1 .04 — . ‘4
C . 17  — .O~ .13 — .

R <’d I iqh t s 5 .t).’ .“l — .09 — . 0
C _ 19 ,~ ) — . 2 1 — . TO

M o t o r s  S — .05 . 7~ — .,‘~~ .04
C .1 ) 1)  . 0(. — .04 — .

M M I I  S — . ~“3 — . (is ’. . I C’ — .07
— . ‘,S — . O ~’ . II . 1 0

PS- So 1 5 - . ii - ‘ 1 1  . .01
(‘ ~~~~ — .11 .93 .11

P S— C el f l f  S . ‘;‘~ . 1 7  .10 — .1 1
C . “I) — .24  — . 1 1  - .21

I iqen~ , t l  uc ‘S
. ~() ‘S

. 15 ‘.0(1 I .75

t ’ , !‘.u t t s ’I ’Il disc rittti nat tout and trac kits g (P l’t / I ’RK ) . ‘l’e’n t11O~l S( I I ’O$ we l t ’ t i i t t~ ti

in  t it i s  ul t t ~i i v  i t t  it ; t itev we re’S : re ’ Sp o lt s e ’ I ins ’ it f~s r out ~•it o I b i t e  rnott i t  01_ i  tt5 ta sks

p5’ i’e’ s’nt ~
‘ ~sn rs ’~’ t on I ito pat t e t -u t h i s  cr  imi  nat  j o t s  t ,t sk  _ and s.’,’c t Ot ’  R~ t 5 ei’ ro r  Ott

I he tracking t t u s k  Four  lu te  t o r s  we no e x t  t •~sc t i’d ( ‘i’ah l o  a - ‘i’ite f i t s t  I t t  t~ t or
sitows’d b a T’gs’ load t t t p s  si l t  I itv p !‘u ’e ’n I I  p i t t  it I ask u tn d e ’i ’ t Itt ’ 5 ititp I s ’ cott d i t  i on an d
b ite ’ re’eh I i p i t t  s task t i l t d t ’t ’ hc ’) t l -  b i t e ’ s i m p l e ’ tind comp lex coudit I t ’iiit - ‘lilt’ i t O t ’ , it l s i

I ,u ~‘ I t i 1 i t i t O W e’ ci a I a rgs’ I oasi i t s  s t o t ’  gne’t’n Ii pitt s untie’ r t Itt’ comp I ox cond it i ott
Ofl e l t r a c k i n g  L u l t s h e ’1’ b o t i t  c o t t d i  t u o it s ,  ‘I’it e’ t h i r d  I , I t ’t o t ’  sit owt’d lat’p l o u i d i t s g s  011 
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the  m et e r s  task under both s imple and complex conditions and t he fourth
factor showed large loadings for pattern di scriminat ion tinder both condition s .
‘fltus , as regards the hypothesized t m e—sharing ability, t u e  o n l y s u g g e s t  i ve
finding was the fact that gr e ’ -n i i  gitts loaded on d i  ffere’nt factors for t h e
simple and t ise comp lex c o n d i t i o n s .

TABL I 4. I ,t ctor Lo~ dinqs for PD! IRK Co nd i Lion

(S = simp le task per f o r ma l i c e  ; C = comp I ox pe r fo rman c e

i.i ci. or 5
Task Performance II  F? 1 3 14

Croon Liq hts S . 7 1  .2?  . — . l b
C .2 6 .64 - .24  -.04

Red L i qht  s S .M4 - .04 .?~ -

C .55 .1? — .01 — .07

Meters S . 3 - .05 . - . IC . C

C .09 .04 ,~~~‘, I - .15

PD S - .0? . 34 - . I I . 9
C — . 17  _ . i I  — .1’ - ’ . “)‘

IRK S .1? • M” s . 1 2  . 11?

C — . 10-s . ‘,-~I . 0 ’-’ — .06

Liqe nv altue 2 .15 ,‘.0~ 1.76 1.73

D. I’a t t e r n  d i s c r i m i n a t i o n  and probIe~m solving (PD/P S). ‘b’welve measures
we’rs’ use ’d i t t  t h i s  anal ysis and f o u r  factors were ext r a c to d  (i’a h l  e . ‘ri te

first factor showed large loadings b o t h  For rs ’ th and green 1 i ght t s under the
s i m p l e  c on d i t  ion and for meters under boti t tlto simp le and tlte comp lex
condit ions. ‘ri15~ second factor was a fairl y c l e a n  index  of  n onr e du n d a n t
responses on problem s o l v i n g .  Tite ’ t h i r d  fac t o r  showed l a r ge  l o a d i n g s  fo r
pattern discrimination under the simp le’ condition and for problem—solving
time—pe r—problem for the second solution for botit conditions; it showed all
intermediate loading for pattern discrimination under the comp lex coutdition .
And the fourth factor was primaril y an index ttf red and green 1 i gltt s
monitoring unde r t h e  comp lex condition .

10 
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w h u t t i I I t s ’s,’ I . ‘ u l s , s t t t l . - , l . I’I u . - low s’s’s’I I i ,’ i s - i tt t o t (it , ’ I ’ u u l  ( s - l i t  t t s I ~ * u ~tt l s ~ u t i t , ’

l i su p l i ’ _ i i t s l  t i u t ’  I’S “ i R K  s ’ , ’ s t , i  i t  i o u u S  ws~ l ‘ ‘ l i l s ’ii , I i ’ i  s. - I  I .‘ i t t t l t ‘ I  l i i i ’ I _ l o t  I h i t
- ti !’ ~ t d i  si we I I sin t h i s ’s , ’ C asks t ’s.’,’ i i i  I ( , tu , ’; i t t i 4  ‘11 . i’~ t I l t , 1  , ‘ , .‘ p i ’ t s  , ‘ t t t

‘ ‘ ‘‘ I’ ’ ’ ’ ’ I s . ’ , ’ I v ’t 
, , l t t s t  • I tl s ’u s ’ i t o l e , t lu s ’, s ’ W t I I i  I i t  I i i ’ s.- u t i t l l l t t s i l t  ( i t , ’ t t t . ’ , i ’ t t t  , ‘

~\i u, ’t l i s t u u ,. i , ’ ’-, to I I i ui ’ “ u , ‘i u uti ’  i 1 i Is.’’’ s i l  I I t s ’ u,t, 5 u u s u i l s ’~ C l i t  L i s t s ’,’ I t  I It I I t s ’

I I I  ~‘ l  . ‘ 5 ~~ t i i i  u , ’t i s uit t I \ (si ’s ’ t hus - u i p p ~’ui ~I u ‘~ , i ll  I a~’ I I I ilu t p i t t  l i t ’  l I  Ott. ’ - l I I t , l t

I I t s ’ t ,‘t i t ; 1 s t  ~‘ils ’s.’ s~I t l u s ’ ulu t ’ , u s s u l  s ’ s  u 0  I t ’ t-t S I , u ’ l ~ , ‘ , ‘ iu t i ’ i , t : u (  j , ’t t s I t ;  , l  be t  t, ’u ‘ ‘ i - I l i s t , I l  5 ’



s i t (I I, - l ’s ’ I i ii i i I i t  s. sit t i l l ’ s ’ s ’t’ I ’ ’ I t (  1 t i l t s  t t s , - st 1 It t i t s ’  I a t ’ ( , 5 I ~ tt utti I s , ’ t ; s ’ t i t t uut t his ’
I 1 ti s,’ I / I ) ;i s. -  - ‘ i ’, ’ I i  d s j  I i t v c’ s ’ s ’ i I i c  i ’ l l t  ti , l ’ t ’ I I S  i . I , ’t  in g  t his - I ’ , ’ sl I i p i t t  i-i 

• ( i t s ’

t t t s ’ , i S t t t ’ s ’ t t ’i s u s h I  I , i s k  c s i l t l b i u l t t t  I s i l t  c’ s ’ u I s ’ I t i t  . ‘ i t  i t i  cii i I’ i c ;uut t iv at (its ’ - 0’s h s ’ve ’ I s i t ’
be t  let’ w j t I t  ( l i t ’ V:iI’ i s s i u s  g l s ’ s ’ t l  I i g i t t  it tlt t ’ : i S L l I ’ s ’S  • S i t t ~ i I t i t l v , t h i s ’ c , t r r s ’ I , i (  i ,iIts

;u l l i i i lt g  (lit ’ c l i  I t s ’ V e ’ i l t  I usk e’ t t i t i i t  c i t i t  i , i i l t ;  1 , 5 1  i’t ’sI I i glut it a t ’ , ’ :u l so S i g t i  i I I s u I t  , t I

t h i t ’ - 1 ) ’ ’ I , ’v , ’i  t ’ I  be t t ’ r . Ovs ’ ta I I • I he ’ t i  I i i i ’  I l i t  s. ( ‘ u — a t  i s - a s  I I I t s ’
c ’ s~ l l s i  st  s ’ne ’\’ ) c i t t i l t ’ tt ls ’ : i s t i t ’ , ’t ;  I : ik s ’i t  a t ;  u ss ’t  is , ‘ , ‘ u t t ;  j s l s ’ I , ’ ,I t t i I ’ , - ;is le ’ q t u t u t  s ’ I
I I i ’ ’ p l l t p s ’si ’l ; s i t

’ t It, ’ St  1 I S I V  -

I t .  i” :us ’ t s t r  A u t : u I . ’ t i c ’ i”I u t s i i i t ~~s ,  ‘ I l i s ’ t s ’ s t u l l  s i t  l i t , ’ f~u s ’ I s t r  , in :u I s . - s s ’s t~s i r ~ two
t o t  ( I ts ’ t t u s k  t ’s s t i t iii i t . t t  i , ‘i t t ;  I ’ s ’ l s i i ’S. ’ t t t ‘I ‘‘ si i ’ t l I t ’’ 1 . 1 1 1 I s ’ t l I  ts s tt oi t his ’ pt ’s ’ V i s t t i t ;

t ’ s ’S i i  It I t i tIl i si w i t  Ii t i t t ’  o l  ci , s ’I e c  I r , i t t i i ’ c l t u u u i  i ta I vt ’i’s I ott ,‘t this ’ ~t’1’i’i( ( I ) - ‘I’i u is
w i t ;  I l l ’ ’ ~ s uit ult I t t t l t  1 ( 1 1 1  i i tV o  l v i utp pi’ s tb  I em so1 s. jug : i i t s l  a t ’  i t i i i t is ’t i t ’ ut itsi t h e ’ cs iu t i i t  i ut.i—
t l o u t  i i i v o l  V i l t l ’  t t ’ i t  111110 1 Ic ’ t in s l I ~‘:us -k  i n g ,  l I t  s ’ t l s ’i l  t o t  h i t s-is’ t w o  t u t t t u i v s s ’s , two
to ut l i , ’,-,, ’tt.u I I i s ’ !  .‘t’s wi ’ F , - fo tuui sl !‘sit’ I l it ’ t l i t ’ ’ ’ . ’ t tl s il ’i i t  s i t ’  I it p  t t u s k  t t l ( ’ t t i ’ i u I t ’ s ’ i t — -  t ’fls’

I t i c ’ t ‘I  101’ 111011 i i  sit u p  t i l t s t s ’ t ’ ( I t s ’ i t i  t t t p I s ’ s t i lt s1 u t  I . s i t  ; u u t s i  : l u t s i t  i i s ’u’ I at ’ I or  fo r t i t t -

s ’ t ’ f l t l i  I e’x s ’ st n s l  i t  i , s i t  . ‘ l it it ; c’ ti t ’u ’ s ’s I s e i l I s I s  i i i  t’’e t Is . ’  t o  h It s ’ pr i~’v i s ins  I i i t s i  i t i p s  (I
wtu i s - I t  W, ’t ’ s ’ i I t t  e’l’p r s ’t s ’ sl t o  t t u i p ps ’i t t  I h a t  t i l e ’ l ’ s ’ i t ;  a t i i i ui ’— itlua 1 , 1  tip ( o t - e ’e ) t t u l i  I ox
Iil sit l i t  on Itg ‘) alt i I it v

I ts’si ( i t I I ( ’ r I ask e ’ & ) utlh ) I h a !  i s t I l t ;  s. ~~, ‘ I s les l  l ’ i ’ t ; i i  It it t i t t u ( we r. - e’oittptl t i i i  is ’ wit hi V
I I ts ’ pts’v i Ot i s  I i n c h  i it~~ s : i t ;  Ws ’ I I :15 wit Iu h u t ’ t Wst : ibs ivt ’— nte ’ts.t i cinesl I ask ,,‘tintb i u t t u—
I i s iu t t i  , l i t  I i u s ’ c _ _ u os ’ t o t  t h i s ’ c’siu ts l i t  I ott  i ’Ivs i l v i It g  P a t  t l ’ l t i  cli St - I ’  I ilt l it t ut i si ll  : 1 1 1 5 1

151 . 5 15 I e t t t  it , ’  I v  in g  , l i t , ’ I wsi I i g i t t  it ” litsi tt i t  s i t ’  I it )t utie ’ a s s u u , ’t; I t i : t ~t s ’ cI t i l t  , s t ’ t I u s t g s i l l t l  1
• I , i t ’ t , ‘ i -  I ‘ ‘ I -  l i t , ’ i tt t ~~ i s ’ t u t t s l  t i ts ’ c’sitt lp I s x ,,‘ O l t s i  It i s t f l5  . ih owt ’v e ’  u- , hot i t  t i s , ’ it i i t ip  I s ’

:l u t , i  .‘ s ’t t u p I i ’x i t t s ’ t e ’ n i;  i t t s ’ : u i t l i l , ’t ;  I s i t u s l s s i  ~t t t  ( I t t ’ I : i ’ t  t o t  I i i : u I  i . ’ I ) I ’ . ’s i ’ t i l  t ’sh t ; i i tu 1 i  Ii ~
o - ~ 

I s ’i ’iS: I l t c ’ i ’ I t o t  t its ’ I i p i t t  i-i l t ts i t t  i t  s it — i it g  I t u s k s .  ‘ l i t e r s ’ :11 ’ s’ t wst psi i Itt I h a t  u i ’,’ 0 1

I . ‘s.’: u n c t ’ t o  t i t s ’ lit ’ l t t i v i  s i t ’  s i t  I i t s ’ It tt ’ t  s ’ t ’ i t  tt t , ’ : u s t u t ’ s’ ; I i l _ I; I , I u s ’ p~’s ’sI i c t s - st
t , ’I i . u i i  i I it s. si I this ’ c ssIlI I ’ t  i t ’ ,’i it i, ’ t s ’ I ’ S it is ’ :i  ~t t i n , ’ w u  t ; . 0,’ ( i iass ’ sh s’i’t I i u s ’ I~as.’ I / 0:u~’

i : t t  I s i l t  • t I l i s i  , t t i ’t ’ st i t t l , I I t s ’ c’,’st ’ t ’e ’ i  ~u I  ion it t - I we ’oll I i u t ’ S i tt q t is ttts ’t e ’t ’s ms ’t l s l i t s ’

ti u t s l  I I i i  a ii , u u - t i s ~ l u l  :1 1’ c’ siltl i ’l I s ’X It is ’I , ‘ t ’s liie~ , i s I l l’ s ’ watt - , 5 - s  . Csiti s tie s ’ i ilp, I l1. ’se I wsi
psi j itt a • i t  i t t  I t s ) !  5 t I t - ~~~t ’ i t ;  i ut g t i t t u t  hos t iu Il ls ’ I t ’ t ’S lt ls ’ t u s t i  i’s ’it 1 s ’ : u d e ’ ti t i l t  I its ’ “ it i t t l i i  I~’
111,511 i t  t i l l  It ~~ ’’ I I t ’ t s ’I ’ . I It ( I t s ’ s a s s ’ s i t  h i t s ’  I tt itb ’- cot lIb I n at  t i l t  i t t v o l  s. i up  l it - s it s I , ‘11l

is. ’ i l l s  t l I I , i  I i ’ i t ’k i t i p  • , l p t l  L i t  I i t s ’ S ~I it ~~ Is ’ t I l i s I  s ’ i) t t l i t  I i ’S I i p hil  it ttlu i I t  i t  ci t  i utp lt ls ’t l S I t l ’ i ’S

I s i is i t ’,i in s l i I I  .‘t’ ,’t t t f , u c t  t i t ’ t ; t u u t s l ; i s ’ t u j i t  t i l t ’ it t s ’ t  s ’ i ’ i t  l t ut ’ : u s e l l’, ’s wt ’t ’ s’ i te i i l l s ’W t i t l t

i l ’ , ’ u ’ t - , i i t t  . l i t  t I i i  a c’ : I a s ’ , Itstwt ’v,’ , t h i s ’ s i i i u i i  I s ’ itts ’ t  t ’ t ’it n t ’ ; u s u i t ’ , ’ I s i t l s t e ’ sl si l t  I hu t ’
i itt p l s ’ I i s l i t  ; t t t ,~ lt i t , i  I u t g  f a t ’ ( s i t ’ 

• b tu t I l u t ’ c ’Ol t l I t  I s x  tt te t s ’t ’ s ni s ’ :u it t u  t’s ’ 1 t s , u , i , - , h , ‘t t  1

s o t  I tos ’,itt. i I t act s i t ’ wit i c - l u  ii St 5 s h i siws ’s l  t i l t  i u t t  t ’ Iilis ’ sl l t l t  t ’ l o u s ! i i t p  I ot ’  l i i i ’
a t I t l ~~ Ie iitel ‘‘n i t  nlt ’t l a u l i  I’ , i’iis ’ I ’ t ’ I i:ui ’ i 1 i t s . ’  . 5 1  t lit ’ e ’ s ittt Ii I ’X ttu t ’t  , - I - s  t t l l ’ a s t l ) ’ , ’ l o t  I i t i  it

s ’ s i i l s i  i t  I s i l t , t i i s i t i g l t  u t s i t  X s ’ t ’ I i t  i s ) i t t l I (p t ’s ’sl I c’t s’sI t’ = . ln ’~ , was ( I t s ’ 111051 t’ s ’i i t t !’ 1 .’
s i t  t I t s ’ t t t , ’ 1 t u t  I . ’ 5 s i I ills ’ t s ’t - 5 ~ 5 ’1 ’ I s i  t ’ Itt l l l t ’ s ’ I l I t s I t ’  t t i l t s . ’  5 i I t l i e ’ c’tSt uI ’t 11 S c’ s i I t s I  it I s i l t ;

N,’ ~~. ‘. ‘ , h  . ‘ X i ) I l t t , I I i , i t t  s i t  l i i i ;  I i i t s l i t t s ’ , l i s t  it t s ’(  t ’ F i -i i l t  I I i i  I :i o t  s i t ’ , t t i , u b s . - s i
I t  a .’ I t

I ’l l . ’ I i t u , u I  I , t i t k  ~‘~iit ubiii ,, t i s i l i  • P~ t I t ’t ’It  ‘ii t-i s ’ t ’ i t t t i u t t i t  i sit l t i l i s I  I t-~u .,’k I I t~’~, I i t S

w i t  It  I I t s ’ p t  ‘s. ’ I , ‘ t t ; I h I . 1  I l I p ; :111 , 1  ( i i , ’ s i t  I t t ’ t tuit t u I s.’it s’i; s i t  I Itt ’ p l i ’ t i I ’l t l  i-i t l ists. ’ s ilt Is.’
i t I ( i t t  t his ’ p i s i l l  I p h i  ; I l l s - a s h  I ’ ’ I s ta s i s ot t d i I t~~’ l’s ’i t t  I :1, ’ I s i t ’ ; h i t  I l u ,  i t i  m l i i i ’

,iit.l t i , - s - , i t t t 1 ’ i s ’x ,,~ i u i s I  i i  i s i u i  a - ‘V It o i_ I _ si I ig l l l  it tll t ’:us tu r e ’ ; t i ~’w.~si , ‘ i ; a , ’ i l l i ; u l ls. ’ ‘ e l , ’
i s - I  , i h i  I I I I s.- i u i t s i s t I I t s ’ os i l t i l i  I s ’s Cul ts 1  i t  I s i l l , ansI , i i i  u ic ’s ’ ( l i t ’  s ’,’l’ i i ’ I ti l I i t i t  I is ’( wt ’ s ’ I l

I t



t h u i  it tss ’:isttu ’~ t I l t s !  t i l s ~ a ii t u p  Ii ’ u t t s ’ t i i t t l r s’ w a s  , ‘‘5 , i t  W s it i I t t  bt ’ s’ xl i , ’ s ’ t  s ’d I I u , t t  ( I i i ’s.’
won I s !  I s t a t l  t t t  I Its ’ it~~i t i t , ’ l i s t o u- ; , i i t  i t  l i i i  t t . ’ sl suit , t h u  is w:us thus ’ I - u s ’ I ,‘t  I l u t i t  I iu ,

it 1 11111 I~’ gl’ c ’ t ’ll I i g l u t  t; Itt s ’aittll ’s’ I o~i~l, ’~I silt ,

I’Itet ’s ’ w,’ t , - sc’vou’t i I 5i I Iie ’l’ I t i t t lt i tp ~ t I ’ , t t l t  t i i c~ I . u s ’ t t ’r . u i l t i  I s,’i ts ’it t i l t i t  I t ’ s ’ t~ i
• tI l t  s ’ r s ’ sI  _ u - i  r s - p , u t ’ s ls  ( h i s ’ I t s k i - i  sit t i l t ’ ~I’t ’l’h 1 . l”i c’st , i i i  . , t ~~ i t  to I t lu ,  :u i i t i l v i t e ’s

I or ( I t ~~ c~~iut t t I t t , t t  I s t i t i t  j i i v s t  [v i  l u g  it I ’s i h t l s ’ilu s o l  vi tug , I hu t ’ l l i e ’ t l i t u t l s ’ t i I 
~~~~~~

I l s t l I  r e ’ s l e i l t t l : I I l t  I s ’ I ; l i s s l u s s ’ it s~~i l  P rob I , ‘It t — 5 o  I s. i t t p  I ’ I t a t  a ’  I l i t i s u i t  ( I s o  b o t h  a i nip i s ’
:1 ut l  o c) In ( i  I i ’s ~is~ 1’ 1,i r l t i t i  I i c ’I ’ ) 1 ,ia st s ’ s I s ’t l  t i l t  s’ S i t, ’ It I I a I I V ‘‘ p l it ’s ’’’ I ,uo I sit - - l I t . ’ its ’ co l t s !
it oh sit i 5 i t t  i i i 5 ’ . i t t i t ’~ .‘ I t i i t i t ’— p s ’ t’— p r o b  I s ’in w a t t  t - i t it tst ’w h l t u t  c a p t  i c  i sil tS 11 I ~it i~Io~I t o l l

I ’ i t  itt lle t i c’ W I I C ’lt p s ’t ’ t t t  I’t t lO t l  w i t  Li ,t t ’ i t  Inn s ’ I i c  , s i t i  p i t  I s ’ I ’l l si j t t t ’ i i  lit I I’ltul i tilt I It (tut u I
t’ c)Ilt t) I titu t t o l l , h i d  s i l l  t’ si l t tp Is ’s tll silt i t  s i t _ i  i tg i i i  I h I t ’  s ’sillu ii i t t , t t  1 silt i t t V s i  Is.’ I It~~ I I’ t l c ’k I np, -

Vs ’ct or  R~1S I t ’ ,u o  L I  I t S ’, .‘ I ’ I’ s’I’ I o :u t i , ’ sh s i l t  ,i ‘‘ p u t t ’ , - ’’ I ti c I or wius ’ut I rack i itg wtus
ps ’r f s ritt t ’sI w i  t i t  i t  I I i l l t i t ’ t  i t ’ t u tc l  w i t  Ii p t ’sib 1 s ’iti so lv jug at t s i  si l t  t hus ’ i t t - i l t l s’ I t i c ’ l o t ’ t i t t

c’omp ii ’x g r s - s ’It  I ig it t s j u t  t h u s ’ c’ s it t t b j t t : i I  i o n  l I i V s i l s.’ i lt g h i l t  t s ’ r lt  s i i s c ’t ’ i u n i u t a t  I s i l t ,

t ’ ti  I t s ’ ru c l i  sc ’ r l  111 1 t i ti I i t i l t  a l t s i  :1 1’ t lui t is ’ I i c~ s ’ : I s ’ l l  I s i3s l s ’ sh s i l t  ‘‘liii Fe ’ ’’ I t i c ’ I s i t ’s W h i , ’It
pt’ r forittosh wit it t i’a~’ k jug , he ut Wh is ’tt  t l ie ’~~ Vt ’ u’ s ’ ~‘~ u c hi ps’ t ’ I s i rtlts ’ sh wit 11 ~ i

’ s ib  I s ’u uu

St i Iv iitg , I Itey ,‘u c lt s h u : u r s ” sI a f a t ’ I s i t ’ wit is t i  liroit I t ’lli— i-t s i l v i  i u i ’ , itIs~ t l5tII 5 ’ - 1 i Itts ”~~is ’ 1’

pt’ohls ’tt u s u i t  ss ’ s’ o t l t s h  i t s )  lI lt ion s .  I t  S i l c i t i  It! h is ’ i ts ) t  5’d I lt:uI i tu  I u s  p t ’eit s ’ i l t  t;I t t s l v
prs b L ent so lvi up wa s  , u t i  i ud i v  i s ! l t t i  I t :tsk wile  t~sPi : - i  I l l  t lit ’ s’a 1 1  b r  tt l i sts.’ i t  W~~i S

S’l ’t itil ) I ask. ‘FI ts ’ rs ’ t
’
sir s ’ , t he ’ l iI t ’ t I i t I i  1 . 5  i l l  lu pl’t’st’tt I i t t  tu s h ’  s h i c i t i  Is ! l t ,u s.’s ’ Iie ’ i ’It

I e i t i t  t ’tt i b j s ’s.’ I (ci s.’c in t  1111 ! llt ’l t isn ’t I r’ s t t i i  s ’ ~ F0l’ t i ’ s ’ s u i  It i ug t l s i t i i  (I ts ’ t i s~~~i pl t l lus ’I t I 0 1

stil t I~’~
’t S tO I c ’ i t t  gt ’siIl I)s

V. S t l i t u t t t l  l’V , l I I , l  s i l t s , ’ I It S  s i lt s

l~ it t v ‘ t t l t s ’ i t t ih ’1 s ’c I it Wt ’ no t s ’ s t  5’s! s i l t  t ii ,’ PAM I M t u  i t  I 
~ 

i s ’ Task Pet’ I , i l ’ l t l t l u t c  0

R t i  t t s ’ i— v  e l l i s1 , ’!’ t ’ si i tct  i t  5i ~~~i- I i t t l t  P~’ rull I~~ I 051 jIt s ’Xtiltt I 1,11 sill 5 i 1 t h I s ’ h’s si -; s I li I~ ’
s X i  itt one ~‘ t o t  ~u ‘‘ I u t1t’— t - i l t a i- i  lIp  alt j i l t  s. ‘ 5  t i c  t ’ ,~ss a t to t  :i I s i t  I I Vs  0 s illip i t ’S I .u
comb j oa t  Ions, i- t I c ’ t o t ’ ti uta Is.’ its’s of  t wsi 01 I i t s  t , I t t k O sitt lb i I t t t  I s i lls ~~ts.’~ ’ 5’ I s ’a I ’ s uit

s up p o r t  I, ir t i lt ’ ~ t t r i  le t ’ r e su l t  it I’ c s l i s i r t  Oct by _ Ieun i tt gs  tu i t c l  P h i  I s -s  ( [ ‘I ; I I ue
st  u n I v  t’ s i cu itd ‘‘ S I rs ’ I i ab i i ’ son r ’  s ’ of V :u r i ti tt c ’ c’ t i u ; u t  s. ot t t  r i ht ut s’s t o ps ’ F t o  f l t t t u l t c ’ . ‘ s i t

s’oitt p 15 .5 tasks h u t  i t  i lt d t ’p e ’n deut  s i t ’ it i mp  I s ’ t  ask  pe I ’ I s it ’l t t J t l c ’ s ’ 0 1  thus ’ O s i l i i t t  I I  i i e t i t

tasks ,’’ ilte tac t or anti [y s s ’it of  I wst t a s k  csutib i t t a t  i su i t s a 1 as ’ s l i p p o t ’t s ’ st I I I  ~ S

F i nc h i It ~Z ,tiis.I Olte ’ g ave  s t i p p o t t  1 s t  ( h u t ’ s ’ t i t  I i s ’!’ 1 i t t - l i  Il~~ . It i s  s ’ , ’l t s’ I 11510,1 I i i . u t

thus’ p r s ’st ’i t t  tu t t d  t h e ’ e ar l  i c ’c ’ i t t  t i dy seiggt ’st I hat , t S i t s ’i t it t l t , ’ I t I  s i t  c’ sittu p I s ’s I’~
’ I I  c i l ’ t l t

:111c c ’ t u b  i I it v s i u s t t i  hi he a (‘ t i l t s  i t1 , ’ i- _ u t  i t i l t  i l l  I’ s ’i t , ’t l u _ s _ i t  out I I ts ’ Ss ’ l s ’ s ’ I  s il l , i t

h~~’ r ssn tue  I t on av l a t  io n  j stb s  r s ’q l l  i l _ i  l tg cs u t l t p I s ’s pt ’ i ’ t  s i t ’t t I ; t l t s _’ s ’ as we’ I I , i t t  i l l  t i t s ~
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