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T N’l’RODtTC’l’I ON

A common requirement of the human ope ra to r  in comp lex systems is the

performance of several tasks concurrently. In operational settings , such

as airborne tactical maneuvers or air traffic control procedures , he is

often called upon to gather and respond to information from several

sources differ ing in quality and quantit y . The development and use

of future systems are hi gh l y  dependent  upon the unde rs tand ing  of the

capabilities of man in t ime—sharing situations under a wide variety of

representative task combinations .

The need for reliable methods for the estimation of time—sharing

performance capabilities of the human operator has produced several

techniques. Some have been directed at determining the precise workload

imposition of selected primary system tasks . The general aim of these

efforts has been to quantif y and scale these tasks in terms of a workload

index such as the performance level of a concurrently performed secondary

task. An alternative and potentially more meaning ful requirement related

to this estimation is the assessment of specific aspects of concurrent

performance with a variety of tasks and when these tasks vary in importance

from moment to moment.

Experimental results have indicated that the pairing of specific

tasks may produce interference or decremen t in performance of one or both

of the tasks . Additional decrement or disturbance may occur i f  the

individual task priorities suddenly increase due to changes in m i s s i on

___ 
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and (3) the nature of individual differences in dual—task performance

strategies in certain dual—task situations. Individual differences in

performance were studied by comparing specific strategies for concurrent

task performance across subjects.

To investi gate the first area , tasks were chosen that have differen-

tial emphasis on functional components , and dual—task performance decre-

ments relative to corresponding single—task performance levels were

compared for different task pairings . The second area , allocation of

performance in the presence of chang ing task priorities , was studied by

varying the level of performance demand within specific dual—task

combinations . The interaction of task components and time—sharing

demands represen ts  an integral part of the experimental results.

In accordance wi th  the research goals described above , several areas

of multiple—task performance literature are directly relevant to the

present study . The following review organizes the literature around the

areas of task component structure and priorit y manipulation . The role—

va nce of severa l t h e o r e t i c a l  mode ls ~f t ime—sharing performance will

also be discussed and c r i t i c a l ly reviewed .

Task Components and Dual—Task Research

The scope of the present experimental design involves the selection

of tasks representing emphases on various functional components. To

facilitate the understanding of this selection rationale , a simple descrip-

tive model of task functions is presented . At the simplest level , the

processing and response functions could include SENSING of incoming

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~~ Jffl ~~~~
; 4 *~~ ’~’
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s t i m u l i , ~i ’i l~ N h Z l ~~~ r h ,  S t i u u t u l  i , md ~I , \ N I l ’1rI,A’l’ l N ( ;  some c o n t r o l o r  r e s p o n s e

d e v i c e . ~~ thin i- t el l of t i , ’s~ - ‘ u : y u u u ’ u i t  s ;idd i I ional sub_ i ’ t :up uncuit 5 may he

op ~~-~~t i l l !’, . RECOGN I z I Ni , t o m  ,-se’ p i e , i s t h e  resti I t  c i i  ,‘omh i n  m y  coo t :R’t

with l t t i y—torm u:t ouuu, ’rv and the t r t t t , s f o r : i e t  ion cii ni’tira j ac t i v i rv  f r o m  the

SFN S I N~ e ‘lulpi t u t o nt

~R.-\NSFORMJNG is an addi t icina 1 c o m p o n e n t  wit  i e h t  can take di  ffe’rent for m s

Tho se m i g h t  inc hide doterm i nat, i o u  of the d i r e c t  ion , tinting, speed , and

anup i i tude of t he  c o r r e c t i o n  needed to n u l l  a t racking er r o r  of a sy s t e m

having comp i cs contro l dynamics , or TRANSFORMING may he i n  t i t i .’ form o f t

compara tive j ud gnient of the  s t i m u l u s  i t em a g a i n s t  a standard , app lying a

mathem:iticil opera tion , or c a t e g o r iz i n g  s t i m u l i  based upon a s p e c i f i e d

rub . Ti’i e op e r a t ion of complex sys tems ty p i c a l ly  involves o t h e r  f u n c t i oa s .

One such  f u n c t i o n , short—term STORING , w i l l  be i n v e s t i g a t e d  in t h i s  s t u dy

short—to ni STORING r e f e r s  to  the  r eq u i r e m e n t  to s t o r e  i n f o r m a t i o n  u n t i l

the  t int o t h a t  a response is to  be i n i t  ia t e d .

A compos i te  of a l l  of  the  above f u n c t  iona l componen t s  is p resen ted

in the  d r a w i n g  i n  F i gu r e  1. I t  m u s t  be emp h asi z ed t h a t  t h ese f u n c t  i o ns

are  r e p r e s e n t a t i v e  of some , hu t  no t  a l l  poss ib le , func tional requirements

t h a t  m i g h t  he en c o u n t e r e d  by the  ope ra tor  in comp lex  sy s te m s .  The f o i l  os’—

ing ccii l e eti on ci t~ dna h—task and time—sharing studies focuses on t he  spec i f  it ’

combinat  i o n  of t asks  w i t h  one or more o f ’ t h e  above f u n c t i o n a l  c o m p on e n t s .

‘I’! \N~d’ ~ 11N~ and S lO R I N , i - ow (1( 1:1 1—tis k stud i i ’S have examined t lie

conth  i na t i o n  c i t  l EAN S FOR M I NC :tttcl SlOE I N C lon e t f o n t I eonipciiR’n t s . Sh in  h i a t t ,

Croenhe  i’g , and M a r t  in  ( 1 9 7 1 )  pr ovide an exanip Ic  of  t h i s  comb i n i t  ion i n

,‘tn expe ’ r I uu ten t r e q u i r i n g  t h e  sub i c  t t ci .i ud ge w It i oh of two l i n e s  s’,is I ont o r

and make a correspond lo t ’, ri’s ‘a u t n o  i—ho i u ~~’ t~’It I lo ( ‘ h e l l -c d  i n  r, ’Ii, ’,t i’s i l u t t  i 
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Figure 1. Descriptive model of functional task components.
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series of l et t  i r s  p re sen ted  p r i o r  to the judgment task. Resul t s showed

s ign i f  i ca n t  de lay  in dua 1—task reaction t ime for the judgment task over

the single—task condition , and the judgment t imes were found to be a

function of the number of items that the subject was required to rehearse.

Posner and Rossman (1965) used a single—task approach to study the

concurrent involvement of TRANSFORMING and rehearsing. Subjects were

required to perform transformations of vary ing complexity upon aud ibly

presented letters which later were to be recalled , a task that required

both STORING and TRANSFORMING . The transformation included categorizing

the numbers as “high” or “low,” and “odd” or “even ,” depending on the

experimental condition. As the complexity of the transformations increased ,

the number of correctly recalled letters decreased.

The above studies suggest that the functional combinations of S T O R I N C

and TRANSFORMING of stimulus inputs elicit high levels of time—sharing

interference. However , it must be noted that these studies explored

only the concurrency of the rehearsal component of short—term memory

and transformation . Although studies of input and recall memory com-

ponents have been conducted in concurrent task research , concurrent

activities have included components other than TRANSFORMING .

Dillon and Reid (1969) used a similar approach to stud ying the

rehearsal component of short—term memory . In their experiment , the sub ject

performed an interpolated task during the retention of trigrams that con-

sisted of (1) reading a two—digit number aloud , or (2) adding the digits ,

reporting their sum , and whether the sum was odd or even. The TRANSFORMINC

task was more d i s r u p t i v e  of r eca l l  when per formed e a r l y  d u r i n g  the rehearsal

period , and when ihe interpolated activit y was reading the (hi C its .iloud

t h e  r u - I - u  I I performan ce was s u p e r io r  to t l i e  t r a n s f o r m a t  ion cit iud it ion .
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~~~~- ‘iRAN SFORMINC comb in ed  w i t h  o t h e r  t a sks .  Severa l  inves t iga to rs  have

examined t r a n s f o r m a t i o n  tasks p a i red  w i t h  simp le r e a c t i o n — t i m e  tasks and

m o n i t o r i n g  tasks . Kahn em an , B e a t y ,  and Po l l ack  (1967) p r e s e nt e d  s u b je c t s

w i t h  a series of f o u r — d i g i t  numbers  a t  a ra te  of one per second . The

secondary task consisted of monitoring a visua l  disp l a y  of l e t t e r s  fo r

- ‘ the presentation of the letter “K”. Monitoring performance was superior

when the subject only had to repea t the four—d igit number instead of a

transformed version of the number created by adding one or three to each

of the digits. As in previ ous examples , the transformation activity

produced more severe decrements in the secondary task than iii a v e r s i o n

ci t  t he  t ask  tha t d id  not  inc lude  t r a n s f o r m i n g .

Keele (1967) conducted an experiment in which the difficulty of t he

transformation necessary in choosing the correct response in turning off

a ser ies of l ights was manipulated by chang ing the stimulus—response

arrangement. Scores on the secondary task , which consisted of the time

required to count backwards by one, three , or seven , showed a reliable

increase when the stimulus—response compatability was most difficult.

Although this sort of transformation is involved with the response choice

component more than with the stimulus , i t  again demonstrates the inter-

ference producing quality of a TRANSFORMING activit y prior t o  r e s p o n se

execut ion.

Bahr ick , Noble , and Fitts (1954) used a five—choice reaction time

task with repetitive or random signals aS a p r ima ry task and a transforma-

tion task consisting of the subtraction of two numbers as a secondary task .

F
I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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l’hie transform ation task was performed better with the repetitive stimuli

choice reaction—time task than with the random version , providing an

additional examp le of interference of a TRANSFORMING activity when the

difficulty of the interfering task is increased .

STORING and tracking tasks. There have been several experiments

pai ring short—term STORING with tracking tasks. Johnston , Greenberg,

Fisher , and Martin (1970) showed tracking performance to be a function

of memory load of a concurrent rehearsal task with longer list lengths

producing poorer performance. Trumbo and Milone (1971) investigated

tracking performance during the presentation , retention , and recall of

a sequence of stimulus lights. The greatest amount of interference with

tracking occurred at the recall stage of memory ; however, the data failed

to indicate that tracking performance had a reliable effec t upon the

quality of secondary—task recall performance.

Memory tasks without distinc t phases have been devised for studying

interfering effects between tracking and STORING . One such task involves

the presentation of a series of stimuli during primary—task performance

and requires the subject to respond with the previously presented item

upon receipt of a new item . Zeitlin and Finkelman (1975) used this task

as a task to investigate the susceptibility of tracking to interference

when the control order of the tracking is varied . It was found that this

STORING task differentiated between primary task conditions , whereas a

task Involving only random d igit production did not.

The advantages a memory task such as the one used by Zeitlin and

Vinkelma n are that it compresses the components of input , rehear sal , and

recall . Thus , the demands on short—term STORING is more continuous.

~

-.-‘— . ------.--- ~~~~~--. -_ _- --- -—— --- ~~~- -  ---~‘-. - - -  - --- ,-‘-.- . - - ‘ - —— -- .~~~--.---~~~~~~
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Results c i t  a s m u  I a r  stud y involving t racking and continuous re t  r i ev a l  were

repor ted  b y Pew ( 1 9 7 2 )  who used words in the memor y task i n  p lace of d ig i  t s .

STORIN G task
~~,Raircd with 

S’l’ORINC tasks. Studies of concurrentl y

performed STORING tasks have not been preva lent in the dual—task literature.

Broadbent and Heron (1962) report one such s tud y of a p r imary  task c o n s i s t i n g

of digit cancellation in a 600—digit array requiring none or one of two

memory components paired with a secondary memory task that required the

subject to listen to spoken letters , one every five seconds , and report the

one letter in ten that was repeated. Broadbent and Heron concluded that the

subsidiary memory task disrupted the primary task with the more difficult

memory condition , the one that required more frequent changes of the item

to be cancelled . However , the concurrent performance of two memory tasks

has no t been f u ll y exp lored , and a high degree of interference between such

tasks may be expected .

The split—span technique used in auditory attention studies (Broadbent ,

1954 , and others) is a form of concurrent dual—task STORING . In this tech-

nique the subject is presented with simultaneous item strings dichoticall y,

and then asked to recall what was heard. The r e c a l l  is t y p i c a l l y  grouped by

ear , rather than what stimuli occurred close in t ime , and i t e m s  arc  also

grouped according to modality when the modalit y of presentation is different.

STORING tasks paried with other tasks . As has been the case with

TRANSFOR MING tasks , STORING tasks have also been pair ed with tasks such

as s imp le and choice reac t ion, free responding , and serial antici pation.

Trumbo and Noble (1970) used a prima ry task involving learning nonsense

syllables , and their secondary tasks included freely si’lec t ing butt otis ,

l e a r n i n g  the  s t ochas t i c  ru les  c o n t r ou l  Itu g a l i ght  sequence , respo n d i n g  to

each 1 i g h t  by p r e s s i n g  an app ro p ri st e hut ton , or - t nt i~ i p i t  l i i i ’ ,  the h i g h u t s  h tv

_ _  - - ---—~~~~~~-‘ ‘~~~~~~~~‘-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _
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responding  p r i o r  to t h e i r  o n s e t .  The p r i m a r y  t a sk  was more severe l y

d i s rup ted  by t he two (let ’ is ion tasks , ser ia l  a n t  i c i p a t  j on , and f r ee  respond-

ing , than  b y a simp le choice r e a c t i o n  task .  Thus , the au thor s  concluded

tha t  the process of d e c i d i n g  wha t  the  next  response was to be was more

i n t e r f e r i n g  w i t h  memory than a task in which no dec i s ion  was involved .

The r e s u l t s  of STORING tasks in dua l—task  p e r f o r m a n c e  have demons t r a t ed

that rehearsal and recall represent interference producing activities , and

functions tha t are highly susceptable to interference from tasks with other

functions. The major parameters of interference are material organization ,

list length , and , during recall , the number of items to be reported . A

continuous “one—hack” STORING task , involving continuous response to the

previous item , represents an alternative memory task which produces a more

constant STORING component.

~~~~ j~~,~~~~p a i r e d  w i t h  t r a c k i n g  in dua l—task  per fo rmance .  Several  invest-

igators have co m pared pe r fo rmances  ott two c o n c u r r e n t l y p e r f o r m e d  t r a c k i n g

tasks us ing  separa te  c o n t r o l s  f o r  each task .  The t r ack ing  tasks used in

these studies are variants of a “critical” task developed by Jex , McDonnell,

and Phatac (1967). The difficulty of the task is manipulated by chang ing  the

parameter of instabilit y , associated with the rate of error increase. In

studies by dcx , Jew e l l , and Allen (1972), the parameter of instability, \ ,

was used as an adaptive variable on the secondary task , and the level ci t  t h e

a d a p t i v e  v a r i a b l e  was i n t e r p r e t e d  as a measure of the  degree oh i n t e r f e re n c e

produced by the  p r i m a r y  t a s k .  In the e x p e r i m e n t a l  c o n d i t i o n  in  w h i c h  bo th

visua l d i s p l a y s  were w i t h i n  fovea 1 v i s i o n , a “c r i t i c a l ” task  dec rement  of 10

to 20 “percen t ” was found on the  secondary task when compa red wi  t l t  i-u i tug I c— t a s k

per formamce .

______ S ______ S -S’~~~~~~~~~~~~~~~~~~ ’~_~~~~_ S 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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l i -v ison , h - l k i i u d , and Ward  ( 1 9 / 1 )  had operators p e r t o r m  U~ t o  fouu -

s (mu It ani ons t r a t -k  i tug t a sks  (us i tug two dua l —ax i s  t oll t ro I 1 ers in t u n e

cotud i t  I on)  . Ps I ag mean s q u a r e  e r r o r  ( M S E  ) to  c o m p a r e  s ing 1 e— and mu it  ip  i i - —

task coiud i t  oils , they f ou n d  t l u a  t t h e  mu 1 t i p h e —  t a sk  cases produced  un equ a  I

per formance eu -or es between t a s k s ;  however , the t o t a l  per  f o rm an c e  scores ,

were close  to valuc -s p r e d i c t e d  f r o m  s i n g l e — t a s k  c o n d i t i o n s  measured on

sing he—axis tracking. This study , then , m d  iea tcs i n te r — t a s k  i n te r f e r e n ce

b etween  m u l t i p l e  t r a c k i n g  t a s k s .

Sujum u ,urv of funct~~rn~~ nen t s t u d i es .  The s t u d i e s  r e v i e w e d  above

have inc luded t i - u k s  i n v o l v i n g  memory , t r a n s f o r m - i t  ions of s t i m u l u s  inputs ,

and comp lex motor  responses , r ep resen ted  by t r a c k i n g .  A l t h o u g h  tite f i n d i n g s

depend upon the difficult y of the tasks  i n v o lv e d  and the e s t a b l i s h ment  of

inter—task priorities , several cone h t i s  ions may hi d rawn f r o m  t h e  da t a . The

components  of STORING , TRANSFORMING , and comp l ex MAN [PI1LATI NG r e p r e s e n t  h i igl - i I y

interfering functions in t ime—sharing situations compared w i t h  the  f u n c t i on a l

components  invo lved  in  s imp ler t a sks .  Ilowevor , there  is  no c o n c l u s i v e  cvi —

dence that one component may produce  more m t  e r f e r en c e  t han  a n c i t l u e r , hec u u t ut

tasks and conci i t  ions have been too v a r i a b l e  at ’ ross  e x p e r i m e n ts . The pr isc i t

stud y p rov ides  a has is f o r  m a k i n g  c o n t r o l l e d  comparisons between t ime— sbua re ch

tasks i n v o l v i n g  t lu e se funct i tuna I components

Man i pu l a t  ion of Dua I — ta -u k h)i mand s

The ab i l  i tv ot stu b ~u ’ u - t s  to d i s t  c i  I t u t e  p c i  I t  cs l u - c  bet se t - t i  t w o  t u s k s

in accordance  w i t Ii i ns t  rue  t ions tha t enip hias i ic one t a s k c iV e l  t h u e  c i t  h u er

has been inves t  i g a t e d  by se v e r a l  expeu inten t , - r e  . M u u i u I k ( 1St ~~~ r u -~u u r t

a r e t - i  pu — utu - i t  r d — u iou i s lu p h),’twet’n pci— I o r n u. l uu - c i t t  .1  u , ’ ~l s o r t  m e , t ask intl

-i memory t a s k  when In ’  i i i  t t ’ r u  - u u  t i . u  I I v -mp h u i s I ;‘t ’u l  t hu nt u t  S t  I u u  I ens

_ _ _  _ _ _ _ _ _
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Woodhead ( 1966 )  f o u n d  an as ymet n c  r e l a t i o n s h i p  between concurrent task

pe r fo rmances  man i p u l a t e d  th rough  i n s t r u c t  ions . Sub j c - c t s  showed improve-

ment  on a r e l a t i v e ly d i f f i c u l t  memory task , when t o ld  t h a t  i t  was t he

more i m p o r t a n t , h u t  d id  not  improve the i r  p er fo rmances  a p p r e c i a b l y  on

a less d i f f i c u l t  search  task when told t h a t  i t  was t he  more i m p o r t a n t . .

Johns ton , G r i f f i t h , and W a g st a f f  ( 1 9 7 2 )  s u c c e s s f u l ly man i p u l a t e d  con-

c u r r e n t  t a s k  p e r f o r m a n ce  l e vel s  by v a r y ing monetary  p a y o i t  s between a

memory task and a d i s c r e t e  r e a c t i o n  t ime  task.

Another  t e c h n i q u e  f o r  m a n i p u l a t i n g  task p r i o r i t i e s  in  d u a l — t a s k

pe r fo rmance , r e c e n t l y developed b y Gop her and N o r t h  ( 19 7 4 ) ,  i n v o l v es

visuall y presen tin g a des ired performance level for each task and

continuall y indicating actual performance during the preceding hew

seconds on each task. A recent t’xpc r ime’ntal test of this t echnique

using a one—dimensiona l t r a c k i n g  t a s k  n a i r e d  w i t h  a d i g i t — p r o c e s s i n g

r eac t i on—t ime  t ask , has  shown that subjects ire capable c i t  m i k  i ng  f i n e

ad jus tmen t s  in p e r f o r m a n c e  in a c c o r d . in c c  w i t h  i n c r e a s i n g  or d c c i  c a s i n g

task demands presented in t h i s  f a s h i o n .  The t e c h n i que p r o v i d e s  a means

for  stud ying  an i m p o r t a n t  f e i t  u r e  c i t  t i m e — s h a r i n g  p e r t  orm t n u - ( - s :  t he

in te rac t  ion between task demand leve ls  and the  spec’ if Ic I tine t i cina I

components of the  pa i r ed  t u s k s .

Theore t i ca l  Mode l s  of T i m e — S h a r e d  I’ e r l o r n t i u i c e

In psychology , inves t  i g a t  o r ;  h a ve  d i v e  loped su-vc r. u 1 t bee r i t S  oh

a t  tent  ion based on - u t  ud i es of human t im i ’— s l i a  r i n g  p er t  o r m , i u u c  e. i l u t  

-- ~~~~~- --
. . . S~~~~~— _ _ _ _ _
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J i b  in it i u i  c i t  t u -  t ~-rm i t  tent i ~‘U , ‘‘ however , has  v ar  ied among t h ese

i n v e s t i g a t o r s .  I n i t i a l l y , i t  r e f e r r e d  to the  process  of successfully

sc icc t ing and proce ss ing  s t i m u l i  f rom i n d i v i d u a l i n p u t  channels  and the

a b i l i t y  to  ex t r ac t  i n f o r m a t i o n  f rom more than one s i m u l t a n e o u s ly p resen ted

message .  h’ hu t  r e s u l t s  of t he se  s t u d  i t s , m o s t l y under  the r u b r i c  of

d i  el iot  Ic I I s en i ng ,  l i d  to the dcvi ’ lopiuient cif s i n g l e — c h a n n e l  models of

th u e human opt ra t  or (We if urd • 19 52 ;  Br oa dbent  , 1959) . According  to

Broadben t ‘s i n  t - r p r et  ,it ion oh the s ing Ic l i m i t e d — c a p a c i t y  channel , one

oh two simultaneousl y presented  s t i m u l i  must he h e l d  in s to rage  u n t i l  t he

channe l is c I i’d r id  of t h e  ut ile r .

The s i n g l e — c h a n n e l  approach to  the descr ipt ion of i n f o r m a t i o n  process-

ing was severel y challenged b y invest igators  such as Triesman (1960) and

Deutsch and Deutsch (1963) . Triesman proposed a m o d i f i — a t i o n  of t h i s

model to include a f i l t e r  a t t enua to r  t ha t  was responsible for  a l t e r i n g  the

perceptual  threshold fo r  nonselected , nonat tended s t i m u l i  accord ing  to

t h e i r  importance or significance . Triesman also attributes certain

p a r a l l e l  processing of simultaneous inputs to be cont ingent  upon s imi la r i -

ties in the processing and response components involved. This feature of

the model offers an explanation of the ability of the subject to process

stimuli presented in different modalities simultaneously, wh ile presenta-

tion in the same modality causes substantial performance decrement in t i m e

shar ing (Triesman , 1969 ; Karlin and K cstenb aum , 1968).

-~~ S~ S .  - .  - --
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A c it i i i  sm oh  t l i t  s i up I i ’— u ’ l i z i i u u u e  1 nuod e Is of B r oad ben  t au i d  1’ r i (‘small

was of fe ri’el by h)eut s cli and 1k’ Ut s cli ( 1~)6 3) . They propos c’~h t iua t t i l e  lcit-us

ol the s i i u i ~ 1 e’—ch;inni ’ I hot t 1 el leck was at the response stage’ , r , i t I t e r  t It an at

t he p er e’ep t t i a  I process  lu g stage . h)eutsch and t ) eu t sc lu  nuai n t ; i i n  that paral li- I

process i t i~ c i f  i n p u t  un iv be accomp I ish ed bu t th a t  p r o d u c t  ion of responses

must be uccomp 1 i sh ed  sequent  i ; i l l v .

The single ’— c h i n n e  I t h eo r i s t s  view t h e I n forma t ion p roce sso r  as one wi tI l

I in u i t e d  c ;Ip ;uc i t  v .  Al though some have proposed that the  p r o c e s s i n g  capacity

is limited for di f f c r e n t  reasons and a t  d i f f e r e n t  f u n c t i o n a l  stages , tht e

basic u s s u n u p  t ion is t h a t  t inc to  p e r f o r m  two s imul  taneous tasks  w .i I i  equa l

or exc~’ed the  c ombined  s i n g l e— t a s k  p e r f o r m a n c e  t imes  on the two t asks .

A l  thoug h s u p p o r t e d  b y sonic s t u d i e s  of psycho logical  r e f r a c  t o r y  N _ r i  od , r h i s

p r ed it ’ t I on It a i-u not  been subs t a n t i  a t ed  in othe r s t u d i e s

Two ;il  t er n at  lv i ’ hypo these s  p rov ide  f o r  the possib i i  ty of p a r a l l e l

p recess ing and p e r f o r m a n c e  w i thin a I m i  ted p rocess ing  c apac i t  v f r a m e w o r k .

One ’ hvpo t  lies is  • known as t h e  ‘‘ l i m i t e d  capac i ty , c e n t ra l  m e c h u t n i  sun ” h y p ot  lies is

,u s se r t s  tlua t ce r t  ;u in f t inc  t i on al  task components  r e q u i r e  the  mech an I sm , w h i l e ’

cit he rs do not . W h e n  s imti l t aneous  l y pe r fo rmed  tasks  bo th  have e l e m e n t s  t h u  t

demand the ’ use of the cent  r a l  mechanism , i n t e r f e r e n c e  is p r e d i c t  eel to occur.

‘rhus , the ’  componen t  s t r u c t  ures of the combined t a sks  di c t a t e  t h e ’ p resen~-e

of int c rf eu - t ’nu e.

I’o sner  and Ret ’ I c  (1970 )  , t h e  p r i n c i p a l  p r o p o n e n t s  of t l u  i s  hvpothes is

have c endue t ed exp e r ime n t  s that have led them t o the jil t e’ rp ret u t  I on t h i t  s ucli

u t  I vi t Ii ’s ;~s comp l e x  respond ing  and t ransformation c i t  51 i m u l i i s  I i i p u i t  S pci u ’u

t o  r espond i n p  re~) rt ’sent  t u i n u ’ t  i o n , i  I cu)mpu )nents t h a t  requi t e t h e ’  c en t  i i  i

mechanism . Most of t lue ’se st  i i d I ce  h i . i v e  used reat - t i on  t ( flue t o  u pe i i  I ’d i

~~~~~~~~~— , S ~~~~~~~~~~~
_ _ _~~~~~~~ ~~~~~~ S 
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probe st  intl Ii as ,i n t easu re  of t h e  level  of i n t e r fe  r ence p r o d u c e d  h y the

p r i m a ry  act  i v i t v .  F lu e p r i n u a r y  d i f f i c u l t y  w i  Ut t h i s  t h u c or e t  ic ;i l  v i e w p o i u t t

is that the  type -S of f u n c t i o ns  d isc ussed by t h e s e  a u t h o r s  are S~u m e - w i I a t

un d e f i n e d .  The hypothes is  also does not exp l a i n  changes in t i m e — s h a r i n g

pe rformance w i t h  changes  i n  i nd iv idua l  t a sk  di f f i c u l t y  or t h e  s k i l l  Ic-vt -i

of the opera to r .

Anothe r a l t e r n a t i v e  has been o f f e r e d  b y Kabn eman  (1970 , 1973) , who

p roposes a l i m i t e d — c a p a c i t y  mode l of the human operator  tha t  a l l ows  u n i m p a i r t - d

pe rformance on two or more a c t iv i t i e s  as long as the t o t a l  demands of the

tasks do not exceed his capacity . Kahneman r e fe r s  to th i s  l imi t ed  c apa c ity

as a “ pool of c f f o r t ~t which is drawn upon by d i f f e rent tasks . T h e  m a j o r

di f fe rence  between this hypothesis and the “ l imi ted  c a p a c i t y , c en t r a l

mechanis m” h ypothesis  is tha t Kahnema n does not spec i f ica l ly re fe r  to the

“p rocessing demands ” of dif fe ren t  func t iona l  components.  C a p a c i t y ,  accord-

ing to Kah n eman , does vary w i t h  operato r d isposi t ions , a rousal level , and

momentary i n t en t ions .  Another  aspect  of the model is the “all ocation of

e f f o r t” policy tha t  d i s t r ibu te s  e f f o r t  among ind iv idua l  a c t i v i t i e s .

Again the  p roblems w i t h  such a h ypo the t i ca l  s t r u c t u r e  a re i t s  loose

def in i t ion  of co ncepts  such as “ e f f o r t ” and “a l l oca t ion  pol icy . ” A l t h o u gh

allowance is made for  momenta ry changes in per fo rmance  due to increases or

decreases in availab le c a p a c i t y ,  the sou rces of var iance are not c lear l y

s ta ted .  The provis ion for  changing  s k i l l  leve l , fo r  in s t a n c e , represen t s

another  m i s s i n g  aspect  of such a model , a l t h o u g h  I t  does p rov ide  f o r  var ia-

t i o n In a v a i l ab l e ’  c a p a c i t y .
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A more  p ron i sing ;ippro;uch to  d e s c r i b i n g  the lin t i Lcd c ; ip ; ie  i t  V c u l t  cp t

has r ece nt l y been d i s c u s s e d  h~’ N o r m a n  and B c u h r u w  ( 19 7 5 ) .  F l i t - s e -  ; iu t hu ore

have p r op o s e d  t hat  the  op e ’r ;u  t or nuus t d raw upon ii l i m i t ~-d r e s u l t  r I  t - f o r  p r o ( c - s s —

i up i t f o  n I t  t ion , i u -id t f i a t  i r ’ u - e’sses may be ‘d a t a — I  m i t  e d ’’ or re-sourc c—limited.

Pro c esses be conu e dat a— I (ni l t e’d u n d e r  con ch i t  i ons  that p r o d u i c e  ci  tb1 r h i  g hu or

low q u a l i  t v i n p u t  d at a  t h a t  make the ’ t ask  e x t r e m e l y  easy  or  d i f f i c u l t  to

p e r f o r m . Thus i n c r c ,u ses or dec re ises in t h e  c isc  of r e sou rce s  t inde r t he se

c o n d i t i o n s  w i l l  n e i t h e r  improve  nor d e r o g a t e  p e r f o r m a n c e .

Between these ext remes , processes become r e s o u r c e — l i m i t e d , in w h i c h

case p e r f o r m a n c e  va r i e s  depe nd ing  upon the  n i a n i p u l a t  ion of e x t e r n a l  task

v a r i a b l e s , For a s igna l d e t e c t i o n  task , the r e s o u r c e — l i m i t e d  r eg ion  n i gh t

be d e p e n d e n t  upon the  si g n a l — t o — n o i s e  r a t i o .  At very h i g h  no i se  levels ,

p e r f o r m a n c e  may be imposs ible , w h i l e  i t  may be nea r ly  p e r f e ’c t  in the

presence of low noise. I n t e r m e d i a t e  values  of noise may de f ine  a region

whe re the e f f i c i e n c y  of the opera tor  is dependent  upon app licit i c ’n o f

resources .

The dua l—task  s i t u a t i o n  is seen by ~‘Jortnan and Bobr ow as a s pe c i a l

app l i c a t i o n  of r e sources  in  which  an opera to r  a c t u a l l y may have t o  t r a d e

o ff  his limi ted resources between tasks . The s t r u c tu re of the  tasks , as

w e l l  as t h e i r  d i f f i c u l ty , are discussed as possible d e t e r m i n a n t s  of t h e

r e source—l imi t ed  region. Norman and Bobrow suggest tha t  the  m a j o r  experi-

me n t a l  p roblem is the  d e t e r m i n a t i o n  of resource t r a d e o f f  f u u n c t i o n s  b etween

task s di f f er ing in f u n c t i o n a l  dem;inds .

The v iewpoin ts  of these t h e o r i s t s  have several i m p o r t a n t  impli cations

to the s tuden t  of t i m e — s h a r i n g  behav io r. One is the viewpoint  t h a t  t h e’
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reg ion of i n t i - re st  on a task  is the resource—limited region and t h at  it

should  h~ i so la ted  t h r o u g h  m a n ip u l at  ion of the’ proper t a s k — r e l a t e d  var iables .

The second imp 1iu -~ut ion is that s t r u c t u r e’ s of tasks should he varied to

u Se- t~u - j se’ d l  t e t ent  t c ta ~- t i c m i  I r ou~cponent c nab ii~a t ions , because the mci tua I

i n t i - r t  ecu - itt - u - u m u uicg dii c rent component ccimbi uta t i c i t e may resti  i t in  vu st lv

d i hi t erent reSolcrce ’— a 1 l o c a t i on  t r a d , -c { f s .  The t lii t u l  imp I i  c I t  j on i s  that

p rat t li-c- has i i i  u t  f e e t  upout th e - t - e s o c u r 4 -es ,Iv a i  lab Ic for ,i task and tlu ,it

as u r e s u l t  ifi t r a i n i i l F , , (lie’ r c p i o n  c i t  i~c - so c r c c - at loc at ion may shift result-

ing in  d i f l e ’r i ’u l t r e s o u r ce  t r a d e o f f  f u n c t i o n s  in t ine sharing .

~~periment a l  Plan

The investigation of t ime—shar ing  pe r f o r m a n c e  is of special  s i g n i f i c a n c e

conside ring the va r i e ty  of concurrent tasks encountered in operating man—

machine systems . The d ive r s i ty  of the functional components shown in

Fi gure 1 does not represent all of the possible components found in man—

mach ine sys tems opera t ion but does samp le several  impor tan t comp onen ts.

As previous ly noted the present study concentrates on the comparison of

T RAN SFORMING , short—term STORING , and MANIPULATING.  This comparison i s

accomp lished by s t u dy i n g  dua l — t a s k  c o m b i n a t i o ns  of  f o u r  t asks .

b e  of the  selected tasks  involves s t imu lus  recogni t ion  and simp le

choice response. The second in t roduces  s h o r t — t e r m  S T O R I N I ,; , hut is

o t h e r w i s e  id en t  f c . i i  . The third and f o u r t h  i n v o l v e  TRANSlct t~ l1Ng pr  for

to response: the th i r d , a two—di mensional stimulus cla s sif ication task ;

the fourth , e’st m a t  on of direct ion , timing, sp eech , and cimp l i tiud e 01

error correct ion requi I red In tracking. Three’ of t h e  four i n v o l v e  t t u e  s i m p le

101 • ‘ct  Ion o f  an  app r opr i  ate key on ,i keyboard ; In oui e — d ime’ns ion~ l t rick i llS

the l a t e r — i l  d i s p l . u - .-r- iu -nt t t t  a , - o n t r o l  -i  it -k .



ar id make ’  a u - u t u - r u s p o n d i ui g u - e s p o u s e  c i r c l e t ’ w hile u ’ I i c i - u -J in u u - t e a r - s . u  I of

~~~~~~~~~~~~~~~~~~~~~ wri~i~~~~~::  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

18

‘h ’hw f u l l c t  iona l d e s c r i p t i o n s  ccl these tasks are presented in Fi gure- 2.

the firs t task , Immediate Di g it Cancel liut g, requires no intervening functional

~-omponeuts between RECOGNIZING and MANIPULATING . The subject is presented

w i t h  a numera l that he must cancel with the appropriate key. The second

t ask , Delayed  Di g i t  C a n c e l l i n g , r e q u i r e s  the c o n t i n u a l  STORING and r e t r i e v i n g

of n u m e r a l s .  In this  task , the  s u b j e c t  ‘-‘us t work “one back” in the sequence .

The th i r d  key board task , Cl a s s i f i c a tion , req u ires the app lication of a

t rans f ormat ion ru le tha t involves c lass i f y ing a pa i r  of numbe rs on s i z e

and physical name and responding with the key appropriate to the correct

category . All three of these tasks are self—paced , which allows the

investigation of particular strateg ies of interweaving two time—shared Key-

board tasks b y examin ing response times for  each task .

The fourth task is compensatory one—dimensional Tracking of a random—

appearing input. In compensatory tracking, the human operator is required

to make a motor movement as response to a perceived difference between

input and output on the display. At relatively low inp ut f r eq uenc ies and

wi th s imple con trol dynamics , this task remains well within the capability

of the operator. Increases in the difficulty of the task can be achieved

by adapting the control order of the system, and the leve l of instability

coped with successfull y can he considered to approximate the c ap a b i l  ity

of the tracker. The adaptive logic pr ovides advantages that become evident

upon examination of the problems encountered in tine—sharing research.

Before  t u r n i n g  to back ground  i n f o r m a t i o n  on the’ t asks , severa l

c l a r i f i c a t i o n s  are neces sa ry . These tasks  c o n s t i t u t e  a s p e c - if ic ,ul lv

chosen set fo r the  purpose of c o m p a r i n g  co n cu r r e n t  task p u - c t  c ’r m u lc e’s

_ _
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invo lv ing  v a r i o u s  comb m a t  ions  of di i er e n t  f u n c t  ion.i I l oiT1 ;I c f l c t l t S  . T h e r e f o r e ,

individ ual lc ’ V C l S  of t ask  int ~~r f e r e ’nc e be tween  ,oi~- t wo of these t a s k s  has

l i t t l e  m e a n i n g  u n t i l  t hey  are compared w i t h  l eve ls  o b t a i n e d  on o t her  combina-

t i o n s . A l l  of t h e  v i s u a l  s t i m u l i  In the  f o u r  t a sk s  are  p re sen ted  w i t h i n  t h e

f 1t v e ’al f i e ’ l d  of a s i n g l e  f i x a t i o n  to assure that any interference is of a

cen t r a l  r a t h e r tlu an a peripheral nature and can be attributed to the

f u n c t i o n a l  e c in u p on en t  p r o p e r t i e s  of the  tasks .

Task Back &rounds

The fou r  selected tasks have been used previous ly in both sing le—

and dual—task research. The following is a description of the prior usage

of the keyboard tasks and the t racking task to be used in the proposed

s tud y.

Immediate Digit Cancelling. The Immediate Digit Cancelling task is

representative of many used to stud y choice react ion time . The number of

response alternatives has c ommonly been an independent variable , as has

the inter—stimulus interval in forced—paced versions. The development

of models predic ting reac t ion time dependent upon the number of response

alternatives has produced fairly reliable predictions for a given number

of alternatives (Hick, 1952; Hyman , 1953) and for different stimulus—

response compatabilities (Fitts , 1964).

This par t icu lar  type of task has been used as a t ime—shar ing  task

in seve ral exper iments .  Bahrick , Noble , and~ F i t ts  (1954) used a f ive—

choice , visual reac t ion  time task w i t h  manual  repsonses as a p r im ar y

t ask  and a sub t r a c t  ion t a s k  as a s e con d a ry  t a s k .  A r epel  i t  I v u -

seq un e n ce- of st  imu i i  on t h e  p r i m a r y  t u s k p rodnie ed re ii ;ih I v superior 

-- -- - — --- ~~~~ -- - - -  - -~ ~~~~~- -- -‘ -- -~~~~~~~~ --~~~~~~~~~~~~~~~-
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secondary per formance  to tha t  produced by a c o m p l e t e ly  random pr imary

sequence. Bahrick and S he l L y (1958) also employed a fo r ced—paced  light

cancel la t ion task as p r i mar y  and a simila r task in the aud i to ry  mode as

secondary . Again the randoml y o c c u r r i n g  cond i t ion  of pr imary s t imuli

produced the highest  i n t e r f e r e n c e  w i t h  the secondary task.

A third experiment  in which two r eac t ion—t ime  tasks were paired was

conducted by Dimond (1966) who used two keypress tasks , both of which

were visual and fo rced—paced .  The independent var iable  was the regular i ty

at which primary task signals occurred . With regular ly occurring signals ,

the two tasks could be performed with less reaction—time delay than with

the randomly occurr ing signals. Similar react ion—time tasks have been

used as secondary tasks in several experiments (Kraus and Roscoe , 1972;

Damos , 1972; and Gopher and Nor th , 1974).

Results of the last stud y are of special importance to the present

work. Subjects consistentl y lea rned to interweave performance of a self—

paced digit—cancelling task with an externall y paced cont inuous tracking

task , but increasing demand s on d ig i t—cancel l ing  performance caused large

decrements in t rack ing  per fo rmance .  Thus , it appears that  subjects may

be expected to have more d i f f i c u l t y  ad jus t ing  their  a l locat ion of

a t tent ion on a concur ren t ly per formed task when the self—paced task has

high demand . This quest ion is f u r t h e r  examined throug h the manipu la t ion

of desired performance levels in Phase Three of this  study .

Delayed Digit  Cance l l ing.  The r u n n i n g  memory t ask  used by Z e i tl i n

and Finkelman (1975) is a v a r i a t i o n  of a task developed by Kay (1953)

to determine the l imits  of r e t r i e v a l f r o m  memory under  cons tan t  input

-- —--—- ----- ----- — --— --~~~ --- - - - - - -~~~~~~~~~~~~~~~—~~-_-~~ 
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cond itions . It was originally conceived for the purpose of determining

the effects of ageing on memory . The original task consisted of respond-

ing to a series of 12 lights by depressing a compa tibl y arranged key

underneath each l igh t .  Kay required subjects  to respond to the current

s t imul i  in one condition and to lights  occurr ing previously in the sequence

in a set of condit ions inc lud ing  1—back , 2—back , 3—back , and 4—back

responses. The task was forced—paced at presentation intervals of 1.5 sec.

Although the only measure reported is the percentage of correct responses

for these conditions , it can be seen from his results that the 0—back and

1—back tasks produced virtually no incorrect responses , while performance

was significantly degraded in the 2—back and 3—back tasks . The 4—back

task was nearly impossible for  most subjec ts , unless a highly devel oped

short— term memory rehearsal strategy was practiced.

Similar results using this task were found by Kirchner (1958) and by

Mackworth (1959). Kirchner , comparing age groups on memory abili ty, found

that the further back responses were performed with much less efficiency

by older subjects; however, the one—back task could be handled easily by

both young and old. Mackworth found that a longer ISI enhanced performance

in the  higher—order  memory s i tua t ions  and t ha t  even the 4—back task could

be handled by some subjects . The interesting result of this stud y. i nurw e -ver ,

was that the reaction—time averages for the 1—back condition were’ .ict c u u h l v

shorter than the zero—back condition (1.1 sec. vs 1.2 Sec.).

This result becomes less suirprising if one considers th at th ~- sr ut -’ j , -et ,

due to  the f o r c e d — p a c i n g  of the task , has a d e q u a t e  t m e  t p r e p i r e  h i s  rut St

response and  needs onl y to perceive t h e  n e x t  s i  g n u  I I o t r i c g t - r  t h -  c i t  p - u t

- - 
_ _ _
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of his response. Two factors that may prevent the one—back reaction times

from becoming pure reflex times are: (1) the fact that Mackworth gave

subjects substantial practice on the zero—back task first to familiarize

them with the S—R arrangement but did not give comparable practice on the

other tasks , and (2) the possibility that the response may be slightly

delayed following a new stimulus while the subject is recognizing it and

storing his next response selection .

Classif icat ion task. The st imulus Class i f i ca t ion  task , requ i r ing  a

two—dimensional discrimination of number pairs , is similar to an original

task used by Morin, Forrin, and Archer (1961). Morin, et al., required

subjects to classify circles or squares on the basis of number of objects

present and on stimulus shape. In the condition most similar to the present

task , a unique response was assigned to each of the stimuli (either one or

two circles or squares). This condition was compared with others requiring

ca tegorizat ion accord ing to only one of the stimulus attributes.

Wi th prac tice , subjects improved their reaction times on the four—

choice tasks to an asymptotic value of around 550 msec., which corresponds

favorably to values found in simple four—choice alternative tasks. In other

words , subjects in this condition merely acquired a one—to—one mapping

strategy pairing each stimulus with a unique response. Still , these

reaction times were well above Morin ’s two—choice cases which improved to

about 311 msec. Thus , the four—choice cases , even with an easily acquired

stra tegy, appeared to present a more difficult cognitive task than the

simple two—choice cases . Fitts and Biederman (1965) rep licated Norm ’s

four—choice condition and found simi lar relationshi ps in reaction t imes.

I
- .-~——- -
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Trackin.~~ The Tracking task selected for this experiment is one

previously used in dual— task performance studies by Gopher and North

(1974). It is a one—dimensional compensatory tracking task requiring

the subjec t to center a randomly moving circle within a horizontal track.

An adaptive logic system was used to bring subjects to their best capability

in a relatively short time period by increasing the difficulty during

sing le—task performance . The adaptive variable used was the ratio of

acceleration to rate control in the control stick.

- - 
—- ---- - - -~~~~~ ---
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METHOD

The Secondary—Task Technique and Time—Sharing Research

The sec ondary—task techni que has been used frequently in the infer-

ential meas u rement of workload imposed by various primary tasks and f or

assessing time—sharing performance. The techni que requires the simultaneous

perf~rmance of a secondary task wi th a primary task , and the subjec t is

usually told to devote most of his attention to the primary and use any

spare capaci ty to perform the secondary . Secondary tasks have been used

in bo th single— and dual—primary task situations , and the workload imposed

by the primary task or tasks is inferred by the decrement in the seco nda ry

task .

Various tasks have been used as secondaries , including manua l

t racking, choice reac t ion t ime , monitoring, manual dexterity tests ,

spon taneous response production , and arithmetic transformation and problem—

solvi ng . The connuon aim among investigators has been to isolate a standardized

secondary task that may be used with a variety of primary tasks . Although

the use of the technique frequently involves the assumpt ion that primary

performance will not be affec ted by the secondary task , second ary t asks ,

if not extremel y simple and/or overlearned , do produce interference with

primaries , as is evident in the following examples from dual—task literature .

Bahrick and Shelly (1958) , using a reac tion—time primary task that

required response to a series of lights and a secondary task that required

key presses to a series of aurally presen ted digits , found that differential

sequent ial comp lexiti es of the prima ry task caused it to interact with the

secondaries in more difficult conditions . In these cases it was the prima ry

p e r f o r m a n c e , not the secondary , that suffered .

_
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Other examp les i n c l u d e  e x p e r i m e n t s  by Schouten , Kalsbeek , and Leopold

(1962) who measured the value of a l t e r n a t i v e  se c o n d a r y  tasks  paired w i t h

a p r i m a ry . The p r i :~~n r v  t a sk , p ress ing  peda l s  in response to d i g i t s  presented

au ra l l y , was f i r s t  measured  at  i t s  maximum p e r f o r m a n c e  level fo r  each s u b j e c t

and then paired w i t h  one of severa l secondary  tasks . The secondary tasks

showed d i f f e r e n t i a l  pe r fo rmance  decrements as performance on the primary

task improved , and even at peak pr imary e f f i c i e n c y , some of the  secondary

tasks could he interwoven to allow near ly  un impai red  p e r f o rmance.

Additiona l studies showing secondary—task interference w i t h  primary

performance include those by Brown (1966) , Briggs and Shulman (1971) ,

McLeod (1973) , Trumb o and Mi lone (1971) ,  and Kraus and Roscoe (1972;  also

Roscoe and Kraus , 1973) . The Kraus  s tudy  maasured  i n f o r m a t i o n  process—

1mg rate (keypress response to  a set of randoml y p re sen ted  d i g i t al  s t i m u l i)

while the subject performed complex navigation and fligh t tasks in a flight

simulator .  The secondary task was found to e leva te  error  rates in  the  d u a l —  -

p r i m a r y  f l i ght and n a vi gation tasks , and secondary  t - i s k  p er f o r m a n c e  i t se l f

was d i f f e r e n t i a l l y  a f f e c t e d  by different sets of pr imary  task p a i r i n gs .

One of the major problems with the secondary—task technique concerns

i ts  f a i l u r e  to provide  unbiased es t ima tes  of operator  workload because of

the derogation of primary performance. A contributing factor to this

problem has bee n the  subj ective i n t e r p r e t a t i o n  of task priorities by the

subject , a l though the  s tud ies  of p r i o r i t y  man ipu la t ion  have been p a r t i a l ly

successful in controlling this prob l em .

An add i t iona l  p roh lem su r round ing  the  s tudy  of workload  t h r o u g h

secondary tasks is t h a t  the summat ion  of pe r fo rmance  demands of the

p r imary  task and t h e  secondary  t ask  may or may no t  s a t n n r a t i ’  t h e  sn ib  l t d  ‘S

c a p a c i t y .  This may mean that two p r i m a ry tasks w idt ’  lv  d i f  f e r i n g  in  

-- - - -rn -~~ — -  --- — ~~~~~~~~~~~~ ~~--~~~--
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performance demands may not be correctly assessed if the addit ion of the

secondary task with each does not cause the ensuing dual—task situation

to exceed available performance capacity . Thus, caution must be taken in

interpreting secondary—task results, especially if either the primary or

the secondary task imposes a small demand on the subject. This problem

calls for precise determination of individual task demands. A development

of t h is  argument  is presented by Ro l f e  (1971) .

Although findings from studies using the secondary—task technique

include the fact that certain tasks interact in the dual—task situation ,

the technique is not the most attractive vehicle for the systematic study

of task interaction and interference effects. Several additional controls

are desirable , including precise measurement and manipulat ion of performance

requirements of tasks performed alone, measurement of the time—sharing

decrement within each subjec t’s individual capability on the selec ted

tasks , and techniques for manipulating task priorities and presenting

performance feedback that allow the operator to compare his performance

with a standard and adjust it accordingly within his performance capacity.

Experimental Techn~~~~

The unresolved issues emanating from the secondary—task studies

underscore the need for a controlled procedure for assessing dual—

task performance. One of the problems has been that the demands

upon processing resources of the selected tasks have not been precisely

known prior to their combination . By obtaining maximum single—task

performance estimates as bases for comparison , unconfounded estimates of

dual—task interference and degradation in time—sharing conditions may be

obtained. 

~—-~-— _ _
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One method of obtaining maximum operator performance levels is the

use of a d a p t i v e  t echn iques.  Through adapt ive  log ic , the demand of the

task may be Increased , as the subject keeps some performance measure

within a specified range , by man ipulating the adap tive variable unti l an

asymptotic level of performance is reached . At this level , the operator

is considered to be at his momentary maximum efficiency level. Examples

of adap t ive  var iab les  tha t  have been manipula ted  successful ly in t r ack ing

tasks are for cing f unction frequency and complexity, amplitude , control

order , and control gain (Damos, 1972; Crooks and Roscoe , 1973; Gopher ,

Williges , Williges, and Damos , 1974; Gopher and North , 1974).

A second cons ide ra t i on  in the assessment of performance is r e l a t e d

to variability across subjects and withi -’ the same subject. If time-

sharing demands can be assumed to introduce additional variability in

the performance of complex tasks as well as a reduction in mean perform-

ance , analysis of performance distribution characteristics will yield

add itional information . Performance distributions in both single— task

and time—sharing situations may be compared within the same operator to

assess both his central tendency and var iability of performance on one

task due to time—shared performance with another.

A third consideration is the effective presentation otT task demands.

The presentat ion of priorities between tasks must be accomplished in a

meaningful manner that allows the subject to adjust momentary performance

in accordance with desired task demands throughout the performance session . 

--~ --~~~~ --~~~ ---~~~ ~~~~~~~~~~~~~~~~ - - - - - -  -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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The a b i l i t y  to m a n i p u l a t e  p r i o r i t ie s  enhances the  inves t iga tor ’s power

to assess pe r fo rmance  across var ious  demand levels and measure the

disturbance of performance on one task caused by increases in demand

on the other .

An exper imental  t echn ique  developed by Gopher and Nor th  (1974) is

designed to handle the above problems in per formance  measurement . The

technique includes three separate performance phases.  in the first phase ,

tasks are performed separately, and automatic adjustment of task variables

is used to establish maximum performance estimates for each subject on

each of the chosen tasks . In the second phase , the two tasks are presented

concurrently wi th  equal p r i o r i t y ,  and in the third phase , both equal and

various unequal task demands are introduced . The task demand levels and

momentary per formance  outputs  are displayed to the subject by ver t ical ly

moving goal l ines and bar grap hs , respectively.  A graph is used fo r  each

task , and the goal lines are posit ioned to represent absolute demands and ,

by inference , re lat ive  priori t ies.

Experimental  resul ts  using the technique have shown a wide range of

individual d i f f e r e n c e s  in performance and have demonstrated that , wi th in

each subjec t ’s t ime—shar ing  c a p a c i t y ,  cons is tent  es t imates  may be obta ined

of his a b i l i t y  to change per formance  in accordance wi th  demands . These-

results have also shown that  some subjects  are able to make much finer

ad jus tments  in a l loca t ion  policy than o thers .

Mani p u l a t i o n  of Task Demand Levels

Several techniques are involved in i nves t i ga t i ng  task interactions by

manipulation of performance priorities of tasks in time—sharing situations .

By explici t indication of demands on each task , variable levels of prior it y 

- --- - --~~~~~~~~~~~~~~~~~~~~~ - --~~~~~~~~~~~~--  *-~~
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may be conveyed to the operator. Thus, comparisons between performance

outputs and desired levels may be made and a standardized multiple—regression

equation derived that predicts performance as a function of demands on both

tasks . A possible fo rm of this predict ion equation would be:

Y . = ~~~. d . ÷ ~~~. d . (1)
1 1 3 3

Y . = B d . + 13. d . (2)
i 1 3 3

where 
~~~ 

is predic ted performance on task j ,  at demands d . and d . for
1 ,3

tasks i and j ,  respec tively.

The strength of these standardized regression coefficients , L3~ and

represents the relative strength of task demands on the performance

of each task. A brief example will clarify this point . Suppose that

performan ce on task i were predicted by the equation :

= -O .7d . + 0.2d . (3)

and task j  performance by:

Y . = O .6d — 0.5d . (4)
3 i 3

In the first equat ion, performance on task i is largely affected by

its own demands , and not degraded by high demand on the other task. In

the second example , performance on task j is found to he nearly equally

affec ted by a high demand on task j or a high demand on task i. (Neg~itive

weights corri’spo uu - to d e c re as  ing t r a c k i n g  e r ror  or r e a c t  ion  t i m e s .)
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The proper assessment of performance changes within the dual—task

situation caused by increase of demand levels must be accomplished

within the performance capabilities of the operator. Standardization

across subjects can be achieved by considering the performance

distribution of each subject to be independent , and assum ing a normal

distribution of perf ormances , any level of performance above or below

the mean of this distribution may be expressed as a percen tage in a

cumulat ive  probabi l i ty  func t ion .

Figure 3 illustrates differences in distributions of tracking perform’-

ance for each of two subjects. For Subject 1, 20 percent above his

average dual—task performance (+.53ci) is at the 32 percent point on the

error scale , and 20 percent below his average (—.53c) is at the 48 percent

point. Subject 2 exhibits less variable performance than Subject 1, as

reflected by his smaller standard deviation . Plus and minus 20 perc ent

(±53o) from his mean performance cover a range of only 8 percent of scale

error, from .36 to .44.

This interpretation implies that variability in performance , as well

as its average level , is an important characteristic. Similar arguments

have been proposed In time—sharing contexts by Wickens (1974) regarding

addition of channel noise in dual—task performance and by Lager (1974)

in a recent study of pilot reliability expectancy in complex flight tasks .

By manipulating the levels of demand between a compensatory tracking task

and a concurren t 10—alternative digit—cancelling task , Gopher and North

(1974) showed tha t many subjects were capable of conforming to demand change ’~

corresponding to increases or decreases of 20 percent around their average
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p ert i rm a nce l e v e l s , b u t  th e r e  w e re  w i d e  m d i v  id ua I d i i  I -r en -~ -s .ia n~’,

s u b j e c t s  i n  t h e i r  abilit 105 1)  c o n f o r m  t o  these  demands .

Ex~ erimen t al Desi’ji

T u e  f o u r  t a sks  d i scu s s e d  above were  c o m b i n e d  in p a i r w i se  f a s h i o n

u s i n y  a 4 x 4 mi xe d— 1-o-tor des ign w i t h  one b e tw e e n — s u b j e c t s  and one

w i t h i n — s u b j e c t  v a r i a b le .  The between—subjects variable was the task

a s s i g n e d  to each s u b j e c t  as t h e  r e p eat ed , or “home— task , ” t a r  a l l  f o u r

J ivs of dual—task performance. The task that was paired with this home—

t a s k  on each day of performance was the within—subjec t variable. The

design matrix is shown in Table 1.

This experimental design includes the pairing of each task wi th

itself and with all others. Furthermore , these conditions may be grouped

by the between—subjec ts factor , each column representing a group of

subjects receiving dual—task pairings of one task with the other three.

Any individual pair may be compared in two contexts , tha t is , it occurs

in two groups. The order of experimen tal combinations within columns sns

c o u n t e r b a l a n c e d  to ensure that each combina t ion was preceded and followed

equa l l y o f t e n  by every other.

E i g h t  s u b j e c t s  were ass igned t o  each grou p d c f f u - J  by a co l u m n  i n

Tab le  1. Two i d e n ti c a l  p a r t i a l  L a t i n  squares w e r e  iced w i t h  four subject s

assigned to  each.  Each c o n d i t i o n  is fo l l o w e d  and pr eceded once l iv  e v er y

o t h e r  condit ion in each squa re .  One group of f o u r  s u bj e c t s  pe r  f t rn ’~~ i

the home task with t h e  left hand on a l l  fou r d ay s  of the e x p e r i m e nt

wh i i  t -  r h ot o r  t ou r  per  f o r me d  t ii is  t a s k  w i t h  t h e  r i ght hand . The par led

w — i c  ;l ’c ~ i gned t. o t h t -  t ) 1 )j t U s  I t t -  10111( 1 . 

- - - ~~~~~~~~~~~~
-
- ~~~~~~~~~~~~~~~~~~~ ~~~- --
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‘lAbLE I

Dual—Task Experimental Conditions

Group 1 Group 2 Group 3 Group 4

Task A & A  Task B & A  Task C & A  Task D & A

T a s k A & B  T a s k B & B  T a s k C & B  T a s k D & B

T a s k A & C  T a s k B & C  T a s k C & C  T a s k D & C

Tdsk A & D Task B & D Task C & D Task D & D

-~~~~~~~~~ 
- -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-I 
~i

W i t h i n  e.~~-h d i v  of the t ’x i t - r i m e n t  (o n e  c e l l  of t h e  m a t r i x  in

Table  1) t h r e e  p e r f o r m a n c e  phases  were  used . Phase  One was si ng l e — t . i s k

tes t  ins on t h e  two t a s k s  ass ig i ted  f o r  t h a t  day . Phase  Two c o n s i s t e d  a t

two d u a l — t a s k  t r i a l s  of f o u r — m i n u t e s ’ d u r a t i o n  in whir -l i  the  t a sks  were

of equal i m p o r t an c e .  Phase l h r e e  i n c l u d e d  six d u a l — t a s k  t r i a l s  of

three—minutes ’ duration in which r e l a t i v e  task demands  were  v a r  led

from trial to trial.

One potential problem with the use of certain within—subject designs

is the possibility of asymmetric transfer from one condition to the next.

Speci f i c a l ly, the effect may occur when performance in a previous condi-

tion either facilitates or inhibits performance in a subsequent condition.

Poulton (1966; 1969 ) has examined and outlined the various t ‘ a n s l er

e f f e c t s  from a large number of studies representing tracking, vigilance ,

and information—processing tasks and discusses the general disregard for

control of transfer in these experiments , or the use of alternative deslgn~~.

With the regard for the potentialit y of asymmetric transfer in the

proposed desi gn , it could be possible for dual—task combinations (in the

within—subject portion) to facilitate or inhibit performance in other

sessions. The primary control for this effect is the measurement of

sing le—task abilit y levels a t  the  beg inn ing  of  e ach  d u a l — t a s k  se s S i O n .

and the use of ad a p t i v e  t e c h n i q u e s .  In t h i s  f a s h i o n , the s u b je c t  i s

re adap ted  to h i s  hi ~1i , s t  mom en t  i n, level  of per formance on t -ac~i m d i  v i  d u a l

t a s k  he f a r t - p e r f o r m i n g  t h e  t :‘ oks t o~~ - t ~ie r . The p r o  i ’ ‘r t ion se t i r e , 0

&-or zpi r .i t ive index of single— a~~d dua l — t , i a k  p e r t  o r m an ce , is t h e  m a j o r  a c ’ r t

o f  i t i t e l - t ’n t  b , ’c n i y t - i t  is can t i n u a l  l v  r t - i l  i l t r i t e d  f o r  the Comparison

h at  wt  -n i npl v— -and t i t i t l — - t ci— p e r t  t t r m a ! 1  - I t -vt -Ic
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T h i r t y — t w o  male  sub jec t s  between the  ages of 18 and 26 served in

the experiment . All  subjec ts  were un ive r s i t y  s tuden ts  selected f rom

e i the r  upper—leve l psychology courses or the primary flight training

class at the I n s t i t u t e  of Aviat ion . Subjec ts  were paid fo r  the i r

p a r t i c i p a t i o n  at the end of the  f o u r t h  day of pe r formance .

Phase One Procedures

Sing le—task  T r a c k i n g  The sub jec t  per formed a one—dimensional

compensatory t rack ing  task  wi th  band—limited random noise added to joystick

outputs (see Appendix A) for a six—minute period dur ing  which the  control

dynamics of the controller were changed from a pure  ra te  cont ro l  (easy

task) to acceleration control (difficult task) according to the error

output of the subject (Crooks and Roscoe , 1973). The task required the

subject to keep a moving circle in the center of a horizontal track by

appropriate left—right movements of the control stick. The acceleration

percentage of the s t i ck  output  increased adaptively in ten—percent  s teps

from zero to 100 percent . When the  subject ’s error level was w i t h i n  an

area of ten percent of the scale on either side of the center line , the

task continued to adapt. When the error level was outside of these l i m i t s ,

the acceleration percentage began decreasing in the same manner. The

adaptive portion of the task continued for the first four minutes and

remained fixed for the final two minutes during which root mean square

error (RNSE) was calculated over ten—second intervals (si t ’ Appendix B).

Sing le—task Immediate Cancelling . Random single num er a l s  t rem

t h e  sets 1 , 2, 3, 4 or 5 , 6 , 7 , 8 were p resen ted  on t h e  CRT d i s p Liv and

cancel led by the ~uh ject by pressing the correspond i ii~~ k ey  on the keyboard .



(Two set s  o t  i m u l i  i r e  d e s i r a b l e  when  this task is pair ed w i t h  i t ~ ;e l f

in d u a l — r i sk  j~~a f t r m i u ce . ) .\ m w  r i t m r h c r  was p r i ’s en t u - tJ imm ediatel y fol low—

in c  a c o r re c t  r e s p o n s e .  To e nsu r e  m ax imum compa t  i b i 1 it ~ and minimum

i n t e rf e r e n c e  f r e in  ext raneous ( a ct o r s  r e l a t e d  t o  r~ au t o n s e  se l e c t  ion and

e x e c u t i on , t h u  keyboards were arranged 1—2—3—4 or 5—6— 7—8 and could be

adjusted to the most convenient distance and position for each subject.

D u r i n g  s ing l e — t a s k  pe r fo rmance , t he s u b j e c t  was brought to a coils is—

tent level of performance . Average response latenc y for correct responsu-~

was computed for ten—trial blocks . After receiving a minimum of 50 trials ,

the subject continued until the difference between two successive ten—

t r i a l  b l o c k s  was less t h a n  ten p e r c e n t .  The mean (-orr u-c t r e s pon s e  time

was compu ted  f o r  the f i n a l  two blocks (20 r e s p o n s e s ) .  I f  t he  s u b j e c t  had

not performed the task previously during the experiment , two sin - fm sing le—

task  sessions were a d m i n i s t e r e d .  Th~ b e t t e r  p e r f o r m a n c e  d u r i n g  these

two sessions was chosen to  represen t  the  s u b j e c t ’ s s i n g l e — t a s k  c a p a b i l i ty

for the task .

Sir  — t a s k  D e l a v d Cancel !~~ J’ . The format for t h e  presentat ion of

s t i m u l i  f o r  the  D e l ay e d  C a n c e l l i n g  t a s k  was t h u  s a n t e  as in t h e  m mcd i~~te

C a n c e l li n g  t a s k ;  however , the a p p r o p r i a t e  response correspond’ L’ to the

p rev i o u sly  p re s e n t e d  di g i t  i n  the  ~-~ ‘qu ~’nce . At  t h e  b e g i n n i n g  of each

se ’- ;  s ion  of Do 1 - i  ve i l  Cancelling, the subj  ic - t began  t h e  t a s k  by p r e s  i ng t h e

l t - f t m o s t  I ’- ’ ,’ on the ki’\’hoarei w h i c h  erased t h e  t ir st l lUi l lh ) e r  a p p~ - m i  ng on

t h e  sen  en .  A t  I )  this m i t  i i i  response , t l i i ’  sub j e c t  was required to

r e - r - ~t h - r  t l i t ’ l ist nuniber in the se -t f m t ’n c u ’ . l o g  S c  f o r  b r i n g i n g  t h e  ~u lt j e c t

I c o n s ist  an t  pe r t  o n m n e n - , - was i d e ’ n t  1 . 1 1  I t t  t h e -  lamed i t  e ( a i i i ’ i  I i n g  t i ck ,

in t l t h e  pt - r f a r i m o e s- r n e - t ; ;u r e  w i;; s l o t  the l i m e - i n  - n  r un t cc~t n i  - m e - t iii .

I
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S ing l e — t a s k  C h - i s s i fi c ; i t i on . The s u b j e c t was pre sen t ed  w i t h  a d i g i t

pair  whose e l e m e n t s  d i f f er e d  in n u m e r i c a l  name a n d/ o r  p h y s i c a l  s ize .

Based upon the  c l a s s i f i c a t i o n  scheme discussed e a r l i e r , the  s t i m u l u s

i tem is cancel led  b y p r e s s ing  the key assigned to one of three categories.

As in the p rev ious l y descr ibed  Keyboard  t asks , a new i tem was immedia te l y

shown when a correc t response was made . To maximize stimulus—response

compa t ib il i t y  of the task , and ensure t h a t  the  r eac t ion  t imes  produced

were only the product of Classification and simple responding, the

key board consisted of three keys. The left key was assigned to all

stimulus pairs that were the same in both name and size , right key to

pairs differing in both name and size , and the middle key to those that

had one attribute in common and differed on the other. The logic for

bringing the subject to consistency in sing le—task performance and the

performance measure recorded were the same as for the other two ~i-eyboard

tasks .

Phase Two Procedure: Dual—Tasks with Equal Demands

Two dual—task performance trials (Phases 2A and 2B) followed single—

task testing. Each lasted four minutes with a three—minute rest period

intervening. In the first trial (Phase 2A), the acceleration percentage

of the hand control output for the Tracking task and the generation rate

of Keyboard—task stimuli were based on values obtained during single—task

p e r f o r m a n c e s .

The Keyboard tasks  were s i l l — p a c e d  as in s i n g l e — t a s k  pe r fo rmance ,

with one important change : i f  t he  t i m e  t h a t  an i tem were d i s p l a y e d

exceeded the 95th percentile of the sub ject ’s previous r e a c t i o n — t i m e

- —~~~~~-~~~
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d is t r i b u t  ion  p h u m-i t t ie , i V u -  t . i m ’ e  o f  t i m e  P rev i ous t r i - I , - e new st I mu I un v - s

genera  t eel . (‘ft i s  met  hod was t e s t  eth iii prey maim s stud i i’s by 11)111’ r a n d

N o r t h . 19/5 , amid f ound t o  he an e f t  ci t ive method of keeping constant

r eac t  ion t ime pressure on t h e  s u b j e c t .)  For t h e  f i r s t  d u a l — t a s k  t r i a l

t i - t i m - i  t i m e  was based upo n s i n g l e — t a s k p e r f o r m a n c e  va lue s , and for the

second trial (l’h,isu ’ 2B) it was recalculated using averages and s t a n d a t d

deviations obtained (or the first dual—task trial.

In a d d i t i o n  to  t h e  i n d i v i d u a l — t a s k  d i sp l ays , a p e r f o r m a n c e  in d i ’~ a tor

f or  each t a s k  a p p ear e d  is a mov ing  bar  g raph  va r y i n g  in he ig h t  w i t h  the-

momen ta r y  p e r f o r m a nc e  of the subject (Figure ’ -~
) . The des i red  l eve l  of

p e r f o r m a n c e  was i n d i c a t e d  by  :i s h o r t  h o r i z o n t a l  l i ne  pos i t ioned  about

h a l t  t he  d i s t a n c e  f rom the  g r a p h  s t a r t  ing po in t  to the  top of t h e  sc reen .

In Phase 2A , t h is l i ne  r e p r e s en t e d  average pe r fo rmance  in the sing l e — t a s k

trial , while in the second dual—task trial , it represen ted  averages

ob ta ined  in Phase .~A.  The distance on the display from th e zero point

(no bar grap h sh owing) to the  des i red  l ine  represented 2 .5 st a n d a r d i ;~ed

p e r f o r ma n c e  u n i t s  computed  by s u b t r a c t i n g  2 . 5  s t anda rd  d e v i a t i o n s  1 r p m

the appropriate average . Thus , if the subject ’s performance I s a - i c  \ c r

poor , the  bar graph  was below the  desired average or no g r a p h was s h e e w i n g .

The mu ’ i g h t  f r o m  moment to  moment was calculated h~’ subtracting the ’

subject ’s momentary average from the desired average and c o m p u t i n g  ml

standardi zed leve l of performance t ransformed into t h e height of th e ’

graph. Thus , the graphs moved within the standard score spat - c t t  m d  i v i d m i e l

su b j e c t s .  For t he  T r a c k i n g  t a sk , t u e  p e r f o r m a n c e  s c o r e ’  used w i ; ;  ~~~ e rror

c a l c t i  l e t  ‘ t i  ove r  t e n — s e c o n d  in t e r v a  Is , and the bar gr ;iphis ‘ lie ighit s we’ta-

up d i t e e l  e ve ry  s u e - and . I - o r K ey b o a r d  I i n k s , I l ie ’ ma c i c  t a m e d W5O t h e -  v i  ige -

i miii’ t or t he l e s t  t en c - c m r e t - I i ; p a u s e s  . ‘ I h i m i s  , i t - I m e  i t  e e l  w e t  e - t - I

_ _ _ _ _ _ _ _ _ _  -- —— ~~~~~~~~~~- - - -—:~—~~—~~~ - - - — -~~-—~~-- -—- ---~~-— - - - ~ -~ :
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F i gu r e  /~~, i h e t i — t a n k  d i s p l a y s  f o r  ~~~~~~~~~~~~~~~~~~~~~~ ( e l i  e l i  i n ’  (- i f ,
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s lumw or i n a c c u r a t e , t h e ’ bar  graph  began moving toward  t i l e -  b o t t o m  of t h e e

disp lay.

Please Three Procedure :  Dual—Tasks  w i t h  Equa l and U n e q u a l  l)c’mands

Phase Three cons i s t ed  of six d u a l — t a s k  p e r f o r m a n c e  t r i a l s .  Each

t r i a l  lasted th ree  minu te s  w i th  one m i n u t e  of rest  i n t e r v e n i n g  bet ween

t r i a l s .  The six t r i a l s  represented six expe r imen ta l  cond i t ions  in

which the  des i red  pe r fo rmance  l ines  could appear at one of three levels

for each task . Increased performance requirements were indicated by a

higher  desired line , w h i l e  decreased requ i rements  were r ep r e sen t ed  b y

a lower l ine . Sub jec t s  were ins t ruc ted  to a t t e m p t  to p e r f o r m  at  or

above these per formance  lines .

The three levels used were those corresponding to the  sub jec t ’s 25 th

percent i le  (low r e q u i r e m e n t ) ,  50th percen t i l e  (medium r e q u i r e m e n t ) ,  or

75th pe rcen t i l e  (hig h r equ i r emen t )  ca lcu la ted  f rom tile per formance  of

the subjec t  in Phase 2B.  The 50th percent i le  a c t u a l l y  was the average -

performance of the subject in Phase 2B. The demands f o r  t h e six tasks used

in Phase Three we re :  IA , .50 1.50 ;  3B , . 5 0/ . 7 5 ;  3C , . 7 5 / . 5 0 ;  3!) , . 2 ~~f . 7 5 ;

3E , . 75 / . 25;  3F , .7 5 / . 7 5 .  Three of these c o m b i n a t i o n s  ca l l ed  f o r  c o m b i n e d

demands g r e a t e r  t h a n  1.00 (Trials 3B , 3C , and 3F) wh ile the other thr~~c

c a l l e d  f o r  t o t a l  c ombined  demands  of 1 .00 ( T r i a l s  IA , 31) , and I F ) .

Ihe use of a counterbalanced w i t h i n — s u b j e c t  e x p e r i m e nt a l  ele ’sign ,

involving the six exper imen ta l  cond i t i ons  in Phase Three . re se n t s  an

o p p o r t u n i ty  f o r  a s y m m e t r i c  t r a n s f e r  between c o n d i t i o n s .  The p a r t i c u l a r

m a n i p u l a t i o n  i n  t h i s  ph ase  is t a sk  demand ,  de l  l m i e ’ e h  Ic y the- h i e i c h t 5

t i m e  des i r id  pc r f o  rn in c c l i n c  s I’oum I t on (1 9hh ) I I  if ) I ‘— c r e ~ 1 c c  iii d b~ 

J
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asy m m e t r i c  t r a n s f e r  in which  var iables  such as s t imulus—response  a r range—

ment or display—control relationships were changed from condition to - ‘

condition in within—subject designs . Although the present experimental

manipu la t ion  does not  include these categories , this does not  preclude

the poss ib i l i ty  of the e f f e c t .  A test of asymmetric t r a n s f e r  was per formed

on data  f rom 24 subjects  of a recent dual—task experiment using the above

techn ique for manipulating priority .

Apparatus

The basic experimental  equipment included a Hewlet t—Packard 10.8 x

7.6—cm Model 1300A cathode ray tube (CRT) for the disp lays for all tasks.

A Raytheon 704 digital computer generated inputs to the CRT and processed

signals from the keyboards and control sticks. The computer provided

digital signals to a symbol generator that converted them to analog

onputs for the CRT display. The keyboard keys were arranged linearly

and conformed to the average position of the male fingers . The tilt and

dis tance of the key board from the subject could be adjusted for convenience.

The controller used in Tracking was a spring centered dual—axis manual

control of which only the lateral control motion was used . Per formance

informat ion , stored by the dig ital computer , was printed on a Gould 4800

line printer In the form of tables , Tracking graphs , and record of

ind ividual Keyboard responses. The exper iment was conducted in a light

and sound attenuated room.
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RE SU LI ’S

~~~~~ l ej ~is~j’e r f o r man c e

Su b j e c t s  were  t e s ted  on each t ask  separa te l y a t  the beg i n n i n g  of

eac h day ’s p er f o r m a n c e .  The home—task  mean p e r f o r m a n c e  cu rves  across

f o u r  days of t e s t i ng  are shown in Figures  5 and h f o r  Trac - k i n g  and Key-

board t a s k s , r e s p e c t i v e l y .  The dependent  measure  f o r  Tricking was accelera-

tion percentage level attained during the adap t ive  per iod  of performance ,

while average latency for the final 20 correct responses was used for the

three Kevicetard tasks . The effects of practice on each home task during

the four test days were assessed by analyses of variance .

For l r ,mck iti g, the level of the adaptive variable , as shown in Figure 5 ,

increased reliably over trials (j~ .05). An addition al test of single—

task RNS error means for the final two minutes of single—task performance

yielded means of 14.9 , 14.9 , 13.5 , and 14 .2 percent of scale error for

the four test days , resp ec tivel y. These values do not differ reliabl y,

and there is no indication that the adaptive technique failed to compensate

completely for the acquisition o~ Tracking skill over the four test days .

Although performances improved reliabl y on all Keyboard tasks (p .051 ,

the comparative ranges  of improvemen t between tasks were q u i t e  d i f f e r e n t .

Immediate Cancellin g improved very little ; Classific ation performances

improved great lv between Day I and Day 2 and little ther e-u( ter ; and

D e l a y e d  C - e n ~-e l l 1n g  c o n t i n ue d  to improve over all f o u r  d ay s  at  t e s t  i ng .

A l t h o u g h  p e r f o r m a nc e s  on no i th i e r  o t  t I m e  t w i t  more  d i f f i c u l t  t a s ks  r e a c h e d

t h e  speed of I m m e d i a t e ’  Cance l 1 t u g  , t h e ’ d i f  I e ’ ren c es  be t  We ’ t ’li t , e sk m-c  were

r e l a t i v e ly  s m a l l  by t h e  f o u r t h  day . 

—- - - -  - -  ~~~--~~~~~~~~~ ~~~~~~~~~~ - -~~~~~~~~~~~ -- - -~~~~~ 
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Cc i t

Improvem ent  in single—task s k i l l  f or  a l l  t a sks  may he a t t r i b u t a b l e

t o  b o t h  s i n g l e — t a s k  p r a c t i c e ’  and repeated d u a l — t a s k  exper ience  be tween

sing l e — t a s k  tes ts .  I s o l a t i n g  the sources of improvement  on each task

W35 not a major goal ati tim is study; however , the e v i d e n c e  of im p r i v e - u e i m t

emp h a s i z e s  the importance of the repeated measurement of sing le—t ask

skill level before each day ’s dual—task session .

Performance Comparisons in Phase Two: Equal Task Demands

The two dual—task trials in Phase Two served as the basis for inter—

task comparisons of performance dec rements from s ingle— to dual—task

conditions and thereby allowed assessment of degree of interfere nce each

produces. Separate analyses of variance were conducted for each set of

home—task scores to test the effects of Task Pairings , Tr ials , and Hand

Assignments. The following section describes and discusses analyses of

these data for each home task using the dependent measures discussed

above .

Per fo rmance  measures. Dependent scores used for Tracking were RNS

error expressed as a percentage of scale and within—subject deviation

‘:~D). RMS error for each trial was the mean of the RNS values computed

over ten—second intervals , and WSD was the standard deviation of these

sample points , reflecting the consistency of Tracking for that trial.

Dependent scores for the three Keyboard tasks were average response

time (ART), response interval (RI), correct response interval (CR1), and

WSD , in this case computed from average response times rather than RMS

errors . ART differs from R~ and CR1 because it includes reaction t imes

only to items that were cancelled and c’x-ludes time lost due to missed

items . R~ is the mv e ’r ag e t (me be t we e n em it ted responses which did  Inc I ueh e’ 

-- -~~~~~~~~ - -- - - - -- -~~~~—
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j i m : . - t t i a t  d iii t - ’  mim- ,se ’eI j t t m f l S . Cl~ ( i  i~~
- ave- rage  t ime h C - t w e ’ - : :  c o r n -

re- -c pe inc -- - t i m e  re’ S arc ’ , d i t  to rence’s ct  lic e-f l  RI and c~h-S I scores r ep  r - ‘ S e ! ,  t

t i l e ’ l ost  due La e r r o r s  in  r es  pending

B e c a m - m e ’  d i  ~ r i b u t  l o u i s  of v a r i a b l e  c i -  ru  r — m c i  ‘re -s  and rc ;O’  t ion or i.~- s 5 c , n S C ’

tim _ ’~s ire k m i o w ’e t o  he ’ oositively sh~~~e-d , and their V , e r i , u u l e ’ cS p o s i t i v e l . ’

c o C r e l a l e ’,t W i t  Ii  t S R -  I r means , a l l  such sc a re --: were  t r a n s l o r n i c i l  to t I - j r

C~ ’fl1r!d ’i) ig , m r l t r ) f l i s  to  c o r r e c t  both e f l e - c t s  p r i o r  to  any 5 t 5 t ~~S t i c , i ]  a n a l v i — i s .

As prey ions iv mentioned , a proporti on score f o r  each t ask  r e ’ f m r e ’ n. n~

t he pc i  c ’r mna n cc d~~e r e -m i en t f r o m  s i n g l e —  to d u a l — t a s k  t r i a ls .  m r - a c o I - r  i en s

w e re  q u o t ie n t s  f o r m e d  b y d i v i d i n g  s i n g l e — t a s k  b y d u a l — t a s k  :-i c ’ : - res  u s ing

a p p r o p r i a t e  p e r f o r m a n c e  m e a s u r e s  or e a c h  t a s k .  For T r a c k i n g  w i t h  v a r y i n g

contro t du n a n m i c s , t h i s  c o m p u t a t i o n  is not  the  simp le d i v i s i o n  of ~ i~;

e r r o r  under  s i n g l e — t a s k  and d u a l — t a s k  c o n d i t i o n s  hut requires a transic rm~:,i-

tion to a time relation h c c’aucc  of t h e  i n d i v i d u a l  d i f fe r e n c e s  in ac ccicr: -

tion p~-r ce :tages attained during the adaptive portion of sing le—task

p e rf cr m a n c c - . ( F o r  ,a m o re  d e t a il e d  d e s c r i p t i o n  el t h i s  convers ion  Se - c

.‘s p p c u d  i :~ b . ) For the three Keyboard tasks , t h e  Cr o p o r t i o n  Sc e i r e - s i s i or ;s -

by d i v i d i n g  s i n g l e - - task co r rec t  r e ’’- mp o n s c i n t e r v e l s  i:v dual—task - ‘ r i

I e - 5 5 ’ - t m : - i n t e ’ r v, - t l s .

i l i c  p r o f ,  r t  ion scor es  r ef  i c c  t t h e  r d  ,i V t ’ d e c - r n - n t  i n  each subject —

m : m n : : l . : — t , c s k  c a p a b i l i t y  d e m o n s t r a t e - i  i n  Ph a s e  Chic . The h i g h er t i 

t ion , t S~~- ,,- c t er tin - , m i h ~~e ’ , ’ t  ‘5 i c ~~~c ’ f l t i t t i )  a t  t h i s  c - g m  lii h i t ~ ’ . l I c e  cdv,ic ~I ccc

h i t s  s c ’  i r e -  i s I b c ~c t i t  t ’ ’ c i m  i t s  t - 1’ i - i s  l ID ! ( ‘ 5  I C ’ c t  c i t  f i l c h  i v  ‘ l i m . ~ 1 e l I  - ‘ -  ‘u :

f o u r ~i i i  th e r , i - cu’ s e m i e- m c i - m i r e - - - i~ c ’isse ’ t h i h , t v e .  H c - , i c m s c -  p r e ’ f i ’ r t  i o n  s e e ’ !  -

c - c l  ‘ , - I -  - ‘~~- m m  s- i -  i l l  I c - m o n t  ~ ii  c m :  C d  I i i  ia I - ‘ m l ’  c -  - t ‘ S p er  ‘i  : : . i m c  o

r i - h e ?  i ’~’~ - t a S ’ . c t W ’a e ’ t t b  i c - F  c , ’ r t , c r : - ~~~ c , c - , t i c -v  i i ,  r , - h , i l  I \ t - l \ -

o h  5K I ‘ I , ,  a i s i b  - c I - - t n  t i m ’ I -~~h v i  t i n - c  I t i c k s

- --- - - - - -*- -~~~~~~~~~~~~~~~~~ ———~~~~~~ —- ~~~~ — -p-~~~~~~~~~-~ ---~~~~~ -~~~~ -- - ‘~~ - - ~~~~~~ ~~~~-~~~~~~~~~~ -~~~~~~~~~~~
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(Di e’ add i t  i o i i . i h  s e t ) r t ’  c o m p u t e d  for the’ dua l—t ,isk t n a  is w i. , tI m e

conib i i i t ~d sc -o r e , f o r m e d  by adding the p roport 1011 s - eir e ’s fo r  t li e ’  two  t , i ’-c k~

This  score i~r~~v i d e s  mm o v e ’r a l  1 index of d u a l — t a s k  e f f  Ic i e ’ uic ’v .  N e i t h e r

t h e  inch i v idua  I nor the  combined  p r op o r t  ion scores  can he c on s i d e r e d  to f o r m

ar m  e q u a l — i n t e ’rva l  i - m c . i l e s ;  a sco r e o f 0 .50 does no t  n e c e s s a r  i I v  r e p r e s e n t

t w i c e  as g r e a t  a d e c r e m e n t  as mm score of 0 . 7 5 .

T r a c k i n g  as the  h ome t a s k .  Scores fo r  the f i v e  d e p e n d e n t  t r a c k i n g

v a r i a b l e s  are g iven  in Table 2.  The va r iuos  task  p a i r i n g s  c aused reliable-

differences (~ c .05) for each of the five dependent variables , and conse-

quentl y the specific condition differences were assessed pai rwise using

the  New m an—Keu l s  post hoc comparison t e c h n i ques . Home—task  T r a c k i n g  was

poorer when it was paired with a second Tracking task than when paired

with any of the three Keyboard tasks. The pairwise comparisons rev e aled

reliable differences between the Tracking/Tracking condition and each of

the Tracking/Key board conditions for combined scores (~ .05), and

differences approached re’ I labi lit v for RNS errors , WSDs, and  p r t ’p o r t  ion

se ’ e i r c s  (~ > .05 < .10) .

An addit iona l method of c o n d u c t i n g  compar i sons  of w i t h i n — s u b ~~& ’c t

means is the use of mm p l a n n e d  compar ison  t e c h n i q u e  e s p e c i a l l y  des igned t e ’r

within—subject data (Scheff&’ , 1959). With this techni que , scores torme’d

by l i n e a r  comb inm it ions of means may he t e s t e d  ;lga I n s t  sc o re ’s  form e d  f r om

o t h e r  I i n ear  comb m a t  ions. In flit’ p lanned  compar  i son home—t :msk ‘I rack i~~s ’

sea re’s in t h e  Keyboard  rond i t  ions  were ave raged  t o  t e s t  t lie’ d i t I c ’rc’nce

he tween  the Trac king - cm nd it i o n  and t m c ’  mean I these ’ t I m re’e’ C e c I i m t  i t  I ens

A a c a r e  was g c ’ n e r , m  ted for e m ,  i t  smih~ c - i - t on emi ch ilepeu m ih ent v i i i  mb I i  by 
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subt r a c t in g  t h e  s c ar e  t e m r  t he  T r a c k i n g  c o n d i t i on  ft e mmn th e  mean of the

t h r e e  scores of the Keyboard  c o n d i t i o n s  to f o r m  a s i n g l e  d i f i  c - r e n t - c

Se - O r e .

Eight scores were generated in this fashion , one for each subject.

These scores were then treated as difference scores in a dependent

t—test for reliable differences from zero. For RMS errors (log trails—

f ormed scor e s ) ,  this analysis produced a t of 3.10 (pt > .05 < .10); fo r

proportion scores , the t value was 6.18 (p~ 
< .05). These findings are in

general agreement with the Newman—Keuls comparisons between Tracking and

each individual Keyboard mean.

Recalling the previously described functional component task model ,

Classification and Delayed Cancelling were chosen to represent tasks that

involve TRANSFORMING and STORING , respectively. The Immed iate Cancelling

task includes neither of these components. Comparisons of interference

levels in dual—task performance , therefore , should reflect any additional

decrement in home—task performance produced by paired tasks with additional

functions. The relevant comparisons are between home—task performances when

paired with Immediate Cancelling and when paired with either Classification

or Delayed Cancelling. As the means in Table 2 indicate , home—task Tracking

was not differentially af fec ted by paired tasks that required either

TRANSFORMING or STORTNG . Tracking performances were not reliably d ifferent

when paired with Immediate Cancelling, Delayed Cancell ing, and Classifica-

tion .

RMS error and proportion scores showed unreliable trends for improve-

ment over trials , and no eviden t dependence upon hand assignment. The

condi tion wi th the larges t improvemen t in tracking error and pr o p o r t i o n

was the tracking pair condition . Paired task proportions and combin ed

- ~~~~~~~~~~~~ -- - 
~~~~~~~~~~~~~
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SCe) re S  d id  improve re I i m i b l y f r om t h e f i r st to  the  seco n d t r i,i 1 , mi nd

this improvement i n comb in ed scor e is especia ll y p r o m i n e n t  in th e’ p a i r e d

Keyboard  c o n d i t i o n s .  Thus , it appears  t ha t  i n t e r w e a v i n g  s k i l l s  d e v e l o p

more rap idl y when t he  combined tasks are  d i s s imi l ar  in the  M A N I P U L A T I N (

co m p o n e n t .

Immed i a t e  C a n c e l l i n g  as the h o m e— t a s k .  Table 3 summarizes  the r e s u l t - :

tor the seven dependent measures for Immediate Cancelling home—task perforn:-

m i n c e  in Phase Two. As in other cases , log transformations were performed

on the ART , RI , CR1 , and WSD scores to provide distributions more suitable

for analysis of variance.

There was reliable impravement in scores from the first to time second

trial for all dependent measures except ART and WSD, both of which incre’,iae- ,l

in the three conditions pairing two Keyboard tasks . In the second dual— i u k

trial , the presentation t ime for each item was lengthened to allow a longer

interval in which to make a response. This was the consequence of t h e

reralibration of the desired performance criteria from the subject ’s ~ ii cle ’

task means and standard deviations from Phase One to his first dual —t as k

trial in Phase Two . A reliable trials x tasks interaction (2 .01) ~e’:i 5

reflected in the large increase in ART and WSD for the three Immediate

( h i n c e l  l i n g / K e y board cond i t i ons  and no increase in the  I m m e d i a t e  C a n c e l l i ng ’

T r a c k i n g  c o n d i t i o n s .

T r a c k i n g  produced the  s m a l l e s t  decrement  f r o m  s i n g l e — ta s k  score ’s ,

f c ’ ] l o w e d  b y Immedia te  D i g i t  C a n c e l l i n g , Cl a s s i f i c a t i on , mi nd l i e - l i v e d

C m n c e l l i n g  c o n d i t i o n s . Compar ing  these c o n d i t i o n  means  i l ! m i i m g  ml

New -ma n—K eu Is  t c a t  I or pa i rwise di  f t  erences , i t  was I o imn d t l i e  t t h e ’  

- - - - - - - —---- --~~-- -—------ - - - - ——— -
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Immediate  Cance l l ing  task was per formed best  when Tracking was the

paired task  r e l a t i v e  to pe r fo rmances  w i t h  C l a s s i f i c a t i o n , De layed

Cancel l ing , and Immedia te  Cance l l ing  as the pai red tasks for RI , CR 1 ,

and Propor t ion  scores (p < .05) .

These r e su l t s  are cons i s t en t  w i t h  the  r e su l t s  f o r  home—task Track ing

p e r f o r m a n c e  in tha t the  three  Track ing /Keyboard comb i n a t i o n s  produced

the hi ghest per formances  in dua l—task  condi t ions .  Pa i r ing  the  Imm edia te

Cancel l ing Key board t ask  w i t h  the o the r  Keyboard tasks led to larger

decrements .  This result  is f u r t h e r  suppor ted by the c ombined scores ,

which showed r e l i ab le  d i f f e r e n c e s  between Tracking  and the th ree  Keyboard

means , i nd i ca t i ng  the overall performance compatibility of the Tracking/

Keyboard combinations.

The comparisons among the three Keyboard pairing conditions produced

reliable d ifferences in home—task performances . Pairing Immediate

Cancelling with Immediate Cancelling produced reliably higher home-task

proportion scores than pairing with either the Classific ation or t he ’

Delayed Cance l l i ng  t a sk .  P a i r i n g  the home—task  w i t h  i t s e ’ l f  i i  Se ’ pre’t l m i ’ e-d

r e l i a b l y  be t t e r  RI and CR 1 pe r fo rmance  than p a i r i n g  w i t h  De lay ed

C a n c e ll i ng  (p < . 0 5 )  and n e a r l y  rel i a bly  b e t t e r  t h an  p a i r i ng  w i t h

C l a s s i f i c a t i o n  (fl .05 -: . 10 ) .  In each c ’ase , t he pe ’r f o r m m I n c e  o~ t h e

home task d e t e r i o rat e s  when p a i r e d  w i t h  a more c o m p l e x  I c — h .

Also  i t  shoul d  he no ted  t h a t  t h e r e  was mm I t r i e r  d i  f f e - r e - i i c e ’  I t t  L e o n

ART scores and RI scores w i t h  f l i - l aye d  ( ‘ , m n c e ’ l l  ing as t h e  p a i r - h  t a - -k

t han  w i t h  e i t h e r  of t h e  c t h m e r  two Ke ’v t ’’ ir d tas ks . T h is is ml N i b L I t c - I

to the  inc rease  in  number o m l :~ ‘ - e ’  I d I g i l  .~ 
c~ h e  - ‘“ m e -  t .m -mk ,~~~~l IC

p a i r e d  w i t h  Del a ve- cl C a n c e l l i n g  and can 1w e ’xp l r i l n c I liv ~h i  f t  t ’ i  c -n  ( ‘ ‘4 I f l
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re’specnse st rLI te-g I 0’; t e e he di sc&tsse’d - T h i t ’ : -m & ’  r e s u l t s  sugg e st  t h a t  t h e

STORI~~ component  p r t - s c ~ I i t  i n  t i l e ’ Del m m ~ ’ed (‘ , i n c e  I I  i ng  t ask is b igh t v

d i s r u p t  j ve  of  m mcd i , I t e  C m m n c e ’ I I  i ng  p e r t  o r l ! i m m l l c e ’  , and that TRANSF0R~tI Nh

( C i m i s s i f  i c e t  ion ) is  ni , ’ c h e - r a t e lv  d i s r u p t i v e .

Table’ 3 rev e’ , m is  seve -r , 1  I imp r t a n t  f t - i t  F i res  c t c n c e r n i n g  K ey b o a r d  /

Key bo ard  p e r f o r m m i i i - t ’s. In  no o i - ~~e -  does the  combined  sco re reach 1 .00

for the first tri ,il , and in o n ly  ‘l i e ’  case , I m m e d i a t e  C a n c e l l i n g  p a i r e d

w i t h  C l a s s i f i c a i t o n , doe’s t h e  combined  score exceed 1.00 in Tr i a l  2 ,

Home—task proportions were well below .50 for the first trial and

reached .51 only for immed iate Cancelling paired with itself in Trial

2. The low combined so res suggest that subjects adopt response

strategies tha t do not f avor parallel operation on the two tasks. An

e x a m i n a t i o n  of response patterns was conducted for both dual—task

t r i a l s , and it was found  tha t  d u r i n g  f i r s t  t r i a l s , sub jec t s  a t t e m p t e d

several s t r a t eg i e s  b e f o r e  dec id ing  upon one method . By the  second

trial , one of three response strateg ies was adop ted .

One stra tegy was highl y segmented operation on the tasks , that is .

working on one task f o r  several responses and then switching to the other

task fo r  several responses.  A second method was a s t r i c t  a l t e r n a t i o n

between tasks , responding in a l e f t — r i g h t — l e f t — r i g h t  manne r .  A third ,

and r a r e l y  observed method was s imul taneous  response to the  l e f t  and

ri ght tasks. This technique usually was combined with the second

strategy of alternation throughou t a performance trial. The matt er of

response strategies will he quantified and discussed in a later sect i o n

inc l uding i t s  relationshi p to i n t e r f e r i n g  p r o p er t  l os  of the Kt’vhi e:i rd tasks.
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Do laived L m n i ~~e’l I log is  the- h ome task. ‘l’able 4 summa r i ic-s

r e s u l t s  for the Delayed Cancelling task in Phase Two. The improvement

betwe e’n t r i a l s  was re l iable  (R < .05) for all dependent measures except

ART (p > .05 < . 10) .  Al though Hand Ass ignment  did not a f f e c t  p e r f o r m -

ances r e l i ab ly  for  any of the dependen t var iables , the i n t e r ac t ion

between Hand Assignment  and Task Pai r ing  for  home—task Delayed Cancelling

propor t ion  scores was re l iable  due to the superiority of one particular

condi t ion : l e f t — h a n d  Tracking paired w i t h  r igh t—hand  Delayed Cancelling .

This combinat ion  produced proport ions of .60 f o r  Tracking  and .79  f o r

Delayed  C a n c el l i n g , w h i l e  the oppos i t e  hand assignment yielded .60 and , h 2

f o r  T r a c k i n g  and Delayed  C a n c e l l i n g ,  respectively .  All  th ree  of the

other task combinat ions  produced nearly equal proport ions  fo r  alternate

hand assignment , suggest ing t ha t  th i s  spec i f i c  task set produced b e t t e r

performance on the Delayed Cancelling task.

This result agrees favorably with recent research by Hicks ( 11 975 )

who r e p o r t e d  d i f f e r e n t i a l  i n t e r f e r e n c e  in c o n c u r r e n t  p e r f o r n i an e ’e ol a

balancing task w i t h  a ve rba l i za t i on  task accord ing  to left—rig ht m i s s  ign—

ment  of t h e  b a l a n c i n g  t a s k .  The motor  task showed less interference

from verbalization when performed with the left hand than with the right.

Hicks interprets his interaction as support for current theories of

cerebral hemispheric dominance , suggesting that the motor command portion

of the brain , centered in the right h emisphere (controlling left—hand

p e r f o r m a n c e )  and the  v e r b a l i z a t i o n  c o n t r o l  p o r t i o n , ~ c ’ n t c r c - d  in  t h e  l e f t

I te m isph ore ’ , i n c u r  c - O S  m u t u a l i n t e ’r f e i a ’n , -e when t c-ks i re - ass  igneel n-C t - I —

l e t  , n - c -  r h , m  I — r  c l i  t t I t an  v i ce  versa .
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l’e’ r f o r m m m n c e  of De layed  Ca n c e l l i n g  w i t h  d i i  f e - r e - n t  , i sk  p a i r i n g s

prod cie - e-d s imi l a r d i f f er ences between conditions mis in the results for

Immediate Cance lling as the home task. The best performance occurred

when Tracking was t~1eC paired task , followed by the Immediate Cancelling ,

Clissificatior i , and Delayed Cancelling conditions , Home—task Delayed

Cancelling performance with Tracking was reliabl y better than when

paired with Delayed Cancelling for RI (~ < .05), CR1 (~ < .05), home—

task proportion (p < .05), and combined score (~ < .01). Home—task

performance was also reliably superior when paired with Tracking as

opposed to Immediate Cancelling and Classification Conditions for

proportion (
~~~ 

< .05) and combined score (~ .05) .

Among ~‘om_ id i t i on s  in w h i c h  Delayed  Cancel  I ing was p a l  c - cd w i t h

an o t h e r  Key board task , performance with Immediate Cance Il i n - m g

was r e l i ab ly super ior  to per formance  w i t h  the  Delayed Cancelling task

fo r  the home—task p ropo r t i on  scores (~ < .05) , mind d i f f e r e n c e s  b~~t w o e - u

these two condi t ions  fo r  RI and CR1 scores approached r e l i a b i l i ty

(~ - .10). Note also that there is indication of lost time due to missed

i t ems  in  all three pairing conditions (difference between RI and ARM

and tha t this loss is greatest for the  Delayed Cancelling condition.

Again , there is a consistent pattern within task c ombinations that

favors combining ‘iracking with the Keyboard t a s k s,  These r e s i m  I t s

d e m o n s t r a t e  the c on s i s t e n c y  of rank order  of d e c r e m e n t s  i n  h o m e — t a s k

performance when the  f o u r  task  p a i r  ings are c o m p m i r c ~~ to t h e Immediat e-

C , i n r e ~l l i n g  c o m e - -- t ask  r e su l t s , C 1 & - i r l v  the’ STORIN ( /,Yl’Ok INC d u a l — t a s k

c om h i n a t  I an p r e ’~- ; e - n t  t I m e -  mo st  d i  f f i  c u l t  p a i r i n g  m is d em on s t  r a t  1 liv t ho

lo ng -st r e ’ - l e e ; i i m ’ l I l t  e r v m i ls  fo r  Keyboard task s w i t  Ii which lh ’I ,i\’ t ’,l C a n c ellin g

was pa i red .

- _ _ -

~ 
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C il a ssitic -at ion as t h e  h ome t a s k .  Tab le  5 sunuh ia r i z e s  r e s u l t s  f o r

the h ome—task  C l a s s i f i c m i t i o n  p e r f o r m a n c e s  in Phr i se  Two . ART , WSD ,

p r o p o r t i o n s , and com b i n e d  se-ores increased r e l i a b l y from Trial I to

Trial 2 (
~~~ 

— .01). The ART and WSD increases from the first to the

second trials we’re’ probably caused by a shift in subject strategies t o

eliminate missed items and interweave the tasks more efficientl y. Both

proportion and combined scores increased from the first to the second

trials indicating general improvement in dual—task efficiency.

The effect of Hand Assignment of the home—task was not reliable for

any of the dependent measures; however , the Task Pairing x Hand Assignment

interaction was reliable (~ < .01) for combined scores . When Class ifica—

tion was paired with Delayed Cancelling , performance was slightly better

when the home—task was assigned to the left hand. For Immediate Cancel—

11 ing, the a s s i g n m e n t s  produced about  e q u a l  c ombined  s c o r e ’s , hut for

C l a s s i f i c m - i t i o n/ T r a c k i n g ,  r i g h t — h a n d  C l a s s i f i c a t i o n  combined  w i t h  l e f t —

hand Tracking produced a combined score of 1.66 compared to 1. l-~ w i t h

the opposite hand assignment.

The p r o p o r t i o n  scores in this combination reveal that although there

is l i t t l e  d i f f e r e n c e  between l e f t — h a n d  and r i g h t — h a n d  pe-r f o r m an c e s  on the

C l a s s i f i c a t i o n  task , the l e f t — h a n d  Tracking  p r o p o r t i o n  was .87 , c c cn ip , i r t -d

to .60 with the righ t hand . These results are  c o n s i s t e n t  w i t h  t i l e - D e l m i v c -d

C a n c e l l i n g  home—task  r e s u l t s  in tha t  t h i s  interaction produced simil a r

s u p e r i o r i t y  when T r a c k i n g  was ass igned  to  the  l e f t  and Kc ’ v h , e e , m r d  t , m - m L

t o  the right hand . 

~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _
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s i m i l a r  p e r f o r m a n c e  decrement  p a t t e r n s  were observed across  t h e -

p a i r i n g  c o n d i t i o n s  f o r  h o m e — t a s k  C l a s s i f i c a t i o n  as d e m o n s t r a t e d  f o r

t h e  Im m e d i a te ’ Cancelling mind Delayed Cancelling home tasks . Table 5

shows the same orde’r of decrement for RI , CR1 , and home—task proportion ,

w i t h  ‘r rack ing  pr oe l t ic - i n g  t i m e ’  l e i st  th-~ re ’me nt  , f o l l o w e d  in  o r d e r  by

Immedia te  C a n c e l l i n g ,  C la s s i f i c a t i o n, and Delayed C a n c e l l i n g  p a i r i n g s .

I n d i v i d u a l  comparisons be tween c o n d i t i o n s  showed tha t  h o m e — t a s k

C i m i s s i f  i c at i o n  p e r f o r r n a n c - e’ w hen  p a i  n -cd w i t h  t h e  T r a c k i n g  t a s k  wa s  rd i i b l v

superior to performance when paired with any of the three Keyboard tasks

f o r  CR1 , proportion , and combined scores (p, < .01 for all). Again t h e

Kevboard/lracking combination al lowed the best p e r f o r m a n c e  of ml Kevh ,t~irC

task compared to  a ny  of t h e  K ey b o a r d / K ey b o a r d  p a i r i n g s , d e m o n s t r m i c 1°C

c o m p l e t e  agreement  w i t h  the  resu l t s  of s imi la r  condi t ion  c o m p a r i s o n s  f o r

the other two Keyboard home tasks .

The Keyboard task comparisons yielded only one r e l i ab l e  d i f f e r e n c e

and this was between the Immediate and Delayed Cancelling pairings

for RI (a .05). This di t f e re’nce ’ approached reliabi l i t v  f o r  CR1

and proportion scores (
~~~ 

> .05 < .10). Note again , for the Delayed

Cancelling condition , that there is a large difference between ART and

RI sc ores , reflecting the lost time on the home task due tm _ i missed items .

These data show the same order of dual—task decrement he’tween conditions

t ha t  was evident  in both  of the o thor  Key board home—task  p e r f o r m a n c e

s c o r e s  for the t h r ee  Key board  cond I t I o n s  . Thh’se rca-s i It s t r c a  I I  ~

s uP p l e r t  the con ten t  ion t h a t  the  Si’OR I Ni :  t a s k  is moi-c t d l  s r l i p t  ly e ’ c c t

h ome— t a s k  p e r t  or tn ance

_ _
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C c ’ - n- ic-: ) l e r t  ~ermar1 ce ’ Sco re ’s p r e ’ s e ’n t e ’d ire ’ n ot  N J - f l c - c t  i v -  e e l  i n t o

e n - c - l i e  e ’ C I I  i p l l i t l i e l e ’s of  the ’  ‘I R A N S F O R N I  NC and S iOk  I N C  c c c m p o n e - n t  - m u n le s s

c , c m b i n e d  :~1~’ n i i n g f U l i v  w i t h  i n d i v i d u a l, su b j e ct  s t r e t e g i e ’s. ‘ l i m e ’  f o l  l e w i n a

s e c t ion l e ) e e )  r t  s t I l e ’ inc i d e -n e - c’ of d i )  I c - r e - n t  r e s p o n se  St r m i t  e- g ic’s i i i  duo I —

task perl2.c rnc a itce- and d iscusses their p o s s i b l e ’  r e l a t io n s h i p  to d u a l  — t a - ; k

i m i t e r  Ic re-nc e

Dual— task K,~~~~~~1~1 response strategies. Individu al sub oct r e - sp a

strategies in dual—task conditions involving two Key board ta sks h e y , C e

previously d i s cu s se d  as falling into one of three cm i t e- 1yc ri e ’s: si~n - - c l t  - i - - us

responding ; alternat ion of responses between t a s k s ; and s e - I - n - - C t ed r-

i n n  in which the subject makes a group of responses to one task and then

shi fts to the o t h e r .  A c lose  e xa m i n a t i o n  cc l  s t r , i t e  g i L ’ s  a d o p te d  e h u r i n g

first trials revealed that most subjects adopt the segmented pattern .

By the  end of t he  second t r i a l , the re m i r e  i n d i v i d u a l  d i f f e rence ’s  i n  ch~ ’ i c e

of a response’  s t r a t e g y .

To quantif y thiese strategy types , the responses t o  e a c h  t a s k  w e -r e

c i  i so  i f i e d  as b e i ng  ‘‘ i i  t e - r n m i t  j f l g c c  d r  c c steg m e n t c . d l c  liv l o o k i n g  a t  p r e ’ c e - - l i m l g

and following responses . I f  the immed iatel y su rr o u n d i n g r e s po n s e - s  We ’ C e

made to  the other t a s k , t h e-n the 1 c ’ sponse’ was c l a s s i f i e d  as c m i I t  e l i c i t  I ag

T a b l e  6 p r e - a - m h t s  thee re -s uits ot this o mI t e - g e e r i z m m t i o n  of  r e sp o n s e - s  i n

p e r c e n t a g e ’ s  ‘ t  l T t e ’ n - l I - I t  l Og r e ’c c p c n se- s  i _ i n  e- ,- i c j i  t . i - ; k comh i l i l t  ion h e r  c u l t

i t  t I e  - m - i g h  t m u i c  - c t s t e l - m t e d  i n  t c i t  coTh d i t  i i_ in .

lice - se r e - - I C  l t  s show e I c - - m r  Iv t h i t  t In ’ g r e - s e - n e - c c c l  t h e  S’ I’OR I gI I . 1 - -k

I c - m c i -  t o  t h e  - m i e h o i  t i On c c l  - i - I c  ‘gtlic l i t  i’d j~ , i t  I e - I I I  c c l  r e —i P ‘CCSi Iii w hi i i i )

n - mt  I - I I I  i o n  i s sh i  I f t c - c l  I ron t n - I  - ;k  t ~ I sk i n  ii i s  i<s c f nil  C c ’ t I i  ( 1 e n ,  -

rc - ‘d1 e n - m i - . l -uc r ‘- ‘1 111 I fl - m t  f i l t h  l i e  I t i ll - I ud i n ig  t m e S I IR I I - uc k t u I 110 id c l ie c -

_____ _________ - ~~~~~~~~~~~~ --
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TABLE 6 1,2

‘c m oo n t a g e ’ 01 ~\ I te ’ m a t  ing Responses l v  E l ic i t  Sub j  e-~ - t d u r  I i cg.  ~eoond Tri :i] s

of Phase Two on Each Key board/Ke yboard Pairing

PERCENT UI-’ ALTERNA I I NC RESIe ONNIT S

Paired With Paired With
Immediate Delayed Paired With

~eii I_ i je c t ç~~~~~~lim Cancel l ing  Classification

Inimediate C&-meelling as Home Task

1 0 0 0
2 100 75 100
3 100 100 100
4 100 0 100
5 0 0 0
6 100* 0 5
7 100 0 95
8 0 0 100

Delayed Cancelling as Home Task

1 0 0 0
2 95* 95* 95*
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 90* 0
8 0 0 0

C l as s i f i c a t i o n_as Home Task

1 70 0 85
2 100 0 95
3 0 0 80
4 9 5 - ~ 100* 100*
5 95 0 100
6 10 0 100
7 5 0 33
8 10 0 5

C’C 1t1 d i u - m t e ~: s im u i t m i n e o u s  r e s p o n s e ’  s t e a l  e ’gv 
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1 c f  jltcr rtat i ng  s t r m c c c - , ic ’s in c rease’s , m ind they are used by a h i t  one—half

of th c- subjects. Ttiu s , t h e  TRANSFORMATiON task shows some evidence of

smooth  i n t c - g r m i t i o n  both i w i t h  an identi cal task and with the Immediate Digit

Cancelling task which does not r equ i r e  e i t h e r  STORING nor TRANSFORMING .

Individual subjec t consistency within strategy choice was evident

~ for most subjects. In the Immediate Cancelling home—task group , Subjects 1

and 5 both adopted a segmented response strategy in all three Keyboard

task pairings. Subjects 2 and 3 show consistency with the alternating

response method throughout all conditions . Although the other subjects

var ied in s t r a t e g i e s  adopted across conditions , Subjects 4 and 7 were

consis tent  in adoption of a l t e r n a t i n g  s t ra teg ies  fo r  the Immedia te

- - Cancell ing and C l a s s if i c a t i o n  pair ings .

In the Delayed Cancel l ing home—task g roup ,  most s u b j e c t s  p r e f e r r e d

segmented response strategies , although Subject 2 consistently made

simultaneous responses. Subject 7 also adopted s i m u l t a n e i ty  in r e s p o n se -

in the same—task pairing case. in the Classification I_ion_ic’ - task group ,

c o n s i s t e n c y  of t h e  a l t e r n a t i n g  st  r m m t e - g \ -  in the Immedia te - Cance’Il lug and

C l a s s i f i c a t i o n  p a i r i n g s  onl y was e- i d o n t  t ’ o r S u bj e c t s  1 , 2 , and  5.

Subjec t 4 c o n s i s t  o ut  l v  made simultaneous re-sponses in ,iI 1 thr e e ’

c c in d i t  i ons .

The presence of the Delayed Cancelling task nc_ it only produced th e’

hi gher inc idence  of segmented response s t r a t e g i e s  b u t  a h s e e p roduced

more responses than the task with which it was paired. For the Immc- -. ! i , t c

Cancelling home—task subjects who adopt ed the s e g m e n t  e d st r , u t  e - ~~v , mn

ave r Ige of 75 , ~ res ponse-s c - n - c- C e ’ made ’ t o  t lie- h i e n i e ’ —  t ask i - e_ im p m l  Vc ’ l t i c  101 - 7

responses  to t h e  D c - l i v i d C i l i a - I ]  in g  t m u s k  (j c  . 0 e .10 ) .  ‘ e l -  t h e



he ’ I - m \’e’d C im_ ic e I h o g  g roup , t i m e  seven seib oct  s w ho a d op t  e d  t l i e -  50gm - i c  t e d

t~c’5~~ o I i S e ’ s t r i t e g v  averaged 123. 3 Delayed  C a n c e l l i n g  r e - sp o u s e - s  w h u j I c

m a k i n g  only 99.4 on t i m e  p a i r ed  Immediate’  C an c e l l i n g  t a s k  (p . 0 1)  . i n

t h e - Class i i  f e l t ion p a i r i n g  c o n d i t i o n , t he seven s u b j e c t s  who respond ed

in  segment cd p at  t e r n _ i s  a v e r a g ed  111. 1 Delayed Ca rm ce  11 ing responses  and

onl y 79.6 C l a s s i f i c a t i o n  responses d u r i n g  second t r i a l s  (p — .05). Thi-

s- mi a u i r i n g  of these tasks in the  C l a s s i f i c a t i o n  h o m e — t a s k  g roup  d i d

not  produce  the same p re f e r ence  toward the  Delayed C a n c e l l i n g  t a sk  for

t h e  seven s e q u e n t i a l  responders  in t h i s  cond i t ion .

The se compar i sons  f o r  the  segmented s t r a t e gy  s ub j e c t s  suggest  t h i , i t

the’ Delayed Cancelling task becomes the dominant or compelling task with

m s - C u r d  to the attention it is given over mm s implc ’r Kc’vbo;ird t ask  t I n - u t

doe’s not involve short—term STORING . It is ap p a r en t  t h a t  ST 0 R r N C  is more

d i f f i c u l t  to  s t op  once s t a r t ed , and s w i t c h i n g  b e t w e e n  tasks is d i l t  j i i m l t  -

Once the s u b j e c t  beg ins  work on th i s  task , r e m i c t i o n  t i m e s  a re  y e - r n -

s i m i l a r  to s i n g l e — t a s k  scores as d e m o n s t r a t e d  b y c o m p a r i n g  t h e e  r a n g e - i c C

mc i n:-t le—task performance averages in Figure  2 with ART I i c r  - i n n -  of t I l e -

lId i n - c d C m u l u , -ol I ing/Ke ’vlecam rd c-ondit ions i n  Table 4.

In t h e’ pai r i n g s  that did  not In c - I ude a D e l ay e d  C m i n c e d l I i n g  t u m i  
*

l i r e ’  sub j e’ct  -I a d o p t  ed an a 1 to r i_ ia t I ng l imi t t i - rn  of  r e - s p ou s e .  As em-m i _ ic c I C ’ )

t ime I c c t a l  number of response’s t o  ea ch _ i  t a sk  in thm os e ’ cm ise ’s Was n e m m r l v

equal. Correl at ions  be tween  t o t a l  responses t i c  e m u c b m  task in time’ S e e  d i d

l e i n ; ( s e ,  Twu_i t r Ia 1 f o r  t hose  suh j is c t s who a It i - co mm ted r i - ‘mp e _ in s e s  m m  t h e ’

I m , r r d j f l t c  (h inc - I  h i n g / f n _ i m e e h i a t e  C a n - e h l i n g ,  I m m e d i a t e -  c : . n m - c - h  I i n g / C I ; m s s i t  I c ’S —

1 1111 , Cl a~~s i t  i - i t  i on / C l  m o m ;  I f ic at  i o n _ i , mind C I e’a- I i i  c i t  j o n  / I n imed l i t  i - ( u ~~e c - I  I I C _ i l ’

~ ;I i r i n g  r end I t  j u n _ i s wi r e -  m l  I . 90 and muh io vc ’  mm cl r e ’  I I m i l e  t i  ( p  - • 1 1 1 c )

_________ ~~-



i i

Phase’ ‘l’wcc Kc~’ h _ i c c j t  e I / K e v l i u c , i r e l e c e t _ i d i t ion r c ’ s u l ts  - l e - - e r l y i m i d i e m u t  e - m l

— i u i g h c - r i c ’c- e l  e e l  c l i i i l - t : m s k  ~f c c r e ’m- s t e i l ! ur , ’ di t ’  i f , ’ -

comb i m _ i m _ i t  [ens. Su b l e c - t s  r e q u i r e d  t e e p e r t  o rnm tw u c e ’~- h e c m i r c I  t m _ i s k s  coli c c i r r e - o l  lv

nius t d e v e l o p  e l f  i j e t _ i t  s t rm i t e - g  I c’s t h u  t v Ic - I (I the’ mmix imum n u n - l i e- r c m i  c - i cr  C e -

response ’s m i nd  p r c v i e l e ’ m l p p r e l x i n C i t e t Y  e q u a l u t  t e n t  ion h c e - t w e - c - m ;  t i s k s , i .  l ee r

t he i n st  rue t t eens . time se- I f — p a c e d  nm _ i t c_ ire c c l  t I m e  t u s k s  I cn -lel -~ t o  t l ie deve-  l o u —

mont ci l  swItching st rat c~~~ c i-; t h u _ i t i-cu i t  t hue’ i ’Oflup one’nt st rue - t u r i c 01 t l c c

t a sks  IC _ i e;i , h ~_i eu iring cc_nd it ion . A C_ i m m l t e rn - it in g rc- sl_ iecnse - sir - cl cm ,m v ;c r s ides

m m f i r m  c o n t r o l  over ti _ ic ’ C _ i c i n - c l~~- r O f  re- s i c c c ml- -m e -s t o e a c h  task • - ‘ i  c i ng  ti_ ic’

n u m b e r  m i bc _ i cm t e q ima  I

If t i_ ic task include’s sho r t t e r m  L~-2 , t h ~ ’ I C C I f r i t  V c i t  sc _ i l_ i ~c’c t s

w i l l  adopt a segmented rc - ;pe cn se- st  U i t c ’cy ; i n  ‘~ ) I c h  g m  c O d S  i i  response’s ar~

made to  each t usk , m i t _ i d  I V _ i  i c - i l  Iv tb _ i c -s w i l l  n o t  - i em - i n  e q u m i l  n n m n f c e - i  t o

ea ch _ i t a s k .  T i _ i s  s t r i - m t e g v  i s  a c t u a l l v  r , - ! e r c - ~~c - l I t , i t  i \ e  i , i l t e -  r ;  t f a g

se q u e n c e ’ s  of s in g l c - — t m m s k  p e r t  e r n i a n c e ’  m i s  r e - I  I iou t m I l e s  d u r i n g  e m - h  r e s po n s e ’

s t r i n g  I _ i C c ’ appro : -m i i m i a t e - I v  t h e ’ S il lS ’ so [ l i e  , m ; c - i - ; m n r c ’ ml  s i r _ i 1 - I e — t , i s k re c c t  ion

t imc’s in Phase One ’ . T h u s  , —oil _ i j c e ’ t s j _ i r e ’ f e ’  r t e a  e e l _ i c - c m _ i t e’ it _ i c c- n - mIme -nt i’d

respond ing lash_ ion wi th _ i no e v i d e n c e -  cii j u t e - n - r u t  j i m  c_ il  t a s ks  in  d u u l — t a s k

performance.

Strat€~iies and C e c m h  I c _ i ’d l ) e i ; m h  — l a n k  F I t  h r  i n - ’ n_e~v

R e s p _ i n s e  s t r u t  c - n -  i c - i  i n  c o n c u r r e n t  Ki - v i c e c i r c l  t - m s l - m  c e e i ; i I c j i _ i i t  I c_ ins ml i i  ui

important part c c l  u m n d e - r s t  - i n c h  I r ig t h i -  h _ i t  i - t i  c r  i n _ i g I crc c h c er t Ii-- - e e l  t h i - t l i r e ’ ’

K i - v i c c e m u r d  tasks. hiuii l i - i t S  wi n e  c h - i m i c e i u c t  C c l i ’  I ,  c - s e - ) ’_ l lc c  n - I c - f  — i t  m , c t  , ;‘ \  ~u l

mos t l i k e l y  , u _ i m m k i n g  c o mp l ’ - t  c l v  i n h c - i c e - i m c h e ’ u i t  ‘l’ c ’ c ’ ’ ; -; l m g ’ ’ r i ’ m ~~c e c m _ i m~ c i’ v e ’ I c - m e

t e e  e ’ m i e h i  l , e - ; ~ * 
t i u i t  i c c , t imi’ —e -c h i m r i n g  I c-c ol  , i c - c c f l e l e h e ’ t c ’i\ e i c l m / e e l l  u i , u l e i i

~4 ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~
- 
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T i_ ic’ chmc i  i c  i ci I ,n r e ’ gcm I - c r 1  v a 1 t e r n _ i n - i t I ng response pat t c-rn in t he- four

co ndit Ic _ in _ is nc_it in_ cd end ing  a [)e 1~iye ’d Cance l l i n g  t u s k  d i d  n u t p r u i d u c e -  a

r e - i  imib l e ’  i n_ i c r e a s e  i n  t h e  n u m b e r  i_ if  c c e r r e ’ e - t r e sp o n s e s ;  t I _ i a t i s  • t h e re  was

no ev i d e n c e ’  of i n c r e a s e d  e f f i c i e n cy  u s i n g  the  a l t e r n a t i n g  t e c h n i q u e .

In ch i v i d u m i l  cases in _ i w h i c h _ i  resp e_ inses  were  evenl y a l t e r n a t e d  d id  show

h i g h  d u n - i l — t a s k  p r o p o r t  ic _ i n score’s  in  t he  equa l—demand  c o n d i t i o n s  of P h a s e -

Three .  However , t i m e  number  of cases and smal l  sample s izes  f o r  t I_ i c

c - on p m ir i son  of time e f f i c i e n c y  c_ if  t he  two t e c h n i q ues ma k e i t  speculative - t e l

a rgu e  f o r  t he  a d v a n tag e  c c l  r e - g i l  I m i r a I t e r n a t ion over the  sei n c e n t  i’d st  r a t  c - ’ v  -

Tb_ic a l t e r n a tin g  str m mt eg v may he more reflective of parallel oper m_ i t ion

prc _ iv i ded  t i_ i c  set h I e ’ c ’t rim ikc ’s more re’spc_inses than could be predi -t ed ~~i~, cl’i

n -mdd i ng s i n g l e — t a s k  reaction t imes of t h e ’  two t a sks .  The ove ra ll  d u a l —

task  e f f i c  i enc m v l e e r  each t m s k  c- c_ i m h i n ,-m t io n can  be assessed by thie c’ c _ i r ’_ ibi  tied

sc ore , which is t i _ i c ’  add i t  ic_ i n ot  t h e  p r o p o r t  ion 5 cc _ ir e ’ s  f _ i r  ea c h  task . I f

thee su bjec t worked in_ id epe- nden _ it I - - hi- t wee t _ i t , m s k s  w i t h  no I c c ~~t t hire ch i n e ’ te e

sw i  t c -hing , his comb i ni - cl Score ’ ce e l m  Ii i ‘qiimi 1 1 .00. A c-omhii_ ied s c c c r e ’  I e s s

than 1.00 wi_ cu d in d i c a t e ’  t ic . u t  t h e ’ ~m i b j e u- t is l o s i n g  t ime b e t w e en s c n - f l c h e -- - .

R e v i e w i n g  the  - mi - c _ i r e - c - c in Phi-ce ’ Tue_ i f u r  t I _ i c ’  n i t _ i c  Keyboar d  c o m b i u m a t  ic _ i n _ is ’-h c _ i w s

t h a t  fo r  t h e  combine d sece re ’ s  c -n m p m i  ted from cor rec t  r espe_ ins e i n  t v rv - i is *

t i l e ’ r i  - mire  o n l y  t h Cc i’ c ; i s ’s  in wh i c - h _ i t he combined 5e~~ci r u e cxc c el l  c c i  I . 00 , m m n_ i d

t h e s e  r ise ’s  a l l  o c c u r r e d  i n  Tr I m mI 2

I f  t i m e  same c o m b i n e d  si - i r e ’  i s  c o m p u t e d  cns in g ti_ ic slims c c i  r e s i c i e u _ i c ~ c

i n t e r v a l p r e c p ( _ i r t i o n s  ( d r i m i — t a s k  R I / s i n g l e — t a s k  R I )  i n s t t ’ , i u !  c _ i f  t i n -  c - c _ i C r - c - I

r u ’ s p c i r ~ ’-ce’ interva l 1_ ir o l_ i u _ i rt ions , - ; i ’ V e ’ m ~, m l  c c i  t h e  sc - u _ i r i s r i o  ‘xe ’e ’ i’uh 1 . 011 f e e t ’

t h ese’ Kc ’ v i _ i c i , i r c h  i - e m _ i b i i m . u t  l e n ’ ; . ‘ 1 1 c c -  i n _ i t e ’r ; o a - t m t  f e e l _ i  c c l  t h i s  r e ’ - ; i u l t  i s  t i c  u t

‘ ;iu h j e’e t s mm iy I nih’e’cl y e  I~~~n- n h _ i  r u  ot  I ct _i  t l i m i t _ i  w i c i m  Id e C  e ’ X p c ’ e ’ t i _ c l  i m i e i c \ ’ e -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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t lie I r m i c r o  rmm i -v  • im m V s i l t  I e r .  Thiu~ , t l ie -  d I I I c ’ U i i l c ’ c- l i e  - I we - i  - c c  t lie’ wi I e - unmb it _ i c-cl

Se - c_ i re’s is ,m d i r e c t  r e f l e c t  Ic_ in ol  t ime ’ m _ i m c _ i m n n t  of p c -r I  e i r ; , u r i c ’ c- t i me ’ l o s t  due’

t i _ i  e r r o r -c i n _ i  r e ’ s p o u _ i c h  im _ ig.

Phase Three’: l’ m ’r f o r m ~in c e  under Cha Ini~~~
Task Deln -- inds

Phase ‘[hree in _ i c 1 ended s i x  per  forma t_ ice se’ss I ( c C _ i s iii w I_ i ic h t m u sk dc_m an_ id s

were van e- cl over th _ i re ’c l eve l s  shown in  t i _ i c  m a t r i x  in _ i F i g u r e  7 . Tables 7 ,

8, 9, and 10 present RMS e’rr icr and CR1 for Tracking an_ id Ke’vb omm rd tasks ,

respec t  i \ - e- h  v , ai_ i d m ir e  o rgan ized  by i_ i o m e — t a s k  g Coups .  Ti _ i re- i s  ana l vses of

variance (ANOVAs) were- conducted on the appropriate- dependent measure’s

for e a c h _ i  t a sk .  The f i r s t  ANOVA compared  t he  d i a g o n a l  c o n d i t i o n s  ( 1’ ,

A , and D), all of which b_in-md a total task demand of 1.00 (.25/.75 , .5 0 / . 5 0 .

and .75/.25). A second ANOVA on conditions D, B , and F tested [lie’ i ’ I t ( c t

of holding the home—task demand at .75 ar_id varyi m_ ig the paired t usk

demand from .25 to .50 to .75. A third ANOVA on conditie _ ins C , F. and F

tested the  e f f e c t  o f  h o l d i n g  t h e  p a i r ed  t a sk  demand at .75 while’ vi_ irving

t he home—task  demands .

A r e g r ess i o n  m m n ; m l v s i s , based on t he  meat _ i scores p r e s e n t e d  i t _ i  T a h l c - - - ;

7 , 8 , 9 , and 10 and scumma r i zc’d in Table’ 11 , shows the ’ effec I v i l l i e s s  i _ i d

varying demand on each task . T i _ ic  i_ ir c- d i c to r  s c c _ i r e s  f o r  t h i i s  , _ i n m m  I c c - i s

were t he  s t a n d a r d i z e d  [ m u s k  , l e ’;n i n d s  (X and X , and  t i m e ’  c r  c l i  , e C i
bm p

scores were t h e  task  p e r f o r m a n c e  m e a n s  uc  C e _ i l l s  t h e ’  ei gt_ it sei h l e ’rts h e r

t h a t  c o n d i t  h _ in .  Th u r e g r e s s  ion equnat ion r e - s u i t  ing I r on_i_i regress liii ’, t i m e

elc ’n _ i m m n el l e v e l s  ~in t h e ’  m e-n - i c _ i p e rt  e~ rn i , m n _ i e ’ e l e v i s  I s  i s  c~ ! t h e ’ I

= e X 4- -C
h I_ i p

_ _ _  _ _ _ _ _ _ _ _ _
_ ---
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STANDARDIZED HOME-TASK DEMAND

I - i g c n r e  7.  P e r f o r m an c e  compar i sons  in  Phase Three be tween  r o n d i t  ~el fl 5
E — C — F , 1) —B—F , and K— A— I ) .
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TABLE 7

Per leirmance under Changing Deniminds

w i t h  T ru c k  Log as t i m e  Home l u s k

Standardized De rnan -id
Home (X~~) Pair ( X )  Home—Task Per formance  Pa i red—Task  P e r f o r m a n c e

Tracking as the  Paired Task
(Mean RNS error)  (Mean RMS e r r o r )

.25 .75 28.0 20 .0

.50 .50 20.9 20.7

.75 .25 20 .5  2 6 . 2

.50 .75 24.9 22.0

.75 .50 20.9 23.1

.75 .75 2 4 . 7  23.9

Immediate Cancelling as the Paired Task
(Mean RMS error) (Mean CRfY

.25 .75 24 .9  .84

.50 .50 2 4 . 2  .84

.75 .25 2 2 . 5  .86

.50 .75 2 4 . 2  .81

.75 .50 2 2 . 5  .85

.75 .75 23 .6  . 83

Delayed Cancel l ing as the  Paired Task
(Mean RMS error)  (Mean CR 1)

.25 .75 22 .7 1.46

.50 .50 2 2 .8  1.55

.75  .25  22 .8  1.56

.50 .75 2 3 . 7  1.50

.75 .50 2 2 . 1  1 .49

.75 .75  2 1.9 1.50

Classification as the Paired Task
(Mean RMS error) (Mean CR 1)

.25 .75 22.1 1 .10

.50 .50 2 1 . 5  1. 1 1

.75 .25 20.6 1.15

.50 .75 21. 9 1 .1 1

.75  .50 19. /c 1 . 1 3

.75 .75 20.6 1 .1~c

----——— —--



7’-)

TABLE 8

P e r l o r m a n e - e l i l l i l e - r  Chang ing Demands
with I cum edi n - i t  C m i n c e ’  I l i m _ i g as t h e  Henri ’ Task

S ta Ci d , er d  i zed  D emar _ id
Home (X h

) Pair  ( X )  Home—Task Pe r fo rmance  Paired—Task Performance

Tracking as the Paired Task
(Mean CR1) (Mean RMS e r ro r )

. 2 5  .7 5 .96 2 2 . 7

.50 .50 .95 22.8

. 7 5  .2 5  .86 2 6 .1

.50 . 75 .93 24 . 6

.75 .50 .87 29.4

.75  .75  .89 26 .5

Immediate Cancel l ing as the Paired Task
(Mean CR 1) (Mean CR 1)

.25 .75 1.69 1.33

.50 .50 1. 47 1.43

.75 .25 1.32 1. 49

.50 .75 1.49 1.35

.75 .50 1.32 1.54

.75 .75 1.45 1.50

De layed Cancel l ing  as the Pa ined  Task
(Mean CR1) (Mean CR 1)

.25 .75 2 . 4 9  2 .04

.50 .50 2.17 2.21

.75 .25 1.93 2.38

.50 .75 2 . 6 4  2.11

.75 .50 2 .06  2 . 3 6

.75 .75 2.14 2 . 1 2

Clas s i f i ca t ion  as the  Pa i red  Task
(Mean CR 1) (Mean C R 1 )

.25 .75 1.88 1.7 3

.50 .50 1.76 1. 83

. 7 5  . 25 l. 1_i~I

.50 . 75  1 .79 1.67

.75  .50 1 .75  1 . 94

.75 .75 1 .78 1. 75

_ _  _ _ _ _  -- ~~ , .  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _
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TABLE 9

P er f o r n t an c e  u n d e r  C h a n g i n g  Dema n_ ids
with Delayed Cancelling mis the Home Task

Standardized Demand
Home Pair (X) Home—Task Performance Paired—Task Performance

Tracking as the Paired Task
(Mean CR1) (Mean RNS error)

.25 .75  1.37 37.1

.50 .50 1.38 36.5

.75 .25 1.31 39.8

.50 .75 1. 41 35.6

.75 .50 1.30 39.5

.75 .75 1.34 37 .0

Immediate Cancel l ing as the Pained Task
(Mean CR1) (Mean CR1)

.25 .75 2 .35 1.61

.50 .50 1.89 1.87

.75 . 25 1.76 2 . 2 0

.50 .75 2 .05  1.67

.75 .50 1.82 2.14

.75 .75 1.98 1.87

Delayed Cancelling as the Paired Task
(Mean CR1) (Mean CR1)

.25 .75 2 . 9 3  2.08

.50 .50 2 .51 2 . 21

.7 5 .25 2. 27 2 . 80

.50 .75 2 . 8 2  2 . 2 1

.75 .50 2 . 1 4  2 . 5 6

.75 .75 2 . 6 3  2 . 3 9

C l a s s i f i c a t i o n  as t i_ ic P a i r e d  Task
( ‘teat_ i CR1) (Mean CR1 )

. 25  .75 2 . 2 0  2 . 0 3

.50 .50 1.92 2 . 2 6

. 75  .25 1. 96 2 . 7 9

.5 0 .75  2 . 24 1 .64

.75 .50 2.18 1. 90

. 75  .75  2 . 2 1  1. 7S 

~~~~~~~~~~~~~~~ ~- - —~~~~~~~~~ ~~~~~~~~
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TABLE 10

11 e ’r f o r U _ i a l _ i c e  u n d e r  C h an g ing Demands
w i t h  C1 cssj~~ic mu ti on us L o u  Hon_ i c Task

~C t,,unc3 , r r d I z~’d c 1- -1~ u , _ i i

i-lottie (X ) Pair (N ) Home—Task Performance Paired—Task Performance
h _ i P

Trackin~g~~ s the Paired Task
(Mean CR1) (Mean RMS e r r o r)

.25 .75 1.20 23.8

.50 .50 1.11 25.0

.75 .25 1.09 26 .0

.50 .75  1.17 23 .9

.75  .50 1.13 2 7 . 4

.75 .75 1.15 25.1

Immedia te  Cancel ling as the Pai red Task
(M eam CR1) (Mean CR1)

.25 .75 1.75 1.3-4

. 50 .50 1.57 1.52

.75 .25 1.49 2.17

.50 .75 1.63 1.45

.75 .50 1.56 1.74

.75  . 75 1.57 1.46

Delayed Cancell ing as the Paired Task
(Mean CR 1) (Mean CR 1)

.25 .75  2 . 5 1 1.92

.50 .50 2.61 2 .30

. 75 .25 2 . 2 9  2 .35

.50 .75 2 . 2 6  2 . 2 9

.75 .50 2 . 4 6  2 .50

. 75 .75 2 .50 2. 23

C l a s s i f i c a t i o n  as the  Paired Task
(Mean CR 1) (Mean C R 1)

.~ 5 . 75  2.19 1. 90

.50 .50 2.08 1. 88

.75 .25 2.07

.50 .75 2.1 5 2.11 - c

.75 .50 2. 01_i 2.07

. 75  . 75 2 .~~ ) 1. 88
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s i n - c r c ’ i s  - - - L c ! 1~I r t d i i ~ -~ I r e d  l i s l e - el c -  ~~C - I  m i l c I ’  sc uc r ’ - . h ~~ 1~ ’~ s t , r u c t c t c ~~—

I ‘ c m l  ~‘ c~ I ’ ’ ’- s 0 I e ’ i i  s, ’i ~~l c t I e c r  l c c e i ’ ~c -—task d 1-r’rcn ~l . -- Lot-  ;t ~~c m i c I , c m - c j ; ’c - d  r I - _ i - r c - s s i e C 1
- - P

1c t ’  t I c ’ ~~~ r’~ e l — t u s k  clc’nm ,mnd . mind N c c _ i d  N n - m r  t ime - t m m i i d n - i r d i z e - d  t - u - - k
- im p

The S m i t _ i d  t~ sc or c ’s crc ’ the ini p ortmm nt pr e l I c t s  c c l  ticis regress I ’ ll
i _ i

u t _ i , u k’sis . ‘c’ e uuse t h c c ’V u r e  c’s L i t c_ i a t o r s  of the  im p a c t  t b , i t  t ict ’ I i e r i . c I _ i L l s

c’ m i c h  tm u sl-m ca d c e _ i _ i  I c t c t n - _ i  1 p e r t  e r m , i c l c 1 - . A h i  g h r c - r  S c ’ I 51_ i t ing im _ id i c ,ct eS  higher

i -_ i 1 c :r 1 1  I _ f l  l ie - I c r i _ i r c I l ’ . N e g m u  I I Vc ’ Cc c’ gh t s  i n _ i d  I en - u te m u1) is - c _ i r k - _ i c  t it_i pi- rfc lr” :—

m o - icc ’ ( lowe r -g-tg e r r ~’ r - - -ores or CR1_i-i ) mi t_ id posi t i ye we ighits m d i  c : c t  e

is !  or rrr,t nce dc -c r e -ac - nt  5.

Re~~ol t s of t i_ i c a n a ly s e s  o f  v a r i n - m n c ’ e and  re ’gr c ’ r-m s ion a r e  d i scussed

bc- l ow and c r c ’ o r g a n i z e d i n t o  t h r e e- major types ccl p a i r i n g  s i t u . c t i o n s

‘Ira ck ing pa [r ed  -
~~ i tl i i rack ing T r m u c k i t _ i g  paired w ith _ i Ke~’he ’a r~l t a s k s , cad

Kc e ’ l _ i _i , u r d  t c ~mks pm -i [red si th otI c~~r ~c-vl _ io n-ird l_ iu s ks

i r a c k i i i g P n - u i r e d w i t h 1 h _ i m c ’ — I n - _ i s k 1 r _ i m e k ~~~~

h i t_ i  t h e  P11 - u sc ’ Th ree Tr,uc td it_ ig ~Tr u e -k j u g  c , cl_ ieI it ions t h i n - _ i t h_ iad  mm

(‘otith i _ i c c - h  t a s k  S 1 1) 5 1_ i c !  - _ i I  1 - lIP (c c ’tw h 1 i - ’ _ i c s  [. A , ,- i t d 1) . pc~ r !  a i r i s _ i c  ce

t in  h ccn _ i e ’— t - u n - k  ‘I’ r , c c  k i _ i ig  lc1 ek e c d  i s e ’ Ii m ub 1 is i t f l p r e  1 V c ’ c _ i u c ’ t i  t in RM S r i s er  s- I n - c - c _ i  t l ie

t i e _ i c ,  u c c l  I fl t cc  - l i e _ i _ i cc ’  I - -n- k s’, m c  C , I  1 ~ c ’c l rc ’n1 . 2~ 1 ’  - 511 1_ u I n o  1 c m  r t Is ’ n

p er Ic crr cc m T i c -~ - i n c u r ‘e , c ’ _ i _ i c e ’ _ i _ i t s ’ I c c _ i c  t I m e ’ c h c m m m r m e h w u s  r - c i _ i - _ i e d  f r o m  . 55 t i _ i  .75 .

Ti_ ic _i 4 - r !  e c r c l _ i - u i e - i ’ c _ i l  tI le ’ 5n-~ ir e -u i ‘l ’ r .ce ’kj c i- , t , u _ in - l _ i ci e ’cc ce cmis t r m l t e ’cl t hi s s,uc ne

P~m t teI ’ c- , ,I I t I _ i c _ i c c - i l  I lie’ c li I I  c - r c ’ C c c c ’ i’ c ’t~~t’c ’o cc_nd i t  j - f iN  W~~ 5 l l e ’I re- I i - c h i c

(p  - . I ) b  - .1 (1 ’).
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Wh en_ i l u e _ i _ i cu e— tm m sk ‘t rac k jug dentin-n_id wmi s held a t  a c c _ ill stan _ i t 1 (Vei l ~e I . 75

and t he  p a i r e d — t a s k  Tra ck i t _ i g demand va r i ed , a r e l i a b l e  changc ’ e c c c c u r r e d

in t h e  home— tm - m s k  T r a c k i ng  performance. RMS error , WS D , ;n 5  prop lurtion

sc O re S  improved r e l i a b ly  when the  demand on p a i r e d — t a s k  T r a m - k i n g  was

reduced from .75 to . ~0, although no further improvement was shown when

the demand was  reduced to .25. A similar result was found h e r  paired—

task Tracking performance when the demand was held at .75 and the l c e c m c ’ —

task demand was varied . Paired—task Tracking RMS e rror and proportion

scores improved r e l i a b l y  when the home—task demand was redccce’d fr ,Ir - .75

to .50 , an d a similar improvemen t occurred when the demand was reduced

to .25 on the  h o m e — t a s k .

The r e su l t s  of the regrssion analysis agree favorably with time above

f i n d i n g s .  For each t a sk , a h ig h posi t i ve  w e i g h t  was f o u n d  f o r  t ! c c ’  s t r e - n l C c h

of the opposing task demand , while the tasks ’ own demands did not ap~s -c r

to affect their performance ; as the demand on one t r a c k i n _ i g  t’ m u s k i s  r c ’ l c m e ed .

the other benefits. Hig h_i demands on both trm icking tasks , (•751 ,75) ~ , ey~ ’ y - ~~

p e r f o r m a n c e  e f f i c i e n c y  on both tasks , and ti_ ic best performance w,us hsc ’rve -d

under  the .5 0/ . 5 0  demand c o n d i t i o n , a r e a l i s t i c  and r e a d i l y  a t t , i i n , u h l c -

r equ i r emen t .

Irackinj~~Paired w . th Keyboard Tasks

Tmm ediate_Canc e l l i n g  ~~~ire d  w i t h  h o m e — t u s k  T r n - i c k i t~~~. When Tr c king

- I -_ i- u ,m nd was inc  ~~E’mi sed in t lie three ( ‘ I _ i l _ i d  It j 1 _ i m _ i ’ i  w I t h_i , i  comb i ned wc _ i rk  I c _ i n - i d  c _ i l

00 (-en d i t  I _ i t i s  E , A . and D) a t _ i  i m ! u r e c v e mt -n t  was t out_ i d i n  I ’ ’ ’ - ( ‘ I ’ m

.. Cb , - m d  1 _ i r c h u I r t  E m _ i n  ic c -o re ’s . I b i s  i m p r d e v & ’ c l c I ’ l i t  ‘i h ) p t e l , i c h _ i ( ’ d  r e l i - i l _ i l I i t  ~c

.05 - . 10 ) .  TIc , ’ In’rforman (-(’ c _ i f m mcd in - mt is ( ‘ , u c c c - t ’ I I i t _ i g  W I _ i n -  m e l t  t e l I m l ” h v
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S i t  I t _ i C c  c i t  d i v e r  t ! c e k e ’ t h r e e ’ c o c u d i t  j , e c l s . N~’itii er task - lsc~ - -d reliable-

e l i  I I c  re-flees over con_idi t ions B , 0 , at_id F , or I-I , C , m u t i c l  F .

rc-grc-ssi on analysis on time six condition meat_is for Tracking

k~lS e r r o r  w , u s  c c _ i _ i s ! i t  c _ i t  with I lie ’ n- ih ccve t’e’scc Its. ‘ l ’ l u c -  r c - g r c - - ;s i o n

weig h_ it I d r  the c f  fec t of Tracking demand on RMS error w - i s  r e  jab l e-

n-it_id I l c ’ _ i C , c L l V c ’ , indicat jug improvennent with increased demand on its d e w _ i _ i

task. lhie l’c’g r o s s  1 e c u  W e - i glct s for lmmedi m u t e  C m u c _ i c c ’ l l i n g  CR11 I_ icc - an _ i p - r t o r m —

,I C _i, - c _ i 5 [midicated a lur ge- , hut not rel in - ihle , c _ i ’ -g - i t I ’ ~’ c w c _ i i g i _ i t  I~~ r t i t e  c i t - , t

o f its own Sc - _ i _ i c n c t u d  c _ i t _ i  pc r I orma flce . In I i gh_it of t Icc- fact ti- un - I t t h e

m t _ i a l v _ i - c e s  c _ i f  V a r j , c c c c c -  on CR 1 p e r f o r m a n c e s  -n - lc S’c’ el nc_i r e _ i T  iahie c’ll - ir c : c- , i t

is ~- e - c c m l , c t i ’ ’ e’ I i  I t _ i i e - r  t l u , u t  Kevh _ i n - i r d — t a s k  p r i o r i t y  l u , u d  c _ i c y  a c t c c , c I  I I l e t

all 
~~~~ 

c_ irm ,mt _ ic I ’  -

c c l n - u v m ’ d  Cars-c-IL in _ i g p a ir e d with 1ie c_i - ~~ — I n - i c  k ‘ [r a c k i n g .  N ’  re I i  n-lb I c

d if Sc - r e t _ i c e _ i s  b e t  d c c c l i  is ondi ion means on Tracking or lIe I n - u v c’d Cat_ ice’ I hi t c ,g

p e r t  ‘ r c n l : c _ i c - i-s we-re ohsi- rv - c l for ti_ i l tn -mu - c R combi nut ic r _ i  . Thus  • i I upjs-~ I

that t l u e  c ombination of Tracking witi _ i ti_ ic s i m e r t — m e r t c _ i  S’l’u tRINC t usk is 1_ ic - c t

conduc m ye to Icr b _ i  rm unc - e adj c c  tcc s- c _ it in muccordm ince w i ti _ i in_ic rc’,u _ i-n - in _ ig or

dc’c re u s i n g  t a s k  demands .

( ‘  i n - u _i’c _ i - _ i u f i u - a t - i c _ i rm , , pi i l- n- - d i  w i t h  h o m e — t  c. nn- j~_,,,j,Ir~m c k i c _ i
,, ~. . ‘lr cc’king c- r i s er s  m i t _ i d

p r c c g e c l  i _ i _ i m i  -is- u _ i re _ in d i flc’red re_ i l in - ih lv when the Tracking cleummi tid W n -m -n - mc- Ic! at

75 and tIc Ciassi I l en t i on_ i d emand was V n - ii I c - c l . T r u c k i n g  pe -r  - ‘ rmn - i nie ’i’ c h c ’ c ’ r e m m s , ’ di

wi_ il -n _ i t im ’ ’ (:1 mu ss if 1’ I i c _ i l l  c l e a n - i n _ i d  was r~ c 1 _ i n - -d I ’  . 75 [to ni  . 5(1 and . 25  • wil i c I m

pr c oh mc e! ;ilwc m it t 1 m m -  : :u uc o- l i- dc - I s o l  ‘ r i sk i n g  l e t  t e i r _ i _ i c c n c . Tn i c k i c u _ i’ ‘c r 1  e r _ i n -

- u n _ i c ’ I. on t i m e ’  II u n , - ‘ - i ’emisl i t j et_ is wit Ii is c c t _ i m l _ i  i l l  I - - c l  d . c _ i _ i l _ i c  e l  I . ( I I I  - i c  c,,_~ -5

v;mr i n - i t  l u _ i l _ i S  g ’ t ue  rn - I l lv re- s p i n _ i _ i - c icu ’ t c _ i  - I t _ m ug I m i g ( h e I r _ i d _ i d _ i n  , - u t  I l id ’ cli I I c  l’ el _ ic ’cc

w i - r e - r c - l  r i-I I , ~ l c h c  I o ~ n - I C 1 V  c _ i l  t i u t ’  ( lc- l c c ’ cidl ( ’m mt _ i _ iu , - , u r ~c ,ru , . ( I m m _ i n - _ i ; j t  j u t  i - _ i n _ i

L - - 
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p en  c _ i m ’ c ~m n c e s ’mu s n c _ i t  m s - i  t a b l e -  n - i l l  c e - t ed by c - lm m n~’,c-c ur u t s R  c h - i s , I : u l n ,  I I s

i t  I n c  m -

‘l I l t ’ r c ’g r e s s i o m_ i  a n _ i a l v s i s  I c l ’ T r n - m e’k i n g  was I ’ o I u s  i -n - L e t _ i t w i  t h u  t b _ i c  i c _ i -  I ‘‘si_ i-n-

c_ i f  var i n - u n _ i c - c’ n- u s  in- id i c a t e d  b y t h e ’ h i g h , p o s i t  ive  w e i ~ ’, l c t  f o r  t I m e  i n c  l u c m _ i c c

of C lassic ic,u t i c _ i l l  task demicm m nd en_ i ‘(r n - me -k lug perl e e t m m m f l c & r  . l I m e  c c v c ’ r - l  i i

regression _ i e q u n - I t i o n  ce i r C jn -m s si f i c -a ti on p e- r fo rc _ i _ iu cu - &- was n - ul ,cec  I c  I i ; u h 1 ~ - ,

b u t  the m d  i v i d u n - u l c onSh i t  ic _ in _ i c om pn - l r  c o d e r _ i _ i ;  we -Is ’  I _ i c _ i t . A l  t l m e _ i e c g lu t I m e ’ i n _ i l  l c t e - _ i c e ’ c ’

01 chang  it_ ig t a s k  p r i o r  I t  i cc  ~~u s s u g g e s ted  by t lie len-s.c I lye ’ WI’ ig hi t fe e m ’

C 1 n - m s si f ic~ut ion mind th c ’  pos i t iVe  w e i g ht l o i s  Trm ick i n _ ig dc_ in_ in -ut_ id , t h e  t ’ l _ i i 5 e -

c~ f l i c e ’ C l  m u s s  I f i c ,u t  ion means ~Ic - r d _ i c c  l i i i ’  51 x cc it_ id it lewis was sniu n -m 1 1 ( 1  . Ii

seconds  t o  1. 1 5  sec - o n _ i d s )  n - i n - i d  c _ il u i t i c t  e n - u _ i n - f l _ i, he el c u e ’ I _ i  c l m : m c _ i c c ’  r a t t l e r t l m n - m n

c h a n g ing priorit i c c .

efr l c k j ~~~~_~~~~j r , d  w i t h  hom e — t a s k  l m m e d m n - m t c -  ( S i n c e  I l i n g . I n_ inc_ i ’d i s le

Canc el 1 it_ i g perfor rnn -m t iec’ showed rc ’l imi hic hc un _ i ges in RI (p, < . 1 ) 5 )  mind h_ in - i r e-I 
~

not rd in -mh le changes in _ i proportio n scores (p - , .05 . 10) wi tic c -han _ iges

in comb i ned task den cn -mr _ id c . ‘t Ime p e r t  o r m n - u m c c c - i mi_ i ro ve -m i -n_ it wn - ms  in t I c c l i  re - c t  i ~e u ~

called f e _ is shiowin-ig s u p e r i o r  p c : r l  o r m n - m n l c c -  i t t  I l i i -  .75 ele ’mn - m ni c l  ( ‘ e l _ i d  i t  i c _ i l _ i  - I _ i _ id

abou t equa l _ i u ’r -forn tn -irs - c - _ in -  i t _ i  t i m e ’ . 2 5  and .50 de’m n -un_ i d cscnd it ic _ i l _ is. I I c e ’ e c U _ ic r

comp :mr i sons l O t  w( - d - u i  c c _ i n c h  it l I d s  I d i r  I n_ i nc m c-c h i n - l I e  C a n _ i c e ’ I I i r i g  pc- n I ’e ’,r n u , I r _ i - c-  S c ’ I I

n o t  r u ’ h i n - i h l e .  15cr l’ r - mc ’ k i c _ i g ,  p c - n — I  ‘ r i _ i c , l n ) c - c - ,- i n  t Im e ’ tlm r e - c - t~ h It ‘ c c c  i c i  t i m u

1)1) c u _ m I _ i  i tit - el d e ’ n _ i _ im i t_ ic h d i  cI m i t  c l i  I I e r  5 e  I i m i _ i I v , hcu t t c ‘ n - i ’ cu _ is c i t e  C c ’ u s e e h

l id t h , - ex I l e t 1 ’d S I , ’ i ’ I  I c  ‘t i  • wit l u I I c c ’ . 25  ( i c - c _ i l ,  n - c l ‘d c ’ s  u _ i _ i g  I h _ i  - I i i  ~
‘- !  h_i

c r  r I _ i  r m i n d  t I c c  - - 51) m m m i d  . / • _i I OW e r I , - v i  - I - c I  i - I - n - ‘t ~

The -om p n - m r u _ in - ‘ni m is r i d  55 c c  ‘ric h I I i e l i _ i n n -  I t _ i  w I t  i c - l u  ~I ’ I - I I - h e , I l l  (_ i dl I C _ il l c r5 s i _ i n -  t i c ’ I ci

m I t  .75 m d c c i  I n c cc _ i u , - c l  I n -  u : u r r c - e - I I  i n i g  d c - c _ i c , i u i d  s c - - v m r  l i e !  ~ i ce’s ’ c ’cI c c - I  i , il ’ Ic m c C c ’ iS’ , u _ i n - c -~-

i n _ i 1~’!’ - ‘ -  r ; - i n _ i d  S. - ’ ’ t o - u - - - ;  ~n j _ i r op m _ i r  C l u _ i n _ i  s i s o l ’  -- - w l u - n i  t h e  i~~’ ‘ I ~ i ’ll

I _ i c c _ i c - c !  i - u t  - C n - i n i  c -  I I I C c _ i  w i _ i ;  t ’ c I semI I I’ d Il _ i l . ,~ 1 t I I . u P  I l  - , I . li , - _ i _ i I - -n -  - m i c  - - ‘ ‘ -- I - -

---

~

- - - - — ----- - -‘--

~

----

~ 

-- --- - - -
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for tI_is e l c c , ul —t ,n - , ; l - , i-oml_ iina t ,icc n , su l_ i p c_ i rt tlmese L i  n _ i d i _ i c p s  . u n--n - i n d i c a t e d  by

r i m e  l a r g e  I_ ic -gal L ye  we_i ight i’ OS t i c ’ , ’ im m I1u~- d c c :  c of I - ‘c cc _ i c -d I - i t ,  ( , n - m t c c  - - 1 1  i ng

demand on i t s  p e r f ’ o r c m - c _ i i : e’ , and a l so  a I (r_ i ;c ’ p t _ i c i t i vc ’ w e i gh t  f o r  the-

i n f l u e n c e  of I nmn_ ied ’iat  is ( a t _ i e - c’l li n g  dcm at md on T r u c k  i ~c 1 -, p c r t  o r m a t _ i c - e . The

i n f lu e _ i_ i c e  of Tr u c k i n g  demand l eve l s  s n - c o  a lmos t  ze ro  tSar he -thu t m sks

T l c e s e  f i n d  ings  , c rc -  c o r _ i s i s t e m _ it w i t h  t h o ce  f , c r  t i m e -  i d e - n _ it I c  n - u i  t a - n - k

p a i r i n g  in t I m e  l ’ r m i 1 k i u c n - ;  ho c _ ice ’ — t , ’u ~~k 5 r (d d d ll in ti _ in - m t ,c l ’ I S ( _ i e ’ r e - g r e - s c i o n  W c i n - ’ I ( t

was  o h m  m i i n e d  f o r  I, 1c c i n f l t m c ’dl ce  of  Ini_imedi n - ct e- ( S m n _ i e _ i e l l  i r d , b  demands  on i t s  I _ i W O

performance , wl_ e rd e cs Trm uc k it _ i g )c ’r c o r _ i ’cmicl c c  was dem i n ;u  t ed  by ho rn - — I  , m s k

demands , ‘— n - I _ i n - u t  ever th e_ i bc_ inc task n_u gh_ i t he’ . Theus  it - lp h ce- ,ur s t lu - ut Ic _ in - _ i _ in - c -cl ia t &

Cane-el ling p e r i l  rmance is relat ivelv indepe n_ iden t of I’ m - icR ing  demand

l e v e l s , wl_ iereas Track i up p e r f o r m a n c e  is i n f l u e n _ i c e d  m a i n l y  by h _ i o m e — t n - u s k

dem n-_i r_ ids wheth er or n ot  i t  is the i_iome task.

Tracking p~~~rcd w i t l _ i uco nuc ’— t a s -k D e l ayed Ca t _ i c e  1 l in g .  ‘rh _ i is  d u . u  I —

n - i c R  l u  I r i n g  m m 1 _ i-c c _ i sh owed nc _ i  isc ’l j a b  I c  - S i t  I e r e ’n c ’ c’ l e d  r n - i d _ i ’s expc ’ ‘i men t _i I

c o m h i t _ i u t  ion of d eman _ ich s on t h e  t w o  t a s k s  , a l t  b ou gh_ i  t h er e  wru s a t r e n d

tow n-u i S a d c ’c r , , - - u se  in T r n - m c k  ing  c f  I ic i c ’n c y  a t  t I _ i c  r educed  d en _ in - id - id  c _ i l ’ . 2 5

- la t 1_I d - to the . 50 and  . 75 d e m n - _ i t n d  I eve- Is wh en t I l e ’ ec _ imb f t _ i c d  d emands  were -

1.00. A l t l c c _ i u ’ I u t h e ’  . ‘5 t ie- mn - un _ id  1 1 11  ‘I ’ u - n- ’kiuig p r o d u c e d  t he ’ i _ i e s t  D e l a y e d

Cance r i i  ing p e r f o r m a n c e  it _ i  R I  .u md CR1 , is ~cd d p  n- l ’ (’ eI t c _ i t Icc ’ . 50 n - in _ id  . 75 el e n in - un _ i d

l t_i ’ve l s . ~hc ’ d i f f d ’t’e’n - icl - ’ - n - c O l d ’ no t  s t n - i t l s t  i c ’ n - _ i l I v  rc - i  i n - i h l c ’ . T i_ ic- r i - g r e - n - s i c_il_ i

m md i - ml ysis d i-! I _ i d  Scow re ’I j ul _ i l I it’ r’ I o r  u _ i _ i ’ i - r , u  1 d ’ I ’ g l ’ c ’’ - r n - i d ’ n _ i  ‘is I or  i n _ i d i v i d m n : i l

we igh t -n - , n - I l  t hou gh  t h u t  w i - i  p i t t  f o r  Dc’ ] m l \ ’ c ’el ( mu l l is I I i o g  p e r t  d r _ i _ i l l _ i s- c - s d - n -

n l ’ g u t  ly e , i n i d i l - m u t i n g  r -_ i u l n u c -  d c - p i t - v  ‘I u ’ d ’ t d t  I ’ - I l ’v i t s  eiili  I c - - n- - d e m a n d s .

I r _ i c i r n _ i ,~~j i i r m c d  w i t h  1 c — t n - s  LL!_~_ n l i i t m o n _ i  ( 1  i ’ - i f u t m i _ i n _ i

pur l d e r ’ ”c , I l c - c -  i n _ i  t i _ i c  t h r c ’e  I . 01) ci , l _ i _ i I ’d i n _ i i’d— uhI ’m m itl u l 1 1 1 1 _ i d  i C I i _ i _ i n -  i~ , c r ;



79

affected by changing task demands (RI , p~ < .05; CR 1 , ~ > .05 is .10; and

proportion , ~ > .05 < .10). No other conditi e_ in comparisom_i showed a reli-

able change in performance of either task. However , the r e g r e s s i o n  n-u n_ ial sic

indicated that Classification was more strongl y affected by Tracking demands

than by its own demands and that Tracking was about equall y affected by th e

- 

‘ 
demands of the two tasks , alth ough_ i these regression weights were not rc ’l i ,cb le- .

~~~~~~ard/Key ~~_ ia rd Condi t ions

Immedia te Cance l l i ng  wi th  i_ iome—t ask  Immediate_ Cance l1 it _ i~ n- . T h e  t a sk

pairing of Immediate Cancelling with itself produced reliable ci_ ia r_ i ’ge-s in

home—task performances (RI, ~ < .05; CR1 , p, < .05; and proportions , j~ 
< .01 )

across the three  condit ions in which  the  combined deman d was 1.00 . D i f f e r -

ences in pe r fo rmance  were in the expected dined -ti e-n wit h_ i respect to denmn -mn d s .

Home—task Immediate Cancelling performance was also re liably affected (CR1 ,

< .05; proportions , p < .05) by changing its own den _ ian - ir i S in _ i tire thr e e

condi t ions  in which the  p a i r e d — t a s k  demand was .75 . This impr ove - _ i _ in - er _ it in

performance as demand was raised in these three conditions was  i c c o n p n - u r _ i i c d

by a decrease in the RI and CR1 performance of the’ paired tn -_ isk apprc _ ia chic _ ic _ i

reliability (p < .05 < .10 fo r  b o t h ) .  TI_ in s , it appears t l_ia t lmmec h in -m t c-

Cancelling as the home—task was considered the more importan t task by

subjects whose responsiveness t el changing home’—t,m sk demands a f t e r _ i c -S t l c~’i r

performance of the p iired I m m e d i a t e  C an c e l l i n g  t a sk  as well.

The r e g r e s s i o n  ana l y s i s  tin the ’ mean _ is  of the six condit l e o n _ i s  showed

s t rong  igreemen _ i t  w i t  I_ i t he above r esul r s . T h e’ i_ i i g l u t - s t  r i -gre’s_in- i l_ il_ i We i g l u t  c-i

were found  C o  r t he home—t a sk  S en_ i a n_ i d f o r  p r i ’d li- C  I ng I~’~ 
r fe’ r p m - i n c  e ’ c _ i t  h i_ i  t i c

t n - u _ in - k s. These’ weights I n c h  ic ’ m u t& ’ t I _ i n - u t  i n c _ p r o v e - c n - c c-’ n t  i n _i h o _ i _ in - , - — t i_ i -c l- I _ i ’ c _ i _ i a ’ d I~~t e

A ~~~~~~~ - -~ 
_ _
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C u _ e e l, 1 ir_ i g nmn -mv I _ i c  e x p e l e 1 wl n t ’ cc , L-n - _ ic :I _ i u ml- ‘ -c _ i t i n - i t  tn - mn - -n -k n- ire- rn - i c ed ( lI rp e-

I l c ’p , u t  i ve  w e i g h t ) ,  wI _ i l I c  I ’ , s i n g  Ic - ’ c n n - e - -- tn - _ is k n-k dl tocl s ( i s o  e ’ , i U S C S m u  d e c r ea se

ic _ i  p a i n e - m i — t i c k  p c - r t - ’ r n - _ i l n -n - n - c e e’ d’ n- n - s n ’ - I i l s S i t j \ ’ c we l l _ i t ) .

The-sc’ I’ i n d i n _ i g s  s u u p p e  n - u  t t u m i t ’ _ i I m c _ i  I c -c r - m uds i _ i ’  t i _ i c  m e n - _ ire p i - , c c - t  iced h ( l I d _ i ( c ’

task domim _ imuted the e_ iv c -r n - n 1 1 dcu a i—task ce - r i  e _ i r I _ i d n -c n - n - ,’ e ’ I c-ye ’ I c c l subject s

I 1h u , c s c  Two S n - _ i t - c  c_ in nd i v  i d u , c I  sub ic - ct str -ute ’g ie’s rc -v e - n - uie d t l c ,i t tlue ’rc’ wer e-

ind ivid cc5u 1 di f f e r c l i c c - n - in response s_ i r c r -gy . ku _ i _ icc  subjects I_ ireferrc ’d

s e g u d l e d d t e ’d o l _ i c - r I t i o n  em_ i C I n c  t w c c  t ick _ i ; , wi mi Ic d l t l c c r ’ n -  c~_ ip c’ r _ i t e d  j f l  n-In alt c - i’ni n - i t—

ing p a t t e r n .  TI_ic ut_ ie ’qun -m I dc- c _ i : , n - u _ iel ‘ ‘01_ id lt  ions p r e - s e - u _ i t  t i m e  s c c l c  j c c _ i , w i th tim e

task c_ il d istribut icm n - ; 1m M -n - re-spot_ ices t o  c - n c ~ ’ h c  t u s k  such _ i t im - ut t i _ i c” i n _ i d j y i d u m _ il

t ick dct_iun-ind s m is c’ c _ i n - c t .  ‘ M c , - l u c i d  I t s _ i n - _ i s  ~s’ i t l _ i  e’quc m l  task d c ’ c n - u , _ i c c d  mire best

suited to th _ i e n - m i t e r _ i n - u t  i n -1; st r a t c -gv wh_ ii~- i u a s_ i -cc cr ,-s cqc un - i l i l y  cci r c ’sp occ ’n - c-

it _ itc ’rvmils ti _i t I c k - ts t usks . lic e c l m _ i e ’ q c n - n - i  1 p r i o r  r I - n - - o n - s I  i t  m o d _ i s , I u e ewc ’v e ’r ,

n - _ ire ’ n_ ic _ i t well suite - el t , - t i n - i s  o t  r n - u t  e -gv and  a r c  tcc ’t t d ’ l ’  I _ i n - mud Ic ’S In - v  t I l e ’

s e g m e n t e d  apprc _ i c c l_ i .

‘fl_ ic I u t t e r a p p m o ’ u c l _ i  n - i l  l o w s  t i _ i c -  _i-_ i e m h j c ’ct  I l _ i  mak e_ i m m d i f f c - r c ’n c t  t_ iu ml’ce ’r  e _ i f

r e sponses t e_ i  c - n - _ i - - I _ i  t , u ~- , i t _ i  - n - c r  i , - , n- n - u c e u c r e h  i i _ i g  t o  t m _ i n - k  e i c ,’ _ i _ ic , c c _ i d _ i - n - . Sc - p r _ i c c - - u t - c d

r e c p c c n c h e r s  m e r e -  I y  v an  ic - S  t I n - i - t_ i u u _ i _ ih e r  c i t  I’ c’_ i- m l e o n _ i - n - c - s  1_ it -s se q uen t -c i _ i _ i _i c ’ s c ’ lu

t n - _ i s k  , l i - n - i c ’  i c u g  one’ t , i _ i - n - k  01 _ i c e ’  1 h u t -  I_ in - m r p m -  c li c ’ - c u e d  I hc~ ui i n - - b _ i l  01  t I m e -

d e s i r ed p e r f o r n m : _ i n d  ~
- l i n e -  n - In _ ic! os- i t e l l i n g  i l _ i  t Ile (_ i t hm er. S u l _ i j c - s - t s  who a dop t  c c l

t i _ i , - al t e r d C - ( t  i n g  s t r n - a t e g ’v o l d ’ , u s  M e _ i _ i n- I l v  111c c  i u e d  a ’ r ’c’ t ha n_ i ‘I _ i t ’ rc - _ in -~I c cl m _ i.c pc’r

a I t e - r C _ i n - m r  i c _ i l _ i , ge i n e r u l  I v  In - i k i n _ i p  ‘ c c ’  ‘I ll d &dis e I i  r n - I d e l i _ i m n -l -n- I -  1 1 c c -  t a s k  w j t l t

hi pl ci’r pr h r  i t  v h e f t _ i n -  t_i iak I n i p  n - _ i _ u _ i t her n c  n J _ i o l i _ i e e ’ n- the- k- cs ( c l - I n n - a t _ i l l  i n _ i g  t i _ in - k.

‘ I ’ t u c ’  c l , u t m u  I r i_ i n_ i tIme ” I c _ i c u cu e- c i  j u t e ’  (S u n _ i - - r h  1 j u g  / h _ i c i _ i _ i c- e l  I n - i t t ’ ( S I c _ i -  ~- h l  i l d I ’ tn - i _ in - k

c ’ c ipmi _ i l i i i !  i on  c m _ u  j c , m t c ’ C i _ i - I l  _ in - cc lc j c - c t o  g. e u I - r i  I I \ ‘ ‘ r i - l  - ‘ I  l , ( i  I ’  t i _ i , ik * ’  n - u ~ m m I  I I c ’ I i  n _ i t

n ta mh e is c _ if rd _ i _ i l _ il I c  ‘-n - c ’ _ in- t i ~ me- i c ’ i _ i i , ’ — I  - ‘,l - t ‘ e  c _ in - , - ’ c i t  t d c ’ I’ c ’n  I - - c _ i c c _ i c  - I - , I , ’ c _ i c un _ is! m c c l

l I _ i l l ! ’? t b _ i t - j r  r i-r’ c i n n i u _ i g  ~m I I - _ i _ i t  I t _ l i l c d  t ic . i - I c  i - cl I i n — I - , . ‘1 n t il l - I u e ’ C ’ _ i i ’ — I , t ’ i - , 

--— --- - -
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demand ic _ i cre - ,msc ’d , t l c c ’  t f I l m , ,’ a li ~_ i u- n - m ted to the o t h _ i c - r  t a s k  dc - c r c - n - i c c - c l , c m l i

1_ i c -n i - c’ , p e r f o r m a n c e  s u f f e r e d .  TI_ ic two Immediate’ Cai_ icell ing t usks , t l ce-r e—

ft_i re’ , do not appear t c_ i he ’ pc - i - f o r m e d  i m _ i d c ’p e r id e nt  l v  01 e-~ ic - li o t h e r

Delayed Cmi r_ icc ’hl in g paired with lie-me—task Immediate Cancelling .

Manipulation of Immediate Can_icelling demmunds reli n -m bl y n -ui f cc ted its own

performance in the three condit ic_ ins with a combined demand of 1.00

(RI , p < .05;  CR1 , £ < .05; proportion score , p = .Ob ) .  The Delayed

Cancelling task also showed reliable changes in performance over these

three conditions (RI, ~ < .05; proportion , p -n- .05 ) .  N (’d _ ic ’ 01 tlce

otl_ ier condi t iona l c o mp a r i s o n s  elicited reliable ch_ianges in performance

with changing demands.

The regress ion  anal ysis  sl_i owed t ha t  Immedia te  C a n c e l lin g  per f t _ i r r rm anc e

was influenced about equally by the demands of b c_ ith tasks . Delayed

Cancelling performance was strongly controlled by its own_i d enin -_ in _ ids (large-

negative’ weight) and influenced little by time Immediate Can_ icel ling demands.

Thus , it  appears  tha t De layed  C a u _ i c c ’ l l i n g  demands  i n f l u c ’r _ i e c - p e r f c _ i r m m m n m-c

more than  Im m e d i at e ’  C m m i m e t ’ l l i n g  demands , n -and s u b j e c t s  n - u p p e d  r to  sc’t p er t - r n _ i —

ance leyels on both tn-_ is ks according to l)eln-_iyed Cn-an c l i  ing dccn_iand l e ” s’ c’l i-i .

Cli-_issi f i c n - m t J  or_ i ,j~ a i r e d w i t t u  t u r i n _ i c — t a s k  t n _ i n _ i e d i a t c  C n - u~cc - 1  ~~~ j ’ . TI_ic

performance c _ i t  t i _ ic immed i a tc  ( S m  i c c e l l  ing t ask in _ i tins task ce_ imh inn-it i c_ i n _ i

showed r” I i c m h l  c’ c h - u l _ i g c - r n - w i t h  change - _ i s  in demc _ ind over tI _ ic ’  t h _ i n - c -  1 . m h )

combined—demand ce-nd ; ti c _ iu m s ( R I , CR1 , and p r u _ i p e d r t  i c ’ c _ i r n -  
~ 

. I ) ’cd \ n - ’ I _ i s ’ ~‘ l

t h ur ot l_ ic r e’ d t I _ i d j t  i c_ ir_ia I c ’ d c p c l n - , u r i s d ) c _ i _ in- prc_ idue’ed r’ , - h i  n - mi _ i ic e-Ii m in gc _ i-n - it _ i i b m ,

p e r t  ormance of e m  t h e n  t u s k .  ‘ M d c -  t ’v e’naiI rc’gnt ’’ n - s i o c i , mi c , aIvsi ~ ‘- I ’ m_i’ , ‘I I n n _ i

I r n m e d i - t t  c ’  ( , , i l _ i ( ’ c ’ I  1 i n g  was n - a t  I c ’ n ’ t t ’ c l  f l_it _ i l l -  by  tire- (‘ I t _ i n - _ i n - i t  l I l t  i o n c  d l d ’ ’ n - i _ i d e b  t l m m t n i

by its (1W_il d i ’d _ ii - id d ll _ im , ci I t  h n s ’ugi c i-c tipp c_ i nt I d i n ’ t hi c-i d c_ i n _ i _ i i m m n - l n _ i u ’ c - f _ i u sc - u k  b _ i t  I I p l d t  

-i- - - -  - — - — —-- - - — - -  - -- ---~~-- dm’~---
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o( the le_ iw anmd non—re! i,tb l~ ’ regress i o n _ i ~- c c e - f I icicu ct s . Classification

pe r fo rmance  appears  tc _ i he -n - o c _ i ci-wl c n - _ it - i t ’ Ic -etc-el by i t s  own_i task demands;

however , the overall t i l e - c t  c ’f  r e gr e s s i on  sos  r_ iot  re- i j n - i b l r ’ . From these

data , it is ic_ideter rn ir i n - u t e wh_ iether tn -he rnn -_ii_ i ipu ln -u Lion c _ i f  task demands

between Immediate’ Cancel lir_ ip and Cla n--sn -if len -i t ion jr_ i f l c c e - _ i u c c - c I  pc ’ s  I e _ i r l _ i l , I, c c c c’

c_il_i eit !cc’r task .

Immediate  Cance l l in g p ir t l t n - _ i s k_ De layed Cancel1in~~.

Performance demand changes wer~’ gc’u_ ie’rn - _ i ll y effective jr_i mani pulating

performance of bo th _ i ti _ i c Del ,uv c -c ’ mind Immediate Cancelling t - u c k _ i-~ in th_ ii s

dual—task combination . Delayed Cancellir _ ig performance w a s  increased

by raising demands it_ i the t h r e e -  1 .1(1) c oun-uh ’in _ i cd— d ec _ i_ in - im_ id c c _ i d _ i d  I t l o r m S

(RI , £ < .05; CR1 , £ = .06 , and proport ion_ i , p = .05), an_ i d Immediate

Cancelling was improved by raising its demand (RI, ~ .01; CR1 , ~ .05;

proportions , ,R < .05). In n-_ idd it ion to these- ch anges in pi -r l e_ i rnin - ince ,

Immediate Cancelling p r o p n - _ irti c _ i n _ i scdl res n - ’cr c -s -_ ic c it hVt ’ I e ’ I c u c u g e - s  - ‘ I  i l

own demands n - m c ’ re o s s  the c ure -, c c_ i r _ i dj t  j e l l _ i s  ~ 1_ i j e-i _ i In - _ i d a e’ ’ _ i _ i s t nm _ i _ i t  . 75  Se - _ i n n - i n S

on DeI n - uv ech C a n c e l l i n g  (p c . 1 ) 5 ) .

The overall regre s si s_ in_ i a _ icn - c ly s i  s w n - i s  s u p p o r t  ive of th , ’ n n - i ’ f i i _ i d i u _ i p s

in t h a t  Delayed ( S inc e 1 ~~‘l n- n -  deman _ i ch had , u much _ i  s t  n s  - l _ i g c ’r i u _ i t ’ I t ie r _ i c c ’ on i t  c

own p e r f o r m a n c e  ( h i g h _ i  n i - I  i l _ i  I c -  n t ’p ,m u t  ive  w e - i  p1_ i t )  t h m u _ i r _ i  d i d  m mcd i , c t  e

C a n c e l l i n g  demand . ‘I’ h _ i e w e i g h s I or ( I - t c ~ r n _ i i d _ i c n g  D e ’M m ’ u ’ i ’i b ( n - , c c c c - , ’l I h i p

jic ’r fse rn n - ic _ i c c ’ showed c’q c m i l i v  st re ’ cc n - ’ e t  i ’ c t  n-n- n- _ i l l  0 r I  ‘ I  5 _ i l _ i _ i n -c i _ i ’s ’ I I c e  c l e ’ _ i _ i _ i - t I l e l S

s n f  ,‘ - I b m  t n - i s k .  I I _ i c  - - - I ’  r i - p t ’  e-c - ;s I cr1 s~’ I n- I _ i l  n - i n  ,- i ’ d _ i l _ i s i s_ i c r c _ i  c_i- I t Ii  I In - . r .  u n - I ’ i - - c i i  ~I _ i

an ,-’i hvs is results f l u ’  t i_ it’ honnl c’—t n-msk I mncecl i n - i l ’ ’  ( ‘ , o c c ’ t ’ I  I i n _ i l l  e -‘ c _ i d ’ I n - u I  l i _ i l _ i  I n _ i

w h i c h  D e l i y t - d  Cancel I i ng  wn - a c t i c , -  1 m m  r , - c I  t n - m n - n - k .
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The of f c’et i ’ s _ ic- n e - _ in-s c,df dc_is i re- S p e r f o r m a n c e  m a n i p u l at  ion  in b o t h  I - c _ i - n - e n --,

may i— c clue pri c _ i c u r i l y to the -_ i s e l e c t  i o n - c  of  time scrgn_ ie_ intc’cl re open_ ice stratc’ -gv

w i _ i d _ i was ch_iosen by nen -_ i r i’s~ all subjects. As previousl y me-nt i ou_ied , this

strategy is well s u i n c - e l  to unequal priority s i t u a t io n s , b c - c a u s e  subjects

cm_i n nm erelv adjust the I-_iumher of responses per segment to achieve time

d e s i red  p e r f c i r r c _ i n - L n c- c ’ l o ve_ i s .

Delayed ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I t c h , i y e d  ( S i n - n - c e i l i n g . Time c l _ i - n - h i  0, 1--

tion of Delayed Cancelling tasks also produced reliable changes in p erf ccr n - n -n -—

ance for bot l_i tasks in the 1.0 combined—demand c o n d i t i o n s .  For l i e -m e — t a s k

performance , this finding was reflected in RI (~ 
< .01) arid CR1 (

~ 
< .05)

scores and in RI (
~ 

< .05) , CR1 (
~ 

< .01), mind pr oport ionn -n- (p -- .01)

scores for the paired task. Differences between condi tion _ is were only

reliable n - i c r o s s  t I _ i c ’ 1 . 1) 11 c o m h i n e c l — d e n - _ i c n - m d d d l  r o n d i t  ions , a l t l m e c c c h  t h e

means in Table 10 ir _ idic n - m t e a dec -r c’ , m s c -  in h_ ierform anne ’ c-I t ’ icie ’c _ i c-v

in both tasks when the demand on ti_i c opposing task is incre e n - i s e s c i . T h i s

indication is supported by t h e rc’gre’ssion anal ysis which cluos’c’cl ahc_ iut

equal influence IS_ in the demands of’ bot h_ i tasks . Again , thi s clual—t sis k

comb m a t  ion was one in whici_ i suh~ e’c ’ ts chose t l c d ’ n - n - c ’ g_ i l c t - I _ i t ed nd’spons c_ i

str n -ut cp ’,- .

G i n - u s _ i - n -i f i d ’ n - m t j d e r _ i  1 _ in - m i re’S w i t h _ i  I _ ie _ im e —tn - u n - n - k I)e’ l,uy c’ ci (S u d cc e’ l l i c _ i u n - .  So re-i im b li -

p e r t ’ u r _ i n - l n - d c _ i (  c -  e f f e - c I  - n - ’ ’ c ’ I ’ e fe_ icin d for t his task c ’ s _ id _ i t _ i  i fl n - lt I c _ i l _i S d ’ve ’r ti -_ i1 - c i

Phase-’ Ti_ ire-c’ conch I i _ i n _ i s  i n v o l v i n g  Dc ’ I- u ’ s - -cl ( S i d d c ’ c ’ l  I ir _ i g . A I rc - _ in - e l t , lw m m r d

i ncp r o v e d  p e r f u _ i r m a n c - c ’ c_ in C l — i _ i- n - s I i i c m a t ’j e ,_ i ni  o c t t n r r e ’ch i n  I I n , , - I pp  c ’ _ iI _ i  j ’ n - , ’ d — e I , ’ n - _ i n - , c cnd

erc_ in (,iiti (ins (RI , p .01; CR1 , p = .11 , p_ i- cc p cn rt i o u _is p —‘ . I M ) .

;_i rc ompn - II_ iv I n _ i ) ;  m d - p s i - _ i n - _ i n -  t u ’n l n - ann - a l ’ s ’ s i  n-n- i n c h  h i t  i-cl C l i i i  I),’ I , i ’ s ’ c ’ c I  (‘an _ i t t-I I jog C_ i n - u _ in-

c c _ ic _ i troll c—S by tIc e l i - c _ i n -  un - c l - t i_ i c’ u - I cs _ in - I I ii ’, m C I on _ i t n - I  ‘n -h ’  I I cu ‘ , _ i c  - c i t _ i n -  I t  i ’ s ’,-

we i _ i ’  I _ it ) a n _ id  n - c  - - I i _ i ’,’ i t _ i n -  ,‘s’ l~ n - I d ’ _ i _ i l , d d l e  I . CI - I n - n - s I ’  I a _ i  I - ‘ c i  
~

, - n I e l  n- n _ i ,  c - S c _ i  -

Ill
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control led m a i n l y  by its own demand l,’ve ’ls and to a lesser degree by the

demands on Delayed Cn - i c_ i c e ’l ling, n - _ i lthoug l_ i both wei ghts were reliable in the

regress ion ana lysis .

Immediate Cancellin g paired w it h  home—task Classification. Home—task

Classification performance improved with increasing demand in the three

1.00 combined—demand c o n d i t i o n s  (RI , £ ~- .05 ; CR1 , £ - .05; proportions ,

< .05) and across the three condit ions in which  Immediate  Cancell ing

demand was a constant .75 (RI , £ = . 07 ;  CR1 , £ = .08) .  Immediate

Cancelling per formance  also showed an improving trend with increasing

demand in the 1.00 comb in_ied—deman-~d conditions (RI, p .12 ; CR1 , E = .15;

propor tions £ < .05), and proportion scores increased reliably witl_i

iacreased demand in the conditions in which C l a s s i f i c a t i o n  demand was a

constant  .75 (~p < .05) .

The regression weights  fo r  p red ic t ion  of C l a s s i f i c a t i o n  pe r fo rmance

showed that  Class i f i ca t ion  demands had a s t ronger  i n f l u e n c e  on pe r fo rmance

than Immediate Cancel l ing  demand s, although the regression weights are

both re la t ively large . The regress ic_ in  anal ysis  on Immediate Cancelling

indicated tha t performance was n-mime - st ccirn pietely de’termined by its own

task demand (large negative weight). Ti_ic eff c_ i-c n --t iv c manipulation of

Immediate Cancelling in this task combination is consistent with the

res ults in the analogous l_iome—task Immediate-’ Cancelling cs _ i c _ i di ticun , and

the regress ion wei gh t s  i n d i c a t i n g  t h a t  C i m i n - o s i f i c a t i c _ i n  demands i n f l c m , - I _ i , -ed

C l a s s i f i c a t i o n  p e r f s_ i r m a n c e ’  more th i n - _ in lm m e- d i n - _ i  t e  (‘n - n - u c _ i c c ’ l  I ing dem um n _ ie l s is n - _ i lsm~

cons is ten t  w i t h  the  d i r ect i o n  and m m _ ig c _ i i t iucl c ’ c d t  the rc ’g ress ic _ in  we i ght  - - in

that task comb inat tuin .

— -‘--—-----------.----—-—---- - —-‘-——---=---—--------- —  —‘- - --‘---- - -
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~~~~e d C ~~n c el l i n g p n - u i red w i t h _ h o m e — t a s k  C l a s s i f i c a t i o n .  O n l y  t i_ ic

p e r f o r m au _ i c c cc l  time’ pn -mir ed tn -usk , Delayed Cancelling , was a f f e c t e d  by

c h a n g i ng d e n m a n d , ar_id ti_ is was over tl ce- t h r e e- 1.0 combi n_ ie-_ ict—d e’n_ i_ iund

conditions . TI_ is change approac l_ied re_ liability (RI, £ = .09; propor tions ,

= .08 ) . ‘ l i m e  cc _ i I y c_ i tn- h _ i t-n comi_ian i _ i n - c ud _ i n - -ut cow i n_ ig trends in perf o r _ i _ in - u _ i c c _ i c’

ciun-_ inge were in_ i ti _ ic ’ ti_ ire -c ’ ce_ ic_ id it io n s ic _ i wl_ iich the Del n-_ iyed (Se-cecil ing demand

was . 75 n-_ nd C l a s s  i f  i c a t  ic_i n deccuan _ id was varied (Classification prd _ ipcr —

tion scores , £ = .07 ; Delayed Cancelling proportion scores , £ = .08).

The regression anal ysis  did not show r e l i a b i l i t y  of ind ividual  regress ion

weights or overall regression . The results above are inconsistent with

results of the analogous task combinations in which time -se two tasks were

pai red , wh ich sl_ iowed s t r o n g  domina t i o n  by t Ime C l a s s i f i cn -u t i o n  t a sk  demand

levels on the  p e r f o r m a n c e  of bo th  t asks .

C l a s s i f i c a t i o n  p a i r e d  w i t h  h o m e — t a s k  Classit’ i c ctio n. The comparison

between means f o r  home and pa i r ed  C l a s s i f i c a t i o n  t a s k s  did not show

re l iab le  pe r fo rmance  changes in accordance with increasing or de ere-n -is—

ing demands , although the ~RI means for lie-me—task performance _ in- sh ow

changes in the expe -ted direction over the ti _ ir e - c 1.00 combined-dl c n_ i ,mIl e I

conditic_ins and acrc_ iss increasing den_iands in ti_ic tn- h _ i r e - c  condit icr_ i s i f l

which the pa i r ed  ta _ i n -k demand wu is a cc _ i n _ i n - - m t mn _ i t . 75 .  Cons i s ten t  w i  t h m  t h e -

d i r e c t i o n  of ti _ ic _ i -c e means , t i _ ic  r eg ress ion  wei g i_ i t  r e l a t ed  t o  t h e  i m p - m e t  c _ i t

h o m e — t a s k  demand on h _ i s _ i f l d c ’ ( n - m s k  pert c r c _ i n - , m c c d’e was mc ’ 1 jab I c (I_ iig l_ i negn-It ive

weig h t )  . N I _ i  no  ci I t lue ’ c_i tl_ie r t e rn _ ins  in  the -’ r e p  rc’ss ion  e ’q n m m t i c _ i n s  s’n - a

re- I i a bl e  f n r  e i t l m c ’ r  t - n s k .
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CO-NC LV S IONS

The equa l—demand  t r i a l s  in Phase Two p r o v i d e  t h e  ba s i s  f o r  s e v e r a l

generalizations relating the functional components presented in the

descriptive model to dual—task interference:

1. A major  f a c t o r  in de te rmin ing  the ex t e n t  of i n t e r f e r e n c e

between tasks is ti_ic similarity of their functional components ; qualitati vel y

different tasks will be performed better in combination than tasks with

similar functional requirements.

2. The functions of STORING and TRANSFORMING , present in Delayed

Cancelling and Classification respectively, h ave the following interference

cha rac te r i s t i c s :

a) The requiremen t to  store , retrieve , and make manual

keyboard responses based on retrieved items is highl y disruptive

of similarly arranged discrete response tasks with or without

the additional requirement to store: such tasks cannot he

interwoven with _ i themselves or with oti_ ier discre t e- - response

t a s k s .

b) The type of TRANSFORIeHNP required in C1 n - i s c ifi e’a~~Lin_i

does not p r o h i b i t  i n t e r w e a v i n g  w i t h  o t h e r  ke ’v h c _ i urd response

tasks and Is not so gen e-rn-m i lv disr unp tiv e n - _ i _ i-u s t c_ i r i n g .

c)  N e i t h _ i e ’ r ‘l’ R A N S l ~O R M i N c :  i n  C l a s s i f i c a t i o n  c _ I c r  STOR 1~~P

In Delayed  Cance l I i ng  a p p c - c r s  more ci i s r n n pt  lye ’ of a f’un c  t i c _ i n , m  1 Iv

dissimilar task , Tm -_ ir king, t I_ian t i c t - si mp l c - h nc _ ircie- c h i , m t ,- ( S i~_ i s ’ c ’ I  I i c _ i p

t n - i _ i n -k w i t  i _ u n i t  t i c c _ i n-~ i r _ i t ( ’ r _ i -c - n - d i c _ i g  f c m n c - t  i c _ i n _ i s ;  n c_ n e  c c l ’ t h e ’ t h r e e

Key board  t m _ i - n - k -- n- s e r i o u s l y  i n t i - r f c - c ’ t -c - u c i  t h u  T r , m c -k  i c c .
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d) The f i r s t  g e n _ i e r a l i z a t i u _ i c n _ i  above , t h a t  f u n c t i o n a l l y

similar tn -mu-n - k s should interfere’ more than_ i dissimilar ones , is

not i n c o ns i_ in - t e c _ i t  wit h _ i tIle finding that two TRANSFORMING tasks ,

Tracking and Classification , were performed with little mutual

i n t e r f e r e n c e, bee n-p ose t i _ i c  TRAN SF ORMTNG a c t i v i t i e s  in t h es e

task s n-ire -’ distinc tl y different.

Tab le 12 , a composite cli the combined scores from Phase Two second

trials , substantiates ti_ ic above generalizations. In this table the paired

tasks are represented by rows and the barr_ic t a sks  by the  co lumns .  When

Tracking was the h ome task , a second Tracking task caused greater inter—

feren c-e with home—task perforn n- 1u ~ e than did any of the three Keyboard

tasks when pa i red  w i t h  T r a c k i ng .  S i m i l a r l y_ i  f o r  each home K ev hc _ ia rd  t n - u s k ,

Tracking interfered least. The nine Keyboard/Keyboard combinat ion_ i _i-u had

the lowest combined scores , and all were near or below 1.00.

Furthermore , Delayed Cancelling , when paired wit h_ i each_ i Keyboard

task, consistentl y produced the lowest combined scores (0.S3 , 0.S-~, and

0.81 when paired with Immediate Cancelling. Classification , and Dc- In -i r e’S

Cancelling, respectivel y .) Thus , the ord inal s oi lin g c c 1  i n te r l c ’r e _ i l c c ’

in th i s  s tud y im _ i d i c a t e s  T rack ing  pa i red  w i t h _ i  Keyboard  t a sks  to be tI_ ic’

least  i n t e r f e r i n g ,  T r a c k i n g  pa i r ed  w i t h _ i  T r a c -k i n g  to be cc u c _ i dt ’ ra me - 1~ in t er

fe ring, and ti_ ic comMon-_it ion c i i  two Kev i n - ca rd  t a ck s  to  he t l c c ’ most

i n t e ’ r f e ’r  i c _ i g  , w n - j t l _ i  t h e  ridd ’i t i o u _ i n - _ il Ce _ i l_ i t i d _ i g e ’ n c _ i ’  tha t I I STOR I \_ i _i is

i n c l u d e d  i n  t i m e - -  K e v b c ’n - a r eh / K e v l _ i c c n - u  rd p _ i i r  , t i _ i c ’r e ’  w i l l  f _ i c ’ f u r _ i  I _ i c  u j o t  er i c r e _ i Ce ’ -

Ti_ic m U  i n - i l gc ’ c _ i n ’ r n - _ il u n-a t ion , t h i n - i t l’um n ’_ i e’t i c c n _ i , a h l v  s i m i l a r  t~~n ’ n - k~~ n - i r e ’

m o r c ’  p r m i n e -  to  1 m m _ i  c - r l i - r c ’ c _ i m ’e ’ t h _ i n  di n - n - s i n _ il In - t m c ’ f l i ’ S , n c r _ i c - u n _ i n -  cs’c’c c ’’s_i’!u,It
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TABLE 12

PI_iase Two Second Trial Combine d Score c for All Ex _ i_ i e r im n -_ i n _ ita! Conditions

HOME TASK

Trackln~ Immediate Classification Delayed 
—

PAIRED TASK Cancellin~g Cancell~~~ n- X

Tracking 1.37 1.52 1.60 1.33

Immediate
Cancelling, 1.69 0.98 1.04 0 .97  1.00

Class i f ica t ion  1.76 1.01 0 .97  1.01 1.00

Delayed
Cancelling 1.70 0.83 ni . 88 0.81 0.84

X 0 . 94  0 .96  0 .93
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contradictory to the evidence cited that Tracking and Classification ,

both requiring TRANSFORMING , are performed well together. It is

appropriate , therefore , to re—examine the initial descriptive model and

make a more formal distinction between the various kinds of activities

that could be included in TRANSFORMING. Clearly, Tracking and

Classification, as stated in the introductory section, involve :rans—

formations of stimuli prior to MANIPULATING; however, the transformations

in these two tasks are mathematically different.

Tracking requires the application of differentiation and integration

to convert continuous, dynamic error indications into corrective movements.

Classification , on the other hand , requires transformation of a simpler

sort, namely, an iterative ,discrete, bi—diinensional categorization based

on similarities and differences in the digit pair . Figure 8 presents a

revised version of the descriptive task model showing the TRANSFORMING

function as one that can include different possible TRANSFORMING rules.

The manipulation of task demands had reliable effects on performances

in many of the experimental conditions, and changes were generally in

expected directions in remaining cases. The absence of consistent

agreement in the strength of effects across identical conditions makes

it difficult to draw solid conclusions relating functional components

to ability to adjust performance. Several cases are of special interest ,

however.

Combining two Tracking tasks showed a symmetric effect of demands

on performance of both tasks. Both tasks suffered when demands were

unreasonably high on each , namely calling for the 75th percentile of
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previous performance. Both tasks also showed increases in efficiency

when demands were decreased on the opposing task.

There were two Tracking/Keyboard task combinations producing consistent

results between identical conditions: Tracking/Immediate Cancelling and

Tracking/Delayed Cancelling. In both cases, the Keyboard task showed

strong resistence to influence by Tracking task demands, and was

generally controlled by demands of its own task. This result is in

agreement with the findings of Gopher and North (1974) with the same

tracking task and a similar digit processing task, and using the same

technique to manipulate demands.

Adherence to demands in Keyboard/Keyboard combinations proved to

be strongly related to response strategy. The task combinations that

shoved the best overall adjustment of performance with changing demands

were those in which subjects generally responded segmentally rather than

alternately. If the task demands called for more responses per time

unit to one task than the other , segmented strategy choosers had only

to vary the number of responses per segment to approximate the require-

ments for each task. Because the number of segmented responders in task

combinations that included De1.~yed Cancelling, these conditions showed

strong adherence to differential aemands.

Thus, although a task with a STORING component is difficult to

interweave with itself or with another self—paced discrete reaction

task, it is amenable to adjustment to different performance levels

because of the prevailing response strategy. In the four task combinations

in which subjects tended to make alternating responses (Immediate

___________ ~~~~~~~~~~~~~~~~~~~~ -~~ . ‘ - -~~~— ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
- - —

~~~~~~~
-- —  ~~~~~~
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Cancelling and Classification paired with themselves and with each

other), the manipulation of demands was less effective . The alternating

strategy is not conducive to adjusting performance because it tend s to

produce equal numbers of responses to each task.

The implication of this study for those concerned with design of

systems that engage the human operator in multiple tasks is that

qualitatively differen t tasks will be performed together more efficien tly

than qualitatively similar tasks. Furthermore , the task of continually

storing and retrieving items from short—term memory is extremely demand-

ing and highly disruptive of similar tasks, and consequently the operator

should not be expected to interweave such tasks efficiently.

The substantial individual differences in retention of single—task

performance levels in dual—task situations , in choice of response strategy

for concurren t keyboard tasks, and in compliance with changing task demands

may constitute a valid basis for operator selection for multi—task

situationa , such as flight operations.

There was also substantial dual—task improvement from Trial 1 to

Trial 2 in Phase Two and continued improvement in Phase Three. Although

the goals of the present study d id not include an identification of the

sources of this improvemen t , it is acknowledged that isolation of

improvement factors is an importan t direction for future research.

____  _ _ _ _ _ _ _ _  - ____  - . ~~~~~,——---~-~~~~.-—-- - . i~~.
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APPENDIX \

D E s c R I P r i o N  OF TR~\C K TN G TASK FOkC LNG FU N C’r loN

F igure  A— i p r e s e n t s  a d i s t r i b u t i o n  of f r e q u e n c y  of o c c u r re n ce  f o r

a samp le of 5000 f o r c i n g  L unc t ion  values.  The po in t s  in the  f i gu re  W~~ r~~

grouped in in te rva l s  of .01 of the  maximum amp l i t u d e  of the  c o n t r o l  .st~~H-

i npu t .  As indicated by th is  d i s t r i b u t i o n, the m a j o r i t y  of t he  f o r c i n g

f u n c t i o n  values are in the range of 10% maximum control  inpu t  w i t h  uxtr~ ni~

values as hig h as 30% of the control  inpu t .  This a m p l i t u d e  d i s t r i b u ti o n

together  w i t h  the re la t ively low c u t o f f  point f o r  f o r c i n g  f u n c t i o n

f r equency  ( . 3  Hz) p resen ts  the subjec t  wi th  a t r a c k i ng  t a sk  of moder ~~te

d i f f i c u l t y .
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APPENDIX B

ADAPTIVE ADJUSTMENT OF CONTROL STICK DYN AMICS

The adaptive variable selected for the adjustment of tracking

dif f ic ulty in single—task perfo rmance was the ratio of accelera t ion to

velocity components in the dynamics of the manual controller. The basic

equation for the manipulation of this variable w~ s originally sugges ted by

Ince and Williges (1974) and utilized in adaptive training by Crooks and

Roscoe (1973). Increase of acceleration percentage in the control stick

dynamics imposes increasing tracking difficulty on the subjec t in an adaptive

manipulation of this variable, the percentage acceleration is increased or

decreased according to the error output of the subject. The present

experiment used an error tolerance of 10 percent of scale absolute error

which was sampled in 60 msec intervals and Integrated over a one sec. period .

Acceleration was increased one step if the absolute error was less than or

equal to the 10 percent error tolerance, or decreased one step if the error

was greater than this value. (Step size was .1 percent). Figure B—i

presents an example of typical subject data showing both the error output

and the corresponding curve for the adaptive variable. The figure presents

the data for both the adaptive training and the fixed—level periods of Phase

1 single—task performance. As Figure B—l shows, the adaptive variable increased

rapidly for this subj:ct during the first two minutes of the adaptive period

and stabilized at the level of 77.5 percent acceleration with slight

deviation above and below this value during the rest of the period . The

value of 77.5 percent acceleration represented the fixed level of this

subject during the last two minutes of tracking in this phase and determined

the control dynamics for Phase 2 and 3.

-
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101 1
in preliminary tes ting the four—minute  period of adaptive manipulation

was sufficient to adjusting subjects to a stabilized level of performance

on the tracking task. The average time for a subject to reach his final

acceleration level was 2.7 minutes or about two—thirds of the total

adaptive period.
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API ’ EN I) IX C

TIME SCORE CONVERSION OF TRACKING ERROR SCORES

Figure C—i presents two mathematical functions for accelera t ion

control and r i t e  control  d ynamics which descr ibe  the relation between

instantaneous scale error and the time required to null this error. The

f i gure presents the func tion for a pure ra te con trol (0 percent)  vs. pure

accelera tion (100 percent)  control  wi th  a fu l l  de f l ec t i on  of the s t ick

left or right. For example , a correction of 15 mm. error (about 50 percent

of the display) in the pure rate controller will require 600 msec . w i t h  a

ful l  deflect ion of the stick , while the correction of the same error will

require 950 msec . wi th  the acceleration controller. The time to correct

a similar error wi th  any intermediate percentage of acceleration will be

between these two values.

With an acceleration controller , therefore , the time—distance relation

is non—linear with the maximum deviation from linearity in the medium values.

Because the effectivity and control dynamics of the st ick are not the same

for different values of acceleration , a comparison of track ing perfor mance

between subjects requires an appropriate correction. It is suggested tha t

an adequate correction for this purpose is the time score equivalent of the

subject’s raw average RMS error , which represents the average minimum t ime

required in this specific configuration to null errors.

The equation used for this time score conversion RMS error was :

t = l.2c (l—u) +Jl.3 c.a

where c is the average er ror  score , is the  percen tage  of accelera t  ion

a t t a i n e d  in Phase 1, and t is the resulting t ime score iii seconds. This

I
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equation was derived from the specific control gain values that were

employed in the present experiment , the size of the disp lay , and the adaptive

equation which determined the relative contribution of first— and second—

order terms for each level of the adaptive variable. Note that because

the level of acceleration was fixed , for the last two minutes of Phase 1,

and maintained at that value in Phases 2 and 3 , different time scores

ob tained for a cer tain subjec t are effec ted only by his tracking error.

Time scores for each subject in the dual—task situation were compared to

his time score in the single—task condition, and tracking performance was

evaluated as a percentage difference between these scores.
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APPENDIX D

INSTRUCTIONS TO SUBJECTS

Single—Task Performance: Phase One

Tracking. This task requires you to keep the circle centered within

the horizontal track by making appropriate left—right movements of the

hand control. Moving the control to the left moves the circle left while

moving the control right moves the circle right. There will be random

dev iat ions of the c ircle continuously throughout the performance trial ,

and you should respond to these deviations as quickly as possibl e by

appropriate movement of the hand con trol to center the circle on the

vertical line . Are there any questions?

Immediate Digit Cancelling. This task requires you to cancel visually

presented digi ts by making the appropr iate keyboard response corresp onding

to the digit shown . The digits will be randomly chosen from the se t 1,

2, 3, and 4 (5 , 6, 7, and 8). The keys are numbered from left to right

1, 2, 3, and 4 (5, 6, 7, and 8). As soon as you respond to the digit with

the correc t key , a new digit will be presented . You should work as quickl y

and accurately as you can on the task. Are there any questions?

Delayed Digit Cancelling. This task requires you to cancel visuall y

presented digits by making the appropriate keyboard response corresponding

to the digit previously shown in the sequence. The digit s will be randoml y

chosen from the se t 1, 3, 4, and 4 (5, 6, 7, and 8). The keys are numbered

1, 3, 4, and 4 (5 , 6, 7, and 8) from left to right. As soon as you respond

to the previously shown digi t with the correct key, a new digi t w i ll he

-
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presented . The first digit in the sequence can be cancelled by pressing

the leftmost key which will get you started on the task. Succeeding

corrt~ct responses will correspond to the digit one—back in the sequence.

You should work as quickl y and accurately as you can on the task. Are

there any questions ?

Classification. This task requires you to classify dig it pairs into

one of three ca tegories each of which corresponds to one of the keys on

the keyboard . Categorization will be based on two dimensions : the size

of the digits and their numerical names . The pair may be different in

both these dimensions , different in one dimens ion, or the same in both.

There are two sizes of digits and four poss ible numerical names chosen

from the set 1, 2, 3, and 4 (5 , 6, 7, and 8). If the digit pair is the

same in both size and name , press the left key . If the pair is either

different in size and same in name , or different in name and same in size ,

press the middle key. If the pair is different in both size and name ,

press the right key . (Examples of each type shown to subject.) When

you correctly classif y each digit pair , a new pair will be shown . You

should work as quickly and accurately as you can on the task. Are there

any questions?

Dual—Task Performance with Equal Demands: Phase Two

In the next portion of the experiment you will perform the tasks

together. The display will include both tasks as shown in the diagram .

(Appr opria te diagram shown to subjec t , similar to Figure 4 examp les.)

In add i tion , the display will give you informat ion on how well you are

perform ing each task represen ted by the height of t he two bar g r a p hs .

L. . .
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one for the left task’s performa nce and one for the right. The momen-

tary height represents your average performance over the last few seconds.

There will also be a short horizontal line for each task corresponding to

a desired perf ormance level which you should attempt to reach and maintain

with the two bar graphs. Note that the height of the des ired line is the

same for both tasks, indicating that the tasks are of equal importance.

(Following given to subjects in Keyboard conditions.)

In performance of the keyboard task there will be three instances

causing a new Item to be presented : (1) pressing the correct key , (2)

pressing an incorrec t key , and (3) exceeding the allotted time for that

item. Are there any questions?

Dual—Task Performance with Equal and Unequal Demands: Phase Three

During the next portion of dual—task performance you will recieve

trials with both equal and unequal desired performance levels on the two

tasks, and these changes in demand will be conveyed to you by differen t

heigh ts of the desired performance lines. In general there are three

demand levels: high, medium , and low. You will see various combinations

of these three demand levels. Each new trial will represent a new combina-

tion of task demands , and these demands will remain constant throughout

that trial. There will be one minute of rest between trials.
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