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V I 1 

S U M M A R Y 

E n s e m b l e s of four- funct ion swi tches w e r e evaluated re la t ive to 

e n s e m b l e s of s ingle- funct ion swi tches a c r o s s number of st imulus and 

r e s p o n s e a l ternat ives by means of the fo l lowing p e r f o r m a n c e measures* 

c o n t r o l ac t iva t ion t ime ( C A T ) , l a tency , m o v e m e n t t ime ( M T ) , i n f o r m a 

tion t r a n s m i s s i o n rate ( I T R ) , and e r r o r s . The s ingle- funct ion swi tches 

w e r e found to be s u p e r i o r , in t e r m s of C A T and I T R , at the f o u r - a l t e r 

native l e v e l . H o w e v e r , no s ta t i s t ica l ly significant d i f fe rences w e r e 

found at the e ight -a l te rnat ive l e v e l . 

Within p e r f o r m a n c e m e a s u r e s ( C A T , la tency , M T ) conc lu s ions 

regard ing the re la t ive e f f i c i ency of e n s e m b l e s w e r e independent of whe 

ther the m e a n o r the med ian was used to s u m m a r i z e individual subjects 

r e s p o n s e d i s t r ibu t ions . It was sugges ted that this o u t c o m e was due to 

the re la t ive c o n s i s t e n c y of the pos i t ive skew found a c r o s s e n s e m b l e s , 

and that this might be typica l of c h o i c e r eac t ion t ime dis t r ibut ions in 

g e n e r a l . 

L a r g e var ia t ion in M T a c r o s s e n s e m b l e s led to the hypothes is 

that, despi te ins t ruct ions and payoff des igned to separa te C A T into non-

over lapp ing componen t s of informat ion p r o c e s s i n g t ime ( m e a s u r e d by 

la tency) and execut ion t ime (measu red by M T ) , the exper iment had p r o 

duced e n s e m b l e - s p e c i f i c amounts of o v e r l a p . The hypothes is was sup-
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por t ed by an in t rasubject l a t e n c y - M T c o r r e l a t i o n analys is and by an 

equivalent k e y p r e s s ana ly s i s . 

Examinat ion of the e m p i r i c a l re la t ions be tween the p e r f o r m a n c e 

m e a s u r e s indicated that, f o r the p re sen t cond i t ions , la tency and M T 

w e r e p o o r p r e d i c t o r s of CAT but that, within al ternat ive l e v e l s , ITR 

was a good p r e d i c t o r of C A T . The finding regard ing la tency was felt 

to be pa r t i cu l a r ly signif icant b e c a u s e la tency (e lapsed t ime f r o m s t imu

lus onset to the beginning of a r e s p o n s e ) is w ide ly t reated as though it 

w e r e congruent with o r at l eas t pa ra l l e l to C A T (e lapsed t ime f r o m 

st imulus onse t to the c o m p l e t i o n of a r e s p o n s e ) . It was r e c o m m e n d e d 

that any c o n c l u s i o n s about C A T be based on d i r ec t m e a s u r e m e n t s of 

C A T ra ther than on ques t ionable in fe rences f r o m la tency m e a s u r e m e n t s . 

A n in fo rma l m o d e l was p r o p o s e d which accounted fo r the 

ens e m b l e - spec i f ic ove r l ap between la tency and M T in t e r m s of r e s p o n s e 

s t r a t e g i e s . 
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CHAPTER I 

INTRODUCTION 

The increasing complexity of certain man-machine tasks, such 

as air-traffic control and spacecraft navigation, has emphasized the 

need to optimize the interface between man and machine as a means of 

increasing overall system performance. The present investigation is 

concerned with one aspect of this interface, namely, the effect of r e 

sponse devices ( i . e . , controls) on system performance. 

With respect to controls, the trend has been for increased task 

complexity to dictate the inclusion of additional control elements (i. e. , 

physically manipulable pushbuttons, knobs, levers , . . . ) with a resul

tant increase in the overall size of the control panel and a decrease in 

the discriminability of individual control elements. Each of these 

changes has had a deleterious effect on system performance, especially 

in speeded tasks (Crossman, 1953; Siegel, Schultz and Lanterman, 

1963; Schlesinger, 1964). Thus the goals of control design have come 

to include: 

1. increasing the ratio of control functions to control elements, 

2. simplifying control devices, both conceptually and in terms 

of the number of elements that must be manipulated, and 
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3 . reducing the overall size of control devices, an especially 

important consideration where space is a problem. 

One type of device that appears to satisfy these goals is the multi

plex (i. e. , multiple function) unit which assigns control of two or more 

functions to each element that must be manipulated by an operator. 

Control of the different functions is achieved by the manner in which 

the control element is moved. Available movements include: left-or-

right displacement, up-or-down displacement, in-or-out displacement, 

clockwise-or-counterclockwise rotation, and various combinations of 

these movements. Although joysticks and other quantitative controls 

might be included within this classification, the present focus is limited 

to discrete, momentary-contact switches. 

The most serious limitation to the general use of multiplex 

switches is that each function cannot be operated totally independent of 

the other functions. Specifically, the inherent design of the multiplex 

switch prevents the simultaneous operation of both functions from any 

axis of displacement or rotation. An N-function multiplex switch per-

N 

mits the simultaneous operation of, at most , — functions, each posi

tioned on a separate axis. Thus the suitability of a multiplex switch 

depends, in part, upon the nature of the functions that are to be con

trolled. The multiplex switch is suitable for use in systems where no 

functions require simultaneous operation, or where any functions which 

do require simultaneous operation can be positioned on separate axes. 
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A spec i a l c a s e of the lat ter o c c u r s when mutual ly exc lus ive functions 

a re pa i red onto the same a x e s . 

The p r e v i o u s "sui tabi l i ty" cons ide ra t ion r e f e r s to the abil i ty of 

the mul t ip lex swi tch to effect con t ro l of all d e s i r e d combina t ions of 

funct ions . A s e c o n d "sui tabi l i ty" cons ide ra t ion is c o n c e r n e d with the 

quali ty of the con t ro l that is e x e r c i s e d , in t e r m s of such f ac to r s as 

speed and a c c u r a c y of ope ra t ion . This cons ide ra t ion r a i s e s the q u e s 

tion of how p e r f o r m a n c e would be affected by the substitution of an a r -

ray of — N-funct ion mul t ip lex swi tches fo r an a r r ay of X s i m p l e swi t 

c h e s . 

S i e g e l , Shultz, and Lan te rman (1963) included a c o m p a r i s o n of 

two r o w s of 8 s i n g l e - t h r o w swi tches with one r o w of 8 doub le - th row 

swi tches in their study of s e v e r a l f ac to r s involved in con t ro l ac t iva t ion . 

B e f o r e the beginning of a t r ia l , each of their three subjects was in

f o r m e d which of the fo l lowing a l ternat ives would be c o r r e c t : 

1. R o w A , all 8 swi tches up, 

2 . R o w B, all 8 swi tches down, 

3. R o w C (double th row) , all 8 swi tches up, o r 

4 . R o w C (double th row) , all 8 swi tches down. 

A t r ia l was begun by a warning light which the subject extinguished b e 

f o r e c a r r y i n g out the p r e s p e c i f i e d con t ro l ac t i v i t i e s . The only t ime 

m e a s u r e which was r e c o r d e d and r epor t ed was tr ial t i m e , spec i f i c a l l y , 

the e lapsed t ime f r o m the act ivat ion of the f i rs t switch through the ac -
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t ivat ion of the 8th switch in the r o w . Unfortunately, t r ia l t ime was 

s o l e l y a m e a s u r e of the c o l l e c t i v e m o v e m e n t t ime fo r the para l l e l ac t i 

vation of 7 adjacent sw i t ches , devo id of pe r cep t ion and d e c i s i o n t i m e . 

Thus the finding of a " s m a l l but s ta t i s t ica l ly s ignif icant" d i f f e rence , 

favor ing the s i n g l e - t h r o w swi tches ( 2 . 4 3 seconds v e r s u s 2 .28 seconds 

pe r t r ial of 7 ) , has little r e l e v a n c e in a s s e s s i n g the re la t ive e m p i r i c a l 

e f f i c i ency of the two types of c o n t r o l s . 

The essen t ia l t ime m e a s u r e fo r an a s s e s s m e n t of re la t ive con t ro l 

e f f i c i ency is con t ro l act ivat ion t ime ( C A T ) in a c h o i c e reac t ion task, 

i. e . , the e lapsed t ime f r o m the onse t of a st imulus to the c o m p l e t i o n 

of c o n t r o l ac t iva t ion . This m e a s u r e is equivalent to the t ime needed by 

an o p e r a t o r in an appl ied task to p e r c e i v e a s ignal , to dec ide on the ap 

p rop r i a t e r e s p o n s e , and to execute the r e s p o n s e . Any t ime m e a s u r e 

that exc ludes informat ion p r o c e s s i n g t ime ( i . e . , pe rcep t ion t ime and 

d e c i s i o n t ime) has li t t le value toward predic t ing appl ied task p e r f o r 

m a n c e whe re these f ac to r s ope ra t e . 

In o r d e r to be able to identify the s o u r c e of any m e a s u r e d CAT 

d i f f e r e n c e s , it is d e s i r a b l e to part i t ion C A T into m e a s u r e s of (a) p r o 

c e s s i n g p e r f o r m a n c e t ime ( i . e. , the t ime c o s t of all mental p r o c e s s i n g 

p r e p a r a t o r y to con t ro l ac t ivat ion in a c h o i c e reac t ion t ime task) and 

(b) execut ion (o r m o v e m e n t ) p e r f o r m a n c e t i m e . Such a par t i t ion can be 

at tempted by measu r ing independently la tency (e lapsed t ime f r o m s t imu

lus onset to the beginning of a r e s p o n s e ) and m o v e m e n t t ime (e lapsed 
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time from the beginning of a response to the completion of the control 

activation). The validity of inferring that latency measures total pro

cessing performance time and that movement time (MT) measures only 

minimum required execution performance time depends on the degree 

to which the experimental situation yields separability of these compo

nents. For example, if a movement is begun while decision is still in

complete, then measured latency is less than total processing time, 

and concomitantly, measured MT is likely to be greater than minimum 

required execution time. Thus, if separation of the components is de

sired, a necessary condition is that the experiment be suitably designed 

with regard to instructional set ( e . g . , "Don't begin a movement until 

you have decided which response you will make") and/or payoff (e .g . , 

"The shorter your M T , the greater your payoff") (Snodgrass, Luce, 

and Galanter, 1967). 

If the desired partitioning is accomplished, the processing time 

component serves as a basis for determining the relative processing 

efficiency of various control ensembles, all other factors being equal. 

Similarly, the execution time component serves as a basis for deter

mining the relative execution efficiency of various control ensembles, 

all other factors being equal. Whether or not partitioning is accom

plished, CAT serves as a basis for determining the relative overall ef

ficiency of various control ensembles, all other factors being equal. 

The qualified "all other factors being equal" is mandatory (al-
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though unattainable in the strictest sense) if decisions regarding the 

relative efficiencies of controls are to be based on any of these time 

measures . It has been shown that the processing time portion of CAT 

is a complex measure which may be affected by many variables, such 

as: (a) receptor systems involved (Elliot and Louttit, 1948; Canfield, 

Comrey, and Wilson, 1949; Leob and Hawkes, 1961; Bl iss , Townsend, 

Crane, and Link, 1965; Swink, 1966); (b) uncertainty regarding sensory 

modality, e . g . , whether the next signal will be auditory, visual, tac

tual, . . . , (Kristofferson, 1965); (c) the nature of the stimulus within 

a sensory modality, e. g. , a color sample versus the printed name of 

the color sample in a visual task (Cattell, 1947, as reported in Smith, 

1968; Broadbent and Gregory, 1962; Morin, Konick, Troxell , and 

McPherson, 1965; Chase and Posner, 1965; Garner, 1970); (d) the num

ber of stimulus alternatives (Hick, 1952; Hyman, 1953; Brainard, Irby, 

Fitts, and Alluisi , 1962; Lamb and Kaufman, 1965; Broadbent and 

Gregory, 1965); (e) the number of response alternatives (Crossman, 

1953; Bricker, 1955; Wiggins, 1957; Morin and Forrin, 1963; 

Schlesinger, 1964; (f) the probability of occurrence of each stimulus 

(Hyman, 1953; Fitts, Peterson, and Wolpe, 1963; Favreau, 1964; La 

Berge and Tweedy, 1964; Lamb and Kaufman, 1965); (g) temporal un

certainty (Klemmer, 1957 b); (h) the probability of occurrence of each 

response (Dillon, 1966); (i) the sequential dependencies of stimuli 

(Hyman, 1953); (j) the repetition of stimuli and responses (Bertelson, 
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1961, 1963) , the repet i t ion of s t imuli o r r e s p o n s e s (Be r t e l son , 1965), 

and the inf luence upon repet i t ions of the inter t r ia l interval (Be r t e l son 

and Renkin, 1966; W i l l i a m s , 1966); (k) s t imulus d i sc r iminab i l i t y 

(Garner and Hake, 1951; C r o s s m a n , 1955; Thurmond and A l l u i s i , 1963; 

S te rnberg , 1964; Chase and P o s n e r , 1965; Ga rne r , 1970); (1) value of 

pa r t i cu la r s t imuli (Fi t t s , unpublished, r epor ted in Smith, 1968; La 

B e r g e , 1964); (m) the mapping of s t imuli onto r e s p o n s e s in t e r m s of 

the rat io of s t i m u l i - t o - r e s p o n s e s ( P o s n e r , 1964; Fitts and B i e d e r m a n , 

1965) and the p recep tua l and conceptua l nature of the mapping (coding) 

s c h e m e (Rabbit t , 1959; Broadbent and G r e g o r y , 1962; P o l l a c k , 1963; 

P o s n e r , 1964; Fit ts and B i e d e r m a n , 1965; Smith, 1968); (n) s t imulus -

r e s p o n s e ( S - R ) compat ib i l i ty (Fitts and S e e g e r , 1953; Fitts and Dein inger 

1954; F i t t s , 1959; Fitts and Swi tze r , 1962; A l l u i s i , Strain and Thurmond , 

1964; Fi t ts and B i e d e r m a n , 1964); (o) l o n g - t e r m p r a c t i c e a n d / o r r e l e 

vant t ransfer ( M o w b r a y and Rhoades , 1959; Hanes and Rhoades , 1959; 

Se ibe l , 1963; N e i s s e r , N o v i c k and L a z a r , 1963); and (p) the set , par t i 

cu l a r ly regard ing the s p e e d - a c c u r a c y t rade-of f , impar ted to the sub 

j ec t by ins t ruc t ions (Hick, 1952; Howel l and K r e i d l e r , 1963; F i t t s , 1966) 

and by s e l e c t i v e payoff (Snodgrass , L u c e , and Galanter , 1967; Fi t t s , 

unpubl ished, r epo r t ed in Smith, 1968). 

It has a l s o been shown that the M T por t ion of C A T is affected by 

many other types of va r i ab l e s such as : (a) the spec i f i c e f f ec to r s used , 

f o r e x a m p l e , whether foo t , j aw, a r m , hand, o r eye m u s c l e s o r m u s c l e 
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ac t ion potent ia ls a re used to effect c o n t r o l (Hathaway, 1935; Seasho re 

and S e a s h o r e , 1941; Stark, V o s s i u s , and Young, 1962; B a r l o w , 1964; 

W a r g o , 1967) and including such fine d is t inc t ions as which spec i f i c 

f inger is used (Dvorak , M e r r i c k , Dea l ey , and F o r d , 1936; Kinney and 

R i c h e , 1962) and which c h o r d s of two o r m o r e f ingers a re used in s i m u l 

taneous k e y p r e s s (Ratz and Ri t ch ie , 1961; Se ibe l , 1961); (b) the a l te rna

t ive r e s p o n s e s within the r e s p o n s e r e p e r t o i r e of a given situation 

(Kinney and R i c h e , 1962; K o r n b l u m , 1965); (c ) the phys ica l p a r a m e t e r s 

of the r e s p o n s e d e v i c e , such as the amount of m o v e m e n t d is tance 

(Brown and S l a t e r - H a m m e l , 1948; Wehrkamp and Smith, 1952; Har r i s 

and Smith, 1954; W a r g o , 1967) , the p r e c i s i o n with which the m o v e m e n t 

mus t be te rmina ted (Fi t t s , 1954; Fitts and P e t e r s o n , 1964), and the 

amount of f o r c e r equ i red f o r con t ro l ac t ivat ion (Stump, 1952; K l e m m e r , 

1957 a) ; (d) the or ienta t ion of the r e s p o n s e d e v i c e in re la t ion to the o p e r 

ator (Stump, 1952); (e) the d i r ec t ion of m o v e m e n t of the con t ro l e l e m e n t / s 

(Stump, 1952; L o v e l e s s , 1962); (f) the d i s c r iminab i l i t y of the con t ro l 

e lements a n d / o r pos i t ions of the e lements (Fi t ts , 1947; Fit ts and 

Cranne l l , 1953; F i t t s , 1954; Bahr i ck , 1957; Bahr i ck and N o b l e , 1961; 

G a r n e r , 1962; F i t t s , 1964; Fitts and P o s n e r , 1967); and (g) l o n g - t e r m 

ski l l p r a c t i c e (Snoddy, 1926; C r o s s m a n , 1959) . Thus , the val idi ty of 

attributing m e a s u r e d d i f fe rences in C A T to d i f fe rences in the e f f i c iency 

of the c o n t r o l d e v i c e s depends upon the e x p e r i m e n t e r ' s s u c c e s s in c o n 

t ro l l ing fo r the above ment ioned v a r i a b l e s . 
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M o r e o v e r , in addit ion to the t ime m e a s u r e s , there r emains 

another m a j o r c r i t e r i o n m e a s u r e , that i s , the p ropo r t i on o r d e g r e e of 

r e s p o n s e a c c u r a c y . In fac t , the value of any m e a s u r e of c h o i c e r e 

sponse t ime exis t s only in re la t ion to a concomi tan t m e a s u r e of r e 

sponse a c c u r a c y . The human o p e r a t o r ' s demons t ra ted abi l i ty to t rade 

speed of responding fo r a c c u r a c y of responding (Hick, 1952; Howel l 

and K r e i d l e r , 1963; Fi t t s , 1966) r ende r s pa r t i cu la r ly suspect any c o n 

c lus ions regard ing the c o m p a r a t i v e e f f i c i ency of different types of c o n 

t ro l s ba sed upon ei ther t ime o r a c c u r a c y m e a s u r e s c o n s i d e r e d a lone . 

When both individual d i f fe rences and set f o r speed v e r s u s a c c u 

r a c y of responding a re c o n t r o l l e d , a high pos i t ive c o r r e l a t i o n be tween 

speed and a c c u r a c y is usual ly found to exis t a c r o s s different e x p e r i 

menta l e n s e m b l e s , p r e s u m a b l y resul t ing f r o m the effect on both speed 

and a c c u r a c y of the e f f i c i ency of the neural t rans format ions requ i red 

by each e n s e m b l e (Fi t t s , 1959) . This means that m o s t of the p r e v i o u s l y 

ment ioned va r i ab l e s which affect p r o c e s s i n g t ime a re a l so l ike ly to af

fec t a c c u r a c y of r e spond ing . T h e r e f o r e , the con t ro l of these f ac to r s is 

doubly s ignif icant in the e m p i r i c a l a s s e s s m e n t of con t ro l e f f i c i ency . 

The p re sen t expe r imen t was des igned to m e e t two o b j e c t i v e s : 

1. A n e m p i r i c a l a s s e s s m e n t of the e f f i c i ency (measu red by C A T 

and e r r o r s ) of 4 - w a y mul t ip lex swi tches re la t ive to funct ional ly equiva

lent e n s e m b l e s of s imp le swi t ches , and 

2. A theore t i ca l a s s e s s m e n t of the manner in which this e x a m -
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p ie of mul t ip lex i ty affects p e r f o r m a n c e , spec i f i c a l l y an a s s e s s m e n t of 

(a) the re la t ive conceptua l difficulty ( m e a s u r e d by la tency) and (b) the 

re la t ive p e r f o r m a n c e difficulty ( m e a s u r e d by M T ) of the two switch 

types . 

S p e c i f i c a l l y , the p re sen t expe r imen t manipulated con t ro l types 

and the number of st imulus and r e s p o n s e al ternat ives while it at

tempted to c o n t r o l the r ema inde r of the p r e v i o u s l y ment ioned v a r i a b l e s . 

The p r i m a r y tact ic f o r con t ro l was to equate all p o s s i b l e features of 

the va r ious expe r imen ta l cond i t i ons . Where it was i m p o s s i b l e to 

equate fea tures ( e . g . , S-R mapping, s y m b o l i c label ing of swi tch func

t ions , . . . ) , an attempt was made to ba lance the ove ra l l effect each 

would have on p e r f o r m a n c e , in o r d e r to m i n i m i z e the probabi l i ty of 

cons i s ten t b i a s . The p r o c e d u r e s used in attempting to con t ro l the p r e 

v i o u s l y ment ioned va r i ab les wi l l be e labora ted in the fo l lowing chapter . 
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C H A P T E R II 

METHODS 

Subjects 

F o r t y - e i g h t c o l o r - n o r m a l subjec ts w e r e r ec ru i t ed f r o m under 

graduate p s y c h o l o g y c l a s s e s at the G e o r g i a Institute of T e c h n o l o g y . 

They r e c e i v e d extra c l a s s c r ed i t fo r their par t ic ipa t ion . F o r addit ional 

mot iva t ion the subjec ts c o m p e t e d fo r $5 p r i z e s which w e r e awarded to 

the bes t p e r f o r m e r in each exper imenta l condi t ion . Subjects w e r e a s 

s igned to expe r imen ta l condi t ions on the bas i s of the o r d e r in which 

they vo lun t ee red . The c o n s i d e r a b l e equipment mod i f i ca t ion which was 

r equ i r ed to change f r o m one exper imenta l condi t ion to the next dictated 

that each condi t ion be run to c o m p l e t i o n b e f o r e the next condi t ion was 

begun. The t e m p o r a l o r d e r of exper imenta l condi t ions was : 

1. 8 s i m p l e swi tch condi t ion , S(8) , 

2 . 4 s i m p l e swi tch condi t ion , S(4) , 

3. 2 4 - w a y swi tch condi t ion , F ( 8 ) , 

4 . 1 4 - w a y swi tch condi t ion , F ( 4 ) . 

Subjects did not know fo r which condi t ion they w e r e vo lun teer ing . 
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Apparatus 

Booth 

The experimental booth constructed for the experiment had a 

horizontal surface at 2 9 - 1 / 4 inches on which was located the Home Key 

(HK). An opening at the intersection of the horizontal surface and the 

vertical back surface (which the subject faced) accepted the control 

ensembles for the different experimental conditions. Angled vertical 

sides prevented visual distraction of the subjects. 

An electromechanical shutter with a 1 -1 /2 inch aperture was 

positioned on the vertical surface at the approximate eye level of a typi

cal seated subject (Dreyfus, 1967). A stimulus disc located on the back 

side of the booth facilitated the silent rotation of desired stimuli into 

position behind the shutter blade, prior to the opening of the shutter. 

A removable label panel mounted midway between the shutter and 

the response ensemble presented to the subject's view a symbolic repre

sentation of the correct response for each possible stimulus. A differ

ent panel was used for each experimental condition. The appropriate 

panel was constantly present during an experimental session, and was 

positioned to facilitate the subjects' reference to it with minimum dis

traction from the other elements of the task. Functionally, these 

panels paralleled the symbolic labeling frequently used on control de

vices to portray the function or operating pattern of the device. For 

this experiment, however, the labeling appeared on the panel instead of 
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on the control element itself. This modification was necessary for 

clarity and for uniformity across functionally different response ensem

bles . 

Speakers located above the subject's head were used to present 

the prerecorded instructions and then to supply white noise for sound 

masking. A wide-angle peephole enabled the experimenter to monitor 

the adequacy with which the subject followed instructions (e. g. , correct 

use of HK). To prevent shadow from the edge of the shutter aperture 

from falling on the recessed stimulus sample, an adjustable fluorescent 

lamp using "Daylight" tubes was positioned by the experimenter i m m e 

diately above the seated subject's head. 

Instrumentation 

Five Hunter Klockounters, a response monitoring lamp array, 

and an impulse counter were located in an adjoining room. Two of the 

t imers , set to millisecond accuracy, measured latency (the time to lift 

from HK) and CAT (the time to complete the first response) for each 

trial. The other t imers , operating cumulatively, measured total s e s 

sion time spent (1) in latency, (2) in C A T , and (3) in total time off HK. 

The lamp array indicated which response the subject completed first on 

each trial. The impulse counter measured the total number of responses 

the subject completed during a session so that the number of multiple 

responses could be determined. (Multiple responses were penalized 

(see Appendices 2, 3 , and 4) in order to discourage subjects from r e -
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sponding p r e m a t u r e l y and then " c o r r e c t i n g " e r r o n e o u s initial r e s p o n s e s 

Stimuli 

C o l o r s w e r e se l ec t ed as st imuli in o r d e r to c r ea t e tasks having 

neutral S-R compat ib i l i ty , i . e . , tasks nei ther taking advantage of strong 

p red i spos i t i ona l t endenc ies nor violat ing them. This neutral i ty was 

sought in o r d e r to prevent compat ib i l i ty f r o m confounding any effects 

spec i f i c to the r e s p o n s e d e v i c e s being evaluated. Spec i f i ca l ly , it was 

a s s u m e d that the subjec ts would not br ing to the exper iment s t rong p r e 

d i spos i t i ons toward a s soc ia t ing c o l o r s amp le s with r e s p o n s e p o s i t i o n s . 

T o further a s s u r e the equali ty of S-R compat ib i l i ty a c r o s s the funct ion

a l ly dis t inct r e s p o n s e e n s e m b l e s , the a s s ignment of c o l o r s to r e s p o n s e 

pos i t ions was r andomized a c r o s s sub jec t s . 

A n addit ional a p r i o r i r equ i remen t was that the e lements of the 

s t imulus alphabet be equal ly d i s c r i m i n a b l e . The 8 -e lement c o l o r alpha 

bet d e v e l o p e d by C o n o v e r and Kraft (1959) was s e l ec t ed to m e e t this r e 

qu i r emen t . H o w e v e r , p i lot data r evea l ed that in the p resen t e x p e r i 

menta l context the C o n o v e r and Kraft c o l o r s (Set A ) w e r e not equal ly 

d i s c r i m i n a b l e . Munse l l 1R5. 0 6 / 1 0 . 3 was involved in 46 pe r cent of all 

e r r o r s , and substitutions be tween this c o l o r and the spec t r a l l y adjacent 

c o l o r , Munse l l 2. 5 R P 4 . 9 0 / 9 . 5, accounted fo r 39 pe r cent of all adja

cent substi tution e r r o r s . The alphabet f inally s e l ec t ed cons i s t ed of 

C o n o v e r and Kraft Set A with Munse l l 1R5. 0 6 / 1 0 . 3 r ep l aced by C o l o r -

ma tch 203. 
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The 8 -e l emen t alphabet was then divided into two spec t r a l ly adja

cent 4 - e l e m e n t subse t s , A and D , each maintaining the l e v e l of d i s c r i m i 

nation diff iculty of the total alphabet (Appendix 1) . Random ass ignment 

of each subset to half of the subjects in each 4-a l te rna t ive condi t ion 

y ie lded for each swi tch type an A - s u b s e t subcondi t ion and a D- subse t 

subcondi t ion . 

The shutter surround which v i sua l ly b o r d e r e d each c o l o r sample 

during a t r ia l was painted a c o l o r ma tched to Munse l l N 5 / . 

Stimulus O r d e r 

A s p r e v i o u s l y men t ioned , the quest f o r neutral i ty of S-R c o m p a t i 

b i l i ty a c r o s s condi t ions dictated that the ass ignment of c o l o r s t imuli to 

r e s p o n s e pos i t ions be r andomized a c r o s s sub j ec t s . H o w e v e r , known 

sequent ial and repet i t ion effects dictated that cer ta in fea tures of the r e 

sponse (and s t imulus) o r d e r be ident ica l a c r o s s cond i t ions . Thus s t im

uli w e r e p r e sen t ed so that: 

(a) r e s p o n s e o r d e r fo r each subjec t within a condi t ion was iden

t i ca l , and 

(b) r e s p o n s e o r d e r a c r o s s all condi t ions was random except as 

cons t ra ined by the fo l lowing cons ide ra t ions : 

(1) each pos i t ion o c c u r r e d equally often within e v e r y 2 4 -

t r ia l b l o c k ; 

(2) 3 doubles ( i . e . , immed ia t e repet i t ions) o c c u r r e d within 

e v e r y 24- t r i a l b l o c k ; and 
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(3) no pos i t ion o c c u r r e d a s e c o n d t ime as a double until 

each of the other pos i t ions had o c c u r r e d as a doub le . 

R e s p o n s e E n s e m b l e s 

The r e s p o n s e e n s e m b l e s w e r e (1) a radial a r rangement of four 

s imp le sw i t ches , (2) a s im i l a r a r rangement of eight swi t ches , (3) one 

4 - w a y swi tch , and (4) two 4 - w a y s w i t c h e s . A l l of the swi tches w e r e of 

the s p r i n g - l o a d e d , m o m e n t a r y - c o n t a c t va r ie ty , with both an audible 

c l i c k and tact i le f eedback accompany ing their opera t ion . A l l of the 

s imp le swi tches requ i red a downward k e y p r e s s fo r opera t ion . The 4 -

way swi tches w e r e act ivated by an up, down, right, o r left k e y p r e s s . 

Each e lement of the r e s p o n s e e n s e m b l e s equated the phys ica l 

c h a r a c t e r i s t i c s of (1) t rave l d is tance f r o m HK to each e lement ( 9 - 1 / 2 

inches ) ( s e e Append ix 1), (2) switch throw (1 /8 inch) , (3) switch r e s i s 

tance (7 o u n c e s ) , (4) f eedback c l i c k , and (5) s i ze and c o l o r of the c o n 

t ro l e l e m e n t s . The actual r e s p o n s e surface on the s imple swi tches 

was a 3 / 4 - i n c h d iamete r white cy l inde r mounted onto a flat, b l ack 

l e v e r . The r e s p o n s e sur face for the 4 - w a y swi tches was a 3 / 4 - i n c h 

white sphe r i ca l knob on the end of a flat, b l ack l e v e r . The dis tance b e 

tween swi tches in both of the s imple switch e n s e m b l e s was constant at 

2 - 3 / 8 i n c h e s . The dis tance be tween the two 4 - w a y switch knobs was 

g rea te r at 3 - 5 / 8 inches b e c a u s e these knobs had to be g rasped and 

opera ted ho r i zon ta l ly as wel l as v e r t i c a l l y . In o r d e r to prevent a c c i 

dental mul t ip le k e y p r e s s e s , the 4 - w a y swi tches w e r e cons t ruc ted so 
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that only one pos i t ion could be opera ted at a g iven t i m e . Thus a mul t i 

p le k e y p r e s s cou ld be a c c o m p l i s h e d only by returning the swi tch to the 

cen te r pos i t ion fo l lowing the f i r s t k e y p r e s s and then making an addi 

t ional k e y p r e s s . 

Labe l Pane l s 

The l abe l panels w e r e des igned to m a x i m i z e i s o m o r p h i s m be tween 

the panel and the r e s p o n s e e n s e m b l e which it l abe led . 

F o r each radial a r r angemen t of s imp le swi t ches , the panel c o n 

s i s ted of a radial a r r angement of 3 / 4 - i n c h round ho le s behind which 

w e r e pos i t ioned c o l o r s amples ident ical to the s t imul i . The panels 

w e r e painted to match Munse l l N 5 / , as was the shutter sur round . The 

a s s ignmen t of c o l o r s to pos i t ions was va r i ed a c r o s s subjects by v a r y 

ing the p l a c e m e n t of the c o l o r s amp le s behind the ho le s c o r r e s p o n d i n g 

to the swi tch p o s i t i o n s . 

The layout of the v e r t i c a l l y mounted label panel was des igned so 

that f r o m the eye pos i t ion of the a v e r a g e seated subjec t , the radial a r 

rangement of h o l e s appeared to be c o n c e n t r i c with the hor izon ta l ly 

mounted radia l a r r angemen t of s w i t c h e s . Fur ther , based upon pi lot 

data, the ho l e s w e r e spaced so that to the ave rage subject they appeared 

to be d i r e c t l y above the c o r r e s p o n d i n g swi tch . 

The labe l panel fo r the 4 - w a y swi tch was s i m i l a r l y cons t ruc ted , 

but of n e c e s s i t y , the s y m b o l i c a r rangement was different . On the 

panel , d i r e c t l y above the round swi tch knob, was a s m a l l e r ( 1 - 1 / 2 inch) 
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white sphe r i ca l knob represent ing the swi tch knob . This s y m b o l i c knob 

was sur rounded by four 3 / 4 - i n c h h o l e s , one each a b o v e , b e l o w , and 

ho r i zon ta l ly on either s i de . Thus if red appeared when the shutter 

opened and the s a m e red was found to the right s ide of the s y m b o l i c 

knob on the labe l panel , then the c o r r e c t r e s p o n s e was to p r e s s the 

switch knob to the r ight . 

The labe l panel fo r the ensemble of two 4 - w a y swi tches was s i m i 

lar with a s y m b o l i c knob loca ted above each swi tch knob. 

P r o c e d u r e 

Genera l D e s i g n 

F o u r main condi t ions w e r e tested: s imple swi tches with 4 s t imu

lus and r e s p o n s e a l te rna t ives , S(4); s imp le swi tches with 8 a l te rna t ives , 

S(8) ; a 4 - w a y switch with 4 a l te rna t ives , F ( 4 ) ; and 4 - w a y swi tches with 

8 a l t e rna t ives , F ( 8 ) . 

In addit ion to the genera l f ac to r i a l des ign , the two condi t ions at 

the 4 -a l t e rna t ive l e v e l w e r e each c o m p o s e d of two subcondi t ions ident i

f ied by the 4 - e l e m e n t st imulus subset e m p l o y e d . T w e l v e subjects w e r e 

run fo r each main condi t ion , s ix subjects fo r each subcondi t ion . 

The o v e r a l l des ign ma t r i x was : 

4 alt . 8 alt . 

S (4) A (n = 6) I S (8) 

S (4) D (n = 6) (n = 12) S imple 

4 - way 

F(4 ) A (n = 6) F (8) 

F(4) D (n = 6) (n = 12) 
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The t e m p o r a l o r d e r of execut ing the condi t ions was S(8) , S(4) , 

F ( 8 ) , F ( 4 ) . Within S(4) and F(4) the s t imulus subset o r d e r was r andom. 

T a s k 

Each subject was f i r s t tes ted for c o l o r v i s ion with the Dvor ine 

P s e u d o - I s o c h r o m a t i c C o l o r P la tes under "Dayl ight" f l uo re scen t i l l u m i 

nation. A n y subjec t making m o r e than one e r r o r was r e j e c t e d . The 

c o l o r - n o r m a l subject was then seated at the exper imenta l booth whe re 

he r e c e i v e d p r e r e c o r d e d task ins t ruc t ions . The subject was a l so given 

the pr inted text of the ins t ruct ions to f o l l o w a n d / o r r e v i e w at the end of 

the r e c o r d i n g . 

The ins t ruc t ions explained the sw i t ches , the label pane l s , the use 

of HK, the s t imulus o r d e r , the p e r f o r m a n c e c r i t e r i a defined by a s c o r 

ing p r o c e d u r e , and the ($5) p r i z e s to be awarded to the bes t s c o r e r in 

each expe r imen ta l condi t ion (Append ices 2, 3, 4 , and 5 ) . Subjects w e r e 

told that the s t imulus o r d e r was random and that s t imulus repet i t ions 

cou ld o c c u r . Subjects w e r e not told of the cons t ra in t s on st imulus o r d e r 

which p reven ted it being truly r andom. 

The s c o r i n g p r o c e d u r e explained to the subject a rather detai led 

payoff function, which was repeated and e labora ted upon. The pu rpose 

of this deta i led s c o r i n g p r o c e d u r e was threefold: 

(1) The compe t i t i ve situation c r ea t ed by the scor ing p r o c e d u r e , 

p r i z e s , and the sub j ec t s ' knowledge that earned s c o r e s 

would be pos ted in the p s y c h o l o g y c l a s s r o o m s was felt to be 
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important in motivat ing the subjec ts fo r the lengthy repe t i 

t ive task . 

(2) The c o n s e q u e n c e s of speed of responding and o c c u r r e n c e of 

e r r o r s w e r e deta i led in an attempt to e l ic i t f r o m the subject 

the d e s i r e d s p e e d - a c c u r a c y tradeoff function. 

(3) The s p e c i f i c detai ls of the s co r ing p r o c e d u r e w e r e s e l e c t e d 

in an attempt to separa te , in a m e a s u r a b l e way, the re la t ive 

effects on C A T of p r o c e s s i n g t ime and execut ion t i m e . S e c 

ondar i ly , the payoff detai ls w e r e s e l e c t e d to m a x i m i z e the 

sens i t iv i ty of l a tency as a m e a s u r e of re la t ive task diff icul ty. 

S p e c i f i c a l l y , each subjec t was told that the l o w e s t n u m e r i c a l 

s c o r e was " b e s t " and that the earned s c o r e c o n s i s t e d of three addit ive 

componen t s : 

(1) a v e r a g e C A T , 

(2) 1/10 a v e r a g e C A T t imes number of e r r o r s , and 

(3) 1/2 a v e r a g e "total t ime off HK, " (Appendices 2, 3, and 4 ) . 

The f i r s t two componen t s w e r e intended to shape the s p e e d - a c c u r a c y 

t radeoff . The third componen t , plus the accompany ing c la r i f i ca t ion , 

pointed out the payoff advantage of remaining on HK until a k e y p r e s s 

d e c i s i o n was " r e l a t i ve ly cer ta in , " mov ing rapidly to effect the r e s p o n s e , 

and then qu ick ly returning to HK. It was a s s u m e d then that the effect 

of (3) would be to make la tency a m e a s u r e of p r o c e s s i n g t ime , thus a l 

lowing a m e a s u r e of m o v e m e n t t ime alone to be computed f r o m the dif-
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f e r e n c e be tween C A T and la tency . Fur ther , the p r o c e d u r e was in

tended to sens i t i ze la tency as a m e a s u r e of o v e r a l l task difficulty by 

penal iz ing the p r o c e s s of lifting f r o m HK immed ia t e ly upon p r e s e n t a 

tion of a s t imulus and p r i o r to comple t i on of the d e c i s i o n p r o c e s s . 

Ses s ion 

The s t imuli w e r e manual ly initiated by the e x p e r i m e n t e r . The 

s t imulus o r d e r was p r e a r r a n g e d in such a manner that the c o r r e c t r e 

sponse on any t r ia l was the s ame fo r all subjects in a group despi te the 

r a n d o m i z e d ass ignment of s t imuli to r e s p o n s e s a c r o s s s u b j e c t s . 

The la tency t i m e r , C A T t ime r , and l amp a r r a y w e r e read and 

r e c o r d e d manual ly f o r each t r ia l by an ass is tant who was loca ted in an 

adjoining r o o m . The cumulat ive t i m e r s w e r e read and r e c o r d e d only 

at the c o m p l e t i o n of an exper imenta l s e s s i o n . The inter t r ia l interval 

was a p p r o x i m a t e l y twelve s e c o n d s . 

A s e s s i o n c o n s i s t e d of 192 t r ia ls (204 f o r s e v e r a l e a r ly sub jec t s ) 

and las ted a p p r o x i m a t e l y fifty minu tes . A b r i e f res t in terval of l e s s 

than three minutes was g iven after t r ia l 120. The subject was en

c o u r a g e d to s t re tch , walk down the hal l , a n d / o r get a drink of water at 

a nea rby fountain. 

The subjec t was g iven ove r t f eedback (mean C A T ) only at the c o n 

c lus ion of the expe r imen t , although the appropr ia te labe l panel was a l 

ways in v i e w . A t the comple t i on of the s e s s i o n , the subject was a l s o 

g iven a d e s c r i p t i o n of the pu rpose and p r o c e d u r e of the expe r imen t , 
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shown the work ing of the apparatus , and a l lowed to ask any ques t ions . 

A l l s c o r e s w e r e pos t ed in the p s y c h o l o g y c l a s s r o o m s and winners w e r e 

announced app rox ima te ly one week after the c o m p l e t i o n of each e x p e r i 

menta l cond i t ion . 
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CHAPTER in 

RESULTS 

On the basis of mean CAT per 24-trial block, calculated separ

ately for each group (Appendix 6), trials 49 -168 were selected as 

representing relatively flat performance plateaus. A l l further analy

ses were based on these trials . 

The mean and median CAT were computed for each subject. In 

view of the consistent (47 of 48) finding of a larger mean than median, 

distribution analyses (Veldman, 1967, pp. 181-189) were performed 

independently on the CAT data of each subject. The results of these 

analyses (Appendix 7) indicated that for 42 of the 48 subjects, the prob

ability that the CAT values in fact represented a symmetrical distribu

tion was less than . 0 5 . For these asymmetrical distributions the m e 

dian is more representative (than the mean) of the "most typical" CAT 

of a subject. However, by definition, the mean remains the summary 

measure most representative of a subject's overall CAT distribution. 

Overall Analyses 

On the basis of the above considerations, both mean and median 

CAT were independently analyzed along with information transmission 

rate (ITR). These summary measures for each subject are given in 
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A p p e n d i x 8. The g roup m e a n s of these m e a s u r e s a re included in T a b l e 

1 and i l lus t ra ted in F i g u r e s 1-3. The resu l t s of the independent t w o -

way a n a l y s e s of v a r i a n c e ( swi tch type by n u m b e r of a l te rna t ives) a r e 

s u m m a r i z e d in T a b l e 2 . 

F o r each of these m e a s u r e s , i nc r ea s ing the n u m b e r of a l t e rna

t ives f r o m 4 to 8 s igni f icant ly d e c r e a s e d p e r f o r m a n c e (p < . 05 ) . In no 

c a s e was the o v e r a l l effect of swi tch type s igni f icant , although the 

m e d i a n C A T (p = . 0553) just m i s s e d the m i n i m u m a c c e p t a b l e s ign i f i 

c a n c e l e v e l of . 05 . F o r each m e a s u r e , excep t m e d i a n C A T , the i n t e r -

Tab le 1 

Group Mean S c o r e s 

M e a s u r e S(4) S(8) F(4) F ( 8 ) 

C A T (in s e c o n d s ) , m e a n . 6718 1.0079 . 7662 . 9847 
m e d i a n . 6580 . 9540 . 7515 . 9541 

L a t e n c y (in s e c o n d s ) , m e a n . 4 1 3 9 . 7 6 1 6 . 4006 . 5601 
m e d i a n .4121 . 7207 .4003 . 5582 

M T (in s e c o n d s ) , m e a n . 2578 . 2 4 6 2 . 3656 . 4 2 4 5 

m e d i a n . 2325 . 2 1 1 3 .3408 . 3785 

ITR (in b i t s / s e c o n d ) 3 .0678 3 . 1 0 9 0 2 .6546 3. 1566 

N u m b e r of E r r o r s . 9167 1.6667 1.5833 1 .0000 

L a t e n c y - C A T c o r r e l a t i o n . 4 5 0 3 . 7675 . 3 9 1 6 . 3819 
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Table 2 

Resul t s of A n a l y s e s of V a r i a n c e Independently P e r f o r m e d 
on Mean C A T , Median C A T , I T R , and E r r o r Data 

S o u r c e M e a s u r e F 

Switch Type Mean C A T 1.9183 

Median C A T 3. 7778 (p = . 0 5 5 3 ) 

ITR 5 .1312* 

E r r o r s . 0000 

Number of A l t e rna t ives Mean C A T 1 1 6 . 3 0 1 1 " " " 

Median C A T 107 .2295*** 

ITR 1 1 . 3 2 1 8 " " 

E r r o r s . 0344 

In terac t ion Mean C A T 5 .2297* 

Median C A T 3 .7643 (p = . 0 5 5 7 ) 

ITR 8 .1495** 

E r r o r s 2 .2034 

No te . - - F o r each F, df = 1 ,44. 

*p_ < . 05 . 

**p < . 0 1 . 

**P < • 0 0 1 • 



F i g u r e 1. M e a n C A T as a Func t ion of the N u m b e r of St imulus and 
R e s p o n s e A l t e r n a t i v e s f o r S i m p l e and F o u r - F u n c t i o n 
S w i t c h e s . 

F i g u r e 2 . M e d i a n C A T as a Func t ion of the N u m b e r of Stimulus and 
R e s p o n s e A l t e r n a t i v e s f o r S imple and F o u r - F u n c t i o n 
S w i t c h e s . 
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F i g u r e 3 . I T R as a Func t ion of the N u m b e r of St imulus and 
R e s p o n s e A l t e r n a t i v e s f o r S imple and F o u r - F u n c t i o n 
S w i t c h e s . 

a c t i on w a s s igni f icant , with the med ian C A T again just m i s s i n g s ign i f i 

c a n c e (p = . 0 5 5 7 ) . 

S i m i l a r ana lyses of the number of e r r o r s , s u m m a r i z e d in T a b l e 

2 , r e v e a l e d no s ignif icant e f f e c t s . 

C o n t r a s t s 

A p r i o r i F tes ts w e r e p e r f o r m e d on the con t r a s t s a c r o s s swi tch 

types S(4) - F ( 4 ) and S(8) - F ( 8 ) , and on the c o n t r a s t s a c r o s s the n u m 

b e r of a l t e r n a t i v e s , S(4) - S(8) and F(4) - F ( 8 ) . The resu l t s of these F 

tes t s us ing m e a n C A T , m e d i a n C A T , and I T R a r e s u m m a r i z e d in T a b l e 3. 
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Table 3 

Contrast Measure I 

"Switch Type 1' 

S(4) - F(4) Mean CAT 12 .864 

Median CAT 11. 947 

ITR 17 .463*** 

S(8) - F(8) Mean CAT . 2 7 6 

Median CAT . 000 

ITR .139 

"Number of Alternatives" 

S(4) - S(8) Mean CAT 78 .638*** 

JJC i|C i{s 

Median CAT 74. 717 

ITR .137 

F(4) - F(8) Mean CAT 39. 515*** 

Median CAT 35 .824*** 

ITR 18 .465 

N o t e . - - F o r each F, df = 1 ,22 . 

*p < . 0 5 . 

**p < . 0 1 . 

***p < . 0 0 1 . 

Results of Contrasts Independently Performed on 
Mean C A T , Median CAT, and ITR Data 
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E a c h of the re levant cont ras t s showed a signif icant p e r f o r m a n c e d e c r e 

ment with i n c r e a s e s in the number of a l ternat ives except fo r S(4) -

S(8) using I T R , which showed no e f fec t . The swi tch type cont ras t s 

showed that fo r all m e a s u r e s the s imp le e n s e m b l e was supe r io r to the 

4 - w a y (mul t ip lex) e n s e m b l e , at the 4-a l te rna t ive l e v e l . H o w e v e r , again 

fo r all m e a s u r e s , the two switch types w e r e not s ignif icant ly different 

at the 8-a l ternat ive l e v e l . 

Stimulus Subset ( C o l o r Effect) Ana ly s i s 

T w o - w a y ana lyses of va r i ance of the subcondi t ions at the 4 -

a l ternat ive l e v e l , c l a s s i f i ed by swi tch type and st imulus subset , w e r e 

p e r f o r m e d independent ly f o r each m e a s u r e to de te rmine whether the 

s t imulus subse ts di f ferent ia l ly affected p e r f o r m a n c e (Append ices 9 and 

10) . The m e a n C A T , med ian C A T , and ITR m e a s u r e s y ie lded s igni f i 

cant ef fec ts only fo r swi tch type and the e r r o r data y ie lded no s ign i f i 

cant e f f e c t s . Thus the s t imulus subsets had no significant effect on 

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

La t ency and M T A n a l y s e s 

L a t e n c y and MT m e a s u r e s w e r e independently analyzed in an at

tempt to d i s c o v e r the ba se s of the d i f f e rences in C A T a c r o s s e n s e m b l e s 

O v e r a l l . Mean la tency and M T , and med ian la tency and M T w e r e 

computed (Tab le 1) and independently subjec ted to 2 -way ana lyses of 

va r i ance c l a s s i f i e d by swi tch type and number of a l t e rna t ives , as s u m 

m a r i z e d in Tab le 4 . Group means f o r these m e a s u r e s a r e i l lus t ra ted 
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Table 4 

Source Measure F 

Switch Type Latency, Mean 14. 7 1 7 4 " " 

Median 10 .7864** 

M T , Mean 4 8 . 8 8 7 1 * * * 

Median 4 3 . 2 8 5 3 * * * 

Number of Alternatives Latency, Mean 82 .0761*** 

Median 77 .3837 

M T , Mean 1.3398 

Median . 1553 

Interaction Latency, Mean 11. 2957** 

Median 8 .0720** 

MT Mean 2 .9753 

Median 1.9740 

Note. - -For each F, df = 1 ,44 . 

p < . 0 5 . 
:p < . 01 . 

p < . 001. 

Results of Analyses of Variance Independently Performed 
on Latency and MT Measures 
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in re la t ion to C A T in F i g u r e 4 . 

The ana lyses indicated that fo r each m e a s u r e swi tch type was 

significant (p < . 01 ) . F o r mean and median la tency , number of a l t e r 

nat ives (p < . 001) and the in terac t ion ( p < . 01) w e r e a l s o s ignif icant . 

A s can be seen in F i g u r e 4, l a tency and M T a re not cons i s ten t ly r e 

lated to C A T , e s p e c i a l l y a c r o s s swi tch t ypes . 

C o n t r a s t s . A p r i o r i F tes ts w e r e p e r f o r m e d on the cont ras t s 

a c r o s s swi tch types , S(4) - F (4) and S(8) - F ( 8 ) , and a c r o s s number 

of a l t e rna t ives , S(4) - S(8) and F (4 ) - F ( 8 ) , f o r mean la tency , median 

l a tency , m e a n M T , and med ian M T , independent ly . The resul ts of 

these con t ras t s a r e s u m m a r i z e d in Tab le 5. Mean and median la tency 

m e a s u r e s showed signif icant d i f f e r ences in the S(4) - S(8) , F (4 ) - F ( 8 ) , 

and S(8) - F (8 ) c o n t r a s t s . Mean and median MT m e a s u r e s showed 

signif icant d i f f e r ences only f o r the swi tch type con t r a s t s , S(4) - F (4) 

and S(8) - F ( 8 ) . 
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F i g u r e 4 . C o m p a r i s o n of S e v e r a l P e r f o r m a n c e M e a s u r e s 
(Median C A T , Median L a t e n c y , and Med ian M T ) 
a c r o s s N u m b e r of Stimulus and R e s p o n s e Al t e rna t ives 
f o r E n s e m b l e s of S imple and F o u r - F u n c t i o n S w i t c h e s . 
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Table 5 

Results of Contrasts Independently Pe rformed 
on Mean Latency, Median Latency, Mean M T , and Median MT 

Contrast Measure F 

"Switch Type" 

S(4) - F(4) Latency, Mean .312 

Median . 2 2 0 

M T 
9 

Mean 13.569" 

Median 12.109** 

S(8) - F(8) Latency, Mean 15.818*** 

Median 12.073** 

M T , Mean 38 .856*** 

Median 35 .632*** 

"Number of Alternatives" 

S(4) - S(8) Latency, Mean 71 .483*** 

Median 72 .333*** 

M T , Mean .332 

Median 1. 169 

F(4) - F(8) Latency, Mean 17 .631*** 

Median 16.672*** 

M T Mean 2.741 

Median 1. 036 

Note. - -For each F, df = 1, 22 . 

*p < . 0 5 . 

*p < . 0 1 . 
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C H A P T E R IV 

DISCUSSION 

Rank Order ing of Dependent Va r i ab l e s and M e a s u r e s 

In o r d e r to c l a r i fy the e m p i r i c a l re la t ions exist ing among the d e 

pendent va r i ab l e s ( C A T , la tency , M T , and ITR) and the s u m m a r y m e a 

sures (mean and m e d i a n ) , the exper imenta l e n s e m b l e s w e r e rank o r 

d e r e d , f r o m bes t to w o r s t , independently fo r each m e a s u r e of each d e 

pendent v a r i a b l e , as shown in Table 6. The e r r o r m e a s u r e , which 

showed no signif icant d i f fe rences be tween e n s e m b l e s , was exc luded 

f r o m the ranking. Within m e a s u r e s a n d / o r dependent v a r i a b l e s , each 

o c c u r r e n c e of nonsignif icant d i f fe rences between ensemb le s resul ted in 

both e n s e m b l e s being ass igned the appropr ia te midrank . 

Mean V e r s u s Median 

Both s u m m a r y m e a s u r e s w e r e independently analyzed so that c o n 

c lu s ions cou ld be based ei ther on m e a s u r e s represent ing the m o s t typi

ca l r e s p o n s e (medians) o r on m e a s u r e s bes t represent ing the o v e r a l l 

r e s p o n s e dis t r ibut ion ( m e a n s ) . The c o n s i s t e n c y with which pos i t i ve ly 

skewed C R T dis t r ibut ions a re found r e c o m m e n d s the use of the mean in 

appl ied p r o b l e m s whe re o v e r a l l p e r f o r m a n c e a s s e s s m e n t is d e s i r e d . 

H o w e v e r , f o r theo re t i ca l p r o b l e m s c o n c e r n e d with ba s i c underlying 
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p r o c e s s e s , the a rgument that the smal l n u m b e r of quite s l o w r e s p o n s e s 

r e su l t s f r o m u n c o n t r o l l e d confounding (attention, mo t iva t i on , d i s t r a c 

t ion) r e c o m m e n d s a m e a s u r e such as the med ian wh ich d e e m p h a s i z e s 

e x t r e m e v a l u e s . 

The p r e s e n t resu l t s demons t r a t e that the rank o r d e r i n g of e n s e m 

b l e s is in no c a s e a funct ion of which s u m m a r y m e a s u r e was e m p l o y e d . 

Th i s is l i k e l y due to the r e l a t i ve ly un i fo rm p o s i t i v e skew seen a c r o s s 

these d i s t r i b u t i o n s . H o w e v e r , such a p o s i t i v e s k e w is typ ica l of c h o i c e 

r e a c t i o n t i m e d i s t r ibu t ions in gene ra l . Thus the c o n c e r n o v e r s e l e c t i o n 

of a s u m m a r y m e a s u r e f o r c h o i c e r eac t ion t i m e d i s t r ibu t ions m a y b e 

ra ther t r iv i a l in hypo thes i s test ing app l i ca t ions , at l eas t w h e r e the d i s 

t r ibu t ions a r e s i m i l a r l y s k e w e d . 

Tab le 6 

Rank O r d e r of E n s e m b l e s (Bes t to W o r s t ) 
on the B a s i s of Seve ra l M e a s u r e s 

M e a s u r e S(4) S(8) F(4) F(8) 

M e a n C A T 1 2 3 - 1 / 2 3 - 1 / 2 

M e d i a n C A T 1 2 3 - 1 / 2 3 - 1 / 2 

M e a n L a t e n c y 1-1 /2 1-1 /2 4 3 

M e d i a n L a t e n c y 1-1 /2 1-1 /2 4 3 

M e a n M T 1-1 /2 3 - 1 / 2 1 -1 /2 3 - 1 / 2 

M e d i a n M T 1-1 /2 3 - 1 / 2 1 -1 /2 3 - 1 / 2 

I T R 2 3 1 -1 /2 1 -1 /2 
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Dependent Variables 

The rank ordering of ensembles is seen to be highly sensitive to 

the selection of the dependent variable which serves as the basis for 

the ranking. 

I T R , The poor correspondence between CAT and ITR was not un

expected in view of the common finding (see Garner, 1962, pp. 90-93) 

that maximum ITR results from maximum stimulus uncertainty, which 

occurs here in Ensembles S(8) and F(8) because of their larger number 

of stimulus alternatives. It can be seen that within each level of num

ber of alternatives, the correspondence between CAT and ITR is per

fect. Thus it appears generally necessary to limit the use of the ITR 

measure to comparisons within levels of stimulus uncertainty even 

where, as in the present case, error rate is uniformly low across en

sembles . 

Further, Pollack and Gildner (1963) have questioned the useful

ness of ITR or any other fixed speed-accuracy composite measure, 

recommending instead that where composite measures are desired, 

they should be constructed to reflect the relative values of speed and 

accuracy specific to the man-machine system under consideration. 

However, in theoretically-oriented comparisons of ensembles where 

specific speed and accuracy values are unavailable, the need for a 

fixed speed-accuracy composite measure seems to be well served by 

the widely used ITR measure, provided that comparisons are restricted 
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to e n s e m b l e s having equal number s of s t imulus a l te rna t ives . 

L a t e n c y . The l o w c o r r e s p o n d e n c e be tween C A T and la tency was 

unexpec ted , e s p e c i a l l y s ince the ins t ruct ions and payoff had been d e 

s igned to sens i t i ze l a tency to task diff iculty (measu red by C A T ) by 

penal iz ing both p r ema tu re lifting f r o m HK and s l o w m o v e m e n t s . This 

finding is of c o n s i d e r a b l e in teres t b e c a u s e la tency is c o m m o n l y used in 

the l i t e ra tu re , without e m p i r i c a l val idat ion, as though it c o r r e s p o n d e d 

p e r f e c t l y with C A T . H o w e v e r , this analys is sugges ts that the re la t ion 

be tween l a t ency and C A T is contextual ly de t e rmined . 

Extended A n a l y s e s 

In t rasubjec t L a t e n c y - C A T C o r r e l a t i o n s 

In o r d e r to de te rmine to what extent the re la t ion between group 

mean l a t ency and group mean C A T re f l ec t ed the re la t ion within ind iv i 

dual sub j ec t s , a P e a r s o n p roduc t m o m e n t c o r r e l a t i o n be tween la tency 

and C A T fo r T r i a l s 49 -168 was computed fo r each subject (Appendix 8 ) . 

The group m e a n s of these c o r r e l a t i o n s a re included in T a b l e 1. D i s t r i 

bution ana lyses (Ve ldman , 1967, pp . 181-189) p e r f o r m e d independently 

on the c o r r e l a t i o n data fo r each group (Appendix 11) showed that fo r no 

group cou ld the hypothes is be r e j ec t ed that the sample had been drawn 

f r o m a populat ion of va lues having skewness = 0 and kur tos i s = 0. The 

c o r r e l a t i o n data w e r e then subjec ted to a 2 -way analys is of va r i ance 

c l a s s i f i e d by swi tch type and number of a l te rna t ives , as s u m m a r i z e d in 
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T a b l e 7. Th i s ana lys i s indica ted that in t rasub jec t c o r r e l a t i o n be tween 

l a t ency and C A T was s igni f icant ly affected by swi tch type (p < . 001) , 

n u m b e r of a l t e rna t ives (p 05 ) , and the in t e rac t ion (p < . 01 ) , T h e s e 

r e su l t s suppor t the p r e v i o u s ana lyses in demons t ra t ing that the re la t ion 

b e t w e e n l a t e n c y and C A T is e n s e m b l e - s p e c i f i c in this expe r imen t . 

Tab le 7 

R e s u l t s of the A n a l y s i s of V a r i a n c e P e r f o r m e d on Intraindividual 
L a t e n c y - C A T C o r r e l a t i o n s ( T r i a l s 4 9 - 1 6 8 ) 

S o u r c e ^£ K 

Swi tch T y p e 1,44 13 .5413*** 

N u m b e r of A l t e rna t i ve s 1,44 6 .4857* 

In t e rac t ion 1,44 7. 3337^"" 

*p < . 0 5 . 

p < . 0 1 . 

***p < . 0 0 1 . 

Equiva lent K e y p r e s s M T A n a l y s i s 

The p r e v i o u s ana lyses sugges t that the p r e s e n t expe r imen t m a y 

not have unambiguous ly sepa ra ted C A T into p r o c e s s i n g t ime and m o v e 

men t t i m e . This sugges t ion i s suppor ted b y the o b s e r v a t i o n ( s e e 
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Tab le 1) that l a tency for the concep tua l ly m o r e difficult F(8) is s m a l l e r 

than fo r S(8) , coup led with the obse rva t ion that M T fo r F(8) is a lmos t 

tw ice as grea t as M T fo r S(8) despi te the fact that all phys ica l r e s p o n s e 

p a r a m e t e r s excep t d i r ec t ion of m o v e m e n t had been equated a c r o s s 

ens e m b l e s . 

In o r d e r to a s s e s s the pos s ib i l i t y that d i r ec t ion of m o v e m e n t a c 

counted fo r the l a r g e d i f fe rence in M T a c r o s s e n s e m b l e s , subsets w e r e 

f o r m e d of al l t r ia ls in which the requ i red phys ica l r e s p o n s e was v i r tu 

a l ly ident ica l a c r o s s e n s e m b l e s . The subsets w e r e c o m p o s e d of (1) the 

m e a n M T of all t r ia ls using ei ther of the two c e n t e r m o s t keys of S(4); 

(2) the m e a n M T of all t r ia ls using ei ther of the two c e n t e r m o s t keys of 

S(8) ; (3) the mean M T of all t r ia ls in which F (4 ) was p r e s s e d down; and 

(4) the m e a n MT of all t r ia ls in which ei ther key of F(8) was p r e s s e d 

down (Appendix 11) . The group means for M T on these phys ica l ly equ iv

alent k e y p r e s s e s a re included in Tab le 8. A 2-way analys is of va r i ance 

(Appendix 12) showed that the effect of swi tch type on MT was s ta t i s t ic 

al ly s ignif icant ( p ^ . 0 0 1 ) . This o u t c o m e , plus the striking s imi la r i ty 

be tween o v e r a l l M T and M T f o r ident ical k e y p r e s s e s (Table 8 ) , a s s e r t s 

that d i r ec t ion of m o v e m e n t does not account fo r the l a rge M T d i f fe r 

ences a c r o s s e n s e m b l e s . 

It f o l l o w s f r o m these r e su l t s , c o n s i d e r e d c o l l e c t i v e l y , that d e 

spite the concen t ra t ed exper imenta l attempt to funct ional ly separa te 

p r o c e s s i n g p e r f o r m a n c e t ime (measu red by la tency) and m i n i m u m r e -
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quired execution time (measured by M T ) , the present experiment did 

not in fact accomplish such a partition. 

Table 8 

Group Mean MT for all Keypresses and for 
Physically Equivalent Keypresses 

S(4) S(8) F{4) F(8) 

MT for all keypresses < 2 5 7 8 3 ( > 5 ( > ^ s 

(in seconds) 

M T for physically equivalent ^ 2 5 5 g ^ A < 4 1 5 1 

keypresses (in seconds) 

Formation of Response Strategies: An Informal Model 

The contrasts performed with mean C A T , median C A T , and ITR 

demonstrate that under the conditions of this experiment simple switches 

are empirically more efficient than 4-way multiplex switches at the 4 -

alternative level but not at the 8-alternative level . The nonparallel 

rate of gain of information curves, shown in Figure 3 and verified by 

the statistically significant interaction between number of alternatives 

and switch type, demonstrate that the efficiency of 4-way switches in

creases relative to simple switches as the number of alternatives is in-
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c r e a s e d . Since the mul t ip lex swi tches w e r e v i ewed as being c o n c e p t u 

a l ly m o r e diff icul t , o r at l eas t l e s s f ami l i a r to the p resen t sub jec t s , 

this is an unexpec ted resu l t . Fur ther r e s e a r c h is needed to evaluate 

the effect of (1) extending the number of a l t e rna t ives , (2) extending the 

amount of p r a c t i c e , and (3) inc reas ing the examples of mul t ip lexi ty 

( e . g . , 2 -way s w i t c h e s , 8-way s w i t c h e s ) . 

The m o s t interest ing ques t ions r a i s e d by the p re sen t resu l t s 

w e r e : (1) What cou ld account for the i n c r e a s e in the e f f i c iency of 4 -

way swi tches ( re la t ive to s imp le swi t ches ) with number of a l t e rna t ives? 

(2) What cou ld account f o r the fa i lure of ins t ruct ions and payoff to e m 

p i r i c a l l y separa te CAT into nonover lapping componen t s of p r o c e s s i n g 

t ime and execu t ion t i m e ? (3) What cou ld account fo r the ensemble s p e 

c i f i c c o r r e l a t i o n s be tween la tency and CAT when ins t ruct ions and pay 

off w e r e the s a m e fo r all cond i t i ons? These ques t ions take on added 

s ign i f i cance in v i e w of the extens ive effort that was taken to con t ro l all 

va r i ab l e s known to affect p e r f o r m a n c e . 

C l o s e examinat ion of the data sugges ts a tentative explanation 

which b e a r s on all three ques t ions . F i r s t , despi te the un i fo rm p r e s e n 

tation of both expl ic i t ins t ruct ions and detai led payoff, different r e 

sponse s t ra teg ies w e r e apparent ly used by the different g r o u p s , as 

demons t ra t ed by the n o n p a r a l l e l i s m of the var ious dependent va r i ab le s 

a c r o s s condi t ions and by the e n s e m b l e - s p e c i f i c l a t e n c y - C A T c o r r e l a 

t i ons . The r e s p o n s e s t ra teg ies m a y be de te rmined by the amount of 
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o v e r l a p be tween p r o c e s s i n g and execut ion t ime that each ensemble a l 

l owed (by its phys ica l des ign and exper imenta l opera t ion) a n d / o r b e n e 

fited f r o m , in t e r m s of ove ra l l p e r f o r m a n c e . L o g i c a l analys is of the 

phys i ca l at tr ibutes of the ensemb le s suggests that C A T p e r f o r m a n c e on 

s o m e e n s e m b l e s ( e . g . , F(8)) might benefit f r o m a s t ra tegy of lifting 

f r o m HK b e f o r e the c o m p l e t i o n of r e s p o n s e s e l ec t i on , whereas on 

o thers ( e . g . , S(8)) such a s t ra tegy might resul t in a neg l ig ib le benefit 

o r perhaps a l iab i l i ty . The key to the effect on C A T p e r f o r m a n c e of 

lifting b e f o r e the c o m p l e t i o n of r e s p o n s e s e l ec t i on is the extent to 

which r e s p o n s e s e l ec t ion can be c o m b i n e d with an eff icient m o v e m e n t . 

F o r e x a m p l e , r e s p o n s e s e l ec t i on m a y be coupled with an efficient m o v e -

ment in F ( 8 ) b e c a u s e the m a j o r por t ion of the m o v e m e n t is ident ical r e 

g a r d l e s s of the t e rmina l r e s p o n s e . On the other hand, s e l ec t ion cannot 

be coup led with an efficient m o v e m e n t in S(8) b e c a u s e vir tual ly the en

t i r e m o v e m e n t is spec i f i ed by the appropr ia te r e s p o n s e . A p rema tu re 

lifting in S(8) would resul t in a l e s s eff icient ( i . e . , o v e r l y lengthy) 

m o v e m e n t due to hove r ing in m i d - a i r whi le the final s e l e c t i o n was 

m a d e , a n d / o r back t rack ing f r o m an inappropr ia te in termedia te pos i t ion 

to c o m p l e t e the c o r r e c t r e s p o n s e . 

In o r d e r to a s s u r e that an eff icient m o v e m e n t resu l t s , a subject 

operat ing: 

(1) S(8) would need to c o m p l e t e r e s p o n s e se l ec t ion b e f o r e l e a v 

ing HK ( i . e . , make a c h o i c e f r o m 8 a l t e rna t ives ) , 
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(2) S(4) would need to c o m p l e t e r e s p o n s e se l ec t ion b e f o r e l e a v 

ing HK ( i . e. , make a c h o i c e f r o m 4 a l te rna t ives ) , 

(3) F (8 ) would need to s e l ec t which swi tch was appropr ia te b e 

f o r e leaving HK ( i . e. , make a c h o i c e f r o m 2 a l t e rna t ives ) , 

(4) F (4) would need to make no se l ec t ion be fo re leaving HK, one 

swi tch being appropr ia te fo r all r e s p o n s e s . 

The potential penalty to C A T p e r f o r m a n c e for p rema tu re lifting 

( i . e . , the extra t ime n e c e s s a r y to c o m p l e t e se l ec t ion a n d / o r c o r r e c t 

par t ia l ly c o m p l e t e d m o v e m e n t s that would have been i n c o r r e c t ) would 

be g rea te s t fo r S(8) b e c a u s e of the re la t ive ly l a r g e spatial range in

v o l v e d (15 i n c h e s ) , s e c o n d fo r S(4) b e c a u s e of the reduced spatial range 

involved (7 i n c h e s ) , third fo r F (8 ) b e c a u s e only two c l o s e l y spaced 

swi tches a r e invo lved , and l eas t fo r F(4) with its s ingle swi tch . 

If these f a c t o r s have in fact been opera t iona l , then the p ropo r t i on 

of C A T spent in la tency should be g rea tes t f o r S (8) , s e c o n d fo r S(4) , 

third fo r F ( 8 ) , and l eas t for F ( 4 ) . This p red ic t ion is congruent with 

the e m p i r i c a l r e su l t s , as seen in Table 9. 
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Tab le 9 

G r o u p Mean Data Med ian Data 

S(8) . 7 6 . 79 

S(4) .61 . 6 2 

F(8) . 57 . 59 

F(4) . 52 . 53 

T h e s e ana lyses c o n s i d e r e d c o l l e c t i v e l y suppor t the fo l lowing 

h y p o t h e s e s : 

1. Th i s e x p e r i m e n t fa i led to funct ional ly par t i t ion C A T into 

s epa ra t e in fo rma t ion p r o c e s s i n g and execu t ion c o m p o n e n t s , b e c a u s e 

the p h y s i c a l c h a r a c t e r i s t i c s of the e n s e m b l e s e l i c i t ed r e s p o n s e s t r a 

t eg i e s d i f fe r ing e s sen t i a l l y by the amount of o v e r l a p be tween p r o c e s s 

ing and m o v e m e n t that each f o s t e r e d , and 

2. T h e mul t ip l ex ( 4 - w a y ) e n s e m b l e s f o s t e r e d m o r e o v e r l a p than 

did the s i m p l e swi tches b e c a u s e they benef i ted m o r e (in o v e r a l l C A T 

p e r f o r m a n c e ) f r o m the o v e r l a p than would the s i m p l e swi tch e n s e m 

b l e s . H o w e v e r , fur ther r e s e a r c h is needed to d e t e r m i n e (a) the m i n i -

P r o p o r t i o n of C A T Spent in L a t e n c y 
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m u m execut ion t ime requ i red by the e n s e m b l e s , (b) the total amount of 

p r o c e s s i n g t ime requ i red by the e n s e m b l e s , (c ) the amount of t empora l 

o v e r l a p p r o d u c e d by the va r ious condi t ions of this expe r imen t , and (d) 

the amount of t e m p o r a l o v e r l a p that would be p roduced by an e x p e r i 

ment which did not inst ruct against o r pena l ize o v e r l a p . 
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C H A P T E R V 

IMPLICATIONS 

Genera l i za t ion to App l i ed Tasks 

Cer ta in cons t ra in ts which w e r e inherent in the des ign of the p r e s 

ent expe r imen t m a y bea r upon the appropr ia t eness of any genera l iza t ion 

to appl ied t a sk s . F o r e x a m p l e , the p re sen t study 

1. studied each keyp re s s ing task in i so la t ion f r o m other p e r 

f o r m a n c e , 

2 . examined only condi t ions having four and eight st imulus and 

r e s p o n s e a l te rna t ives , 

3. de l ibe ra t e ly sought neutral S-R compat ib i l i ty , 

4 . e m p l o y e d somewhat a r t i f ic ia l ins t ruct ions and payoff (as 

c o m p a r e d to applied tasks) which pena l ized t empora l o v e r 

lap between informat ion p r o c e s s i n g and m o v e m e n t , and 

5. i m p o s e d no m e m o r y r equ i r emen t s upon sub j ec t s . 

A n e m p i r i c a l evaluation is r e c o m m e n d e d fo r appl ied tasks which differ 

a p p r e c i a b l y f r o m the condi t ions of this study. 

Interpreta t ion of Other R e s e a r c h Findings 

Separa t ion of P r o c e s s i n g T i m e and Execut ion T i m e 

The p re sen t demons t ra t ion of apparent ove r l ap be tween p r o c e s s -
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ing t ime and execu t ion t i m e , despi te ins t ruc t ions and payoff spec i f i c a l l y 

des igned to a c h i e v e separa t ion , makes somewhat suspec t the resul ts of 

any study which purpor ted to m e a s u r e total p r o c e s s i n g t ime by the e m 

p i r i c a l m e a s u r e m e n t of l a t ency . P a r t i c u l a r l y suspec t a re any studies 

in which the r e s p o n s e ensemb le s r equ i red subjects to make substantial 

amounts of m o v e m e n t , e s p e c i a l l y if an ove r t attempt w e r e not made to 

a c h i e v e sepa ra t ion . 

The p re sen t findings further sugges t that o v e r l a p , if p resen t with 

a g iven type of r e s p o n s e d e v i c e , is l ike ly to be a d e c r e a s i n g function of 

the number of r e s p o n s e a l ternat ives o f f e r ed . Thus the magnitude of the 

d i f f e rence in p r o c e s s i n g t ime a c r o s s two l eve l s of uncertainty ( i . e . , 

number of a l te rna t ives) m a y p r e v i o u s l y have been cons i s ten t ly o v e r 

e s t ima ted . Spec i f i c a l l y , a r e s p o n s e d e v i c e which underes t imates p r o 

c e s s i n g t ime b e c a u s e of o v e r l a p would be l ike ly to underes t imate p r o 

c e s s i n g by a g rea t e r amount at the 4-a l te rna t ive l e v e l than at the 8-

a l ternat ive l e v e l , thus yie lding a cons i s ten t ly inflated m e a s u r e of the 

d i f f e rence be tween l e v e l s . 

Thus the f i r s t cons ide ra t i on ques t ions the magnitude of m e a s u r e d 

p r o c e s s i n g t i m e , while the second cons ide ra t ion ques t ions the m a g n i 

tude of the m e a s u r e d d i f f e rences in p r o c e s s i n g t ime a c r o s s l e v e l s of 

uncer ta in ty . T h e s e cons ide ra t i ons a r e in need of e m p i r i c a l evaluat ion. 

If ve r i f i ed , they might help explain the b reak in the rate of gain of in

fo rma t ion c u r v e s which typ ica l ly o c c u r s at about 3 bits (8 a l t e rna t ives ) . 
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A p p r o p r i a t e n e s s of M e a s u r e s 

The p resen t resul ts s e r v e to emphas i ze the rat ional c o n c l u s i o n 

that l a tency can p r o v i d e a val id m e a s u r e of total p r o c e s s i n g t ime ( p e r 

cept ion t ime plus d e c i s i o n t ime) only if exper imenta l p r o c e d u r e s s u c 

c e e d in e m p i r i c a l l y part i t ioning C A T into nonover lapping componen t s of 

p r o c e s s i n g t ime and execut ion t i m e . 

Fur the r , the resul ts of the rank o rde r ing of the e n s e m b l e s based 

independently on the va r ious dependent va r i ab les ( s ee Tab le 6) sugges t 

that l a tency can be a good p r e d i c t o r of re la t ive C A T p e r f o r m a n c e among 

e n s e m b l e s only where (1) l a tency is a val id m e a s u r e of total p r o c e s s i n g 

t ime and whe re (2) m i n i m u m requ i red execut ion t ime is v i r tual ly c o n 

stant a c r o s s e n s e m b l e s . Significant d i f fe rences in execut ion t ime 

a c r o s s e n s e m b l e s m a y be sufficient to invalidate the p red ic t ion of CAT 

based s o l e l y on the la tency m e a s u r e of p r o c e s s i n g t i m e . 

Thus the w i d e s p r e a d use of la tency as a m e a s u r e of total p r o c e s s 

ing t i m e , independent of m o v e m e n t t ime (which m a y va ry a c r o s s e f fec tor 

o r g a n s , m u s c l e s , d i r ec t ion of m o v e m e n t , . . . ) , is ques t ioned . It is 

sugges ted that a m o r e val id m e a s u r e of total p r o c e s s i n g t ime indepen

dent of m o v e m e n t t ime would be obtained by subtract ing f r o m C A T the 

m e a s u r e d m o v e m e n t t ime in a s imi l a r s imp le reac t ion t ime task, which 

cou ld not be contaminated by o v e r l a p . 

L i k e w i s e , the use of l a tency as a p r e d i c t o r o r C A T f o r applied 

tasks is ques t ioned . It is sugges ted that where a m e a s u r e of C A T p e r 

f o r m a n c e is d e s i r e d , it should be obtained d i r e c t l y . 



A P P E N D I X I 

CROSS-SECTION OF E X P E R I M E N T A L BOOTH 
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A P P E N D I X I 

C R O S S - S E C T I O N OF E X P E R I M E N T A L B O O T H 

label panel 

~^ control knob 
HK 

experimenter's seat 

adjustable 
lamp 

HI 

subjects' seatjl 
c 



A P P E N D I X 

STIMULI 



A P P E N D I X 2 

STIMULI 

C o n o v e r and Kraft P r e s e n t Stimulus Set Stimulus Subset A Stimulus Subset D 

M 1 1R 5. 0 6 / 1 0 . 3 c 2 203 C 203 

M 9. 5R 5 . 9 3 / 1 1 . 5 M 9 .5R 5 . 9 3 / 1 1 . 5 M 9 . 5 R 5 . 9 3 / 1 1 . 5 

M 2Y 7. 1 2 / 1 1 . 6 M 2Y 7. 1 2 / 1 1 . 6 M 2Y 7. 1 2 / 1 1 . 6 

M 5GY 6 . 4 8 / 8 . 3 M 5GY 6 . 4 8 / 8 . 3 M 5GY 6 . 4 8 / 8 . 3 

M 10G 4 . 8 8 / 6 . 8 M 10G 4 . 8 8 / 6 . 8 M 10G 4 . 8 8 / 6 . 8 

M 6B 4 . 0 0 / 7 . 0 M 6B 4 . 0 0 / 7 . 0 M 6B 4 . 0 0 / 7 . 0 

M 1.5P 3 . 7 4 / 1 1 . 1 M 1. 5P 3. 7 4 / 1 1 . 1 M 1. 5P 3. 7 4 / 1 1 . 1 

M 2 . 5RP 4 . 9 0 / 9 . 5 M 2 . 5 R P 4 . 9 0 / 9 . 5 M 2. 5RP 4 . 9 0 / 9 . 5 

Munse l l 

C o l o r m a t c h 



A P P E N D I X 3 

T E X T OF THE R E C O R D E D AND P R I N T E D INSTRUCTIONS 
E M P L O Y E D WITH ENSEMBLES S(4) AND S(8) 
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A P P E N D I X 3 

T E X T OF THE R E C O R D E D AND P R I N T E D INSTRUCTIONS 
E M P L O Y E D WITH ENSEMBLES S(4) AND S(8) 

This is a human fac to r s exper iment des igned to lea rn s o m e 

thing about the nature of human p e r f o r m a n c e that can be expec ted with 

different types of con t ro l d e v i c e s . You wil l only use one type of c o n 

t ro l ; l a te r the p e r f o r m a n c e of all the subjec ts using this same con t ro l 

wil l be c o m p a r e d with the p e r f o r m a n c e of groups using other c o n t r o l s . 

Y o u wi l l r e c e i v e grade c red i t in your p s y c h o l o g y c l a s s f o r c o 

ope ra t ive par t ic ipa t ion in this expe r imen t , i r r e s p e c t i v e of your p e r 

f o r m a n c e . H o w e v e r , f o r in teres t and incent ive , a $ 5 . 0 0 p r i ze wi l l be 

g iven to the subjec t using each type of con t ro l who earns the bes t s c o r e . 

The way you a re s c o r e d wi l l be explained as soon as the task is d e 

s c r i b e d . 

The task is a s imple one , but the ob jec t is to respond as fast as 

you can without making m i s t a k e s . F i r s t , sit c o m f o r t a b l y at the boo th . 

Put your p r e f e r r e d hand on the h o m e key and hold it down f i r m l y . Put 

your other hand in your l ap . You wi l l use only your p r e f e r r e d hand 

throughout this e x p e r i m e n t . N o w look at the b l ack shutter in front of 

y o u . When the shutter o p e n s , a c o l o r sample wi l l be seen which is the 

s a m e as one of the c o l o r s on the panel just under the shutter. The p l a c e -
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merit of c o l o r s on the panel indicated which key should be p r e s s e d when 

the shutter o p e n s . A s soon as you have dec ided which key is the c o r 

r ec t one to p r e s s , l eave h o m e key , p r e s s the c h o s e n key , and then r e 

turn as fast as you can to h o m e k e y . D o not p r e s s m o r e than one key , 

even if you m a k e an e r r o r . P r e s s i n g m o r e than one key wi l l count as 

a double e r r o r , even if one is c o r r e c t . 

Shor t ly after you have re turned to h o m e key , the shutter wi l l 

open again, and the c y c l e wi l l be repea ted . 

Each c o l o r wi l l be p resen ted the s a m e number of t i m e s . 

- - - T h e o r d e r of o c c u r r e n c e of the c o l o r s wil l be r andom. Thus 

it is p o s s i b l e fo r the same c o l o r to appear two o r m o r e t imes in a r o w . 

White n o i s e wil l be p resen ted throughout the exper iment to p r e 

vent equipment sounds and other ext raneous no i se s f r o m dis t ract ing 

y o u . 

And now to explain the s c o r i n g p r o c e d u r e . F i r s t of a l l , the 

' bes t ' s c o r e is the lowes t s c o r e , and the s c o r e is c o m p o s e d of three 

componen t s added toge the r . The f i r s t component is your ave rage c o n 

t ro l ac t iva t ion t ime , that i s , the a v e r a g e t ime f r o m the opening of the 

shutter until you p r e s s a k e y . The second componen t is a penalty f o r 

e r r o r s , s p e c i f i c a l l y , the addit ion of l / 1 0 t h of your ave rage con t ro l a c 

t ivat ion t ime f o r each e r r o r . The final component is 1/2 of your a v e r 

age t ime off h o m e key . 

T o repea t , r e m e m b e r i n g that the l owes t s c o r e is bes t , your 
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s c o r e is the sum of your ave rage con t ro l act ivat ion t i m e , plus an addi 

t ional 1 /1 Oth of this con t ro l act ivat ion t ime fo r each e r r o r , plus 1/2 of 

the a v e r a g e t ime you a re off h o m e key on each t r ia l . 

T h e r e f o r e , in o r d e r to ach ieve the bes t s c o r e you should: (1) 

r e spond a c c u r a t e l y . Ten e r r o r s add to your s c o r e a component as 

l a r g e as your con t ro l act ivat ion t i m e . R e m e m b e r a l so that p re s s ing 

m o r e than one key on a t r ia l a lways counts as a double e r r o r even if 

one of the k e y p r e s s e s is c o r r e c t ; and (2) r emain on h o m e key until you 

a re r e l a t ive ly sure which key to p r e s s . M o v e rapidly to p r e s s it. 

Then return as fast as you can to h o m e key . This p r o c e d u r e m i n i m i z e s 

both c o n t r o l ac t ivat ion t ime and the total t ime you a re off h o m e k e y . 

F ina l ly , the ins t ruc t ions have been p resen ted in this way so that 

e v e r y subjec t r e c e i v e s ident ica l ly the s a m e ins t ruc t ions . A l l the in for 

mat ion n e c e s s a r y to p e r f o r m the exper iment is given h e r e , so p l ea se 

do not ask addit ional ques t ions at this t i m e . A n y ques t ions you m a y 

have about the nature of the exper iment wil l be gladly answered at the 

end of the expe r imen t , so p l ea se wait until then. 

Y o u m a y now take a few m o m e n t s to l ook o v e r the pr inted in 

s t ruc t ions . You m a y a l s o make s o m e p r a c t i c e k e y p r e s s e s to get the 

' f e e l ' of the equipment if you so d e s i r e . 

Note that the exper imen t wil l las t app rox ima te ly 50 minutes 

with a r es t b r eak at about the midway point . 



A P P E N D I X 4 

T E X T OF THE R E C O R D E D A N D P R I N T E D INSTRUCTIONS 
E M P L O Y E D WITH E N S E M B L E F(4 ) 
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A P P E N D I X 4 

T E X T OF THE R E C O R D E D AND P R I N T E D INSTRUCTIONS 
E M P L O Y E D WITH E N S E M B L E F(4) 

This is a human fac to r s expe r imen t des igned to l ea rn s o m e 

thing about the nature of human p e r f o r m a n c e that can be expec ted with 

different types of con t ro l d e v i c e s . You wi l l use only one type of c o n 

t r o l . La te r the p e r f o r m a n c e of all the subjects using this same con t ro l 

wi l l be c o m p a r e d with the p e r f o r m a n c e of groups using other c o n t r o l s . 

Y o u wi l l r e c e i v e grade c red i t in your p s y c h o l o g y c l a s s fo r c o 

ope ra t ive par t ic ipa t ion in this expe r imen t , i r r e s p e c t i v e of your task 

p e r f o r m a n c e . H o w e v e r , f o r in teres t and incent ive , a $5 . 00 p r i z e wil l 

be g iven to the subject using each type of con t ro l who earns the bes t 

s c o r e . The way you a re s c o r e d wi l l be explained as soon as the task is 

d e s c r i b e d . 

The task is a s imp le one , but the ob jec t is to respond as fast as 

you can without making m i s t a k e s . F i r s t , sit comfo r t ab ly at the boo th . 

Put your p r e f e r r e d hand on the h o m e key just behind the l ip and hold it 

down f i r m l y . Put your other hand in your lap . You wil l use only your 

p r e f e r r e d hand throughout this expe r imen t . Now look at the b l ack shut

te r in front of y o u . When the shutter opens , a c o l o r sample wil l be seen 

which is the s a m e as one of the c o l o r s on the plate just under the shutter . 
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The p l a c e m e n t of the c o l o r s on the plate indica tes the d i r ec t ion in which 

the key should be p r e s s e d - - e i t h e r up, down, right, o r l e f t . A s soon as 

you have d e c i d e d which k e y p r e s s to m a k e , l eave h o m e key , make the 

c h o s e n k e y p r e s s , and then, return as fast as you can to h o m e key . Do 

not make m o r e than one k e y p r e s s on a t r ia l , even if you make an e r r o r . 

Making m o r e than one k e y p r e s s wi l l a lways count as a double e r r o r , 

even if one is c o r r e c t . 

Shor t ly after you have returned to h o m e key , the shutter wi l l 

open again, and the c y c l e wi l l be repea ted . 

E a c h c o l o r wi l l be p resen ted the s ame number of t i m e s . 

The o r d e r of o c c u r r e n c e of the c o l o r s wi l l be r andom. Thus 

it is p o s s i b l e f o r the same c o l o r to appear two o r m o r e t imes in a r o w . 

White no i s e wi l l be p resen ted throughout the exper iment to p r e 

vent equipment sounds and other ext raneous n o i s e s f r o m dis t rac t ing you . 

And now to explain the s c o r i n g p r o c e d u r e . F i r s t of a l l , the 

' bes t ' s c o r e is the l o w e s t s c o r e , and the s c o r e is c o m p o s e d of three 

componen t s added toge ther . The f i rs t componen t is your ave rage c o n 

t ro l ac t iva t ion t i m e , that i s , the a v e r a g e t ime f r o m the opening of the 

shutter until you make a k e y p r e s s . The s e c o n d component is a penalty 

fo r e r r o r s , s p e c i f i c a l l y , the addit ion of l / 10 th of your ave rage con t ro l 

ac t iva t ion t ime fo r each e r r o r . The final componen t is 1/2 of your 

a v e r a g e t ime off h o m e k e y . 

T o repea t , r e m e m b e r i n g that the l owes t s c o r e is bes t , your 
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s c o r e is the sum of your a v e r a g e con t ro l act ivat ion t i m e , plus an addi 

t ional l / 10 th of this con t ro l act ivat ion t ime fo r each e r r o r , plus 1/2 of 

the a v e r a g e t ime you a re off h o m e key on each t r i a l . 

T h e r e f o r e , in o r d e r to ach ieve the best s c o r e , you should: (1) 

r e spond a c c u r a t e l y . Ten e r r o r s add to your s c o r e a componen t as 

l a r g e as your con t ro l ac t ivat ion t i m e . R e m e m b e r a l so that making 

m o r e than one k e y p r e s s on a t r ia l a lways counts as a double e r r o r even 

if one of the k e y p r e s s e s is c o r r e c t ; and (2) r ema in on h o m e key until 

you a re r e l a t ive ly cer ta in which k e y p r e s s to m a k e . M o v e rapidly to 

make it . Then return as fast as you can to h o m e key . This p r o c e d u r e 

m i n i m i z e s both con t ro l act ivat ion t ime and the total t ime you a re off 

h o m e k e y . 

F ina l ly , the ins t ruc t ions have been p resen ted in this way so that 

e v e r y subject r e c e i v e s ident ica l ly the s a m e ins t ruc t ions . A l l of the in

fo rma t ion n e c e s s a r y to p e r f o r m the exper iment is given h e r e , so 

p l ea se do not ask addit ional ques t ions at this t i m e . Any quest ions you 

m a y have about the nature of the expe r imen t wi l l be gladly answered at 

the end of the expe r imen t , so p l ea se wait until then. 

Y o u m a y now take a f ew m o m e n t s to look o v e r the pr inted in

s t ruc t ions . Y o u m a y a l s o make s o m e p r a c t i c e k e y p r e s s e s to get the 

' f e e l ' of the equipment if you so d e s i r e . 

Note that the expe r imen t wi l l last app rox ima te ly 50 minutes 

with a r es t b r eak at about the midway point . 



A P P E N D I X 5 

T E X T OF THE R E C O R D E D A N D P R I N T E D INSTRUCTIONS 
E M P L O Y E D WITH E N S E M B L E F(8 ) 
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A P P E N D I X 5 

T E X T OF THE R E C O R D E D AND P R I N T E D INSTRUCTIONS 
E M P L O Y E D WITH E N S E M B L E F ( 8 ) 

T h i s is a human f a c t o r s exper iment d e s i g n e d to l ea rn s o m e 

thing about the nature of human p e r f o r m a n c e that can be expec ted with 

d i f ferent types of c o n t r o l d e v i c e s . You wi l l on ly u s e one type of c o n 

t r o l . L a t e r the p e r f o r m a n c e of all the sub jec t s us ing this same c o n t r o l 

w i l l be c o m p a r e d with the p e r f o r m a n c e of g roups us ing other c o n t r o l s . 

Y o u wi l l r e c e i v e g rade c red i t in your p s y c h o l o g y c l a s s fo r c o 

o p e r a t i v e pa r t i c ipa t ion in this expe r imen t , i r r e s p e c t i v e of your p e r 

f o r m a n c e . H o w e v e r , f o r in te res t and incen t ive , a $ 5 . 0 0 p r i z e wi l l be 

g iven to the sub jec t using each type of con t ro l who earns the bes t s c o r e . 

The way y o u a r e s c o r e d wi l l be explained as soon as the task is d e 

s c r i b e d . 

T h e task is a s i m p l e one , but the ob j ec t i s to r e s p o n d as fast as 

you can without making m i s t a k e s . F i r s t , sit c o m f o r t a b l y at the boo th . 

Put y o u r p r e f e r r e d hand on the h o m e key just behind the l ip and hold it 

down f i r m l y . Put you r o ther hand in your l ap . Y o u wi l l u s e only y o u r 

p r e f e r r e d hand throughout this e x p e r i m e n t . N o w l o o k at the b lack shut

ter in f ront of you . When the shutter opens , a c o l o r s a m p l e wi l l be 

s een w h i c h is the s a m e as one of the c o l o r s on the p la te just under the 
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shutter. The p l acemen t of the c o l o r s on the plate indicates which key-

should be s e l e c t e d and in which d i r ec t ion it should be p r e s s e d - - e i t h e r 

up, down, right, o r left . A s soon as you have dec ided which k e y p r e s s 

to m a k e , l eave h o m e key , make the chosen k e y p r e s s , and then return 

as fast as you can to home key . Do not make m o r e than one k e y p r e s s 

on a t r ia l , even if you make an e r r o r . Making m o r e than one k e y p r e s s 

wi l l count as a double e r r o r , even if one is c o r r e c t . 

Short ly after you have returned to h o m e key , the shutter wil l 

open again and the c y c l e wil l be repea ted . 

Each c o l o r wi l l be p resen ted the s ame number of t i m e s . 

The o r d e r of o c c u r r e n c e of the c o l o r s wil l be r andom. Thus 

it is p o s s i b l e fo r the same c o l o r to appear two o r m o r e t imes in a r o w . 

White no i s e wil l be p resen ted throughout the exper iment to p r e 

vent equipment sounds and other ext raneous no i se s f r o m dis t ract ing 

you . 

And now to explain the s co r ing p r o c e d u r e . F i r s t of a l l , the 'bes t ' 

s c o r e is the l o w e s t s c o r e , and the s c o r e is c o m p o s e d of three c o m p o 

nents added toge ther . The f i r s t component is your ave rage con t ro l 

ac t ivat ion t i m e , that i s , the ave rage t ime f r o m the opening of the shut

ter until you make a k e y p r e s s . The second component is a penalty fo r 

e r r o r s , s p e c i f i c a l l y , the addition of l / 10 th of your ave rage con t ro l a c 

t ivation t ime fo r each e r r o r . The final component is 1/2 of your a v e r 

age t ime off h o m e key . 
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T o repeat , r e m e m b e r i n g that the l o w e s t s c o r e is bes t , your 

s c o r e is the sum of your ave rage con t ro l act ivat ion t ime , plus an addi

t ional l / 10 th of this con t ro l act ivat ion t ime fo r each e r r o r , plus 1/2 of 

the a v e r a g e t ime you a re off h o m e key on each t r ia l . 

T h e r e f o r e , in o r d e r to ach ieve the bes t s c o r e , you should: (1) 

r e spond a c c u r a t e l y . Ten e r r o r s add to your s c o r e a componen t as l a r g e 

as your con t ro l act ivat ion t i m e . R e m e m b e r a l so that making m o r e than 

one k e y p r e s s on a tr ial a lways counts as a double e r r o r even if one of 

the k e y p r e s s e s is c o r r e c t ; and (2) r emain on h o m e key until you a re 

re la t ive ly ce r ta in which k e y p r e s s to m a k e . M o v e rapidly to make it. 

Then return as fast as you can to h o m e key . This p r o c e d u r e m i n i m i z e s 

both con t ro l ac t ivat ion t ime and the total t ime you a re off h o m e key . 

F ina l ly , the ins t ruct ions have been p resen ted in this way so that 

e v e r y subject r e c e i v e s ident ica l ly the s ame ins t ruc t ions . A l l the in fo r 

mat ion n e c e s s a r y to p e r f o r m the expe r imen t is given h e r e , so p lease 

do not ask addit ional ques t ions at this t i m e . Any quest ions you m a y 

have about the nature of the exper iment wil l be gladly answered at the 

end of the expe r imen t , so p l ea se wait until then. 

You m a y now take a few m o m e n t s to look o v e r the printed in

s t ruc t ions . You m a y a l s o make s o m e p r a c t i c e k e y p r e s s e s to get the 

' f ee l ' of the equipment if you so d e s i r e . 

Note that the exper iment wil l las t approx ima te ly 50 minutes 

with a res t b reak at about the midway point . 



A P P E N D I X 6 

GROUP M E A N C A T P E R 24 T R I A L B L O C K IN SECONDS 



66 

A P P E N D I X 6 

B l o c k ( T r i a l s ) S(4) S(8) F ( 4 ) F ( 8 ) 

1 ( 1 - 2 4 ) . 801 1.216 . 8 0 9 1. 087 

2 ( 2 5 - 4 8 ) . 711 1.111 . 7 9 5 1.021 

3 ( 4 9 - 7 2 ) . 6 7 7 1.046 . 7 8 0 1.011 

4 ( 7 3 - 9 6 ) . 6 6 2 1.029 . 7 7 7 . 9 9 9 

5 ( 9 7 - 1 2 0 ) . 6 7 2 . 9 9 9 . 759 . 9 9 0 

6 ( 1 2 1 - 1 4 4 ) . 6 7 5 . 997 . 7 6 7 . 9 7 5 

7 ( 1 4 5 - 1 6 8 ) . 673 .968 . 748 . 9 4 9 

CO
 

( 1 6 9 - 1 9 2 ) . 6 8 8 . 966 . 7 5 9 . 9 4 7 

G R O U P M E A N C A T P E R 24 T R I A L B L O C K IN SECONDS 



A P P E N D I X 7 

A N A L Y S I S OF THE S Y M M E T R Y OF EACH SUBJECT 'S C A T 
DISTRIBUTION F O R TRIALS 49-168 
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A P P E N D I X 7 

E n s e m b l e Subject Skewnes s P robab i l i ty* 

S(8) 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

11 .1163 

4 . 4 3 1 2 

4 .3276 

4 . 1 8 8 5 

3 .3566 

6 .4034 

3 .4376 

5 .4982 

5. 3804 

7 .7138 

14 .2327 

9 .2401 

. 0000 

. 0001 

. 0001 

. 0001 

. 0012 

.0000 

.0010 

. 0000 

. 0000 

. 0000 

.0000 

. 0000 

S(4) 21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

14.7351 

8 .4529 

6 .1544 

. 1401 

3 .8187 

13 .1842 

. 3846 

2. 1571 

1 .4202 

9 .8483 

8 .5907 

3 .3871 

. 0000 

.0000 

.0000 

. 8836 

. 0004 

. 0000 

.7027 

.0293 

. 1520 

.0000 

. 0000 

. 0011 

A N A L Y S I S OF T H E S Y M M E T R Y OF E A C H S U B J E C T ' S C A T 
DISTRIBUTION FOR T R I A L S 49 -168 
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A P P E N D I X 7 (cont inued) 

F ( 8 ) 41 3 . 3 2 8 0 . 0013 
4 2 5 . 4354 . 0 0 0 0 
4 3 13 .4581 . 0000 
4 4 6 . 5 6 4 6 . 0 0 0 0 
4 5 6 . 1 6 2 4 . 0000 
4*> 10 .6103 . 0 0 0 0 
4 7 1 .4316 . 1487 
4 8 1 0 . 4 3 5 7 .0000 
4 9 5 .7075 . 0000 
5 0 4 . 2 1 4 5 .0001 
5 1 3 . 8 6 2 0 .0003 
5 2 5 . 7 2 6 4 . 0 0 0 0 

F ( 4 ) 61 8 .6693 . 0 0 0 0 
6 2 8 . 9226 . 0000 
6 3 3 . 8 3 0 3 .0003 
6 4 4 . 4 7 6 8 .0001 
6 5 7 .0471 . 0 0 0 0 
6 6 5 . 0 3 3 9 . 0 0 0 0 
6 7 1 .8014 .0683 

68 2 . 2 3 4 6 .0241 
6 < ? 3 . 3 0 5 5 . 0014 
7 0 3 .7873 . 0 0 0 4 
7 1 . 9 7 1 3 . 6 6 7 0 
7 2 5 . 4 9 9 2 . 0 0 0 0 

The p robab i l i t y that the sample of C A T s c o r e s c a m e f r o m a 
popula t ion which was s y m m e t r i c a l l y d is t r ibuted about the mean , i . e . , 
that had s k e w n e s s = 0. 
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A P P E N D I X 8 

S U M M A R Y OF INDIVIDUAL D A T A FOR TRIALS 49-168 
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A P P E N D I X 8 

L a t e n c y -
S u b - C A T (in s e e s . ) Latency (in s e e s . ) M T (in s ee s . ) I T R (in C A T 
j ec t m e a n median mean median m e a n median b i t s / s e c . ) C o r r e l a t i o n E r r o r s 

1. 1 . 0 5 2 

2 . 1 . 0 9 2 

3 . 1 . 0 6 6 

4 . . 8 8 5 

5 . . 8 4 4 

6 . 1 . 1 5 1 

7 . . 9 1 8 

8 . 1 . 0 3 4 

9 . 1 . 0 2 2 

1 0 . 1 . 1 6 8 

1 1 . . 7 9 5 

1 2 . 1 . 0 6 8 

2 1 . . 7 3 0 

2 2 . . 6 6 9 

2 3 . . 6 5 2 

2 4 . . 6 8 8 

2 5 . . 5 6 3 

2 6 . . 6 9 7 

2 7 . . 7 5 8 

2 8 . . 6 5 9 

2 ? . . 6 9 9 

3 0 . . 6 8 9 

3 1 . . 6 1 3 

3 2 . . 6 2 3 9 

1 . 0 1 3 . 7 8 3 

1 . 0 4 5 . 8 8 2 

. 9 8 7 . 8 9 0 

. 8 6 2 . 5 8 7 

. 8 1 0 . 6 0 2 

1 . 0 5 9 . 9 0 2 

. 9 0 3 . 6 1 9 

. 9 4 3 . 8 4 3 

. 9 5 7 . 8 3 3 

1 . 1 1 8 . 8 7 7 

. 7 6 6 . 6 0 2 

. 9 8 5 . 7 1 8 

. 7 0 1 . 5 4 9 

. 6 6 9 . 4 4 7 

. 6 3 7 . 3 7 8 

. 6 8 4 . 4 2 6 

. 536 . 2 9 8 

. 6 6 7 . 3 9 6 

. 7 5 9 . 4 2 5 

. 6 4 3 . 4 2 8 

. 6 9 4 . 4 0 5 

. 6 8 9 - 4 7 4 

. 6 0 0 . 3 9 4 

. 6 1 7 . 3 4 6 

. 7 4 6 . 2 6 8 

. 8 5 2 . 2 1 0 

. 8 0 4 . 1 7 6 

. 5 8 5 . 2 9 7 

. 5 8 5 . 2 4 2 

. 8 1 9 . 2 4 9 

. 6 1 4 . 2 9 9 

. 7 6 9 . 1 9 1 

. 7 4 7 . 1 8 9 

. 8 6 4 . 2 9 0 

. 5 8 9 . 1 9 3 

. 6 7 4 . 3 5 0 

. 5 4 8 . 1 8 1 

. 4 5 0 . 2 4 1 

. 3 8 3 . 2 7 4 

. 4 3 4 . 2 6 2 

. 2 8 7 . 2 6 5 

. 3 7 7 . 3 0 0 

. 4 3 0 . 3 3 2 

. 4 3 0 . 2 3 1 

. 3 9 7 . 2 9 4 

. 4 7 4 . 2 1 5 

. 3 9 2 . 2 1 9 

. 3 4 3 . 2 7 8 

. 2 2 2 2 . 9 5 2 

. 1 7 2 2 . 8 6 3 

. 1 6 3 3 . 0 0 9 

. 2 5 6 3 . 3 4 2 

. 2 0 6 3 . 4 9 3 

. 2 2 5 2 . 6 7 8 

. 2 9 0 3 . 3 2 7 

. 1 8 2 3 . 0 8 7 

. 1 5 5 3 . 1 3 1 

. 2 0 8 2 . 7 5 4 

. 1 7 0 3 . 7 0 9 

. 2 8 7 2 . 9 6 3 

. 1 3 3 2 . 8 5 0 

. 1 9 3 3 . 0 3 2 

. 2 5 5 3 . 0 7 3 

. 2 2 7 3 , 0 0 7 

. 2 4 1 3 . 6 0 8 

. 2 6 0 2 . 9 9 2 

. 3 2 1 2 . 6 8 7 

. 2 0 7 3 . 1 3 0 

. 2 9 7 2 . 9 1 7 

. 2 0 2 3 . 0 0 1 

. 2 0 2 3 . 2 8 0 

. 2 7 0 3 . 2 3 7 

. 7 6 2 6 0 

. 8 5 7 9 1 

. 9 8 4 2 0 

. 4 1 5 6 4 

. 7 7 9 4 6 

. 9 3 9 8 2 

. 8 5 4 9 0 

. 9 4 4 7 2 

. 8 5 6 9 2 

. 6 6 9 3 0 

. 5 7 9 1 5 

. 5 6 5 5 0 

. 1 5 6 0 0 

. 3 3 3 3 1 

. 2 0 4 2 2 

. 5 1 0 9 1 

. 3 4 1 0 3 

. 3 9 8 9 0 

. 5821 0 

. 6 7 3 0 1 

. 3 9 8 8 0 

. 9 3 8 0 1 

. 4 3 8 7 1 

. 4 2 8 7 1 

S U M M A R Y OF INDIVIDUAL, D A T A F O R T R I A L S 49-168 



A P P E N D I X 8 (cont inued) 

S u b  C A T { in s e c s . ) Latency in sec s . ) M T ( in s e e s . ) I T R (in 
L a t e n c y -

C A T 
ject m e a n median m e a n median mean median b i t s / s e c . C o r r e l a t i o n Erro 

4 1 . . 9 5 9 . 9 4 5 . 4 3 5 . 4 2 5 . 524 . 509 3 . 193 . 3 4 9 2 0 

4 2 . . 8 5 1 . 8 4 2 . 4 1 2 . 4 0 3 . 4 3 9 . 4 1 9 3 . 565 . 3 8 9 4 0 

4 3 . . 8 9 5 . 8 5 4 . 4 2 0 . 4 1 5 . 4 7 5 . 4 1 5 3 . 5 4 3 . 0 9 5 0 0 

4 4 . . 9 9 8 . 946 . 500 . 4 9 5 . 4 9 8 . 4 5 9 3 . 1 4 0 . 2 0 5 1 0 

4 5 . . 9 5 1 . 8 9 9 . 4 8 2 . 4 8 4 . 4 6 8 . 389 3 . 3 3 9 . 0 2 8 8 0 

4 6 . 1. 0 9 4 1. 061 . 7 8 1 . 7 8 1 . 3 1 3 . 2 8 3 2 . 8 0 4 . 7 0 6 1 1 

4 7 . 1. 116 1 . 0 7 7 . 6 3 3 . 6 2 0 . 4 8 3 . 4 3 8 2 . 7 3 3 . 3 4 1 3 1 

4 8 . 1 . 0 1 8 . 9 9 1 . 541 . 546 . 4 7 6 . 4 3 5 2 . 9 9 1 . 0 3 5 6 1 

4 9 . . 9 8 8 . 9 4 7 . 565 . 575 . 4 2 3 . 3 2 5 3 . 192 . 4 0 5 9 1 

5 0 . . 8 4 4 . 8 3 0 . 562 . 5 6 9 . 2 8 2 . 249 3 . 591 . 6 9 7 5 2 

5 1 . 1. 130 1. 100 . 7 1 9 . 7 0 8 . 4 1 1 . 375 2 . 6 7 0 . 6 8 7 2 2 

5 2 . . 9 7 3 . 9 5 7 . 6 7 1 . 6 7 8 . 302 . 2 4 6 3 . 118 . 6 4 1 7 4 

6 1 . . 8 7 0 . 8 4 4 . 4 4 2 . 4 4 4 . 4 2 8 . 389 2 . 3 5 3 . 2 1 5 5 0 

6 2 . . 8 1 8 . 8 1 5 . 3 8 9 . 3 9 0 . 4 2 9 . 4 1 9 2 . 4 8 5 . 1 2 5 3 1 

6 3 . . 8 2 8 . 8 2 0 . 361 . 3 5 8 . 4 6 7 . 4 4 5 2 . 4 0 8 . 2 9 4 3 2 

6 4 . . 7 0 7 . 6 8 7 . 3 5 5 . 3 5 2 . 3 5 3 . 3 2 3 2 . 8 9 3 . 4 3 0 1 1 

6 5 . . 6 1 7 . 6 0 2 . 349 . 347 . 2 6 8 . 2 4 7 3 . 187 . 4 7 3 7 4 

6 6 . . 7 2 8 . 7 0 2 . 4 4 5 . 4 4 9 . 2 8 3 . 2 3 7 2 . 7 2 3 . 4 9 1 4 5 

6 7 . . 7 5 8 . 7 5 8 . 5 1 8 . 520 . 2 4 1 . 2 3 0 2 . 6 9 1 . 7 8 5 5 0 

6 8 . . 8 5 8 . 8 4 5 . 337 . 336 . 5 2 1 . 505 2 . 3 8 5 . 3 5 1 6 0 

6 9 . . 801 . 7 8 7 . 3 6 7 . 3 6 2 . 4 3 4 . 4 2 2 2 . 5 1 9 . 1 9 6 8 1 

7 0 . . 749 . 7 4 2 . 382 . 374 . 3 6 7 . 3 4 9 2 . 6 7 7 . 3 7 2 9 1 
7 1 . . 6 9 0 . 6 9 0 . 4 4 2 . 4 4 8 . 248 . 2 1 9 2.921 . 5 9 7 9 1 

7 2 . . 7 6 7 . 726 . 4 2 0 . 4 2 4 . 3 4 7 . 305 2 . 6 1 3 . 3 6 4 7 3 



A P P E N D I X 9 

STIMULUS SUBSET GROUP MEANS 
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A P P E N D I X 9 

STIMULUS SUBSET GROUP M E A N S 

S(4)A S(4)D F ( 4 ) A F (4 )D 

M e a n C A T (in s e c o n d s ) . 6 5 1 5 . 6 9 2 0 . 7 7 0 7 . 7617 

M e d i a n C A T (in s e c o n d s ) . 6 4 0 5 . 6 7 5 5 . 7 5 8 0 . 7 4 5 0 

I T R (in b i t s / s e c o n d ) 3 .1337 3 . 0 0 2 0 2 . 6 3 4 3 2 .6748 

N u m b e r of E r r o r s 1.1667 . 6 6 6 7 1.0000 2 .1667 
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A P P E N D I X 10 

STIMULUS SUBSET (COLOR E F F E C T ) A N A L Y S E S : RESULTS OF 
A N A L Y S E S OF V A R I A N C E I N D E P E N D E N T L Y P E R F O R M E D ON 

M E A N C A T , MEDIAN C A T , I T R , A N D E R R O R D A T A 
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A P P E N D I X 10 

S o u r c e Dependent V a r i a b l e F 

Swi tch T y p e C A T (mean) 12.3967** 

C A T (median) 11.3527** 

I T R 16 .6082*** 

E r r o r s 1.6162 

St imulus Subset C A T (mean) . 3460 

C A T (median) . 1572 

I T R . 2021 

E r r o r s . 4040 

In t e rac t ion C A T (mean) . 8546 

C A T (median) . 7480 

I T R . 7206 

E r r o r s 2.5253 

* p < . 05 . 

"**p < . 0 1 . 

< .001 
N o t e . - - F o r each F, df = 1, 20. 

STIMULUS SUBSET ( C O L O R E F F E C T ) A N A L Y S E S : R E S U L T S OF 
A N A L Y S E S OF V A R I A N C E I N D E P E N D E N T L Y P E R F O R M E D ON 

M E A N C A T , M E D I A N C A T , I T R , A N D E R R O R D A T A 
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A P P E N D I X 11 

R E S U L T S OF DISTRIBUTION A N A L Y S E S P E R F O R M E D ON THE 
I N T R A S U B J E C T L A T E N C Y - C A T C O R R E L A T I O N S F O R EACH GROUP 
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A P P E N D I X 11 

G r o u p Skewness P 1 K u r t o s i s P 1 

S(4) 1 .2385 . 2132 . 4 1 1 9 . 6838 

S(8) - . 8941 . 6250 - . 4 7 8 8 . 6378 

F ( 4 ) . 8 4 9 7 . 5997 . 0183 . 9830 

F ( 8 ) - . 0 2 5 9 . 9776 - . 9 6 6 9 . 6647 

1 
P is the p robab i l i t y that the sample d is t r ibu t ion c a m e f r o m a 

popula t ion of i n t e r c o r r e l a t i o n s having a n o r m a l d is t r ibut ion, i. e . , 
s k e w n e s s = 0 and kur tos i s = 0. 

R E S U L T S OF DISTRIBUTION A N A L Y S E S P E R F O R M E D ON THE 
I N T R A S U B J E C T L A T E N C Y - C A T C O R R E L A T I O N S F O R E A C H GROUP 



A P P E N D I X 12 

M E A N M T F O R A L L O C C U R R E N C E S (TRIALS 49 -168 ) 
OF P H Y S I C A L L Y E Q U I V A L E N T KEYPRESSES 
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A P P E N D I X 12 

G r o u p Subject 
Mean M T 

(in s e c o n d s ) Group Subject 
Mean M T 

(in s e c o n d s ) 

S(8) 01 . 2574 F ( 8 ) 41 . 4 9 9 8 

02 . 1718 42 . 4 5 7 5 

03 . 1712 43 . 4 9 6 3 

04 . 2435 44 . 5640 

05 . 2226 45 . 3916 

06 . 2235 46 . 2861 

07 . 3086 47 . 4 3 1 8 

08 . 2125 48 . 4 8 3 2 

09 . 1688 49 . 3861 

10 . 3911 50 . 2888 

11 . 1961 51 . 3882 

12 . 3591 52 . 3084 

S(4) 21 . 1902 F ( 4 ) 61 . 3 9 9 9 

22 . 2527 62 . 4 9 1 2 

23 . 3075 63 . 4 3 6 8 

24 . 2830 64 . 3256 

25 . 2260 65 . 2703 

26 . 2585 66 . 2833 
27 . 3418 67 . 2201 
28 . 2185 68 . 4 9 2 8 

29 . 2761 69 . 4 2 5 4 
30 . 2259 70 . 3234 
31 . 2206 71 . 2914 
32 . 2691 72 . 4 7 2 7 

M E A N M T F O R A L L O C C U R R E N C E S ( T R I A L S 4 9 - 1 6 8 ) 
OF P H Y S I C A L L Y E Q U I V A L E N T K E Y P R E S S E S 



A P P E N D I X 13 

A N A L Y S I S OF V A R I A N C E OF M E A N M T 
F O R P H Y S I C A L L Y E Q U I V A L E N T KEYPRESSES 
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A P P E N D I X 13 

S o u r c e df F 

Swi tch T y p e 1,44 4 0 . 0 5 8 0 * * * 

N u m b e r of A l t e rna t i ve s 1,44 . 5628 

In te rac t ion 1,44 1.6442 

*p < . 0 5 . 

p < . 0 1 . 

**P < . 0 0 1 . 

A N A L Y S I S OF V A R I A N C E OF M E A N M T 
F O R P H Y S I C A L L Y E Q U I V A L E N T K E Y P R E S S E S 
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