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ElAGNITUDE EXTIN4TI ON: THE EXPONENT AND RANGE OF RES PONSE 

Rober t  P. Markley 

SUEMAnY 

Ss made magnitude e s t i m a t i o n  judgments of t h e  a p p a r e n t  d i s t a n c e  o f  - 
a s p a c e  v e h i c l e  i n  a reduced cue s e t t i n g .  The e f f e c t s  of s t i m u l u s  r a n g e  

on r e s p o n s e  r a n g e  and t h e  exponent  of a S tevens  t y p e  power f u n c t i o n  were 

i n v e s t i g a t e d ,  L i m i t a t i o n s  upon t h e  g e n e r a l i t y  of p rev ious  f i n d i n g s  a b o u t  

t h e  e f f e c t s  of t h i s  v a r i a b l e  were d i s c u s s e d ,  

INTRODUCTION 

A f a c t  c l e a r l y  emerging from r e c e n t  r e s e a r c h  i n  psychophysical  

s c a l i n g  is t h a t '  exponent  of a S t e v e n a s  t y p e  power f u n c t i o n  v a r i e s  w i t h  

changes i n  s t i m u l u s  range.  The numerical  v a l u e  of t h e  exponent has  been 

found t o  be s e n s i t i v e  t o  s e v e r a l  f a c t o r s  i n  a d d i t i o n  t o  t h e  modal i ty  of 

t h e  s t i m u l i  (Pou l ton ,  1968), This second o r d e r  v a r i a t i o n  l i m i t s  t h e  a p p r o p r i -  

a t e n e s s  of t h e  power l a w  a s  a model of s e n s o r y  o r  p e r c e p t u a l  p rocesses ,  

Also  r e s t r i c t e d  is t h e  u s u a l  i n t e r p r e t a t i o n  of t h e  exponent as a  parameter  

i n d i c a t i v e  of t h e  n a t u r e  of t h e  s t i -n iul i  be ing  .judged, Pou l ton  (1968), i n  

a rev iew of most of t h e  a v a i l a b l e  r e p o r t s  of r a n g e  e f f e c t s ,  e s t i m a t e s  t h a t  

abou t  1/3 of t h e  v a r i a n c e  of a s e t  of publishe-d exponents  can be accounted 

f o r  by t h e  range  v a r i a b l e ,  His f i r s t  a ~ o d e l  s u g g e s t s  t h a t  - S s  w i l l  i n c r e a s e  

t h e i r  r ange  of r e s p o n s e  w i t h  an i n c r e a s e  i n  s t i m u l u s  range  b u t  t h a t  t h e  

i n c r e a s e  is n o t  of t h e  same magnitude a s  t h e  p h y s i c a l  change, 

Vincen t ,  Brown, t larkley,  and Arnoul t  (1968), i n  a s t u d y  of a p p a r e n t  

d i s t a n c e ,  r e p o r t e d  a d d i t i o n a l  r ange  e f f e c t s .  These a u t h o r s  found, a s  o t h e r s  

had b e f o r e  ttrem, t h a t  t h e  exponent decreased  w i t h  an  i n c r e a s e  i n  s t i m u l u s  



range, But t h e  response ranges used by Ss did not go along with t h i s  trend. - 
The actual ranges of responses used were more d i rec t ly  related t o  the nrurnbm 

of discriminable stimuli  i n  a physical range not the absolute range, These 

was an interaction between the length of the stimulus range and the  location 

of t h a t  range i n  the en t i r e  s e t  of potent ial  stimuli. 

The present study attempts t o  fhr thsr  examine range effects  by 

manipulating stimulus range length and location independently, A within 

Ss design examined the  effects  of these variables on the performance - 
of the individual S, Distance judgments were obtained i n  the same reduced - 
cue set t ing,  simulating outer space, a s  were the data of Vincent e t ,  ale - - 
(1968)~ However the ta rge t  (object whose distance was t o  be judged) was 

different  . 
METHOD 

Observers--Twen%y-four Ss volunteered to  serve i n  t h i s  study. - 
A11 were paid and had no experience with psychophysical scaling research. 

Four Ss were familiar with the apparatus from a previous discrimination - 
study, A l l  - Ss had 20/20 vision (or be t t e r )  a s  determined by an examination 

coriduc"cd by an optometrist . 
Apparatus--Dise;.Ince judgments were made i n  the  NASA-TCU Space Vision 

Simulator ( ~ r n o d t ,  Vincent, Brown, Markley, and Hensleigh, 1969). The 

simla.i;or presents a high f i d e l i t y  three dimensional representation of a 

space vehicle (Lunar &cursion Module, ascent phase, or LM) i n  a s t a r  f r ee  

se t t ing  othherwise simulating outer space. The appropriate object con- 

fiwre.alion, r e t i n a l  image sizes,  binocular cues, l i g h t  ray c o n f i ~ a t i o n s ,  and 

r e l a t ive  brightness changes over a range of 3.50 f t  t o  20,000 f t  a re  presented 

by the  simulatoro Distance cues provided by terrain,  csnkext, texture 

gradients, atmospheric haze, a e r i a l  perspective and the Pike we26 absent. 
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The a scen t  s t a g e  of t h e  LM is a complex, i r r e g u l a r l y  shaped o b j e c t ,  a t  

t h a t  t ime ~ n f a m i l i a r  t o  t h e  Ss.  The LM faced t h e  S and was o r i en t ed  s l i g h t l y  - - 
t o  t h e  l e f t  and away from t h e  S. The s imula ted  v i s i b l e  dimensions of t h e  - 
f r o n t  of t h e  LN w e r e  approximately 14 f t wide a t  t h e  base,  8,5 f t. wide 

a t  t h e  top  and 9 f t  t a l l ,  

Stimuli--Four sets of s t imulus  d i s t ances  were1.used : T O O ,  560, 620, 

720, 780, 900, and 1000 f t  f o r  range NS; 250, 400, 560, 700, 900, 1200, 
l 

and 1500 f t  f o r  range NL; 5009,5600, 6200, 7000, 7800, 9000, and 10,000 

f t  f o r  range FS; and 4000, 5000, 6000, 7000, 9000, 12,*000, and 15,000 Et 

f o r  range FL. Seven hundred f t  served a s  t h e  s tandard  d i s t a n c e  f o r  NS and 

h'I;, Seven thousand f t  was t h e  s tandard  d i s t a n c e  f o r  FS and FL. NS and NL 

were nestr ranges.  FS and FL were f a r  ranges.  NS and FS were s h o r t  ranges 

whi le  NL and FL were long ranges ,  

Procedure--All Ss made magnitude e s t ima t ion  judgments of t h e  d i s t a n c e  - 
of t h e  LM over a l l  f o u r  d i s t a n c e  ranges.  Sach S p a r t i c i p a t e d  s i n g l y  i n  - 
two 40 minute s e s s ions  on consecut ive  days. Two ranges were judged on each 

day. Each S judged t h e  f o u r  ranges i n  a d i f f e r e n t  o rder ,  P r i o r  t o  t h e  - 
f i r s t  d a y q s  d i s t a n c e  judgments, S made 20 magnitude e s t ima t ions  of t h e  l i g h t -  - 
ness  (or  darkness )  of a s e t  of l?luncell n e u t r a l  greys.  This served t o  

f amil i a r  i z e  t h e  S w i t h  t h e  t a s k  of making magnitude es t imat ion  (p re sc r  ibed - 
modulus) responses ,  Ss  were then  introduced t o  t h e  s imu la to r  and informed - 
about t h e  na tu re  and approsimate s i z e  of t h e  space  c r a f t ,  Ss were i n s t a l l e d  - 
i n  t h e  oSse rve rvs  s t a t i o n  and a f t e r  a period of dark adap ta t i on ,  allowed 

t o  view t h e  LM moving back and f o r t h  over a range of 250 t o  15,000 £ t o  

Then t h e  Lt.1 was l oca t ed  a t  t h e  s tandard  d i s t a n c e  (700 Et o r  7000 f t )  and 

S rece ived  magnitude e s t ima t ion  i n s t r u c t i o n s  s i m i l a r  t o  those  r epo r t ed  - 
by V i n c e n t  et, ale (1968), Hocrever, i n  t he  p re sen t  s t udy  t h e  s tandard  - -- 
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distances ware assigned the value 100, For sach range the stimuli were 

presented i n  an irregular order i n  four separate ser ies ,  Between the sesomd 

and t h i r d  se3;ies - Ss wore allowed t o  view the standard distance again, 

Xo judgments were made of a moving target.  An in t e r - t r i a l  i n t e rva l  of 

10 see. wes required t o  change distances. During t h i s  time a shut ter  

occluded the  v isua l  scene, 

RESULTS AND DISCUSSION 

The geometric mean response for each - S t o  each stimulus distance was 

computed. Individual and group psychophysical power functions were 

computed by finding the regression of the log geometric mean responses t o  

the logs of the distances, 

Table 1 summarizes the group resul ts .  I n  addition, the l a s t  column 

of Table 1 gives the  group means for  the r a t i o  of each - S's  mean response fo r  

nearest stirrmlus i n  a range t o  mean response for  the  fa r thes t  distance. 

TABLE 1 

EXF'ONENTS OF THE PSYCHOPHYSICAL FUNCTION 

UNDIB FOUR DIFFERENT STIMULUS RANG= 

FOR A SINGLE GWW OF Ss - 
Stimulus Range No, of Ezponent SD of Mean Ratio of Low 

Set JISDs Exponents t o  High Responses 

NS 500 - IOOO'  f t  16 i .62 e-69 .348 

NL 250 - 1500 f t  43 1 *L3 049 ,090 



Unlike the exponent, t h i s  r a t i o  is  a pure measwe of range of response 

unbiased by the physical measures used t o  describe the  stimuli ,  A small 

r a t i o  indicates a large range of response. 

The exponents i n  Table 1 indicate that ,  i n  accord with previous find- 

ings, an increased range brought about a lower exponent, The rank order 

of the exponents was the same a s  the rank order of the absolute physical 

ranges, However, the  e f fec t  is no$ a s  clear  a s  i L  appears, The exponents 

do not vary systematically with the dynamic ranges ( r a t io  of smallest 

t o  largest  distance) of the stimuli, Furthermore, increasing the  stimulus 

range (from short  t o  long) while holding the  standard constant did not - 
produce a s t a t i s t i c a l l y  s ignif icant  decrease i n  exponent value ( ~ ~ ~ 6 ~  = 2e87, 

p < J.0). However, the change i n  standard location (near t o  f a r )  from 

700 t o  7000 f t  did s ignif icant ly lower the exponent = 8.22, p .01). 

There was no interact ion between the near-far and large-small variables. 

These exponents a re  unusual i n  other ways. The group values a r e  

higher i;l?an previous group exponents reported by Vincent e t .  a l e  (1968) - - 
for distance i n  a similar s e t t ing  and by YIrkley, Brown, and Arnoult 

(1968). This may be due Lo the  unusual configuration of the  target.  

There i s  some agreenent with the  resu l t s  of Kunnapas (1960) but no agree- 

ment with the exponents obtained by I{unnapas (1968) i n  a reduced cue setting. 

Furthermore, the inter-individual var iat ion i n  exponants i s  re la t ive ly  

large,  For exanple, the  SD for  exponents from visual  magnitude estimation, 

rsporLed by Rule (1969), ranged from *21 t o  .31, l e s s  than half those 

reported i n  Table 1. The large variat ion observed here may be the cause 

of  the insignificant changes i n  exponents found when range was increased 

while holding the standard cons"cnt, 
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Analyses of va r i ance  of t h e  i nd iv idua l  response r a t i o s  ind ica ted  

t h a t  s t imu lus  l o c a t i o n  (near-far) and s t imulus  range l eng th  bo th  s i g n i f i c a n t l y  

a f f e c t e d  range  of response (Near vs. Far: F1,23 = 17,33, p  <.01; Long 

vs .  Short :  F1,23 = l33,65, p  ( .01). Again t h e r e  was no i n t e r a c t i o n .  

A logar i thmic  t ransformat ion  of t h e  r a t i o s  a s  was used by Ekman et ,  a l .  - - 
(1968) d i d  n o t  a l t e r  t h e  r e s u l t s  of t h e s e  ana lyses ,  Sub jec t s  g e n e r a l l y  

increased t h e  range of numbers t hey  used i n  responding a s  t h e  l eng th  of t h e  

s t imulus  series r e l a t i v e  t o  a cons t an t  s t anda rd  increased. S h i f t i n g  from a  

near t o  f a r  se t  of d i s t a n c e s  decreased t h e  range  of numerical responses  

even though t h e  abso lu t e  phys i ca l  range  increased.  The response r a t i o s  

d i d  vary  d i r e c t l y  w i t h  t h e  approximate number of JNDs contained i n  each 

s t imulus  set  (Table 1). The number of JNDs was obtained from t h e  Weber 

func t ion  r epo r t ed  by Worley and Markley (1969), I t  is i n t e r e s t i n g  t o  n o t e  

t h a t ,  from t h e  s t andpo in t  of d i s c r i m i n a b i l i t y ,  t h e  NS and FL ranges were 

n e a r l y  of equ iva l en t  l ength ,  These two ranges  produced t h e  two extreme 

group exponents,  Yet, t h e  ranges of responses  used by t h e  Ss t o  d e s c r i b e  - 
t h e s e  d i s t a n c e s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  (t,348-,259 = 2-678; - 
t',05 = 3,45, See Edwards, 1967, p, 265 f f , )  

St imulus range has been shown t o  be a  major c o n t r i b u t o r  t o  group 

d i f f e r e n c e s  i n  performance on a  psychophys icaL s c a l i n g  t a sk ,  The p r e s e n t  

d a t a  ex tends  t h i s  f i n d i n g  t o  i nd iv idua l  Ss ,  Sub jec t s  a d j u s t  t h e i r  response  - 
ranges w i t h  changes i n  s t imulus  range. However, t h e  c r i t i c a l  measure of 

s t imulus  range  a f f e c t i n g  response range  appears  t o  be t h e  number of d i s -  

c r iminable  s t e p s  contained i n  t h e  s t imu lus  r a t h e r  than t h e  a b s o l u t e  phys i ca l  

range, These r e s u l t s  p o i n t  t o  boundary cond i t i ons  f o r  Poul ton ' s  (1968) 

Model X i n  "cat  t h e r e  a r e  s i t u a t i o n s  i n  which Ss w i l l  decrease  t h e i r  r ange  - 
of numerical responses  i n  t h e  f a c e  of a  f i v e  f o l d  i nc rease  i n  phys ica l  range, 



Var ia t ion  i n  s u b j e c t i v e  range may n o t  e f f e c t  t h e  exponent when discr im- 

i n a b i l i t y  is v a r i a b l e  over d i f f e r e n t  po r t i ons  of t h e  phys i c a l  continuum. 

Department of Psychology 
Texas Chr is  t i an  Univers i t y  

F o r t  Worth, Texas, 76129, November 30, 1969 



Arnodt ,  M e  D,, Vincent, R. J., Brown, B. Re, h r k l e y ,  R e  P, 
& Hensleigh, I%. C. A descr ipt ion of t h e  USA-TCU Space 

t o r ,  USA CR 73 305, 1969@ 

Ur~a rds ,  .Abo L, Mothods. New York: Holh R i n e h r t  
& Winston, 

Ekmn, B., Hosmn, Be, Ljndmctn, R., Ljungberg, Lo, Sc Akesson, 
C o  A ,  Inter individual  differences i n  sca l ing  performance. 
Perceptual and Motor Sk i l l s ,  1968, 26, 815-823, -- 

Kunnapas, T, Scales f o r  subjective dis tance Scandi~av ian  : 
Journal  - of Psychologyp 1960, l9 187-1920 

------, Disbnce  perception a s  a function of avai lable  v i sua l  cues. 
Journal - of Experirnen"c1 PsychoPogy, 1968, 77, 523-529. 

b r k l e y ,  R, P,, Broi~n, C. R., & ArnouSt, If, D, Fractionation of 
d is tance i n  simulated space. WSA CR 73 306, 1969. 

Poulton, Eo Ce The new psychophysics: S ix  models f o r  magnitude 
estimation. PsychologicaE Bullet in,  1968, 69, 1 - l p O  

Rule ,  S, J. Subgoct difference i n  exponents from c i r c l e  s ize ,  
numerousness, and Pine length. - Psychonomic Science, 1969, 
1 5 9  284 - 285, 

Vincent9 R, Yo, Brown, Be Re, b r k l e y ,  R, P,, 8 hnoul%,  M. D, 
I!lagnf%-lrde es"cima.l;ion of perceived dis tance over various dis tance 
ranges, Psychonomic Science, 1968, 13, 303 - 304, 

Worloy, J. KO, & Ellarkley, R. Po Distance discrimina'cion i r r  
a-reduceh cue sel t ing.  Psychonoenic Science, 1969 ( i n  press)  



1UGNITUDE ES'itI.lfiTION: THE EXPONEXT AND &iGE OF 
RESPONSE. Robert P. Marueye November 1969,, 8 p. 

Subjects made magnitude estimation judgmen-bs of 
the apparent distance of a spaco vehicle i n  a 
reduced cue sett ing. Tho effects  o f  stimulus range 
on response range and the exponent of a Stevens 
t ype  power function were investigated, Limitations 
upon the generali ty of previous findings abouL the 
effects of t h i s  variable were discussed. 


