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Although this paper describes a perceptual analysis of

visual patterns , its main conceptual antecedents are perceptual

an alyses of complex sounds. Most directly in line are a stud y of

the identification of synthetic , arbitrary sounds (Webster ,

Woodhead , and Carpenter , 1973), a multidimensional scaling

analysis of a set of sounds similar to those used by Webster , et

al (Howard and Silverman , 1976), scaling analyses of the sounds

constructed by Webster , et al and of the visual transforms of

those sounds (Morgan , Woodhead , and We bster , 1976), and a scaling

analysis of’ real (underwa ter ) soun d s (Howar d , 1976). The scaling

analyses by Howard and by Howard and Silverman were based on

obs e r v e r s ’ judgments of the degree of stimulus similarity; the

scaling analysis by Morgan , et al was based on measures of

st imu l us s im ilar i ty der ive d from numbers of’ confus ions in an

identification task.

We have examined the identification of visual

representations of a set of underwater sounds similar to those

— 1 —
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used by Howard , and also the m u l t i d i m e n s i o n a l  s c a l i n g  of those

s t i m u l i  based on j u d g m e n t s  of degree of s i m i l a r i t y .  We have

a t t empted  to ga in  u n d e r s t a n d i n g  of the  f u n d a m e n t a l

p roces s —— i d e n t i f i c a t i o n — — i n  terms of the d i s t i n c t i v e  f e a t u r e s  or

dimensions of the stimuli as revealed by the psychological

scaling analysis. In particular , we have tried to predict

cer ta in as pects of ident if ication performance from the

dimensional analysis based on similarity judgments.

Other objec ti ves of the present stud y have been to re late

signal identification to signal detection , and to do so over
• successive stages of observation of relatively long signa].s. A

companion paper (Swets , Green , Getty,  and Swets , 1977) shows how

a “joint” Relative Operating Characteristic (ROC) for detection

plus identification can be predicted from the simple detection

ROC , d raw ing on a model pro pose d by Starr , Metz , Lusted , and

Goodenough ( 19 7 5 ) .  The m a i n  a s sumpt ions  of this model are that

the s i g n a l s  are o r thogona l  and of equa l  e n e r g y .  The compan ion

paper  a rgues  also for the impor t ance  of a n a ly z i n g  the growth  in

p e r c e p t u a l  a c c u ra c y  over t ime , on the  g rounds  t h a t  t empora l

In t e g r a t i o n  of sensory  i n f o r m a t i o n  is f u n d a m e n t a l  to d e t e c t i o n

and identification . Adaptive changes in the sensory analysis may

also occur over t ime (see ,e.g., Swets and Birdsall , 1978) .

— 2—
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Part ially motivating the experiments reported here is the

j task of the sonar ob server who ~nust dete ct and identi fy com plex

un derwater sounds or visual representations of them . The need to

an alyze temporal integration in this case is obvious: both

detection and identification relative to a given observation (or

a gi ven st imulus ) procee d in slow mot ion , be ing measure d in

minutes , and often be ing bro ken down into di screte sta ges of

observation . One reason for a long observation period is that

I r e d u n d a n t  s igna l  i n f o r m a t i o n  serves to red ’~ce the i n t e r f e r e n c e  of

F random no ise .  Ano the r  is t h a t  i n f o r m a t i o n  in u n d e r w a t e r  acous t ic

events often inheres in th e synta ct ic pattern of a str ing of

I p r i m i t i v e  sounds .

1 Another bas ic chara cter ist ic of the sonar problem is tha t

- 
the s i g n a l  p a t t e r n s  are not o r thogona l , but  h i g h l y  co r re la t ed .

Moreover , the  i n t e r f e r i n g  noise  is fa r  f rom random , and , indeed ,

of ten  appears  in d i s t i n c t i v e  p a t t e r n s  s imi l a r  to s igna l  p a t t e r n s .
L. In f ac t , the d e f i n i t i o n  of “ s i g n a l”  and “ noise ” d i f f e r s  from one

[ sonar task to another depending upon whether the observer is

l o o k i n g  for , or t r y i n g  to ignore , a p a r t i c u l a r  source of sound :

• L surface sh ips , su b m a r i n e s , a i r p l a n e s , r a i n  squa l l s , schools of

• fish , var iat ions In ocean de pth , and so forth .

-3-
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Our v isual re p resen tations of e ight re al underwater sound s

I are described in detail in the next section. Here we point out

I 
that , in our detection—and— identification task , we defined a

particular four of these visual patterns as signals—— a different

I set of four in each of three experimental conditions ——a nd

presented them along with the other four which served as noise .

A detection response was followed by an identification response ;

only the four alternatives defined as signals were available as

I identification responses. Such a task structure permits

extension of a detection analysis in terms of the ROC , from

situations in which weak signals are masked by random noise to

1 situations in which strong signals are confused with strong

“noise ” patterns that closely resemble them . Both situations are

1 represented in ordinary perception as well as in sonar observing:

I some time s one dete cts weak signa l s  in r an dom no ise , and at ot her

times one distinguishes between strong “wante d” signals and

I strong “unw anted” signals.

PRO CEDURE

I Scaling Procedure

I The Stimuli. Howard (1976) selected eight recordings of

underwater sounds to represent a range of common natural and

-4-
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m e c h a n i c a l l y  p roduced  sounds .  They were  r e f e r r e d  to as ( 1 )  Sheet

I Cavitation (SC), (2) Biologics (BI), (3) Compressed Cavitation

I 
(CC), (LI ) Torpedo (TO ), (5) Diesel Engine (DE) , (6) Rain Squall

(RS), (7) Steam Noise (SN), and (8) Flutter (FL). Their

4 long—term spectra are shown in Fig. 1.

Howar d ’ s physical and psychological analyses indicated that

the top four stimuli in the figure tended to have bimodal spectra

r while the bottom four tended toward unimodal spectra. The

r left—most four stimuli were seen to be negatively skewed (less

1-. low— frequency information) while the right—most four were more

nearly symmetrical. Finally , not evident in the figure , BI and

FL had a definite low— frequency temporal periodicity.

• For our visual stimuli we converted the spectra of these

eight stimuli to steady horizontal brightness profiles (the

greater the energy , the darker the trace) , thus maintaining to

some extent the first two dimensions of the auditory stimuli. We

I-
converted period icity to a pulsing (or striation) in the vertical

— dimension , because the stimuli in our detection

F —and—i dentification experiment (described shortly) developed over

time along the vertical dimension. Specifically, we grouped (1)

SC and (2) BI with (7) SN and (B) FL by giving all four

• relat ively low— frequency per iodicities , and gave the remaining

—5—
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CENTER FRE QUENCY OF 1/3 OCTAV E BAND

F i g u r e  1. L o n g - t e r m  s p e c t r a  of e i gh t u n d e r w a ter sounds
(From H o w a r d , 1976)
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(middle) four relatively high— frequency periodicities. In

particular , the pulses per stimulus were 15 , 16 , 17 , and 18 , for

Stimuli 1 , 2, 7, an d 8 , respectively, and 21 , 22, 23, and 214, for

Stimuli 3, 14 , 5, and 6, respectively. The resulting stimuli are

shown in Fig. 2.

The stimuli were constructed on a COMTAL model 8000—SA

image—processing system , driven by a DEC PDP— 11 /314 minicomputer ,

and displayed in an area 214 cm wide x 12 cm high on a CONRAC

17-inch (LI3 cm) SNA television monitor. It can be seen in Fig. 2

that we added a background of random noise to each patterned

stimulus. The noise consisted of a 256 x 128 matrix of elements ,

each having an independent gray value sampled from a Gaussian

distribution with mean 128 units and standard deviation 10 units

on the 256—unit COMTAL gray scale.

Each of the eight patterned stimuli was constructed by

subtracting from the noise background a horizontal brightness

profile corresponding to the long—term spectrum of each of the

signals shown in Fig. 1. Thus , increasing energy in the spectrum

resulted in a darker trace. All signal profiles were scaled to

have the same space—average darkness of 20 gray units below the

mean gray value of the noise background. In addition , the

darkness of each point in the signal profile was sinusoidally

—7—
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1. sC 2 . B1

U. S N UIIL
Figure 2 .  Visual representations of the ei ght underwater

I sounds , photographed from the display monitor.

F — 8 —  p
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var ied in the vertical dimension , with a peak—to—peak brightness

var iation of 200 percent about the steady—state value .

( For the similarity judgments , the stimul i displayed on the

telev ision monitor were photographed and presented to groups of

I four judges by means of 35 mm s l ides .  The p ro jec t ion  screen was

• approximately 5 meters from the judges; each stimulus subtended a

v isual angle of about 3 .5 degrees .

S i m i l a r i t y  J u d g m e n t s .  P a i r w i s e  judgments  of s i m i l a r i t y  were

el ic ited from 20 members of BBN ’ s tec hnical staff , selecte d in

the main to be no more than casually familiar with stimuli of the

I type we constructed . Such judgments were also obtained from the

three observers employed in the detection—and—identification

I task , after they had completed that task.

I - After seeing the eight stimuli presented successively,

tw ice , for 15 seconds each , the judges rated similarity on a

- 10—point scale for the 28 possible pa i r s , wi th  members of each

I pa i r  presented s i d e — b y — s i d e  for 15 seconds;  the fo l lowing

response interval was also 15 seconds. To assess response

consistency, the 28 p a i r s  were then presented a second t ime , w i t h

left—r ight positions reversed , and in a different random

order—— to the naive judges——and a second and third times to the

- I three experienced observers,

—9-
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Analyses. The INDSCAL multi d imensional scaling procedure

( C a r r o l l  and C h a n g ,  1970) was appl ied  to the s i m i l a r i t y

judgments , in order to determine the stimulus dimensions or

d i s t i n c t i v e  f e a t u r e s  tha t  lay behind the j u d g m e n t s .  A phys ica~
a n a l y s i s  of the s t imul i  was also conducted .

D e t e c t i o n — a n d — I d e n t i f i c a t i o n  Procedure

Stimulus Pattern and Noise Parameters. The stimulus

patterns used in the detection—and—identification task were

presented with certain parameters different from those used in

the scaling task , in or der that errors of detection and

I identification would occur . Specifically, the standard deviation

of the background noise distribution was increased from 10 to 15I , gray uni ts , and the depth of modulation (peak to peak) of the

signal profiles along the vertical dimension was decreased from
- 

200 to 60 percent. The CONRAC monitor was adjusted so that the

I middle gray (128) units) corresponded to a luminance of about 62

cd/rn2, and the full white (255 units) corresponded to a luminance

F of about 308 cd/rn 2.

1 ; V iewing Environment. Observers sat approximately two meters

from the stimulus— display screen. This screen was about one

meter from the floor , and v iewed comfortably over the

11 CRT/keyboar d computer terminals (Lear Siegler ADM—3A) used for

‘
i
n 

•
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1~ response cueing and response entry. Ambient room lighting was

approx imately 3 cd/rn 2.

Stimulus Presentation. Four of the eight patterns were
- 

designated as signals in each condition of the experiment.

F 
Signals were presented at random on one—half of the trials , wit h

each signal equally likely. The noise patterns were presented ,

• a l l  e q u a l l y  l i k e l y ,  on the r e m a i n i n g  t r i a l s .  The observers  were

g iven  h i g h— c o n t r a s t  Polaroid  p i c t u r e s  of the four  s igna ls

( s i m i l a r  to those represented in F ig .  2) for  r e f e r ence  as they

I chose.

1 Each trial contained five stages of observation , with each

stage followed by the responses described below. A stage

Ii consisted of painting a horizontal stripe over approximately

- one—tenth of the screen , about one—quarter of the d i s t a n c e  down

from the top of the sc reen .  Fo l lowing  stages “ pushed ” p reced ing

I stages downwar d in “waterfall” fashion .

Responses. The first response made at each stage was a

detect ion response in the form of a six—category rating of

1 confidence. Then an i d e n t i f i c a t i o n  response was made , no mat te r

which detection response was made previously.. The

I identification response was a numeral—— i , 2, 3, or lI—— in

accordance with their assignment to the signals. Responses were

~~~I.IuuI ~~~~~ ~~~~~~~~~~~ -
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made v i a  the keybo ard  of the CRT t e r m i n a l , with appropriate time

I and type  of response cued by the terminal’ s display; the complete

term inal display is shown in Fig. 3.

I
Trial and Session Timing . A tenth of the screen (one stage

I of observation) was painted in eight seconds. The next tenth was

I 
painted after all observers had completed their responses. The

response interval lasted approximately five seconds , followed by

a warn ing sound that the next stage would occur . Feedback was

given at the conclusion of a trial (five observation stages), and

I 1.5 seconds intervened between trials.

I Ten t r i a l s  were  presented  in a block , and six blocks were

presented in a two—hour session. Fifteen sessions were conducted

I over three weeks. Certain sessions or initial parts of sessions

were designated as practice , and not inclu ded in the analyses.

E x p e r i m e n t a l  C o n t r o l .  S t imu lus  presentation and trial

f tim ing were controlle d , responses were recorded , and data were

analyzed by the PDP— i1 computer.

Observers. Three observers were members of BBN ’s technical

~~~

- staff , including one of the experimenters ( J B S ) .

Experimental Condition s . In Condition 1 , the four signals

were Num bers 1 , 2, 5 , and 6, of Fig. 2. According to the

— 12—
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Figure 3. An examp le of the complete terminal
d i s p l a y  at the end of  a trial.

— 13—
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t h r e e — d i m e n s i o n a l  analysis given with Figs. 1 and 2 , these

s igna l s  were not d i s t i n g u i s h e d  from the four noise  p a t t e r n s  by

any single dimension. In Howard’ s terms , Numbers 1 and 2 are

b imoda l  w h i l e  5 and 6 are u n i m o d a l ;  Numbers  1 and 5 are skewed

whi le 2 an d 6 are s y m m e t r i c a l .  In our terms , Num bers 1 and 2 are

pulsed w i t h  r e l a t i v e l y  low f r equenc ie s  wh i l e  5 and 6 have

h i g h e r — f r e q u e n c y  p e r i o d i c i t i e s .

In Con di tion 2, the designated signals were Numbers 3, 4, 5,

and 6 of F i g .  2. They were the four patterns with relatively

h i g h  f r e q u e n c i e s  of p e r i o d i c i t y .

In C o n d i t i o n  3, the s i g n a l s  consis ted  of’ the g r o u p

characterized as relatively skewed : Numbers 1 , 3, 5, and 7.

• RESULTS

• Physical Analysis

We considered using in  our phys i ca l  analysis Howard’ s

steady—state dimensions of’ b i m o d a l i t y / u n i m o d a l i t y  and

skewness/symmetry, an d his measurements of the dimens ions so

named . As ment ioned , we altered his stimuli relative to

p e r i o d i c i t y ,  and had our own phys i ca l  measu re s  for  that

dimens ion.

- 
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- We recognize d , however , as the  work of Morgan , et al

• suggests , t ha t  the  v i s u a l  t r a n s f o r m a t i o n s  of the soun d s coul d

make somewhat different dimensions salient. A look at the visual

patterns in Fig. 2 suggests , for exam ple , that a

I - trimodality/bimodality dimension might be more evident in them

t han  the  b i m o d a l i t y / u n i m o d a l i t y  d i m e n s i o n  found  in the sounds .

Moreover , fewer visual patterns appear symmetrical. Again , it

woul d seem that the amount of light—dark contrast within a visual
- 

pattern would be a relevant dimension .

So we devised new measures for four physical

I dimensions , 
~~ 

to . The first measure is termed “low—frequency

energy ,” and is a measure of the amount of ener gy in Howar d ’s

second and third filter bands. As indicated in Fig. 1 , these are

1~ 
the 1 /3— oc tave  b a n d s  with center frequencies of 63 and 125 H z .

I .  This measure , it can be seen , bears a relat ion to the “skewness ”

that Howar d noted in his sounds. The left—hand column of stimuli

(Fig. 1) tends toward lower amounts of low— frequency energy. Our

second physical measure is “mid— frequency energy ”——t he ener gy in

the fifth and sixth bands of F ig .  1 , i . e . ,  the bands  wi th  center

1 frequencies of 500 and 1000 Hz. Our physical measure denoted q~3

1 is a measure of’ “con t r a s t , ” and more sp e c i f i c a l l y ,  of the depth

of the “primary white trough ”—— defined as the average deviation

- I between the points on the energy profile (Fig. 1) and a line

— 
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c o n n e c t i n g  the  two local maxima bounding the primary trough .

This dimension , it may be noted , is correlated w ith Howard ’s

b i m o d a l i t y ;  the upper  four  s t imul i  in F ig .  1 tend to show the

most con trast. The measure is “periodicity ,” with pulses per

s t i m u l u s  as l is ted in the Procedure  section .

The measures we used were selected to represent well the

d i m e n s i o n s  we expe r imen te r s  saw in the s t i m u l i , and , as wi l l  be

seen , to correlate highly with the psychological dimensions

reveale d by the INDSCAL perceptual scaling analysis as applied to

the ex perienced observers. The various values of the eight

• s t imu l i  on the four physical dimensions are listed in Table I.

(The s t i m u l i  are  not ranked in the table on the first three

d imens ions  in e x a c t l y  the way they would have  been if based

directly on Fig. 1 , because , as men t ione d earl ier , the signal

p r o f i l e s  of F ig .  1 were  n o r m a l i z e d  in our v isual transformat ions

to have the same space—average darkness.)
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Physical Dimensions Psycholog ical Dimensions

;timulus ~~ ‘
~2 

‘
~3 ~4 

‘
~
‘2

1. SC 90 104 8.8 15 -.405 .427 .229

2. B! 103 121 10.5 16 .441 -.143 .675

3. CC 104 93 12.8 21 -.552 - .209 .243

4. TO 107 116 4.5 22 .380 -.083 -.344

5. DE 87 118 4.5 23 .317 .597 — .213

6. RS 110 105 5.5 24 -.154 -.521 -.233

7. SN 96 108 6.0 17 -.198 .207 .097

8. FL 107 110 4.5 18 .171 -.276 -.454

Table I. Physical coordinates for each of the eight
stimulus patterns , and psycho logical coordi nates
yielded by the three experienced observers.

Scal ing Analysis —— Experienced Observers

We subm itted to INDSCAL analys is the thi rd set of 28

similarity judgments made by the experienced observers. Though

the first and second , and second and third , sets of judgments

showed a correlation greater than 0.50 for each observer , the

correlation of the first and third sets was less than 0.50 for

two of the three observers. This result suggests that the bases

for the judgments was chang ing gradually over the course of the

three sets , and consequently, the INDSCAL analys is was applied

only to the last of the three sets of judgments.
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The proportion of variance accounted for by the solutions

with one to four dimensions is given by the open circl~ s in Fig.

4 . The weights of the eight stimuli in the three—d imensional

- solution are listed as to in Table I.

r Table II shows the product—moment correlations of the

1. phys ical va r i ables , to 
~~~~~~ 

with the psychological dimensions

I to lJ1
3 • 

There is a clear physical correlate—— an r in the

vicinity of 0.90——for each of the three perceptual dimensions.

1 Correlations greater than 0.83 have a probability less than 0.01

• for a two— sided test. The remaining correlations fall well below

1 0.71 , which has a corresponding probability of 0.05 for a

t w o — s i d e d  t e s t .

IT
I
I 

,

I 
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• 20 NAIVE JUDGES
- o 3 EXPERIENCED -

OBS ERVERS

C I 1
1 2 3 4

NUMBER OF DIMENSIONS

Figure 4. The proportion of variance accounted
for by the INDSCAL solution with
var ying numbers of dimensions , for both
naive jud ges and experienced observers.
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.030 - .189 .095 T~ 1 - .491

.118 ~..971J .246 - .113

- .21 5 - .037 1.8271

- .142 .007

- .475

Table II. Product—moment correlations between each of the
physical and psychological dimensions , for the
experienced observers.

The first psychological dimension corresponds to

“m id— frequency energy ; ” the second , to “low— fre quency energy ; ”

and the third , to “con trast.” To our sur prise , “periodicity ” did

not emer ge as a psychological dimension for our experienced

observers. This despite the fact that periodicity was salient

for them , as we shall see , in the detection — and— identification

task . Indeed , these observers mentioned that while they were

aware of the per iodi ci ty var ia b le in the judgmen t of s imi lar ity ,

they did not find it helpful in that task.

— 20—
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Scaling Analysis——Naive Judges

We subm itted to INDSCAL anal ys is the se cond of the tw o sets

of 28 similarity judgments , for the 1 4 of our 20 judg es whos e

judgments on tr ia ls 1 1 to 28 of the f irst se t correlate d hig her

than 0.50 with the same pairs in the second set. The idea was to

use only the data of judges who were behaving rather

consistently.

The proportion of variance accounted for by the solutions

with one to four dimensions is given by the closed circles in

Fig. 4. The weights of the eight stimuli in the four— dimensional

solution are listed as to in Table III , along with the

physical coordinates repeated from Table I.

-21-
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Physical Dimension s Psychologic al Dimensions

Stimulus ~1 ~2 ~3 ~4 
‘
~
‘1 ‘

~
‘3

1. SC 90 104 8.8 15 - .546 .261 - .369 .385

2. RI 103 121 10.5 16 - .083 .403 .616 .575

3. CC 104 93 12.8 21 .262 .595 - .470 - .182

4. TO 107 116 4.5 22 .004 - .264 .358 - .440

5. DE 87 118 4.5 23 - .514 - .098 .276 - .227

6. RS 110 105 5.5 24 .515 - .177 - .130 - .392

7. SN 96 108 6.0 17 .058 - .210 - .170 .300

8. FL 107 110 4.5 18 .305 - .511 - .112 - .01 9

Table III. Physical coordinates for each of the eight
st imulus patterns , and psycholog ical

= coordinates yielded by 14 naive judges.

Table IV shows the product—moment correlations of the

phys ical measures mentioned earlier , ct~ to 4~~, w ith the

psychologica l d imens ions , *] to p~ . There is a clear phys ical

correlate (an r in the vicinity of 0.90) for each of the four

perceptual dimensions. Recall that correlations greater than

0.83 have  a p r o b a b i l i t y  less than  0.01 for a two—sided test .

Again , the rem aining correlations fall below 0.71 , whic h has a

correspondin g probability of 0.05 for a two—sided test.

—22-
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- .230 - .224 - .381 l.8901 - .371 - .010 .339

- .133 .378 - .182 - .347 1.9481 - .242

.080 .052 (.9341 - .260 .074

- .366 .168 .434 1- .927 1

- .142 .007 .280

- .475 - .053

- .358
4~4

Table IV. Product—moment correlations between each of
the dimensions , for the naive judges.

The primary result is that the physical measures to

wh ich were selected to correlate highly with the three

psychological dimensions of the three experienced observers ,

correlate highly as well with the independent set of data

obta ined from the 14 naive judges . Moreover , the na ive judges

yield a fourth dimension that corresponds to the physical

varia ble of periodicity.

We aske d the judges , after the sim ilarit ’ ratings , to write

down the dimensions they were using in those ratings. According

V to our translation , 12 of the lii judges listed something related

j to our first two physical dimensions——having to do with the

—23—
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relat ive darkness of vertical bands in different left—mid—right

I p o s i t i o n s .  And 13 of the 14 judges listed a variable

corresponding to our third physical dimension , “contrast .” Six

L of the 14 judges mentioned a variable related to our fourth

d imens ion , “ p e r i o d i c i t y .  Though “pertodicity ” was remarked upon

by a m i n o r i t y  of the judges , it appeared to be qu i te  s a l i en t  for

- 
that minority. These 6 judges had an average weighting of 0.41

on ~~ w h i l e  the r e m a i n i n g  judges  had an average  w e i g h t i n g  of

- - 0.11 on that dimension . For that minority , the correlation

F between original data and computed scores increased an average of
- 

6.7 points in moving from three to four dimensions ; for the

I.. others the aver age increase was 1.4 points.

I
Detection—an d— Identification Task

F We turn now to a consideration of the

F detection—and—identification task—— first , br iefly, on its own ,

L molar , performance terms. Then we attempt to relate certain

F 
aspects of this performance to the distinctive features of the

stimul i as revealed by the scaling analysis.

~ ii Detect ion and Identification Accuracy Over Time . Figure 5 -

Ii shows how detection accuracy and identification accuracy grow

over the five stages of observation , for the three signal

1 
~214~
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-
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CONDITION I CONDITION 2 CONDITION 3
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Figure 5. The area under the ROC curve and the percentage
of correct responses over observation stages for
three observers.
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conditions. Detection performance is indexe,d by the trapezoidal

area un der the ROC (see Green and Swets , 1 966 , 1974), and

id ent if icat ion performan ce is indexe d by the proport ion of

correct choices. Each of the points shown is based upon 230

tr ials.

That the two indices grow apace is consistent with the

ar gument of the com pan ion paper (Swets , Green , Getty,  and Swets ,

1977) that detection and identification proceed simultaneously as

parts of the same process. In the model for the “adaptive

opt imum rece iver ” put forth by Nolte (1967), the observer stores

update d pro babi lity est imates separately for each signal under

consideration , so that the basis exists for both detection and

identification responses.

Relative Levels of Detect ion and Identification. Recall

that in Cond it ion 1 the s ignals are not consistently

distinguished from the noise patterns on any particular

dimension. That is , Num bers 1 and 2 are relatively bimodal , high

in contrast , and low in pulse fre quency, w hi le Numbers 5 and 6

are the opposite . Again , Num bers 1 and 5 are relatively skewed

or low in low—frequency energy while Numbers 2 and 6 are the

opposite. Thus , in Condition 1 , while detection cannot be based

simply on a single dimension , all of the d imensions identified

are ava ilable for identification.

H 
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We m ight ex pect then , that in Condition 1 , identification ,

I - 
as com pare d to detect ion , woul d be relatively easy. Note , for

example , that the observer could determine first that the pattern

1 present is low in low— frequency energy and low in period icity——he

I 
- 

can then confidently and correctly identify it as Number 1 before

- 
he is able to detect its difference from (the noise pattern)

Number 7 , on the basis of “contrast.” Let us note , for

compar i son  w i th  the other  two cond i t i ons , that  averaged over

observers and observa tion stages , in Condition 1 the detection

index is .83 and the identification index is .89.

r 
Recall that in Condition 2 the dimension of pulse rate was

the ma in bas is for detection and of red uce d value for

I identification. Consistent with this difference , ident if icat ion

- 
is more difficult compared to detection . Specifically, the

I average detection index is .96 and the average identification

index is .78. Wi th  r e f e r e n c e  to Cond i t ion  1 , the de tec t ion  index

is up .13 w h i l e  the i d e n t i f i c a t i o n  index  is down .1 1.

In Condition 3, the signals were four stimuli characterized

F as relat ively skewe d , or low in low—frequency energy. Here , the

two indices are intermediate between Conditions 1 and 2: the

I detection index is .93 and the Identification index is .86. With

reference to Condition 1 , detection is up .10 and identification

—27—
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is down .03. In the present experiment , pulse rate apparently

dominates skewness or low— frequency energy as a basis for either

detection or identificat Ion .

The ordinal prediction of the relative levels of detection

and i d e n t i f i c a t i o n  p e r f o r m a n c e  in the three  condi t ions  can be

g i v e n  a q u a n t i t a t i v e  bas is  by c o n s i d e r i n g  i n t e r— s t i m u l u s

distances in the multidimensional space derived from the scaling

analys is. With regard to detection , we may ex pect that dete ct ion

of a “ s i g n a l”  w i l l  be i n c r e a s i n g l y  d i f f i c u l t , on the average , the

sma ller the average distance between signal and noise patterns.

Thus , we may predict the order of detection performance across

the three conditions by calculating the average distance between

the 16 signal—noise pairs for each condition . As a reasonable

f irst approx imat ion to an average observer , di stances were

calculate d we ight ing t he three dimens ions der ive d from the

scaling analysis equally, and adding perlodicity as a fourth

d imens ion , we ighted equally with the others. The average

distances obtained for the three conditions were 0.89 , 1.03, and

0.93, respectively. These distances agree ordinally with the

detection probabilities 0.83, 0.96, and 0.93 obtaIned for the

three conditions , respectively.

—28—
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With  r ega rd  to i d e n t i f i c a t i o n , we may expect  t ha t  correct

i d e n t i f i c a t i o n  of the four  s i gna l s  w i l l  be i n c r e a s i n g l y

difficult , on the average , the smaller the average inter— signal

d i s t a n c e .  Values  of this measure , obta ined for eac h condition by

a v e r a g i n g  the six i n t e r — s i g n a l  d i s t ances , are 1.24 , 0 .77 ,  and

0.88 for  the three con di t ions , respectively. Again , these

di stances agree or d inally w ith the identification proba bilities

0.89 , 0.78 , and 0.86 obtained for the th ree  c o n d i t i o n s ,

respectively.

Thus , the d imensional information about the set of stimulus

patterns provided by the scaling analysis successfully predicts

the relative performance levels of both detection and

identification when different subsets of the patterns are

des ignate d as “sign als.”

Predictin& Identification from Detection. Our present

signals obviously violate an important assumption——namely,

orthogonality—— of the model proposed by Starr , Metz , Lusted , and

Goodenough (1975) to predict a joint ROC for

detect ion—plus—correct—identification from the simple detection

ROC . So we would not expect  the p red ic t ions  of the model to hold

up as well in general for these signals as they did for the

simpler signals descri bed in our companion paper (Swets , Green ,

V 
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Getty, and Swets , 1977). However , our th ree  sets of s ignals

di ffer w ith res pect to the extent of their departure from

o r t h o g o n a l i t y : the signals of Conditions 2 and 3 each have

something in common (pulse rate and amount of low— frequency

energy, respectively) , whereas the signals of Condition 1 were

selected to have no common denominator . Therefore , a com par ison

across con di t ions , of our observers ’ performance with the

performan ce predi cte d by the model , may be instructive.

In Cond ition 1 , in which identification is relatively easy,

the performance values obtained consistently exceed the predicted

values—— on the average , by 3.8, 8.7, and 4.3 points for the three

observers , respectively. (The obtained and predicted values are

aver aged over six ROC points for each of five stages or

observation.)

On the other hand , in Con di tion 2 , in wh ich i d e n t i f i c a t i o n

is harder compared to detection , the values obta ined are

consistently lower than the ones predicted—— on the average by

12.2, 36.2, and 3.8 points for the three observers.

• In Condition 3—— yielding intermediate results on the

relative difficulty of detection and identification , but more

like Condition 2 than Condit’ion 1—— the values obtained are again

lower than the ones pred icted——by 7.3, 7.6, and 6.9 points for

the three observers.
—30—
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These results suggest to us the poss ibility that the model

of Starr , et a]. will contribute a helpful quantitative aspect to

the stud y of the relat ive diff iculty of detection and

Identification . In the present paper we have used the

d i m e n s i o n a l  a n a l y s i s  merely to order our three di fferent

signal—noise conditions ; the prediction of the model of Starr , et

al prov id es a quantitative benc hmar k that may be useful in

evaluating any given combination of signal and noise patterns.

SUMMARY AND DISCUSSION

This paper describes two approaches to increased

u n d e r s t a n d i n g  of the process of s t imulus  i d e n t i f i c a t i o n . In one

of them we have attempted to relate signal identification to

signal detection . In this regard our experiments incorporated

two aspects of realism : the fact that the detection and

identification processes proceed together over time ; and the fact

tha t detection may be a matter of discriminating wan ted and

unwanted signal—like patterns , rather than signals from random

noise .  In the l a t te r  connec t ion , we have observed that the

particular properties of the patterns that are of interest for

detection and identification , respectively, will vary from one

situation to another . It would appear that the simple ROC can be

used to evaluate detection performance in this context , and there

-IL 
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is some Ind icat ion that the j o i n t  ROC , which considers

identification along with detection and which . may be related to

the de tec t ion  ROC , w i l l  also be u s e f u l  here .

The second approach to the stimulus—identification process

represen ted  in this paper is base d on the mult idimens ional

scaling of the stimuli , as derived from judgments of similarity.

We were able to develop physical measures that correlate highly

with the psychological dimensions of a first group of judges ,

which measures were then found to correlate highly with the

I - psyc hological dimensions yielded by a secon d , independent group

of j u d g e s .  In a d e p a r t u r e  from ea r l i e r  work on perceptual

scal ing, we have  sought to predic t  i d e n t i f i c a t i o n  p e r f o r m a n c e  by

means of the dimensions that were identified in the scaling

anal ysis. Our results demonstrate that a dimensional analysis ,

even when appl ied  in a r e l a t i v e l y  crude f a sh ion , can successfully

generate at least some ordinal predictions about how difficult

identification will be relative to detection . In a paper to

follow (Getty, Swet.s , Swets , and Green , 1978), we report a

finer—grained examination of the ability of dimensional analyses

to predict identification performance. In that study, distances

separating our eight stimuli that are derived from the

multidimensional space based on similarity judgments are used to

1] 
predict quantitatively, cell—by—cell , a full 8 x 8 confusion
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—

- 
matr ix , as well as the truncated matr ices obta ined from the

I - detection—and—identification task described here.

I ’
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