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One of the central issues in research on c lassi f icat ion is

whether ca tegor ies are re presente d in memor y b y a list of

category attributes or by a prototypical member. The former

representation has been traditionally used in concept formation

studies (Bourne & Restle , 1959 ) .  Ho wever , Posner ( 196 9 )  has

argued that the prototype representation may be more appropriate .

In th i s case , the category is represented by an average of the

attr ibutes. New i tems are compare d to the prototype of the

category rather than being compared against a list of the

attr ibutes for each member in the category. Classification then

involves computing a sim ilar ity measure b etween the tes t i tem and

the protot ype rat her than count ing the number of match ing

attr ibutes between the test item and each known member .

The classification model developed by Howard , Ballas and

Burgy (1978) uses prototypes to represent categories and computes

similarity on the basis of the psychological distance between the

prototype and the test item . The distance is expressed as a

probability that the item belongs to the category and is based on

f itt ing a Gauss ian pro b abili ty di str ibut ion to confus ion matr ix

data . Each of these distributions are centered on the prototype

for the category in a perceptual space. This assumption has two

alternative implications. The first is a psyc hological

im plication and means that the prototype is the memorial

representation of’ the category. The second is a statictical

implication and means that the prototype Is a convenient

description of the location of a probability distribution for a

category in a psychological space. This Implication need not

I
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Category Representation Page 2

mean that the prototype resides in memory. It is based on the

assumption that the assignment of stimuli to categor ies is

probabilistic. If this is so , then the category can be

represented by a probability distribution in some psychological

space. The centroid of this distribution is a statistical

prototype , but need not be a cognitive prototype .

Rese arch supporting the prototype representation has found

that listeners do as well classifying prototypes on which they

have not been trained as they do c lass i fy ing examples on which

they were trained . Neumann (1977) has argued that these results

can be ex plained by t he ind eterm inanc y of exem plar

representations. He says that an attribute is not represented on

a dimension as a single point , but as an interval . The in tervals

representing at t r ibutes of several  exemplars of’ a ca tegory  could

overlap and increase the frequency or strength of an attr ibute

value that was not actually experienced .

Categories are represented in his model by a

multidimensional mode of the attributes of the exempl ars. Thus

the at t r ibutes that occur most o f ten in the exemplars  will H-

represent the category .  By extending the representat ion of an

attribute from a point value to encompass an interval , he allows

unexperienced values to be representative of the category. In

fact , If’ a midvalue between two exemplars is not experienced but

lies within the interval of each exemplar , it will build up

greater representation frequency than either experienced value ,

and account for the data which support the prototype
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Cate gory Re presentat ion Page 3

representation. Whereas the prototype is based on a

multid imens ional mean of the exem p lars , cate gor y re present at ion

in Neumann ’s model is based on a count of the attributes.

An ex per iment was cond uc te d to test Neum ann ’s model aga inst

the prototype model . In order to make a clear test between the

two , t he ex per iment was d es igned so tha t the amoun t of over la p

bet ween attr ibut~~ could be inferred . The stimuli were amplitud e

mod ul ated no ise sound s s imilar to those use d by Howar d et al

(1978). However , the values of the st imul i were chosen so that

subject ively ,  intra cate gory dif ferences were id ent ical to

intercategory differences. In this case , the confus ions in a

class ification task provide a measure of intercategory overlap.

Since the intrac ate gor y di f ferences woul d be the same , the

confusions also provide a measure of attr ibute overlap within a

ca tegory .  In order to eliminate Neumann ’ s indeterminancy as an

exp lanat ion, the d i f ferences between stimul i were increased as

much as possible. This sould result in very good classification

and little overlap between attributes. If the prototype is still

recognized under these conditions , i t woul d not be d ue to

attr ibute indeterminancy. Two—dimensional categories were used

• with four exemplars per catago ry .  A physical representat ion of’

the stimuli and the categor ies is shown in Figure 1. 

Insert Figure 1 Here

Note that if no confusions between any of the categories are

mad e, then there should be no overlapping repr esentations of
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Category Representat ion Page 5

attri butes within a category. According to Neumann , there shoul d

be no unex per ience d attr ibutes that re presen t a cate gor y i f t here

is no overlap. In contrast , ac cor di ng to the pro to ty pe

assumption , the c ategory should be be st re presente d by the

centroid of the four exemplars in each category.

Thi s stud y also was d es igned to test the c lass i f ic ation

model developed by Howard et al (1978) with categories composed

of four exemplars. Previous research always used two exemplar

categories. The prototype assumption is particularly critical

w i th the four exem plar categories use d in th is ex per imen t s ince

the centro id d oes not share any attr ib ute with t he exem p lars on

the two relevant dimensions.

Method

Par ticipants. Six undergraduate students were solicited by

advertisements to be paid listeners in this experiment. This

g roup includ ed four females and two males , an d none re porte d any

hear ing deficiencies.

Ap paratus. All experimental events were controlled by a

laboratory digital computer. Modulation waveforms were

synthesized by the computer and output on a 12—bit

digital—to—analog converter at a 5 kHz sampling rate . This

signal was applied to the input of a laboratory—constructed

transconductance operational amplifier circuit (RCA CA3O8~4). The

output gain of the operational amplifier was directly

proportional to the amplitud e of’ the modulation signal . These

amplitud e—modulated signals were delivered to listeners over

~~~~~~~~~~~~~~~~~~ 
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Category Representat ion Page 6

matched Telephonics TDH_ 119 head phones with MX_ 141 /AR cushions.

Stimuli. A set of 36 amplitude modulated noise signals was

generated by combining six levels of amplitude modulation (14 ,

14. 11, 11.8 , 5.6 , 6.0 , and 6 .~4 Hz) and six level s of at tack ( 1 14 % ,

21.5% , 29%, 57% , 71% , and 86% of the per iod) .  The fo rmer

dimension def ines the Tempo of the sound and the latter dimension

def ines the Quality of the sound. The values on the Tempo

dimension were identical to those used in previous studies. The

values on the a t tack  dimension define a greater range than what

has been used previously.  This was done since previous research

indicated that Quality had been underestimated . Expanding the

range would make the Quality d i f fe rences  more discriminable. A

subset of these stimuli were used as the training set. These 16

stimuli were part i t ioned into four categor ies  as shown in Figure

1. Each category  was given a CVC nam e for training. A second

subset consisted of 16 stimuli which shared one but not both of

the at t r ibutes of nearby exemplars , and 14 stimuli representing

the pro to types of the ca tego r ies  and sharing none of the speci f ic

attr ibutes of the exemplars.  This subset together with the

training set was used during the test phase .

The noise carrier was 20 Hz — 20 kHz white noise . The

modulated signals have sawtooth waveform with the percentage of

attacks above. All signals were presented at about 65 dB SPL .

Procedure. The listeners were tested individually in a

so und attenuated booth. The experiment consisted of two parts , a

training and a testing phase . For the training phase , the

r-
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subjects were told that their task was to learn to c lass i fy 16

sounds into four categor ies , four sounds per ca tegory .  No

specif ic instructions were given about how Tempo and Quality were

to be used . Each trial began with a visual warning fol lowed by

either a 2. 5 or 3.0 sec presentation of one of the sounds. The

presentation length was randomly changed between these two values

so that the l isteners could not simply count the number of

modulation pulses to determine the Tempo . After  the sound ended ,

the listener pressed one of four keys (labeled with CVC category

names of equal assoc ia t ion value) to indicate the category  for

the sound . Feedback was provided after each t r ial .

For the testing phase , listener s were told their task was to

listen careful ly  to a set of sounds and indicate whether they had

heard the sounds in the first phase . Af ter  hearing each sound ,

they pressed one of f ive buttons to indicate one of the following

answers :

1 I am sure I did not hear it.

2 I do not think I heard it.

3 = I do not know whether I heard it.

14 = I think I heard it.

5 = I am sure I heard it.

The listeners were told that about half of the sounds used in the

testing phase were not used during the training phase .

Each block consisted of one training and one testing phase .

In the training phase , each listener received 16 repetitions on

each sound for a total of 192 trials. In the testing phase , each

—‘.r.,
~# ~~~~~~~~~~~ ~~~~~~ ~~~~~~~ ~~~~~~~~~~~~
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listener received 2 repetitions on each of the 36 sounds for a

tota l of 72 trials. All trials were presented in random order .

A b lock took ap prox imately ~45 m inutes to complete. Each subject

completed four blocks , each block on a separate day.

Results and Di scussion

Overall Perfo rmance. The per formance of the six listeners

range d from 147% to 67% on the first block and from 63% to 93% on

the fourth block as shown in Figur e 2.

Insert Figure 2 H9re

Performance increments were no t as steep as in previous work with

similar stimuli due to the high level of initial performance.

Four of the six subjcts achieved better than 85% perfo rmance , or

fewer than 30 errors in 192 trials. If all these errors were

confusions at category boundari es , thi s woul d be about 3 out of

15 possible confusions at each boundary point. In a general

sense , this error ra te de f ines  the amount of over la p between

adjacent stimulus values. It is this overlap that Neumann claims

produces the prototype effect. In terms of normal distributions

p overlapping at a boundary, these confusions represent about 16%

of each distribution on the incorrect side of the boundary. It

is reasonable to assume that this also describes the spread of

the attribute within the category. If the ordinate is taken as

the measure of’ att ribute frequency, then the frequency of

unexperienced attributes wo uld be greater than the frequency of

experienced attributes. Thus the stimuli were not sufficiently
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Category Representation Page 10

distinct to exclud e the possibility of attr ibute over lap.

Test Phase Results. The reponses in the test phase were

used as a f ive point interval scale an d were summe d and avera ged

within each block by the type of st imul i——old , new or prototype .

Th e se averages were analyzed with ANOVA using a stimuli ( 3 )  by

blocks (14 ) repeated measures design. No significant e f fec ts  were

found (see Table 1).

Insert Ta b le 1 Here

Ho wever , the blocks effect was nearly significant (F(3, 15)

3.29, 2 .07 ’
~ and the blocks by stimulus effect was large. The

nature of these ef fects  i s shown in Figure 3.

Insert Figure 3 Here

The general decrease in recognition scores from block one to four

was accentuated for the prototype scores.  Because of the large

var iance in the scores , these e f f e c t s  fai led to reach

signif icance. Therefore , a Freedman nonpararnetric rank test

(Siegel , 1956) was used to test whether the ranking of the three

stimuli was d i f ferent on bloc ks one and four . There was a

significant difference for block one (X (2) 6.33,  ~ = .0 5) but

not for block four (X (2) = .33). In bl~~ k one , f ive of the

listeners had the highest recognition score and the sixth had the

second highest score for the prototype stimuli. These ranks

indicate that the prototype was better recognized on the first

____________ - . _ .•~~~~ • •  ~~•
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Table 1

Analysis of Variance on Average Recognition Scores

Source df MS F

Between subjects (S) 5 15087.6

Within subject s

Stimuli (St) 2 931. 1 .59

Blocks (B) 3 8438.9 2 .87

St x B 6 1921.2 1.83

St x S 10 1578.3

B x S 15 2939.6

St x B x S -30 1051 .6
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1’

b lock , but wi th exper ience , was no better recognized than the

others by the fourth block. This means that learning affects the

reliance on prototype knowled ge. These results are similar to

those by Robbins , Barres i , Com pton , Furs t , Russo and Smith (1978)

who found that exemplar specific knowl edge is used when testing

occurs without de lay,  but that abstract category knowledge is

used when testing is delayed after training.

In terms of deciding between the prototype and Neumann ’ s

at t r ibute frequency model , the stimul i were not suf f ic ient ly

distinct for a clear test . Eve n on the fourth block there was

enough over lap of attr ibutes to prov id e a b as is for pro totype

recognition according to Neumann ’s indeterminancy explanation.

Altoget her , these results prov id e evidence neither for nor

ag a inst Neum ann ’s model . They would appear to weaken the

prototy pe assum pt ion since the recogn it ion scores d ecrease w ith

practice. However , using a recognition question in the testing

phase does not assess the possibility that the prototype may be

the best representation of the category.  The prototype might be

perceived as not having been presented during training even

though it best represents the category. A classification task

may be more appropriate during the testing phase especially if

this tas k requires the l isteners to rate the representa t iveness

of the stimuli for a particular category.

Theoretical analysis. In order to test the classification

model with four exemplar categories , theoretical confusion

matrices were generated to fit the obtained matrices using a

. .•~~~~~~~~~~~ . ‘;T>~ ~~~~~~~~~~~~~~~~~~
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gradient algorithm ( subroutine ZXMIN in the IMSL mathematical

subroutine l ibrary) .  The theoretical matr ices are based on a

standard deviat ion parameter for each dimension and it is these

two parameters that are estimated by the algorithm . To assess

the fit , correlations between the theoretical and obtained

matr ices were calculated . Across all l isteners and blocks , the

correlation was +. 96 , indicating that 92% of the var iance  was

explained by the c lassi f icat ion model . The correlat ions for the

six listeners ranged from +.85 to +.98 and across all blocks and

listeners from +.82 to +.995 . These results show that the model

is applicable to four exemplar categor ies and accurate ly

est imates the type of confusions that are made.

The attentional effort parameters estimated by the

class i f icat ion model can b e used to d eterm ine whether the

listeners were using an optimal strategy. With these stimul i and

the cate gor ies , an optimal processor woul d place equal emphasis

on both relevant dimensions and would allocate attentional effort

equally. Estimates of the attentional effort parameters were

generated and are shown in Figure 14•

Insert Figure 4 Here

These results show that none of the listeners operated

consistently as optimal processors. All but one placed greater

emphasis on the Quality dimension. This was a reversal of

previous research which indicated that Quality was consistently

under emphasized . The discrimination on the Quality dimension

• ~~~~~~~~~~~
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Category Representation Page 16

was enhanced in this experiment because of the previous results.

However , the enhancement was apparently more than was necessary

to have the listeners equally emphasize the two dimensions. The

values chosen for Quality may have enhanced a bimoda lity along

this dimension . Post test debriefing indicated that the

l isteners were perceiving the four Quality values in terms of two

levels. However , the Tempo dimension was still perceived as

changing on four levels , making a bimodal discrimination more

difficult. In order to fully explain these results , a

discr iminat ion—classi f icat ion experiment should be conduc ted to

determine the psyc hophysical function for both dimensions and

whether there is any occun~nce of categorical perception

(Macmillan , Kaplan & Creelman , 1977).

Ac knowledgem ents

This research was supported by a contract  from the

Engineering Psychology Programs , Of f ice of Naval Research to the

Catholic University of America. James H. Howard , Jr. was the

principal investigator. The authors thank Darlene V. Howard for

her comments on an earlier version of this manuscript and

acknowledge the contribution of Donald C. Burgy, Peter Doyle and

James A. Galgano to this work.

Re ferences

Bourne , L. E. Jr. & Restle , F. Mathematical theory of concept

identification. Psyc hological Review. 1959, 66 , 278—296 .

Howard , J. H. Jr., Ba].las , J. A. & Burgy, D. C. Feature extraction

and decision processes in the classification of amplitud e

modulated noise patterns (Technical Report ONR—78—4),

• ~~~~~~~~ -~i~ 
w— 

- ~~~~~ 
1;’ 

~~~ — 

•.

~~ —



• 
~~~

-
~~; w -~~~~-~~~~~~~~

- 
~~

• - -  . • 
~~~~

- —

Category Representation Page 17

Wash ington , D. C.: The Catholic University of America

Human Performance Laboratory, July, 1978.

Macm illan , N. A., Ka p lan , H. L. & Creelman , C. D. The

psychophysics of categorical perception. Psychological

Rev iew.  1977 , 8’4 , 1152— 117 1.

Neum ann , P. G. Visual prototype formation with discontinuous

re presentation of dimensions of variability. Memory

& Cognition. 1977, 5, 187—197.

Posner , M. I. Abstraction and the process of recognition. In

C. H. Bower & J. T. Spence (Eds.) The psychology of

learning and motivation. New York: Academic press ,1969.

Robbins , D., Barres i , J., Compton , P., Furst , A., Russo , M. &

Smith , M. A. The genesis and use of exempl ar vs.

prototype knowledge in abstract category learning.

Memory & Cognition. 1978, 6, 1173—1480.

Siegel , S. Nonparametric s tat is t ics for the behavioral sciences.

New York: McGraw—H ill , 1956.

1~

I



~~~
-

~~
- w — • • •  - •  — -- -

~~ F:ECTO r v E r’4G1NL [ i~T IC F E ~~ CT HD L OO Y C0~~~r •~•’L~ ;4L~ c rr- I C L R
COtil: 4’ ,. (J~ f ~~~~~~~~~~~~~ H LIE Fl CE

1• .1 ci: Ii I I t~ I~ L I I ( r i 171 t~ • I • J a L ~ L l~
i~•’ 1 1 U t N L  r r . F r B U I L i I~ ’i, i i  , ( LI ].Cj l’J Li
r)I 64.~ L’r I I

)3[’51C~~
y M~ 02~• iv

ii \i ,E i.IUCUMEN 1 i i  :ir,N CEJ~t I . i..
‘~~.~. - iEF~O~ i ¶E - T , ’rIow C:O rlM ( JL’INO OFFICE:i~
•~~L F.. • ~~~~~~~~~~~~~ :.‘2i~14 ~~~ B~~~•’ZF-l OFr ICE

~ Li~ • CH~ F~:L..ES i.’~ vi
C ~‘ c: F- • (‘. . C H ~~T EL1ER ~53é E .CU TH CL(.I1 :. I \  CT F .:E.ET
~.u ~~€ ’r - E ‘ E Y L . ~’) CH:[:A~

.c.i~ 1L. ~~~~~
~~ t T ~~ CT~~~1~ ~O0ti 31I 1.29

~~~~~~~~~~ ~~~~~~~ L’ .C ,  2030 1 C C M n ( , ~~ i 1 C.’ O F F ~.C EF.
(~~~~ ~ T. ( i~ O l  OF

- i f .  c i o r ~ .‘ :IIICLE TECFINCL.O (3’T ~I :• . Li ~. E. G!..C.I~ L~
I 

~~~~~~~~~~~~~~ L.C”LtE 21:1. i:?3I~ ~~T CFTEE ~. EI ’ F< [L. :
L i  ~A V ’ L  f::a.::(~F C H  ::- 1~. c : , i  

~~( I ~I~ ~~~~~ 
j  

‘~:f’i 
-
~ f l  1 Nc:Y Ci F:E ET

L 1 
~C C t r ’ -!~1 V~ 22? :17 CC r ’ - .;CfJ I ’ -iC OF ’ FICEV ~

~~~~~~~~ ~~~~~~~ ~•
I
~
I[

~~
•• , (;~ J:~~ç~:

(i UI C it  1II~ 
I t  (~C 

I I ~,I I

‘- - ~~~~f - ’- t E. • (‘ L L’~ 2:L.’ :L C’Z~ ai CT CF:OL r. C ’ikE L: I

~~~ ~~ ~~~~~ ~i:.. :,E’i~iF~CFi 
l:: t~sA ::~..: ..i , L.~ ~i

) i ~ I I  E~~T
Q F F~~C : c r ~~~~~~~ I LS:::. r~~~ CI”

‘i~~ : ~~:. ~.L F’~iC  ~~~~~~ I i i •
~ ~~~~~

I L I  C ~ ‘CT J ( - 
‘ ~~‘

I 
I ’ ’ j 1 ’  I . •

~~~~~ “ ~~~~~~~~~~~ .?:~i ~r ::) ~. ‘. 1 . . ~~~~~~~~~~~~~~~~~ f
I I

r~: C~.?I~4c’ ~ 
- F .L ET F :a : OI~

~ ~
I

’ 
~~~~~ ‘• .) ,~t •T .. ?. , . -

. 

~~~~~ ~ES [T ~~~ (,~~:~~~~ : I I~~ • •
‘
~

~~~~~~~~~~~~~~~~ i . E i ..L~~C)N
• _

.
. ;~~~~~~~~~~~~~

_
• • I: ” F, .,~~i N  s o ~ s ~:CL~
~~~~ • : ~~ / :. . •:i ,:~~ ~~~~ . :~ .••‘:.~

:1,:.. . . f ~~~I. :..!U:iI •.~c.:y ~‘T 1. ET I.tF. , r 7::~~~ ~~~~, ~t . !. )H

~~~~~~~~ ~~ :2:~.1/ ~!:F:c~ o~ ‘3 ;. i: ( i ; j ’~~~:’ 
~lI:

c)F’F:: r:,~; •a ~~~ , (~
. :•L)~:I 

:~
‘~ i ((iIj~ 1 T ’ T [1Hr~ lL (lt,Y ~r L  I , c I

~~~~~~~~~~~~~ L:OLIE 2 2  IA C i.HL .lcJP1 Lu • I.. 
• . ~~~~~~~~~~

C? F IL F. OF .(V~ L f’:E.CE~uRC fI
U I I ~U S~~C I F L E T  r~ f ft ~ ‘ I f  1 r-J

(FLI N C T  ONy YA 2:217 ~~~~~ ria~ ~E i ~U. I .Ii rI ,— ,c~~I
4AU~1~I 1 034-4

‘ r HYS I CJL. o G Y F r-OC •~iTh wA s - : I . 1 c • 1 3N ~ La . ~~~~~~~~~~~~~~~~~~~ I
CN’E 44 :L
i f  CE OF Ni-~VAL ~EC E.~ t~CN C0 ,~~ Lt EF~

.,t )  r J u F I I I  I.a U ri Jc y T1-~L11 t ~~~ Sr ’ T i M ’  1 ( 1 1 1  i
:.f•:L: NOl (iN V a~ 222.1. 7 I.: 

~crL~ :C 1-ROGRum ., , ,..‘Alf. 
~~~

Ii ’~~~~~
.
~~~~ i~~~~ C 1O N ,  ti .C . ~~~~~ 1

EF~:CI,~L. ~
..~1~; T T ~iN 1 FOF: 1(.~:,!~~i

~ ~~ IEF~C, c ,:.’ iE ~~~~
— F laL UI- lJ I•l V I~.L ~~~~~~~~ N~i\ ’iL. t , f l  ~~~ C I 1:. ML C.~L1 f~~I, ’ , ,I.t

I I I f l’ J L. I ‘ i’I L I I “~J ( T 1’ ’ .1 ‘ N.~- - ,T f U’’~ V,’~a .:221 2 , . :. ‘: ‘ — J i f l C T L N ,  i’. L. • ~~~~~~

.-—••.‘ 
I. ~~~~~~~~~~~~~ 

•

~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 
. 

~~~~~

-~~ 
.. I. 

- 

-

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



-
~~~ w — - - .

‘C’ .. h I  ~ANt’ER C H I E F
NA V AL.  ELECTRONICS SYSTEMS COMMAND AEROS PACE f:.5yf’f~~~fl~ y DIVISION
HUr1AN F A C T OF~S ENGINEERING BRANCH NAVAL AEROSFACE MEDICAL INST ITIJ -

COtIE 4701 PE:NSACOLA , FL 32512
WAS H:( NGT 0N • Li • C • 20360

PR • CELl MUCK LER
c!:s R R • in:BsoN NAVY FERSONNEL. RESEARCH ANtI
PUF- [~ U OF MEDICINE ~ SURGERY IIEV ELOF’MENT CENTER

~ EROSPACE F SYCI--I OLO GY BRANCH iiAN;’~ED SYSTEMS PESIGN~ CO DE 311
02E 513 SAN IIIi~i3O, CA 92152

WI~ISHINGTON ~ B • C • 20372
~~~~~~~ PERSONNEL RESEA RCH AND

LOLI R RO BERT BIERSNER DEV ELO PMENT CENTER
N!~V~~L MELI I C~~L R~~rt C CHIMANLi COL i E 3C5
CL-tIE 44 SAN DIEGO , CA 92152

MELi ILC~L CENrER
-~u :‘oi ~ LIP L. L .O Yt I F-J 1 CHCOCK

HU~1Ar. ~~~ T O RS ENG INEER:[NG t IIVISIO~
L~~~~IR I • BERGHi~aG E NrC c~~L. Ai i~ tIEVELOF -M ENT CENTER

C. MELI: CA L RE:sE~ I - r H  I ~si ~ TIfl r: ~ iST LI-: ~ PA 18974
I SI A1... SC1 ENCES r IEI iRrt iENT

.I~E. I E  SPA , i’41’ 00 14 R O L ~EF- .. T LI • Si• :YANT

1 • I:: • BISCON M A V ~~E4
1939 NAT ICI.4AL CENTER ~ I

I N13iON , L! • C •
, MtI 2C i~ 4 ClI~\ F .  M. LU i~ RAN

DR JAM ES curer IN HLi frh .I  ~~~~~~~~~~~~ E’rJL I NEERI t4G LII V IS I ON
SE:A sy ~~rE~i9 c :c~’iiiANr C. :C., • ~~J i’ ’ :5 IIr I:’ A J : T 1 t j , ~ ;T

I I ( ‘ IJ ’4 E I ~
‘ I RA1 4 ] ~~. a~~i ’ ~L C 

~1ç ~ 
r ‘I a ‘Ii i-’ L N F L I 1”1TLh

? 4 ’ ~’C-E . A 0 ’ ’+Cl i,J a F 1 I r ~S I E h ... I-A
L.i1,S~II.NCTi~J LI • C •

.CPP ~II I._ L: IAM MT~~O~ E’(
. 

~I~T’ I1t.h . ~Ir- c~-Ir~A c:;I •I I- -I L.!~~T .  ..~,t T( J:~
(:. r:I’~oi:i :i ~~ I~~ F. Ar ’L ~~!

I Iii ’ j  a~~’ ~I ..1 i i  I’L,I ‘ luLl Al liii I ’ ! I L i  I

(.!C , ’)~,L_ liEu ICA1._ RESEARCH INSTIl U’IE I-~~C r c Ii i SSII. .. E ‘rES r CU~TER
EL ;ESL’ A alt’ 20014 Pc” ’ ~i rUI ~L t:;~ ~3o~;2

..~~~~~~• GEORGE MOELLER DR. J. Ii. HA RRIS
i • :UMAI4  F AC C O P E  ENGINEERING I•IPAN(,H NSM!~L

ill, [NE MLr’ ] C. AL F F SE AF-,CH LA B CU~ I (I T Mr L A~ E
‘~~- ( L  CULI~ AR iN E BASE GRC 1 L”4 y CT Q~ 34O

~
); :OTOlI , CT 06340

I-ILWa~~M F ACT(:JRS SEC~~I ONhf: • rHIL .L:r r ANL IREWS SYSI I:Ms ENGINEE:RING
NAVAL SEA S Y S T E M S  COMMAND T E ST DIRECTORA T E

~i-.~’SEA 0341 U. S • NAVAL AiR TEST CE:NTER
LIA3HINOTON, F’ • C • 20362 I:.ATUX ENT EUVER ~ ML’ 20670 I~~ 

-

I..

J F E  F~SC~ NrI Ii lARCH AN T I I~UM,)N r ni TORE I NG INEEF ING BRANI II
‘‘EVELOPMENl CENTER NAVAL SHIP RESEARCH AND

t1~. NAGEMENT ~UFPORT DEPARTMENT 
L’EVELOFTIENT CENrER

~. ( i:iE 210 ANi~A POLIS D] .V IS] :ON

~.A r J IIIEGO, CA 921~ -2 ANNh F (JL .[S~ ilL’ 21402

— 
, ~ ~~~~ 

-

~~~~~~~~
--- •

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



—u- w- — - -
~~

I.’R • I~OFERT FCL NCH TECHNIC -il .. IIIRECTOR
T~~,.t , .L. OCE:AN SYST E M~:. CENTER U • S • ~F:r~ l fL . !r i ,’- 4  ENL) ..EEF-: I NO L(’
Ci,?) I1IEGU , CA 9 1  ~~: AB EF:LIEE,-l I .ROV Ir4 G o:ouc~u

,~BERtIEEN-. MIt 21005
L I P ,  JERRY C. LAMk ~
)I J ~ F - L  ~~ D! A I LH U.S • ALl l ’t ( ERCMELIICAL REE.E( • C I .
CO i l... liii 12 A TT ~ ti 1 C:LI-:(,LLI P • LPLJ Ec E:r-.

,J :4 Y J  !:L’ , 1 I~ P E - ’I 01 EMS CENT ER FT • I- J :KEP , AL . 3~ 362
i’~E L L Ut , ’IILI N • Cr 0~~~20

U .S.  ~~~~~ FORC E OFI ICE OF
I k~ lii i I L ’ I I  ~i I NT LE NT R SC IE~ T:~~i I I L  Ei AF~~H

T T i ~ TLC’ I ‘ ILAL L I IkuukY L:FE :F 1F 1 ’C till F ’  FCI ~ a, 15
CI L;’~Po ,  I L  32513 BOLLI~~u ~ :!. r: F O R C E  BA~.E

I I  • C: *

~~~~~~~ F ( L  T ~ : I.’EFAF: ’III ENT 
-::.L~~~ ri L: I~ , T IP, t:~ . : I I.. I:I A .  rov~~:E I,..:...ER

t- :~~’,) - ,at T RA :LNI NC Ei-IU~ FMENT CENTER C’— ( IEF, C — C ’  ILt’IC E, rC.II .E. F~ I’L ~. L ’ ,’ j~~~~~

it ~t L I ,  FL I_ I” u-lj ~~~
, I I 1.1 H)T~— ILu J

U SA F  Cr ~~I ‘ I
PR - A L l— I~.E’FJ F • ~~OtIE L4R I Ski -H- - ::’ T I L.i .CON Ai~ 1:; C.’H 4 5 -1 .33

~~ - .j ’ rL’.NG ~— tN ,’iL .YE - J S ,, f ! L I E V A L U A T I O N
I I-~ -? I Ni ~ C. CCL: . F-MENT CENT ER AIR LN: ~ T 1 ‘f ~ T Y L. I

N- -co  i r-~A T~ .)E~ L I i .  F CIRCE L’C :~E. ~~~~ ~b 1 12
( . 1 . :! . ( ILli)  FL .52~-I I.

[‘P • F. i_II: l. kI :~‘TI. L ]. I..~E.S
UI: . . A F ? Y  -C: .Cl ~ I— L .’~~~r F A C T  C I i-: ~:? L_ (C’ I T ; i 0 L

1 t l I O N  F L ’ L ~~uRt H ‘ ~(r~rMi ‘r ‘ : o: Ii C T J 
~ , T L

i L  r o~ r( T 1 i - ~ r I ooi ‘ I I L

~~~‘ F .:.f-:EY, Cu~ 9.~~’4 ’ ’  F- _ A _ .  ~~~‘ , - ( , ‘ ( ,~~ ‘.~ ‘ ‘~~I:- i

H .  L*~APREN LI- L.Li. S 1I 1 , —,,:, .~ r~~~~~ IY’ C I I ~ j~
F,4C Ft I F 1,1 1 k~ NIH P.. F 1 1 .i J i I ii I I ‘ ? I I MI

c~ :: ~3231 I I I F ,C , :_ .  I :.CILYTEL !.~:..H I~
.
~~Ti L :iE

:~~~~~~ .i... OCE.(ua~ ~; ‘CT LI- I ’L CENTER ~~- t ’  ‘ :T c -  F :l0:c ’ !T F’~~ .! l
L 1 L G O ,  : . ,  ~.‘2I.02 ‘~.L .AC~~F-~. I.:~ ’C ~

. ‘

C .  L, C~. ( f l - O~:Li IF- . ~~: i F ~U I~ L~ S] .Ek~~
— [.111 iFfi , 11 ‘ ~- ~~t IL I I ‘II 1r  I L  A L  I r V I C  ‘

(:cP~ 1ANr ’ANT OF~ THE MARINE CORPS -4 )4 ~CF. 1._ ANCAS I CF 01 PEST
COi C RB—- i . - 

I.~A Y N  , I -A I ‘~087
LIA C INGION, D.C. 20380

,LR . FC.II. ;C.. i - T  I , • ,1A L- I~ If :
T~R . J. BAREaE:R I-:’._~~~I-. I- - .~~1Ile~. REC’Y P 1 i v  INC.
H G . ’ DEPA RTM ENT OF THE ARMY :~~75 T IA !101 ,’N A V E
LIr E E—PB R GOLEI (, • ( (.-, ‘i:~o1 7
LIJC~ 1 NGTON, tI • C • 20546

E R • CEF:CHCI I-! W~. I.. I
• JOSEF-I -I ZEIEINER :

~~C.C
- r.. - R”~ I. CS . .1. NC

T E J i i 4  ICAL.. I.’IRECTUR ~~ ;-i u~~~:t i. ‘ . i . I U[.
U. C . .M:MY RESEAF:CI-I INST • ~ C)OLLAr4L I -‘I I l_LC • ~ ‘ 91~~~4
500 1. EIS ENHOWER AUENUE
AL .EXCII4PRI,; VA :.‘ 3 33 I P • i • C • ¶ W E T  S

BOLT , i L ~’. .~’L1.. & NEL ’ l ’ . • INC
1’ ~ :t. ~: T OR, C]F:GANI ZA t IONS AN D ~0 h3U1._ i ~1II~ S T R E E I

I ~T MS RESEARCH L A B O R A T O R Y ~~~~~ J I~3F , NA O$~ ?
U.  ‘

~~ • ARM Y R E S L A R C : t i  1 N S T I T U f L
5~ .1 EISENHOWE r~ A V E N U E
L.L . i I1 4t 1P IA, VA 223.~.3

~~~~~~~~~~~~~ ±i~
-
~±IT~I~ :T~~~~~~~

-:.
~~~ 

-. ‘

~ 

.

,_

~~~~ ~~~~~~ •- -

~~~~~~~~

‘ •



— -

I. ... ~~~~ • ,~~i.L . ’r )_ 1 1_ t..u T : . .. .t_ i
I I ‘ i  i I t  ‘ i i L I  ,_ ‘ I

. 1 ? . ;L. -~~~~l~~~: I..I I . I ’ .’ I~:.E- r: , ._ :. c.
j~~ l I  ( 1 I I f I ‘ ( I’’

- — -. ~~~ ~~~~~ r. . c:. .

I.’~.:. ...

I ~~~
I ’ . b. •

C iii.’ ( . : ~~. ,.

: 1 1 !  l u
, 

~~~~~~~~~~~ . j, , , . ’ , ~ ‘!~~ I I ~~.~’ (_ ‘ ~~~
I I I I I  I ‘ — I ‘ t I  ,

-
. ; — . . :  ..I I ” — .

‘
~~~~. (;  .

~: — .  ) . I ~_ i . ~~~ ’ : . ’~
- -

~~~~~
I - • E ’ ~~—~’’ . ’ ..i- 

: _ , .  ~~~~~~~~~~~~~~~~~~~~ i., :’ , . . 1  I , , T  . i- i’ ’ ? ’ :
— I  ‘ I . ’ L ‘ I 1 I~~~ I t r y
I ~~~~ ~ . C — . ‘, —

~~ : ,~.
. 

~I - t i  .~ . - i t .C.

• 
‘ -

, . :, : I .~ . , - LI E’ . ‘
~~~, :;::‘ .

— 
. . 

‘. .;: :~~~i
’ C. . E , ’. .( ~~~~~

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

— ~~~~~~~~ : - .~ u. .
- - 

. i .:. . :.; — -. o :. F- f
— — . 1  ~~~~~ :. I .~:- •— . -

~ 
, !~~~~. 

. .

i
f I I

—: T. I ..~1. ( ‘ F :  —-I t ! ~~ i’’ ,.  I ’  -.~~~~- ‘ : 1 1  

.‘ • ;‘j  ‘C - :.

: :  I — : :~~ —? _ : ‘  : ‘ ._ : . : _ _ ~~
:., J .. , .1_~ , ~ .1

1 ‘j i— ~~I I I~~, 

:.~ .- - ... :.: c -  ‘:~~:,..‘

UI-.:. ~~~~ .i.~- ::j 1.. L . LE ,
~~ I ~~l (__ i _ _ I I I  I~~~~~~ , ( I  i L l

1 ,  ~ ‘ ‘  I
—. ~/ I ,

;~‘— ‘~ ; - : : c I T . c — I . . :~:. r’’’ 
—~

I.

---ii,
~~ ~~~~~~~ ~~~~~ • —


