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Executive Summary

t ¥ \:\;&
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The objective‘of'th?s project is to deVe]ep a %an4com~
puter system for solution of the mug file problem. The mug
file problem can be descr1bed as follows. A'witneSS'to a

crime has an 1mage of a suspect in mind, 1nc1ud1ng informa-

tnon about the suspect s face. A law énforcement agencyvhas
a large set offphotograhps of faces, called mug'shets, in

itsﬁfile. " The pvobTem,ts to find an efficient”method to use
, the information the witness has about the suspect's face to

help determine whether the suspect is in the -mug file.

The approach used in this project involves four steps:
(1) obtain an image of the face from the witness using a
sketch artist, and Identi-kit, or a similar device, (2) mea-
‘sure certain parameters of the face on the 1mage obta1ned
from the witness and enter these into a computer program,
(3)'the computer program searches the parameters of “the. faces
in the mug f11e and determines which mug shots are "1ook
a11kes" to the 1mage supp11ed by ‘the W1bnESS, (4) the invest-
igator and witness examine the selected "look a11kes" to

determihe'if‘one or more of those ind1viduaTs-shou1d be con-

S1dered a suspect.

| ‘f The research p]an for thxs proaect called for the use’ of
En 1nterd1sc1p11nary team over a per1od of 2. 0- 2 5 years. %
bhase 1 of th1s p1an ‘Was comp1eted in the per1od June 10 1974‘

to Ju1y 31, 1975 and th1s work is’ the subaect of this’ report.
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o , ' tool “for worki i 4
| . ‘ The report 1« broken down fnto sectlons WhiCh represent the | s “for work1ng with a witness. “Another system, which was

compléted about the time this project began, is the CRIME
system deve]oped ﬁy the Oakland, California P.D.

3; ’ ~iareas of responsib111ty of the members of the 1nterd1scp11nary

team. The facu1ty members on the team and their areas of This system

responsibility are as follows: uses a modern mini-computer and microfiche disp1ay~device..

2 0O

. Name _ "Department | h"=¥Areak “ It provides‘for sorting the mug file on a varijety of descrip-
Laughery 'h Psycho]ogv . '~"§“m3" Factors | | | tors. Svstems 1ike these permit the computer to construct
Bargainer ’ Electrical Engineering = hardware , e " ‘ o o ]
. Towns © o Electrical Engineering .gattern Recognition : -an instant "mug bock" but they do hot use information about
~  Batten « Electrical Engineering ~ Software ‘ o ’ . . o . o
Rhodes % Industrial Engineer1ng‘_ Forgery App11cat1on I B S the.facey?“Ch as is available in Identi-kit images and artist's !
o | | | Eh . - sketches. | .
) ' 4 The key f1ndinga dur1ng Phase 1 of the proaect are: ' o ‘ - E % B A
' ' S In the pattern recognition area, Bledsoe and Hart were
7 1. The pattern recogn1t1on algorithm deve]oped during the : ) i . [f
Lo { early workers in the U.S.A. as far as application to human }
: * project can be used to seiect the lTook-alikes from a mug file e PP ) :
| faces. Kaya and Kobayashi of Japan and Harmon in the U.S.A. i
" using the information supplied by either an Ident1 kit image . . | A A , ;
(:> , o _ » :!i have published basic papers recently.
L or a ske+"h artISt's drawing. . : :

, ‘ "In the human factors area Laughery and others have pub-
2. Inexpens1ve mini- computers andghardware can be used. to A ,

~ i lished the results of a varity of experiments on the recogni-
implement this approach in a i Taw=- enforcement agency. §

tion task of thekwitneSSs The Identi-kit training materials
3. Changes in a person's appearance would not hinder the 4

: are concerned with interviewing the witness to generate an
computer program in seTect1ng 1ook a11kes, however, they can

: image. More recenf y researchers have desi ned interactive
be expected to have 2 negat1ve effect on. the ab111ty of the ‘ ’ 9

.. , o ' o computer ”ystems to generate ;mages of faces. =
w1tness to recogn1ze the suspect. R o : & R ,

[

Implementat1on of the results of Phase 1 of this stud
The re1at1on of the work in this proaect to\other work y

' / R 2 ! L may require more development than most law-enforcement agen-
‘ inc1udes the fol]ow1ng s“ . ' : ) e : . ' R . v
; e :- 1 g cies are prepared te do. Those which have computer systems
“Computer systems for_ hand11ng mug files . L 5 ~5 e . . | T s,
could obtain our pattern recognition program and begin to
Severa1 1aw enforcement agenc1es have dev1ces for sortﬁng , . Q? : - s ~ ~ -
_ B ! R "use it. If they hljive a descriptor sortin rocedure'similar
a mug f11q on-: descr1ptors such as age, he1ght, weight, type of B AR - fo 0 k] " i gp :
: s S o Oakland's CRIME system, they would robab1 w1sh to -
crime, etc. Some of these, such as. the M1raqu1c system devel- o R N y P y com

, AN
oped at Queens, New York C1ty P D. have proved to be effect1ve ‘
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bine these two tools.;‘we plan to do this (combine the capa-

“bilities of our program and the Oakland program) in Phase II.

| Other problems which need further research to increase ‘f i
: the potentﬁa] usefulness of this approach include an effi- J o )
! c1ent procedure te "measure" a mug shot. and enter this data ¢? |
i . ,
" |

.into the computer. Better tra1n1nn procedures for sketch
D'artists and'better devices to obtain acfacial image from a

1Wﬁtness would provide better informaticn to begin the search.

LN

There are many possible procedures which“can be used to dis-

play thei"1ook alikes" to the~witness, and'we'need,to knbw‘

A

which procedures imprOve the:probabilify of necognition.

v

@ . 4 |
: : H

% ‘ - The forgery app11cat10n requires development of techn1qﬁes .

‘f (:? , to "measure" fac1a1 1mages which are taken at d1frerenz Qngles,
e ; : e S1nce th1e report covers only Phase 1 of a project, it .
will be of pr1mary 1nterest to others who are. do1ng research

1n these areas and tm 1nd1v1duals in the 1aw enforcement -
' 8

&
)

4 | E
. , - communaty who make 1? the1r busaness to- keep uq/w1th new de«

'jve1opments. The append1x contaxns drafts of aﬂpaper wh1ch

‘. is/being subm1tted for pub]:cat1on bv members of th(\proaect

i
r

tfam. ThlS w111 help d1ss?m1nate our f1nd3ngs to ccher re-
\

searchers. Most cf the reﬁgrts appropriate for dissemindtion

,tn law~ enforcement agencaes wxl? be prepared during Phase IT.
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Introduction

Most of the obdect1ves fovr Phase I out11ned in the or1g-

1

inal proposal have been achieved | In add1t1on to the origina
objectives a variety of additional objectives have been iden-

~t1fied' some have been ach1eved and others are being studied.

& br1ef dtscussion of the status of each objective is given

hele OWQ

"Object1vea

1 Se]ectien of the best method *f'dﬁﬁafﬁihg the image the

e
' uﬁtnees has in his menovry in ‘a form which can be used by th

n=-=.
' pattern recognition a1g orithm of the system. This will i

- clude evaluation of at least three approaches: the sketch

“artists the Identi-k1t; the Minolta Photo Montage Synthes1zer.

[y

(phase I, Human Factors), o .
This cbaectlve has been achieved. Our data’indicates
that the 1mages,obtained from a.sketch artist’ ‘are preferred
to Ideetidkit imagesﬁ however, becth téchn1ques,prov1de satise
factory 1mages for use 1in our system. The Minolta Pheto ﬁon-
tage Synthes1zer is not a competitive procedure at this pe?et
in its development. We are currently making hardware mod1::-
N ; "
cations and trying to develop a nsoftware sy;tem wh1ch y1
make this procedure compet1t1ve. o

ob-
Z. Ouantitatfve'measurement 6f ‘the 1nf1uence on the pr

......... in
' abi11ty of‘ddﬁrect'1dent1ficat1on caused by d1fferences

.......
.........

"Shdt Was made

displaying output images.

and the time of the crime. This will inciude controlied

studies of factors such as glasses, mustaches, hair styles,
etc. (Phase I, Human Factors)

@

Laughery and Fowler have completed an experiment which

measures these effects for g1a$ses, beards, and 19ﬁg versus

short hair styles. They found a marked negati?e effect upon

recognition, with hit rates dropping as much as 42 percent
A draft of the papet on this study that they have prepared
for publication is included in the appendices.

3. Development of a computer algorithm which will compare

the image supplied by the witness to the photographs in the

mug file and select all the "look alikes".

The aIQOthhm
“will by capable of ordering the "look alikes" aecording to

similarity to the image supplied. An effort will be made

to make the a1goritﬁm insensitive to the age of the phdto-
~graph in the mug file.

(Phase I, Pattern Recognition)

Thfs algorithm has been completed. A brief description

of it is given in the Pattern Recognition section of this

report. A draft of the paper on this work that Dr. Townes

has been- prepared. for publication.
4'1

o

fAdapfatiqn of the computer and laboratory facilities

at"the University‘of Houston necessary to accomplish the re-

search on the mug file problem. This will inC)ude methods

bf getting various kinds of images intoaour computer and

(Phase I, Hardware)

T R A ST
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This objective has been achieved, A desgription of the
facilities in the Image Analysis laboratory at the University
of Houston is given in the Hardware section of this repEEE:___
The remaining original objectives were schedu1ed for Phase II..
A more accurate description of the current‘pbjectives of Phase
IT is given in the Phase II proposal; however, a brief dis-
cussion of the original objectives is inc1uded here.fqr»com-

pleteness.

--—-—---—u-—----—-—-——--—---n—-—-—-—----—-——-—--—--——----——-—-

5. ‘Quantitative measurement of the influence of phys1o1og-

jcal changes such as normal aging and typical changes in

weight on the witness' abjlity to recognize an out-of-date

' ‘photograph.

(Phase YI, Human Factors)
‘The priority of this objective is lower than some of the
but it is still

R

new objectives which have been established,
in the plan as Milestone 17 of Phase II:

6. Development of methods to "yp-date" a mug file photograph

ries specified by the witness. (Phase 11)

and prbduce a simulated mug file photograph‘with the accessoj
A .

There are two7poss1b1e approaches to this problem be1ng

considered. One invioves use of the M1nqlta Photo Montage

Synthesizer. While this device is not to the point it can be
used for the initial image generat1on task w1th the w1tness,

it is be1ng used to modify. photegrapﬁy for some accessor1es
The ocher approach is to modify a d1g1t1zed image in the nemory
of the computer. One graQuate student is current1y‘work1ng 1n}

this area.

)

‘9. - Development 'of an efficient and inexpensive

sy A AR o

7. Development of methods to simulate changes to the face

image which occur due to physiological changes such.as normal
~aging and weight change,

The relative 1mpertance of th1s

step and the prec1sion reau1red will be better defined by the
(Phase I1)

The same approaches applied to Objective 6 above, can be

studies 1eading to Obdect1ve 4,

applied to this objective; however, we have made this objecs

tive a very low priority for two reasons. The main reason is

that our computer algorithm has been designed so that these

factors should not influence its performance. The second

reason s that most experienced law enforcement peopie tell

us this is not important in field applications. When We get

the data from Milestone 17 of Phase II, we may reconsider this

12
question. ) o

8. Development of an inexpensive, special purpose mini-com-

puter and peripheral equipment which can be used to sort a

large mug file and display images £0 a witness. (Phase II,

Hardware)
This objective has been achieved by combining mini-com~-

puters and peripheral equipment currently avaiiab1e.

A des-
cription of the Oakland, California system and;the current
cost for it are included in the Hardware sethen of this re-

port. We will demonstraie a similar system in Phase II.

method of

~-converting existing mug files in law enforcement agencies into

£
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J a_format which can be used By the man-computer'gystems such
} as the one in Objective 8 above, This'maxfalso include sec-
? ondary objéct%&es such as the economies of space with micro-
film storage, (Phase II, Pattern Recognition) “
This is a major objective for Phase II.” We are building
U Ty
? a "lTight pen" device which we expect to be one approach ‘to
; this problem.
| 10. Evaluation of the entire system and procedure as a to01
| for law-enforcement agencies. (Phase IT)
This is a major objective of Phase II. Many activities
, Wil be directed at evaluation of our system, but the true
test must come fron applicaticns by law-enforcement agencies.
(:) We hope to begin a field demonstration before the end of
Phase II. |
Nl
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Human Factors

A central issue to the mug-file prob1em in criminal
identification concerns the memory that the witness has:
of the target person The typical use of mug files actualiy
involves the witness memory at two stages of ‘the' process.

The first memory task occurs when the w1tness 1n1t1a11y en-

o

counters the identification system. This task 1nv01ves an
effort to recall some. characterist1cs of the target 1n‘order
to reduce the size of the f11e For example, the witness
may note that the target was a white male, thus perm1tt1ng
b1ack males and ail females to be e11m1nated from the set of
alternatives

-The second stage involving memory s the re-

cognition task, where the witness is 1ook1ng at plctures of

. faces and making decisjons about whether or not eath face is

the target person.

In the first phase of the project. the human factors
act1v1t1es focused upon two stud1es. The f1rst study dealt

with the initial part of the 1dent1f1cation task, namely,

the attempt by the W1tness “te recall character1st1cs of the

This study, referred to as the 1mage generat1on study

explored procedures for generating v1sua1 1mages of the targett

Two techn1ques ‘were exam1ned, sketch artists and the Ident1-
; <

| The second study was re]ated to the recogn1t1on tash

An exper1ment was carr1ed out to explore the effects of

B

~ taining a facial feature.

changing accessories between initial exposure to the target
and the target's appearance in a subsequent recognition task.

Specific accessories manipulated in the experiment were glassas,’
beards, and hair styles.

Image Generation Study

Law enforcement techniques in the past have included

several image generation procedures. Sketch artists and the

Identi-kit are two of the most common techniques in use today.
The sketch artist technique, as the term impiies, involves
an artist sketching the target person while getting informa-
tion‘from a witness through conversational interaction. The
Identi-kit 1s a set of transparent celluloid sheets, each con-
There are a large number of sheets
for each feature; e.g. manydtypes of noses, eyes, etc. A
trained technician constructs a composite face hy interacting
with a withass to select appropriate features. The present
study}exp1ored the sketch artist and Identi-kit procedures
as means of obtaining a target image from a witness.

Actually, there are several purposes or goals of the work

reported here, and they are reflected in the fo]]oW1ng questions:

1. How accurate an image can be generated with sketch
artist and Identi-kit procedures? What do the dis-
tributions of this accuracy leok like?

2.

What are the re1ative merits of the sketch artist
and Identi-kit techniques?
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3.  How much effect does the artist or ‘technician have
on the accuracy of an image? |
4% What characteristics of the witness influence image
| accuracy and te what extent? d
In addftion to‘seek1ng ansners to the‘above questions,
our efforts were dtrected towards deve1opingdjmprored tech-
niques and procedures for using sketch artists and the Identi-
kit. Limited changes or modifications in procedure'were‘in¥v
troduced as the study progressed. Most of'these modifications
were re1ated to the nature of the interaction between the
artist or technician and the witness.

" As alreadyanoted, this study is intended'to address a
nunber of questaons and issues. The des1gn and procedures
are not strawgbtforward In part, the des1gn cons1sts of
manipu]ating severa1 controlled var1ab1es 1n a manner that
falls neat]y into an, .analysis of varjance research model .:

Measures on other var1ab1es were obta1ned, however, with thei

L 1dea of corre]ating them with various performance or- outcome

measures. In this section we shall first descr1be the bas1c
design of the image generation part of the experiment and
then note the other measures.that were_obtained.

The subjects in this study can be dividéd*into*two groups,

those who served as targets and those‘who‘served as witnesses.

A total of 97 target subjects were used, all white males. The

13

al
/

targets were drawn from several 'sources, 1nc1ud1ng students
at the Un1verst1y of Houston and the Houston commuity at
large. The on]y-restriCtion placed upon the se1ection‘of
these,subjects was that they be unknown to the witness sub-
Jects, the sketch artists and Identi-kit'technicians. Tnese
were 18? mitness subjects; A11 subjects were paid‘$2.00 per

hour for participating.

There were two phases in the;&aSic image generation task.

The first phase consisted of a conrersational'interaction

between the witness and target. This interaction followed

instructions to the witness that he/she wou1d Subsequent]y
be working with a sketch artist or Identi-kit technician to

Create the target image.

Two variables were manipulated in the design of the study
The first was the image-generation technique, consisting of

the sketch artist and the Identi-kit. The second var1ab1e

w111 be referred to as artist-technician, which represents

three artists and three Identi-kit techn1c1ans “The art1 tw

techn1c1an var1ab1e was nested within techn1que, that is, the

three artist and three Identi-kit techricians Were six dif-

ferent peop1e._ Because the training and ab111ty of these six

people is cruc1a1 to the study, a brief summary of their

credentials is presented in appendix HF1.

As stated above, 182 w1tness subJects and 97 target sub-;

i

Jects were used. The manner in which witnesses and targets

B
%

Sy
it © st w_t‘:fr_’_'




: i s
AN e i

\y
B { Gy

[A

14

were paired and the ass1gnment of witnesses to artists and

techm‘ciane was not ba1anced It should be noted that 1n

terms of "pur1ty“, certain types of confounding is unavo1dab]e
given that a particular target cannot be described more than
once byua witness nor constructed more then,once by a given -
dhtistfor technician;< The actual patring.of targets and‘wite

nesses and the assignment of witnesses to artist-technicians

was done 1n the following manner. An effort was made to have

each targef exposed to two‘witnesses, one of whom then des-
cribed him to an é?f?st‘aﬁd‘the”éthéh“tb‘h’teéhnician. We

were successfu1 1n th1s regard for 78 targets; that is, there

:were 78 targets each expOSed to two witnesses, each done by

both an artist and a technician. It was not poss1b1e to bal-

ance the ertists and technicians with'respect'to targets. .

The following Table shows the number. of targets shared by the

different combinations of~artists and technicians. G?
. ; ‘ | y

| | k tions of
Number of Targets Completed by D1fferent‘Comh)na i

N

Art?sts and Techn1c1ans .

- Sketch Art1st =

~ MM 15 4 5 24

Identi~kit .o ¢ w9 28

~Techn1cian - -JH P 5_  16 26
Tota] 24 28 30 78

%

o

4
€
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The rema1n1ng 19 targets and 30 Witnesses were paired
‘and a551gned to insure that each artist and technician con=-

Structed a minimum of 30 4mages. In several cases, two wit-

nesses worked on the same target, but also the same technique

The number of completed sketches was 92 and Identi-kit com-
posites was 90,

The procedural aspects of each regular _experimental

sess1on of the study involved six people: the experfmenter

(E), a sketch artist (SA), and Identi-kit techn1c1aw (IKT),
a target subject (TS), and two w1tness subjects (WS). Since
it was necessary to carefully control the timing and manner
in which different individuals encounter each other, and be-
cause a variety of data was collected from the various indi-

V1duals, a relatively complex and carefully controlled pro-

cedure was carried out. The specific steps were as follows:

1. Two w1tness subJects reported to a room where they

were met by E. Upon their arrival they were asked

to complete a Subject Data Form wh1ch required a

total of approximately f1ve m1nutes. This form
asked for 1nformat1on about the §, 1nc1uding cer-
tain physvca] character1st1cs.‘ A‘cop} of the form
is presented as exhibit 1 in appendix HF2.

2. After the data forms were completed,»photoghaphs

| were taken of each WS, The photographs included

front, left profile and right profi]@.bust-length

e S Y T T T T T i e e e
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A sample set of instructions shown in.exhibit 1

0 ; ' 16
%

views. If the,ﬂi ware glasses, two front views
were taken; one with and one without the_g1asses.
The photographs were taken with a half-frame
Olympus 13% mm; camera with Ektcrome film. Acutally
the f1im was'made into sdides, not prints. For
purposed of this report, however, samples of the
pictures made for a WS have been pninted and are
presented as exhibit 1 in appendix HF3. The phys-

jcal parameters of all s]ides were constant (sharp-

- ness, scale, 11ght1ng, etc ).

After the photographs were taken, the two WSs were

instructed by E as to the nature of-the experiment,

of appendix HF4. This is a sample in the sense”
that E did not read the instructiodls; they Werg:
presented- in a conversational fashion‘(having been

well reheansed).

While the two WSs were completing the data forms
and being photographed, the TS &eponted to an adja-
cent room. After E finished with the WSs, he greet-
ed the TS and presented instructions ?egard1ng theA
study These instructions-are shown as ¢xh1b1t 2

1n appendix HF4 and were also de11vered in a con-

versat1ona1 manner.

* Following the instructions, E escorted the ¥ss to

Ny
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the room where fs was waiting, It shou]d be noted

that all three 3s at this point were aware of the
nature of they@xpenfment and the nature of the image

generation task. The E, TS and WSs were seated at
a table (TS across from the WSs). The E then mad-
erated a 7 to 8 minyte conversation among the syp-
Jects, hereafter referred to as the eéxposure period.
To the extent. possible, the discussion focused upon
IS: - what was his major (if student) ‘or job; where

did he Tive; what were hig 1nterests, etc. A sam-

- ple of Es 1ntroductory remarks in this sessijon js

Presented as exhibit 3 jp appendix HF4. While the

setting may seem somewhat strajned or artificial, in
actual pract1ce it generally proceeded quite smoothly
with reasonably good conversatijon.

After the exposure per1od, one WS was escorted to

a room to work with a sketch artist to generate an
image, while the second HS ‘was taken to a room to

work with and Idneti- n:t techn1c1an Upon arriving

in these rooms, the HSs 1n1t1a1]y Tilled out a gen-

eral d1scr1pt1on form about the TS. Th1s form called

for information about Is that was used by the sketch

'art1st or techn1c1an as a starting point for gener-

ating the 1mage. The forms used in the two techni-

‘ques were s]1ght1y d1ffenent, and are shown as ex-

hibits 2 and 3 in appendix HfF2 for the sketch and

L) - Pl ey

B Y
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- Betts and Gordon tests for 1magery ability.
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Identi-kit techniques‘respECtiveTy.

After completing the general information forms,
the WSs worked with the artist/technician to pro-
dUCe the 1mage The verba1 interaction in each sit-
uat1on was tape recorded using a Stenorette Embassy
dictating machine A sample of the sketch from
description, sketch from view, composite from des-
cription and compos1te from view ave 1nc1uded as

exhibits 2 3 4 and .5 respectively: in appendix HF3.

While_the WSs were working on the image generation
task, IS completed the Subject Data Form, exhibit
1 in appendix HF2. |
After completing the Subject Data Form, TS posed
fbr‘photographs. The same p1ctures‘were taken of
IS as described above for the WSs.
After the dSs finished the image gemeration task,
they completed three additional forms. The first
Was a Subaect Comments Sheet. This form so]icited
comments form WSs regarding the manner in which
they carried out the task. The form is presented
as exhibit 4 in appendix'HFZ. )
The secdﬁd and third forms consisted of the

Bo th

&

are paper and,penc11 procedures for assessing ability

to carry out imagery or verpal memory activities.

7
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 Samples of the Betts' and Gordon are presented as

exhibtts 1 and 2 -in appendix HF5, respectively.

10. While the HSs were completing the three forms des-
cribed aboyve, TS reported to a room where the sketch
. artist and Identi-kit technician produbed a sketch
and composite of TS while viewing h1m directly.
Results

The following 1ist summarizes the data colilected in this
study:.
1. Photographs of TS and WS.
2. Sketch of TS froh WS description.
. Sketch of TS from djrect artist viewing.

2

3

4. TIdenti-kit composite of TS from WS description.
: e

6

Identi~kit composite .of TS from.direct viewing.
Recorded protocols of “the verbal dinteraction between
s and artist or technician.

7. Information on TS and WS contained in Subject Data Form.

8. - Scores on Betts and Gordon Imagery tests.

g. WS answers to questions on Subject Comment Sheet.
10. Answers to questions on Interview Procedure Form.
1.

SAT verbal and quantitative scores on subjects who
were undergraduate students at the.Universﬁty of Houston..

The data analyses of the image generation study are not

yet complete. Several pre]1m1nary\ana1yses have - been carr1ed

out, however, and these resu]ts aré&presented in thfs section. N

Y
v




3
g

S

B - : )
oy L e g e e TR T

ot
e A i L .

20

An important and nontrivial set of issues in this study
concerns the mannér in which one compares facial images.
More preciéeiy, what are the. dependent measqres or criteria
by which performance {s evaluated? To date, our efforts have.
proceeded 1n several directions.:- One of these directions in~
volves measures of the physical dimensions of the face, while
the second employed subjects' ratings of similarity.

The various physical measures of the facg‘are described

" {n the Pattern Recognition part of this report on page 82.

The different facial 1mages generated in the study were n?t
carried out to the same scale. That is, the photographs,
sketches and Identi-kit composites produce images of different
sjzes. Indeed, a variety of image sizes were produced just
within the sketches. For this reason it is not possible to
make comparisions across image types on the basis of the jinear
dimensions.' Instead, a number of ratios of the different di-
mensions were employed;as dependent measures. The specific
ratios used in the ana]yses to date are presented in the
Pattern Recognition, part of the report on page 82. '

A.first and rather stra1ghtforward lo0ok at this data
invoIved a varjance analysis of the technique (sketch VS Identj—

kit) and different ratio effects. The dependent measure was

a difference score: the d1fference between the rat1o value

for the ,photograph and the sketch or Identi- k1t. ‘The sketches

and ldenti-kit composites used here were, of course, those
N . - = '\‘x

s
,’4.":’/’\}\
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generated from the WS description. The means for the 32 ratio-
technique conditions are presented in Table 3. The analysis
of variance showed the main effects of techniques and ratio
and the techn1que X ratio interaction were all significant
&t the p <, 001 level,
The data underlying these interactions indicate that
"performance was better on the sketches; that is, the differ-
ence between the sketches and photographs with respect to
the ratios were smaller than the ldenti-kit-photograph dif-
ferences. The data do not provide a clear interpretation
~of the ratio or ratio x techniqug %nteractiOn effects. Obvi-
ously, there are accuracy differences for the different ratios,
but no pattérn emerges to clearly 1ndicate‘morg or less accu-
‘racy on various parts of the face.
In addition to the abdve analysis -of Variance, we have
carried out several additional analyses corﬁélating the ratio

difference measures to various other performance measures

and characteristics of the HSs, Spec1f1ca11y, these variables

have included per%ormamce on the imagery tests and SAT scores.
The results of'theSeﬂcﬁrre1atiohs have indicéted very little,
if any, re]ationshipmbgtween the various measures.

.The second direction in which our analyses of the image
generatf&a study results %as,pﬁgseeded_invo]ved the use of
similarity ratings. These "psycﬁo1og1ca] measures"”" of good-
ness-of-fit involve shewing subjects photograph-sketch (or
cqmposité) pairé and having them raté:the simiiar1ty of each

.
s
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5; ‘ Table 1
gf Mean Differences Between Ratio Measures
még on Photographs and Sketches or Identi-
’%i Kit COmpos1tes
i
e
| | Technique | |
| Ratio Sketch . Identi-Kit e
| 1 .034 .013 |
i? }; .0}1 . 057 !
] : .083 019
5‘ 4 ] S | -+ 032 ..050
5 - -.049 075
6 | : 054
s o .Osg .054
| $ - .005 .003
4O 8 -.082 .039.
! 9 . .013 .020
5 10 ¢ -.085 .042 i
: 11 - -.055 .063 )
: o 12 :
| %3 .005 .002
% . -.040 , . .053
. 14 117 R .137
i . s -.022 Z.002
. w18 -.022 002
; !
S
N
. )i . o
Sl A e ~*
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- pair on some sort of scale.,

. art1st4techn1c1an.
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In actua]dty, a formal experi-
ment'was'carried out to obtain these similarity ratings. The
experiment is described in the following paragraphs.

The~Ss were 30 undergraduate students enro]led in intro-

ductory psychology courses at the’ Un1versity of Houston,

“Class credit was given for participation in the study.

The,§s v1ewed pairs of slides consisting of the front
bust of the target and one of the four images produced hyi
1. sketch artist
2. ldenti-kit technician, from description
3. sketch ariist's”skefch from view
4. ldenti- k1t from view.

All four images were paired with each of the target slides.
The §s' task was to rate each pair.on a six point scale with
‘respect as to how well the ihage matched the‘farget.- The slides
were proaected so as to be approximately 11fe size on the screen.

The design of the experiment was a 2x2x3 with all factors

man1pu1ated as W1th1n S variables. The conditions of the

f1rst variabie, image generation techn1que, were sketch artist

vand Identi- kit. The second variable was image type and refers

to the two 1mages produced for each target, from the WS des-

cr1pt1on or wh11e v1ew1ng the target. The third varijable was
As stated earlier, this factor'was nested
within technique; the three sketch artists and three Identi=kit

technicians were different-individua1s.

N
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Ratings were obtained on a total of 204 pairs from each.

S. There were a total of 51 d1fferent,targets whose photo-

graph appeared in four pafrs; once each with the sketch from

description, sketch from view, compOSite;frOm'description and

composite from view, Each of the artists or technicians con=-

tributed 34 Tmages, 17 done from description and 17 from view.
For)each of the 51 targets, black and white slides of

the foup images were prepared. Four series of images were

constructed in which one image for each target was present,
Within/the ser1es 1/4 of the slides were of each image type.
Thesexwere randomized with the constraint that no more than

three%images of the same type might occur success1ve1y.

The apparatus consisted of twe Kodak Carousel AV 9000“

i
if
l

TS

proje ctors with 4 to 6 in., F3.5 Zoom hktamar Lens and Da-

/
L1te proaect1on screen.
f The procedure involved runn1ng each S 1nd1v1dua11y with
(
order of 1mage ser1es counterba]anced among S's S .

/
wa

S @t a height slightly above eye level when seated.

.The screen

located at the front center of the room 8 ft. from the
The pro-
jectors were at the rear of the room on both s1des of the S.
The room was darKened to insure qood v1saon of the slides
Zut with sufficient 1ight to read and mark the answer sheets,
k " The front bust of the target was projected on the left
side of the screen and the image on the right.

‘of targets remained the same for all S's and each S random1yx

“The sequence b

B o

O

:3 and 4.
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began his rating at one of 5 points in the. series.

. S's were ~Instructed to uyse the Teft end of the scale
for the best ‘matches between target and 1mage and the right
eénd for the poorest matches. The S's were 1nstructed that
the intermadfate pofnts were to be used 1in rat1ng those pairs

whfch were neither the best nor the worst matches-ukeep1ng in

- mind the- meaning of the end points.

During‘the rating sequence, each slide pair was Project-

ed on the screen for approximately seven seconds, and the §

» marked hfs reponse on the answer during the two seconds re-

quired to reset the projectors. Ss rated 10 pa1rs prior to

begfnning the actuaI ratings used in the ana]yses. The 10

sample pairs were selected so as to be representat1ve of the
range of similarity and included at 1east 2 of each of the 4
image types..

An. anlysis of var1ance was applied to the results. It
shou]d be noted that the technician x method 1nteract1on can- “
not be examined because technician is nested w1th1n the method.

Table 2 shows the analys1s results. A1l of the eftects are

statistically significant at a P<.01 leveld.
The data for,the various cond1t1ons are shown in Tables

‘ Keeping 1n mind that smaller numbers represent bet-

ttttt

ter performance, 1t can: be seen in Table 3 that sketches were

judged to be better images than composites. ‘Also, ‘the 'View

~condition led to better images than the description, although

'y
i}
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seen 1n the data in Table 4.

- Identi- k1t composites.«

however. 1nc1ud1ng the fo]1ow1ng activities currentIy in progress.
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thts diffenence was quite small with the Identi-kit technique.
The technictan x image type 1nteraction ean'be clearly

The three Ident1~k1t'te0hnicians
differ very 11ttle’ form each other, wh11e there 1s cons1der- ’
able vartation,among the artists. = ‘

Discussion. “
Although only pre11m1nary ‘analyses have been carr1ed out

on the 1mage generat1on study to. date, the resu]ts are cons1s-}
tent in show1ng that sketches are better representat1ons that

A great deal of data ana]ys1s rema1ns.

1. A composite measure based upon physica] d1mens1ons
has been developed and will be used in compar1ng |
image techniques as we11 as in mahy other compari-
sons and correlations. | ;

2. CorreIat1ons are being computed between the similar-
ity rating values and a number ofvw1tness character-
1st1CS. | _ | |

hy.a, Transcriptions of the protocols have been cemp1eted
and are being’ ana1yzed to determine the adjectives

| used In descr1b1ng various facial .features and the .

R sequence in which d1fferent features are dealt w1th

¥ in generating images. ,

’gm Strateg1es reported by w1tnesses are . be1ng categor-

1zed and ana1yzed with respect to the quality of the

1mages,‘f, =

RS-,

W R, N R e T - . o : i j i
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Analysis of Variance Results:

Table 2

Similarity
Ratings in Image Generation Study
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Source df
Source daf MS F
S F P_
Method .1/23 24.01/1.08 22.19‘ .01
Technician 4/92 3.39/.16  21.33 .01
.;mzﬁedType . 1/23 9.62/.39 24.93 .01
"Method x I ; 7
qoin « Image 1/23 5.03/.30 16.87 .01
Technician x |
Insge fyo 4/92 .575/.13 4.56 .01
2 i
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Table 3

Means of Method and Image Type Conditions ' ﬁ

from Similarity Ratings in Image’Genération

Study

Method

Sketch Identi-Kit Mean
3.76
3.86

.
(734
o>

Image View 2,92

Type Description 3.55
Mean 3.23 3.81 :

/ SUST .
. i :
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Table 4 -
Means of Technician and Image Type

) o Conditions from Similarity Ratings

|
. i
ijw Image Generation Study. : !

Technician

SRR : Sketch Identi-Kit
f/ ' ‘ 8 .

l-—l

2

[

Image

View

4 5 6

Total

2.56 2.70 3.50 3.67 3.85 3.76 3.34
’ T Type Description 3.32 3.86 3.74 3.91 3.91 3.76 3.71
i = Total 2.94 3.13 3.62 3.79 3.88 3.76
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Accessories Study .
A study has been completed which examined the effects

of changing accessories between HS's initial exposure. to

the target and the target's appearance 1in a sG6sequent recog- E
nition task. The,accessbrigs studiedeere'g1asses, be;kds,
and ﬁair style. a ' f
| Since a/ggggr dealing with fﬁfs study was prepared and
Submitgggf?iiipubfﬁtat1on in the'Human'Factdrs*Jdurnal, a
description of the work will not be presented here. Instead,
a copy gf ;he paper'is included as appendix HF6. |
[ g
& ‘
TN
i ’ | °
¥ a.

3
»
- =y
N !
(<2
Q
:\ -
i
]
.
&)
z 4
» =
o
~
\} Y

!

° |

i

'

” ?’

i

i

!

. &
N ;
o
L T e
S 3
b
o
S
. s
. o o
E
G
=
: i
Q L,
o .
. = . ) a " \';x
B} bl
,

i f
]
- " - g



BaeFmasdi

g
@

g

31

Hardware

The charge given the hardware group during Phase I was
to develop the necessary hardware to supportvthe other phases
of the research and to specify hardware which'weu1d be cost
effective for installation in a police depattmept. This has
been done‘and certain additioﬁ%] problems have been defined
and solved.

Present Hardware Configuration

The Image'AnaIysis Taboratory computer is configured as
shown in Figure 1. The primary computer is a Hewlett Packard
2100A mini computer with 16K, 16 bit words of core mehory.

It is'interfaced to a 1/2", IBM compatable, 9-track magnetic
tape and disk with a fixed platter and a remoyable one. The
total capacity is 5 mil1%onvbytes (8.bits/byte). A Mini Bee
II CRT terminal is used to interact with the computer -and a

 The other Pro-

teletype is used to obtatn hard copy output.
gram 1/0 device is a paper tape punch and reader which 1s\%ﬁu
shared w1th the SDS92 Computev. In add1t1on, a Bensen- Lehner
stepper moto}.type X-Y plotter has been 1nterfaced to the
HP2100 to allow theoautomitic plotting of ihagee and graphs.
This computer forms the basic cnﬁponent for.the sorting of

mug shots and will be i?terfaced to a random access microfiche
display un#t during the early part of Phase II.

| Of this conf1guration, the plotter, magnet1c tape and

CRT are usefu] for the research phase of this grant but

[

4

)
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would not be included in a system which would be 1nsta11ed

'4:in a police department

To ald in the research, another computer, the SD§92Z,

has been interfaced to the HP2100. This machine is used

primarily as an off-line processor for digitizing images
from a closed circuit television system. The359592 is inter-
faced to the TV system for digitizing the images on a(128 x
128)or(2§6 x 256)array. It can display the digitized image

on a Teletronix 611 storage display. Final construction is

~ being done on electionics which will allow the display of

the‘digitiged images on the television monitor.
Software has been written for controlling the SDS92 when

digitizing images. This software has been called IMAGE and

offers a8 special purpose language with the following instruc-

tions:
SSLO Set register to Tow resolution (128 x 128)
SRHI ~ Set register to high resolution (256 x 256)
SCAN Digitize the image on the monitor_at the
o existing resolution :
| DISPV Display the image on the storage scope

HOLD Place the storageyscope ih‘the HOLY mode

| VIEW ! Place the storage scope in the VIEW mode

"‘Q ERSE Erase the storage seope

In additfon, there is an executive language which allows the
pr1nt1ng of a core dump, changing of core, etc.

The SDSQZ is interfaced to the HP2TO0A so that the data

e bt g bt 5 e
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can be transferred to or from the HP2100A and. the HP2100A can
force execution of predetermined routines in the SDS92. An
image can be digitfzed by the SDS92 and this 1mage transferred

to the HP2100 The HP mach1ne can then perform operat1ons on

the image and transfer the 1mage back to the SDS for display

on the stroage scope.

¥ .
and-operations such as converting images to 1ine drawings or

developing a]gor1thms to transform 1mages to normalized pos-

itions, or developing algorithms for automatjc measurement of

parameters on the image.
When a police department wants to install a system like

o

ours they will need to "measure" a large number of photographs.

To'fac111tate this, we have developed a 119ht pen/joy stick
Cross-hairs are positioned by light .pen or joy stick

system.
The X;Y coordtmates of the inter-

or a combination of the two.
section of these crbss-hairs are then entered'automaticaTTy
This-should greatly increase

This

RE]

into the computer upon command,

the speed andgaccuracy of taking the measurements.

" system is in the final construction phase.

The hardware design proﬁects have beenvdone by students

superyised by Dr.' Bargainer dnd are shown below.

" A. Design of IMAGE Hardware and Software. consisting
< of the hardware and software required;to digitize
the image and display it on the stonfﬁe scope was

‘ done‘by Mr. Gary Hornbuckle, a graduate'student

*
N
<
P

R - .
- . e e X

This is very usefuT for analyzing images .

majoring ih Electrical Engineering and supported
by the Electrica1 Engineermng Department

B, Design of the plotter interface was done by Mr.
Mark FrankTin, an undergraduate student in Elec-
trical Engineerlng Mark was supported on this
grant.

Q. Design of the SDS92-HP2100 hardware and software
was done by Mr. Bernard Gordan, a student in the
fifth year design sequence (Master’ETectricaT

- Engineering). Bernije was not supported during that
time. | |

D. Des1gn of the TV display system is be1ng done by
Mr. Ronald Docka], a graduate student in Electrical
Engineering supported by this grant

E. ) Desqign of the 1ight pen/Joy stick system ‘is being
done by Mr. Martin Daniels, who is a graduate
student in E]ectr1ca1 tng1neer1ng supported by th1s

grant,

- The Hardware System for Poljce Departments

access to other records is shown below.

The system which would be necessary for perform1ng sort1ng
of mug shots,,fingerpr1nts, and vehicle 1nformat10n and random

0bv1ousTy, the Hewlett

Packard m1n1computer is not the on]y computer wh1ch can be used,

There are many flne systems which could be used, some of whvch

might be less expensive.

Eamiota:

The 1nsta11at10n here at the Un1versity

&

&
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of Houston and the one at Oakland,

systems.

HP2108 CPU
with 24K random

access memory

Two Dual Disks :
with controllers and
2 spare disc packs

- 5M words total
Periphreal Equipmant

Time Base Generators
Teletypes & Interfaces:

- Paper Tape Reader

Cabinet

Fiche Display Unit
with interface and
hard copy printer .

35

California P.D. are HP2100

$ 7300.00
25150.00

' -5360,00

$47805.00

Other costs would.include. the following:

The software developed on this grant would be ava11ab1e :

Cost of Fiche
: A

Software

Expendable Supplies
Paper tape
~TTY Paper
‘Access forms
Pr1nter paper

Trainihg of Employees

900

L] 4 .

'$,10/image

Supplied from
this grant

Done by computer manu-

facturers and LEAA by
separate‘grant to some

, group

.,and wou]d be s1gn1f1cant]y decrease the cost of the system.

S e
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,The'CRIME‘System,in Oakland P.D. cost about‘$100,000.00,
including hardware and software.

Phase 11
There are two hardware projects wh1ch w111 be comp]eted
during Phase II o
1. Install the miorof{che disp]ay‘system and modify
if neCessary to perform for the fina1 system.

2. Invest1gate available hardware for automat1ca11y

_\
5 . ;

d1g1t1z1ng the measurements from the f1che display.

U The 11ght pen system developed here is a sat1sfactory

- system for our use, but it would be too expens1ve to install

with each system. Other techniques more compatable W1th the

(:>' fiche display unit must be 1nvest1gated.

R et s i it
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Pattern Recognition

1. Introduction il

mugfile and select "Jook-alikes'

‘This section summar1zes the ph11osophy, goa\s. and
ach%evemehts during the first phase for the: pattern recogn1-
t1on group. The precise details and theorems th1 be pre-
sented in a paper ent1t1ed, “A Computer Interface in Mugshot

Retrieval" which is be1ng submitted for pubTieation‘in the

......

- As stated in the original proposal, a maaor objective

was "the deve1opment of a:computer algorithm which will com-

S

pare the image supplied by the witness to photographs in the

(objective 3).. Spec1f1cal1y,

research during phase I was concentrated on'recpgnition simi-

larities in the basic "shape" of the faces. This point is

‘emphasized in that no qua11tat1ve features (g]asses; beard,’

etc.) were. used in the 1ook alikes (LA) aIgor1thm (During

phase‘11,~the LA a1gor1thm will be 1ncorporated ‘with an op-

_tional sorting package to restr1ct the look- a11ke part of the

search to a subset of the mugfile which has aTready been sorted

on qualltat1ve features such as sex, age, type of cr1me, etc

11) Design Ph11osoph1 |
| The LA a1gor1thm is des1gned to permit a witness end a

Taw enforcement agency to by-pass the ted1ous manua] sorting

through=a mugf11e or mug book and to concentrate instead on

"

s A

O

“
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a few images which the computer has identified as “1ook-e1ikes"

to the description given by the witness. How many crimes this

will help to solve depends, of course, on the quality of the
mugfile and on the abtl1ty of the witness to recall and des-

cribe the suspect, Thus before any hope of such a real-world

system can be realized, attention must be brought to two very

basic and distinct questions: 1) On the average, does the

‘ww1tness have the abi1ity to remember and effect1ve1y describe

a - '
suspect? 2) On the average, can information be extracted

from a witness' description and used by a computer to locate
the desired photograph?

The results of the research of phase-l indicate that both

questions can be answered in the affirmative., Data from a sim-

| olated mugfile of 100 photographs and 75 sketohes is presented

to support this claim.

The design of the LA algorithm was accomplished under

certain guidelines, or requirements, for its operation. These

requthements have been grouped into five basic categories as
follows: |

Rl.‘ First, .a measure of similarity betweeh the geometry of

one type of facial tmage must be established. The similarity

measure must be able to compare photographs with photographs,
sketches with photographs, sketches with sketches. and 11kewise‘
Identi kit composites : ' “

'R2. The data entered into the computer from a witness' des-
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cription must be easily measured, It is711ke1yzthat very few

o police departments would be willing to 1nvest time in train-

ing personnel in comlicated curve tracing or texture measuring.
However. it 1s reasonable to assume that the measur1ng of
distances betveen certain factal 1andmarks on a sketch would

not be considered too great a task.

"R3. Since the algorithm must compare data from a sketch with

that of severa1 thousand photognaphs, in the 1nterest of time
(to the user and to the CPU) numerical computat1ons and memory
requirements must not be excessive. o

R4, The a1gor1thm must not be sensitive to: the size of the

sketch on to minor varjations in the location and orientation

-~ of the face in the image.

R5. Finally, and perhaps most important, the algorithm must
he effective in matching a witness' descr1pt$on to the correct

image. Ideally, the algorithm should consistently select as

its finst choice the correct photograph or 1mage from the mdg-
file., Since this. cannot be accomplished all the time, objec-

tives .can be stated in terms of a computer reduction of the

¢riginal mugfile population to a small percentage of the images

'(Such as 1%, 5%, or 10%) with a2 spec1f1ed high probab111ty of
the desired photograph Sppearing in the reduced set.

Data Base | A
The data which th1s ”eport is based upon cons1sts of

hand-measured features from photog*aphs, sketches, and com- N

e

‘:(\\
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.posites of white, co11ege-aged.ma1es. A precise descnin-
tion of this set"of.1negesvis'desc¥ibed 1n‘the'nqm¢n&factors
portion of the‘nepont; ,However; a veny‘brief description will
be given here. )
From a previous study in Buffalo, New ?onk, a co11ection
of 200 facial images (photoqraphs only) was_obtained.
During the phase 1 study, images from 75 persons were

obta1ned under the following conditions: a terget was observed

simultaneously by two witnesses (no restriction on age, sex,
or the race of the witnesses). After a brief niewing
period, one witness 1nteracted with a sketchdartist.‘the

other with an Ident1 k1t operator, After the witnesses were

finished, the target appeared before the sketch art1st and the
Identi-kit operator and another set of 1mages was obtained.
Thus, from this study, five images were obtained per target:

a photograph (PH), a sketch from witness description (SW), a

ﬁportrait‘skétch (SP);,and‘Identi-kit composite from a witness

description (IW), and a portrait Identi-kit composite (IP).
A pattern recognition technique called "train1ng“ was

conducted using images from the 75 targets ment1oned aboveA

vand 25 photographs  from the earlier study, thus 100 photo-

graphs and approx1mate1y 75 sketches of each type were used

(not all targets4had all five images due to certain scheduling

problems). g
2R

The numerical characterization of faciai 1nages was

done in adquantitetive, rather than qualitative; manner.

[EN
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.’To avoid prob]ems of changing hairstyles, etc., it was dechd-»

ued to restrict all measurements to the area bounded above by

the eyes and bounded below by the chin.
As indicated on the drawing, F.igure 2, the follow1ng

measurements were recorded from each 1mage'

My= 1hterna1 biocular distance

M,= eXterna1'Biocu1ar distance

M3= nose width |

M4= mouth width

M5= distahce across‘the face measured directly under the nose
Mg= distance across the face measured across the‘mouth

M7= nose length from tip of nose to midline of»the eyes
M§=.distance from chin to eyes

M9='d1stance from lower 11p to eyes

In the case of theavy sideburns or other fac1a1 hair,

- certain features (such as - MsorAM,) are difficu]t to measure

accurately. In such cases, defau]t antom1ca1 Tandmarks were

-used, In the case of sideburns and beards, a landmark or 1/3

KL‘

the distance into the s1deburn was chosen as a default point

f‘for the edge of the face.

To overcome the prob]em of different 1mages of different .

,sizes. ratios of the above measurements were computed (whi1e \A

"there 1s a possib111ty that this procedure m1ght cause two .‘ f

4

' persons ‘whose - head sizes were cons1derabﬂy d1fferent to appear ‘.:

"sim11ar"~ the phenomenon was never observed 1n the data men-

A

[

@,

s
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Figure 2

~Facial Measurements
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tioned above.)

In this report, the term"target set" denotes the collec~
tion of images which are used as a mugfile. The term "wit-

ness set" denotes the collection used (one image at a time)

to locate specific image 1in the target set;’ The LA‘algorithm

was ‘run on each of the f011ow1ng'"target set-w1tness set"

pairs: PH-SW, PH-IW, SP- SW, and IP-IW.
As a preliminary preprocessing step, each ratio from the

target set data was normalized to have sample mean equal zero

and sample standard deviation equal one.

In addition, w1tness set ratios were’ quadratica]ly re-

gressed on the normalized target set ratios. That is, if

w1,..., wn and‘T], . vesy Tn represent a spec1f1c ratio from

n witness images and the normalized ratio from the corres-

ponding target images, respectively, then the”constants ags
ay and a, are. determined by a/ east-squares<fitting of the

Th1s is accomplished by selecting

function t=a0+a1N+a2H2.
T ]2 where the sum-

ao, aps 2y to m1nimize Z [agta M- :+a2w

mation is over the set of target- image pairs (T 5\2&), g=1,

...;n. The va]ue of w is then replaced by a0+a1w.+azefgiw/2;

After each of the 72 ratios chosen from the nine basis

measurements are treated in this manner, the e1ght ratios

with the smallest mean square er

tion given above) were found. These eight are the ratios

ror (the va1ue of the summae

O

.of’constants &4 (1<i<8 and '1<j<8) such that on the average i
f

“11R1+"‘+“{8R8 is as close to the corresponding Ti as possible.

By
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which have the closest average agreement between witness image
and corresponding target image. (The remaining 64 ratios are
not used after this.) :

At this point, sach image is characterized by 8 ratios

R1....R8 (normalized for target images and quadratically
regressed for witness images). To bring the eight ratios into
closer agreement between target and withess‘images, a linear

procassing on witness data is performed:

F=AR ?
R = collection of'B'regressed ratios 3
A = matrix of‘constants

F = collection of 8 processed features where,

!
|
FimagqRytagoRoteo#aggRe (47 8) %
The processing matrix A can be decomposed into the pro- |
duct of two matrices, A=A1A2, where: | ‘ %

(1) A is a multilinear regression matrix. That is a collection

After these constants are found, R is replaced by this sum.

(2) A2 is a permutation matrix which mere]y rearranges the

processed data 1n order of each processed rat1os' "{mportance" P

in c1a551f1catlon. This is achieved by the fo11ow1ng technique:
F]=the processed ratio which does the best job of recognizing
fmages.

F2=rhe‘processed ratdo;which, in combihation with Fl’,d°es

e .
o .

. [N —————)
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the best job of facialyrecognition. |
Fy= the processed ratio, which in combination with Fi,Féa?.s
Fi.7» does.the best job in facial recognition.‘ ' /‘
Once the permutation matrix is found, the ratibs from both sets
of data are recorded. o

The concept of data ordering is a most imoortant one.
One would expect that, if ordered proper1y, two features
~would .perform better than one and that snree features wou]d
out-perform two. However, at some point in. this procedure,
the amountgof additiona1 information gained from a new feature

beg1ns to decrease and 1n the extreme case, add1ng more features
is equiva]ent to adding "noise". F1guren3 (typ1ca1 for all target

set-witness set pairs) 111ustrates this phenomenon. The op-

timal. number of features varies according to which data pair

was used.

number of
ordered feature

recognition
performance

[
| ¥ T

A optimal number
’ B

of features

ro-
o

Flgure 3 . N

R, 4
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Using the ordered features, a Ecu1idean”distanCe func-
tion 1s used for evaluating similarity among 1mages. Let F],
,Fz,...F and. T],.;.; T ~denote ‘the set of processed and order-
ed features from a witness 1mage and the normalized and order-
uned ratfos from a target Tmage, respectively (N is the optimal
The "distance" biotween the two
images is taken to be D= [ (F]—T])2 .. +.(F -T, )2 ]
Note that a distance of D=0 (wh1ch is the sma]]e

”number of ordered features),

t possible
dfstance) Tndfcates that there is perfect agreement between
the two 1mages. Also as the difference between correspondlng
values 1ncreases, so does the distance between the two images,
To convert a distance D 1nto a sfmilar1ty rat1ng S, any
monotonic decreasing function may be used (that 1s, if D 0,
“then S=1 and as D grows large, S goes toward:" 0) Such a func-

tion 1is S=exp (=D),. as shown in Figure 4.

e e TR £ s e o e+ i

similarity of two images

distance between
. two images

“Figure 4




GO e

R,

o
N - e

@]

/'/}‘ .

'V Results i

48

A

As a ranking procedure, the closest "1ook-a1ike" to a
given image is the target with the largest simi1arity rating
(or equiva1ent1y; with the smallest distance).

=i

The LA algorithm described above was tested on a data

{

hase of 100vpﬁotograph§ (approximately 75 of which had COrre$§4

sponding sketches and composites). The %hrgéf-set-witnesg
set pairs were PH-SW, PH-IW, SP-SW, and IP-IW.  The 1&§t two
pairs were tncluded to measure a possible uppér bound %n the
(That is, thé algo-

performance on sketches and composites.

“eithm shod1d work somewhat better in comparing sketches with:

sketches than it does 1in comparing sketches with photographs ) (g“\

‘Table No._] 1ists ‘the eight initial ratios as discus-. ' U

sed earlier. For notational simplicity, a ratio of measurement.

VM1 to measurement Mj 1s denoted by i/j.

Ratio PH-SHW PH-IW SP~-SHW IP-TW
1 1/5 9/8 7/5 2/6
2 8/2 1/9 1/7 2/5
3 a/7 5/1 5/4 - 6/4
4 -6/1 8/3 7/2 2/8
5_ 4/9 3/1 - 7/6 5/6
6 5/8 : 6/1 1/3 2/3
7 6/4 8/1 5/8 5/4
8- 6/7 3/6 1/9 3/6 .
optimal number
of ordered - _ ~ - T
features 4 3 6 7
% of correct L | |

- first 13 S 10 21 ‘ 20

. .choices ‘ R T Lo ~

Table 1,

' ///\;.
/-
N

nt

'3) automatic computer extraction of facial features

e
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Figure 5 111ustrates the probab111ty of f1nd-

+

ing the desired image in the reduced target set as a function

of the size of the reduced set. The dashed 11ne’(performance

Based on random selection) 1s included as a reference.

VI Phase IT.

The-proppsé&wwork'of the pattern recognition group in
Phase Il can be briefly summarized as stated below: 1) Com-
bining the present LA algorithm with optional sorting routines
2) extracting or measuring facial features from the T.V. screen
using the 1ight pen algorithm (of the hardware section)

4) con-
Vers1on of photographs into line drawings (this is presently
vell under way) 5) Testjng and improving the overall algo~-

rithm on the Targe mugfile.

-
2
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Guessing

i 1

5 10 15 20 25
| Size of Reduced Mugfile
~ (in% of original.mugfile)

;~Figure ]5
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Software | SR o “ 6. Dpevels B
| - ‘ . . 0. eve10pment of a random number generator-for use in
This portion of the Phase I report deals only with soft- - - generating synthetic subject files for Checking dperati

| , . . | | on

ware developments other than those relating direet1y to the of software to be developed.

deVe1opment of the "1ook-a11ke" atgovrithm. This work was | . | " In addition, study of the structure of the Oakland

CRIME system was begun.

funded by the LEAA grant only during the 1est six weeks of Preliminary invest1getions indicated
‘ . ate

Phase I. | o % , . that we would be unable to install the whole CRIME system

B CER NS SIS b

until we increased the size of the memory of the HP2100 com-

Most of the work done during this period was development

ot e i A

of supbbrting‘Computer programs as follows: puter. Personnel with responsibility for software develo
) h i p-

J. Modification of HP2100-SDS92 interface dr1vers and devel- ment were used extensively to support others with less knowl
« ,; , | | owl-

opment of interface control subroutines‘and main ‘program. edge of the Compufer operating system.

These have greatly 1ncreased the ease of operation of the‘

N s
easap e b i AN T .

; (iﬁ whole system. .
3 N A 2. pevelopment of a storage scope d1sp1ay subprogram (Scﬁé”/ _ . | A .
and a storage scope plotting program (PLOT). These programs IR B | A
provide for rapid display of graph1ca1 1nformat1on. Sub~- " ’ |

revtine-PLOT i; compatible with the corresponding hard-copy ‘ "‘, B _f. ,‘ ' " : | o .

p]otter)program so it is useful for rapid checkout of programs

using that device

3. Development of Storage scope image dispTay‘programs

(DSPF, psPCc). These have greatly reduced theetime required
to dispTdy processed images on the storage scope. ‘

4.f Development of an improved text editor for ed1t1ng com-

~puter programs and data files. | ~ 4 S . e - ‘ , ; :
5. Development of a driver program for the carousel-projec- | FURa 2», e | | . | | . S - o
B L ‘ | R I - : | | | o :
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Foréery Applications

In cases where a phctograph of a suspect is available,

~application of the pattern recognition approach-does not de-
pend on the memory.ab111ty of a witness. One 1mporteht area
of this type (suggested for use by members of the Houston
Police Department) 1s the forgery area. 'In‘a 1arge number
‘of'cases they have a forged check and a photograph of the
person who cashed the check. The problem is to determine if
the individual in the photograph is in their mug file of known
forgery offenderS’including other current unsolved cases.

| Durtno‘the last two‘mdnths of Phase I, two graduate
students from the project‘ﬁpent considerable time with two
detectives from the Houston P011ce Department 1earn1ng the
_types of information thuy have to work with and the procedures
they use. They determined several possible approaches which
could be used to apply the pattern recogn1tion approach if
we can overcome two major prob1ems
1. .Photos of suspects are taken at a variety.ot angles so

you do not have a‘"Stratght ahead" view used in mug shots A

procedure must be deve]oped to "rotate" fac1a1 1mages so that

images can be compared in mug shot position.

2, -Many forgery suspects use "disguises"” such as glasses, ‘
wigs, etc. Techniques which minimize the effect of'disguises
must be’deve1oped. By the end of Phase I,Jone of the graduate

students was developing a computer program'uh1Ch would test

& : ‘o :
i
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one approach to the "rotation" problem. This work will be | o ‘
continued in Phase II. ;
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Further Research, Phase II

Phase I of this project was devoted to the deﬁelopment

of a "first generation" system. . This was a research/devel-

‘opment activity using as much as possible the computers and

other equipment already owned by the University of Houston.

Once this "first generation" system had proved the basic idea
would Qbrk, the plan for Phase Il was to concentrate on plan-

”hing and designing a "second generation" system which would

bg appropriatg for mug file owners to acggj¥g gpd install.

It wgs g%co%pj?eg that the agencigg yq% would mak% this'stepﬁ
would probably want a system with capabilities beyond just
retrieying a "look alike face" from the mug file. In actual
applications there will be additional infofmation about the
suspeét other than the image of the face; i.e. estimates of
height; weight, age, sex, race, type of crime committed, etc.
This 1nf0rmation should also be used in retrieving suspects

from the file. In addition to thiﬁ requirement, the system

“should be flexible enough}to allow law enforcement agencies

to incfhde factors unique to their techniques and filing sys-
tems. Oﬁffaiscuss1ons with the Oakland.Po]iée-Department

and Hewlett Packa;d, who developed fhe software for the Oak-
land system, have giveh ué a good understanding of the pro-
hlems which exist with their system. |

Objectives for Phase II

1. To complete the design, build and ‘demonstrate a "second

SN

.....
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generation" system which would be appropriafe for owners of

lTarge mug files. The original proposal ingluded only the
design of the system; we now plan to build ahd demonstrate
the system. Because many of the hardware deVe1opments have
a1ready been achieved, the major requiremﬁntsmto complete

this system are software developments.

2. To complete a number of studies which will maximize the

effectiveness of the system and minimize thé,effort and invest-

ment required to install this type of system in law enforcement
agencies.
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Artist and Techn
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Sketch Artists

Three graduates with B. F. A. degrees from the University of Houston
Art Department served as sketch artists. Two of the arfists were white ﬁales,
ages 24 and 28. The third was a white female, age 25. Each artist had pr'evi‘ou‘s
.' equrience ‘in drawing faces: one had advance training’l{xin: pé_rtrait and the other
two had wqued with witnesses in doing sketches for tl”i{e vUni'versity of Houston
Traffic and Security Division. 8
Aithough' there was n{f@vailable formal training course fo'r the sketch
artists, ‘the work for the T‘rafﬁc and Security Division did pfovide insights
o that led to various interview%pg procedures. Other activities that were part
of the artist tr?.:;lnipg included having each artist serve as a witness in a sflycetch
#ituatioh. This tur#}ed' oth to be a vé.luable experienc;g gipc.e it enabled"the
C) : ',arfists to be more sensitive to the problems of information exchange in the
,.irha.ge generation task. Of course, another dimension of‘;ﬁé training was simply
floing a number of practice sketches. Each artist drew a',;r'ni.nimum of three
practice sketches from witnesses' verbal descriptions.

. As in the identi-kit training procedures, verbal critiques of eachk sketch

were exchanged among the artists.

IdeﬁtiéKit Technicians .

Three graduéte stﬁden;s in the Unixersity of Houstoﬁ ngchdlog}; Proéram
served as identi-kit techniciang. TVY‘O of the three weré white, twenty-six
.y‘eal"_‘old" 'male students in the Cognitive Psychology prograr:fi. The th‘i»r;d was

o a Whité, ’twentyA-.-four year old, female student in the Bi‘o-‘psﬂy-c’h,ology program.

@ Formal ffaining in the use of the identi-kitiwas not identical for all three

put PN

59
tévc’:hnicians. On.e of the male tec':hnicians became a certijfied identi‘-kit
Qperatérby atten&ing a two and a half day course provi;ied for law enforce-
ment personnel by'the Identi-Kit Company. Course content was noted by the
'é.ttending technicié.n aﬁd utilized in developing a trainiﬁg .i)rocedure for the
remaining two tec;hnician;, who did not attend the formal identi-kit course.
The vr'e‘:sulting It'ra'ining procedure consisted of three phases;‘;,vhich preceded
formaida.ta collection: (1) a review by the certified techniéians of the content
of the identi-kit course, (2) the construction of faces fro;'n photographs, and
(3) the generaﬁ.qlfx of images from verbal descriptions.

J;Zp the £g.§;sg phase of training the certified iggnti-kit hechni,cian reviewed
R R I R i P aee : PR L g

. the in{i?‘;g)’atiqp presenteqd at the identi-kit course. The following points were

covered with each of technicians:

(1) The purpose of the face constructed with the kit is to eliminate not
to idéntify. F‘a.cial information provided by the kit permits one to
eliminate people who could not be candidates.

(2) Procedures utilizled in developing the proper sefting for the witness:
were mentioned but not emphasized, since the setting for witnesses
in the labofatory were already established. .

(3) Construction of‘ identi-kit faciél composite begins"by aski:pg the witness
four basic quesfions and’recording specific re”sponses on a form used

- with the Identi-Kit. - The questions and responses categories include the

.

following:
. /‘/ I

(a) Approximate height of the suspect? Response categories are:

tall, medium, and short. Classification is based on the following

table.

e ae
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Men ) - Women'
Tall T = 5lgn
" Medium 517N_gILn 555N
Short 5. 5l

(b) Build of the Quspect? Response categorieé are heavy, medium,
slender, and square. |
(c) Age of the suspect? Response categorie's ‘fco_xv'xksist of age groups
- starting at age 15 and ascending in groups of tén. years (15-25,
25-35, 35-45, 45-55, 55- and )
(d) Hai%- of thg gggge&:@:?' This question is diirided»into three parts.
| The first calls for a description of the h;lirli;:e
the \secg}nd asks about the color of the hair, and. the third about
" the thi :}«E;e'ss of the hair. The witness is then asked to look at
the card in fhe identi-kit which contains a laz.'ge: gelection of hair

~ styles and select one that is most like the suspect.

Q a ’ . ‘ . ) . .
(4) The answers to the above four questions guides the technician in

producing a basic composite. Each response category for the questions

0

is mapped to a correspondmg facial feature or set of fac1a1 features

O

in the identi-lgit.
R R w ' N )
features associated with each description following the questions are

selected so that the resulting facial composite is plaﬁsible given all

1

responses to the question.

B

(5) The resulting composite is shown to the witness and the construction

of the face proceeds in an interacti‘ve fas‘hie:n. The witness indicates

~which features of the face. ar\e not correct a.nd the manner ‘in Wthh '

~ they should be. changed The: selectwn is fac111tated by the techmc1an

ross the fbre'h'e'ad!

A card in ‘the identi-kit contains the mappings., The

e s e ey

(6).

(7) Qer

61

providing structured alternatives to the witness. From this informa-
tion, .altei-native values of the feature are selected which are cioser

to the witne's ses description. Generally the technician should exaggerate

-in the selection features.

Feature selection is made from a book containing all the features in

the identi-kit. The technician avoids showing the features in isolation

. .
to the witness. The technician selects the feature based onthe w1tness

description. The witness mainly works from the ¢omposite. Exceptions
include halr sele ct1on

\ .
tai n aspects of the face can be 1nf1uenced during the consg;ructmn
'L'

ge
pe rig;l t_h;.gu%h the use of the following procedures:
(a) Exgre.ssiéh - raise or lower eyebrows,
raise or lower lips
(b) Age - raise or lower chin
(c) Fo;° females
. eyes - El4 others are E15 and E16
| -nose ~ N9, N24
'y‘ounger nose - N35
older nose - N03
ﬂv.orlder‘lips - L30
smiling lips - L08

other female-lips - L03, L28, L29

~ofher female eyebrows - D02, D21

SR P

b i TE B i
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(8) When the composite is finished, the witness is asked to rate how
éloéely the composite matches person,

Following the review ‘of course content; each technician served first as
as a witness and then as technician in constructing a facial composite.
In the second phase of training all three technicians, including the certified

operator, constructed six faces from photographic slides. This procedure

was utilized to provié}g practice in manipulating the foils of the kit and to
, ' , )
/

~ provide experience ‘with the variable values facial features available in the

kit. Verbal crifiques of each composif:e were interchahged a".mong technicians
during this phase of training.

In'ﬁthe third training phase each technician constructed three images from
witnesses' verbal descriptions. Following the construction from descAription,
each tééh.ni(:ia,n constructed a facial composite from viewing the farget subject.
Durfln,:g this phasé;, verbal critiques of gez;eratéd images were.in‘te'rchanged

among tle technicians.

fars .

)

Appendix HF 2

Various Information Forms Used

in Image Generation Study
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EXHIBIT 1
SUBJECT DATA FORM
“ DATE: .
'NAME: Student Number
Target Number: Subject Number-
' Permanent Address: '
‘ Phone Number: |
Msjor: Clessification: FR SO SR
Birth date: Height: Weight:
Sex: M F ‘
Heir Color: Rlack Brown Blonde Red Gray/vglgjﬂ.te
Hair Length: Bald Thin Short Medium Long )
Eye Coior: Brown Blue Green Ha.zel Other : .
Complexion: L;Lgh‘ﬁ N fair Dark/black Freckles or splotchy Poqlunarkci%
Accessories: Glasses Moustache Beard *
| Visible scar Sideburns _ none
Peculiarities: Visible scars moles © "~ birthmarks
Others
Build: Light Heavy Medium
Race: white black chicano oriental other
Images : Photograph Witness Description(s) Target Present =
Image Production Technique: Sketch Identi-Kit Synthesizer /
' - Other "'
Color Photogrephs: WG WwoG
Front Bust __
Profile Bust
- .
 Transcript{s):
Cox}gents: o Q

2

e i

E BT

O

S R ot

EXHIBIT 2

SUGGESTIVE INTERVIEW PROCEDURE
SKETCH ARTIST TNFORMATION

DATE:

TIME: Start Stop

Target No. name o
Witness No. name .

Target Information:

Age:

Build: Slender Medium Heavy

Color of Eyes:

Complexion: Fair,

Tan,

si_;etc_h Artist Technician

Drawing with target present .

Dark
Smooth, Rough, Wrinkled, Facial scars

OColor of Hair: Blonde, Brown, Black, Red, Gray

Blue, Green, Hazel, Brown
Light, Medium, Dark

Accessorigs: Glasses, moustache, beard, side burns, head gear,

Signature

65




e

e

- N ; ‘w
" 1 5 F
- | | 67
‘ , EXHIBIT 3 66 4 : EXHIBIT 4
. Subject No. ( DS ; . SUBJECT COMMENT SHEET
IDE SUGGESTED INTERROGATION FROCEDURE rarget Wor ._ | o :
./ Skert: | IDENTI-KIT % IDMO INFORMATION ' ,, - | |
Stop: RACE SEX ' - 1. When you viewed the target, what did you do to help you remember his face.
Whﬁ;e’ ' Male
Black Female .
Other '
AGE GROUP @
.~ OVER Y6
UNDER 34 ~ BETWEEN 35 - 45 ‘ .
A up to 20 . E 133 - Eh?; _ ?{ Egsl - gg
B 212 TR I 56 - 60
c 2 ‘ “ g 6l -65
D 313k K Over 65
_— . What perts of the face were easiest to remember?
HEIGHT - BUILD .
- 6' and Over ‘ Slender
EII‘E%%J) - 57" < 5 11" Squere
SHOAT =" Under 5' 6" Medium
Heavy _
COIOR OF HAIR ODDITY (If eny) What pa:rjts, of the face were difficult to remember?
) Blond or Red -~ Note: |
’ Brown v
Black 7 ]
Grey ,
Bald
Greying —
o k. What parts of the face were hard to describe?
SUPPLEMENTAL INFORMATION .,
Glasses ‘Hat or Cap ‘ Xzire)kles
Mustache ' ?ﬁi’éoo ' Cripple | . _
Begrd (1 e) ¢ Freckles‘ Facial Scars . . 5. What parts of the face were easiest to describe?
Side Burns (larg : : , E | | : | , .
v @ ) ’ - . i
Other: » , ] | ‘ - ‘
Confidence level® , » o : | o 6. Have you ever had to describe a persons face before? If yes, why? -
IMPORTANT: Record Identi-Kif Code for Future Construction: : - ‘ R R )
Identi-Kit Code: "
o ’ ‘ | | . ; 7. If you have any sdditional comments-or thoughts sbout your experience in this
: mm "3‘2“ Jacket. Bo. , v ' o . experiment which you feel to be i‘mportant , describe them below.
@Identi-l(it Technician : T
G , Name o - SRS
Portrait Identi-Kit Code: : o
| A ) . Vo P , =
' = »j R 'y J N
f ’ L, ) : @ [}
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Appendix HF 4
Image Generation Study: Instructions
for Subjects and Conversational Mode
of Witness-Target Interactions.
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Q} o Exhibit 1
. o : . . ¢
Prototype Instructions to Witness Subjects
(In the following instructions WSl and WS2
afe substituted for the subJec: s! names)

wsl and WSZ, now that I've finished taking the photogra.phs, we are

%

going to go to the room next door where I will introduce you to another parti-
i

cipant in this study. The person you meet is someone yrgu {;_'vill later attempt

(,)to describe for purposes of produ;:ing an image of him. The .experiment is
set up 89 glcx_at ygu and the peredh will s_pend about seveh to ten minutes talking
w1th each other. Followmg this conversa.tmn, one of you w111 work with a
Your task will be

sketch artist and the other with an indenti-kit technician.

to describe from memory the target person you have seen in order to produce ‘

e AR ‘a likeness of him.
S ‘ o ' A
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.
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‘TS, in a fev;r minutes I will brin
meet you. We will spend e.bout
| We use t}l_is conversati
so they e'an, then describe you from memory.

te see how successfully people can part1c1pate in producmg an 1mage of some-

-
-\\S

ycne they have seen:

Exhibit 2

Prototype Instructions to Target Subjects .

(In the following instructions TS is substi- ?

tuted for the subject's name)

/fn_

It will help the interaction process go smoothly if you

and they can get an easy conversation going.

S
=l

g two' ‘sther subjects into this ‘room. to

seven to ten mmutes talking with each other. o

This is the purpose of the study,

76

ion to give the other subjects an opportunlty to see you ,

C G

’ - pare WSl's and WS2's images.

Exhibit 3
Prototype Introductory Remarks for Witness-
Target Conversational Interaction

(In the following statement WSl, WS2 and TS are
substituted for the subjects! names)
- "Wl and WS2, I would like you to meet TS. WSl and WS2, if you will
sit opposite TSand me ‘;ve will take a. few minutes for you to get acquainted

with TS. As you know (looking at WSl and WS2), you aréﬁ’geing to be. working

]

\\

with elther a sketch artist or identi-kit technician to develop a facial image
of TS. TS, while WSI and WS2 are giving their descriptions, we will go next

door where you can fill out a data form and I will take some pictures of you.

We will use one of the photographs as the standard against which we will com-

In addition to the photographs, TS, we will

ask you to pose while our sketch artist and identi-kit techn1c1an prepare an

image while viewing you, "

The above statement was made by E primarily because it created a feeling

of mutual participation between the subjects. Following fh_e statemené; E

s

~ would attempt to get a co}i';“;,ersatibnstarted around the witnesses' and target's

activities and interests.

@

RN

M ot e i, e 1o




g

o ot e e o et

N——

PR

i e

e e R i o

A}
a
Y
o
=]
1t
B o
a’
N_

N -
\\ .
78
5]
it
e WEEREET
JQ
N
5 .
Appendlx HFS F
)
Betts and Gordon Imagery Test Forms
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y # ?
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. . . B Q\*JJ‘/' \('—‘_x j ! . . ) 0 ', . . 3 5
Item - ' : o Rating o Not clear or v1v1d but recognizuble Pond TR R.ati.n‘g L
1. The exact contour of face, head, shoulders and body - ( : ‘ra;g‘l end dim SRR T ’ 'Ra"uing 5
2. Characberistic poses of head, attitudes of body, etc. ( ) ~30 vague and din ag to be hardly discernible Ra{;ing 6
3. The precise carriage, length of step, etc. in walking () ' No image present at 21l, you only 'knowing' that you . .
o L, The different colours worn in some: familiar cosb tume ( ) - are thinking of the cbject R S Rating 7
Think of saeing the f‘ol]o*rmg, considering - esrefully the picture which cones o o :'gb:"ﬂ( of ' 'feal Linglor 'toueh g edCh of the following, cohsidering carefully
= befgre your mm] s eye; ané classify the image suggested by the {ollowing question . } ha images whick cuges %6 vour mind’s toucn, and/class:.fy the imeges su; ge ..Qj
a# indicated by +the. deavee of clparness and vividness sperified on the R Rating ny =ach of the following questions as indicated by th\_ dﬂgraes of clearnes
Seale. ] _ ’ . Va*ld v;v:Ldness specifice on the Rating Scale. -
5. The sun as it‘is '31nnmg telow the hOI‘lZO]:l ( | ) - | L s _tem‘h' | | | . Rating
Rdtl.no SCalE‘ ‘ . ; = . . Sand - ’ ’ a 1 ) ‘; ( ;)
~°_~The image aroused by an item of this “test may be: Linen | - o ( )
B i . ql O ’
‘Perfectly clear and as v1v1d as the actual e*coemence : Rating 1 i " Fur ( )
Very clear: and comyardb]e in vividness to the aotual experlancp Rating 2 The prierw of a pin » ( )
" Moderately clear and vivid SR Co e Rating 3 - The warzbi of o tepid bath L i ( ')
Kot clear &y vivid, but recognizable ' ' i * . Rating )-l- (.E ' IR - '
P Vague and dim T o ‘\ _ Rating 5 - (v> Ruating Sca’;‘."
~ N A k 32 - . . ) -'. s }
So vague",nd dim as to be hardly ulscernlble . ; ) Rat;ng 6 B S The 1mare ‘avoased by an item of this test may be:
. o - e—. 1. o oy .a. ] . 3 - . C : . - . o . v ‘ .
grg ;ﬁ:goﬂﬁgefz nt at all, you only 'knowing' that you are thinking - maing 7 Pex fectiy cleor and as wivid as the actual experience . Rating .1
' ‘ ‘ v ‘ | - ‘ Very clea::‘f‘.wa comgarable in v1v1dness to the actual experlencé | Rating =2
Think of each of the following smmﬂs,/(on';n rlcr:ne' narefinlly the image ‘W‘I"'LCh ‘ ‘ Mud\,rat\.:l ARC roa vivic o b“
cones te yoor xind's esr, s&.d classify the images- suggested by each of the . ' R B T ‘ ’ Rating .3
following nuestlions as inu'- g,atcctrby the degrees of clearness and vividness < , : IIot clear o wivig, Tud renommizalbie” C . . P'{bing "
: ed on the Fati b , o o ' . L B I : 2 ’ R "
. -specified on the Fa ng tale . , e g ‘ L : |  Vague and dim i Febtig | 5
Item S v : A T Ratin ' T L So rague' a“d. he hardle . ‘ ‘ s
| . - ) | | R g , g dim as to be hacdly discernible - : . Rating 6
; ~ : : N (o} e S vou e ' o
6. The whistle of ‘a Larcrative ( y o R image rresent au all; you only 'knewing' that you are .
: s Sl ; : . thinkine ,*' é’;* = ank e T :
7. The honk of an auuomoblle (- ) : : o -T‘é" oL ks disject ‘ Rating 7
8.  The mevung of a eat () ‘ ‘ : ) B
)« The sound of escapin steam : . ) F : T ‘ -
: 9 ping | p ( ‘) ok ‘ S Think of n rforming eazh o8 the follom.ng aets, consn_derlng ca“ef‘ully the
10. The c;,a_ipplng of hends in applause () B o i image which comes ho our wing's arms, legs, lips, etc., and classify the ‘images
FEOR R AT ~ = suggested as lx"d.L\.atcd. by the uegrne of clearness and v1v1dness specif 1=-d en
N ‘ ) ) , ; T v o ﬁ.th\, Maulng Scale. B h
Rating Scale - oo . T R R : C . R . : R
, SRR " L g e ; : B S T T‘oem R , i L e e e T T T e ST
The image aroused by an item of this test may be: , S ‘ S . ‘ o A c B I : - Rating
Perfectly clear and as vivid as the actual expe&'ience : e .~ Rating*1l %s_)} , ( L 16 Runnlng ups balrs _ C : ‘ - )
Very clear and comparable in v:.srldness to the actual experlence . Rating 2 . ' ‘ 17 5131‘1“&111% across a gutter o . o L ‘ —y ( | )
5 Nodarately clear and v1v1d S Lo .. & .. Rating 3. ‘ 18. Drgwmg a c.lrcle on paper S LA S Q SR (. )
) . o :" P b . o ' ‘ "‘«“ s . - T S . . o s o : T S g ) o R . N ] /
n N ‘__‘«“* e i e e e i e et et e g i i e e e s L b S SRS AR AT L et by i e B o e A B ’ . { i, - N N «»-~-~~4,~;—«-»-w-».;.v»._,w_._,,,;‘,_w i e ” g R - S -
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LR

< Vevy clear and’comgerable in v1v1dness to the actual experlence

&

19. -Beaching up to a high shelf”

20. IKicking somelliliyg out oOf your way

Rating Scele

The image aroused by an 1tem of this test may be:

Pe:fectly ciear and as v1v1d as the actual experience

Very clear and comparszble in vividpness to the actual experience
Moderately clear and vivid °
Kot élear or vivid, bub recognizablie

%ague and dim

So vague and dim as to be hardly discernible v
No image present'a€ all, you onl y 'kncwing' that you are thinking
of the object ; :

Ratin%
Rating
Rating

Rating

Rating

~Think of tasting each of the followihg considering careffilly the image which

comes to

your mind's mouth, and classlfy the images suggested by each of the

following by sach of the following questions &8 indicated by the dcgrees of

clearness il vividness specified on the Rating Scale.
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21, Salt :
22, Granulabed ﬁ¢h1te) sugar ‘
23, Orenzes 0 "
ah. Jelly
25. Your quOKIlue £0U0
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Thevlmage 3roused by an item of ths test may be-
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- Not clear or VlVLd, Lat reﬂognﬁzable
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Think’ of smelling each of the follow1ng, COﬂglderlng carefully.the image which

comes to your mind's ncse
following quessions as irdicated by
specified on the Rating Scale.
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26, Aa ill-vendilahed room
27. :COOPluF cakbugs

28, Roast beel

£9. peshtﬁe_nt”

30.

New leatiwr L i

Rating Scale

The image srdused by an item of this test may be: h
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Perfect y clear and as vivid as the actual experience

Very clear and nomnavab]e in vividoess to the actual exnerlence
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1m°ve arousea by an item of this test may be' | s

'ePerfectLy clear and as vivid as the actual experience

Very clear and comparable in v1v1dness to the actual experience
Mbderately clear and vivid
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Not clear or v1v1d, but recovnlzablﬂ ©Reting A - N It : s ‘ IMAGERY CO}_MOL R
. - .:Rebing 5 _ 0" ' : i ~ : ‘ :
Vague and dim ;o . B e , ® You have’ just completed z questionnalre that was de51ﬂned to measure the
* So vague and dim as to be hardly dlocernlble : . o Ratlng. 6 wv:v1dneés of different kinds of imasery. In this present questionnaire some addl-
o Lma%e present ot all, you only "nowing! that you are - " i tional aspects of{¥our wmagery are beLng stud;ed i
. : : atin ,
7 - thinking of the object & The questions are concerned with the esse with which you can control or
‘ R man*p"late visual imadges. For some people this task is relatively casy gnd for
: e - otiers relatively hard. One subject who could not manipulate his imagery easily
. ; : . \ gave this illustration. He visualized a teble, one of wHose legs suddenly begen
I . : : ’x sto .eollapse.  He then ﬁ&ied 10 visualize another table with four solid legs, but
J : . Y 'found it impossible, The image of the first tdble with its collapsing leg pers.
2‘ R sted. Another sub*ecb reported that when he visualized a table the image was
§ $~ \ . rather vague and dim.  He could visualize it briefly but it was difficult to retain
o _ . | P by any voluntary effort. In both these illustrations the subjects had difficulty
\i B ‘ : Vo . in controlling or manipulating their v1sual imagery. It is perhaps 1mport ut to w
= ~ 1;\ , emphasize that these experiences are in no way abnormal and are as often reported
o iR as the controllable type of image.
g 8 ; ’ “\‘., 'Read,each question; then close your eyes while you try to visualize the scene
_ s . R S descrlbed Record your answer by underlining 'Yes' 'Nb or 'Unsure', whichever
. : ° _ \, ©is the most appropriate. Remember that your accurate and honest answer to these
‘ SRR ' ; ~-% ‘»questlons is most 1mporfant for the wvalidity of this study. If you have any doubts
“ 5 R at all regawd:ng *the ansver to & question, underline 'Unsure Pleaseg be certain o
. (ﬁ} .“(;) \ ' that you anower gach of ,the twelve questlons. :
s 2 B T i l. Can you qee 'a car standlnﬁ in the road in front of a house Yes No Unsure
. \ : I A '
- C:) i A 2. Can you see it 1n colour" Yes No UnSUre‘
g . ‘ AR *,3@;fCanﬁyoanow see lt in.a dlfferent colour? s  No Unsure
4, Can you now see the same car lying upside down? ’ Yes No Unsure,
‘ o . 5. Canpyou'n0W18eo the same car back on its four wheels agaln? Yes~= No Unsure
<f‘ : = : , - \ 6. Can you Seeythe car running along the road? Yes No Unsure
e o e i o 7e Can you see it climb wp & very steep hill? " Yes No Unsure
7 | | o f, ’ "“j ‘8,“Cankyou see it climb Qver the top? o Yes o Unsurc
e 5 R 9 Can you see it get oﬁt'Of control and erash through a house? Yes No Unsure
g S : . ‘ v S * 10+ fan you now see the same car running along the road w1th a , _
. \ : , LR i . handsome couple insmue? : , , ; Yes No Unsure .
» e o e . s .11, Can you see the ear cross a brldge and fall over the side | e
. . S ‘ ‘ : : ) L e e é 5 I kklnto the utream below? it ‘ - Yes TNo -Unsure
- ’ ‘ ‘ . 4 PR ' 12+ Can you see the oA ATl Q]d anrl d]smant'led ina ¢ ; ‘
: o . ‘ e F’ e . car-cemetery? co ST ' Yes No Unsure
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{ ﬁg : : 7g ' ' ‘: - Facial Récognitibn: Effects 6;'Changing Accessorlesl
. ) i | o KENNETH R. LAUGHERY and' RICHARD . FOWLER, University of Houston S
: b % “ . o _ , s T — _
o ‘ - 2
; & \\,.\
’ 4
A facial recognition study examineg effects of accessories changes
1 A iy | between initial‘exposure to a target berson ang tbat person's»appearance
: N : _ — - perea
. ~ . ﬂ ) : T in & recognition task, Three accessories were dzhipulated; glasses ang
L et . | , A@@endi# HF6V © beards Cpr;éggi?éﬁﬁggsént) and hair étyle@(long or short), Changes in
~ ;g; : : ' | ! “ | ,;;;l AbcessQrieS Study . Sotﬁ:directionslhgd ha;igé”ﬁég;;ive effects upohtieqogﬁiﬁign, with hit
&5:>'; | . ) : rates drdﬁpiﬁé as;;§§3“€§ 42‘perééht.‘ The various accegéories,had differ-
N 5 /i : ) | RN B " o :
i & ential effects;,glasses p&o&ucing‘ﬁhe Smaliest decremént,and beards the
o 3

. ) ‘-‘:3‘ 1t4 £ ne
| , L , R v largest. Falsq p051t1ve‘errorg were al;o in

) ‘ S A | ‘ - The results have implications for criminel identi
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exploring the effects of several task

E in the recognition task.

. ) v e e | ST . »
, aprearance was baSical1y~the‘same,1n the two:instances.

- ance.

88

INTRODUCTION
Two earlier papers (Laughery, Alexanaer and Lane, 1971“ Laughery,

Fessler, Lenorov1tz and Yoblick A974) reporued & series of experiments

variables on facial ‘recognition.
i

The paradigm in these studies simulated a situation in which a witness

" who has seen a criminal At sempts to identify that person's picture in a

set of alternatives./nWhile a number of variasbles were explored, two in
particular sﬁronglyiaffedted recognition: ihe more decoys (or distractors)
]

preceding the target the poorer the performence; and the more similar the

decpys were to tne target the poorer the perlormance.

\ :
The 7esults of these experimenﬁs were related to the de31gn of criminal

\

An 1mportant set of task variables in such a

\
sy8tem that have not been explored to date, however, concerns diffesences

1dentification systems.

becween the target's appearancm 1n tne initial exposure and his appearance

i
‘ i

In all of ihe earlier studies the,targét s

In the real-
world dL criminal idenfiiicaticn there are frequ*ntly changes in appear—
The stuuy reported here explorea one class of changes, namely,

I
Accessories refer to par}c oﬂ the faCial

\

differences in accessories;

stimulus that are not permanent and are relatively eaéy to modify.

L

Examples would be beardv,,mous?aches,_glasses, hair styles and cosmeﬁics.
: g ! )

" This experiment dealtjsgecificélly with three of -these; glasses, beards

. ) .
and hair styles. : &?

> B

' :3_' METHOD

@

Subjects; The Ss were hBOkundnrgraduate students enrolled in -

. _ | | m r\ :
EarE S | \

S

.

all factors manipulated as betweenég'variables.
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introductory psychology at'thefﬂniversity of Houston. Class credit was
given for participation in the study.

Task. The task in this experiment was essentially the same as thaik
reported in Laughery, Alexander and Lane (1971) and Iaughery, Fessler,
'Lenorovitz ard Yoblick (1974). Ss first viewed four sequentially: pre-
sented slides of the target person in different candid positions. The Ss
vtask was to indicate, using a‘6-ppint scale (definitely yes, probably yes,
possibly yes, poésibly no, probably no, @efinitely no), whether each picture
in & subsequent,'sequentially presented test series of slides was or was

Y" i

not the target. The slides were projec?ed 50 as to be approximately life
Y gf?." ‘..;

size on the screen. The terget's picture appeared only once in ihe test

series.

. Design. The design of the experiment was a 3 x k4 xrhvfactorial with
The conditions of the
first variable, accessory, were beard, hair style and glasses. The second
variable was the‘vieWbsearch accessory relationship. More specifically,
this variableﬁrefers to an accessory change between wie target's appear=
ance in the initial exposure and his appearance in the search series.
The levels of this variable were defined by the accessoryfbeing same or

different and the actual condition of the accessory. * In the case of the

beard and glassesiaccessories, the change related to the presence or

absence of the accessory. For hair style the change was long versus

snort hair. Perhapsythe four levels of this view-gsearch variable are

better understood by noting the specific vieWbsearch relationships. If

we think of/"with" as referring to the presence of the accessory (or lonb‘
‘% /

3 2
i

=
-
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" not wear glasses.
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hair), and "without" as the absence of the accessory (or short hair), tnen

the four conditions of same or different for each of the three accessoricy

o

Qe

were with-with, with-without, withouwb-with, and without-without.

The third veriable, target, consisted of four different people, all
white males, whose pictuxes were used as targets. |

A total of 10 Ss ﬁére run in each of tne 48 experimental conditions.

Materials. The people recruited to be target persbné were all clean
shaven and had a long hair style.ﬁ A meke-up artist prepaié& the targets
for the different accessory conditions. A short wig was used to effect
the hairstyfe ¢hange. The beardsﬁereﬁfulland included e moustache. The
glasses, of‘course, wereJ;imply put on or off. In this manner a full set
of ﬁhé%égraphs, including candid and posed, were taken for each target
witn each acceésory condition. Ten separate targets were made up andvtheir
photographs taken;v From these 10 four vere selected for the stﬁdy. The
selection criteria were concerned primarily with how natural the makeup
appeared., Figure lssyows one of the targets uséd in the study with,the
di%ferent sccessory conditions. |

. G P W G O v W P S B W o S S B -
v
<

In this experiment the accessories were manipulated independently;
that is, no intefactions were consi@ered. Putting’it gnbther way, in
;anipuléting‘the presence or absence of an acéessé;y,Aoniy'l accessory
“was chenged. For example, when the t%rget appeared with a beard,ﬁhe did

not wear glasses and eppeared with a short hair style. ,Similarly, when

the target appesred with a long hair style, he was cléan-shaven and did

&

()

age from 18 to 28. Half of the deébys in the test series consisted of

91 e

Tne test series consisted of Th decoys and the target, all.gppear-

ing in front, bust views. The decoys were all white males ranging in

decoys without glasses, without beards and with shortﬂﬁéir. The eppear-
ance of the remaining decoys depended upon the accessory condition. If
the’condition concerned beards, then the remaining 37 slides contained

pictures of men with beards. Similarly, if the condition concerned hair

or glasses, the remaining pictures contained long hair or giasses respeé—
tively. |

The order of the decoys was random with the constraint that no more
than 4 consecutive decoys were of the same type with respect to presence
or absence of tpe accessory. The physical parameters of gll slides were
constant (sharpness, scale, lighting, ete. ).

The cendid position slides showed the target persdn in positions
ranging from left to right side, full length, snd bust views. The candid
positions were selected from g larger set df photographs of the target
with an effort to,seiect those which seémed leaSt posed._

Aggaratus. The apparatus consisted of‘a kodak Carousel AV 900 pro-
Jector with & 4 to 6 in., F3.5 Zoon Ektamar Leﬁs and & Da-ILite projeétion
screen. (i | * J |

Procedure. The S8s in each of the 48 experimental conditions were run
1

as a group. Five Ss were seated at each of twdwlong tabléé; cne behind

b) S, o . o ) ' )
the other, in a normal size classroom.’ The screen was located at the front

R . |
center of the room.at a height 8lightly sbove the seated Ss. The tables

were 7.0 and 12,0 feet from the screen. The prgdector was located at tne

fz
|
|

] ‘ 0 . . I
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1

rear centef of the room. Tﬁe room was darkened to insure good vision of
the slides; but with sufficient light to read and mark the answer sheet.

The instructions were presented in two parts. The first part made
clear that the Ss would later be looking fof a picture of a person ﬁhom }
they were about to see. Following the presentation of the 4 candid photo-
graphs of the target for 10 Sec;nds each, the Ss were given,the‘second |
part of the instructions. This part included details sbout the use of the
answer sheet and s statement that the target might eppear in the fest éeries
several times, only cnce, or not at all. In fact, the target appeared just
once, in position 69. Presentation of the second part of the inétructiohs
required 4 minutes and the test series followed immediately.

Dﬁring the search sequence, each slide was projected on the screen
for seven seconds with two seconds between slides - during which the Ss
recorded their respoﬁ;es on antwer ﬁheéts. o

Any 8 who knew the terget person waes given credit for’bartiéépation
and excused from the expérimenta The Ss were asked to indicate on their
answer sheets if they knew any of the decoys. Therevwas a négligiple
number of responses indicating any S knew a &ecéy face, 4

RESULTS

The Yes and No respdnses to the target picture in‘thqltest‘series

N

are referred to as hits end misses.  Similar1y, the Yes and No responses h

to the decoys ere referred to as falsé alarms-and correct rejections.
For a given S the hit-miss (H-M) score coulgrbe a single value from 1 to
6. A score of 6 indicates that the S responded definitely yes when the

target appeared, 5 was probably yes, and so on, with a score of 1l indi-

| \
cating a response of definitely no. Two false alarm-correct rejection ,

j

o

(/C

3
LA

()

O
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(FA-CR) scores were computed for each S. One considered responses to
decoys with all»accessories.absent; the other considered responses to
decoys with the accessory present.

- Two analyses were carried out on the results. The first was an
analysis of varience on the H-M scores. The meanJH-M scores for the 12
treatment condifions (collapsed across targets) ére displayed in Teble 1.
The view-search factor had & significant effect, F(3,432) = 30.31, p<OlL,
&ith performance bétter in the unchanged conditions than in the chanéed
conditions. A significgnt view-search by accessory interaction ¥(6,432)
= 2,76, p(;025? reflects differential view-search effects depending on

which accessory was changed. The order of greatest to least performance

decrement was beard, hair style and glasses. Although the H-M scores were

used in the variance snalysis, it is helpful in understanding the data to
note the percentage of Ss who had a hit (markedia 4, 5 or € when the target
appeared). These ﬁercentéges are shown in Table 2, and obviously reflect
the effects revealed in tge ané%ysis of variance.

(See Table 1),

y
e v T e B S D B G e Gy S S R S 8 W

AN

i e e D 0 6 o S v 40 B8 e e v e Y 00 e
A

, N
(See Table 2) o

Two interactions involving the targets were also significant:
accegsory; F(6,432) = 2.63, p¢025, and view-search condition, F(9,.432)
= 2,63, p{:0l. Although the interpretation of these results probably lies

with idiosyncracies of the target persons, the exact nature of that inter-

" pretation is neither evident nor particularly interesting.
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_ present or absent).
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The second analysis was based on the FA-CR scores, In computing the

two FA-CR .scores only those decoys appearing before theAterget were con-

r,\

sidered. The flrst FA-CR score was the S's mean response to the decoys

¢

with all accessories sbsent. The second FA-CR score was the mean response

with the accessory present. The accessory present corresponded to the

| accessory mahipulated in the view-search condition of the target. The

mean FA-CR scores for each condition are shown in Table 3. The andlysis
of variance carried out on these data considered viewing .condition only
in terms of the two initisl viewing conditions of the target (accessory

Decoy was significant, F(1,456) = 36.6, pGOl, with

a higher FA-CR score for decoys with the accessory. The effect of accessory -

was significant, F(2,456) = 9.34, p{.Ol. Performance was poorest (higher
scores) for hair style, best for beard, and glasses uas”intermediate.

The decoy by viewing condition interaction reached significance, F(1,456)

)

= 12.94, p¢Ol, and indicated the difference between the-decoy with and with-

out the accesscry was less when the target initially,appeared without the
‘accesSOry than when he initially appeared,with it. The significant inter=-
action between decoy and accessory, (2 456) = 8. 90, PEOL, is the result
of a small difference 1n FA-CR scores for decoys with accessory and w1thoup
accessory in the beard condition. This is contrasted with_larger d}ffere
ences in the case of glasses and still larger differences for hair styles.
Finally, the v1ew1ng condition by accessoryjlnteractlon was 81gn1f1eant
F(2,h56) = h.h3? P¢{-025. With glasses and beard, 1n1t1ally viewing the -

target with the accessory resulted in hlgher EA-bRkscores than when the

target was initially viewed without the accessory. However; for hair

el

]
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S

‘st
yle the reverse was true - higher FA-CR scores occurred when the target

rnltlally appeared without the accessory.,

(See Table 3)

DISCUSSION

aIn :y exp *
g l > 1

When a fa
cial accessory change occurs between the 1nit1al encounter and the

later r
ecognition task, the probablllty of a correct 1dent1f1catlon is

greatly »r .
1y reduced.. In some cases, the probabllsty of a hlt ‘is lowered as

much as
hog. A point to be noteqd about these results is that performance

is ‘decrement
ed by a change in either dlrectlon, that is, when the accessory

is added or
when it is deleted. Furthermore, the magnmtude of the decrement

is roughly equal with the two types of changes
The o
s1gn1f1 ant interaction between the v1ew-search and accessory
varlab
les makes sense in terms of the amount of change produced in the

zaclal
stlmulus by adding or subtracting the various accessories. Glasses

change g
ang relatlvelyrsmall rert of the face. Also, glasses ere transparent

and so T
me 1nformatlon about the eyes is avallable and potentlally useful

when th
ey are present. Whlle & change in hair style does not typically

affe V * 4
Cu the & a:.labll:.ty of 1nformat:i.on abou’c other f&CZLal featu.. €s, hair
2

1
a teratrons probably produce significant effects because halr itself is

: an i
mportant feature or source of information in the. recognztlon task

(Lenorovitz, 1972)

',_VBeards (includiug moustaches) result in mador'chanées iu facial

e T T
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- performance in the study.
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appearance. Information about.several features (e.g., chin, Jew line and
mouth) is altered or concealed when a beard is added: When the beard is
present dnring‘thevinitial exposure of the target, information relevant
to.later identification is simply not ayailable. Indeed, the beard itself
may be processed as relevant information; a possibility supported bybthe
fact that the with-with‘beard condition results in the best identification
The FA-CR scores reflect the errors made by subjects‘on the decoy

pictures; the false positives corresponding to situations where a wrong

person is identified as the target. The results, in general, make sense,

The failure of the decoy and viewing condition variables to have an effect
when the accessory was a beard, is probably'due to the distinctiveness of
the various beards. This notion is supported by the low FA-CR scores in
‘the beard conditions. Errors when the accessory was heir showed more mis-
takes on decoys‘with long hair, regardless of the targets'initial hair

‘condition. It may be that long hair is simply more confusing. When the

accessory was glasses and the target initially appeared Without them, the .

errors. on decoys with or Without glasses were ¥ no- different. A pOSSlDle

E explanauion is that Ss were nct uSing information about the eyes, or if

they were, it was: still avallable With glasses present. The significant
‘decoy effect when the target initially wore glasses, may,be ‘the result

of Ss looking for a target wearing them.
Overall, the results of this study have imporuant implications for

{ o

criminal identification'systems. When a- criminal's appearance has been

changed as 8 result of accessory differences between lnlolal exposure anj

s

97

the‘mug‘file, lineup’or other search procedure, the probability of a
correct identification is lowered and false positives may be‘increaséd.
Judicial procedures must take these facts into account in evaluating
evidence based upon recognition by a witness.

it seems reasonable to assume that brocedures conld he developea
which would permit an identification system to deal more effectively
with accessory changes. For example, it should be possible to add or
change accessories on pictnres in & mug file. Such changes are well
within the- current technology of computerized systems. Of course, the
legality of such procedures may be questioned however, such issues are

beyond the scope of this Ppaper.
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: - S ' S ‘ ' - TABLE 2 ‘\.‘{\\
TABLE 1 L ‘ o , | f ) . )

o Mean Hit-Miss -Scores Percent Hits

Unchanged - Changed : Unchanged . Changed

Accessory With=with Wiﬁhou’t-&ithout , With-without Without-with ~ S , Accessory With=with = Without-without With-without Without-with

i Glasses .85 5.45 k.8 | - k63 | | | Glasses 82.5 92.5 . £5.0 775

=

iy | L '- Hair Style 90.0 . 87.5 47.5 67.5

Hair Style k»' 5435 : 5.30 . 3.30'7"

Bea.rdb | ‘5.50 | 5.10 3.28 ) 3-23 Beard 98.5 2.5 20.0 . 98+3 :
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Facial Recognition: Effects of Changing Accessories
Kenneth R. laughery and Richard H. Fowler

" University of Houston

Abstract
A facial recognition study examined effects of accessories changes between
initial exposure to a target person and . that‘person 's appearance in a recogni-
tion task. Three accessories were manipulated, glasses and heards Cpresent or

absent) and hair style (long or short). Changes in both directions had marked

negative effects upon recognition, with hit rates droping as much a8 42 percent.
The various accessories had differential effects; glasses producing the smallest
decrement end beards the largest. False positive errors were alsgo increased by
accessory cnenges. The results have imglicamions for criminal identification

sys’\?ems .
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Feclal Recognition: Effects of Changing Accessoriesl
Kenneth R. Laughery and Richard H. Fowler
ﬁniversity of Houston
Two earlier'pepers (Laughery, Alexander and lane, 197l; Laughery, Fessler,
Lenorovitz and Yoblick, 1974) reported a series of experiments exploring the
effects of several.task variebles on facial recognition. The paradigm in these‘
studies simulated a situation in which a witness wno has seen alcriminal attempts
to identify that person's pilcture in a set of alternatives. While a number of

variables were explored, two in particular strongly affected recognition: the

- more decoys (or distractors) preceding the target, the poorer the performance;

and the more similar the decoys were to the target, the poorer the performance.
The results of these experiments wers related to the design.of criminal

identification systems. An important set of task variables in such a system

that have not been explored to date, however, concerns differences between the

target's appearance in the initial exposure and his appearance in the recognition

task. In all of the earlier 'studies the target's appearance was basically the

same in the two instances. In the real-world of criminal identirfication there

are frequently changes in sppearance. The study reported here explored one

class of changes; namely, differences In accessories. Accessories refer to

parts of the facial stimulus that are not pernanent and are relatively easy to

;m°dify. Examples would be beards, moustaches, glasses, heir styles and cosmetics.

This experiment dealt specifically with three of these; glasses, beards and
heir styles. |

Method
The Ss were 480 undergradueate students enrolled in introductory

Subjects.

psychology at the University of Houston.. Class credit was glven for participa-

tion in the study.
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~ Yoblick (1974). 8s first viewed four sequentially presented slides of the target

" factors manipulated as between-§ variables.  The conditions of the first
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Task. The task in this experiment was essentially the same as those reported

in Laughery, Alexander and Lane (1971) and laughery, Fessler, Lenorovitz and

person in different candid positions. The Ss task wes to indicate, using a
6-point scale (definite;l.y yes, probably yes, possibly yes,»;possibly no; probably b
no, definitely no), whether each picture in a subsequent, ‘s‘equentiallyﬁpresented A
test series of slides was or was rot the target. The slides were projected so
es to be approximately life size on the screen. The target's picture appeared
only once in the test series. ‘ '

Design. The design of the experiment was a 3 x U4 x 4 factorial with all

variable, accessory, were beard, hair style, glasses. The second varisble was
the view-search accessory relationship. More specifically,‘ this variable refers
to an accessory change between the targets sppearance in the initial exposure
and his appearance in the search series. The levels of this variable were
defined by the accessory' being same or different and thev ac'bual condition of )
the accessory. In the case of the beard and glasses accessories, the change

related to the presence or absgence of the accessory. For hair style the change

was long versus short hair. Perhaps the four levels of this view-gearch varieble,
are better understood by noting the specific view-search relationships. , ; If we
think of "with" as referring to the presence of the accessory (or long hair),

and "without" as the absence of the accessory (or short hair), then the four

1

conditions of seme or different for each of the three accessories were with-with,
with-without, without-with, and without~-without.
The third vaerieble, target, consisted of four different people, all white %

males, whose pictures were used as targets. , R\

: |
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A total of 10 Ss were run in each of the 48 experimental conditions.

Materials. The people recruited to be target persons were all clean

shav
en and had a long heir style. A meke-up artist prepared the targets for

the different accessory cond:.tions. Ten separate targets were mage up and

th
eir photographs taken. From thege 10 four were selected for the study. The

selfaction criteria was concerned primarily with how natural the makeup appeared

A short wig was used to effect the hairstyle change, The beards were full -

a.nd included a moustache. The glesses, of course, were simply put on or off

In thi
8 menner, g full set of photographs, including casual and posea were

taken for each target with each Aaccessory condition.

no interactions were considered, Putting it another way, in manipulating the

when the target appeared with a beard, he dig not wear glasses and appeared

with d
a short hair style. Similerly, when the target appeared with a long hair

- 8tyle, he was clean-shaven and dig not wear glasses.

The tegt series consisted of 74 decoys and the target, all appea.rlng in

front,
bust views. The decoys were all white males ranging in age from 18 to 28

Half
of the decoys in the test series consisteqd of decoys without glasses
2

with
out beards and with short hair. The appearance of the remaining decoys

depen
pended upon the accessory cond:.tion. If the condition concerned beards s then

t 7 ‘ W y
b

th
e cond:.tion conce.rned heir or glasses, the rema:ming pictures contained long

hair or glasses res pectively.
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than

- The order of the decoys was random with the constraint that nc more

4 consecutive decoys were of the same type with respect to presence or absence .

of the accessory. The physical parameters of all slides were constant (sherpness,

scale, lighting, etc.).
The cendid position slides showed the terget person in positions ranging

from left to right side, full length, and bust views. The candid positions

weire selected from a larger set of photographs of the target with an effort to\ ‘

select those which seemed lesst posed.

Apparatus.
with a 4 to 6 in., F3¢5 Zoom Ektemer Lens and a Da-Lite_,pro;]ection screen.

The apparatus consisted of a Kodek Carousel AV 900 projector

Procedure. The Ss in each of the 48 experimental conditions were run as

a group. Five Ss were seated at each of two long tables, one beh:l.nd the other,
in a normal size clasgroom. The screen was located at the i‘ront center of the

room at a height slightly sbove the seated Ss. The tables were 7.0 and 12, 0'
feet from the screen. The projector was located at the rear center of the room.

The room was darkened to insure good vision of the slides, but with sufficient

light to read and merk the answer sheet. ;

The 1nstructions were presented m 0 parts. ‘.l‘he first part made clear

that the Ss would later be looking for a picture of a person whom they were

Following the presentation of the L cand:ld photographs of the
target for 10 seconds each,’ the Ss were given the second part of the instruct:.ons.

;[’his part mcluded details about ‘the use of the answer sheet and a statement that

he .target migh \appPaE An the test s‘“ies several times, only once, or not at

in :f'af;’ 18 t»:rget ap‘w;‘,arec Just once, in posit:.on 68. Presentation of

/ :
the second part 0% the instruﬂtrons required 4 minutes and the test series

B £y
CL I

followed immedlately. _ o ' | e

§

o

O

B T——— e bbby e e s

~referred to as hits and misses.

” decoys are referred to as false alarms and correct rejections,

vof varience on the H-M scores.
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.. During the search sequence > each slide was projected on the screen for

seven seconds with two seconds between slides - during which the Ss recorded
thelr responses on enswer sheets. |
Any S who knew the target person was given credit for participation and

excused from the experiment. The Ss were asked to indicate on their answer -

sheets if they knew any of the decoys. There was g negligible number of

responses indicating any S knew a decoy face.

‘ Results

The Yes and No responses to the target picture in the vtest series are
Similarly, the Yes and No responses to the
For a given §
the hit-miss (H-M) score could be g single value from 1 to. 6. A score of 6
indicates that the s responded def:.nitely yes when the target appeared, 5 was
probably yes, and 8o on, with-a score of 1 indicating s response of definitely
no. Two false alarm-correct rejection (FA-CR) scores were computed for each S.
One cons1dered responses to decoys with all accessories absent: the other con-
sidered responses to decoys with the accessory present.

Two analyses were carried out on the results. The first‘ was an analysis

The mean H~-M scores for the 12 treatment condi-

tions (collapsed across targets) are displayed in Teble 1. The view-search

fac‘bor ,haa a sign:.flcant ‘effect, F(3 ’+32)=3O 31, P¢.01, with performence better

in the unchanged conditions then in the changed cond:.t:i.ons. A s:.gnificant view-

: search by acessory interaction F(6, lua)- 2.76, p<.025, reflects d1fferent1al

v*lew-se!arch effects depending on which accessory was chénged. The order of
grestest to least performance decrement was: beard, hair style and glasses,

Although the H-M scores were used in the wvariance analys:Ls s> 1t is helpful in

-
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5 or 6 when the target appeared).
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understanding the date to note the percentage of $s who had & hit (marked a 4,
These percentages are shown in Table 2, and
obViously reflect the effects revealed in the anelysis of variance. ‘

Two interactions. involving the targets/were also significant accessory,
F(6,432) = 2.63, p<.025, and view-search condition, F(9,h32) = 2.63, pszOl.
Althoughuthe interprétation of these results,ﬁ%dbably lies with idiosyncracies

of the‘target persons, the exact nature of that interpretation is neither evident

nor parficularly interesting.

The second anelysls was based on the FA-CR scores. In computing the two

FA~CR scores only those decoys appearing before the target were: considered. The.

" pirst FA=CR score was the S's mean response to the decoys with all accessories .

absent. The second FA-CR score was the mean response with the accessory present.
&,
The accessory preaent corresponded to the accessory manipulaxedﬁin.the view-

gsearch condition of the target. The mesn FA-CR scores for each condition are

H

snown in Table 3. The analy Vsis of variance carried out on these data considered

viewing condition only in terms of the two initial viewing conditions of the
target (sccéssory present or absent). Decoy was Significant, F(l 456) =36.6,

p<-0l, with a higher FA-CR score for decoys with the accessory. The effect of
accessory was significent, F(2,456) = 9f3h’ p<:Ol., Performance was poorest
(higher scores) for hair style; best for beard, and glesses vas intermediate.
The decoy by Viewing condition interaction reached Significance, F(1,456) =
12.94, p<.01, and indicated ﬁhe difference between the decoy'wimh and without
the accessory was less when the target initially appeared without the accessory

than when he initially appeared with it. The Significant interaction between

decoy and accessory,
L}

F(2,456) = 8.90, p(.Ol, is the result of a small difference

:

//
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in FA-CR scores for decoys with accessory and without accessory in the beard

condition. ‘This is‘contrasted with larger differences in the case of glasses
and still larger differences for hair styles. Finally, the viewing condition
by accessory interaction wes significant, F(2,456) = 4.43, p<.025. With glasses
and beard, initially viewing the terget with the accessory resulted in higher
EA-CR scores then when the target was initially viewed without the accessory.

However, for hair style the reverse was true - higher FA-CR scores occurred

when the target initially appeared without the accessory.

Discussion
In genersl, the results of this study ere consistent with expectations.
When s facisl accessory change occurs betweenrthe initial encounter and the
later recognition task, the probebility of akcorrect identification is greatly
reduced. In some cases, the probability of a hit is lowered as mucn as 40%.

A point to be noted about these results is that performance is decremented

by a chenge in either dlrection, that is, when the accessory is added or when

1t is deleted. Furthermore, the msgnitude of the decrement is roughly equal

with the two types of changes.

The significant interaction between the Viewasearch and accessory varisbles
makes gense in terms of the amount of change produced ln the facial stimulus by
adding or subtracting the verious ‘accessories. Glasses change a relatively

small part of the face. Also, glasses sre trgnsparent and some informetion about

the eyes is available and potentially useful when they are present. While a

~change in hair style does not typically affect the aveilabillity of information

about other facial features, hair alterations probably produce significant effects

because hair-itself is an important feature or source of information in the

recognition task (Lenorovitz; 1972).
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or concealed when a besrd is added.

" supported by the low FA-CR scores in the beard conditions.

O
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Beards (including moustaches) result in me,jor eha.nges in facial appearance.
Informetion about several features (e.g., chin, jaw line an'd‘mouth) is altered
When the beard is present during the initial
exposure of the target, information relevant to later identification is simpiy
not available. Indeed, the beard itself may be processed as relévant information;
a possibility supported by the fact that the with-with bea.rd condition results in

the best identification performance in the study.

The FA-CR scores reflect the errors made by subjects on the decoy pictures;

the false positives corresponding to situations where a wrong person is identified

as the target. The féilure of the decoy

The results, Vin general, meke sense.
and viewing condition variables to have an effect when the acceSsory was a beard,

is probebly due to the distinctiveness of the various beards. This notion is

Eri'ors when the

accessory ' wes helr showed more mistakes on decc;ys with long heir » regardless of
the targets initisl hair condition. It may be that long _hair is simply more
confusing. When the accessory was glasses and the target initially‘appea.red
without 'bhem, the errors on decoys with or without glasses were no different. ;
Most likely, Ss were not using information about the eyes, or if they were,

it was still availsble with glasses present. The sigﬁ.ﬁcant decoy effect when

the target initially wore glasses, may be the result of Ss 1qo_king for a target

wearing them. !

Overall, the results of this study have important implicai;ion‘s for criminal
When a criminal's e.ppearanee has been changed as a

[

result of accessory differences between initiel exposure and the mug file, lineup

identifice.‘tion systens.

or oi;her search procedure, the probability of & correct identification is lowered

113

and fal
alse posit:wes a.re increased, Jud:.cial procedures must ta.ke these facts

i
nto account in evalua.ting evidence based upon recognition by a witness

mug file,
ug le Such changes are well within the current technology of computerized

systems. of course.

the legality of such Procedures may be questioned- however,

such issues are beyond the scope of this paper.
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Acceéssory

Glasses

Hair styie

Beard

ﬁnchange;i

Table 2

Percent Hits

With-with Without-without

82.5
90.0
925

S

v

2.5

87.5
82.5
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Changed

With-without  Without-with

65.0 7.5
47.5 - 7.5
50.0 52.5

I4e}
" v

S

A ) . : »
) -

Glasses
Beard

Hair

Mean False Alarm~Correct Rejection (FA-CR) ’S,cores

Target with )
Decoy with Decoy without

e

Table 3

Y

1.ks -

1.27

1.43

3

" l.30
.23

1.28

2w s

17

Target without

Decoy with

1.25
1.16
1.59

Decox without

- 1.24

1.19
1.48
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Footnotes

1. Prepared under grant No. T4-NI-99-0023-G from the National Institute
of Law Enforcement and Criminel Jugtice, Law Enforcement “Assistance
Adminisgtration, Department of Justice.
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