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ABSTRACT

. .
This study was undertaken to fulfill a deed for more informa-
tion concerning the reliabilities of the short forms of the WISC-R ’
when used in a psycho-educétional clinic. Before this assessment

could he done a preliminary study,'requiriﬁg the "analysis of the

¢

standardization_data of the WISC-R, was requiféd to determine which

short forms were most valid. The resulting 40 best short forms were..

tested fof reliability on the clinic sample.

e

The concepf of intelligence Qas discussed as well as the
reliability and ;alidity of the wlchR. An outline of some'ofwfhe
research using .a variety of the sho}t forms was gi;én; The relative
merits and Iiﬁitations of the “split-half“ ‘and '"subtest comb}nétion“,

" short forms were evaluated. }f ;;s éénéludedlthat fhe subtest |
combination shért forms only had merit statisticaliy. ‘ s

The literature reviewed explained the spuriously high cémponent

in correlations involving two sets of scores obtained in just one

administration of a test, and the pfocess that was heéessary to resolve
the problem, namely, & corrected or revised formula for use with pakt-

whole relationships.

~Data from the standardization sémple which were. all available

i'n the -manual, were used to obtain a list of 40 best short forms

'.éfter;which their reliégflities'with the research samgle-were
"analyéed.’ In addition, comparisons bétWegh tﬁe shéft forhs_b?ffhe
wlSé andeISt;R were made and their similaritfés and differences |
discussed. & R
,AVThé.results of the Sthdy were clear and unequivocal in their .

2 -
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0

support for the use of selected short fegms of the WISC-R with

- N

individuals who might be referred to a,psycho-educatﬁonal‘clinfé or
schodl counsellor. Some suggestions on how to select the appropriate

short forms were made.

. . t-
The study contributed to the accumulating .body of research

t

supporting the reputation of the WISC-R as an even more robust test

! ‘.

. than its predecessor.. ‘ L - o .
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CHAPTER |
®
INTRODUCTION TO THE STUDY

The Problem

Every year thousands of school children and adolescents are
administered psychological tests in order to help teachers, parents
and clinicians make important decisions regarding the develdbment and
progress of each onduVldual child. Sﬁchvtests are most frequéntly
admlnlstered to children who have demonstrated that they are having
some difficulty.in adjusting to tfe schoo!l situation. Either they gre
not progressing at the expected rate in, the basic schoél subjects of - .
the? are experiencing emotiona1.and/of behayjo}al problems which
appear to be interfering withvtheir Iearning progress.

Foremost in any selectlon of tests is ag intelJigence test.
{f at all feasible an lndnvndually admlnlstered test such as the
Stanford-Binet or one of the Wechsler Scales is used in prefergncg
to a group administered 4est such as the Lorge-Thorndike or Ntis-
Lennon. Although more expensive and time-consuming to =sdmin ster; the -
individual tests offer a much morekdependable measure of the child's
inte!lectual abiLity. In addition, it offers an opportunity for the
examiner to evaluate behavior in the test situation ubich‘might relate
- to performance in the classroom, such as the chuld 3 abulnty to under-
stand_what'is expgcted of him, his attrtude, his method of attacking
tﬁe question and in general, any behaviors which might be hindering

or interfering with his best performance.



Although the most reliable and valid qf atl tests, an inte}li-
gence test alone‘is rarely sufficient to diagnose a child‘shlearningb
difficulties. In addition it is usually necessary to administer otHer
kinds of tests in order to evaluate other aspects of his behavior.

For example, examiﬁers are interestéd in knowing: At what level is

this child readingf What are his spelling and aritgmetic skjlls?

Does he speak wel! and get along well with his_beers? Does h% have =

perceptual-motor difficulties? Are aural and visual acﬁity adequate?

For this reason, most examiners would agree that when a child is

referred for assessment several tests rather than a single intelligencg
) .

test is the preferred prbcedure.

While a carefully selected andAproperlY administered battery
of;tcsts ?an of;er a wealth of infbrmafion. in most situations it is
more an ideal than a reality. Sdch progréms‘are found to’be prohibi-
tively expensive and very time consuming. The psyéhologis;'s or”
c0unseflor's dilemma has always been, and continues to be, how to g;t

the most useful information concerning a child while making the best
T ) - .

use of the time and resources available\to him. ,

Background to the Problem

In response to the question of how to make the best use of time

and resourc . available the first tine of attack has been the develop-

ment of bdtter tests and a more thorough understanding and utilization

of thedteft resuits. In the area of intelligence testing psychologists

have explo two avenues of research in an effort to obtain the most

Lar

information in as* short a time as possible. One direction has led to

the development and use of various abbreviated or modified short forms



LU

.of the widely used Wechsler Scales {(Doppelt, 1956; Silverstein, 1970,

4

Tellegen £.Briggs, 1967; Yudin, 1966), while the other direction has
focused on‘a scatter or profile analysis of the }ndividual subtest
functions within tee full-lenéth test (Frost & Frost: 4562; Rhodes, -
1969; Schofield, 1952). ’

The rationale of the short forﬁs i's thdt becaJse of their High
correlation with the fdll—lengtH test they provide a reliable measure
of global intelligence, that is, they are a géod measere of an .
iﬁdividual;s oyerall capacity for understanding and coping with his
world, while ﬁeeting'an increasing demand for brief psychological - tests

(Clements, 1965; ﬁ%tterson. 1953; Silverstein, 1970; Wechsler, 1958) .

On the other hand, the profile or scatter analysis approach to
- : v

ingelligenee testing derives its rationale from. ego psychology}(Fr fhm

et al, 1957; Rapaport et al, 1968). Variation among .subtests {; con-
sidered a means for assessing sech ego functions as memory, concentra-
tion, attentuon. Judgment, plannnng and concept formatlon (ﬁapaport

et al, 1968). An evaluatnon of different subtests provides indices for
eevelopmeng\ip specific areas and allows inferences to be made about ‘ ,
personality, thought broce§ses, defences, et cetera»(frost & Frost,

1962; aia:t z.Alligon. 1968) .

In summary, the goa] in using a short form |s to get a quick

and reliable estimate of global nntelllgence whereas the goal in usung {/’
scatter analysis is to search for aq,muchvspecifjc information as .
possible on each of the separate abilities orf subtests of fhe test in
order to gain as broad an understandlng as possnble from the admlnls-
~tration of one high quality test. |t almost goes withHout saynng that

RN

.)—



the latter approach, in addition to requiring more administration
time also requires a high degree of experience and intérpretive
ability on the part of fhe examiner. The primary reason for using a
short form is that, theoretically, it allows more time for other
supplemental kinds of feSting which. are necessary for a complete
assessment. Thi; paper is conc§rned/with use of the various short

forms of the WISC-R as a sound and sensible method of intelligence

testing.

Short Forms
Historicafly, the Neéhsler sﬁort form§ have been generally of-
two kinds, namely, the ''subtest gombinatipn“ ;hgrt form and the ''split-
'hélff short form. o

in the subtest combination short form only certain selected

subtests are administered. From the scores on these subtests, a

~ full scale score and IQ is estimated. For example, the Mocabulary

ana.Block Design subtests together are considered to be .a suitable

short fofm.' Studies show that scores on theée two subtests correlate’
> .

very highly with fhe full scale score, although the standard error

is somewhat higher- (Kaufman, 1975; Silverstein, l967a, 1970a) .

Comblnatlons of two, three, four, flve and even one single subtest

have been consadered as SU|tab]e short forms because of their hlgh

predictive'validity. As a result, short -forms have been necommended

. for use in lieu of the fu]l-length tegt‘in certain circumstances.

Although a single §ubtest, such as Vocabulary can serve as,ah
adequate short form (Kaquén, 1975) the standard error is quite high

-

so that while it yields a réasonably accurate estimate of 1Q, the

U U IO U

]
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confidence one can .place oh the estimate is less than with a long%r
test. With all short forms, the standard error of measurement is
systematically‘reduced as the number subtests in the short form is
increesed sorthét the confidence level i greatest for the longest -
short form. It can'a!ways be assumed at the predictive validity‘
will increase, although sometimes onl§2:lightly, asJ;he>length of the
short form is increased with the most accurate prediction.being baseo
. ]
on the results of the full-length test. These are some of the facts‘“
thch have ta'be'taken into cons%decgfioﬁ by the psychologigt or
clinician Qhen deciding wherher or nog a short form could be used and
if so, which one. ‘ : | I
}he "split- hat f*! short form gets its name from the statlstlcal
procedure whnch reduces the length of the test by using only half the
items. While the length of the test |s reduced by ha]f a sampllng
from each subtest is. retalned; For example, by selectlng every odd
item_in the Arnthmetlc sobtest. every even item in the Vocabulary
subtest; et cetera, a suitably sampled short form is developed A
few examples *ci this kind of short form (Yudin, 1967; Silverstein,

1968) are given in Appendtx A. Because no subtesi is omitted, a

'measure of all areas of . nntellectual functlonlng is obtained. For a

short time after it first appeared the split-half procedure‘was
eagerly'received by clinicians because'itjlent itse}f so well to
profile analysis. Later, it came onderserious scrutiny for its
statistical claims4in the area of festﬂreliability and following that
its predictive validity. The developﬁent of these short fzkms will be
discussed'more fully'ithhe'revfew of the literature. | |

.



Rationale for Investigation
_ : -

The thesisvof this study is that the‘subtest‘combination -nort
forms of the Q]SC and subsequently the V}SC-R are a very practica} and
highly valid measure of intelligence. While these short forms haJe.
-been giren mdch atteﬁtion and consideration in resedrch and statistical
studies, they have not been widely adopted for clinica] purposes, )
mostly |t would seem because of doubts associated with the ability of
the short form to be a V|able alternatlve to _the full-length test.

Recent research (Kaufman, 1975; Sattier, 197h Silverstein,
1967, 1971, 1974) has unheS|tat|ngly supported the hugh valldlty of
several of the short forms and recommended their use in testing as a
general screening device and as a fast;‘aécurate and economical
‘estimate of intellectual abiifty. On the otﬁer hand,.it has never '
been suggested and this study does not suggest, ‘that a short form
could‘replace the full-length test when a comprehensuve assessment of
inteilectuaf functioning was required, nor wou'ld it be recommended
P SR

for use when making significant classuflcatnon decusuons concernung

mental retardation or special education (Finch, OllenduckA& Ginn,

1973).

Statement of the Problem B

The present study is de5|gned to estlmate the rellabllntles

of a select group of 40 subtest combkgatlon short forms of the HISC R

A,

using 182 protocols obtained in a psycho educatlonal clinic. The

purpose‘will be to determine whether or r t any of these short forms

>

are suitable. for use in such a specialized clinic.

o jThe»best.short forms will be selected by computing the



c

validities for all possuble subtest combinations of two, three, four

and f;ve, usnng the WISC-R standardlzatnon sample data presented in

the WISC-R manual (|97h) and following the procedure outlined by
Silverstein (1970) in his eeeluation or the‘best'short forms for the
~WISC. The selected short_forms will be the top ten of each eombination.

The result willvbe a list of 40 suitable.short forms from which any

-examiner may select the one most appropriate for his purpose.
. - . ,
The concepts of reliability and validity are used throughout

1

L . L. L TN
this study to descrlbe'characterlstlcs of the short form and its

relationship to the full-length test. To clarlfy the meaning of these

>
terms in. the context of the study it should be mentioned that when

;scores on a-short form are correlated wnth those on the full-length

7

test, the resu]t is consudered to be a measure of the validity of the"
AN .

short form, that is, a measure of the degree»to which the short‘form L

.

is measuring the same—thing'as the full-iength test. In, the studies
Ousnng the standardnzatnon data to determnne the hO best short forms,

for examp]e, Silverstein (1970) SattTer (1974), and Part ] ‘of the

-

present study, the resulting coefficients are a measure,of va]ithy,
When the short forms are to bevused in lieu, 6fvthe full-length

test, as is the case in Part 2 of this study, what is requtred is an

.

understandung of the dependabnlnty of the short form How reliable

is the short form? _Does |t consnstently give an accurate estimate of

1Q? How does the rellablllty of the short form compare to that of thee

full-length test? The cross validation analysns is a measure of the

v

rellabllnty of the short forms : | &
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Sugnnfucance of the Study

- research questions. _ /

.

The decnsnon to examine the relnabtllty of the short form of .
the WISC-R was made for several reasons. Because |ntell|gence tests

and particulariy\the WISC-R, are so widely used in schools and~cl|n|cs,

it was felt that the short form could not be ignored by serious users

of this test, particularly after recent‘studies which_show very high

validities for certain of these forms (Silverstein, 1970; Kaufman;'

‘\1975). '+ is nmp7rtant to know which, if any, of these short forms

dan b "dered a viable alternative for assessments done by Psycho-
Educatlonal Clinics.
1f the rellablilty and validity of the short forms for thlS

specnalnzed sample are as high as some studles indicate they mlght

be, then their advantages would be well demOnstrated " Not only would

-

‘these tests. be worthwhile because of tlme saved in admlnnsterlng the

-

tests but the administration skills‘necessarybto'administer the short
form would be less demandlng and therefore more eaSI!y acqulred whlch
clearly, weuld be an important advantage. Teachers_themse\ves mcght
well be able to do some of this testing on their own. |

In additidn; if short,torms areva serious alternative fqr‘this
particdlar sample, emphasis could ner toward more criterion-related
testing in addition tO'Ehe"l’Q measure .and_ perhaps Tre follow-up
testind'and evaluation‘of recommendations o \

Funally, it was felt that the study provuded\an opportunnty

to build a data base from exustlng files in the Educatlon Cllnlc and

to commence research with clinical data—whlch might lead to other

[y



CHAPTER 11

REVIEW OF THE LITERATURE

Introduction

The Wechsler lntelrigence Scale for Children, Revised (WI'SC-R)

is the 1974 révusnon of the VISC wh:ch was flrst p7bl|shed in |9h9 and

whnch has prqven by research and reputation to be one of the most

rigorous and hughly regarded 1ntell|gence tests in use today Changes .

made in the WISC-R were primari|y a rewording of some of the more out-
"dated items, a modernization of subtest stimuli, some clarification

for test administrators, ‘and an adjustment in the age range to. make

it more compatible with the Wechsler test for younger children (VPPSI)

and the one for adults (WAIS). However,_the WISC-R is substantially.
the same as the WISC; that is, in all essential areas, the WISC-R is
viewed as eqoivalent to the older test. -~

As more and more comparatlve research is being done on the

two tests, it is gradually belng conceded that |n virtually all cases,

the |nformat|on_acquured from research on the VISC can be generalized
to the wl’S;z;—R.wi.th, ‘in some_ ca_ses,\ a tende.ncy"to‘war'ds slign_tly more '
'posntave results on the VISC R. This trend has led researchers té |
-conclude that the WISC-R is an even flner test than |ts predecessor
(Nechsler 197h Sattler, l97h Kaufman, 1975; Sulversteun, |97k) ‘
.For this-reason, Jn the following d;scussuon it is quite reasonable
to assdme that stateﬁents,andfconclusions'made.COncern{ng the VlSC,

- also apply to the VIS¢-R.
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The Coﬁcept<of>ln§elligencé as Expressed Sx;jhe WISC-R » !

o .-

Wechs ler (1974) dpsffibes-iﬁtelllgence as the pvera|1 cgpaci%y'%

=
R

of a persoultg;ﬁnderstand and:;ope with his world; he'reféré to it‘és '
a gldbél entity meaning it is sémefhing multidéterﬁined énd»ﬁu]tir
| faceted. The WISC-R suppérts this cdhcept'éf‘intéliigeﬁce by using
twere'diffe?eht subt;Sts to measure as mény &ifferent‘ingelléctual
abilities Qith ééch qéntributing to fhe:quotiént'éonsidered to be a
measure of generai intell'igence. No sé1e;ted abilities are ;onsidéred
to be more cruc¢ial 9? important thaﬁ the others. o -

' The.cbncept of mental aQe’(MA).whereby a péfson was safd_to'
be functiqnin§ at a{certafn_age']evel of mentality is not used with
the VJSC;R. Instead of an age-gquivalent index; the deviation IQ,
which isjé'meésure of an iﬁdividual's mentai Functioning-ip‘relétion'k
"to othg;s his odh age, is used. The devfatiOn'lQ indicates the
child's relative position in the age group to which.hé belongs. There-
fpré, a child's 1Q will npf vary froglyeér to year unless his_actda{
perfprmance; compared to his peers, has changed.. |

Tn§e11igence'as-measured by the WiSC-R does,not”inélude all

| abilities but it dogé include"those.abilitiés which are _

f COnsfdered ya
: such‘as conceptual_]eafﬁing, abstract reasoning and abstfact or verbal
prébiem-solving are emphasized i;‘the VISC-R aé the  are iﬁ most
jntelligenceitéﬁts (Uechs]ef, 1958). . Intelligence a: determined by .
“the VISC-R'is related to §ocial1y valued critefia;_it is a measure of '
the degfee to wh}ch énlindiéiduai has tho;e,fntellec;ual qQa!ities
which will get him through"vsc'hoo‘l and coliege and into the higher

v L.

4ble in our culture. For this reason, primary abilities -
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sotio-economic occupations (Jensen, 1967). Biases inherent in an
intelligence test favor convergent, analytical and scientific thinking
wnile,'at the same time almost ignoring the divergent, imaginative

and artistic processes; it will always favor the. scientists over the

artists (Hudson, 1971).

‘Reliability and Validity of the WISC-R

The reliabilitty coefficients for the WISC-R subtests and

: Verbal,'PerformanCe and Full Scale 1Qs are reported in the manual for

11 age groups (6 ]/2 through to 16 1/2 years by one year interVals)

in addition to an averaged index (Vechsler, 197b) The moat reliable

subtests were Vocabulary (.86), Information (. 85), Block Desugn (.85)

-and Slmllarltues (.81); the lowest reliabilities. were_for Object o -

rd -,

Assembly, Coding, Mazes and Picture Arrangement (. 70 73) §Ug\ei£\\-

correlatlons were splut half correlatlons, except for Codlng and DigTt .
Span which were obtannedvby a test-retest analysis. Rel:abnlnty for -
the 1Q scales were determlned by a formula for a composnte group
Reliabllsty coefficients" for Verbal 1Q ranged from .91 to .96 (average
.94), for Performance JQ from .89 to .91 (average .90) and for Full

Scale 1Q from .95 to 96 (average 965 j v , o

- Stablllty coefflcnents for three age groups, 6 1/2 71/2,

AleT/Z II 1/2 and 14 1/2-15 1/2 (N = 303) were reported (Nechsler,'

" 1974). They were determlned by retesting the group after a .one-month

'nnterval and are as follows: average coefflclents for Verbal subtests

ranged from .77 (Digit Span) to 88 (Informatuon), average coefficients

o

| for Performance subtests ranged from .65 (Mazes) to .81° (Block Design);

average coefficient for Verbal I1Q was 93, for Performance IQ .90 and



for Full Scale 1Q .95. - e ' L ;
.Congruent validity for"the WiSC-R has been determined by ‘
correlatnng WISC-R scores with those on the WAIS and VPPSl for the-
age groups whlch overlap (age 61/2 and 16 1/2) orrelatuons with the .
WALS for the three 1Q Scales were Verbal .96, Performance .83 and Full
Scale .95 wnth the WAIS yielding somewhat higher 1Qs than the ‘WISC-R.
Correlations with the PRSI Q $cales were Verbal .80, Performance .80

“and Full Scale .82. The mean WPPS| I1Qs were slightly higher than the

WISC-R 1Qs.

Research wuth Short Forms of the WISC and WISC-R ~ ' ' '

Most of the research with the NISC short forms has been in the
iform of validation study whereby the full-length scale was admlnlstered
. to a: group of subjects after whuch certain subtest scoreswere cdmbfned
- and thenr total scores correlated to the full scale 1Q. The correla- _g
tion is a. measure of the degree to which the short form is a sat|s-
| factory estimate of |nte|lectual functlonlng All .the studies cpted

. have obtained their data from one adm:nlstratuon of the full—length

- scale.

The short form defnn|te|y has. some lumutatnons and Caldwe}L,

o

and Smnth (1968) have suggested that possnbly the short forms of . the

WISC may not be suitable for use with Negro children because of the
fact that the untercorrelat:ons of the suhtests were found to be lower
among Negroes than the standardtzatlon group. Hutt and Gibby (1965)
stated that the use of the short form should never be consudered in

any evaluatnon of a retarded chuld On the other hand, the ‘short form

~ was recommended for use with handicapped chlldren (Nlckols & Nlckols,



\§ .

R I963). With a iiﬁefol"selection of a suitable short form they were
able to get Terable results and ensure a ppsitite'experience for the
child.".

Using his abbreviated procedure for the WISC, Yudin (1966)
obtained COrre!ations with a group of eﬁotiona]ly distorbed children.
Correlations for subtests ranged‘from‘.76 tov.9b while thbse for
Verbal, Performence and Foll.Scale scores ranged from .93 to .97.
Reid, Moore and Alexander (1966) used Yudin's procedure with a group
of brain-damaged and mentally retarded chlldren and they reported the

same satisfactory results. In a later study Gayton, Wilson and

Bernstein (1970) did not get such unequivocal results“using the Yudin

procedure. Subjects were children in an outpatient'psychjatric clinic.

Correlations with the full scéles were satisfactory for individual .

i

subtests but not for the Verbal-Eerformance discrepancy factor which

'they considered an |mportant part of their evaluation.. .

F rom: the results of a study with 145 emotlonally dlsturbed
chlldren, Enburg, Rowley and Stone (l96l) highly recommended the use.
of 30 WISF'short forms based on correLat|ons with the full scale 1Q of
.92 for three-subtest combinetions, .9k for four-subtest cohbinations 

and .95 forvfdve-subtest combinations. They concluded:that the WISC

}subtest comblnatuon short forms were a suntable and reliable estfmate
of intellectual functlonlng for chlldren with emotnonal problems but
dlscouraged thelr use with problems of organic |nvolvement and/or
mental retardatnon | |

In another’ study wuth disturbed children, Nickols and Nickols

(1963) reborted that the WISC short form consisting of Information,

/

O
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Arithmetic, Digit Span and Picture Comp]etion (or Simﬁlarities if
there was a visual handicap) had a good correlation (.92) with the
full scale when used with distdrbed childten'ranging in age from 6 to
16; and in 1Q from 51 to lhb; There Qas a slight tendency for the
short form to over-estimate the 1Q st the higher levels. Similar‘
resul ts had previously beén reported for the short formsiof the WAIS
when used with-an adult schizophrenic population (Nickols, 1962’.

i Clements (1965) examined 92‘ghildren'b¢tween the ages of9-0‘and
12-11 Qho had been referrgd.to a clinic for~possiblé reading disabilj
"ities. Using a four-subtest comblnation short’form df Similarities,
ObJect Assembly, Arnthmetlc and Plcture Arrangement, correlations of
.947 with the full scale were obtalned

In general the results of the studies using short forms of

the WISC and WISC-R suggested that the abbrevuated tests provnded
good estimates of the full scale IQ“in many cithmstances and with *
various'specialized gtodpSu However, the limitations of_thd research‘
on the short form madevit clear thét identifying the kind of decision

that has to be made was of primary importancé (Levy, 1968).

“Sdbtest Combination' Short Fdrm
' MdNemar (1950) set'the _pattern for studies dealjng with the
short forms of the WAIS and WISC. He was intdrested ity deterhin}ng‘
-
the valudntles of the short form Wthh consisted of various subtest
combinations. He set'thé example by basing his own tesearch on thg
driginél standardization sémple of the Wechsler Bellevue Sgale §nd by

devising a formula for measuring the degree-of correlation between

the short form and the fuli-length test which did not require access



~to raw data. The formula which utilized data obtained directly from

subtest intercorrelation tables presented in the Wechsler manual {(1944)

was as f0119y§7\<

I k + erhj
Txy =
: vk + Zngh Vn +,22r;j
Where  r,, = correlation between the subtest short form and the full-

length,scale (called the part-whole correlation or the
validity coefficient for the designated short form).
k = number of subtests in the short forﬁ.

n = total number of subtests (10 for the VISC-R),

LIrpj = the sum of the correlations between each of the k subg\\,

- —
tests and all the other subtests.

]

ngh the sum of the intercdrrelétions of the k subtests.

Zr;j the sum of the cortelations between each of the n sub-
tests. |
Notc; /;f:fEE;T;;becomes a chnstant in all computétions;

'fhe regults of McNemar's (1950) research was the‘systgmatic
ranking of the teh bett combinations of twd, of threé, of four and of
five subtests from the Wechsler test. The correlatioh cogfticients
of the vériousvshort fofhs‘%ith the full-length test tendgd'to be
_somewhat lower than those which had been published in eatlier studies
_(Hunt. 1948; Pattrerson, I9h8 Rabin, I9ﬁ3’ which was accounted for by

the fact that the standardazatlon sample was a much more homogeneous

group compared to the samples used in other studies.



“Split-half' Short Form

Another kind of short form to gain accepténce by some research-
ers (Mogel & Satz, 1963; Pauker, 1963; Satz ¢ Hégel, I962;lXudin. 1966)
was the ”sbi?ifhalf“ abbreviation of the WAIS and WISC, so called
because only half of each subtest was administered. This short form
was considered to be,a'guperior form for clinical purposes because it
provided a complete breadth of iH}ellectual functioning byysampltng
"each subtest. It was thought to have all the advantages of the full-
length te?t and-all the conveniences of a short form. By comparison,
the shb}est combirmation short forms were considered to be of limited
use because of their empﬁasis on a single 1Q index (Mogel & Satz,
1963). | | -

The split-half procedure was fi(st introduced by Wolfson and‘,

¢

Bachelis (1960) who shortened the WAIS Verbal Scale by administering
the odd .items only on all of the verbal subtests except for the Digit
Span subtest which was left unchanged. Correlations Eetwéen the split-

«

half scores on the Verbal Scale and the full Verbal Scale were reported
to be .97.
| The split-half-form was fur£her developed to include the
Pcrformaﬁce Scale as well as the Verbal Scale with very encouraging
:esulis, The number af items was reduced by as much as 54 bercent
c0mpared to the full iength test and part-whole cofrelatidns were
repérted to be .99 for Verbal 1Q, .97 forAPerformance 1Q éﬁd .99 for
- Full Scéle IQ‘(Satz & Mogel, 1962). following this success .a pro-
ceBure for accuratel; converting scores on the short form to 1Q

»
equivalents wals established and the preparation of tables for the



WAIS and WISC 'Satz & Mogel. 1962; Yudin, 1966; Silverstein, 1968a)
made the use of the split-half short form both sound and practical.
Yudin (1966) proposed a split-ﬁalf variation of the WISC
which consistedibf administering every third item on Information,
Vocabulary and Picguré Completion (scores wére later mﬁltiplie; by 3),
every even item on Arithﬁetic and every odd item on Comprehension,
Similarities, Picture Arrangement, Object Assembly and Block Design
(scores multiplied by 2), and all items on. Digit Span and Coding.
Scores were corrected as indicated in the brackets after ‘which the
manual cou\d be used to computé c#aledkscores and IQ's‘;n the usual
way. Correlations for this form with the full-length test we}e.Verba]
1Q, .96, Performance 1Q, .95 and Full Scale 1Q, .96. An outline of
thié short forﬁfis presented in Appendix A. . '
Yudin's (1966)_abbreviated procedure ?Br the WiISC (and more *
currently the WISC-R) galned some acceptance partlcularly for use with
specialized groups for whom a short fori was more suitable. In a
study with brain damaged and mental]y retardéd children thé-procedure
was found to be very satisfactory (Reid, Moore & Alexander, 1968).
In another study (Satz, Van de’Riet & Mogel, 1967), the results led
the authors to conclude that the Yudinhprocedurs was not ﬁuitable for -
chijdren with above normal IQs.

, Although popular in some areas, the split-haif procedure

shortly began to receive some serious criticism for its §

/ ‘ .
claims. A review of the research on the split-half abbrevi

.(Zytowskias Hudson, 1965) brought attention to the fact that the part-

whole correlations in the studies they reviewed were almost all highas

-



than the odd-even reliability estimates giQen in the WAIS and WISC
manuals. They qUeétioned how a;short version of a test could be -
correlated more highly with the“full-length(test than the full-length
test was’eorrelated with'itself. - The validity coeéficient between -
pért and whole scales cdﬁld not in real}ty be higher thén the internal

consistency coeﬁffcient reported by Wechsler. The spuriously high

‘part-whole correlations claimed by the split-half procedure Qefe

<3

attribu;ed to a contamination of the results when an abbreviated scale
. . \( :
was embedded in the full-length scale. For this reason the use of a

pfofile‘interpretatipn obtained from the splft-half procedure was

- strongly discouraged. ¢Zytowski & Hudson, 1965)

Other researchers ‘became highly crltlcal of the spllt -hatf
short form in the area of test relcabnlnty'ponntlng out'that short

forms which reduced the length of a subtest |nstead of reducung the

number of subtests were ignoring . the deprecnatlng effects on. relia-

bllnty (Tel]egen &.Briggs, 1967). Since reliability is a functlon of

test length, when the number of items in a test is reduced the 'A_‘
reliability ofi -e test is decreased. Therefore, it was concluded’
‘that the s :  forms which used fewer items while retaining each

N

subtest (Satz & Hogel,“lgéz;ﬁﬁﬁajn;'1966) were ill-suited for the very
ﬁgrpoée for which they were designed,Aﬁamely/profi]e'analysis (Tellegen
& Bfiggs,rl967; Zytowski e‘Hudsbq,'1965). Thecsame‘studies also
undérlined the‘fécf.t5at bécausé the differences between subtesf
scores.in‘general':end f&lbe much less réliéble than'thg tesfs them-

selves it was quite possible that while the total scores might be - $

.

sufficiently reliable, fhe profile data would be decidediy unre]iabqu\

18



It was finally concluded that the spllt half abbreviated tests could
be used like the subtest combination tests, as a dependable measure

of an IQ index only.

S A
Correlations between the Short Form and
the. Full-Length Test

The contamination finding which is reflected in the high

19

correlations claimed for both split-half and subtest combination short . -

forms with the ctiterion test ie dealt with by several researchers
(Bashaw ¢ Anderson, 1967; Levy, l967, Salversteln, l968 Tellegen £
Briggs, l967, Zytowski ¢ Hudson, 1965). The importance of the pa;t-
whole correlation cannot be over—rated since it speclfies the degree.
_of equivalence between the short form and the full-length test

(Tellegen & Bruggs, 1967) and is a measure of the validity of the

abbreviated test (HeNemar, 1950). .,

-

When the’part-score is obtained from the same test administraj -

ultuon as . the full-length test score, which is generally ‘the case fOr
most studnes (one rare exception is ZYtOWSkI and Hudson, 1965), the
part- whole correlataon cannot be obtalned |n the traditional manner r
‘ (Tellegen & Briggs, 1967) lt wasgenerally acknowledged that the
dependence.of the errors in the two sets of data'greatly lncreaees
_the correlatuon between them but for ‘the wronéfreason-—lncorporated

in the eorrelatlon coeffncnent is the perfect correlatlon be tween

the errors in each test giving it a spurlously lnflated value (Levy,
1967) . The next logical step in the research process was to define

H

the way in which the part-whole correlatlons were spuriously high and

. to devise a formula for.determtnlng the validity of a short,form which



~would be more realistic (Bashaw ¢ Anderson,'l967;_Levy. 1967; Tellegen
& Briggs, 1967). |

As an alternative to the part-whole corfelatfbn some reSearchr
ers suggested and supported the suitability of the ;art-feméinder

correlation as a more meaningful validity measure for the short form

(nydwski & Hudson, 1965).‘~The rationale for this consideration was

based on the method for split-half correlations. When the ﬁ§rt score,

that is, the abbreviated form was cqrtelated with the remainder of the

test instead of with the whole test, ;he-paft*whole error variance was

elimihated: The result was a lower and therefore more realistic
measure of the part-whole rglatidn%hip katOWSki 5 Hudsoﬁ, 1965) .
Othervresearcherg disagreed; while this procedure eliminated error
overlap, it also eliminated.true-score,QQerlap., For this reason the
part-remainder cofrelation was cénsider;d an inapprdpriate index since
it was not by, deflnltlon a measure of the part-whole relataOnshlp
‘(Tellegen £ Briggs, 1967). ; | I o

This evéluation was elaborated furghéf by studies which

' suggested Eheiprobability thét the part-whdie correlation dﬁtlinea'
by McNemar (1950) and‘the bart-femainder correla;ioﬁ»repré;ented .
réspectivély the‘upper_and;lowef bopnda}iés“of the "true'coéfficien;“
(Levy;'1967). Onl; in cases where the reliability of the part scotél
was very hugh would the true coeff?caent approach the part-whole
correlatlon coeffuc:ent and only when the rellablllty was very low

U

would the true coefflclent appnoach the part- remarnder correlatoon

coefficient. The true coeffucuent would lie somewhene between these

i oo

two coefficients. -

.20
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Modified Formula for Short-Form Vaiidity
After further studies a formula was developed for obtaining
a more accurate measure of the part-whole relationship (Levy, 1967).

This index which corrected for the covariance due to correlated error,

that is, it excluded part-score error variance, was as follows:
¥ ’ . e

/= - - X
r | rxy (1 r,gx)cy

Xy
. : , \ -
Where rxyf = corrected part- whole correlatlon coefflcnent - f
Ixy = Part- whole correlatlon coefftcnent (between short form

and full-length test). , ,~ _

E Ixx = reliability coefficient of each subtest.

= ratio of error variance to part-score variance. .
- T, Ox ' S :
Note: (1 - rxx)g“ = error variance of'the part-score.

This same formula which appeared to solve the problem of spur:ously
e hlgh part-whole correlatlons was arrlved at |ndependent|y by Bashaw
and Anderson (1967) at about the same tlme |

Tellegen and Brlggs (1967) wuthout reference to Bashaw and
Anderson (1967) or Levy (1967) approached the problem from a sllghtly
dlfferent pount of view by suggestlng a modnfned |ndex which replaced
‘\Jthe perfect correlatlon ‘between the part and itself whnch was assumed
|n-McNemar s (1950) formula, by its rellablllty coeffIC|ent The
result was the foIIQW|ng formula |

thhv+ ZEth

rxy

Yk + 2Irgn Yn—+ 2Ir{;
.- Where rxyf = modified'coefficientiof'correlationibetween composite

e part and composite whole.  (Modified part-whole



correlation.)

EXpp = sum of reliabilities of the subtests comprising the" .

part{.
erhj = sum of all the intereorrelatfons between.each of the
k subtests and all the other subtests.
. trgh = sum of correlations hetween any subtests g and h in the
part. | |
Irj;j z.som,of correlations between‘any subtestS 1l and m
belongfng to the whole?)

k =rnumber.of subteéts included in the part.

o

. n = number of §ﬁbtests ineluded in the whole.

" Note: n + 2Iri; = becomes a constant ‘in all calculations.

'
.

- vh : Althoughjit is not immediétely‘epperent to the non-statistician,
~ the relatlonshlp of the above formula to that put forward by Bashaw ]
and Anderson. (1967) and Levy (1967) is that they are algebrancally
equnvalent (Sllversteln,'197l) . l
In conclusnon to their stddy, Tellegen and. Briggs (1967)
hypothesi;ed~that if the modnfled,nndex was used to reanalyse the
standardizationvdata, the resulte would yield coefficients lower thén
' those-reported by Doppelt (1956) for the WiSC subtest short forms and'
would have the effect of altering the rank order and selectlon of the
best short forms of each comblnatlon as determined in several earlier
Tstudtes using the uncorrected part whole formula (Clenents, 1965,
Enburg, Rowley & Stone, |96l 'Howard, 1959; Jones, 1962, Maxwell,
. 1957; McNemar, 1950). . . o .
'Foilowing’this hypothesis suggested by Tellegenyand Brigge .

‘
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(l967) and using the modified formula, the WISC standardnzatlon data,

obtatned from the Wechsler manual, were reanalysg% by Sllverstenn Y

N

(1970). The results of thus,study appear in Appendix B. Correlations

with the full scale test of the ten bes& short forms for each combina-
tion of two, three. four and five subtests are glven in descendlng
order. -The values given'by the corrected formula averaged .032 lower
than those obtained by the old formula (McNemar, 1950). In addltuon,
';It was found that 46 of the 120 best. short forms selected dlffered
tfrom those selected by the McNemar formula (Sllversteln, l970) This .
' supported the predlctnons made by Tellegen‘agd Briggs (1967) iThe
new reapprapsed values were constdered to be a more realistic measure
of the valldlty of the subtest short form (Tellegen & Briggs, 1967,
Levy, 1967, Bashaw & Anderson, 1967) and the: new llSt of best "
comblnatlons determlned by these valldltles was deemed to be the most
.accurate (Sllversteun, l970) | |
However there was a dlssentrng note to Sllversteln s (l970)
summation from McNemar (l97h) who malntalned that since the whole
purpose was to select thQSe short forms which correlated hnghest wnth
the full scale testl then the orlglnal formula (McNemar, l950) was
the most suntable because |t accompllshed exactly that Sattler (1974)
ln the revused edltlon to hlS book, appears ‘to have been persuaded by
. this evaluatlon to some extent when he chose to revert back to the
-old uncorrected formula for analysnng the standardlzatlon data, for-
the new WISC-R.. On-the other hand for, the results on the NISC and

WPPS1, he. retauned those obtalned by Sllversteln (l967a, 1967b,

1968, l970) usnng “the newer corrected formula



, The presént;writer felt that the argument made for a modi fied
" index was_feasqnabie-qnd well documented. The_correctgd formula_7
should have been used for the new WISC-R data, if only for one impor-

tant reason, that it makes it possible to compare the best short forms

- of the WISL and WISC-R. Although spme indices obtained may differ

only slightly from the old indices, the fact fhat a better theoretical:

method has peen developed was tthth to be a Qood reasdngfo move on.
For‘this réason,»th{s stqdy has included é reevaluation of the WISC-R
‘data using the co}rected féfmulé which providéd an updatéd>and horev
reliable list of’?éliaity-coefficiehts for the préposed:wlsc-k short .
“forms. | B | .

f'ln summéfy,'there Qas much evidence to Qupboftvtﬁe.use of a

corrected formula for éohppting_part-whole correlatiphs when both

@

24

scores -are obtained in'a's[pgle administration. The results obtained - -

o

- with the two formulae were considered tO'be.sufficiently different to
warrant a reappraisal of the'WISC-R'standandization data using the

corrected formula.



 CHAPTER 111
RESEARCH DESIGN AND PROCEDURE

: The Problem
It was the purpose of this paper .to analyse the standardlza-

tion data of the WISC R following the me thod descrlbed by Sllversteln '

(l970) Follownng that analysus and usnng ‘the resulting list of best

Short Forms, a mult;ple correlational study was carried out, using °

clinical data ‘obtained from 182 WISC-R protocols, tc determine the

: reliability of the best subtest short torms for use with’thisiparticu;i

‘lar population.

The SubJects

The subJects were l82 elementary and Junlor hlgh students,'

: aged 6 1/2-16 1/2 who were enrolled in schools ‘in the Edmonton area

~ and in some smaller rural communltaes outsude the city. All the

subJects were. tested’ between September 1975 and July 1976 as part

"

of a Unnversuty testlng program whose purpose was to offer it seerces"
to the cemmunlty whlle tralnlng new bSYChOIOQIStS[ The prqtoc ls:were
vadministered h? graduate studehts and examined bi’cllnic supe vlsbrs'
for errors and ommisslons.;‘dnly thdse subjects with scoresvdniall teh
subtests'were.ineluded,' Thts‘studyués based‘on the,assumptiOnwthat-"
the admjhlstration and scoringApf the protocolsluas aecurate‘and that
the estimates for tull'scale'ld are rellable ahd'valid;

A characternstvc of the group was that all subJects were

’ referred for_testing |nvar|ably because of some dlfflculty wi-th thelr
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school work or copcng with .the school situation. Because all subjects
were experlenC|ng a Iearnung problem or coplng with a socnal or
. emotional problem it was expected that norms for. the research group

would be lower than the norms for the standardization group.

The Procedure: Part l’

An important prelcmunary part of this study was to re-analyse

. the standardlzatlon data of . the WISC- R u5|ng the reV|sed formula

1 “

(Tellegen & Bruggs, 1967) in order to determine the valldlty coefflc-
ients for all possible short forms. 1t was felt that only then could

A\l

the short forms of the wISC R be compared in any meaningful way to
-those of the WISC thCh had been obtalned statlstlcally by thls same.
‘method (Sllverstenn, 1970) The NISC short forms are listed in
Appendix B. Also, the results of this analysns ylelded the list of
torty‘best short forms which were tested on the research data to obtain’
a measure of their reliabilfty in. the clinic sample. ?
 The formula and method used tor the forégoing analysis has
been fully elaborated and discussed earller in this paper Brlefly,
the, furst part of this study was a replication of the analysus of the
'lstandardlzatlon data of the Wisc carrued out by Sllversteln (1970),

B

using instead the WISC -R data All necessary data for use with this
formula were avaolable in the standardlzed tables publushed in the
wechsler Manual (I97b) Usnng this procedure all possnble combnnatlons
vof two, three, four and five subtests were’ correlated with the full
sca]e'IQ and then rankAordered to obtaln the tenubest short-forms in

a ’ . i . .
each group. " (The total number of possible combinations of the .ten

subtests is 627; there are 45 different short forms when selecting any
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-two subtests, 120 when selecting any three subtests, 210 when selecting

- N

any four Subtests and 252 when selecting any five subtests (McNemar ,

1950).) " | , | . o,

Two subtests, Digit Span and Mazes were not considered for

inclusion in any possible short forms. Boty these subtests were .
excluded in the computation of 1Qs for 'the standardization data and -
for this reasonwere considered inappropriate for inclusion in a short

L}

form which.attpmpts to predict that 1Q.

7

The second part of the study was a s?stematic analysis of the
reliability of the 40 short forms to determine the extent to which

these short forms were suitable for use with the specialized research

A group..

Data Ana1ysis

Means, standard deviations and partial correlations were

. obtained. A step-wise muitiple-regression procedure.wifh double cross

validatfon (Mulfo 8) was used with the clinic sample to'obtain
predtctlve estimates for use wsth combnnatlons of VISC R subtests

SubJects were randomly aSS|gned to oﬁe of two groups (A and B) for

“each short form. By this procedure a. regressuon equation was

- developed for group A and then applled to group B_to calculate

valldtty (cross validafuon) after whlch the procedure was reversed

fglvxng a double cross valldatlon analys:s Groups were randomly

're-aSSJgned for each short form analysed.’ oo

1

¥



CHAPTER 1V
RESULTS - - N )

The Research Sample

A total of 182 protocols of the NISC R were used in the
. study. The subjects were 126 male and 56 female students ranging in

- age from 6 to 16 years. A summary of the percentage of males and

females in each age group is presented in Table 1.

TABLE |

CLINIC SAMPLE BY AGE AND SEX: PERCENT
N EACH AGE GROUP

ﬁercent'in Each Age Group

Age Group : ’ Male .  Female " Total

6-0 to- 6-11 : : "7 3.8 11.0

7-0 to  7-11 5.5 2.2 7.7

8-0 to 8-11 L.k 2.2 6.6

9-0 to 9-11 7.1 2.2 9.3~

0-0 to 10-11 3.8 1.6 5.5 "
1-0 to 11-11" 1.1 1.1 2.2 '
2-0 to 12-11 2.7 3.8 6.6 -
3-0 to 13-T1 18.1 6.0 24.2

4-0 to 14-11 10.4 3.3 13.7

5-0 to 15-11, 7.1 - 3.3 10.5

6-0 to 16711 1.6 . 1.1 2.7

Total = 69.2 30.8 100.0
\A . ¢

Approximately 70 percent of the sample were boys and 30 percent
were'gnrls This" proport10n for the cllnlc group is a reflectnon of
the general finding that many more boys than glrls have learnnng

dffficulties.

i ! 28
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The largest represented age group was 13-0 to 13-11 thch
accounted forlzb percent of the group.. This is the age at which it
‘becomes inqreasingly'difficult for a child ro'compensate for iearning
disabilities and/or defieits. Children aged 13-0 tovIS-ll accounted
for 68 percent of the sample with over two- thirds of those boys. The

‘next hlghest represented age group was 6-0 to 6 11 accountnng for
- ,

-

ll_percept of the sample.
A breakdown of the percentage of subject;iin each 1Q classifica-

tion compared to the standardized group is summarized in Table 2.

TABLE 2

CLINIC SAMPLE BY 1Q CLASSIFICATION COMPARED TO. STANDARD 1 ZATION
SAMPLE: PERCENT IN -EACH CLASSIFICATION

. Standardization Research
Group : .. Group
" Mentally Deficient (-69) - » 2.2 . -~ 7.
Borderline (70-79) - 6.0, 15.9
Dull Normal (80-89) . . 16.5 24.7
Average (90-109) . Ly .4 45,0
Bright Normal (110-119) v 16.5 5.4
Superior (120-129) _ - 7.4 1.6
Very Superior (130+) - . 2.3 0.0 -
3 99.7

Total ' 100.

Because of . the speclallzed nature of the research group 1Qs .

tended to be generally lower than those in the standardlzatlon group,

. that |s, there ‘were a larger number of subJects wnth be | ow average IQ
and a smailer number with average or abeve average IQ in the regearch

group. This was an- expected result.

The means and standard deviations for the three 1Q indices
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were all lower for the research group than the standardization sample.
. I
These results are shown in Table 3. Compared to the standardized mean

of 100 with a SD of 15, ¢t mean.Verbal 1Q was 87.86 (SD 15.85),
Performance 1Q was 92.44 (SD 15.77) and Full Scale 1Q was 89.07

(SD 15.67).

W
TABLE 3 %
MEANS AhD STANDARD DEVIATIONS FOR VERBAL 1Q, PERFORMANCE 1Q
AND FULL SCALE 1Q FOR THE CLINIC SAMPLE

(N = 182)
B Mean - ‘ SD
Verbal 1Q K - 87.86 ' 15.85
Performance. 1Q ' . , 92.4# : o '15.77
Full Scale IQ .. ' 89.07 | 15.67

Note: Mean and SD for the Standardized distributions for all three
1Q indices are 100.0 and '15.0.

Scaled séores for every inéividuai subtest were lower than
the standardized mean of. 10 while/standard'deviafions were USuaIly
éoméwhat,higher than the standardized 3. Similarly Sums of Scaled
Scores for yefﬁal, Perfo}mance and Full Scale were lbwer, AO.jB
(SD 12.92) compared to 50.25 (SD 12.14), 4h.64 (SD 11.80) compared
' to 50.19 (SD ld.BS),ahd 85.02 (so 22.76)-compared to lob.hh (sp 21.01).

These results are summarized in Table 4.

‘Results for Part 1: 40 Best Short Forms

The standardization data for the WISC-R were analyzed

according to the method suggested by Silverstein’(1970) to determine



TABLE 4

WISC-R MEANS AND STANDARD DEVIATIONS OF SCALED

SCORES FOR THE CLINIC SAMPLE

(N = 182)
Mean SD
Information . . 7.75 (10.00)* 3.03 ( 3.00)*
Similarities. 8.26 3.18 '
Arithmetic . S 7.87 3.01
Vocabulary & 8.08 3.10
Comprehens:on “8.42 3.00
~ Sum of Scaled Scores——% . : o
Verbal . 40.38 - (50.25) 12.92 (l?.lh)
Picture Completioﬁ _9.31 (10.00) 3.05 ( 3.00)
Picture Arrangement - 9.36 3.58
Block Design 8.50 3.20
Object Assembly 9.56 ~2.86
Coding 7.88 3.17
Sum of Scaled Scores—- ‘
Performance ~ bh.64 (50.19) 11.80 (10.89)
Sum of Scaled Scores— SR - :
.Full Scale 85.02 (100.44) ¢v22.76 (21.01)

£

Note , *ngures in parentheses are the mean scaled scores of the
*T “:.l.subtests and sum of verbal, performance and full scale scores
__of the standardization sample. -
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.which short forms correlated best with the full scale. The 10 best
: . % :
short forms in each combination of two, .three, four and five subtests

were determined and are listed with their validity coefficient in

Table 5.

: ’ ‘ . . 0
The 40 best short forms which were recommended by Silverstein

. - S | o _
(1970) for the WISC are marked with an asterisk; there are 22 short

_forms mhich appear oh hoth‘iists. An informative comparison can now
'be made with Table 5 by referring to the complete list of 40 best
short forms for the WISC in Appendix B.

Hore than hal; the WISC-R short forms are the same as those
selected for the WISL whlch is an expected ftnd«ng considering the
hlgh degree of sumllarlty.between,the two tests and the continued

vhigh‘shbtest reliabiiities of the subtests Vocabulary, Information,
Slmular|;|es and Block Desn@n whlch appear so frequently in the short ¢
forms. The degree to which the two sets vary can be explained by the-
|mproved rellablllty of some of the subtests of the WISC & V
particular, Comprq@ensuon and Picture Completlon. Comprehens1on for

’ example, had a reliability rangé%of ,59 to .73 on the NISC compared’

to..69 to .87 on the-wlsc—R? Picture Completioﬁ’had a reliability

32

range from .59 to’ -69.0n the WISC compared to .68 to .85 on the WISC RA.

As a result these two subtests appeared with more frequency |n the
HISC R short forms: Compcehensnon appeared IO'tlmes_compared to

5 on the WISC; Picture Completion appeared il timeS'compared,to‘twice
on'the NISC;'{{hese subtests repiaced.in frequenoy other subtests which
appeared in fewer of "the HlSCfR short forms: .Arithmetic appeared'in

: iny 4 compared to [5 short Forms of:the QISC; Picture Arrangement,

3
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- TABLE 5 —

VALIDITYlCOEFFICIENTS FOR THE 40 BESf WISC-R SHORT FORMS:

A REPLICATION OF THE PROGEDURE RECOMMENDED
BY SILVERSTEIN (1970) '

33

Dyad Triad - Tetrad ) _Pentad
Short Short ‘Short - Short
Form. ro Form- - ¢ Form r Form r
*V BD .882 *I' V. BD .903 I VPCBD .916 -1 SV PC BD .9263\
*1 8D .862 *SV BD .902 *1' SV BD .914 've PCBD .925
S BD .856 x| S+ Bp .896 *S v PA BD 912 =1 S v PA BD .925
CBD -.846 =) c 8D ".896. -1 vcC BD 911 *S AV, PABD .924
*V 0A .839 - =v ¢ BD _ .894 I'SC BD .91 =*1 Sy OA BD .923
%SV .838 V PC BD .887 =1 v PA 8D 911 I'SC-PCB .922
VPC .83 =S C BD .887 S V.PC BD .910 | VPC PABD ".922 ¢
JFYV. .83k xA vV BD .886 "*SAV BD .909 |5 c PA BD .922
1S 832 V PA BD .885 ! C PC BD -909 IV PCCOBD .922
I PC -.825 =S v oA .88] I VOABD .908 =*S AV OA BD . .922

* Short Forms which also

(Silverstefn,-1970)}

" Note 1:

appear on the WISC list of best 40

Abbreviations: | = lnformétion;
A =-Arithmetic; S = Similarities
Picture Completion; PA =

e
" 8D

Note 2:

‘SEest for D?Bd'range from 7.08-7.59;
‘Tetrad 6.01-6.29; Pentad 5.66-5.81.

-Block Design; O0A =

C = Comp}ehension;
3 V = Vocabulary;

Picture Arrangement;

Object Assemb]y; €0 = Coding.

Triad 6.44-7.09;

)
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in 7 compared to 14; Object Assembly, in 5 compared to 9 short forms
of the WISC. The Coding subtest appeared in only one short form for

each test.
The subtests appearlng most frequently in the short forms of

- the WISC-R were those with the highest reliability: - Block Design ( 85),

~

Vocabulary (.86), Information (.85) and Similarities (.81); respec—-

tlvely they were represented in 33, 28, 22 and 19 of the hO_short forms.
All except Vocabulary appeared more frequently (3 to 5 times) in the,
WISC-R tests. I o

. A further comparison was'made between the results in Table 5
and those obtained by the McNemar (l950) method which was a comparlson
of the results obtained hy two different procedures._ The latter were
reported in Sattler (l97h) and are’ presented in Appendlx C. While
varying notnceably in valldity coeffncnent values, the two lists were
very similar in selectlon of short forms 0f the 40 short forms, 29
'are the same for both lists; of those which changed,v6 were pentads,
dﬂwere tetrads and | was a triad; all dyads’remalned unchanged.

~ The two llsts of short forms are stmnlar to the degree ‘that -
the results are largely dependent on the rellabalutles of the |nd|vadual
subtests. Both methods used ‘the rellabllcty coeffucuents reported in
" the manual (Wechsler, 197h) The extent of their varlabullty can be
accounted for by the dlfferent procedures used In general, the
.corrected formula yielded lower valldlty coeffIC|ents for the‘short ‘
vforms, an outcome which was expected and preferred as belngfa more

.reallstlc value (Tellegen & Brlggs, 1967; S|lverste|n, 1970) .

"The. standard errors of estumate (SEest) for the WISC-R were
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* calculated.asv7.08’ld polntsffor the best dyad, 6.44 for the best
triad, 6.0} for the best tetrad and 5. 66 for the best pentad It
should be noted that these yalues are, somewhat higher than those |
n@ported by the other'method (refer to Appendix C). Because SEes£ is
a functlon of the valldlty coefftcaents their value |ncreased ‘when
the coefficients were decreased. As a result, in addition to a more
reallstic validity coefficient, the correct formula yields:what is
4probahly a:more realistic,standard'error ofvmeasurement.‘

The listvof_COrrelatlon coefficients presenited in Table 5 is
intended to replace the list shoun in'Sattler (197h) whlch was con-
'SIdered lnapproprlate for use in comparlng the NISC and WISC-R. By:
referrlng to Table 5 and Appendlx B which lists the hO best WISC
short forms, it was observed that indeed the NISC R short forms,
largely because of |mproved subtest rellabllaty as mentloned earlier,
were a more valid measure of 1Q than those of the WISC . The validity
coefficients in general, tended’ to be moderately, but consustently, -

..higherbcompared to thelwlSC For example, for the best dyad (V BD)
.the’validity coefficient was .882 compared to .856 for the best,trlad
(l v BD) it was 903 compared to 887, for the best tetrad (l V7PC BD)
it was».916 compared to 90# and for the best pentad (I SV PC ‘BD) i
‘was .926 compared to .915.: Valldrtles were improved to the extent
that for each group the new range of valldnty coefflcsents was equnva- :
”lenx to the range of the next largest group on the WISC for example,

/ .
the valfdlty for the dyads was equal to that of the truads on the oldv

Ps ~

test. Thls flndlng supports the general conclusnons concernlng the

\

VlSC-R that |t is an even ‘mgre rigorous, test than its predecessor

¢
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(sattler, l97h;vwechsler, 1974) .

Results for Part 2: - Cross Validation Analysis

The data from-182 protocols were Lsed tohevaluate the relia-
bility of theihO best WISC-R Short'Forms. This'analysis was obtained
.by a multipleicorrelation prooedureiwith a double cross Validation'li
procedure. For, each short form analysis subjects were randomly re-
assngned to one of two groups and regressnon equations calculatéd “for
each group. The. results were expressed by the squared multiple.
correlatlon coefflc;ent (Rz) wh:ch gave a measure of the proportlon
of the varlabnlrty in the Full. Scale IQ whlch could be accounted for
by the_regre551on equatlon of each partlcular short form. The results
offthis analysis'are summariaed in Table‘6.

i Three Rz‘calcdlationS’were made tor each.short'form::;the

furst (R2} was a measure of the relatlonshnp between the short formk’
" and ‘the full-length test for the research sample, the second (R’ 2) was :
an unb:ased estnmate of R2 for the populatlon c?lculated accordlng to
FOIknn and Pratt (1958L and Tatsuoka (1969) The‘thlrd;was the cross-
yali_dated‘R2 whereby scores calculated on Group.l from thefregresSion‘
equations for Croup 2, and on Group'z-froq\regression equations for
Group. 1, were correlated wuth ‘the Full Scale 1Q. This finathstatistic
was the €?rongest one that could be made when both predlctor and’
crlterbon varlables were obtalned at one tlme The results in genera1

were very strong and appear to overwhelmlngly support the’efflcacy of -
many of the VISC R short forms Theoretlcally, R2 would he greaterVQa'
than R’ 2 or the cross- valldated R2 R "2 would be smaller than RZ i

\
vbecause it was an estumate of the populatlon, Cross- valldated R2 would

’,’



CROSS VALIDATED MULT IPLE CORRELAT ION COEFFICIENTS (r2) FOR 40"WisC- -R

TABLE 6

SHORT FORMS OBTAINED FROM RESEARCH SAMPLE

' 'R'z = an unblased estl-te of ‘the squared nnltlple correlotlon coefflclcntl B

for the population.
{|958) and Tatsuoka (1969) by a for-ula which corrects for shrlnkage._

R2 ' = the squared multlple correlation coefflclcnt

Full Scale IQ.

(N = 182)
o Group 1 Group 2
Short Form ]2 R’2 RZYF - 2 ai} R2
v Bp ..85 .85 . .85 .80 .80 .80-
| BD .85 .85 .84 .82 .82 81
$ BD .75 .75 .73 .75 .75 7
cCB . .80 .80 .78 .74 .74 .72
.V 0A .81 .81 .81 .81 .81 . .80
SV -75 .75 - .75 .75 .75 775
vV PC ’ .80 .80 .80 .81, .81 .81
Wy, - .78 .78 .78 .78 .78 .78
13 .79 .79 .79 .76 .76 .76
1P .82 .82 .82 77 . .77 .77
' v BD .89 - .85 - . .88 ;.88 .83 .87
- SV BD .86 .83 .85 .86 .83 .85
1 S BD .89 - .86 .89 - .84 .80 .84
1 ¢ B .88 . .82_ .88 .87 .84 .87
v C BD .84 . . .80 .83 ~86 . .86 .86
-~V PC BD .90 .86 - .B9 82 & .78 .81
SC BD - .87 -.80 .87 .67 75
AN TBD .91 .86 ¢ .91 ,82 .78 .82
V PA BD .82 .76 - .82 .93 .89 .92
SV OA .76 .n ~.76 .90 .87 .90
iV PCBD .90 .90 -89 .92 .92 .91
1s v B .90 0 . .87 .90 .90 .88
SV PABD .88 .88 .. .88 . .93 .93 .93
1V ¢ BD .89 .89 .89 .89 .89 .89
1S ¢ 8D .89 .89 . .88 .89 .89 - .89
I V. PABD .92 .92 .91 .92 . .92 .89
SV PCBD .91 .91 - .90 .88 .88 .87
SA V BD .92 .92 .91 .88- .88 .86
1 C PCBD .93 .93 .92 .89 . .89 .88
IV BD OA .92 920 - .91° - .92 .92 .91
) : , B '
ISV PCBD .93 .90 " .92 .92 .92 .92
V. C "PC BD .92 .90 . .92 .93 .92 .93
1S VvV PABD .93 .92 .92 .94 93 . .93
SA V PaBD .94 .92 .93 .95 .93 .94
1S V BDOA .92 .91 .90 ;94 .93 .93
1S ¢ _PcBD - -94 9k 9% .92 -90 - .9
bV PCPA BD .93 -92 .92 X1y .92 . .93
18 C. PABD - 493 .91 .93 .93 92 -.  [.93
I.V PC BD CO .93 .91 .93 . .94 .92 . .94
SA V BDOA .92 9 .92 .93 . .91 .93
No

of the subtest with the

it is calculated according to Olkin and Pratt

iz*-- the cross validated R2,’ calculated for Group l fro- the regresslon

equation constructed for Group 2, and for Group 2 from the regression

equation constructed for Group 1.

cfflclency.

it is & -alsurc ‘of prcdlctlvc

<

37



.Table 6 are the squared multlple correlatlons and -express the varvance |

s

be expected to be lower than either R2 or R’2. In fact, cross
rl

validated R2 was equal to and often'exceeded the other coejfigients-

which is to say the actual data yielded higher coefficients than would

\

be theoretically expected.

It should be mentioned again that the values presented'in

‘which can be accounted for .by each short form in pTedlctlng full scale

1Q. With thIS consuderat10n in mlnd some noteworthy observatlons can .

'be made.. Dyads have a wide varuabulnty, at: thelr worst they accounted

- for only AR to 73 percent of the variance nn predlctung IQ, at their

. best - they accounted for 81" to 85 percent - The trnads showed much the 3

‘same kind of varlabllity as the dyads but at thenr best they could.

make a prednctron whlch accounted for 91 to 92 percent of" the varlance.

» whenlthe short forms were,pncreased from three-to four-subtests; the

v

variability was-reduced.considerably The tetrads were ahle ‘to pre-

dsct fuTl scale 1Q whlch accounted for 86 to 93 percent: consnstently

The flve subtest short form compared favorably WIth the full scale test

4by accountlng for 90 to 94 percent of the variance when predlctang IQ

In general, the reluabnllty of the short forms uncreased as

'the length of . the short form sncreased lt was observed that the

‘.range of correlatuon coeff:cnents narrowed as the short form Iengthened

:ndicating less varnabullty and better rellabllity for the longer test.'

EorAexample;,when the results for Group 2 were examlned,_nt'was found.

thatfmu1tip|e BZ“correlations-for the two-sUbtest short. forms ranged

: ?from 71 to 8] for the three-subtest short forms from’ 75 to 92

for the four-subtest,short forms from .86 to 93 and for the five-

38
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:subtest short forms from .91 to .94. 7 . v

The abllnty of the short form to predlct the full scale 1Q

39

successfully was ;ncreased as the number of subtests |n-the short form :

. was increased; ‘However, while the differences in reliability between
fthe'dyad and'triad' and hetween the trIad-and tetrad.were qute
notlceable, the dlffe?ecces between the tetrad .and’ pentad were not as- -
,great For example, the best multiple R2 correlatlons for a. dyad were
_ 85 and .81 (hlghest for each group) compared to .91 and’ 92 for a |
.trlad .92 and .93 for a tetrad and .94 and .94 for a pentad It was
'concluded that the four subtest short forms were the most elegant
short forms glvung a good'rellable estgmate ofoIQ for the very. reason-

~ .l\
abIe am0unt of tlme required.

N ’ N -

The evaIuatlon of the efflcacy of the short forms an predlctlng'

- Verbal, IQ and Performance IQ has been summarlzed |n Table 7

| “In general, the short . forms were better predtctors of VerbaI
VIQ (v IQ) than Performanqe 1Q (P IQ) For example, the muItlpIe R2
.correlatuon coefficients for the dyads ranged from .70 to .91 Tor ;
V 1Q compared to k3 to 70 for P IQ, for the triads,: from .82 “to .91
':for v IQ compared to 58 to -81 for P H for the tetrads, .88 to .96

.for v IQ compared to. 68 to .85 for P IQ and in the pentads, 90‘to

.95 for_V IQ compared.to .73 to .91 for P,JQ The varuavaIty for each

ggroup of short forms was. greater when predlcting P IQ ~F or example,
in the most rellabIe group, the pentads, the multiple R2 ¢anged from
. 73 to 9] for P IQ compared to. 90 to_ 95 for vV I1Q. '

o The short forms aIso were able to predact VerbaI IQ somewhat

better than Full Scale IQ (FS rQ). (see TabIe 6; compare Table 5) For

A

o

O




TABLE 7

! : _ y ' .
CROSS VALIDATED MULTIPLE CORRELATION COEFFICIENT (R?) FOR.
VERBAL 1Q AND PERFORMANCE 1Q FOR CLINIC SAMPLE

(N =
- Verbal IQ * Performance Q-
Group 2-per  Group 1} per Group 2 per Group | per
Short " Group | - iroup 2 ~ Group 1 Group 2
Form Equation Equation . Equation . "Equation
1 .81 .85 .66 .73
2 .77 .80 .69 .73
3 .70 .72 .69 .64 -
L .79 .74 .67 . .66
5 87 . -78 .55 ,'70.
6 .87 92 .32 .45
7 -79 © .84 .66 .70
8 .87 .91 .43 43
-9 -90 .85 ‘b2 - 43
10 . .84 - .70 .69 - .70
1o <88 TG T .65
12 .88 .91 S71 .63
13 .89 .86 .63 .79
14 .90 .91 .63 - .79
15 .89 .89 .75 . .60
16 .85 .83 .87 .72
17 .86 .88 .76 .- -58
18 .90 -.89 N .68
19 86 .82 .86 - .81
20 .89 .91 .68 3
o G »

S 21 .91 - . .89 .80 .82 ..
22 .93 .96 .73 . .69
23 .88 .91 C.81 .85

24 .94 .95 .68 .76

-25 .96 o9k .63-< .76

26 . .90 .90 .81 .82 B

27 e % .91 Tt .88 . .81 .79
- 28 T .95 .95 .74 .68

29 s - .9 .88 .85 S.78
%0, T 907 .90 .78 -85

. o q&‘ ’ - . - .

3 -9k - .94 .83 .77

32 - .92 .94 .82 .79

- 33 .94 .95 . .82 .86

34 .96 .93 .82 . .86

35 .95 .94 .82 - .82

36 .95 .94 .80 .81

37 .89 .91 .89 .91

38- .93 .95 .79. .86
.39 790 .90 .88 . .88 '
~ bo . .94 - .83 W73
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. example, the range of correlations for the dyads was .71 to .81 for

the FS 1Q compared to .70 t6 .9l for vV 1Q; for triads,'.75 to .92 for

FS 1Q compared to .82.to .91 for V {Q; for tetrads, .86 to .93 for

;FS 1Q compared to .88 to .96 for V IQ;‘fdr,pentads,‘;il to .Sﬁ for

FS 1Q compéred-to'.éo to .95 for V IQ. o ’

" “For this study multipie regression weights{ and constants were ;
determined for each short form. These are given in able 8. Since

the results of Group_l and 2 were sb Similar ;hr0ughout the’analysis,

it was decided that only the data from Group | would be bfesented.'

The regression equation_for computing.the estimated criterion variable

(Y) from the predictor variables (BI, by, . . b5) {sAshownvat the

_bottom of fhg table.

The multiple regression weights and constants shown in the

table are those deriVed‘Fromﬂthe sahple data.and used in the double

- cross vaikgatioh analysis. . Theoseticaliy the derEVed-regression

equations could be used to prediﬁtfbll scale 1Qs in another sample, .

particularly in a sample which was similar to the research‘group.r The

L4

“limitations of the predictions made on._this basis are the same as

those far ahy regfession-equation and‘tha}vis that the weights and -

. -

constants aré derived from a spequic_sample and not from the popula-

tion. ‘However, man? of the short forms as determined by this study,

have a éufficiently high correlation- (see Table 6) to warrant a high

dégree-of'confidencé'in'their ability to predict the full scale 1Q.

v . . . \

.2
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. 'MULTIPLE REGRESSION EQUATION WITH ADDITIVE CONSTANT (a) AND
REGRESSION WEIGHTS FOR USE IN PREDICTING FULL -SCALE IQ

TABLE 8

]

VNP NCC = — (-

(7 R Y N

.30 .

|z
o
-
[+ ]

!

a b b2 b3 by bs
V. BD Ly .76 1568f 2.22
| BD Ly. 75 2.97 2.49
S BD “48.26 - 2.07 . 2.78
C 8D 42.58 2.4 3.02 ‘
CV'0A 39.04 3.77 1.98
SV 47.57 1.95°  "3.10
V PC 42.23 3.48 ‘2.05
LV - L9 .54 2.68 2.25
IS 4L8.24 3.16 1.89
1 PC br.1s 3.56 2.1k -
V BD 42 .89 2.4 1.60 = 1.93
V BD 42.89 1.29 = 2.25 2.02
S BD 43.13 2.49 1.47 1.72
C BD k1.89 . 2.43 1.48 1.91
C BD 42.20 2.26 . 1.36 1.99
PC BD 39.50 3.01 J1.37 - 1.45
C BD .38.18 1.47 2.35 2.28
V BD "41.53 1.73 2.50 1.57
PA' BD 42.36 2.53  1.21 1.80 o
V 0A L1.16 1.25 °  2.55. 1.76 e
1V PC BDY 42.60 2.16 1.29 .95 - 1.26
1S VvV BD L2.63 --2:25 .92 .89 1.69
SV PABD '39.51 1.10 2.13° 1.23 1.4
'y ¢ BD L. 29 1.88 - 1.28 .84 - 1.68
1S Cc BD 42.67 2.26 .93 .96 . 1.61
1 V. PA BD '39.51 1.55 °  1.44 .96 1.98
SV PC BD 37.72 .12 . . 1.96 130 1.60
SA V BD ' 39.85 1.18 1.54 1.62 1.60 .
1 C PC BD 34.46. 214 - 1.37. 1..20 1.79 ¥
I V- BD OA 37.85 . 1.87 1.56 .45 1.24 -
S V- PC BD 38.72 21,25 . .99 - 1.53 1.08 1.25
V C PC BD 37.36 _ 1.34 1.15 1.16 1.28 ]
S V PABD ° 41.56 1.05 - .82 1.36 1.23. 1.17
A"V PABD - bo.24 = . .90~ 1.09  1.57-  T1.30 _ .95
S V BDOA 35.90 1.55 .72- - 1.49 1.14 1.40
S C.PCBD  39.40 1.64 85 1.1 1.03 1.35
V PC PA BD 41.37  1.54 1.56 .7h .55 1.39
S € PABD - 37.88 . .64 . .95 1.1 1406 1.42
VvV PC BD CO © 37.01 1.53 1.51 1.0k 1.13 1.08
A V. BD 0A 37.65 .86- .  1.01 1. 82 .10 1.24
Y =a+ bjX) + boX2 . . . bgXg.+ e; -
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CHAPTER V

SUMMARY, DISCUSSION, IMPLICATIONS AND CONCLUSTONS

The results reported in Chapter IV give encouraging support.
to the thesis of'th{s study which was that the WISC-R short forms -
are a sound and sen51ble alternatlve to the full-length test in"
many sntuatlons and can be consudered by the sernous and. busy test

~administrator as part of a battery o: as a single quick measure of
‘ .
|ntell|gence ,
The study explored the spurlously high comporient in correla-
tions |nvolvnng two sets of scores obtained in JUSt one admlnlstratlcn
- of a test and the process that was necessary to resolve the problem
satisfactorily. The new odrrected formula for obtaining part-whole
correlatlons was suggested by Tellegen and Briégs (1967) and.considered
" by Sllversteln (1970) to be a sound solution. c
C The replfcation of Silverstein's (1970) procedure on the'
'WlSC-R'standardization data produced aylist of hO best shortvforms,
(Table 5) whnch could be compared and evaluated ln a meaningful way
to the Iast of ho best short forms for. the WISC (Appendlx B). A
comparison,of the .wo llsts |nd|cated important sumnlarltles and

- differences. : - ..

Tt was observed that 22 of the short forms appeared on both
llsts, a flndlng whlch was expected since the two full-length tests

were so similar. The changes in the remaining 18 short forms of the

WISC-R were accounted for: by the nncreased appearance of two subtests,

43
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Comprehensioan and Pncture Completion which, due to |4pt;Led subtest
rellaballty, “tended to preempt the subtests Arlthmetlc, Picture
Arrangement and Object;Assembly which appeared more freqUently onh'
the old test. | |

Fh; validity coefficients of the WISC-R short forms were
;;und'to\be‘consistently higher than those for the WISC leading to
the conclusion that"the revised test was more robust than the WiSC
~as suggested hy Wechsler (l97h) Sattler (1974) and)Kaufman (1975) .

The results of the cross validation analysis shown in
Tables 6-8 nndlcated that the short formS,'ln general, were a very
reliable prednctnon of the full scale IQ and could be used wnth‘»v
confidence to estlmate the_nnte]lectual level of a child.

It”Was noted that'thehshort forms were better predictors'of
Verbal 1Q than Perfornance 1Q, in fa;t; they were better predictors
of Verbal.1Q than Full Scale IQ.'vThfs finding - 58 explained by
noting that verbal subtests, or . those correlatnng highly wvth the
verbal scale, were heavnly represented in the short forms Vocabulary,
Inﬁormatnon and Sqmnlarltues were each represented in more than half | ,
the shorthforms while Block Design,'which correlates as weli with the
verbal scale as it doeSQWith'the performance scale, was Fepresented >
in 33 of the hO short forms The'high.reliabitity of these subtests,
a]ong with theur frequency in the short forms, ensures that the short
‘forms will be excellent measures of Verbal IQ;
The squared multlple correlatlons for all short forms were

higher than theoretically expected It was found that the two-subtest

short form could make a prediction of IQ whi ch accounted for 71 to 85



-

percent of the variance. As the length of the short form was increased -

L «

the ability to predict the full scale 1Q was improved, so that any

three-subtest short form could predict. an 1Q within a 75 to 92 percent

Ll

range of variance, a four-subtest short form within an 86 to 93 percent

‘ range of variance and any five-subtesf short form within ;hé 90 to 94 -

percent range of varfancé. These results gave strong suppdrt for
their use in gfpubs such as.the’reseérch sample whefe children were
experiencing some school dffficultfes.

.The tetrads or four subtest short forms were con5|dered to .
be the most effuc;ent and most useful because of their high prednctlve
"ablllty in relatnon to the amount of adm|n|strat|on tlme required.’ -;

From the Ilst of bo bé§( short f;;ms of the WISC R an examiner
could selg;t'those which sulted;\s needs and preferences. It was |
suggegied that somé care in selecé%ng‘an appropriate shorg form would

ensure the probabiiity of both a good reliable result.-and a positive

experience for the child.

Short forms were not recommended for use with cetarded children

or where classification decisions were to be made, suchﬁ%s opportunity

class placement. Shorf forms,however, should be'very useful with
children who have been referred'to a glinfc or counsellor fer emotidn;l
dlsturbance or behavnoral problems They were‘also recomméhded for use
with- handucapped chlldren who mnght flné a longer test tirlng, ‘and for
those who had a p055|ble readnng dlsaballty (Clements, 1965) .

.'Bec;use some children find_it difficult to‘keep still fqr very

long or for some reason cannot spend a long time on one taﬁk, énY

short farm would likely be a better choice over the full-length téstﬂ



v ] 5 .
_Individual subtest characteristics and functions were important con-

sfderations in seiecting a short form. Vocabulary, for example, is a,
long and(demand}ng task for which many.children lack 'the skill, in

- which oase,a‘short ?orm with !nforﬁation or,Similarities which are
shorter tests anddseem easfer; would be the better choice. Block
Deeign-was included in 33‘of 5he 4o short forms.andrduckily isa test
which most chsldren enJoy, errors on‘thls test are often not apparent
to ‘the chlld, so there |s,no duscouragement, For a blind child the

o

only . sWort forms would be" those WIthOUt any of the Performance tests

whcch leaves only three dyads to choose from, Snmnlarltaes-Vocabulary,

, c

lnformatlon-—Vocabulary and Informatlon-—Slmilarities .For a Chl‘d/
who is deaf but able to read -there wouId be no problem ln chbosung

: ,short_forms; if the ch|1d could not'read, the short formS'would not
P [ . B .

“be'approbriate. wnth a behav&or/problem chlld, that is, one who was

f

'q'restlegﬁ_on |nattent|ve or not easuly engaged a full Iength test

would be dtfficu’!-t, a short forﬂwhich s qulck and interestlng would
‘e,_-,s

be more successﬁul for example, Informat|on-—Comprehen510n-P|cture

Complet|on-—Block;Design. - Qi: R A, ' f..;:VAV '““"

8

leltat‘ons of the Cmudy v - a;,~ B

1' The maJor lnmqtation ‘of” thlS study was that again the issue
- of the relnab:!nty of short forms-was decided on data obtained from

snngle adminlstratlon of the full- Iength test. *Although the

i

under these condltlons, the questlon must be explored further in a _

k ‘.study which: would use short ?6rm data whuch had been obtamed from a

o .

separate adminustration. - > ff.,; o f‘f” ' . ";

L6

'statistlcs used weMe the most rlgorous avallable for maklng correcttons‘



Future”research cp Jd address itself to this‘problem by .
testlng a group with a s gorm and some .time later with the full-

kS
B

length test. Since both tests would not have to be administered by

. ) \ i o X ‘
the same'person, the study cqgld be made’in cooperation with the
Individual Testlng psychology course at the Unlvers:ty Sho orms - -

could’ be admlnlstered to those who would be or had been tested by

-0
o

students in the program.

Impllcatlons of the Study

I3 -

The purpose of thls study was to,vflrstly/ analyse the
standardlzatnon‘data of the WISC-R in order to qétermrne the 40 best -
short forms, and.secondlyg to determine the rellebiﬂitleslofhthese
Short forhs Qlth.a clinic sample.l The results of the.study were
_posntlve ahd unequnvocal in terms of this study;the iﬁplicatlons
- are as follows ‘ - v
1. The |lSt ‘of 40 best short forms of the NISC,R Wthh was

.determuned by thns stsby.(Table 5) is* intended to"be used

by all those who do testang to select approprlate short

Py o

'.forms accordlng to needs and preferences. In addvtlon,

the list is nntended to replace a sumllar ]lSt publlshed :
| 'ln'Sattler (197h). : °“; v )
'E.. Thls stddy'implies that short forms of'the NLSCeﬁvcanlhe
used wnth confldence as rellaHle and valld measures of
mtellectual !vel in a variety of sntuataons. The short' ‘
forms work very well for the purp’se for which they were
- intended, that IS, a good estimate of |ntelle‘ttual

»functlonlng.
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3. This study adds to the body of research which supports
the use ofithe NISC-R'short torms in general.practiee.h

th. Similarly, it contr%butes to the research whiéh supports
the‘reputation-of the WISC-R as an even’mOre robust test

than its predecessor.

;

Conclusion
!/

The list of suggested short forms deriQed.from this study and

tested on the research-grOUp_appear to have excellent utility for such

a specialized group. " Whereas prevfous studies in‘general-supported-

ﬁg the use of the short form there was some questlon as to whether or
not they would be suntable for use with chlldren referred to a psycho-
edueatlonal C1InlCr
'.'An evalnatioh of the data_indicated that-sbmefshort forms had

) better“utilityhthan others.'!lf‘the criterion-has only to save time
then any of the’ two-subtest short forms was clearly. the best, if hngh

-~

rellablllty was the crlterlon then the flve-subtest short forms were

- ¢

the best However,'the three-subtest and four-subtest short forms

’

whlle only sllghtly more tsme consuming were’ apprecnably more relnable'

than the two-subtest short form and for all pract:cal purposes equally

as reliable as . the five- subtest short form. For thlS reason they ‘were

—

consudered the most preferred and strongly recommended Addlng.a-

fifth suhtest dnd not |ncrease relnablllty suffucuently to warrant

'

.

L8

the requ:red extra admimstration tlme, although it could be easuly IR

|ncluded when cnrcumstances demanded |t L .

M

Q,"

Vlthln the ‘set of tr:ads and tetradsothercriteria .could

certainly be used by the admlnlstrator in selectlng an appropriate

. .



ltest.,'The fact that certain subtests are longer or less interesting
for>the'child>whilelothers are‘quiCRer and more fdn,fand'the fact o
' that some requnre specual test maternals while. others are entnrely
verbal would be determlndng'factors.z It was fe{t that a short form
i could be selected on'the hasis of the |nd|VIdual, the enylronment and
the tester accordlng to suutablllty and preference “:
.

when usnng the WISC-R Short Forms- some cautuon must he

4

exerc15ed in the anterpretatlon of fesults.‘ The standard error for
n the short form is deflnltely:hugher than the full Iength test. The '
standard error of the est:mate (SEest) for the WISC- R short forms J
varies,from 7.08 1Q points for the’ bést dyad,to 5.66 for, the best
pentads (refer to nbte fn”Tah;e 5). The average standard error. of

ey f*ﬂhe full scale 1Q,is 3. 19, for. Verbal 1q 3. 60.

degree. No slngle admuntstratton of a short form can be lnterpreted
as anythung more than a rough estlmate. However, thls-fact was not

consudered toobe a great dlsadvantage in as much as |t was thought that

T

|t'should reduce the tendency of those cnterested in labelnng a Chl]d ‘
wuth a number and thlnklng of that number as |nvarlab7e. The expllc1t

assumptnon of ‘a short form result |s that at is an umperfect estimate

-

of beneral tntelligence |nd|cat|ng rough]y chlld's lntellectual

dq*_lopment as compared to bther chlldren hlS age. -

?jh' The wlSC R short forms y+e]d a qunck and very reluable

estlmate of an |nd|v1dual 5 lntellectual level. They will aISO .
detect any gross |mpa|rments whlch wou]d |nd|c3te the necessuty@forv

, admnnastering the full length test or to contnnue wnth further

- - : . . . °
. -
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,teSting. They are a very economncal way of obtacnlng a hlghly Valld

N "

_measure of |ntell?gence

‘ There is much evcdence to support the use of the short forms

wuth any publnc school pOpulatnon However,'they are not~recomhendedv

for diagnosing ltearning dlsabllltles orffor making educational
decisions about mental retardates or specfaI education candidates
The advantages of the short form are that they are practlcal

save tlme serve as good screenjng devnces, allow for more frequent

testlng and can, be admlnlstered by less than fully quallfled psycholo-A-

glsts A classroom teacher, for example,“can use a VISCﬁR'Short Form

to test or support a hypotbesis_eonCerning‘a'child,.almost immediately

‘without too much formality and have the information very soon after-

wards.

The varnous WISC R short. Forms are to some degree less valld
‘than the fu]l-length form but not so. much so thak they cannot ge
serlously consndered for J@é in many testlng sntuatlons Every user’
-of the short form'then must. con5|der ‘the nature of - ‘the decnsnon to be
hadeband.evaluate the re]atnonshlp between validity~ldst and time

saved.

5
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APPENDIX A -

ABBREV IATED PROCEDURES OF THE WECHSLER SCALES
‘USING THE "SPLIT-HALF"' METHOD
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APPENDIX A

ABBREVIATED PROCEDURES OF THE WECHSLER SCALES
' USING THE ''SPLIT-HALF" METHOD

Appendix’A coniains three eiamples of the
"split- half“ method '

(a) An Abbreviated Procedure for the WAIS
(Satz & Mogel, 1962)

(b) An Abbreviated Procedure for the NISC
"~ (Yudin, 1966)

(c) A Procedure for Reducung the Number of
Items in Subtests of the WISC
(Sulversteln,v1968)

©

'Q’Qﬁ% . oY
- e ;,o: I .

- ‘{ 0‘
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Subtest

. - Information

Comprehension

Arithmetic

~ ‘similarities

_ Digit Span.

- “#\ocabulary

Digit Symbol

Picture
Completion

Block Design

" Picture

Arrangemént

" object
Assembly

<

AN ABBREVIATED PROCEDURE FOR THE WALS

' Every,3rd

"

0dd onty
0dd only

.0dd only

Unchanged

Unchangedf

Every é;d‘

0dd only

0dd only

!

| tems Used

Every 3rd

" 0dd only-

¢)

(SATZ & MOGEL, 1962)

o

Multiply
Score By - Correction .
3 Subtract 71 from scaled
score :
2
2
-~ 2‘
"
3 e
1 P ‘
3 :
w2 o ‘Subtfact\} from scafed
: score '~ P
2 —
e oed
2 ¢ -

o
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AN ABBREVIATED PROCEDURE FOR THE WISC o

-~ (YUDIN, 1966)

V4
S " Recommended Multiply . Correctian
Subtest. _ Items ~ Score B _Factors
. o . Q 5.
- Voo e , . S : ‘ B
Information =~ - Every 3rd 3 Subtract 1 from
T R S score :

Comprehension

_Arithmetic.

.M,Similarities-

AR '
- 9 ' Vocabulary

IR . .

RE IS .

N
- Digit. Span

Picture )

 'Completiodf’- 
Picturéi‘-%"j,
Arrangement -

.. d

 Block Designh
Object : .

. As;e@plg .

% Cading ; .

None® .
Even only > Add 1 to scaled
~ 0dd only - ijné'Mﬁa ‘

2 ' .
Every 3rd '3 . 'Suﬁgﬁgéi L from
I - :,scdréf'

0dd only.

B CRE )

- All items 1. ' None.
Every-3rd . " 3 . Subtract 2 from

g oq#_bnlv ' f>'* 2 "Shbtrqtt 3 from

. el S '
- 0dd only - o2, Subtract 6 from

 ; ﬁ@d&'énlx : o ~f2-.‘.,f ~None

‘All items . 1. . None s* i
i R : S N & 2N
. . -~
Y N
.“ ~ .‘_./.
. .

o "G

: |

i S
scaled - /
score '

scaled
raw score = .
raw score

raw score



A PROQEDURE FOR REDUCING THE NUMBER OF

o , R ITEMS IN SUBTESTS OF THE WISC

« ", _(SILVERSTEIN, 1968) .
. <l A K
.‘...u‘ ' 4 1
) "1‘“: s D \
- .
“'-‘ .,‘:, ! > 'I,' ) . _.L/‘\
e Recommended N MtH"tlply,

: Sdbtest “' L
A o

i

B - R A

\
Informatloq

}&“Prehensmn‘;g;%' “ -v N - Odd Olll'f’i }&‘?ﬁ\ .

Arithmetic .. .5 e 0 Even o0lyy k2 o L
A e PP, PR / wd
S:mularit‘eﬁ g 0dd o v,f’z* o ;2"- S
Voeabulary™ . . /"E\lery 3rd, 4_“, E
Digit Span .- . g , . Not Admtm»s#hered
Plcture Completlon o Every 3rd '
_ PlcmrevA'rrangeme;ﬁd . ~0dd only A
: ,x Bltock Design _ "~ 0dd only | P
ObJect Assembly e - ... 0dd only -
Cading - . = © AN Citems
B b - v
. o \z(_“'
.'u ’
. a - M v

‘Every 3rd %" B

N NN W

v 3
| tems NG ch[e 3;‘“ “
e 3 ’ = ] [}

>
e

"Q
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e " APPENDIX B~ Q ',

" VALIDITY COEFFICIENTS FOR THE 40 BEST WISC SHORT FORMS
B 4,‘“ v - (SHLVERSTEIN, 1970) ;

I

A
. .
. > - -~
- o 7 -
- ?
. .
. [ W
T, L4 B . )
B LN ] M
v 2 : B R
- . L 62 o) R
v : PURCINR) :
: ! T '
P da ‘




L.

y

.f ’
Dyad Triad~ - ' Tetrad ’ ., Pentad-
';r.r ‘ . - , - . .
-Short= Short . Short Short
, r . Form r > Form T ‘Form - - r
o - R
.—.11 o o , L o S Iy"- ‘r‘.f, . :
. 6!;?,8561~ Rv BD .887 - | VPABD 904 " | AV PABD .95
‘ I BD 836 IV 'BD .886 A V .PA BD .903 ASVPABD .915
‘ v /.85 " sv BD .885 A SV Bb ..900 I S.v PABD .913
AV // 822 1v OA .873 S'VPABD .900 C A V' PABD .912
V,fA .822 V PA.BD .873 CAV BD .897 .A'S V BD OA -.908
SV 819 cv ,BD".869 L AV BD' .897. | AV BDOA .908
~~S BD '.8]7 ~ 1V PA .867 I Sv. BD .896 I SV BDOA .908
| PA ..B16 | C BD <867 S'V.BD CO ..892. A°S'V PC BD .908
1 0A .811 1S BD .867 I VPAOA .892 | C V. PABD '.908 "
v OA 811 AV OA .866 AV PC BD' 891 | AV PAOA .908"
Noteal:~ Abbreviations: l'='lnformation1 = Comprehension;.
N A = Arithmetic; S = Similarities; V = Vocabulayy;
. BC = Picture Completion; PA = Picture Arrangement;
' BD. *"Block Desugn, OA = Object ASsembly; €0 =_Coding.
.Note 2:"1&& Formula used to compute these part whole correlatlons

Yy

APPENDIX B

VALIDlTY COEFFICIENTS FOR THE bO BEST WISC SHORT FORHS
(SILVERSTEIN 1970)

~was 3dggested by Silverstein (1970) .The purpose of ‘this:

" modified formula is to correct’ "for the: spurlously high

coeffncvents prev1ously found in part-whole correlatlons
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" VALIDITY CbEFF'I CIENT

] o
'
-z.'.
Y-
" R

APPENDIX C

S FOR THE 40 BEST WISC-R SHORT FORMS -

- (SATTLER, 1974).

P R




'S'A Arithmetic; V

Picture Cdmpletlon,,PA Pueture Arrangement;
Codlng

PC =
D = Block Desxgn, 0A = ObJect Assembly, co =

Note 2: The formu]a used to compute these part whole correlatlons -

!

. was suggested by_McNemar (1974).

'

.)‘
.

a

" 65

.

) j. - o
L . APPENDIX C
VALIDITY COEFFIClENTS FOR THE 40 BEST WISC R. SHORT FORMS
© (SATTLER, T974) . = -~ ,
Dyad .’u‘ Triad - T Tetfad K Pentad

Short - o Shortq T Short .  Short _”‘

Form r * Form | r, Form r Form = ' .
VB0 .906 - SV BD .931 LVC BO .947 - SAV PAOA* .963
-1 BD .888 .t v BP .929 SV PA BD .947 S AV PABD ..962

S BD .885. I C 'BD'_.928“ It C PC BD .945 S AV BD OAf_.960
CBDp ..878 1S BD .925.° S AV OA .944 - 1-CPC BDCO .960

vV OA .878 v.C. 8D ,,92#‘ 1 V PA BD .94t I-v.PC BD CO .960 .

v PC .868 S C BD .921 1 SC BD .944 SAC PAOA. .90

SV .86 SV 0A .919 1 CPABD .944° 1 SC PABD  .960

15 :..860 V PA"BD " .919 - | 'S'PA BD .943 I've PC BD .959

{1 PC .858 AV 0A . .919: S vV PC BD .943 A VEIC BP OA-. .959

I v .87 - V_?C BD?,.9|9 S V'BD OA .943 A'V.C-PA gp. .958

‘Néte'lzvabbreuiationsﬁ A ;'Informatlon, S = Slmllarltles,

o = Vocabu]ary, L = Comprehgtsion;:



\
.
.
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X A
o
o
.
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A twWo dimensional cross correlation matrix was computed by
rshifting the»windOHS‘horiiontally’and vertically for a

displacement of 8 units. The maximum correlation value in
VWL ’&);_, . . ! .

thé‘natrix gave theblocation of best natching‘integér

coordinates. The ‘correlation prdcedure uas~repeated for

-getting fractlonal alignments of one haﬁf plxel. |
§’For control points fronm exther uniform reglons ‘or

reglons vhere ‘changes occurred in !!e second plcture, corre-

-

Al

 lation values were less than 9. 5. Thus 3 control points
VR

uere droﬁped.f Both measures of. calculatlng the flgure of

.merlt vere used.; The second approach of connected edge
~ . o
elements is more' reliable, because it takes care of norsy

regions and isolated edge’ plxels, The 6 ccntrol'p01nt.areas

-

are outllned in white squares in Flg's 28 and 29.. The )

' central plxel wlthln the square represents the controI point

»

‘chosen. -
. . N L

‘In the second test casé, tvo plctures of the

- fertilizer reglon vere chosen. The pictures are 600%500 and

wE

are shown. 1n Fig's 31,;?&rtilizer 2, red band) and 32
‘(rertlllzer 3, red band), Both plctures do not have uell
.distributedvfeature points, and have more than ‘minor’ T
variations in rotation and'translation. The btnary gradlent
'plcture of ;he Ferttlizer 2 picture vas obtained vdth
-threshold set to 5. The blnary plcture vas dlvided 1nto"‘.
' sugepictures of naxilug:51ze,25§*256, resulting in 2 sub-
rpiqtures ofv25o*256}»2;sub-piotures of 256*24#; 1 sub-'
'-picture;off58*256'andiarsub-picture-of'88¥2ﬁﬁ. o

o
- .



Fig. 31

-

. Fertili

zer: 2 with control ’points. .

+ .

a%

©
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The. connected edge elelent technlgue vas used to compute the
- lists of potentlal control points.' A set of 9 final control :

points,uere chosen from the control points obtained over the

The{éroeedere'followed in selecting the‘é control
points andvin.checklng their 6alidity'is same as in the.
first test case. The correct'contrbl‘poiﬁts oprained'are
shown in Pig's 31 andi32. .It iS'vorth noting rhat except
for one control point, all the rest were.ehOSen at the edges‘
of .the objécté of fhe picture. ’This particularicentrol |
'point.was chesen to satley the.criteriong%hat atlleast.o;e',
coetrol point‘shbuld'coie from rpe reéion‘in yhiéh no
cqntrol_poinf‘uas selected.  This problem will arise for
‘uniferm regiehs, since theyzeill‘produce veak edges and

consequently the connected edge element measure will have a
low value. -

As mentloned in sectlon 3.2, if the control pointeﬁ?re
not seleered properly, nis-reglstration occurs.' For the
1mproperly selected control po1nts, ‘the error uas found tp
be greater than 5 plxels.‘ In order to handle this prohlen,
ran iterative feedback technlque for reglstratlon was
developed, ‘ : ‘ A S B : s

The proposed approech.is'& combihation of the.control

point and cOrrelatibn"apprbach."As ln;the control'eointj

technique, somejpoiﬂts'are chosen and coefli. ts of-a

SN
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transfornation F are calculated. Next, a snall uindowx\gz'
correspondingito a'control‘pOint[is extractedeand,its
corresponding transformed vindow (iarger'in size) is also
obtained. These tvo-nindovs.are then Cross correlated for‘a
‘shiftAof +2 units in both directions.- The small shift range
is useful for convergence in the next iterative loop, as the
shift values are. used in'feedbaCk correction. 'The tvo
dimendional displacenent vector is conputed for all ‘the
i control p01nts, and conputation of the correlation natrix is
repeated for obtaininp fractional alignnents in terss of one
half pixel. Next, a feedback corﬁxction of the displace- |
lents 15 done for all the control points of the original
-picture. _ | ;

. Thgﬂwhole process;of computing the cod&f1c1ents of the.
transfornation, extracting vindows and computing the tuo
) dinQQSional displacement vector is repeated until either
convergence is attained or a maxinun nulber of 1teration§
has been reached. Convergence is defined to inply that the
displacenent vector is zero for all controh p01nts. Por a
non-zerondisplacement vector, the best set,of control p01nts
'_is chosen from the nin;nul displacenent vector.;,Thef .
-procedure tries. to adjust the control points of the original

[

'pictgre to give the best p0551b1e coordinates. The trans-

- -

fornation is then generated uSing the nininum displacenent
vector. .As a final check, the original picture.and the
r'transforned picture aiiycross correlated at both specific’

~and randon test points The proposed nethod ds given in

’
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algorithm D,

Algégitgl.Dﬁ _ . ;

Step 1: Set max=1, naxiter:'iaxiqui number of iterations,

sStep 2:

p: shift parameter. . Read control point pairs from
. o | _ ,
the two pictures.

Compute the coefficientswof‘thg_transfornation by

v
\

least squares analysis for the control points.

LY

Extract a small window S of size w*w around one.

-hcontrol p01nt from the original plcture.

Step 5:

§tep 63
Step 7:

Az
Calculate the larger transformed HlndOH HT of size:
v*p*u+p, corresponding to §, from the plcture to bel'

transformed.

Cross correlate windoi's for a shift of p units

uith the transforned window HT, glv1ng a twvo .

_dlmen51onal latrlx, fron thCh the relatlve dls-_
' placenent vlth respect to the control p01nt of the
R

orlglnal picture is calculated._‘ '

Repeat steps 3 to. 4 for ‘all control points.,

nax = max + 1, if max 2 naxlter, go to step 8.

'If the relatlve dlsplacenent vector is zero in both

dlrect;ons,-go to»step 8. Add_the'relatlve

displacement iectorvto the'control pointS'of-the

| origimal plcture in both the dlrectlons (XeY) o and

save the vector.' Repeat the procedure beglnnlng

vith step 2. : SRR 3 o
Choose the control point pair, accordidolto the -

minimup relative d;splacement‘vector obtained-fron‘“_



‘several itérations.
Step 9: Repeat step 2 with new control point pairs and

transform the uhole-picture.

®

To 1llustrate the iteration procedure, suppose the
”control point coordinates of the original ‘and second picture
_are (40,10) and (100, 25) respectively. After extracting the
vindow and transformed u1ndou and. computing the §ross
correlation, let the relative displacement vector be 1 unit
in the x direction and -2 units 1n the y direction. After

applying the feedback correction, the new control p01nt pair

hecones (41,8) and 1100, 25) . 2 s o o |
T It should be p01nted ou%at\the transfornaiti'on
function generates row, and colunn coordinates .as non-integer |
numbers.‘ In the nearest neighhor afproach, the numbers are
. rounded, 1 e, O. 5 is added ‘and 1nteger portions ‘are taken '
as coordlnates. These fractions can. also be used as Heights
in, the tvo dilen51onal interpolation. If u1 and w2
represent fractions’%f coordinates generated, and a(x,y) is
. the gray level of.the pixel at row x,'colunn Yr then the
gray level of the output pixel is given by: . f |

4 S & B (1-H1)*a(1*1,i) * H2*atX.y*1) .+

(1-v2)*a(x+1,y+1))/2. - ‘ o
] ,‘.‘.‘ -
S : ) :
” e eigcrstnn,
- In order to test the perfornance ‘of ‘the algorithn,

- “

four different sets Qf picturec vere chosen for

[4
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j’registrat,ioq. v Iﬂd&hiﬂ be noted) that ‘the size of the o s
_.~registered pictures Varied f on 256*256 to 501*501. In the Q -

first“&qee, tvo sub-piéitures &l LANDSKT nages 1043-18341 . ‘
diSept. 1972) and“"1600—1329? (Hai«ch 197“) vere extracted.-
.The siﬁe of the pictures is 25,6*25\6 and 384*384 an‘é they p.re

g
shoufn in rig's 33 (Lake I, band 5) and 34 (Lake II, hand 51..

LA

,__.__. ' Lo e

The «Lake Iapicture waq}. obtained from iuage 1“043 18341, uith B,
coordinates qzoao, 2285. 2691, 2946)‘& The lake TI picture :
Euas *tract%g fron &nag‘e»1606-18242’, nth coor,diuates '

1,1'*.‘3 398, 1536 1919,) . The windbu size aroumd the c*ontrol o "
p@lqts ‘Mas chosem,as 9#9 vith the naxinul nunber ‘ot =

AL

3
iterations set to 5. ‘The reigistered picture of size

-

vas generated by a nearest
g . »g, o

256*256, ras s‘hpwn @n Fig.: 35

'neighhor-&*prox%tion aud b‘vapplying a first order R ‘
transfor-ation, yhose ;oetficients are° -ﬂg o SRR \ £
a’-.f 0. 99 b gﬂ 019, c'= 1.87,. R | o ‘

a=o. 036 & = 1.01 £ -,,*sz 97. S e e S

The correspbnding lﬁndovs of, the,'two registered

pictures aere”cross ;correlatned._ The final tegistration o 9

. PR 1
A . L T
o P

g‘accuracy for. 20 qreference points vas p.bout 1 to 2 pixe-'

'ﬁ':_qu ‘the window latching, nornalizeﬁ correlation f‘iled at‘

8 those p‘o:uu:s ivhere objects Had undergone larked changes' ," _ ?’
e & o

: even though objects in the tno pictu,res were essentially the

& sale, -nalely, a_,ia;e '—-fron fall ahd vinfer seasons. o \' .f .




;
) Flg.v35 Lake 1T neglstered with nake I'géiﬁg nearegt ;.._f

e o nelghbor appr011nah§on.

Fig\LJ I’ertilizer; 3 registered 'with rertiuzer 2 uaung
3 rq.g,nearqst neighbor approx;natlon.

&



- ) ;". . ' ' . . . . :& L , .‘; . '. . [ ‘ . . '
S

L, pictures c\an\wh'e&dbt regisWeted. Conparing 31th Jayroe et

" PLERS :

gl's (27] nethod, \igllous that there is'hu need to - ﬂ

. Y
generate fﬁil binary gradient pictures,, but*on;y 2%N*T

vindows, uhere N is the number of contro{gpoiqks, I ;s thef‘

. L] 4 .
nulb%r of 1terations (naxinpl owa)._ Thus this schene of
. R > «
registration ‘is nuch faster than Jayroe et al's. :

~

i In the second test casgf the 1n1t1al contf%l p01nts¢u'
vere obtaiged by the autonatic selection techpigueg The. .
vpictures are'given 1n Pig's 31 and 32. The v%ndow sgze

around the‘control p01nts was chosen to be 15:1§, with. gﬁe . ;;
S S v o 2L
.ﬁﬂ&!ll%’ ftimber of iterations set to 5. Tﬁe besXV%et of ' .

[}

~control. points vas’Chosen for generating the reglstered sub-

_. picture‘of size 420*350._ Tne registered sub—pﬁﬁture, as ,‘lzmﬁg

f shown 1n Figaﬂlﬁg nas a registration accugacy of gupixel fo; <

‘ -the second order transﬁprnatigf .xrhe aécuracy uas'_w ﬁb ‘h

calculaged Qy using the ¢wo dinenszkgal d%oss correlati

3

. function at 20 spQlelc and :ando- test points. ﬁ@pe Ag?i.llp
coefficients of the second order tdgisforlatiéh &ie.g?g*i;?;l.l
a = 60,71 b= 0: 89 ‘c =, 0. 11 a -f_—o zn-e o = o6r-4, oo
£ = -\bbnE-s g = 2%1 .35 h =‘-o 11 120 aa j %,az-s, | 4
k= -o TE-4 W = 0. ZE-u. ERRR -.’,‘41 af .._;;;“;- e
| Y 2 L S

The fﬂgistered picture- vas: also gen%tated hj n51ng a

‘tvo dinensional polynonial function anong the input pixels’ ;
:as shoun An rig. 37.' Bilinear interpolation snooths ~bf |
pittures and gakes care of discontinuities. The nearest
‘_;neighn?r anq bilinear téchnigues'uere also applied to the o

‘fjgreen and blue bands of the color photograph, of ‘Be

;



R S o

. 3:' &
$3

fertllizeﬁ region pictures. ‘The registration accuracy vas

uit?in 1 ixel for a %and%m It should be noted that the
P ? ]

1‘)

R
tub dilensional polyno:$p1 function vas also used mn

geserating‘the uigdaws for the iterative feedback process.”'. -
,,,.vu, R &

The setppf final control J%Tnts is more accurate, and

therefore, the transfornation coefficieuts are not* the sane

.as obtaided for the nearest neighbor approxination.,’Tne_ ' h

4 coeffiCients of the second order transfornation are:

961.5_ b = 0.90 c = 0 100 d.= -0. 7Eﬂ6 e = 0 BE 4,

oars
ot ' o . . , . P . : ‘
£ = ‘0.12E-3'-gf='201.7 W= =0.12 i ='0.89 'j = 0.4E-6,

- " ~ . T
ko= -0.11E-3 m = 0,485, 1 e

R The.:egistered picture vas also generated bY u51ng éhe

\A-" ol
" e

e cubic convolution function.[47] ‘The gr}g\level of the‘

a

output pixel was conputed by using the 16 gray 1eveLs of the

@ .
. input picture. The weights used vere derived fron the Qi. <

4

) trunqatse 51ntfi §unctf ’The coefficients ‘of the second g
: PO . % U a S e i
,F order ttanstornation ar 3 ;_ ey -8 ! . -i'
~ .3 -,~5o’2 b = 0.9"¢'= 0,10 -4 2 -gp1uz~ :,e'= 0.7E- PR
. ":; 3 \“ . Y ‘ s - . . -
f 6 ~0 1E-3 g9 = 203. 'h = -0 13 ﬁ*r 0 89‘ j = 0.9E-6,
""f‘ w'-)“v A . ‘:v.. ,,‘c
k.= -b 133 3 w = 0. 723-4. VRS _‘“‘ o O

‘q_mbe rqgistered picture is~given 1n Pig.,38 and has a _
: -
lasm

k4

'uraqy

checked by cross co:gelatinﬂ\corresponding uin- VS as in the o
, i L Sas SR




37.

1 4

38; Pertxllzer 3 reglstered u}th rertillzer 2 usxng

Pertlllzer 3 riit&tered ulth Fertlllzer 2 u51ng
o b1;1nea :

ppr011mat10n. .

) f;.cuﬁic convolutlon.

{.
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. ”"g S ' "~ L . ' .
points were sobtained*for the least squares analysis. The

‘coefficients ‘of the seccnd order transformation are:

'61.20 b = 1.0 c'=-0,012 " a = 0.76E-7 e = 0.1E-5,

a =
£ = 0. 3E—a g = 64.73 h = 0.038 i =1.03  j = -0.46E-7,
ko= L4. 1sa-qw n =¥-o 14E=3, j;ﬁ'(;";~a;-" S

i ‘ v N %‘

§§TAg reglsterap plchure, glven 1n Plg..39, has a regis-4

trﬁtl@“ accuracy of about 1 plxel and vas checked’both
*Y%%Q‘lly on a line printer map and by correlation at 20v& - 7?
g

randgp points!, As band to band vagtatlon is of interest. 1nnﬁ

'-;ﬁmange detectlon, the ottel three badgs of the tfo pmcturesi h

e - 4
'ugre also reglstered It should be hoted that the sane SRR
:ﬁwe" *r*) o

transforlatlon funcifon was‘used;for obtalnlng reglsteredv.;'

picgg:es of all band§

" The: flnal test,c" With ?he reg‘gtratldn qf! ;

n Albertaa nigital data frog

¥h v a
&

rﬁbrestry cut areas of nort,

LAlDSAT 1lages 1043-183u1 (Sept. 1972; and 1@99—1§325 *
(0ct. 1973) were extracted. The plctures are 512*512, but o
only 256*490 ﬁindoas are shoun in Plg's 40 (Cut I, band 5)

and 4 (Cut II, band 5).“ Cut I pidﬂﬁfﬁ uas extracted from‘;

the 1&*;-183a§wilage, Vigh coordinates t256 767,4731 2242) .

‘Cut II picture vas obtaiq@d fron the 1439 18525 image, thhfr@-

' coordlnates (200 711, 1880 2391). The control points Here

selected autonatically and corfected by the iterative o

.

'feedback approach.‘ The co 1cients of the second order

P
! - \.' 4 [ "“'n'.,

vtranstormation are- "i",: S e .

1

a = 134, ‘s b= 1.0. ¢ = 0.021 d,é -o 328-6 = -0. 253—4. |

k)

ff =.-0 65ﬁ-4 g 11 31 h = 0. 17E- i 1 01 'j"? ~0 1SB°6,

(k""é ’Nz"“ ".‘~‘~ v :r o
%:1‘q'd o T

\ }" N

]

{

“le 6 ot
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FPig. 42. Forestry Cut I fegistered with Forestry Cut JII ~ -
: using nearest peighbor appffoximation: =~ | -
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. . :
k = 0-97E-S I.|l= -001‘E-3ol‘ C g .

1y Vg
<

The registered picture shown in Fig. 42 was generated

by applying'the transformetion to the picture given in

Fig. 40. _ The registration accuracy was about 1 pixel ‘and

was checked visually and by doing correlation at 20 s€lected.

and randon points; The autonatic‘controltpoint procedure

gave a list of 196 potential control p01nts. 90-control

'pOints uere not considered since they were nissing in the
se&ond picture. The root meanm square error for the 70

_ control p01nts was 0.8 pixels. The 20 control pornts with

v
low correlation,values vere notltaken into cOnsideration.
o -‘"‘;\t‘t' . . ’ '

A

" 3. 5 R_g;s;;_tionﬁv;tg La;gé §gg;_ Qiff ;ences ' . /’t
?' dThis section 3e§1b uéth “Fhe problen of registration -of
4 n . 3 . 1;3 ‘

"pictures,uhich haVe been oBtained by different nethods.

_ L
‘;e g., aircraft and LANDJ‘T. Previous registration
Ntechniques have linited the scale factors to be . about 1 1.5.
. -§‘~_'~

_In surveying registration techniques, it vas noticed ‘that

: alignment of pictures Hiqh scale differences as large as.

1: 5, had not ‘been. regprted. L technigue is presented to e

-solve this problen and is tested on. digital pictnres uith

(vertically).- Since the first LANDSAI satellite vas'

b

w/launched in 1972, the proposed technique islvery nseful for

detecting changes before 1972 (assuning aircraft data

)-‘

f exists).

In the standard .susu mmgr eamgsg. ?the qz:ay

“ ¢
. b‘

ST
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"

level corresponding to the rounded address from the lda%z
. { :

picture is used for the reg/sterv 5 f : fﬂﬁﬁig

picture. vill he hegraded. For”eianple, if the scale factor'

Uy
is 1-b i ﬂ‘ his technigue chooses one pixel from ‘the b*b

neighbor095 =‘ontains edge tran51tions,.a plXGI‘ L
corresponding to’ either “high or 1ov contrast can be chosen.’
®

77

This causes the straight edges in the registered picture to

"

1look irregular,‘and non-noisy regions to appear noisy.

'In the avera gi q _pp;g h, hy knowing the scale o |

factors, the 1arger picture ‘can be averaged to reduce the

“scale and thep the tvo pictures can be registered. If this,

-y :
is dpne, registration may nqt be accurate.4 The reason féﬁéﬁ

q

this is that averaging changes the relative coordinates a;f i

&d
srze of the objects in the picture. Also, because of
w

averaging, the registered-picture uxll“he snoo;hed.'~The’

'larger picture can also be sa!p; d to reduce its sxze, ‘but

t&e reduced picture vill still he degraded..u'

.,'In order to take care of theSe problens, an’ ; p; edl

»

;ec g;gg is presented as follods-'Su pose I'is the EOW

L

nunber oi’the registered picture to he generated, then the
’ /\ .

rov and colunn addresses for rovs I-1,,I, and 1*1 are

genq!ated as shovn in Pig.‘43. Pet the coluln under
N

_consideration bé J. i.e., the output pi&el is loca d at OV

I and colunn J. The registered picture is generated rov hy
‘ 4
row,_ The advant%ge is’ in the saving of conputer storage,

C. ) L R . ‘ ' o C s -
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In the proposed technigue, the equations of four llnes

uhxch are lidvay betueen (1—1 I), (I I+1), (J-1 J) and.

:(J J+1) are calcukated.‘ These lines define a rectangular

,W.o'

region, the coordinates of vhich aﬁ% Shovn as foun dots fni

N e

'Iig. 43. The output pixel lS a551gned the average gray L o

level of the region def%ned by ‘the four dots, uhose shape

also Varies vith I anﬂh@ 31nce the boundaﬂy of thls region

"15 not aligned vith the grid, tuo approaches for defining

o

“the_grea Hlthln thﬁ reglon exist, ~which, are-J
L"‘

iE;otg o; ; _ppgoac . In ‘this approach, the addrﬁgseﬁ

[

" of the pixels along the boundary are rounded. i.e., a
+ ,

LN pixel is’ 1nc;iﬂed or ﬁot depending -on whether or not 1ts

s

v-

“b‘.

coordinates are inside or outside the boundary.. This

“approach 1s sinple to use but nay not be very, aCCurate.

0

B.i;gg_'gngréggh In thls approach,,the pixel'sa"7
'fo contribution to the region, as defined by the p0undary

o A e U

line. is calculated, i.e., the gray level of the

Lol C . PR AR . - . tr
ST . ' - HEN - S
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boundary pixel is proportional to the area occupied by the

pixel vithin the boundary line. This approach is very
. th

accurate; however, it is conputationally expen51ve. s

"In order to conpare the pearest neighbor and the

‘Proposed approximaticn, processing'for'one output pixel will'

be. discussed ﬁ? detail Por the output pixel corresponding
iy, . . -

to’ ow 19? apﬁ column 258, the address generated is
A (10'1’.

4,

4‘ 996 6), see - Fig. 44. The gray 1evel correspondii

- to the address (1071 997) of the picture will be used fo

‘.

. b
o , the nearest neighbor appro&%patnvn.. It is‘ev1dent from

.

Fig. 44, that thas approxihation %s not only very popr hpt S
s€r :

L3

’ also does not use any 1nformaf¥@n fron the pixel'

> neighbor}ood. ,Also, due to large scale differences, the'

1, C2 C3.cd§nect1ng'

RVEN distance betueen lines R1, R2 R3 a

the input pixels 1s large._ In factc 3e difference 1s about N

R S W ‘ , _ o

5 99“pixels,horizontally and about 4, 26 ‘ixebs;uertically,hh’f,
‘;F‘ o In the proposed approxinati&n, the ef%ations of lineé‘

L1,,L2 gi, and La vhich are- nidvay between lines (R1 R2), o
. no . AN
o (R2 R3), (C2 C31 and Afdat / ;spectively are calculated

v

These four lines GEflt gngular region, which is the

SN

v

,‘ li',p' = '.: -

: §Caled d&i verSion“of = -';n defined by linescht, R3“' _
- CS A L

1f? 1, and c3.g ‘The. area’ v1thi this region is of interest for T
£ o o

conputing the average qray level for the input pixel uith'

coordinates (1011 u 996 6).“\Since the boundary of this

E region 1S not aligned with the. grid, thie- ;g;_;k 9; ; . f1ef"

v
Qgp;_ggh along the houndary is taken.' Tho dotted line inv-vx“
- W *

esentswthe approxilation to the rectangular"'

Fig. uq fi;f



‘.in Big.vu7%

;’ (20a8*20a8) ahd“the Ed-onton I (600*600).' The Feglstered

74

;:_

fd nelghbor and proposed approxilation\are'*

81

- - [ .
'region. ‘The average of~the gray levels of the region -

-

defined by the dotted llnes is assigned as the gray level

for the 1nput pixel urth coordlnates (1071 4, 996 6).- It
: .

should agaln be noﬁei +that the shape of this. approxmat:.on ‘ o

-‘is not fixed b*h v&&xes froﬁ plxel to pixel. - . |

/

The test problel 1s concerned with reglstratlon of an

o« v_p

aerlal p1cture of Ednonton (1971) uath a LANDSAT plctuﬁe :

(1975) of size 609*600, extracted fron 1160-17553 inage‘

-~

The LANDSAT plcture as shoun 1nJF1g. 45 1s of size 281%400 o

(wlndow of Flg..29) ard thg'aerlal plcture's sﬁze ﬁﬁ# o

3.

2048*2048 A§O*256 uludovi of the aerial pact@e 1s shown f :
onder te conpare the pnoposed te hﬂ%qge uith
the averaglng approach, ‘the aer1a1 plcture was averaged asp',

shoun-ln Flg. 66, ice., from a- 4*4 nelghborhood uas avenaged

D

. to produce the size reduction. Control poiﬂ&s 1n both '5_ -
ﬁ o 'c ’ C
plctures uere selected nanually and for the nearest nelghbor

-— L I )

and the proposgd technlque,’control pOInts vere obtalned

fro- their orlglnal p1ctures, 1 e., fron the~aerial
%

plctpres as shoun in Flg's 4q~50,>uere generated ry a~second
FET

order transfornatroﬂ, whose coefflclents for. the averaglng w

, .

approach are";fh‘ji.qu'tg';i&‘ﬁVf?:yv'tagﬁs{!‘.tf~bf R
a = -94,12 b f'1 46 c = 0. 38 Q= 0 43-6 e ; '0'353'3'»;£
£=00E-3 g'= 1245 b= ?0.167 £ {(oéz 1= 0. 6E~6.

X = co |

=04 398-3. '1‘ o 93-4.

e

The transforlation coefficients for the nearest ;vfff‘. o

.a.v“

o . e PR



Fig. 46. 4*4 average of aerial picture.
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Fig. .

83

48. Average aerial picture re(jistéx:gd' vith Edmonton II
using nearest neighbor approximation. ' ‘

.



Flg. u9. Aerial picture registered with Edmonton II u51ng
nearest uelghbor approximation.

Fig. 50. Aerial piéture registered with Edmonton II using .
proposed approximation. :
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.=376.51 b 5.84 ¢ = 1.52 4 = 0.16E-5 e = -0.14E-2,

a = - ' >
£ = 0.57E-3 g = 49.80 ﬁ=\\giee i=4.36 § = -0.2B-5, -
= -0.15E-2. o g -

Vs

>
il

0.38E-3 m
“Thg.neafest'neighbor picture was generated by using. ,
the gray level of the p;xel, which_is closest to the
c?lculated rovw and coluan addresses of the originallaerial
pictqre., In the proposedvtechnique,‘the zeroth order
~approach was used in calculating thé'rectangular region‘s
average gr&y level, see Fig. 44 for.a partlcular output
pixel. Clearly, this plcture is the best v1sually by
comparing with the other’gwo.reglstered pictures. In order
‘to check registration accuracy, thé correlatian approach -
cannot be fbliowed, becaJse of severe dhanges. Visually,
the regisfration aécutady vas found to be reasonable, i.¢.,
within 1 t§'2 pixels. The conpﬁ}ational pf?cessiﬁg time for
fégistra%iog was pigh for both t£$ neat%st neighbbr.and the
prbposéd fechnique.’ The eqﬁationéaqfﬂlihes need nof be
,generated for every output pixel, i.e., fof each output row,

A equatlons of lines L1 and L2 Hlll not change, and only llne

N

L3 needs to be reconpnted.

.3 6 Qiscuss;on of esu;tg
This chapter deals with reglstratlon of plctures. In
tﬁe autonatic coqtrol point-selegtion, some basic features
of a,con;rol pointmand probiels_encountered in selesting
_ them are givéh.. Control poiﬂts'are selected on the edges of‘ ng

the objécts in the pictures. The technique is independent
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[ :
of gray‘levels in the pictures'and‘does not use any pre-
specified objects or templates. A

‘In the iterative feedback approach, the control points
are corrected to produce the best set of pbints. The
registration accuracy vas betneen‘1 to 2 pfiels for the
first order }ransfornation and 1 pixer‘for.the second order
transforlati;n. The accuracy was computed by cross .‘,
correlatingqcorresponding vindows at 20 referenceipoints.
The root ;fan square error was 0.8 pixeis and the size of
registered pictures varéed*fron'gﬁﬁtzsﬁ to 501%501.

In the registration of pic;ures kith 1arge‘scale
-differences, a new technique is presena?d:. The row and
colunn coordinates'of the input picture for‘the three"outpur
..rows, i.e., previous, current, and the next are calculated.
These coordinates define‘a region, tué:snape of which shows
‘the scale differences.‘ In the nearest neigbOr approachbfor
the output pxxel, only 1 pixel is used» fron this region. If
the si;e of the regicn is large, most of the important ('
“information about the region is{losé. In ihe-neu technique,
4 boundary lines define a smaller version of ‘the region. |
Since the output. picture's grid is not aligned vitn the
input picture's grid a zer?th order approach along the
boundary is taken. The average gray level of the new reglon
hls conpnted and usen for the output plxel. The technlque is
compared ulth the nearest neighbor and the averagzng

~

approaches. ‘The plcture generated by the proposed technique

“ is the best VLSually, as objects look snooth and non~n01sy.

I3

‘cx



Chapter IV .
(THARR o : B

TEMPLATE BATCHING

- Template natChiné is a basic technigue cf pattern .\
;ecognition, vhich has been nsed extensively in character
recognition. ienpldtes fron a data base are'éonparedfﬁith .
the incoming patterns and a correlatiqn ceefficient is '
calculated for each telplate. The'tenplate u1th~££§
greatest resenblance to ‘the 1ncoi1ng patfern is the one
hav1ng the maxiaun cptrelaﬁlon coefficient. In digltal?
picture lafching, forvfinding an objeEt or its multiple
- copies, a template or window is dl;plaeed 3ver all possible
points of the picture.. In this'cnapter, methods for the
novelenf of the teiplane acibss;the nicture and fnr
vconparing with the(snb-pictures vill be exanined.‘ Various
search teéhniques'for aoving a'telplateiinclude, sanpling at
certain °points [21,22], and planning [30] o

If correlation is negative, full conpntatlon is stxll
done for all the cortespondlng TOuS of windovs.- nnd subi' | -
pictures. Thus Barnea and silverlan's (6] observetxon that
EOnputatlonE need not be done nith high accuracy at every
reference peint is verj'ilpontant. In their appreach;

‘vrandon salples from the- suh-picfnte and a vindov are taken

;pd a difference sum is. continuonsly nonitored. If that sum

87
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exceeds some pre-specxfied tbreshold the~réference_goint"iS, o
. ~ . - . ‘6

.dropped fr%pafurgmer 1nvestigation.. S ' .
One of the main proble-s in using a8 differenct® leasure » L

is th@t the lean of the u1ndou and leans of the reference

&

sub- pictures have-to be cogputed. Also, the dlfference,

\

measure does not take care of the constant of fset problem.

.uoreover,.the thpeshbld has to be"snecifiedhv Barnea'and

y ”

511verlan do not suggest any -ethod for’ choosxng the pre?

spec1fied threshold bovever, recently Onoe and saito (41] a

“
-

have proposed a technlque £6T automatic threshold settxng.'

1\ B

escribe a template -atchlng
A o . y

\

- Iasto and Block [60]

€

lethod for detecting object of‘knovn shapes,~size and

orxentatlon. The telplate and the picture are reduced to

. _binary-inages by gradxent pe hcds, to produce a contour nap
and n_line'dr&ving.- The template is moved over the picrufe
and the city oiock distance‘ L ' _\\

-~

| , a{d, )i thok)) = abs(i-h)*absij-k). 'i :

S n , s
- is computed. The authors also glVe>§ reforlulat;on of A
cOlputational equatlons for efficiency. RoSenfeld and
Pfaltz (52] suggect—using the follohing leasqge. A
d(1in3) s K] =0 v o

lax[(?*aDS(i h)oahs(j-k))/3.lax{(abs(1—h) abs(j-k))}].
Nagel and Rosenfeld [39] sort the gray levels of a
vf}vlndov in increasing order and note thelr coord1nates. Thel
same procedure is also used for the sub-picture§.} Tne
,authors report’ that the absolute difference leasure sum

grovs much faster ?or a-non-natch'poinf.J'This technique is

- . T -
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shown by the authors to be faster than the row by row
-~ . ™~

correlation. The basic ¢concept is the same as that of

—_ R - 2t

Barnea and Silverman. .

4. Ihe 34 oposed method
It is assuled that the object to be 1ocated.is present

»1n the picture. To take care of . constant gain and offset,.

>~

nornallzed correlation vill be used as a similarity measure.

»

'-The ¢orre1at10n between a u1ndou and a sub-picture‘is
calculated by usxng all the rowvs; however, lnterlediate
tresulyélcan give an 1n51ght into the trend of the sigm or
value of the correlation coefficient. If. the value is

exther neqatxve or snall, then the reference point can be

dropped. The concept of a part1a1 correlatlon,coeff1c1ent

',1 efined as:
pefinition 5: A pagtial cenglp.&}.sm sg_tn.;s.t is an
1nternodiate correlation coefticient. vhen snccessxve rous '

of a window and s’b-picture are correlated. f the row 51ze‘

of,a uindoy‘is N, en a maximus of ¥ patt1a1 correlatlon
coefficientseexist. K
‘Let the window size be 4‘4; then uhiﬁe matching, "

'panxial correla{ion coeffigienxs are’ conp#ted for eacn of’
the ¢ rows. In other vords, the first co#tficient is |
couputed by matching the flrst row of a dxndov Hlth the
first row of the sub pictuce. The second coefficient is~
computed by latching the correspondlng second LOouS and

" updating the first'coefficient. It should be noted that the
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yalu; of the pth partiai correlation coefficient is same’as
:the correlation coefficient. -

The proposed method will tgke.theifolloving'points
into considerhtiqn:
f, For ‘atching a2 vindow vith sub-pictures, not ali the

rows need to be correlated for a non-match point. This
point is implemented by monitoring the partiii
correlation coefficient at three check poi;ts.

2. The unit shift displ#celedt of a uindpu‘CAn be speeded
up in both directions, i.e., a number of rows and
;olunns of reference points can be skipped. For one
-approach, alternate rows and,coihnns are evaluated to
check whether thg correlation is above some threshold.

3. While correlating rows, the order in_vhicﬁ‘rovs are
‘correlated csh be changed. |

Let k1,k2, k3 be pre-specified constants. The range of
these constants ‘is betveen -1 and +1, For an M*M v1ndou,

the partial correlatlcn coeff1c1ent is conputed and the
value is monitored at thre; check points, namely M/4, M/2
and 35/0. If the value of the coefficiént‘is,s 51 vhen u/u
rows have been correlated, then conpntation is stopped for
‘that particular reference poigt. If not, conpqtation is
carr;ed on until H/2 rows have been processed. If the valué‘
of the cdefficient is < k2, the reference point is dropped,
'otheru;se computation is continued until 34/4 rows have been

processed. ' At the/ third check po1nt, 3n/4, -if the partial

correlation coeff cient is < k3, the referemce point is_

e
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skipped, othervise computation is contipued to M rows.

Por skipping colump reference points, the correlation

is computed at the first reference point. If the corre-
‘latjon value is £ k3, the next column poin§ is skipped.
‘Processing resumes at the third:coluln point. Por exansple,

for columas 1,2,3,4,5,...,8, points 3,5,..., are evaluéted,

if poinmts 2,4,..., vere < k3. Thus the first point is R

computed, and if the valué is < k3, the second point is ~
skipped. The third point.is then coiputed and so on.

For .skipping g_!glg;e Lous g{ Leference g oipts, the
flrst rou is evaluated. 1f correlation valnes for all the
row elehents’arg < k3, the evaluation of the next row ls’not
done. Pfocessin; resumes with the ﬁhird rov. The
motivation for skippiﬁg tows and columns of refetenqe.pdints
-and of monitoring correlation valuésvat'check points, is to
Qgsx_.ﬁ.eaemggumm.ulms- | - -

| If uaé assumed that in matching, the first rov of the
'tuo plctures vas correlated, then thé-second Iow uas .
”co;re;ated and so on. he g;ggxigg g; Lows cag be changgd
by using a random number éenetatOt“to generate a-nonf |
 repeétiqg integer sequenée of numbers between 1 tb ﬂ; ‘Then,
IOovWS can.bf correlated according to the ordéring,ofithe
intééer'nunbefs. |

A general FORTRAN program was vtitten.to inplel?nt the
proposed lethOd, éirﬁe; and Siiverlan's method, and;éonveno

tional correlatisén. A further option could cﬂoose_fhe pre-

L hd -

 specified or random ordering of rows for matching. The fast
R - ‘ . / -

]
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lethodfvith-randon row ordering will be called Past Ranpdos."
Barnea and Silvpkrman’s method vas i;plelented iith_Onoe and
Saite's‘[u1] automatic threshold"setting technique. The
absolute difference measure and normalized absolute diff-
erence seasure wvere used as'si-ilarity leasuref'for the
Barnea and Silverlan s nethod. Por the normalized absolute
difference neasure, means of the telplate and snb-pictures
wvere shbtracted before correlating thes. The noraalized
absolute difference measure -with random row ordering will be.
called as NADY ggggég.' The veiues of k1,k2,k3 for the test
problels vere takem to be 0. o. 0.2, and 0.3 respectively.

In the first test probl@n, LANDSAT pictures from tuo

different years -were registered usxng the iterative

3

: /
_feedback(correction technique,” see Section 3.4. -The Rwo

registerdd pictures are given .in Fig. 33 (original) a a
Fig. 35,(regisrered)“respectively.' A 32*32 window wvas
:extracted from the coordinates (112,64) of the original
picture. The problel was set to locate this vindov in the
second picture.' The range of search coordinates vas liaited
tov(100,30), (160179), (149,30) and (149,79). The total-
number of reference foints is 50%50=2500. Pe; a 3.%32
vindow, the'total number of rows to be correlated is‘
"32‘2500886,000.,-bet&ils of using six matching techniques
are given in ¥able IIII. It should be noted that'CPU time
is the total conputational time to read im the pictnres,
co-plete the processing, search for linilnl or aaximua, and

print the resnlts. " . L
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Table XIII. Computational Tises for Correlation Methods I.

Het hod Rovs Saving CPO | Ratio Match
: correlated % secs poiat
. orast 8455 89.4  5.942  1.00 (112, 64)
Z. Past Random 10086 87.4 11,267 1.89 (112, 64)
3. Barnea with 59218 27.% 19.628  3.30 (101,30)
abs. diff.
measure _
4, Barnea with. 56229 31,2 26.318 ‘4.92' 1138,50)-

normalized "abs.
diff. measure ‘ i
S. WADN Random 57939 29.1 39.222 6.60 (138,56

6. Conventiomal 80000 0.0 27.158  4.57 (112, 64) .
r ' . ) -

In the #ecbnd test probleas, two pictures from a
LANDSAT image vere extracted. The 9196 pictures are from
band 6 and band 7 of image 1600-18242. 'Tbé pictureé were
"extracted vifh coordinates (181,271,1704,1839). The 
pictgres correspond to- the lake area, as shown for bandHS in
Fig. 33.7.A 32‘32_;indov cortéspondihg to the lake in the
band 6 picture was néed as a template. The cqordiﬁates of
the top léft corner are (23,31). The ranmnge pf'searchv
coordingles uis li!ited_to (20,20), (20,59), (59,20) and
(59,59). vThe'total nusber of reféfence points is 40;40=1600

.-and the total number of rois'go be correlated is

32#%1600=51,200. - All-six iatching techniques were applied

]

<

i
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and the results are given in Table XIV. The pro$b§ed\ie£hod

vas also used to locate ccntrol points for 3 test picﬁntes.

-

A

" Table XIV. Computational Times for Correlafion Methods II.

Bethod Row s Saving PO Ratio Match
correlated % ecs ~ point

...... A - - - = W P ™ S S W "S- -
1. Past T 10730 79.0 3.862 1.00 (23,31)
" 2. Past Randos 12009 76.5 8.867 2.29 (23,31)

3. Barnea with 28773 45.3  8.639  2.23 (23,31
abs. diff.
aeasure : .
4. Barnea with 17686  66.9 10.605 2.7¢ (23,31) ~'E
normalized abs, . | .

diff. measure

S. NADM Random 16668 68.9 19.088 4.94 (23,31)
6. Conventional 51200 0.0 16.123 4.17 (23,31)
| .

» For the first test problem as su--atlzed in Table
X111, it follows that the proposed lethod is the __§; among
all the other methods. Barnea and Silverman's method failed .
to locateithe proper match point. ‘The two- different - l%a.
geasureé ga;e diffefept inconreet matching points. By
applyieg ;and0|'reu ordering, the/proposed method and Barnea
and Silverlan's lethod took wsore computational time. Again,
Barnea ‘and Silverlan's -ethod did not find the correct natch
poxnt. As expected conventicnal correlatzon by taking more.

-

tlle found the correct natch poxnt. The surp;1s;ng thing is
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that Barnea-and Silverman's normalized measure toek about
_same time as conventional correlation for this example. One
of the reasons is thatfsub-picture means have to be
‘subtracted at every referenée"pdint;
In the second test problem, as summarized im- Ta le
XIV,Qall six nethedsAqbtained the cerrect natching‘point;
. The nroposed method is-again the best. For random ordering,
'conpntational time wvas high witnfne’apparent gain. In order
to sulmarlze, the followlng conclu51ons are drawvwn:
1:,'The proposed ne;hod is the best anong the six tested. -
This lethod ‘is appllcahle to any type of pictures, as
constant gain and offset‘problems are taken care of.
r2. Randoa rov‘ordering should not be done. It consumed
more conputational time, with no apparent galn.
" 3. . Barnmea and Sllverman 'S nethod should be used very
carefuliy a:d only for those pictures where constant
gain and offset problens doynot arise. .
4. The proposed method is 2<tiles faster than'Barnea and

" 'Sll(ernan s nethod and about ¢ tlmec faster than

cgn:7ntlonal correlation for the test problens.



4.2 Fast Correlation Coefficjent

The. purpose of this section is to compute the upper
"bound of the correlation coefficienp R, in terms of multi-
plications and additions and to prepose faster methods for
computlng R f3£ two dlnen51onal data, i.e., plcture and
vlndou matching. The noti/9>of runnlng sums will be used to
save conputatlons.‘ Th\p1cture natchlng, for flndlnq the
‘best tenplate match, a 51gllar1ty measure llke nornallzed
cross correlation %s_often‘used, wvhich is given by:

) ' . , . ;
o Sum ((x—xmean)*(y ymean) }
R = =-btemmmm=msccsesmsesm————sss=sosoooocoo—smomoTo,

' Sqnt{(Sun(x-xnean)**Z)*(Sun(y ymean) **2) }

v

where X,y are: the n-tuple data vectors, and xmean, ymean are

the respective‘neans.' For conputatlonal effléaency, thls

.-can be written as: ' , : . ]

n*Sun _x*y -Suﬁ x*Sum y

Sqrt({n*Sum X*%2- (Sum" x)**Z}*{n*Sum y**2 (Sum y)**Z}]

Con51der ‘a large plcture X of size L*L and a small
window Y of 51ze,u*ﬂ as shown in Plg. 51.» The total nulber
of reference points where thiS'Hindew can be displaced,is
‘~(L u+1)z The nulber of nultlpllcatlons and additions for a
convent10na1 method for computing Sum x and Sum x2 teras are .
(L-u+1)=*u= and (L- 5*1)2*(52-1) respectlvely. It is shown
that by using algorithm F, the computations can be reduced

to L*(ZL-E)_and (2L-H) 2-1 lult1p11cat10ns and addltlons:'A



plications and Mz-1 additions.' The total nunbér»of

-multiplications for the conventional method are:

‘the term Sum y2, and the second factor is for Mz multi-
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respectively. Also, algorithm F's functions aze monotonic

-

decréasing with respect to M, as M increases. As M--DL, the

functions are L2 and L2-1, where as M-->0, the functions are

2

2L2 and 4L2-1. N .

M*M Window Y

,_\_
]
]
[}
[}
[]
[}
[}
|
R ol N N

 L*L Picture X

‘FPige. 51. Large~and—sméll pictures.

‘ It should be noted that sinéé~tﬁé"terns Sum Yy, 545 y?
in R remain the same, they have to be computed only once.
Also, the upper bound will only be consiﬁered for terné like

Sum x, Sum y, Sum x*y, Sum x2 and Sum y2. The total number

' of operations for Sum x2, Sum y2, and Sum x*y terms are M2

multiplications and M2-1 additions. Similarly for Sum x and

Sum y terms, the total number of aperations are 0 multi-

M2+ (L-M¢1) 2% (H2¢42)

The first factor consists of uzvnul?iplications for

plications for the terms Sum x*y, Sum xz‘fof all‘(qu+1)2-

»
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reference points. The total nulbef of additions for the
ébnveptional method are: ' | oL
2% (H2-1) +3% (M2-1) % (L-N+1) 2, . ’
*Since Sdm Yy, Sum y2 terms are to be compdted once only
, P _ v :
and Sum x*y may have to be computed for all® points, the only
place one can speed up the procéss is‘in the computation of
Sum ‘x and Sum x2 terné. The Sum x*y term can be efficiently

, . ) ' s
computed by convolution, see [4]. Therefore algorithms have

been designed to compute Sum x and.Sum x2 teras efficiently. .

4.2.1 Algoriths E for Sum X and sum x2

Suppose a window W is being matched with the large

picture, as shown in:Fig.f52. Let Sum a1 be the‘hor;zontal

sum of the first four elements of the firsf rov and Sum ailz
.be tﬁe sun;df squares of first'fohr eienents of fhe‘first —
r&u. Théﬁ Sum a1, Sum a2; Sum a3, Sum a4, Sum al2, Sum azz, -
Sum a32, Sum a4z, are conputed, ﬁhere tﬁe range“og tﬁe row

suam.is f;on‘i to 4.

4*4 Window W
-al ’ . @
az2 -
a3
ag

as

Fig. 52. Cdlpntation of running suas.

Next, for cb!puting correlatibn for a displacement of .
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1‘in thé column direction, the teras Sum as, Sum a5z, are
added to Sum a2, Sum a22, Sum a3, Sum a32, Sum ad, Sum a42

respéctiVely; Thus for every coluamn displacelént,‘only one

. row has to be conputed i.e, M multiplications and 4 (M- 1)

addltlons, 1nstead of N2 lultiplications and 2 (M2-1) addl-
tions. When the telplate is moved to the right, for _—
displacement in the‘xfdi;éctioﬁ, this procedure caﬁ‘be |
kfepeated.' T he algoriﬁhl can be_sullapized, as follows:

1: Compute a1,a2,a3,...,aﬂ for an M*M window.

seep
’§;§p 2: Conpute au+1 raN+2,...,aL uhlch gives the 1th column
\ of the correlation l‘trix. B
é;gg‘ apute a1;a2,a3,...,au for the’(i+1)th column.
7§§g§ 4. uepeat steps 2-3 fbr all'posSible disblacements.
The total number of !gggggiicatigg§ for Algoritpn'ﬁ
are: | | | . ‘
‘-'uz+(L-u41)2*u¥+4u1ta,
where | N

Multa = (L-M+1)* (H2+H* (L-H)) .

- The first and second factors are cqétributions %£01 
the'terls Sn- Y2 and Sua x*y respectively.. The flrst terl ’

>1n Multa is the contribution from the initial processing, |
-the seqond factor haslu:lultipliqations.per L-# rows per (L-
 8+1y points. Thé_gerl Multa can be Hrittgn\as: o
| LE* (L-#s1). |
The total nuaber bf a?ditions'arq:, _y  'T\\_

2(M2-1)+ (L-8+1)2%(N2-1) +addx+addx2,
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uhere

-

addx = (L-u+1)~(;>>1)*u+u-1)#2(n-u+1)*(u-1)*(L—u),

The first term is the contribution‘f;onvSum Yy and Sunm
' o v - -
Y? and the second term 'is due to Sum x*y. The expression

o -

for addx can be simplified to:
(L-M+1) % (28%L-N82-20L+28-1) .

Similarly addx2 term has also the same value.

4.2.2 Algorithm F fof Sum x and Sym x2
The.lotivatioﬁ of this algorinhn i§ to conpufe running
, T , }
Sumps in two djmensjions, with no extra storage. The opera-

tions are dome 'in place', with the exception of tvo vector

arrays of maximum row size. This algorithm is an improved
version of algorithm E. o

Pirstly, rov sums are computed for the'range of 1 to

- X ‘
M. This suya is again -summed, i.e., now a colunn‘sulf(tvo

dimensional sum) is obtained. Next, vhile the v1ndou moves

. -
+

down for a coluan disp acelent, only one row. is sumned
horizontally, the previous rcw sum (row refers.to the wvindow
vhich it has left upon this‘diSplace-ent) i: subtnactéd ann
/the two dimensional snl, and the nen row sulled.i;:addgd to‘
the two Einenéional sum. In fhis manner, column processing
.ds done. Hhen uindou lowe~= right, the procedure of adding
.one elenent and subtracting the prevxous elelent 1s-
folloued. The originalvvector ;s lodlf;ed now and e
précass;ng startsvagain as in'tné_coluln di§placenent; "The

algorithe P can be summarized as follows:
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Sted 1: Compute al,a2,a3,...,aM for an M*M window, where

al is the row sum of first row, a2 is the rov sum of
second row, and so on. Similarly, compute the sum

k]

of squares terms, i.e., al2, a22,...;aMne,

————

Steg.é: Susmation of at,a2,.,.,al gives the Sum x te;lg

for ghe first correlation point. ~ sSave this sdp_QS“

.

Tem.” Similarly, add a12, a22,...,aM2 and save this

o

~ sum as Tem2:
" Step 3: Por computing the second correlation point

(cbluin),,COlpute'au¥1, add aM+1 and -a1.to the

fprevious sum Tem., Similarly, repeat for the sum of

his E}ﬂ,‘

clunn_of‘the

i

squares term. Repeating step 3 in
'coppletes the procéssing,of first,r
correlation matrix. ‘
Step a:\ihen the window is moved right by a unit
?’diSpl?celént, lédifyk§1,a2,a3,;.;,aLiby subtracting
‘the érééioh; element and by adding‘the next element
néedéd. Por&exalple,'for a 3%3 case;
] al = at-all*ale, alz = aiz-alizeatue,
- uﬁé:é'ai1 énd‘a1afare tpe_firét and~fourth'éielents‘
| of f;tsf.roy. " Repeat sPeps‘3'andr4 for different
cdlulns. :# ' | .

step 5: Repeat step 4 for all poséible displacements.

The total number of multiplicatiopg for ilgoritha P
~are: f R ' :

M2+ (L-M+1)2%MZ+Multh,
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vhete s : -

uultb = L*N+2(L-N) =L,
The first and second factors are contributions fron
“the terns Sum y2 and Sum x*y. The first factor in uultb is
froa M lultiplications for L rows and the second factor is 2
flultiplications per L rows’ per (L-u+1-1)'colnlnsc' The total
number of ad itions are: . . / :
| '2(52-1;+(Llu+1;z*(uz~1,+addx+5ddxz,

-

where .

»

. d

addx % L*(a 1)+2(B—u)*L+(u 1)*(L~u+1)+2(L-u)*(L-a+1).
~  The first faLtor is the contribution fro- Sum y and
Sum yl teras and the second factor is due to Sul xX*y tern.
The terl for addx2 is the Same as addx. The first factor 1n
addx is (u-1) additions per L‘rows (once only, colunn sum) ,
- thé second factor is for 2 additions per colunn for (L- Me1-
1) coluln The third factor is the (M- 1) additions (first
‘tlle) per colunn for (L= Btﬂi total colulns, and the last
factor is for 2 additions per row (L-~Y) for (L- u+1) total
rows. The addx factor « can be Sllpllfled to:
| (2L-8§) 2-1, |
~ The nulber of _y;_lgl_gg;;gng for conventional
Talgorithl E, and-algorithl P can bo sunn&gized as follovs-
524(L~u+1k:*u¢0(L—a+1)t*ul for conventional
:ﬂz+(n-a+1)t*ut;(L-u+1;*L*u for algorithl E,
‘Hlf(L 8*1)1*530L‘(2L-a) for algorithl r._'
Sililarly, the nunber of tjo are:
' 2(&2-1)43(L-uf1)2t(u¢-1) for conventional,

A )

‘%
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2(M2=1)+ (L-H+1) 2% (H2=1) ¢2(L-N+1) * (2L*B-HZ-20L+20-1) for
algorithm E, =

2(ﬁ2-1)+(L-u01)2*(32-1)02(2L-H)2—2 for algorithm F.

‘? The numsber of multiplications and additions are given .

in the first ‘and second rows of Table XV. The ratio of the

operations taken by the conventional method as compared to
the algorithe F is also given. The ratio indicates that

algoritha F is about 1.9 to 2 times faster and about 2.6 to

. 3 times faster than the conventionél method in the number of-

'Iultiplicaﬁipns and additions, respectively. It should be

noted that L is'usﬁally very large with respect to N.
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Table XV. Nulber'qf Blultiplications and Additions for
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P R D TR T TP D T TP s W P TS T D D WP D L R S e W T R S D e s W WP W WD = e e G W W W W

L .. M
- 256 8
256 ~ 16

s .
256 64
256 128
256 192
256 256
10000 10
100

0.79368f57
0.1172E+08
0.2974E+08
0.4443E¢08
0.3051E+09
0.4576E409

0.5453F+09

 0.8179E409

0.3115E+09

' 0.4673E+09

0.1966E+06

0.3277E+06

0.1996E+11

0.2965E+11

0.1961E+13

0.2941E+13

10000 1000 0.1620E+15

10000 10000

Y )
" 0.2431E+15

0.3000E+09

0.5000E+09

0.4478E+07
0.56672+07

0.15B6E+08
0. 1840E+08

"0.1557E+09

0.1635E+09

0.2769E+09

0.2853E+09

0.1590E+09

0. 1638E+09

. 0. 1966E+06
. 0.3277E+06
0.1098E+11

0. 1348E+11

0.9902E+12

0.1019E+13

0.8111E+14

_0.8136E+14

0.3000E+09

0.5000E+09

.
.

ALG. F RATIO
0.4097E+07 1,937
0.4414E+07 "2.655
0.1500E+08 1.983
0.1530E+08 2.903
6.1527E+09 “1.998
0.1529E+09 2.992
0.2728E+09 1.999
0.2730E+09 2.997
0.1559E409  1.999 .
0.1560E+09 2.995
0.1§6§E+06' 1.000
0.3277E406 1.000
0.1018E+11 1,961
0.1068E+11 2.776
0.9805E+12 2.630
'0.9810E+12 2.998
0.8102E414 2,000
0.8102E¢14  3.000
0.3000E¢09 1.000
o.sdobz+09_ 1.000
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4.3 Discussion of Results
In this chapter,Atelplate matching lethods are

discussed. The need for using a ndr-aiized cor:elation
SCOEfficieng as a-similarity measure is pointed.out;~and a
'fast template matching method is developed. For éne test
hproblgn,‘Barnea and siligrlah's method did not locate the
cqrfect'latch point. ‘The ptOpoSed letho§ is about 2'tiies
fasterlihan Barnea and Silverlan's_lephod and about 4 times -
faster than conventional correlation fér‘the teét probleas..
The upper_bound’for the Correlaticn coefficient is computed
©in te;n§4of the number ;f lhltipiications and additions.
.Ivo algorithms. for fagt correlation are given. The nuiber
of nultiplications for picture matching can be reducéd from

| HIOZ(L-ﬁf1)3*Hz to , |

uZ+EL-B+1)2*HZ+L%(2L—u).'
The pun:er\of additions can rLe red0cedffroi'

o 2 (#2- 1) +3 (L- Be1) 2% (H2-1) to

2(5z 1)*(L-a+1)2*(u2-1)+2(2L M)yz-2,
Algorlthl F is abont 1.9 to 2 times faster than the
" conventional nethcd in- the nunber of nultlpllcatlons, and is

about 2.6 to 3 times faster .in the number of additions.

— : / S 7/



Chapter v

CHANGE DETECTION

hanges in a scene can result froa both relative

Rovement of objects and lodifications 1n stationa:y objects.
To detect a motion change, it is nsually assuned that
objects change in displacelent only. If this restriction is
removed, and changes in displacelent, rotation and scaling
' are peramitted, detection of lotion changes by a machine
becones cunbersone. changes in stationary objects occur due .
to shape, intensit;, textnre, etc., or soae conhinatién\of
then.' Each factor introduces a type of change,. vhich a
general change detection systen nay not be able to detect.
t‘This Chapter will deal with changes due to.intensity, shape
and lpcation of objects in various scenes. An application
in nachine vigion 1s that of a ualking robot searching for -
different things. Varions othet applications of change |
4detection include crop grovth, detection -of forest fires and
- pataral diasters, environnental changes, nilitaty recenn-
aissance, land use nanagelent, nrhan growth, etc.. ‘

In the follovi g paragraphs,_varions techniqnes of -
.change detection vill be snrve’ed, and the changes vill be.
classified into different types. The techniqne developed

for detecting changes isg described and the resnlts obtained

106 , .
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. R - v ] %
on applying thea on five test sets of pictures are di scussed

TR

in the section 5.3. : %}

5.1 sypvey

Kavamura [ 29] describes an automatic change: detection
syStel for city planners. :he’tvo pictures are registered
by least-squdres analjsis, and then divided into small |
regions called cells. ~Measurements like correlation,'
entropy and probability are calculated for each cell pair.
Using pattern c1assi£1cation techniques, the cells are
claSSified into change categorf and no-change category.

- This systel was the first autonatic systel for change.
~detection. *

Quan'[45] has désigned a systel,Ior detecting
differences between pictures of the‘planet Mars. The two
pictures are registered by a variant of the control point
. method, see Sectién 3.2. .Por corresponding sub-pictures, a
two dilensional cross correlation matrix is ccnputed for the
‘ integer'shift paraneters. By using interpolation,hetueen |
,the correlation values, shift parameters in teras of |
- fractional accuracy are obtained. The registered pictures
_are then snbtracted pixel by pixel and displayed.

Lillistrand [35] describes a systel, vhere portions of.
a scene are processed one at a. time. Bach. sub-pictnre is
cross correlated to obtain the shift paraneters and then the

snb-pictnres are geonetrically corrected to remove distor-

tions. After applying the tr7hsforlation,‘the registered

. SR |

=}
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sub—pictdre is generated and changes between the sub-
pictures are detected. The systea has the further

A -

capability of quppreséing shadows or other features which
are not of interest. v

Ulstad (61]) reports an algorithw for detecting ﬁlall
differences between tvo‘pictures. It congists of appiying
nonlineat §patia1 registration, then matching central .
moments of local areas for normalization of data, aad
fidallf, coiputingotpe\gixel by pixel difference picture.
The poiot of matching the local mean and rariance is
"emphasized for accurate conputation of the difference
picture. . | |

‘Price and Reddy [ 44] jproach ‘the change detection
problel differently._ The two pictures are registered by the
control point technique and are then seglented into regions
by thresholding the histograls. ‘The statistical features'of
the regions are co-puted and then compared for any type of
change to be detected. This is ome of the first symbolic
approgxhes to the‘change,detectiop'problel.' | |

| For land use changes, luca vork has been‘done at the

U.S. Geological §nriey (38,66)% however, the system is not
‘Lautolatic. Changes aré identifiedﬁby image interpreters. who
mount the two pictnreg_on a zoci transfer scope. ‘Land which
:is'in'the process of developlent or under construction can
be recognized, by co-parisqn vith previous photographs. An
autonatic digital systea vould be very useful for this :

application. .
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Helch and Pannell [71] have used d191ta1 pictures for

s
land use changes in Chlna. Pattern clas51f1catlon algo-

rlthns are, used for c¢lassifying individual plxeie into - .
various classes. Th¢ class1f1cat10n maps are conpared for |
urban gnovth and landwnse inpvarious sectors. The authors.
‘discuss_ehe significance St ;hanges for land use.’

Ellefsen [ 16] beging.:by geenetrically registering and>
correcting the two LANDSAT pictures. The four bands of both

: \ ,

~.pictures are used to genefate a new piCﬁure, such that every
pixel has 8>gray 1eveis assigned to i{. The pixels which
ate sinilar to each other in the new picture, are grouped.
A'spectral map of:varigus'groups is obtained fer interpre—
”tation. Theug:ocess is iterative in the sense that, if anj
. group cannqt be identified precgerly, :e:grpuping‘of‘pixels
is done again. . A | | o

De"Gleria et al [14] also use LANDSAT p?ctn;es iq
'detect sprlng and summer changes. Tney-do not nenﬁion any’
reglctratlon steps for plcture alignnent. The changes are -
obtained by nanual as well as by digital meags. The input

. &

.pietures are claséified into varidus'categonies such as /
vater, snov, meadcv, treee,!eté., by applying paieern'
claéSifieation algorithls., The‘nulbe: of pixels belonging
'\te each category’is counted for each picture. The change in
the nunbef‘of p;xelebfra-"Qne date to anethei_ié then.
celputeq. A eililar approach nas'been follouedvny

Christenson and Lachowski (11].



0 | _ ‘ 110

5.2 Type of Changes
A A:phange‘can take plaée either ir a short time or in a
lbn; time. A rapid Change~bakes less time to océur, €.g.,
- forest'fires,roil leakaée in sea,.land§lides, etc. A slow
change takes long time to develop, e.g.,’land use pattern of
deve;gping cities; cutting and pléniing'of'fofests; plént
growth, etd. The type of changes can be classified as;
small, large, false, pre-specified,‘gotion, infénsity; a;d ~
feitune.‘ Eéch‘type of change is h /;;;Picéllj sumdérized”
as: ' ~ |
1. small: A small chapge ié'hard'tb ;ée visﬂally and
is minute in size. An algorithm sho@ld be able to
detect tﬁis change, as it may be inportaqt for military
‘ app1ica£ions. R ‘ §~ |
'2."1argeﬁ A largé changé is easy,éo.locate, both éisual;y
and algorithmically. | |
‘3. false: A faise chdnge ié important to detect, sincgl
it may occur due tb many feasons,ie.g., inco:réct
Tesults produced by an algorithn.: A change may exist,
b;t'an afgorithu interpxets“itjas a ho—ch;nge and yvice
', versa. I;\éan alsé result fro- difference picture§~
.‘Ghich have pgen'subtracfed frdi unnorlalized picﬁpres{
4. 'pre-Séécified:lIn a pré—specified’change, i£ is already
.vinown thatva'change.has churréd'at sble location or in

some sub-gegion, e.g., monitoring of the'@issile sites.
S. motion: In‘a |qtion'change, some 6bjécts may have moved
with respect to,the other-objects-in the same scene,
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e.g.; nonitdring the number of cars.at a traffic circle

by a robot or a TV camera. . |

6. intensitfz An intensity’change is due to vetiatﬁon in
:gray levels,‘because of diffetent environmental
conditions.

7. texture: The texture of objects can change vith respect

‘to time, e.g., plants have dlfferent texture at

;different stages of growth.

5.3 Method of Solutlgg

_— e

In this cheptet,‘the change detection probleu will be
studied with resuectrto the conputation'of difference-
pictures. If plctures have been obtained under identlcal
condltlons, then dlfference plcture analy51s Hlll ‘show
_changes clearly; however, under dlfferent,condltlons,
'nornallzatlon of plctures is essentlal.v It should be noted
. “that even though the plctures may be normallzed, a regls-.
Atratlon error of more than 2 pixels Hlll produce an
incorrect d;fference plcture,ll.e., changes may not be
| :eliable, The difference piEtureVEdhsists of the abeolute §
ﬁiffereuce of'the gray leveis eglthe tue‘piCturesu inborder
to kueu‘the magnitude of the gt;yulevel, uhich can be
vciassified as a ehauge; the threSholdwT’should be computed. .
The’selection of thie patalete: is not easy and is dependent
on the'nature of changes to be detefted. If‘the range-of i
the difference:pissére is (a,b), then gray levels'frou a to'“

%4
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T arevassigned a gray level of 0 and from T+1-xo b are
assigned a gray level 1. The resultlng picture Ls a binary
change picture,auhere a gray level of 0 represents a change
pixel.and a'grav level of 1 represents a no-change pixel. -
1f the binarv picture contalns noise or areas where

reglstratlon accuracy -is in guestlon, an N*N averaging can
be dote for s-oothlng purgposese. Isolated change plxels
(O's) can be removed by an. h*u cleaning operatlon, 1.e., in
a nelghhorhood size of N*N, the nunber of pixels with gray
" level 0 1is found. If thls number is less than (N*N)/Z, then
the gray. level.of the plxel is changed fron 0 to 1. ’ )

For, reglstered plctures, the absolute dlfference
between the gray levels of the correspondlng plxels will
vary. ‘Also, for a particular gray level, the dlfference
does not. renaln the sane, as the spatlal coordlnates of the
pixels change. .For exanple, the first picture may have many
plxels v1th a gray level of S. io the correspondlng pixels
of.the second picture, the gray levels may vary from 1 to
30. A- one dllen51onal histogram for gray level S5 can then
be conputed, thCh vould glve the freguency of numbers in
the range (1, 30). '

The notlon of a one dlnen51onal hlstogral can now be
easxly extended tc tyvo dlnenglonal h;g; g; ns, by cons1"
derlng othervgray levels in the fxrst picture.- The two
Adllen51onal histogram n be represented by a matrix,- vhere

',the rovs of the latrix are the freguenc1es of gray levels 1n_

- the second plcture,'correspondlng to the first plcture's

y -
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gray level. The. two dimensional histogram can be defiped

a

as:
‘Definition 6: Leﬁ'd1,aé,...,an and'b1,b2,..;,butbe the gray
levels of the first.and second‘picture. Let.Hi1;HiZ,..3,BiN
be‘the fréqﬁencx of the mapping of the cor:espoﬁdingvpixels
for gray level ai to thévgray'levels b1,b2,..:,bN. The

matrix is given by: o ' ' , ‘ .

b1 b2 b3 ... bN
al H11 12 13 ... H1N
a2 H2Z1 B22 H23 ...  H2N

LN ] o e 0 LI ) L ) e e . LN )
-
¢

aN BN1 BN2 HN3 ... HNN,

.Given two registered pictureé and a binary changé

’ picturé, the’nofion of the tpo:diiensional.histbgral caﬁ be
uséd'to.géﬁeréte the change and.no-;hgngé histograms, by N
considering_cnly thdéé-pixelsluhich have changed 6: not .
cﬁanged.' Since the -appiAg'forva particular gray'level of
.the first piciureﬂgoiﬁhe set of gray'levglsvof'the second
picture is one tc many, the !gigéggg average of the graf -
levels of the set is conputed; _This éfet;ée:ié thegnappfng
of thé‘?ﬁftiéulat gray leve;’in the first piéfure td the
second picture(fl?heiiéan deﬁiation is then thé'ab#olﬁte
.difference 6f’the tvo gray'leie{f.ﬂ The procedure for
'conpﬁting fhe tvo dilénsionél.histogran is sul!grizedAin

algorithm G.'
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Algoritha G:

Step 1: Given original? registered and.binary'cﬁange‘
pictures, generate change and no-change two
dlnen51onal histograas acCordlng to the following
criterlon. Scan the three plctures plxel by pixel

- and repeat the following for all the pixels. For
fhe original piéturefs gray leiel,.check the gray -

~ level in the reg1stered picture and 1ncrelent the.

.correspondlng column" by one. If the pixel has
changed accordlng to the blnary picture, the coluln
of the change hlstogral is updated, otheru1se
increment the no-change histogran's cclunn.

Step 2: éonpute the cul and Heightedraierage'of the nulbers.

~in a-row and acsign this average to the average’

‘ vector.l Repeat step 2 for all the rous and both the .

':change and'nd-change histograls. | '

v§;_2 3° Conpute the dev1at10n vectors for both the

HTstograls betueen the row index and the average
vector, by consxderlng -only those gray levels uhlch

.>are present'in both the pictures. Finally, conpute'
the neans of the deviation vectors;‘uhxch gives the ;
mean dewiatlon for change and mean- deviatlon for no-

* L
‘ changeypixels.

The conputation of the‘change and'no-change histograns'
can be 1llnstrated u1th the help of an exalple. ConSider

the sub-picture matrices A, B and the binary change picture



C der a’ threshold of 4) as given in Tables XVI-XIX.

Table xvi, Original Matrix A.

- . 5 5 6 6

© .10 10010 10 <
5.5 6 6
A 66 6-6 )
Table XVII. Registered Matrix B.
L ~ : ‘
8 71 171 7
T8 8 20 20
8 8 8 7
(@0
71 1 1
Table XVIiI: Binary change Matrir C.
11 1 1
é 1. 1.0 0
( o ) ‘» .~ . . N
- S 11 1 1 —
11 1 1
'rahle XIx.'Tuo'Dilensional Histograms.

17 8 20 ave.. dev. -7 8 20 ave.
L ‘. R B . ' /r' . . . L} ‘
5 1 1.3 | 0. .8 375 .0 ¢ 094 0 | -
e Eeead Bty N f=====l=====]

61 7 ¢ 1 1 O ¢ 7 1 6 O. -0 | O | -
B Eaend enand hesend NN Lot ST RSt B I
10y, 0 ¢ 2 ¢ 0 | 8 2 101 0. 4 .0 ¢ 2 | .20
M . 2 . . " Pl -
No-Change. - . 3 -~ change

.
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dev,

In order to detect various kinds-of chande, five sets

of‘pictnres'uerelrégisteted, see_Chapte:'III. The types’

of

changes consisted of:"iérge, sldv?wsnall,'ind small with
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L

texture. In another set of pictures, the registered
pictures uere subtracted pixel by pixel for registration
accuracy. It shonld be pointed out that for subtracting thev
two pictures, the following cperation will be used:

i : pls 255 - akbks(f -g),," |
where f,g are the gray levels of ‘the two pictures.and p is
the gray level of the difference picture. The operation'
Sinply reverses the gray scale for displaying changes as
black on«the white background. The range of the GauSSian
,normalization for all the pictures vas (0,255).

'~In the‘first test case, the two registered pictures as
. shown in Pig!* s 33 and 35, were Gaussian nornalized. 1The
‘resulting pictures, as shoun in Fig's 53 and 54, vere then
subtracted pixel by pixel to generate a difference picture.
The histogral of the difference picture is given in Fig. 55.
Fron the histogral of the difference picture, the threshold :
¥as found to be 230. The difference picture was then
thresholded at 230 to: give a binary change picture, as Shown
in ¥ig. 56. ° visually, the changes in,the lake are clearly
' eVident, which are due to snov on the lake. Elpirically;
'the proposed algorithl -Was applied on the two registered
pictures and the binary picture to yield a set of )
‘statistical.paraleters. The -ean change deviation and nean
no-change deViation from the first picture to the’ registered

picture is given in Table xx (picture'na-e’Lake),

° : - ' . .
A . .



Fig. 54. Lake II (Gaussian) registéred with Lake I
(Gaussian) using nearest neighbcr approximation.
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Fig. 56. Binary change picture of Ldke‘a;ea.

Flg. 57. Bi\gry change plcture}of Edlonton uszng
' bands 4 and 5.

.
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The number of pixels which changed is also.given.

~

Table XX. Means of Change and Ho-Change Gray Levels.

Name No—change change ) Pixels ' Pixels _ Pixels
_ Ave Ave ‘Hot Changed Changed Total

1. Lake 10.51 28.45 63567 ' 1969 65536

2. 'Edmonton

Bandé  10.21° 20.56 ° 240064 - 10937 251001

', Band5 19,87 33.59. 240064 10937 251001

/' pand6  25.18 56.02 238072 12929 - 251001
i | Band7  22.58 68.38 . 238072 S12929 251001
/5. perial 6.1 21.39 81239 31161 112400

4. Cut . 6.9 20.8 122231 . 3209 125840"

5. PFertilizer

N. N. 5.13 20,92 129548 . 17452 147000
Bilihear  5.06 21.64 . 130736 -.- 16264 - 147000
Cubic - 4.75 23.60 ° 131582 15417 147006~

In the second test case, all fnur hands of the tuo
'pictures were registered. The band 5 pictures are shovn in
Fig's 29 and 39. The four bands of the first registered
pictnre were then subtracted pixel by pixel, fron the second
'registiged picture to: yield four difference pictnres. Thev
histOgrans of the difference pictures gave a- threshold of
T=15 for»bands 4 and 5 and a threshold of T=53 for bands 6

and“7._ The difference pictures vere then thresholded to_

’f
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" give binary pictures. | /'o.‘

Next, another binary'picture was generated pitel by
.'pixel by a logical 'or"of bands 4 and 5, e.g., if either of
the pixels of band 4 or bend'slhas a gray ievel 1, the new
picture.vill also have a gray level 1. 1In the sinilar
manner, another.binary oicture was generated by the logical
tor*' of pixels of bands 6 and-7.} This processihg vas done,

: because bands 4 and 5 and bands 6 and 7 are very close

together, both visually . agbuell as statlsﬁgcally. Although,

some features are dlfferentxated by each band separately, in

this study this pcint will not be considered.

The two new binary plctures vere then cleaned by usxng-'

a 7*7 operator. The resulting plctures are shown in Pig's

57 and 58. In order to point cut the land use changes,.the .

picturesvvere overlaye& with the‘registered'pictute‘ahd'ére
shown _in rig's‘59hand 60.. fisually, theiurban growth in the
Edmonton area can he'seeh'eaSily.k The new developing areas
" of Cast];e'Downs', Nill Woods, st._uhért, Carleton Estate,
Albert Patk, Thorncliffe; Batrzcxa Hts., are p01nted out in
',rig. 59." Rnral chanqes~such as cutt;hg of‘crops, etc.,’are
- evident in Pig. 60. It should be noted that bands 4 and 5
elphasize 1and use changes and" bands 6“and 7 enphasxze '

forestry ‘and tqral type of changes.. Egpirxcally, the Rean

‘change deviation and mean noéehohge deviation in grai'levels

for.all.hands'is'giien in.Teble,ix.(pietq;e'naie Ediohton).
It should be hoted that the cleaned binary picture (of bands

4 and Sp'uas‘gsed as a mask for both'h;nds,q and 5.

Y

]
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Fig. 58. Binary- change picture of Edmonton using
b&nds 6 and 7.

Fic 9, Overlaid change picture of Edmonton II using
bands ¢ and 5. ' - :
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g. 61,

Fia, 6C. 0verlald change picture of Edhonton II- u51ng,

bands 6 and 7.

BRI

~

Wlndow of Edmon*on II w1+h GéuSsian histogranm.

123 ¢
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Similarly, the other cleaned binary picture vas used for
“both bands 6 and 7
In the third test case, the registered pictures as '

shown in Fig®*s 45 and 50, vere Gaussian normalized. The
purpose of this test uas to check the registra‘;on accuracy
of pictures. The resulting pictures as shown in'Fig's‘61
and 62, were then subtracted pixelwhy pixel. FProm the
histogram of the difference picture, thevthreshold was
chosen to be“224. The binary change picture was obtained by'
thresholding the difference picture at 22“. The binary‘_
change picture as shown in Fig; 63,.shou large changes'in
four‘years. The registration aCCuracy was found to be
Areasonahle; i.e., within 1 to 2 pixels.. The nean change
deviation- and mean no—change deViation in- gray levels is ‘&
given in Tahle 8¢ gpicture name Aerial).

| Invthe fburtgntest casef‘the registered picturesias'
shoun/in’Fig's 42 and 41, uere Gaussian nornalized. The . ~
u‘resulting pictures as shown in Pig's 64 and 65, vere then‘
-subtracted pixel by pixel to generate a difference picture.
From the histogral of the difference picture, the thﬁgshold
was chosen‘to be 234.f The difference picture was then
thresholded at 234 to give a binary change picture. Ther
binary picture vas cleaned using a 3*3 operator to yield the
'~_final binary change picture, as shown in Pigqg. 66. Visually,

the small changes such as cutting of forests vere detected

ea511y. It should be pointed outlthat cleaning‘does
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"Fig. 62. Aerial picture (Gaussian) reglstered wlth Edmonton
II (GauSSLan) using proposed approxlmatlon.

;
b
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/ . ’ 4 .
Fig. 64. Forestry Cut I (Ga0551an) registered with

- o Forestry Cut II (Gaussian) using nearest nelghbor
) approxlmatlon.

Fig. 66;xaina:y'Changé pictnre_pf'cuzﬂarea;
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1D fact alter the shape of the‘detected changes. The mean
change deviation and mean no-change deviation-in'grayAlevels
is glven in Table XX (plcture nale Cut). I‘
In the final test case, the Pertlllzer 2 plcture and,
. the reglstered Fertlllzer 3 plctures, as shovn in F1g s 31,
36—38, vere Gaussian norlallzed. The resultlng_pictures are
shown in Plg s 67 70. The nornaliZed fertilizer 2 picture.
vas then subtracted fron the three norlallzed reglstered |
plc*ures to give three dlfference plctures. Fron the
hlstograns of the difference plctures, the- threshold vas
_chosen to be- 237. -The dlfference plctures were then
thresholded at 237 to glve three blnary pictures. These
plctures uere cleaned using a 3*3 operator to glve the flnal
‘change p1ctures, as. shovn in P;g s 71~ 73., ;
V1sually, the small changes detected are gobd.,'Since
'the pictures have texture, the dlfference p1ctures and -
dsubseguently the blnary plctures, show splkes of noise. It.
- should be noted that texture vas'not taken into accbunt for,
' deteCting changes; Thus thls test case raxses the guestion
of using texture inforlation in detectxng changes for-
texturE‘orlented pictures. Also, the change<p1cture
qbtained:throngh the'cubic convdlution;interpolation~is luch
better than that ohtained'by the-nearest neighbor approxi-
iation. The nean change devlation and mean no-change |
:deviatidn ‘in gray levels for hoth the nearest neighbor and o

bifinear approxination is given in Table xx (pictnre nane 5

»rertilizer).
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Fig. 68. P

L2

ertiliZer 3 (Gaussian) registered vith Pertili
' (Gaussian) using nearest: neighbor approximation..

. .
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Flg. 69. Fertilizer . 3 (Gau531an) reglstered with Fertlllzer‘
2 (Gau551an) using blllnear approxmmatlon.

‘Pig. 70. Fertlllzer 3 (Gau551an) reglstered v1th Fertlllzer

2 (Gau551an) u51ng cublc convolutlon.

2
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Fig. 71. Biﬁ;ry change plcture of Pertillzer area u51ng
‘ ‘ near:est neighbor’ approxilation. :

\Pig. 72. anary change pi.cture of Pertxlizet area nsing
L bxlineax: apprOx:uation. ‘ : ,

130
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Flg. 73. Blnary change plcture of Pertillzer are
- cubic convolution.
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This chapter is concerned Hlth detectlng various types
of changes in scenes. The changes are classified into
different categories;. ADn algorlthl for a tuo dlnensional
Ahistogral-is given for.conputing the-deviatlon in gray
levels fron-one;registered' Wqture to the anofher.' Five -
sets of regdstered.p;ctures are chsidered for identifying
various kinds of,changes; The'pictures are Gaussian
norlallzed and subtracted plxel by pixel. The-difference
plctures are then thresholded to yleld binary change
| pictures,A Isolated change plxels are reloved by a cleanlng
‘operationc "The changes identified are the surface of a lake;
duringvfail and wlnter seasons, forestry cutzareag SRR
fertlllzer area, and rural and urban land use.' The mean

‘change dev1ation for all the sets of pxctures uas found to

be higher than the mean no-change deviation.

-



CHAPTER VI

CONCLUSIONS

.

The aim of this research wvas to study the problems of
producing an autonatic chdﬁge detection.system. fhis
involved normalization, antcnatic-control point.selectionL
registration, template matching and detection'of changes.

The plcture nornallzatlon method has the advantage
vthat 1t can nap the orlglnal gray scale (a, b] to any de51red
range [c,d]. Normalization enhances and generates the -
desiredvstandard pictures. i o S ¢

In nornallzatlon, averaglng ‘over the diamond nelghbor-
”hood was done ‘to conpute the.average gray level. Ihe
neighborhoodnsizeﬁggn be varied and local information can be
used to obtain better'nornaliieddpictures;' -

‘The picture enhancenent“nethcdhsharpens pictures and
Athe blnary gradient p1ctures of the enhanced plctures have
less noise and thin contour lines. The ‘enhancement nethéd
vas nct used directly in_detecting changes; however, it can
be usedAin'antonatic'contrcl noint seiection. ' The origlnal

plctures can first be enhanced and then control p01nts can

" be selected fron the ‘enhanced plctures.

In enhancelent,'the neighborhocd size for defining"

binary relations,.canvbecvaried. The method can also be

= e - 133
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used for reducing the nulber of gray levels in the pictnresb
to soae de51red number. ‘ |

In automatic control.point selection, control points
vere selected onzthe edges'of:the objects of_the pictures;.
The prdblens,encountered in their_selection are presented

: gnd some basic features of control points are_giien_.

If'a neasure‘for a.goodfcontrol pointiis defined; the
.measure Ray vary froa picture to-picture. Fixed telplates
or pre-spec1fied objects such as: 1akes do not offer a.
general solution. The connected edge elelents approach has.

1

been successful but some lore wérk. has to be done in this
area-; The,pictures can also be averaged to reduce the |
conplexity problel.'brhe control points can then 'be found on
reduced versions. , . o
FE\4‘ " 'In the registnation of pictures, the iterative
feedback technigue is fast and accurate, as it nnifies the
control p01ntaand the.correlation approaches.v The regls-
tration accuracy for the first order transfornation vas |
about 1 to 2 pixels and for the second order transforlation
was about 1 pixel. ‘The cubic convolution technique of
,COlputing the gray level of the output pixel vas - better than
| the nearest neighbor approxination, as the pictnre generated“
by the nearest nnighhor transforlation vas non-snooth..
For checking registration accuracy, either the
complete pictures can be correlated or snalivcorresponding

'uindovs can be correiated at some check points. The nuiber

" of check pu1nts with a confidence interval of more than 95!'

-
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A

'lay be obtalned by applying technlques of statlstlcal
'salpllng theory. It 'should be pointed out that the °
potential'conrrol points serve as good test points for
Checklng reglstratlon accuracy. “
- In registration with large scale dlfferences,

,registration‘of an aerlal picture (2048%2048) "with a LANDSAT
picture,(600*606) has been done. 4The transfor-ed picture
was génerated by different approaches; €eGay nearesr
neighbor, averaging and the proposed approximation. The .
‘transforned’bictnre.dbtained:by thé proposed technique is
ﬁisnaliy'tne best, ac tne néufpictnrs;is smooth ann'noise
free. o ’ o

The proposed technique- for large scale differences can'ﬁ
also be 1lproved by us1ng either bilinear ‘or. spllne
’,1nterpolatlon, lnstead of zercth order approx1nat10n; To be
_lore accurate, the contrlbutlon oi the 1rregular area wlthln
‘the boundary should also be. taken into’ account. -This cam
best be dealt with by spllne functlons. |

In natching templates, the propose: algorithm was
about'é‘tines_faster thanr::;;::‘;nd Silverman's method and
about 4 times faster than -the standardxcorréiation nethod.
rhé number of onérations ih computing the noriaiized |
correlation'cocffiCient arengvaluated-anddfasrer algorirhIS'
to reduce the number of.opérations.are:reportod; ' . f.
| -The qgchniQue.develooed-for fast tenplatellatchingvcan
also be ilproved, The valnesiof'the preoséecifieo constantc 3

" k1,k2 and k3 should either be pre-computed or obtained’
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through some measures. Also, faster algorithas for
conputiu? the“correlation coefficient's term Sum x#y; should
be‘developed. | |

' In detecting‘chcnges hetueen tvo registered pictures,
various types of‘chdnges vere detected. 1In the change

detection procedure, stress has been laid on the binary

change picture and the conputation of twvo dilen51ona1

histograns. Becaus fixed thresholding in the difference

pictures; some iufOrlat"n is lost. Techuiques should be
developed to filter out the inforlation, vhich is indeed

needed. 5pecific applications of the binary change R
i ‘ o
‘detection'techqique include, urban developnent u51ng visisde
vavebands (bands 4 and 5 of LANDSAT), forest fire detectio?
‘Systels yhere fires produce much stronger signals in ‘the
thernal ‘infrared region of the spectrul:andvsnou»and ice
.sarveys on rivers ;nd 1ahes in areas where there is no urban
developnent. | | ‘

Also,, due to cleaning and smoothing, sOne'changeiv
'pixeis-arevlost. Even though, some 1solated'pixels may be
'vaiid chauge pixels, cleaning would change them to be no-
change pixels. In this thesis, isolated pixgls have not
been conSidered to be valid. If due to'cleaning, change'
pixels conprising-the objects disappear, better techniquesi
should be used to take care of this probl . ‘Texture
information was not used in this change de ection study. .

The fertilizer pictures are texture oriented, uhich cause

the binary change pictures to have many random noise points.
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o
. The role of texture in discriminating various types of

“changeés should be 'studied. : ’

o
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‘The user's

. AVE4d

. APPENDIX A

,1;; LIST OF SOFTWARE PROGRAMS

Name

'

.Page chapter -

AEB,TR‘NSRC ;;o.-oaoé

AVERAGE .gom..c;ondl-

BANDBIN

BILINEAR

BINARY

- BYTE. ERTS

CEEAN

‘_CORR. ERTS

® S0 0ss0s 000 enoe
. .

es s s v ensss e,

L.

COHSE"D ....C.....‘..

CPDUHPZH.;A-;..Q.;;.Q

DIFERTS ...

..'..,.....C..‘.
. .

bIrr'

.Q.Q.'..'..‘...CC'

owo.oo‘o;;o-ob.‘
&>

',21~

’EDHIST ooooocooco-.oo 

'BIHINCB_............- ’

8 III

various chapters is glven 1;w“;

"6 III

9 II-V

10

1.

13

13
15

16
17
19

22

23
24

v
11T
v
II-Vv -
L
II-v

III and IV

IIT

N LT

v
v
v
IE .-
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lanualAand the source listing for PORTRAN

A list:



.. uoau‘L.’ .’...'.'..‘....‘.4

{ ]

GRAD s csccesseccenvs e

KBAHER ........,.“-..

MATCH coceecesccecnese

: 'BASK .iio..olooco.oo-“"o._.

NEWBANDS .¢ccevccocee

FEWCORR <ooeeveecence

R'HBW.AUTO tescscocccsce

PRI‘* oo;ojooooo%c.;;:

SECOBDER «.<iueaccescnn

' ATOPDP'o.cqoo-oi;oopoi

T°360 ."...“.‘.....'...

>BESZKA ;,;.o.;;,.;..o

WIIDO‘ ®ee90eesecsc o e
N N

25
26

27
30
3

33
35
37
39

41

a6
47

a8

49

WIN.ERTS veeveveenees 50

I
11"

III and IV
mr

III, IV and V

IIX

III

IT and .‘v
II-VJ',“
IIT

Ii4v

II-v

II

II-V

II-V

1
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" APPENDIX B

v

SUMHARY OF PICTURE DETAILS

Tnis appendix‘gives a sualary:of~picture'sizes, hou‘
they vere obtained, filters used, output nediua, etc.-_Ihe;
Spinach ‘and leuron pictures vere obtained by digitizing two
covers froa the IB! Journal of Research and Developlent.
'This vas done by a TV ca,@ra. the output of uhich vas-
conyerted to.digital by;a_video‘quantize;1(12],_ Eor output,

the'digital data‘vas”then conve ed:int&ran analog iaage by

- a 35-- caaera and a Tektronix 6 storage scope operating in“

: non-store-node. Other picture wer first produced on an
electrostatic printer and then ph tog aphed to reduce the
scale. Histograns of the pictures were drawn by:a'Calconp
.plotter.._ e p’ .V‘ |

. The LAUDSAT pictures ‘in the forl of co-Buter
.lfconpatihle,tapes were obtainéd fro-:the Canada,Centre'forll
"Renote SenSing, Ottava. ghe‘uand nuabers used are giien in
the tigure description, together with the line and pixel |

: nunhers in the tolloving foraat (first row, last rov, first.

col, last col). L N
' The aeriai picture of Bdnonton was obtained fron the

'Alational Air Photo Library and has the folloﬁé:g details5

e
L »
P

N T

wh

fa
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NAPL Roll no: RSA 30376 Prane 3
Dite: oct. 1971 “
Film: Kodak aerochrose IR o e -
.Pilter: Pan 520 |
: eAltitudet 38600 feet
Scale: 1-12500'

‘ ’The fertillzer pictures uere obtalned fron Dr. Jim Lee of "

'}

the Pac1fic Porest Research Centre, and-are of the Shawnigan '
Lake ?e;tilzer'?lcte on Vahdouvér lsland, B. C. Both
pictures were then'digitized on a ecanﬁing_nicrodensitOletet
u51ng red, blue and . green fllterg by the Canada Centre for
Relote Sen51ng. Detailed 1nforlat10n about the plctures

.along with other conlents are llsted as follous.

YA Name - . :J:a," - Page
N. Neurea, 256%256. . _._:v ;u e : .18
o2 ‘Neuron ﬁith Gans§iaa histograa, 256;256.-_ 16
; - 5. Heuron uith flat histoqran,n:256*256. - "eal9
;e.f Spinach, 256%256. f'*. 1 S ,"1; 728

8. Spinach vith flat histogral, 256i256.' © 31

9. spimach uitn Gaussian pistogram, 256%256. 31

M

10.  Bdges of leuron. 25en2%6. o2
.;_11.§ Edges of leuron uith flat h;stogral, {b'?ﬂ32 c o
o 256*2565 | | e',? S B
| A12.M Bdges of leuron uith-Gaussian histogral,ln-'_33_

- 256%256. .. ..




- _
;,:j.' ¥ 7 ;*51 )
‘?‘.\" ! - o
. « .
PECTURE DETAILS " .
;\“,‘ 13.. Edges 'stpinacf:.' 256';233, oo REEE
L_ Ja; Edges of" Spinach with fla higtbgran(%; ¢ 34
‘”fSl Edges of Splnach vlth Gau851an histogral,' _;34 ‘/
| 256*256. ) T S L
"16. ‘Kramer ueuron, ‘256%256. . 36
17.. Krancr Splnach,j 256*256. SR | "»§@A§6
ia.i Hesgka Neurbn, 256*256.v' 7;;; ‘v' L 37
19. Weszka Spinmach," 256*256*“ B ‘ 37
| 20 Bages of Weszka Neuron, . 256*256. D 0 38
21, _qués:bf»gn_eszka spinach, --256*256%_-;,..9?' | 38
¢ ;f522.‘Enﬁanéed ﬁeqron,.ézgﬁizsg;if;' o = ,f“  40
'23.  Enhanced Spbj.‘liv;éh,,v_ 2562868 e
. ZQ.i‘Edges of enhancedvueuron, 25@*356. - 41 l/ﬁf: A
o 2s. M,Ed‘_ges of enhémced Spinach, 256*253?5, 41
. 28;‘ Edhﬁhfbn I v1th control p01nts, : :l"' _ 58i »
600*600, band 5. July 1973, " - e L
Y Inages 1344-18071, (1416 2015, 1888, 245"?’.. Ty
A;/.' .Only 512*512 vlndow is shoun. iy ‘ F
f‘429.” Edlonton II v1th control p01nts, AT Uf‘f$8 R
e 600*600, band 5,,,gu1y 1975, - | |
| I.agezgfwzqiss, (168.7,2‘286 /1819, 244,;3)
Tey




5 Qﬁf,¢”7255¢2§§} band 5.

e . ) S o as2”
( o . . ’ ‘A I % .
PICTURE DETAILS'

s

31. Fertllizer 2 iﬁth control po;nts, ) . 62
600*506, red band, 1973.

32, Fegﬁilizer 3 vith connrol points, o 62
| ‘gpdksoo, red band, 1974. ‘,,“',

- L ’
;dﬂéss, band 5, Sept.~1972w~ ¢ 367

',*-18341, (2030,2/95 2‘91,¢§ﬁ6

‘4“',".:'- - e

ftI, 384*384, bagﬂ;ﬁ' uar“ 14&4., T 67h
" 53% 1919).

vy - ‘-.;0

AW . N
6n1y¢256*256 ulndow* sﬁoﬁnm .

-.‘Jx .

".[ Inagg: aano-1§aa2,"(15,,‘”’

(e ,-.("-

2

35;' Lake II: regisgﬂrqd uxth‘tfke I u51ng - . 69
au‘ : u-t‘: “ , »l'v' o ?“.

, nearest nelghhor approxiuat;on.

v a’ 41},

"36.: Fertllizer 3 reglstered 31th Pertlllzer 2 u51ng

neares% ne1gﬁbcr approxlnatlon,. L ‘-6945

. 420%350, red band. o e | S
_‘37.'_Fertlllzer 3 regxstered vzth Fertrllzer 2 using

.bilinear approxlnat;en, {,f' , " A;.fc“720

uzo*sso, red band.,a

4

38, Pertlllzer 3 reglstered vlth Fertillzer.z uszng’

_-5' -  cubic cog#olution, 420*350, reqbband. *'17 ;72_ﬁ'1
W ~~¢ : - T B
;39.-”Edlonton I registered uith Ednonton i u51ng

4nearest neighbor approxination,-fi&:-. “7"_’73

A . s L e
= B SRR

. 501*501, band 5. . :_ b ‘ , [ e

E N >-¢,

. 40.'_Forestry Cut I, 512*512, band 5, Sept. 1972,

g . “
= - L ’



PICTURE DETAILS

Only 256%490 window is shown.

41, Forestry Cut II, 51235i2 band SI Oct.

Inage"1439-18!‘5 (200,711 1880 2391)g

‘ Only 256%*490 window. is shown.

4-u2., Porestry Cut I registered with Forestry

\

256*490, band 5.

¢ .

| axiE::?ndou of Ednonton II, 281*400 band S4.
- 00,355,200, 455). N : .»‘,ff R

“--46. 4*4 average of aerial pictnre%? L
'512%512, ‘red band. ‘ L
47. Hindeu‘of:aerial piétune,‘

'400%256, red band.

- 48. ‘Average aerlal plcture reglstered with

Edlonton II nsxng nearest neighbor

"'approxination, 281#400, red band. ,i”

w

‘as.‘ Aerial picture regzstered wlth Ednonton II ﬁ}rl

B

luSIng nearest neighbor approxlnatlon,

: 5%1*400. red bana..

using g;oposed approxinat;bn,.‘

s o

- } : .
B e

e 281%400, red band.

'1'53. Lake I v1th Gaussian histogral, 256*256,

Image: 1043-18341, (256,767,1731,2242).

1973,

Cut E3: u51ng nearest neighbor approxlnatian,

50. 'Aetial plcture reg;stered Hith Edlonton II 7_"

3

153

75 . ..
82
82

83

83 .

84 f‘

g

117

Y
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R
AN

- 54.

‘nand Se

S/ . .
PICTURE DETAILS .

Lake II'1Gaussian),re§istered‘uith“Lake I

' (Gaussian) using nearest neighbor

' approxilation, 256*256, bana 5.

59.
60,

62.

63 -

2 approxilation, 281*400, ;ed band.

Binary change picture of Lake area, 256*256._

Binary.change,pictnre of-Ednontonvusing
bands ‘¢ and 5, 563*501.

Biqary change picture of Edlonton using
IS
. ...,‘ ‘r)\
bands 6 and 7, 501*501.'.f','f

*

.Overlaid-change'piqture of Edmonton II using
N ‘ ,

bands' 4 and s, soi*so1.-._
Overlaid change picture of Ednonton IT using

bands 6 and 7, 501*501._
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1171 -

122

123

Hindow of Edlonton II vith GauSSian histogran,12§-

281*400, band S.

Aerial picture (GauSSian) registered with
E&Ionton Ix (Gaussian) using proposed !

,&

Binary change picture-of-aeriar‘and,

.Ednonton II, 281*400.

64.,

Lot

Forestry Cut’ I (GauSSian) registered with
Forestry Cut II (Gaussian) using nearest E

neighbor approxilation, 256*490, band 5.
I -

5.

125

125

.r-f126
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' PICTURE DETAILS |
- . . 3 . ,
65. Poréstry Cu{ IX with'Guussian histogtal, 126
'256%490, band 5. L, .

1'66.'iBinary~change picture of"cut'aréa, 256*490.]'»12&j

. 67. Pertilizer 2 with Gaussian histogral, ' .H“\W.lﬁhw;f;‘

.. 420%350, red bamd. - . oy
. - 68. -Eértilizer 3 (Gaussian) regiétered with -

'Pertflize:,2-(Gaussiap)*using nearest neighbor

capprdiilatiOn, 420?350,frgd'band.

Fertilizer 3 (Gaussian) registered vith

nsid§ bilinear - ‘129

'.Fértilizer 2 {Gaussian)
red band.
'vayfﬁ'Ioitﬁiertilizer 3 (Gaussian) registered uith :
”ﬁhﬁcﬁﬁﬁﬁ. Fertilizer 2 (Gaussian) uSing cubic convolution,

- 420%350, red band.‘. f,,‘ IR 129
71. ,Binary ‘change picture oQﬂFertilizer acea using

o :
nearest neighbor approximation, 420*350;;‘3 130

72, Binary change picture of Fertilizer area u51ng

.-
o ‘ bilinear approxilation, u20*350» C - -130
. ‘A:“73‘ 'Binary change picture of Pertilizer area usingv""
g cubic convolutiolf ¥20%350.. . a3
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