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ABSTRACT |
Validity of Shoxt Forms of the Caﬁegory Test .
. 4
Gwenyth L. Stems _ ( o ‘

June 26,1987 o
: . ‘
The criterion - felated validity of two short forms of the Category Tgst was

examihed "As was the case in earlier studies, both short forms yielded high

vahduty coemolems and hngh agreement with respect 10} Halstead’s cut off score

for impairment. The 120 - item form was the stronger predcctor accountmg for

90.8% of the variance in the ongihal Category Test. while the 108 - item form

accounted for 79.5% However, bgth shont forms were seriously limited w{ffh

‘.

respect to how closely,the est:maied scores approxnm‘atéd tha actual scores
even the best short form predsctlon equations produced estlmated scores wnhm a

10 - point range ot the actugl scores only 44% and 42% o{the tima. Since the

main clinical purpose for using a short form would be 1o obtain an estimate of the

» 0 °

actual score, neither short form can be recommendad for clinical use. This study

. illustrates the nsed to consnder the specmc purpose for which a pred:ctor is to be

’used when mvestngatrrrg the cmendh re!ated validity oi a measure.

L4
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.. ommmg the Catego;y Test, ostensably because of its iong administration time. -
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INTRODUCTION | ‘ .

The Halst:s?ad - Reitan Neuropsychological ‘Tést‘ Battery enjoys wide |
bopularity in the field éf clinical neuropsychol'ogy Numerous studies by Reitan
and cﬁhers have demonstrated that this battery is as effective or more eﬂectave ‘
than most neuroduagnostuc techniques ‘(Vega & ParSOns 1967; Snow,; 1981)
One of the ma]or criticisms of the battery is the Iang admmlstrataon time, a
minimum.of four to six or more hours in a given chmca} s,ltuahon. ThlS makes the
procedijre”very. st(esstu! for some patiénts. and vefy oxpensive. There have
béen‘ a number of agtempté to address this problem’by abbreviating thé battery
(Golden, 1976; Erickson, Calsyh & Scheupbach,1978), but this has. involved
.
The Category Test isa relatwely complex test of abstractiom concep:

formahon, and-organizational abmty. its comnb,uhon {o the understanijlsgof a

patient’s cognitive functioning lies in s ability to identify those individuals who

can recognize, and then ignore, irrelevant aspects of the stimulus material, and

’ thereby get to the essential nature of the problem situation (Reitan, 1967). Thus, it

may be.cons%eréd a measure of current adaptive ability, a complex mantal
" :

probess related to, but somewhat different from, formal educational training or Q.

" For success oh th:s'test the individual must have the ability to note similarities

and dzﬂerences in stimulus material, construct hypotheses ‘taking mto account

these simi\liaritiés and differences, then test and adapt these hypotheses in '
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" of the immediate feedback and the necessity for the individual to adapt to the

. situation as the circumstanceshnfol@ the iest has an interactive qu?lity»Shared |

by few other tests of cognitive functions in common use. Because the Categbry
Test.ha_{s been shbwn to be one of the most sensitive indicators .of general
cerebral iniegn‘ty (Finlayson, Jphnsbn, & Reitan, 1977; Reitan, '1955, 1967), its

orission from the Halstead - Reitan Battery represents the IoAss'of valuable

.

clinical information.

~

" Another ap-proac‘h to the problem of long‘adminisiraticptime has been to

" devise an abbreviated form of the standard 208 - item Category Test. Three short

forms have been proposed. ‘Gregory, Paul, & Morrison (1979) devised a 120 -

" item form ( hereinafter called C120) by dropping items from the second to fifth

subtests and omitting the last two subtests. This approach was based on thek“
assumption that dropping items at the end of a subtest, or gqmplete‘ly eliminating
later subtests, could not affect performaﬁée on preceeding ﬁems. Also; the effect
of the loss of experience of a few items at the end of a subtest would likely be
negligible since the concept changes drafnaticaliy from one subtest. to the 59)&.
Support for the latter assumption was offered by Sherrill (1985), who compared
the frequency of correct responses across leach sp‘btest for two samples, one
which received the G120 and another wh%seworiginal tost prdiocols were
rescored according to the 0150 formula. Th_erfhig‘:hiy si~milar patterns of frequency

of correct responses on Subtests IV and V for the two samples suggested that the

\i
\

accordance with confirming or disconfirming feedback (Rsitan, 1966). Because -

7
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deletion of items at the end of subtests h!.ahd IV did \not attect the process of

learning a sugs\equent principle. Calsyn, O'Leary & Chaney (1980) examined

the. utility of USmg oniy the ﬂrsi four subtests in their short form, whuch reduced the

number of items to 108 (0108). This appro‘act_\ was feit to hav9 the advantage of

. not taking items out of sequence and eliminating subtests V and Vi which had .

been pre\}iously shown to have limited dfécriminative power (Boyle, 1975, cited  ~
in Caisyn et al.). Sherrill -also described a third short form of 95 items, derived by
reducing the first two subtests cbnisiderabiy and omitting the last two; this form has

been in use for many.years at the University of Wisconsin and T - score norms are

available. ’ :

The subsntut:on ot an abbreviated form of a test wadely recognized for uts '
clmlcai utihty is ;ustmable n‘ ta) the short form predicts the score on the ongmal
form with an acceptable d_egree of accuracy; that is, demonstrates hlgh cntenon -

related validity; and (b) also results in a practical saving of time {Anastasi, 1982,

p 142). One measure of criterion - related {concurrent) validity for an

abbreviated form of a currently available test is the correlation , or validity’

coefficient (Anastasi, 1982, p142).- This cosfficient indicates the degree of

relationship between the predictor and criterion scores. Previous derivation and

cross - validation studies of the 120 - item and the 108 - item forms of the

Tt

- Category Test have reported consistently high correlations (frpm 8310 .95)

‘between the respective\shon form and the standard form of the test for a variety of

patien} and normal samples {Caisyn et ai;,‘lgBD; Golden et al., 1981; Taylor,
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Goldman Leavitt, &Klexyann 1984 Shem!l 1985)
Howaevasr, for ther clinidian whose data - based dec:smns may influence the

life plans of the mdnvudual the precnsmn of the predictor is as mportaht as the

, aegree of’ relanonshlp between the predictor test and the cntenon test.” Therefore,

as an alternative to the Pearson correlation coeﬁlment the(predacnon problem

¢an be considered a task in prednctmg specific criterion outcomes (Ghisell, -

.. Campbell, & Zedeck, 1982, p 307). . In this context, validity, or accuracy, can be

described as -thé proportion of eofrect_predictions. Assuming that the. uniVaﬁé{e
Ii’r;eai‘ model provides th: best deécript‘ibg!g&he relationship betwe'e'rf the actual
testtand the respective short form, the prediction task may be a"ddresséd through
the Qse of regression‘an‘alysis to produce a prediction equatiop. By insertir;g the
obtained (i.e., :the short form) score into the equation, an estirhate af the actual
score can be computed and compared wzth the actua! score m tha context of a
defined criterion for &edacnve accuragy. ‘ Lo -

" The previous studies of the 120 - ifem and 108 - ﬂem form“s of the'Category'
Test used this procedure defmmg the criterion for pl’BdlCthG accuracy as the
degree of agreement between 8 estlmated scores and the actual scores wath
respect to Haistead’s cut - off score Yor impairment (i.e. 5'1 errors) For the C108,

W

Calsyn et al. reponed esti mated score hut t rates of 84% and 86% for their two

" alcoholic sampies, with evenly d:svbuted false positive \and‘false negative

prrors. Of the studies that used the C108 and Ca!syn etal's regressién equation,

Golden et al. reported agreement for 87 - 92% for patient samples and 100% for
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" their normal sample also with nearly equal ialse»positive and falséa negétiva hit
' rates and Taylor et al. found 87% agreemem as to whether the number of errors
was 51 or higher for their brain - damaged subjects \
Shemli apphed all three short form formulas (le., for the C120, the C108, @
the C95) to the standard test protocols of a heterogeneous sample of out - patients
.referred toé private neurOpsyCholbgy practié;g. ‘Using the actual Category Test(
" scores flé'the dependent variablé aﬁd the shokrt it;rm scores as the independent
/ variébie Sherrill apblied linear reéréési;ﬁ proc'ﬁedure to‘obtain prediction‘
| equahons and standard errors of esnmate for dach short form. He concluded that
the C120 was the most accurate preductor bqpause it was most.strongly
corre!ated with the original form, and had a smaller standard error of estmiate than
the other shont forms. With regard to the standard out « off scoreYor lmpaxrmem m‘
Shemll's study the 0120 equatmn mxsclassxfaed cmly 4% of subjects in the false
pos:\twe‘dnrectlon (i.e., as impajred, when on the actual torm they were not), and:
10% of subjects in the false negativé direction. ‘ '
It is eséential to consider the specific pqrposes for which the predictor is to be
" used when deciding on an appropriate criterion for evaluating bredictiv?
gcburacy (Ghiseili‘ei al., p 274). While the résults of previous studies indicate a
high degree of one type of predictive accuracy, it can be argued that the use of
the conventional cui‘ - off écore‘ as the criterionyis not sufficiént!y stringem for

acceptance of the short forms of the Category Test for clinical use hecause of the

*_limitations in the use of the cut - gi‘f scote as a method of test interpretation. For

-
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| — exémple, the“'standard cut - off score for im;iair'rﬁentvdoes ‘n‘ot allow for the effect of

subject variabié‘s on level of per'{ormance; Numérdus stu:ﬂiés have. demonstratéd

’» relationships betsyeen age and education wi.ih‘performlance on the Cafeg;)w Test
(Bak & Greene, 1980; Finlayso, Johnson, & Reita,1977; Prigatano & Parsons,
1976, Véga & Parsons, 1967), with age, in pa&icula} having an adverss effect
on test scores Fro?ﬂm Auch and Yeudall (1983), from their review of normative

' studies of the Halstead Reitan Battery, recomménd that the cut off point of 51
‘errors is appropnate only for those under the age of 40 years Unnl age -

) corrected horms for the Category Test are d;avetoped Reitan (1979) has
»suggestedthe "rule of thumb” that, beyond 60, the pat:ent s age be used as an.

\ approx:mate cut - off point for impairment. J_ L '
' Halstead's’ cut -off score is just one ofa number of strategies used in the
intarpretation _of an individual's n‘europsycholomca! test data and, as $uch, plays
a {elativgly minor réie in arriving at inferenges concerning the rl:og‘nitive: deficits 6f
the individual patient. On the other hand, knoMedge of where the individual's
score falis on the contmuum is essemsal for clinical mterpretataoavof the Category
Test. In most, chmcal situations, the issue is not iamited to Whether or not the.

)gﬁgmis‘brain‘- damaged; it alsoﬁﬂvoive‘s the description of the paiient’s

cépabilities and limitatipns, the kinds of psychological changes being
axparienced, the i;ﬁpact of thesa changes d‘n_th'e patient's behavior and personal
exparignce, and their implit:aiio‘né for treatment, patient and family counselling,

and rehabilitation. The relative degree of déﬁcit, as represented by thef‘

-



i . Ny -Shont Forms :
- ‘ 13

individual's actual score, and the distribution of errors throughout a test, are

important considerations in the analysis of subtle patterns of test scores for

mdlwdual patsems x

If an abbreviated 1crm of the'Category Test is to have practrcal utmty for the
individual case, it must be shown that the esnmated scores apprcxamate the _~)
actual scores wrth an acceptable degree of accuracy. Of the studies that
exammed the vahdrty of abbreviatet forms, only Sherrill addressed this issue.

He found that his C1Muc’aon equation produced estimated scores that were

Within a 10-point range of their respectwe actual scores for 53% of his outpatrem

e. Twenry srx percent of subjects had estimated scores which were more

than 10 points lower than their actual scores and 21% had estimated scores that

were more tharr 10 points higher than their actual scores. These results indicate
only a moderate degree orl-predictive accqracy when this mcre srringem validity
cmenon is apphed Therefore, before erther short form could be considered for
widespread chmcal use further nnveshgatron of the utility of the short !orm

predlctlon equatlons is necessary, using the degree to which the estimated

‘scores approxrmate the actual scores as the validity Ttenon

Also, the precision of the predactor in est;matmg actua! sCOTas is mﬂuenced
by the pattem in whrch the estimated scores tall around the regressron line, as

reflected in the error variance We assume, wtren adopting the straight line as a

‘model b describe the relationship.between the two variables, that the errors have

equal vaniances. However, in a given situation, spacial circumstances may alter

~-?
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~ this relationship and the individual scores may deviate around the line of bést fit
in some specifiable way (Aﬁastasi, 1982, p 158). Therefo:fe," itis impoﬁant to
examine the form, or pattern, of the relationship to determing if, an;i ih \v;;hat way,
deviations from the linear model‘occur and whether any such deviationécould )
be used to assist predlctlon For example if the bivariate distribution i is o ~
heteroscedastic, then pred:cnons may be better at one end of the dastrsbunon than
the other. ’ ‘ | ‘

The second condition for-justification o? an abbreviated forrjri ofa ie'st is that it
results in a pxactical saving of timé. Of the étt:dies that administered a short form‘ .
(the C120) fo a sample iSherrili' Gregory et al. ) only Gregory et al, reported the v
time saved They found that the average administration tame for testing normai
sub;ects was cut in half (from 60 - 70 mmutes t0 30 - 35 minutes) by using the

short form. However, expenence in our setting over 8 years has ben that the

Category Test typlcally takes from 30 to 60 mmutes to administer, with the majomy

of impaired panants completing the test in 40 - 50 mlnutes Empmcai suppcn for
this time estimate comes from a recent study by Finlayson, Sullivan, & Alfanp .
(1987), who also questidnthe administration time of from one to two ‘hours
described in the literature. Finlayson et al. found. t{wat, despite their ger;erélly
severe leval of impairment, 81% of the patients in two samples took fro;n 20 to 50
minutes to complet'é the tesi and less than 7% ook more.than 1 hour. Assuming
- that most patuehts take 45 minutes to complete the actual test and that use of the

A 20 would reduce the time by half, the tzme saved wnuld be approximately 20
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mmutes This would be-of minor sngmflcar;ce in the context of the overall tlme |
required to mtervnew the patlem and admmlster the ent:rg Halstead Rextan
Battery and suppismentary measures approx;maiely 5% if the enpre"_ﬁroggdgre "
tookapprax‘imately 6 hours). Hdwe\}er, since the Category Test provides

immediate ‘feeladback asto tt;e individual‘s success of failu‘re and the recegnition
of persnstant faulure can be very stressful for.both pafnent and exammer even 20
minutes would represent a useful saving of time in that it would reduce this
‘negatwe prenence for‘the more impaired paneﬂt |

The sample employed in thxs study consnsts of adult mpatlents referred {o then
neuropsychology setvice of a Carge, tertiary - care-general hospital. The sample
is neurologically heterogeneous and thé\majority‘ of patients shbw diffusa
cerebral impairment. ‘ . |
The usual teasons for referral include assistance in diagnosis, monitoring the
effects of \}arious treatrﬁents, andreq_&ests for obinions and recomméh‘daiions ‘
concerning future management and rehabilitation. Requests for
neuropsychologicai assessments to assist in diagnosis usually go beyond the
question of whether or not the individual is impaired; subtle distinctions between
the kinds of defiéits suffered by ditferent diagnostic groups must often bé
éonéidered. Typical diagno_stidssués include: ?a) participation in the diagnosis
- of various diseases that are characterized \by some type of cerebral involvement,
,

such'as Alzheimer Disease, Pick’s Disease, and Mulli - Infarct Dementia; (b)

identification of secondary cerebral involvemeant in recognized diseases or

N
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| conditions (e.g., Parkinson's Disease, Huntirtgton‘s Disease, MultipleS‘cterosisi\
Systemic Lubus Erythematosis,\ renal tjiseas\g, diabetes, hypertension, toxtcity,
| and hypoxia); (c) ditferential diagnosis (e.g.. depressive pseudodementia,
pseudoseizures, partial cemplexe\eizures); and (d) investigation for evidence of
‘ intrecrahial iésions of vérious types.

Contributions are also made to the dec:snon makmg process with respect to
\appropnate treatment. For example, concommitant Alzhetmer‘s Dlsease ina
patient with Normal - Pressure Hydrocephalus is a negative prognostic factor in
. consudenng treatment w:th the insertion of a ventncuto pentoneat shunt Other
common reasons for reterra! are to monitor the effects of treatment
: (e;g., medication trials, neurosurgical interventions s‘uchkas for ane_ui:ysm .and_ _
arterial - \}ettous malformations, and intracranial irradiation), and to monitor
recovery over time, as in the case of head m;unes hypoxtc condmons and
cerebrovascular gccidents. ‘

Provasaon of comprehenswe neuropsychologtcat information to pattents and
families, as well as to the treatment team, is important in order that they may
develop realistic e—xbectations and make appropriate plans. In the_cliniéal
situation, neuropsycholegical test data are used 10 make intere:tces about the
bepetvier ot individuals in practical terms, taking into accbpnt the premorbid }j
history and, as much as possible, the environmental circumstances to which S
patients are returning. .Beceuse of thie high sensitivity ot the Catet;ory Test in.

identifying difficulties in analyzing problem situations and adapting to



‘ Short Forms
17

circumstances as they unfold. it is one of the moét useful inétrumehts in the test
battery foi ;naking-inferénc;s about the individual's behaviér in the real world.
The complex mental processes that the Category Test appearé to measure are
often crucial to the person's ability to function eﬁectively in dafy living. Ah
individual may have quite severs specifié cognitive deficits (9,9‘, impaired
‘!anguage or ' visuo - spatial functidns) and bs able to make a satisfactory
adjustment in \Iiving‘so long as these jmmediate adaptive abilities aré relatively
i(itact. On thg’ other héhd, a pers:)ri may demonstrate no obvious specific
?;cogniti\;e deficits and yet be seriously compidmised m his or her oépupational'
and interpérsonai functiohing because of impairment in the typebf ability |
méasuregi‘by the‘ Category Test. ~
Fhis investigati‘on‘has twgb objecti§es. The first is to determine which shori
form provides the bgst prediction eduation for the Iohg form using multiple
regression analysis; ttiis ‘provides a constructive replication of Sherrill's (1 985)
proéeduré using a mcjre severely impaired inpatien.t sample. The study also
examines the ‘predictj;ze accuracy of the samble prediction equations for the
C120 and the C1 08; and of the equanons developed by Shamll and Calsyn etal,
with respect 1o iwo vahdat;on criteria. The first criterion, the degres of agreement
between esnma_te'd and actual scores with respect to Halstead's cut - off score,
was chosen inoﬁder to (a) compare the presént resuits with the rasult‘.s of previous
studies, and (bg"&oss-véiidate Sherrill's and Calsyn ei al"s; prediction equationé

on a different élinic‘al éample. The study also examined how clossly the

B}
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estimated scores approximated the individuals' actual scores. This type of

predic?tive accuracy has received little or no atterition in earlier studies even

' though important clinical consideration must be given to whera the individuals'

scores fall on the continuum when making inferences from Category Test scoréé,
In this latter respect, the present investigation makes a uniqué contribution to the

body of studies exploring shortened versions of-the Category Test.
"METHOD

Subjects: ‘

The files of 225 consecutivé inpaﬁgms‘referre\d ior nsuropsycholcgical.
asAse'ssme‘nt {o the ~Ps§chology Depaﬂhent of the Victoria General Hospital {vere
reviewed and, of these, the 158 patients whb had.completed the Category Test
were thé stbjects ofthe s'tudy. For the majority of the remaining 67 patients wxho
did not have complafe test proibcols, the s_evérity of the patients’ impairmerﬁ had
necessitated either proréting the Cajegory T st as ber ~the technique sugge‘sted
by Reitan (1969), discontinuing it, or replacirig it with a lgss corﬁplex measure c;f
concept formation. . ‘ | | ‘ | _

Table 1 contains a surﬁmafypf patient characteristics, referral source gind
reaéons tor referral. The subjects’ ages rangsd from 16 to 72 years (M 42.04, SD
14.86). ‘They had a mean of 11.3 (SD 3.63) 'yea;s of education (;ang‘.e 3-22).

Just‘over 60% were male. Thése subjects represented a heterogeneous group of

L}



Short Forms

. 19
r'eferrai‘diagnoses, the, majority invdlving diffuse cerebral impairment.
N | .
Table 1 ~
Descript.ion‘of‘Sa\mple (n = 158)-
Sex: Male 62%
' Femaie 38%
. Age: M TN 420
' SD 149
Range " 16-72
Years.of Education: M R T
SD 3.7
" Range . 3-22°
Referral Séurcé: Psycbiairy 53.2%
Neurology/ Neurosurgery ' 41;8%
Other ' 5.1%
Reason fcg Referrai: Dementia 18.4%
Encephalopathy 16.5%
Dexg\ressive Pseudddémentia |
v Dementia / ‘ 14.6%
Seizure Disorder 13.9% -
Head Injury 12.0%
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Referral.Source contined: Other Psychiaiﬁc o 101%
. Cerebrovascular Accident 5.1%
Post-Neurosurgical Intervention 51%

Other Neurologic - 4.4%

\

All SUbjBCtS had been administered the ‘Category Test by the author or one -
colleague in accordance with the standard procedure descnbed by Renan |
(1969). "The méan score on the test was 76.66 (56?’8.97), with scores ranging~
| ~ from 1010 134 8rrors. TWgnty - gight Subjects (17.'7"1‘;/0)‘had ‘sco‘res which fell
below Halstead's cut-off score of 51 errors and 130 subjects, or 82.3%, had\

~ scores above 51.

Materlals

The Category Test uses a pro;ectson apparatus for presentation of 208 shdes
consustmg of combinations of numbers and geometric and other f:gures
Connected to the apparatus is a set of four levers, numbered from one to.four.
The subject is mstmctedww at the screen, decide WhICh number the picture
suggests, and depress the lever having the same ngmber. Depression of the
levers causes a bell to sound i’f“the correct answer is chosen or a buzzerto sound - -
if the choice is 'incorg'gct‘. Only one choice is pearmitted for each slide. .The testis
,diy'i‘ded into seven subtests; the first six each have a single underlying principle

x
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\ throughopf, progressing 'trdm siinple‘ conce\;:o*!s~ of matching and counting to moré
complex concepts of uniqueness, position and fractionaﬁiy. Tﬁe sevanth subtest
consists of itemé. from the preceeding sﬁbtesis and is a measure of recall. The
su\bject’si‘_errors are summed fo} a !<‘>ialtscore, with 51 errors representing the cut -
olt score for br\ain~d3mage (Héitan, 1966). '
Procedure T
Each subject's Category Test protacol was;r.esco\red by the formulae

_described by Gregory‘ét al.(1979) and Calsyn et al. (1‘980), ‘w.hich are. listed in
Table 2. |

Statistical Analyses

Intercorrelations of the variébles of age, eduéaiion; and scores oh the ™ . T
standard and two short forms of the‘ Category Test were dei;armin‘éd. Using those
variables that cérrelat;ad significantly with the original Category Tast as
‘independent variables, and the o‘riginal Category Test as the dependent variable,
multiple regression analyses were undertaken to égtermine the best regression
model for prédic;ion oi the originaﬂ test score. The relationship between the
actual scores and the estimated scores geherated by the sample equations.for the
C120 and the‘(‘;108 were examined ihrough‘ residual analyses. Shérriil"s
equatioﬁs tor the C120 and tﬁe €108, and Caisyp et al.'s equation for the C108

were cross - validated by applying ‘then‘\ to the'sampie data to obtain estimated
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écéres_. The relationships between the actual scdres and the éstima}ed scores
generated by these equations were also exémined through residual ana!)}sis;

The _prediétive accuraéy of each of the five équati‘ons was evaluated in {erms of
the standard error of estimate, Halstead's cut™- off score for impairment, andthe -
degreé fo which the predicted scores apbfcximated the actual Category Test

ALY

scores.

_ Table 2

item Content for Halstead's Categofy Test (CZOB}ay‘d Proposed Short Forms
C120 (Gregory et al., 1979) and C108 (Calsyn et al., 1980}

- Subtestin - ‘Number of ltems in Number ot Hems‘ﬂe_tained in
C208 - C208 Subtest . C120 - C108
b 8 als . aus
g | 20 first 16 ~all20
Bl 0 first32 all 40
R 40 first32 alldo
v a0 first 32 o
v 0 0 0
Vil 20 ~ 0 \ 0
Total 28 120 T 108

= entire subtest omitied
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'RESULTS
. v B ' ) 0 ’
Determination of the Best Short Form ‘ ’
N -

The intercorrelations among scores for the three forms of the Category Test
(standard form and the two short forms) and the subject variables of age and
education are presented in Table 3. Both short forms were highly correlated with

the standard form and with each other. Of the subject variables, only age was
- significahtly correlated with the test scores and, therefore, retained for tunther

»

analysis.

Table 3~

1 .

Intercorrelations Between Three Forms of the Category Test, Age, and Education

. Cc120 108 Age Education

C208 9529 © .8914* 4087* - -1424 ns
S c120 o 9419* 3481° -1424 ns
. C108 o . 3150 ns -1100 ns
Age — s - . 0289 ns

*p <.001,2-tailed ° u

Table 4 summarizes the results of the analyses of all possible‘regressibn
models (see Appendix Al for complete resuits). Of ;he simple liheéf,models,
C120 - based.arjaiyéi‘s préduced an R 20f.9081, while C108 yislded an A 2 of
7946, When both C1 20 and C108 were considered, C108 did not account for a

a
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significant amount of the.variance beyond that explained by C120 ( R 2(5h =
0003, F= ‘.582;tns ). Qo‘nt‘rolling for C10# C120 accounted for 11.39% (FCH =

92.762, p < .000) of‘the variance, beyond what had already been ‘acc;ounted for .

y C108. Thus, the C120\w‘as the stronger predictor, accounting for 90.8%'(){ the

*

\ R . ‘: Vo
variance in tha standard Category Test, while the C108 on its own accounted for

79.5%. The combination of C120 and age increased the B 2to 9148, with age

‘ Table 4 .

. s R 2 and Standard Error of Estimate (SEE ) for All Possible Regression Modegls .

Independent variable RZ T SEE
~included in - .

regression model ‘ ) 7
01‘20' - o Q081 . 881
c108° ‘ | 7946 “ 137 .
Age 4087 - - 26.52
120, G108 - 9084 . 882
C120, Age - : 9148 S5

| C108,Age : 9015 . 12.62

' C120, G108, Age o 9151 8.52

explaining an additional 0.67% of the variance (F Ch = 12.258; p <‘.001) beyond

that accounted for by C120. Inclusion of all three variables resulted in only a

-
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negligible ncrease in B 2(9151).

While the contﬁbution of_ agé was signifir\;anti it only accounted for an_
additional-0.67% of the variance and was not considered further. The fesults ot
‘multiple regré!ssion énalyses supports Sherrill's {1985) conclusion that fhe C120
is,the‘t;etier of the two abbreviated forms for predicting the long form of the
Category Test. | ) _‘ )

The bresent- samble prediction equations , and those developed by Sherrill i
(1985) and Calsyn etal. (1980), and their respective standard error of estinﬂatés, E
are shown iﬁ Table 5. Tﬁe SEE is the ‘standar,d"deviation of errors of predictioﬁ_

\ a‘bo‘ut’ the regréssion line. It describes the accuracy with which pret_jicti;)ns are
~‘made by the regfession equation. Hit cén be pfesumed that a predicted
relatibnship is linear and homoscedastic, then the SEE can be taken'a#
descriptive of the .accuracy bf prediction at aﬁ levels ot predictor scc)res (Ghi.seili
etal., p‘288). In this case, the iri‘terp‘retation“o_f the SEE i\s‘straightforwérd\and, S
since the expression o‘f arror of estimatiﬁn_ is in standard-form, it provides a
"~ common index for the comparison of resuits of aifferer;t studies of a c%ite::idn
(Wigging,1 973, p 18). Howaever, if there is considerable iack of fit with respect to‘ )
a linear model, or hpmoScedasticity caﬁnot be assumed, the SEE must bé‘seeﬁ
asa weighied average of the eprérs of prediction, and it\é interpretaﬁqn' becomas
more difficult. ‘Sh\errill's equﬁtions for both .shcvn forms had slightly smailer SEE's

than the sample equations’, suggestmg that the comparab{}a shont iorm aquations

shouid be of similar accuracy in predactmg the actual Category Test score if the
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assumptions of linearity and-homoscedasticity hold. The SEE for the Calsyn et

al. equation was unavailable for comparison.

Table &

]

.V

Cc120 andg 08 F?egress;on Equanons and SEE ’s for Presenr Saﬁmle and from

Previous Srudtes

Estimated

Equation = Slobe (S.F) + Constaﬁt SEE
‘ - Score e - ‘ \
«».Sarﬁp!e . c208 = 1532 (G120) + 8.407 8.81
| Sherill (1985) , - C208 "= 1743 (C120) + 0.24 75
‘Sample . . . C208 = _ -1.337(C108) + 24279 1317
Shem||~(1é85) o e 1.696 (C108) + 1393 12.9
Calsyn et al. (1980) " G208’ = 1.4 '{%3108) + 15 r

1

™S

/7 . . . 0 .
' Cross-Validation of C120 and C108 Prediction Equations

-

The predittio_n‘eqdationé developed by Sherrill and Calsyn et al. were

applied to the’sémple, The pre'fdii:ted, or estimated, scores generated by each-

prediction eQuation were analyzed using linear model techniquéé with the

pred:q,tedscores as the dependent variabie and the ac:tual scores as the

—

mde;:endam vanable The results of this anaJySIs are given in-Table 6. Tht

”
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correlation of Sherrill's equation for the C120 form with the actual form was .9529\,\,

“and the correlations of both Sherrill's and Calsyn et al's equations for the C108

[ad
form were .8914. Thesg corgelatiéns were almost identical to those derived in
previous studies (See Appendix B).
Table 6
Correlarlons and SEE 's for Eshmated v Actual Scores for Cross Validated
Equations
Equaﬁon‘ R T r o B SEE. . .
C120 (Sherrill, 1985) 9529 | 8.4 .
C108 (Sherrill, 198%) 8914 _ 14.89 )
C108 {Calsyn et al., 1980) ..8914 1229
. o . )
. The SEE toréhe G120 equation was smaller than ihe SEE'siorthe C108 ] . / .

équaﬁons, as may be expected since the 0120 is ﬂ;é more accurate prediction ‘
equatuon On cross- vahdatuon Shemll}scmo equatmn had a SEE of 9.55, just
slightly Iarger than the SEE-of 8. awt’*fded by the sample C120 squation and the-
SEE of 7.5i0pbtained from\je&riﬂ’s griginal study, This sqggestsxhat Sherrill's
equaiion may be almost as good a ﬁredictor of theractual Categor:y Test whénk _
applied to a second sample, as.it was for the original sample.

_Among the C108 equations, Calsyn et al.'s equation had a smaller SEE than
e _— ; " B Y :
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Sherrill's (12.29 v 14.83). The SEE of‘Gaisyn et al.'s equation w'as also élig;\tly
srﬁal]ér than that of the sémp!é equation ?or the C108 (i.e., 13.17), suggesting that
Calsyh et al's equétion may be the best of 'the C108 prediction equations. The |
SEE of Sherrill's C108 equé‘tioh, on cross-validation, was similar to that found for
;‘his original sample (12.9). - ‘ ‘
' 'T‘he‘ agreement between pstimated scorbs generated by each equation and _
~ the actual scores, with respect 1o Halstead's cut - off score iS givéy in Table 7.

¥

Table7 *
o Esnmared v Actual. 0208 Scores with regard to Halstead’s Cut - off Score
\ ‘ ~ for Impamnent :
~ Equation - N Scores* . Correctly
, - - . Estimated Agtual - Classified
- . ”
Sample: L : <50 =251,

G120 =50 26 8 . . 86%
S | S 251 12 122’ ~
C108 R <50 26 13 . . 8%

L otest 2 117 3 ‘
Q -‘V N l‘I I I' . ) ’
C120 {Sherrill, 1985) <50 27 11 8%

- | 251 1 o .7
C108 (Sherrill, 1985) <50 . . 27 .15 84%

y > 51 1 115

J\ C108 (Calsyn et al,, 1980) <50 o7. 19 8%
) Y-S I N FE
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The overall correct classification rates were 87% for Sherill's C1 20 equation,
84% for Sherrill's C108 equation, and 81% for Calsyn et al.'s'C1bB equation,
‘False pdsitiv‘es and false negatives were évenly distributed for éil equations.

Thesé classification rates were similér io both those reported in earlier studies
and to those produced by the equaﬁons of t‘h‘e present sample: The latter "hit
| ratés" were 86% for the C120 equation and 83% for the G108 equation.
 These results indicate ihat the Sherrill and Calsyn et al. squations held up ‘
‘ well on cross - validation whe‘ﬁ the degree of re‘lationShip (r)and prediciive
‘accurécy; jn terms of the standard cut - off score are used as the validation
criteria. ,‘ . |

\ . .

Examination of Assumptions Relating to Regression Analysis

. .\ The above _interp‘retat'iqn of validity coéfficients l\d standard error of
estiﬁates was Sased on the éssumpﬁons that the relationship between the .
variables is (1) linear and (2) homosicedaéﬁc (i.e.; that the variances in \the s~
columns of scores are équa] o bach other and the \}ari‘ances‘ inthe row&gf
scores are also equal to each other). If these ;ssumptions‘are not met, the
corrslation coefficient 'ahd the standard error of estimate may be m‘iwsieading with -
‘respect to the accuracy of prediction since individual scprés may deviate around
the \regre‘,ssio‘n line ina complex manner. These assumptions fhay be examined

A ‘ .
by analyzing the residuals, which are the differences between what is actually

observed, and what is predicted by the regression equation. In regression
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analysis the assumptions relating to errors are that the errors are independent,
have zero mean, a constant variance,o 2, and follow a normal distribution
{Draper & Smith, 1 966.‘:5 86). l{ these assumptions do not app.ear to be vio.lated, .
~ the residuals can be thought of as the observed errors if the linear model is
correct. Hovye‘vei, since residuals contain both random arid.nonrandom
comApoAnents even if the frue thebrgtical model is correctly s‘peciﬁe;d, they can‘be‘
explored to assess model specificat‘ions, model assumptions, and the ac?:’ur;jacyﬂof
prédic‘tiorg (Gunst & Mason, 1982, p 225)..

Model Specification: The Assumfat.idn of Linearity : ‘Correct model .
speciﬁca‘iibn invéives two important aspects: that all.relevant variables must be
contained :m the data base, and that the proper fundiionai'torm of each predictor
must be defined in the prediction equation ( Gunst & Mason, 1982, p 241). The
previoﬁs studies of abbreviated forms of the Category Test, and this |
" investigation‘, are based on tﬁe assumption that the simple linear model provides\
the best explanation of the rélat@onship; betweén scores on the standard Category
Test and~the respective sh{)rt fbrms. The appropriatene§5~of this assumpiioh can
be assessed by ped@rmit;g ‘regr'ession analyseé of the réSiduals against the
predictor variable (i.e., short form scofes) and examiriing the resu.ltani plots. lf the
cofrela}ion betw‘éen the résidua{s and the short form scores eqﬁals zero, and
there is no discernable nena in the plot,"th‘en it can be said that the assumption * .
~appeérs ot to be vio!at_ed and the specification of the mode! }nay be correct. The

results of these an\aiysés for ail of the ‘prediction equations are presented in Table

.« . S §
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Correlations between Residuals and Predictor Scores and Residual Means for All

Regression Equations

Equation : ‘ r Mean

Sample:

C120 o 0.000 0.000

clo8 . 0.000 - 0.000

ross- li »

C120 (Sherill, 1985) - - 397 -1.715

C108 (Sherrill, 1985) - 466 477
5.399 -

. C108 {Calsyn et al., 1980) - 082

-Both sample equations (C120 and ‘0108) demohstrated zero correldation betwesn

the residuals and the-prgdictor scores, and no apparent trend in the respective

plots. Similiarly, the correlation of residuals and.prédider:scores for Calsyn et

al.'s G108 equation approached zero ( .062) and there was no discerngble

pattern in the plot. Thus, the assumption that the simpie linear model is an

appropnate specmcanon of the felatlonsh;p between the ‘standard and the

abbrewated forms of the Category TESt appears not to be violated for the

derivation sample The formula determined by Calsyn et al. also stood up weli on.
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cross - validation in this respect. \

Howe\;}er, for Sherril's 120 and C108 equations, the residuals and the
predictor scbres_wére co;‘relét'ed at - .397 and - 466; respectively. This indicates
that a linear effect was\not removed froim the independeht yéﬁabie in each‘casé
(i.e.,‘the shon‘fo‘rms)-. Thus:, in both caseé the fitted model is lacking-one (or mor;)
relevant variables needed to properly explain the bbsérved variation iﬁ the actual . ;\ |
Category Test score. The negative slope. of the regression lines indicate that low
| scores on the short forms may yield negative residuals and high scores p‘;)sitiyé .
residuals when these equations are applied in situation outside of thbs‘e upon
which the eﬁﬁétions were derived. That is, these equations may show a
\systeméﬁc tendehc} 10 produce estimated scores that are higher than the actual -
scores for those a{ the,'bwer end of thé‘distrip'ution. For actual scorass at the

higher end of the qontin‘uum‘, these equations m_é{y tend to produce estimaied
scores that are ierr than the actual scores. |nspeétion of the plots of residuals
versus predictor scores for Sherrill's equationé reveéiea no obvious trends.

Another way of examining the specification of the model is to calculate the

mean of the residuals (whach should always equal zero). The resudual means for
the two denvatuon -equations were zero, and the residual mean of Shem!l‘s 0120
equation was - 1.70, which was not significantly diffetent from zero. Sherriil's

c108 _equ‘atién yielded a residual mean of - 4.18 and the residuals of Calsyn et
_.al's C108\ equation had a mean of 6.40. \‘/inoilationt of the assumption of zero mean -

-{or the residuals indicates that the modsl is not correct, sjnce the residuals
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contain both random and systematic, or variance error and bias error,
components. With Vréspect to the latter two equations, Sherrill's C108 equation
shows a systematic tendency 1o estimate scores higher than the actual scores,
while Célsyh et al’s equation shows a:sys,te‘\matié: tendency to estimate scores
_ lower than the actual scores, when applied to a second sample.
Homoscedas‘ticity: Another assumptidn related to régression is tr;at the.
errors have equal vanances i e, that they are homoscedastic When error terms
have unequal vanances, they are said to be. heteroscedastlc if the dlstfabutson"ns
heteroscedastic, then predictions may be better at oné point in the dustnbutnon
than at another. Heteroscedasticity caﬁ usually be detected by visual
examination of plots of the residuals against a variety of expianatory yariabjes. '
The residuals should appear as pointé in the form of a horizbnial béhd with no
indication of the presence of any sys\terh\atic trends. The viqiqﬁon ofa ‘speciiic
assumption, in this case, homoscedastibjty, caﬁ sometimes be 51;)}9 evident from
one type of plot that from another, so that it is imbortént to plot the residuals T
agalnst a number of selected var:ab!es before passmg ;udgement J
When the squared residuals (e 2) were ploned agamst ihe predrcted values

heteroscedasncny was evident for each of the equations. Since &2 reflects the

contribution of a given‘score to the error sum of squares, which is‘an estimate of

o 2 the plot usmg e 2 accentuated the types of trends existing between the

res;duals and the predicted scores fof each equation (Gunst & Mason 1982

LY
p237).
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The plots’fof both C120 equatiohs re\;ealed a tendency for the error variation
to increase as the scores increased,k‘sug.gésting that these equations may predict
low actual scores mékre‘ accurately't‘han high actual sc;oreé. The plot for Calsyn et
‘al.'s equation showed the reverse of this trend, démonstréting decreasing error
variation with increasing score. This suggests thai, for'this equation, prediciion
may be better for higher actual scores. |

The plots‘ for th‘e sarﬁplé C108 equation and Sherrill's C10é equation ‘

\demonstrated bimodal distributiohs. That is, the error variation was‘larg}er at both:
énds tﬁan in the middle. . Thus, these eduations. may achipve their mast accurate
. prediéﬁons among SCores~in the middle of the distributi . In addition, the pioixfor \

Shemll s G108 equahon indicated that the error vananon was largest at the hlgh
end of the dlstnbut:on mdlcatmg that this equation may be least accurate in~
A‘predictmg whe_n the actual score is at the hagher end of the distribution.
implications of Model Misspecification and Heteroscedabftibity:
The error terms of the three 'pross validation equations'contai;\pd boih error
variance: and bias variance components. \The presence of the latter indicates that
one or more relevant variables may be missing fforh the model. Therafore,
although the inear model may be appropriate for explaining the relationship
between the; éctua! and short fdrms of the Category Test, cross - validation
suggests that the univariate form of this model does not fully describe the
relanonshtp between the variables. |

- Although violation of the assumption of homoscedasticity has ‘nq‘e‘ﬁect onthe
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unbiasedness of tﬁe estimated regression cAoefficients, it does affect the precision
of th‘_ese estimates aé measured through their vériances (Berenson, Lavine, & '
Goldstein, 1983, p 399). A highly imporiant implication of heteroscédagtscn} is
that very few inferences can be drawn from the standard error of estimate, sigce it
now représents simply ésumiﬁéfy statement of the distributions of scores in the o
co!umﬁs and the Eows. Aj&d, the preéence of heteroscedasticity mean;s that the’ :
factors.that determine tbe'relationship between the actual :and éhort forms of the
test operate ih a“complex manner. |

‘Whereas the examination of the resaduals trom one perspectwe may sugges! ‘
the possub:hty of one type of systemanc tendency inthe error variation,
exammatuon from arother angle may indicate the posslb:hty of anothar,
apparently incqnsistenrtrénd in the same data. Were the priméry goal-of th‘é
s_\tudy go examine the statistical retatibnship between the two yariab!eé, these

findings would lead one to investigate the addition of other variables and

- transform aspects of the data to reduce hsteroscedasticity and obtain better ‘

modsl sp’ecii{cation. However, as the goal of this study was to examine the utility

of the short forms of the test in terms of their predictive accuracy, thesecscmev&haz
arﬁbiguous results indicate that it is not possible to describe the bias components

of tha_prediction equations in a manner that could be used to improve clihical

" prediction. ‘ B .
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Predlctlv§ Accuracy with Respegt to Inavldual Scores
Foqussing bn the speciﬁc proporti«oh of éorrectpredictiong in a particular

situation makes no assumptions about the form of the distributions and iakes
advantage loe non!mear as well as linear components of association between
‘two variables (Ghsselh et al 1982, p 310). Therefore it is possible that the ‘
' equatlons may still-produce satnsfactorj "hit rates" with respect to a specific
‘cmenon despnte the v:olatlons of assumpnons thal have been demonstrated
This was the case when Halstead's-cut —'off score was used as the cmenon for
predictive accuracy; all quations yielﬁed krela*tively‘ high "hit a:ate\;“. In the
| _clinical Sitl;aﬁbn, diagnostib inferences from Category Test scoses de'pend on the

consideration of where on the continuum thé individual's score falls. Thus, the
‘ degree‘bto which the estimated score approximéteé the actqal\scoré on‘the ‘
| continuum would be the most clinically relevant i;n‘te_ri’oﬁ for predictive aceuracy. "
Due to the préser;ce of heteroscedasticity, the standard error of estimate ﬁannot
 beusedto estimate the accuracy of iﬁdividual predictions. There?dre, a high

proportion of the predicted scores would have to fall within a relatively narrow

‘range of the actual scores if the aquations were to be applicable at the level of the

indivi.qual.

It was reasoned that variation within 10 points of the actual Scor{é would not

seriously alter thehuantitative inferences that could be drawn from the test score.

Therefore, estimated scores falling between plu‘s and minus 5 points of the actual

_ score were considered to be sufficiently accurate to be called well - estimated, or

4
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well - predicted.

Subjects were classified as well - estimated if their estimated scores fell within
plus or minus 5.points from their actuai s;core. Thase whose eStimated SCores .
deviated by more thén pius or minus‘s points from their actual score were

classified as either under -. and overestumated Table 9 shows the proportion of

. subjects in thess, three groups for each of the predactlon equatlons

. Table

- No. and Percent of Estimated Scores which are Underestimates !
Good Estimates 2, and-Overestimates 3 of the Actual Category Test Score

Equation 4 ‘ ‘ ~ Estimates

‘ n 0/'0. ) n % k ) n %
€120 o 43 27 66 42 a9 31
N x\. . .. < N
c108 BN 55 35 T51 32 52 33
C120 (Sherrill, 1985) 4% 29 69 44 a3 27
- C108 (Shaerrill, 1985) \ 79 50 35 22 44 28
C108 (Calsyn et al., 1980) 2 20 367 23 90 &7

1. Estimated score > actual score by more than 5 points.
2. Estimated_ score within +/- 5 points of actual score.
3. Estfimated score < actual score by more than 5 points.
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The two prediction equations for the C120 form, and the samﬁiegquaﬁon for the
Cf 08 producedesimilar‘ numbers of under - andidverpreqictions, approxirﬁ.ately
30% of the sample in eacif; case.  Sherrill reported over - 'a_md Qngje}'prediction )
rates that were <;nly slightly better (26% v 21%) tor his C 120 equation applied to
hig original sample. Sherrill‘ks C108 equation yielded élg’sost twice as maﬁy, Lo
SCores oVerprediCtéd és un&:arpr_edicted { SO% of the s;é{mple, v 28%). C‘a'isyn et
al.'s equation fortﬁé C108 reversed this pattern, resulting in close to thre¢ times
Aas many SEOfes being underpredi_cted as overbredicted (Sf’% v 20%).
If one considers that the goal of prediction, with respect to individual scoreé, :
fi 1o minimize the absolute differ ‘ : tween éctu}al and estimated s_corég, thén
the direction of thelrdifference is.g;‘:\mam and botH over - and
undefprediciions can be thought pf as"errors™ (Wiggirjs;j 9:;'3, p 61 ) She\m‘ri\ll"s' :
C1 20 eduaﬁon yielded 44% good predictions on ‘cr‘bss - validatioh, as opposed |
ié 53% on the original sample. The sample équ‘ation‘for the C120 had an-
* accuracy rate of 42%. Not surprisingly, the three equations for the C108 .s}ho‘n
form had much lower accuracy rates, the best Seing the present éam;ﬁle \equatio\n
wﬁic‘n prbduced only 32% good predic!ion‘s.: Sherriirs and Calsyn et al.’s €1 08
equations yielded 2"2% and 23% "hit rates”, respectively. | ) |
These resuts indicate that both short forms, but particularly the G108, appear
16 have serious limitations in clinical utility"; -.Even when the "best” short form, the ‘

- C120, is used to predict an individual score, thers appegrs to be less than even

odds that the astimated score will approximate the actual score to within a
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10-point range.
DISCUSSION
sv.»‘ ‘
The resulté of this study illustrate that it is essential to define the validatioﬁ
& spacific purposes for which 1he‘ predic(cir istobe

/ N
used when inveétigating the critefign - related validity of a measure. The sample

criteria within the context of

prediction equétior‘\s, and the crds - validated equations, all yieidéd high
validity coefficients and high hit ratés with respect to Halstead's cut - off score for
impairment, -}ésuﬁs that wefe.very similar to thos‘é of«earlier‘st.‘udies. Sgch pogiiive :
findings, pérﬁcﬁlarly for thé cross - validated equat»icns. could lead the busy
clinician, intérested in reducing patient streés and costs, to aséume that these |
equations have»-a broader chmcai application if carsful cons:aeration is not given
lothe appropnateness of the validation criteria. The chmcal mterpretataon of the
Category Taost must go beyond the basic determmatson of whether or not the
individual shows evidence of cerebral dysiuncuon as represented by the
Halstead cut - off score, 10 inferences concemmg the individual's levgi of
‘performance This requxres an estamate of the individual's actual scoreN :!'herefore
prediction of the individual score would be the main purpose for usmg a shed form
ina clmlcal settmg, and the most appropriate cmenon for gvaluating the\shon

form's vahdny would be the precnsaon wnh which its predacmon squation esumates :

the individuals’ actual SCOres.
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~ Both shért 10‘rms ware ‘sﬁown to havg Serious shortcomkings with respect to the .
- precision with which they estimate the actuai score of thé individual. ‘When good
prediction was defmed -as an esnmated score within a 10 point rarpe of the actua|
score, Sherrill's (1985) CY20 equa’non had a hit rate of 53% in his original
sample, and 44% when applied to a second sample. The present sample ~
' equation fgr the 6;720 produ‘ced:only 42% good predictions. The good prediction
rates for thé C108 equations‘weré “32% for the sample equation, ‘22% for Sh’erri‘i!‘s
| equation, 81:16‘239/0 for thee equation con_xpi.led by Calsyn et al. #t appearsthat * \
_Neither short form' meets Anastasi’s (1982) first requirement for jﬁstificatioh ofan’
' abbrebiaied form of a.test‘. i.e. thatit pr*edict‘the score on the‘o\rigi‘nal form with an
accéptgﬁie degree of acouracy. |
This study élso‘ reveals some of the difficulties that afise in using regression

technigues in actual situations, and the need to examine the way. in which the B
‘prop;)seé theoretical model describesth‘e re!at‘ions.hip ‘ tween the variéb-le‘s
Regress:on analysm uses !he residuals ;from the estimz;d values to estimate the
variance of the random error, |f the model correctly: descnbas the data, these -
res:duals prowde the proper estimate and the standard error of estimate can be -

-used to descnbe the accuracy of predictson Mowever, in many practlcal
' snuahons the correct model is not premsely known and therefore may be
incorrectly spe‘cmed, When the correct model is not known, it ‘may not be obvioué "

that sb‘eci!icatjon error has occurred (Freund & Minton, 1879, p. 102). The

statistical methods that are available for.determining "goodness of fit" require an
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" estimate of the "true” error variance, as could be obtained fromreplicated

measurements or, in gome instances, from results from previous experimerits or -
data collections. However, in manyBas.es, such as the present one, such

information is not available. Until a generally apphcable goodness of ht test is

“developed, goodness of fit must be exammed through the more subjectwe method

of residual analysus . .

‘ When the predlcnon equanons developed by Shemll and Calsyn et al. were
applied to the data and the residuals analysed violation of the assumptions
relatmg to errdrs suggested that the simple linear modei may not provude an-

adequate description of the relationshtp between the original and short form

“s\cores The rg-;ssdual means of both Sherrill's and Calsyn et al. s equations

clearly deviated from zero, and correlations between residuals and predictor . -

scores for Sherrill's C1 20 and G108 equations of - .397 and - .466, respectively,

. suggested that bias erements were shli present in the error variance. In addition,

. there were.indications of ihe presence of unequal error variance, or /\

heteroscedasticity, for all equations, with the result that the interpretaﬂon of the

standard error of. esnmate is imjted and, !harefore cannot be used to erect

conﬂdence mtervals to desc% the accuracy of predacnon for individual scores.
in conclusion, the use of prediction equatnons ~:rnay_be justified in testmg

situations wherse it is not necessary to predict the specific criterion performahce of

' the individual. ‘However, in the case of the Category Tést, neither short form can

be recommended for clinical use.
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APPENDIX A
Surrimary of All Possible Regression Models

Independent . R A2 - F 7YF2Ch Fech o GEE
Variables S . '
G120 9529 19081 1541419 . 8.81
C108 _ 8914 7946 603.392" - ‘ 13.47
Age © 4078 ..1670. ¢ 31.283" L - 2652
G120, C108 | 9529 9081 15414197 9081 1541419 © 881

‘ 9531 9084  768.934" 0003 582ns 852
. C108, €120 8914 7946 ©  603.392 T 7946 603.392 13147

9531 9084 768.934™, 1139 192.762"" 852

 C120,Age . .9529 .9081. 1541.419™ 9081 1541.419"* 881
~ ‘ 9565 .9148 832460 0067  12.258" 851

G108, Age 8914 .7946.  603.392" 7946  603.392" 1317
. 9051 8127 . 336.355™ 0182 © 15.034" 12562

Age, G120 4087 1670 31.283™ 1670  31.283" 2652
‘9565 0148 832460 7478 1360.928" 851

Age, G108 . 4087 .1670.  31.283" 4670  31.283* 26.52
9051 8127  336.355" 6457  534.453" 1262

C120,G108, Age .9529 .9081 1541.419"° 9081 1541.419* 881
~ 9531 9084  768.934" 0003 .582ns  8.52
9566 .9151  553.028" - .0066  12007"*  B.51

C120, Age, C108 9529 .9081  1541.419™ 9081 1541.419" 881
T 9565 .9148 832.460*" .7478 - 1360.928"" 851
.9566 .9151 553.028™ . .0002 418ns 852
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8.52

- Summary continued ‘ ‘
independent - A. A2 . F_ RZ2Ch FCh . .GEE
Variables .

C108, C120,Age 8914 .7946 . 603.392"* 7946  603.392* 13.17
9531 9084 768934 1133 192762  8.52
9566 9151 . 553,028'*  .0066 12.007** - 851
C108, Age, G120 .8914 .7946 -603.392** - 7946 . 603.392** 13.147
. x 9051 8127 . 336.355"" 0182 .  15.034* = 12.62
9566 - .9151 553.028"* 1023  185.542**  B.52.
~Age,C120,C108  .4087 .1670 31,283 . 1670 31.283"* 2652
9565. .9148 - .B832.460"* 7478 1360.928"* 8.5
) - 9566 9151 553.028"* 0002 418né  'B8.52
Age,C108, C120 4087 .1670 31.283" 1670  31.283** " 2652
9051 8127  336.355" 6457  534.453** 12.62
9566 9151 553.028** 1023 . 185.542** |
**p <.000 |
*p <.001
§
X

T
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APPENDIX B
I. Summary of Deri\)ation and Cross - Validation Studies of the 120 - item Short
" Form of the Category Test
Derivation Cross - _Validationv
Descripti-on‘ Gregory "~ Sherill A Presekm
of Sample et al. (1979) - (1989) ~ Study
Subjects Normal & . Mixed Neuro- Mixed Neuro-
o . 16% Brain- fogic OP’s logic IP's -
damaged OP's - o
Number 70 100 158
Age - 18-58 .15-88
Education Mainly university

3
¢

Category Test Score

Estimated M

Cérréia::h .

Correctly Classified
by Cut-off Score

Prediction Hit Rate
Overestimated
Well Estimated
Underestimated

students

21% >?S‘l ‘ |

)

.95
85%

.

/

.520/0 > 51
9. 132

98 95 95

86% 86%  88%

26% 27% 29%

53% 42% A4%,
31%

2% - 27% -

1. Cross - validation of Sherrill's C120 eqﬁation

s
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Well estimated

Undserestimated

1. Normal
2. Estimatsd scors

b
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I\. Summary of Derivation and Cross - Validation Studies of the 1 08-ltem Short.
. Form of the Category Test ‘
Derivation Cross-Validation _
Description Calsyn et al. Calsyn st al. -(Golden et al.
“of Sample (1980) (1980) {(1981)
Subjects Alcoholic  Alcoholic BD& BD& N'  BD,N,
1P's IP's Psych Psych OP's  Psych
Number 99- 51 38 61 25 80
Age: M 458 39.3 338 301 4368
SD 12.3 134 89 775 135
Ed: M 12,1 1.4 106 123 139
S 29 3.1 2.9 34 31
G208 M 805 - 8756 7655 ,3289 7789
SD - 269 . 3067 299 10 452
C208'2 M -83.28 69.89 4027 7270
SD . 2814 26.46 9.03 2865
Correlation {r) 89 89 88 87 .83 . .9
‘Corréctly Classified ~ 86%  84% 87%  87% 100% 92% -
by Cut-off Score ‘ : N : o
Prediction Hit Rate \
Overestimated )
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H Summary of Denvahon and Cross - Val;danon Studles of the 708 !tem Shorr

Form of the Caregory Test continued

Cross-Vahdatncn Studles

~ Description’

33%

Taylor et al. Present Study
of Sample (1984) ‘ ‘ R
N ‘ ‘ 3 ) . N S )
Makeup Normals {18%) Mixed Neurologic IP's
‘ BD (82%)
Number ~ 168 158
‘Age: M 44.28 | 4204
so . 14.86
~ 16- 72
Ed: M 10.82 11.31
~ SD o 3.63-
E 3 = 22 . \
- C208 M . 7035 7666 .
3D : . 2897 -
| cio\ sCioE?  cCioe?
C208' M 623 - 7667  B0.34  69.82
SD - . ‘ 825.83 3274 27.02.
Corre!ation {r) - \ 91 -89 - 89 .- 89
i . - - ~
Correctly Classified 8?% of BD . 83% 84% 81% .
by Cut - Oft Score 66% of N : ' ‘
Prediction Hit Rate ; v :
‘Overestimated 35% 50% 20%
Woell Estimated ~32% 22% 23%
Undereétimated 28%

57% .

" 1 Equation denved from sample
2. Sherrill's (1985) equation
3. Calgyn st al.'s (1980) equation

A ] >



