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Abstract

The Homophone Meaning Generation Test (HMGT; Warrington, 2000) is a new measure of verbal fluency that has
been demonstrated to be sensitive to the presence of anterior lesions. In the present study we used the HMGT
healthy standardization sampl & 170) and demonstrate that scores on the HMGT do not differ significantly from

a normal distribution and that the test has adequate reliabdlity (82). A table for obtaining confidence limits on

an individual’s score is presented. A regression equation for the estimation of premorbid HMGT performance was
constructed using the National Adult Reading Test as the predictor variable. In a sample of 36 cases with anterior
lesions estimated premorbid scores were significantly higher than obtained spore$01). Premorbid ability

acted to suppress group differences on the HMGT; the partial correlation between neurological status\(healthy
anterior lesion) and HMGT performance controlling for premorbid ability (.53) was significantly higher than the

raw correlation (.44). In addition, hierarchical discriminant function analysis demonstrated that the inclusion of
premorbid ability improved classification over that achieved by HMGT scores alone. These results support both the
underlying rationale and the clinical utility of controlling for premorbid performance when interpreting verbal
fluency scores.JINS 2002,8, 547-554.)
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INTRODUCTION each of a series of eight homophones (esgnt tick, etc.).
Iti d that this task i t itive flexibil-
Executive dysfunction is considered to underlie many of. Is argued that this task requires greater cognitive flexibi

. . . ity than existing fluency measures as it requires multiple
the behavioral changes observed in a wide range of neur%’\)//vitches betwegen verbgl concepts d P

quical and psychiatric di_sorders. Howeve_r, although clini- Warrington (2000) demonstrated that performance on this
cians regularly observe its often devastating effects on th?ask is impaired following anterior lesions, regardless of

capacity for inerendent Ii\{ing, It has proved ve_ry.difficult laterality. Other tasks, most obviously card sorting tests
to develop reliable and valid methods of quantifying SUChsuch as the Wisconsin Card Sorting Test (Grant & Berg,

dysfunction. 1948; Heaton, 1981) and Modified Card Sorting Test (Nel-
2on, 1976), also require shifting of cognitive set. However,
the number of shifts in these former tasks are limited. In

. ddition, scores on these tasks are heavily skewed, to the
cently designed a new measure O.f verbal fluency term_e(ixtem that they could be regarded as simply providing a
the Homqphone I_\/I_eanmg Generation Tes_t (HMGT)_' Th'spass or fail measure. Warrington (2000) argues that tests of
task requires participants to generate multiple mean'ngSfoéxecutive dysfunction which yield normally distributed

scores have many advantages and she asserts that the HMGT

_ should possess this property. Burgess and Shallice (1997)
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assess executive dysfunction (Crawford et al., 1998; Mc
Carthy & Warrington, 1990). Warrington (2000) has re-
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The present study evaluates the measurement charactemerms as it will provide aimdividual comparison standard
istics of the HMGT and provides data to aid clinicians with (Lezak, 1995) against which to compare a patient’s ob-
interpretation of an individual’s performance. The first spe-tained HMGT scores. In the present study we use the healthy
cific aim is to test Warrington’s (2000) assertion that scoresstandardization sample for the HMGT to generate this equa-
on the HMGT will be normally distributed in the healthy tion and provide additional data to permit its use in clinical
population. The second issue examined is the reliability opractice.
the test. Adequate reliability is a necessary condition for We also evaluate the validity and utility of the equation
validity and is particularly crucial when, as in the case ofin three ways. Firstly, we test the hypothesis that obtained
the HMGT, a test is intended for use in the individual caseHMGT scores will be significantly lower than estimated
(Crawford, 1996; Franzen, 1989). We use Cronbach’s alphpremorbid HMGT scores in a sample of cases with anterior
to estimate reliability of the HMGT and subsequently to cortical lesions; this is directly analogous to Crawford et al.’s.
generate confidence limits on individuals’ HMGT scores. (1992) evaluation of the equation for estimating premorbid
Confidence limits serve the general purpose of remindingperformance on initial-letter fluency. Secondly, we use hi-
users that test scores are fallible but they also quantify therarchical discriminant function analysis to test whether in-
degreeof uncertainty; because of this their use is stronglycorporating estimates of premorbid performance improves
recommended by a number of authorities (e.g., Nunnally &liscrimination between healthy and anterior lesion cases
Bernstein, 1994; Stanley, 1971). over that achieved by the HMGT alone. Finally, we exam-

Performance on verbal fluency tests is strongly related tane whether premorbid ability acts to suppress the relation-
verbal 1Q in the general population. For example, Crawfordship between fluency performance and neurological status.
et al. (1993) reported a correlation of .64 between initial-The hypothesis tested is that the raw (point-biserial) corre-
letter fluency and Wechsler Verbal IQ in a healthy samplelation between fluency and neurological status (i.e., healthy
(N = 144). Some studies have reported even higher corrers.anterior lesion) will be significantly lower than the par-
lations; for example, Miller (1984) reported a correlation of tial correlation obtained after controlling for premorbid
.86 between fluency and Verbal 1Q in a small, healthy sam-ability.
ple. Such results indicate that an individual’s premorbid
ability should be considered when interpreting verbal flu-
ency performance in clinical populations. This was graph- METHODS
ically illustrated by Borkowski et al. (1967) who reported
that the fluency performance of a brain-damaged sample
above-average Verbal IQ was significantly higher than th

of healthy subjects of below-average Verbal IQ. Two samples were employed. The first sample consisted of
Crawford et al. (1992) employed a healthy sample t©0yne 170 healthy participants (102 females, 68 males) re-
build a regression equation for the estimation of premorbid.,jited by Warrington (2000) to serve as the HMGT stan-
initial-letter verbal fluency performance from scores on theygization sample. The mean age in this sample was 45.1
National Adult Reading Test (NART; Nelson & Willison, (SD= 14.9) with a range from 19 to 74 years. This sample
1991). They suggested that estimated fluency performancgas proadly representative of the adult UK population in
should be compared to obtained fluency; a large discrepgerms of the distributions of age and socio—economic sta-
ancy petwee_n the two in favorlof premorbid al.J|I.|ty would y;s: for further details see Warrington (2000).
constitute evidence of an acquired fluency deficit. The second sample consisted of 35 patients (21 males, 14
The NART and its variants are widely used to estimatefemaes) with verified focal anterior lesions tested by War-
premorbid ability. Although NART performance is im- rington (2000). The majority of these patients had space
paired in severe dementia and in some other clinical d'sor()ccupying tumors, the remainder had well localized vascu-
ders, in general, performance is surprisingly robust in thgyy |esjons; in 17 of the cases the lesion was in the left
face of neurological and psychiatric iliness (see Crawfordpemisphere and in the right hemisphere in the remainder.

1992; Franzen etal., 1997; and O'Carroll, 1995, for reviews)y1ean age of the sample was 4580(= 14.0). For further
Crawford et al. (1992) reported that the NART had agetails of this sample see Warrington (2000).

highly significant correlation i = .67) with initial-letter

fluency and provided a table to convert NART errors to

estimated fluency performance. They also provided provi-Tests and Materials

sional evidence of validity for the method by demonstrating

a highly significant difference between estimated premorParticipants in both samples had been administered the

bid fluency and obtained fluency in a neurological sample HMGT and the NART according to standard instructions.
Warrington (2000) reported that the NART had a highly The healthy sample has also been administered the Graded

significant correlation with HMGT performance € .60).  Naming Test (McKenna & Warrington, 1983), and the an-

This suggests that, as in the case of initial-letter fluency, derior lesion sample had been administered the Modified

NART equation for the estimation of premorbid perfor- Card Sorting Test (Nelson, 1976); these data are not used in

mance would be a useful supplement to conventional HMGThe present investigation.

a(?Qesearch Participants
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The HMGT consists of eight homophoneik, tip, slip, ~ whereX is the obtained score and is the mean for the
form, plain bored right, sent) It can be seen that some of scale (10 in the present case). Thus, for example, if an in-
the homophones have a single spelling (estjip) while  dividual obtained a score of 5 on a scale that had a mean of
others have multiple spellings (e.gent—scent—centThe 10 and a reliability of .8, the individual's estimated true
homophones are presented orally and there is no time coscore would be 6.
straint. A point is awarded for each distinct meaning. Sum-
mary statistics for the individual HMGT items are presentedRESUL.I_S
in Table 1. The individual HMGT items are summed to

obtain a raw score and this raw score can then be converted. . .. .. L
to a scaled score (i.eM = 10, SD= 3). e8|str|but|on of Test Scores and Reliability

The NART is an oral, single word reading test consistingA Kolmogorov-Smirnov test applied to the distribution of
of 50 words that violate grapheme—phoneme corresporHMGT scores in the healthy sample revealed that scores on
dence rules (e.gghord). By convention, performance is the HMGT did not deviate significantly from a normal dis-
expressed as the number of errors of pronunciation, withribution; z = 1.25, p =.09. The internal consistency of
high scores therefore reflecting poor performance. scores on the HMGT was examined using Cronbach'’s Co-

efficient Alpha (). Alpha was .82; the 95% confidence
_ interval on this alpha, calculated using Feldt’s (1965) for-
Analysis mula, was .78 to .86. Cronbach’s alpha was entered into

_ . o formulae (1) and (2) to generate estimated true scores and
To obtain 95% confidence limits on HMGT scaled scoresggo, confidence limits for HMGT scaled scores. These lim-
the following formula was used to calculate the standardig 5re presented in Table 2.
error of measurement for true scores (Glutting et al., 1987;
Stanley, 1971):
Regression Equation for the Estimation

SEM, = (ST =T, ) of Premorbid HMGT Performance

In the standardization sample the mean of HMGT raw scores
was 23.7 §D= 4.9) and mean NART errors was 223§=

where S, is the standard deviation of the scale (3 in the 3). The correlation between the NART and the HMGT

present case as we are working with HMGT scaled scores

andr,, is the reliability of the scale (normally estimated as .605 p < .001). HMGT raw scores were regress_ed.
using Cronbach’s alpha). Confidence limits are formed byon NART error scores to generate the following equation:
multiplying the SEM by a value of (a standard normal
deviate) corresponding to the desired confidence limits; for o ] o

95% limits, the most commonly used, this value is 1.96 Table 2. Table for obtaining 95% confidence limits for true
These confidence limits are not symmetrical around in->cores on the HMGT
dividuals’ obtainedscores but around their estimatede _
scores (Nunnally & Bernstein, 1994; Silverstein, 1989; StansScaled  Estimated . .
ley, 1971). The estimated true score is obtained by multj-Scor¢  true score Lower limit Upper limit

95% confidence limits on true scores

plying the obtained score, in deviation form, by the reliability 1 3 1 5
of the test. It can be seen then that true scores are regressed?2 3 1 5
towards the mean, the extent of this regression varying in- 3 4 2 6
versely with the reliability of the scale. The formulais as 4 5 3 7
follows: 5 6 4 8
6 7 5 9

7 8 5 10

Estimated true score r,(X — X) + X, (2) 8 8 6 10

9 9 7 11

10 10 8 12

11 11 9 13

Table 1. Summary statistics for individual HMGT items 12 12 10 14
13 12 10 15

HMGT item 14 13 11 15

I - - ’ - . 15 14 12 16
Statistic  Tick Slip Tip Form Plain Bored Right Scent 16 15 13 17
M 274 296 3.13 296 3.34 285 319 253 17 16 14 18
SD 1.04 098 099 1.05 0.81 097 0.86 0.64 18 17 15 19
Minimum O 1 1 1 1 1 1 1 19 17 15 19

Maximum 5 5 6 6 5 6 5 4 20 18 16 20
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Estimated premorbid HMGT performanee30.1— (0.318X  Table 4. Critical values for the discrepancy between obtained
NART errors). scores and estimated premorbid scores on the HMGT

The standard error of estimate for the equation was 3.9T
For ease of use, Table 3 converts NART error scores to
estimated premorbid HMGT scores. The standard error of .15 .10 .05 .01
estimate for the HMGT was multiplied #values of 1.03, .
1.64 and 2.32 to derive the critica?l vaIL::z,;/for the 15%, S%Dlscre'%mCy 41 >0 64 91
and 1% levels of significance. These critical values are pre-
sented in Table 4. Because clinicians or researchers using
this equation will wish to test a directional hypothesis (i.e.,

that obtained scores are lower than estimated premorbiaf controls and 72% of anterior lesion cases were correctly
scores), the critical values are one-tailed. classified). When premorbid ability as estimated by the

NART was included, the overall classification accuracy rose

to 80.5% (82% of controls and 74% of anterior lesion cases
Validity and Utility of the Regression were correctly classified). A McNemar repeated measures
Equation chi-square test was used to test whether the improvement in

, , . classification accuracy was statistically significant (Tabach-
Mean NART errors in the anterior lesion sample was 21.8,i. & Fidell, 1996). To perform this test, the number of

(SD=9.36). Estimated premorbid HMGT performance for .,qes intially correctly classified by HMGT scores alone

each anterior lesion case was calculated from NART errors 5 psequently incorrectly classified with the addition of
using the regression equation. Mean estimatemimorbid N aRT (n = 9), was compared to the number of cases for

HMGT performance was 24.075D = 2.98). Meanob- o the converse occurred € 21). This test revealed a
tained scores on the HMGT in the anterior lesion Samplesignificant improvement in classification accuracy?(=
was 17.2 6D = 5.40). A paired sampletstest was used to 4.03,df =1, p = .023).

compare obtained scores with estimated premorbid scores. The correlations between premorbid ability (as measured

This revealed a highly significant difference in favor of by the NART), fluency (as measured by the HMGT) and
estlmgted prgmorpld ;cqres:é 7.81,.df =34,p = .001). neurological status are reported in Figure 1 along with their
A hierarchical discriminant function analysis was per-jgnificance levels. In coding neurological status, healthy
formed to test whether the combination of estimated,,seq ere assigned a value of zero and lesion cases a value
premorbid ability and HMGT scores would improve dis- 41 14 ease interpretation, NART scores were reflected for

crimination between the healthy and anterior lesion SaMghis part of the analysis so that high scores represented
ples over that achieved by HMGT scores alone. The overaléood performance.

cIassificatio_q accuracy (i.e., the percentage of cases cor- It can be seen from Figure 1 that there is a significant
rectly classified) was 74.8% for HMGT scores alone (75%gint_piserial) correlation between neurological status and

the HMGT. This demonstrates a significant between-group
difference in HMGT performance in favor of the controls

Significance level (one-tailed)

Table 3. Table for converting NART errors to estimated
premorbid HMGT performance

NART Premorbid NART Premorbid NART Premorbid r=10.44 /—\
errors HMGT errors HMGT errors HMGT "Neurological \""., p<.001 ‘ Fluency \"-.
0 30.1 17 24.7 34 19.3 Status l_,.'l‘ - _ _ —I'-,._\ {HMGT]I' _..-'
1 29.8 18 24.4 35 19.0 : (r,;=053) ™
2 295 19 24.1 36 18.7 (p<.001)
3 29.1 20 23.7 37 18.3
4 28.8 21 23.4 38 18.0
5 28.5 22 23.1 39 17.7
6 28.2 23 22.8 40 17.4
7 27.9 24 225 41 17.1
8 27.6 25 22.2 42 16.7 / Premorbid
9 27.2 26 21.8 43 16.4 I-. Ability .-|
10 26.9 27 21.5 44 16.1 (NART) J
11 26.6 28 21.2 45 15.8 N AR
12 26.3 29 20.9 46 15.5
13 26.0 30 20.6 47 15.2 Fig. 1. Graphical illustration of the role of premorbid ability (mea-
14 25.6 31 20.2 48 14.8 sured by the NART) as a suppressor variable in the relationship
15 253 32 19.9 49 14.5 between fluency and neurological status (the partial correlation
16 25.0 33 19.6 50 14.2 between fluency and neurological status, controlling for premor-

bid ability, appears in brackets).
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(the p value for this correlation is identical to thevalue  verbal intelligence (Crawford, 1992; O'Carroll, 1995). For
that would be obtained if an independent samplésst example, a combined factor analysis of the NART and WAIS
were used to compare the healthy and lesion samples). ttemonstrated that the NART loaded highly (.80) on the
can also be seen from Figure 1 that the NART is highlyWAIS verbal factor (Crawford et al., 1989). Furthermore,
correlated with HMGT performance but does not correlateCrawford et al. (2001) have recently reported a correlation
significantly with neurological status. Thus premorbid abil- of .73 between the NART scores of an elderly sample=(

ity, as measured by the NART, fulfils the criteria for a sup- 179) and the IQ scores this sample obtained in childhood
pressor variable. This was confirmed by computing the(i.e., 66 years previously). In addition, NART performance
partial correlation between HMGT and group membershiphas proved to be relatively unaffected by many neurologi-
controlling for NART scores. This partial correlation (.53) cal and psychiatric disorders; for example, see O’Carroll
is higher than the raw correlation (.44) between these vari¢1995) for a review.

ables. A method developed by Steiger (1980) was used to Given this evidence, Warrington’s (2000) report that the
test whether, as hypothesized, the partial correlation waslMGT and the NART are highly correlated has two impli-
significantly higher than the raw correlation. This proce- cations. Firstly, it indicates that, as is the case for other
dure tests the null hypothegis, = ps4, Where, in the present measures of verbal fluency, an individual’s premorbid ver-
case, = HMGT, 2 = neurological status, 3 the residuals bal IQ will partly determine performance on the HMGT.
obtained after predicting HMGT scores from the NART, Secondly, it suggests that the NART can be used to control
and 4= the residuals obtained after predicting neurologicalfor the effects of premorbid verbal IQ when interpreting an
status from the NART (i.ep, is the raw correlation and individual's HMGT score. In the present study a regression
ps4 represents the partial correlation). This test revealecgquation was built to estimate premorbid HMGT scores
that the partial correlation was significantly higher than thefrom the NART. In clinical practice the estimated premor-

raw correlation(z = 2.85,p < .01). bid scores can then be compared with the scores obtained
by patients on testing; a significant discrepancy in favor of

DISCUSSION the premorbid score would be taken as evidence for an
acquired deficit.

Measurement Characteristics of the HMGT Before turning to issues surrounding the validity of the

The Kolmogorov-Smirnov test revealed that HMGT raw e_quat|on, Itis appropriate to bnefl;_/ cc_)r_nment on the statis-
tical method used to test for the significance of discrepan-

scores did not depart significantly from a normal distribu—c.es In the present study. critical values were obtained b
tion. This property conveys on the HMGT the advantagesn'] It.' in t?]e standalidyérrc;rl of gst'L;wat;,vb al elszof y
identified by Warrington (2000) and Burgess and Shallice™ P Y'Nd : y valu

(1997). Not least among these is that HMGT scores can b%his method is widely used in clinical neuropsychology

analyzed using useful statistical methods that assume no e.g., Crawford etal., 1992; McSweeny et al., 1993; Paolo

o . : et al., 1996). However, numerous authorities on regression
mality (including the methods employedinthe presentstudy)have ointe)d out that it is technically incorrect (S%kal &
The reliability of the HMGT was estimated using Cron- P y

bach’s alpha. The alpha value obtained (.82) indicates tha@omf' 1995; Zar, 1984). The correct method is to obtain the

A standard error of prediction for a new individual case (Co-
the HMGT has an acceptable level of reliability. Based Onhen & Cohen, 1983): this standard error (rather than the

this alpha, confidence limits were obtained for individuals’ tandard error of the estimate) is then multiplied by a value
scores on the HMGT. To illustrate the use and meaning of i Pl y
f t (rather than a value of) to obtain the critical values

these confidence limits take the example of an individual’

who obtained a raw score of 17 on the HMGT. Using War_reqwred. However, Crawfc_)rd and HOW?” (1998D) com-
rington’s (2000) table, this converts to a scaled score of 6pared the correct method with the approximate method used

Consulting Table 2 it can be seen that the estimated trugere in data simulated to represent a range of situations

score is 7 and the accompanying lower and upper 95% co encountered in clinical neuropsychology. They reported that
r‘{he technically incorrect method performs very well unless

fidence limits are 5 and 9 respectively. As noted, it is Widely%he sample size used to generate the equation is very small

recommended that test scores should be accompanied Xot the case in the present studv) and the scores on the
such limits as they serve the general purpose of remindin : . P . y)
redictor variable (NART in the present study) arery

us that all test scores are fallible and thepyantifythe ef- .
Y extreme. These conclusions have also subsequently been

fects of this error. The confidence limits procedure pro- o .
duces limits on an individualsue score rather thaobtained supported by examination of empirical data (Graves, 2000).

score; that is, there is a 95% probability that the individu-
al's true score lies within these limits. Validity and Utility of the Equation

The validity and utility of the NART regression equation
was evaluated in three ways. As an initial validity check,
the HMGT performance of anterior lesion cases was com-
Correlational and factor analytic studies have demonstrategared with the estimated premorbid scores provided by the
that the NART has high construct validity as a measure ofegression equation. This yielded a highly significant dif-

Estimation of Premorbid HMGT
Performance
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ference { = 7.81,p < .001). Although this result provides pressing the relationship between tests used to measure
support for thevalidity of comparing obtained and estimated cognitive deficits and neurological status (regardless of
premorbid scores, it provides only limited supportforiti-  whether neurological status is dichotomized, as in presence
ity. It could be that simply using HMGT scores alone, ratherversusabsence of a condition, or is continuous, as in an
than the discrepancy between premorbid and obtained scoréadex of the severity of a condition). This suppression oc-
would be just as effective a means of detecting impairmentcurs because performance on virtually all neuropsycholog-
For example, an alternative regression-based means of esital tests will reflect, not only the effects of the presence or
mating premorbid ability uses demographic variables as preseverity of neurological disease or trauma, but also pre-
dictors (e.g., years of education, occupational status, age, et@xisting differences in ability. In contrast, premorbid ability
Eppinger etal. (1987) compared demographically estimatedill not, in general, be related to neurological status in con-
premorbid WAIS—-R IQ scores with obtained IQs in a neuro-ditions in which there is an adult onset. Therefore, there is a
logical sample and reported that premorbid 1Qs were signifneed to partial out (i.e., control for) the effects of premor-
icantly higher than the IQs obtained on testing. However, theyid ability so that our indices of test performance reflect
also demonstrated that the discrepancies between premorhidpairment rather than an amalgam of variance attributable
and obtained 1Qs were no more effective than IQ scores alont impairmentand premorbid ability.
at differentiating between the neurological cases and healthy The criterion for identifying whether a variable sup-
controls. presses the relationship between two other variables is that
Although there is now a substantial literature on the NARTthe variable correlates significantly with one of the vari-
and its variants, this basic issue has received little empiricahbles of interest but not with the other. If follows from this
scrutiny. Crawford et al. (1990) used hierarchical discrim-that controlling for the effects of the suppressor variable
inant function analysis to examine the ability of the NART (i.e., partialling out its effect) will increase the magnitude
in combination with WAIS 1Q to correctly classify a sample of the correlation between the two other variables (Darling-
consisting of healthy participants and patients with Alzhei-ton, 1990; Howell, 1997). This is exactly the pattern ob-
mer’s disease (AD). The inclusion of the NART signifi- tained in the present study (see Figure 1).
cantly improved the accuracy of classification over that It is also worth making explicit that, as the correlation
achieved by WAIS 1Qs alone; 85% of cases were correctlypetween NART performance and neurological status is not
classified by 1Q scores and this rose to 96% for the combisignificantly different from zero, the anterior lesion cases
nation of IQs and NART scores. performed as well on the NART as the healthy sample; the
In the present study, the same methodology was emp value for the point-biserial correlation between NART
ployed to test whether the use of the NART to provideand group membership is identical to fhhealue that would
estimated premorbid scores for the HMGT would signifi- be obtained if one conducted an independent santpéest
cantly improve its ability to discriminate between anterior on the NART scores of controls and anterior lesion cases.
lesion cases and healthy controls. The percentage of casé@his result is important in its own right as, to our knowl-
correctly classified rose from 75 to 81% when the NART edge, there are no previous data on whether the NART and
was included in the discriminant function analysis and theits variants can be used validly to estimate premorbid abil-
change in classification accuracy was statistically signifi-ity following focal frontal lesions. Investigation of this is-
cant. This result demonstrates that using the NART to prosue in other anterior lesion samples is warranted.
vide anindividualcomparison standard for a patients HMGT  Crawford et al. (1990), in their study of the relationship
performance can supplement the use of conventinnel  between NART and WAIS 1Q in healthy and AD samples,
mativecomparison standards. obtained exactly the same pattern of correlations as that
The absolute percentage of cases correctly classified, egbserved in the present study. Thus these two studies, which
ther with or without the use of the NART, is relatively mod- employ different clinical samples (focal frontal lesiors
est in comparison with Crawford et al.'s (1990) results.AD) and different measures of current functioning (verbal
However, this is not unexpected for two reasons. Firstly, influencyvs.WAIS 1Q) provide converging evidence to sup-
the present study the presence of an anterior lesion is eport the rationale underlying the use of the NART in neuro-
sentially used as a proxy for the presence of executive dygpsychological assessment.
function. However, many patients with anterior lesions will
not have suffered impairment of the executive system. Sch
ondly, the executive system is complex and multifaceted.
Therefore, it is entirely unrealistic to suppose that any sin-The practicalities of using the present regression equation
gle test will be able to detect all cases that have impairmentan be illustrated by the example of a 55-year-old male
of executive processes. patient with a subdural hematoma in the left frontal lobe.
His raw score on the HMGT was 19 (which converts to a
scaled score of 7), and his error score on the NART was 12.
Entering the NART error score into the regression equation
Crawford et al. (1990) suggested that, in clinical popula-produces an estimated premorbid score of 26.3 (see also
tions, premorbid ability should be conceptualized as supTable 3). Therefore there is a discrepancy of 7.3 between

se of the Equation in Clinical Practice

Premorbid 1Q as a Suppressor Variable
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the estimated premorbid score and the obtained raw scor&tates and Canada; that is, the North American Reading

Consulting Table 4, it can be seen that this difference exTest (NAART,; Blair & Spreen, 1989) and the American

ceeds the critical value (6.4) for the .05 level of significance.National Adult Reading Test (AMNART; Grober & Sliwin-
Critical values for more conservative significance levelsski, 1991). Given that the present results were positive, it

(.15 and .10) are also provided in Table 4 because, inevitavould be worth developing and evaluating equations based

bly, statistical power is low when working with individu- on these variants for use with both conventional verbal flu-

als’ scores. There is therefore the danger of committingency tests and the HMGT.

Type Il errors (i.e., wrongly rejecting the null hypothesis of

“no deficit”). The choice of significance level is one for the

clinician and will depend on the circumstances of the parCOmputer Program for the HMGT

ticular case; that is, the relative costs attached to false POShe |abor involved in using the methods provided in the

't'V'fS ahnd false nega:ltlv.es._f. ovel ity g PreSent paper is modest. However, we considered it would
urthermore, as all significance levels are essentially alpe more convenient for clinicians if the procedures were

bitrary conventions_,. the provision of multiple critical val-_ implemented in a computer program for PCs (this should
ues serves the additional, more general, purpose of allowings, minimize the risk of clerical error). The program takes
the clinician to estimate the abnormality of the discrepancy, patient's raw score on the HMGT and (optionally) their

observed for their patient. Thus, if a patient's disCrepanCy ARt error score. The output consists of the HMGT scaled
falls between the critical values for the .10 and .05 Ievels,Score the estimated true score. and the 95% confidence
then the cI|n|C|e_1n knows that between 10 an_d 5% of th%imits on true scores. It also converts NART error scores to
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