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A fundamental problem in diagnostic neuropsychological testing is the considerable variance
in cognitive performance associated with demographic variables such as sex, age, and
education. Parsons & Prigatano (1978) discussed the importance of these background
variables in neuropsychological research, and subsequently the clinical relevance has been
demonstrated and discussed mainly in relation to the Halstead-Reitan neuropsychological
battery (e.g. Bornstein, 1985; Heaton et al., 1986; Leckliter & Matarazzo, 1989). For subtests
of the WAIS and WAIS-R a relation between test performance and these demographic
variables has also been demonstrated (e.g. Heaton er al., 1986); Kaufman et al., 1988), and
significant correlations between WAIS performance and performance in the Halstead-Reitan
battery have been demonstrated in several studies (Leckliter & Matarazzo, 1989).

Premorbid intelligence may also be considered a demographic variable and performance in
selected verbal WAIS subtests may be viewed as an index of premorbid intelligence. This was
our point of view in a review of studies of the influence of age, education, and intelligence
on neuropsychological test performance (Gade & Mortensen, 1984), and for normal subjects
we demonstrated that Verbal IQ explained considerable variance in neuropsychological test
performance beyond that explained by age and education.

The relatively high correlations between demographic variables and neuropsychological
test performance in normal subjects may be a source of diagnostic error to the extent that
test norms do not sufficiently take these correlations into account: Intellectual impairment
may be overdiagnosed in old low-education patients and underdiagnosed in young high-
education patients. Similarly, variation in premorbid intelligence may be a source of
diagnostic errors, and it should be remembered that demographic characteristics may interact
in unknown ways.

Gade et al. (1984) tentatively suggested the use of multiple regression equations to obtain
a relatively precise estimate of the expected premorbid neuropsychological test performance
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of a person with specified demographic characteristics, and this possibility has been explored
in various contexts (Gade et al., 1985a; Gade et al., 1985h; Gade et al., 1988, Mortensen et
al., 1991). Our approach is similar to recent attempts to predict Halstead-Reitan performance
from demographic variables (Alekoumbides et al., 1987; Karzmark et al., 1984; Ryan et al.,
1987) but is also similar to recent studies using test scores as an index of premorbid ability
(Schlosser & Ivison, 1989; Grober & Sliwinski, .1991).

The purpose of this paper is to present a more detailed description of the relation between
demographic variables and neuropsychological test performance, and to explore in detail the
problems in using demographic characteristics to estimate the expected premorbid test
performance. Our neuropsychological battery is the standard battery of Rigshospitalet,
Copenhagen. This battery was described by Gade et al. (1988) and by Gade & Mortensen
(1992) who presented raw score distributions for a sample of 141 normal subjects. The results
of this sample are the basic for the present report. Although many detailed results will
necessarily be sample specific, we believe that a detailed study and discussion will elucidate
general methodological problems in the prediction of expected premorbid test results.

METHOD

Subjects

The sample consisted of 141 brain healthy subjects who were selected according to criteria described by
Gade et al. (1988) and Gade & Mortensen (1992). The educational level of each subject was calculated
as the sum of number of school years (range 7-12) and an occupational training index (range 1-5).
Gade & Mortensen (1992) described these variables and the split of the sample into two educational
levels and three age levels: For educational level a score in the range 8—12 was considered low and a
score in the range 13—17 was considered high. The range of the three age levels was 2040, 41-60, and
61-83 years, respectively.

Test battery

The sample of 141 subjects was tested with a battery that is described fully in a separate article (Gade
& Mortensen, 1992). In this context we concentrate on a Verbal prorated WAIS IQ and the standard
neuropsychological test battery from Copenhagen University Hospital (Rigshospitalet). The WAIS
subtests were the Information, Similarities, Digit Span, and Vocabulary tests, and the standard
neuropsychological battery consisted of Proverb Interpretation, Classification, Paired Associates Learn-
ing, List Learning (Buschke), Digit Span, Sentence Repetition, Symbol Digit Modalities Test (SDMT),
Trail Making Test, Block Design, and Visual Gestalts. Two scores are generated from the Digit Span
and the Trail Making tests, and thus a total of 12 test scores is derived from the battery. A factor
analysis of the battery suggested four factors, and consequently the means of the corresponding four
groups of tests are analyzed in this paper. Finally, we include the Total Mean of all 12 test scores
because this mean is often used as an index of the general level of test performance.

All individual test scores were normalized and standardized to a mean of 50 and a standard deviation
of 10 (see Mortensen & Gade (1992) for details). Similarly, all means of test scores were restandardized
to a mean of 50 and a standard deviation of 10.

Data analysis

In a preliminary analysis, age and educational level were analyzed as qualitative variables with only 3
and 2 levels. This analysis is relatively uncomplicated, but clearly more precise information on the
relation between demographic variables and test performarice is needed for the prediction of expected
premorbid performance of individual patients. Therefore, age and educational level were analyzed as
quantitative independent variables together with Verbal IQ and sex in muitiple regression analyses of the
relation between demographic variables and neuropsychological test performance.

To analyze all tests in detail would be outside the scope of this paper, and therefore only the means
of groups of test scores are analyzed with regression analysis. As these test means are means of highly
correlated tests, it should still be possible to demonstrate major types of relations between demographic
variables and neuropsychological test performance.
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The relations between the four predictor variables and test performance were analyzed in a large
number of alternative hierarchical regression analyses. In these analyses the order of the predictor
variables was arranged with main effects first, then lower order interactions, and finally higher order
interactions. Non-linear or quadratic main effects were tested, and when significant the relevant variables
were included in the hierarchical regression analyses. Non-significant variables were discarded from
further analysis, and in this way more simple equations were gradually developed.

In both clinical practice and research it may be difficult to obtain an unbiased estimate of the
premorbid Verbal IQ of brain damaged patients (Mortensen er al.,, 1991). Alternative regression
equations were therefore obtained for age, sex and educational level without Verbal IQ.

Because the age range is so wide in the sample, means of residuals were calculated separately for the
three age subgroups and the low and high educational groups. The sample was also divided into a below
average Verbal IQ group (N = 37), an average Verbal IQ group (N = 68), and an above average Verbal
IQ group (¥ = 36), and the means of residuals were calculated for each of these groups.

RESULTS

Sample background

Table 1 shows background data for the three age groups, two educational groups and
females and males, respectively.

In the present context it is important to observe that the mean Verbal IQ is significantly
lower in the youngest age group than in the two older age groups, and this result should be
borne in mind in the interpretation results of analyses without IQ as a covariate. These IQ
differences between age groups may be related to both subject selection procedures and IQ
test standardization factors (see Gade & Mortensen, 1992).

An increasingly large proportion of the Danish population receives higher education, and
it is therefore understandable that an interaction between education and age can be
demonstrated for Verbal IQ (p =0.01). Independent studies using a military draft board

Table 1. Background information in 7 subgroups

Age Groups Education Sex

Variable Young Middle Old Low High F M
No. of Subjects 45 58 38 86 55 63 78
Age

Mean 31.62 49.59 69.18 50.51 46.98 51.43 47.28

SD 6.26 5.99 6.88 16.00 15.17 15.45 15.79
Educational Level

Mean 12.20 11.16 11.11 9.74 14.18 11.27 11.64

SD 2.54 2.51 2.64 1.36 1.47 2.76 244
School Years

Mean 9.36 8.52 8.58 7.67 10.56 8.78 8.82

SD 1.64 1.66 1.77 0.99 0.94 1.79 1.66
Occupational Training

Mean 2.84 2.64 2.53 2.07 3.62 249 2.82

SD 1.19 1.13 1.08 0.92 0.73 1.18 1.09
Prorated Verbal 1IQ

Mean 104.38 110.41 111.61 101.76 119.84 107.98 109.47

SD 13.54 13.64 19.62 12.86 13.08 14.09 16.85
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Table 2. T score means for three age groups, two educational groups, and sex

Age Groups Education Sex
Variable Young Middle old Low High F M
Total Mean 54.78 51.79 41.37 45.64 56.65 49.52 50.27
Abstraction Mean 53.56 50.95 43.47 46.52 54.84 48.94 50.44
Proverb Interpretation 50.98 52.10 45.92 47.38 54.35 50.55 49.69
Classification Test 55.51 50.09 4324 47.07 54.51 47.94 51.62
Verbal Learning Mean 52.82 50.71 44.76 46.95 54.20 51.63 48.28
Paired Associates 53.09 50.53 45.53 46.87 54.96 50.82 49.33
List Learning 51.87 50.46 46.64 48.51 52.47 53.03 47.48
Span Mean 51.31 52.41 45.05 46.62 55.49 48.62 51.26
Digit Span Forward 51.18 51.62 46.11 47.24 54.29 48.59 51.13
Digit Span Backward 51.44 51.87 44.79 47.62 53.27 47.81 51.45
Sentence Repetition 50.27 52.24 46.32 46.35 55.75 49.81 50.18
Visuo-Motor Mean 55.96 51.36 40.92 46.10 56.13 49.51 50.42
SDMT 55.09 51.01 42.39 46.08 55.95 50.92 49.19
Trail Making A 55.24 50.31 43.18 47.27 54.18 50.59 49.46
Trail Making B 54.33 51.28 42.82 46.10 56.02 49.79 50.12
Block Design 54.44 51.64 4247 46.92 54.98 48.60 51.24
Visual Gestalts, 55.93 51.44 40.50 46.92 54.60 47.89 51.55

Learning and Retention

group test have confirmed that intelligence differences between educational levels have
decreased in Denmark (Teasdale & Owen, 1992).

Preliminary analysis

Table 2 presents the mean test results for the three age groups, the two educational groups,
and females and males, respectively. Only main effects were significant in analysis of
variance, and when Verbal IQ was introduced as a covariate, these analyses of covariance
also showed significant main effects only, although a few p values for interactions did
approach significance.

For the age factor a non-linear relation between age and test performance is suggested by
small differences between the youngest and the middle age groups and by the dramatically
lower performance of the oldest age group. This low level of performance is even more
remarkable because the mean Verbal IQ is highest in the oldest age group (cf. Table 1).

In the analysis of variance the effects of educational level appear stronger than the effects
of age in most tests, but in the analysis of covariance the effect of education is in many cases
non-significant. This result is understandable because educational level and verbal 1Q are
highly correlated (Table 1). :

The analysis of variance demonstrates that females show better performance than males in
the List Learning Test and that males show better performance than females in the Digit
Span and Visual Gestalts tests. The male group has a higher Verbal IQ mean than the female
group (Table 1), and with Verbal 1Q as a covariate, only the sex difference in List Learning
remains significant (the analysis of covariance also showed a significant sex difference
favoring females for the SDMT).
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Table 3. The correlations of the four predictor variables with the five test means

Test mean Sex Age Education VIQ

Abstraction Mean —0.08 —0.39%* 0.53%* 0.52%*
Span Mean —0.13 —0.20* 0.49** 0.67**
Verbal Learning Mean 0.17* —0.31** 0.43** 0.42+*
Visuo-motor Means —0.05 —0.63** 0.55%* 0.39*>
Total Mean —0.04 —~0.53** 0.63** 0.60**

Note: Correlations marked with * are significant at the five percent level, and
correlations marked with ** are significant at least at the one percent level
of significance.

Regression analysis

Table 3 shows the linear correlations between the four predictor variables and the five means
of subgroups of tests. Age, educational level, and Verbal IQ correlate significantly with all
test means. For sex the correlation is significant only in the case of verbal learning (Table 2
shows that females obtain better results than males).

In regression analysis alternative orderings of both main effects and interactions were tried,
but in general hierarchical order was only important for Verbal IQ and educational level (the
correlation between these two variables was 0.61). For the Verbal Learning Mean, the
Visuo-Motor Mean, and the Total Mean educational level did explain significant variance
beyond that explained by Verbal IQ, but this was not the case for the Abstraction and Span
Means.

Table 4 shows the multiple correlations and the amounts of variance explained for the
analyses with and without Verbal IQ included. The final regression equations explain most
variance for the Total Mean and the mean of the Visuo-Motor tests. Less variance is
explained for the Abstraction and Verbal Learning means, and the mean of the Span tests is
a special case because a digit span score is part of the Verbal IQ.

Table 5 shows the final standardized regression coefficients for the analysis with Verbal IQ
included. The pattern of the results is complicated in the sense that a unique combination of
predictor variables is obtained for each test mean: Verbal IQ and the linear age component
are included in all five regression equations, but the quadratic age component is not included

Table 4. The multiple correlations and the proportions of variance explained for models with and without
Verbal IQ included

Verbal Visuo-
Abstraction Span Learn. Motor Total

Mean Mean Mean Mean Mean
VIQ Included
Multiple R 0.732 0.782 0.668 0.841 0.914
Proportion of .
Variance Expl. 0.537 0.611 0.446 0.708 0.836
VIQ not Included
Multiple R 0.640 0.558 0.577 0.780 0.786
Proportion of
Variance Expl. 0.409 0.311 0.332 0.624 0.617

Note: All multiple correlations are highly significant.
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Table 5. Standardized regression coefficients for the final regression equations for the four background
variables

Verbal Visuo-

Independent Abstraction Span Learn. Motor Total
Variables Mean Mean Mean Mean Mean
Sex — — 0.259** — 0.086*
Age/Linear —~0.523** 1.061* —0.498** —0.069 -0.078
Age/Quadratic — —0.635* — —0.623* —0.588**
Verbal 1Q 0.631** 1.138** 0.429 0.411%* 0.659**
Education — — —1.468** 0.188* 0.124%
Age/Linear x

1Q — —0.970* — — —
Education x

Verbal 1Q — — 2.231** — —

Note: Coefficients marked with * are significant at the five percent level, and coefficients
marked with ** are significant at the one percent level of significance or less.

for the means of the Abstraction and the Verbal Learning tests. Educational level does not
explain significant variance beyond that explained by Verbal IQ for the means of the
Abstraction and the Span tests, but does so for the other three test means. In the case of the
Span Mean there is a significant interaction between age and Verbal IQ, and in the case of
the Verbal Learning Mean the interaction between IQ and educational level is significant.
Finally, the regression equation includes sex for the Verbal Learning mean, and again this
indicates that females perform better than males. The result for the Total Mean also includes
a sex factor, but in this case interpretation is simplified by the fact that no interactions are
significant.

Table 6 presents a much simpler pattern for the analyses without verbal 1Q: For four of
the five test means performance is a linear function of educational level and non-linear
function of age. For Verbal Learning the results are clearly different because performance is
a linear function of age and because the interaction between age and educational level is
significant. Furthermore, the regression equation again includes a’term to take into account
significant sex differences.

It may be added that the interaction between educational level and age for the Total Mean
is almost significant in the analysis without IQ included (p = 0.06). This interaction is not

Table 6. Standardized regression coefficients for the final regression equations without Verbal IQ included

Verbal Visuo-

Independent Abstraction Span Learn. Motor Total
Variables Mean Mean Mean Mean Mean
Sex — — 0.263** — —
Age/Linear 0.723 1.282** —1.107** ° 0.419 0.732*
Age/Quadratic —1.046** —1.425%* — —0.983** —1.182%*
Education 0.489** 0.475%* —0.186 0.464** 0.563**
Age/Linear x

Education — — 0.956** — —

Note: Coefficients marked with * are significant at the five percent level, and coefficients
marked with ** are significant at least at the one percent level of significance.
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Table 7. The correlations of IQ with residuals of the final regression equations without IQ. The means of
the residuals are also shown for three IQ subgroups with Verbal IQ Means of 89.40, 108.75, and 128.86
respectively

Mean Residuals

VIQ
Test mean Correlation Low IQ Average 1Q High 1Q
With VIQ
Abstraction Mean — —0.55 0.36 —-0.11
Span Mean — —-0.31 —-0.12 0.55
Verbal Learning Mean — -0.90 0.81 -0.61
Visuo-motor Means — 0.63 -0.23 -0.21
Total Mean — 0.05 —0.04 0.03
Without VIQ
Abstraction Mean 0.34** —4.11** 0.72 2.87*
Span Mean 0.46** —5.72%* 0.50 4.94%*
Verbal Learning Mean 0.25%* —3.30* 0.58 2.30
Visuo-motor Means 0.33** —2.10* —0.05 2.24*
Total Mean 0.52** —4.37** 0.33 3.86**

Note: Correlations and means marked with * are significant at the five percent level, and
coefficients marked with ** are significant at least at the one percent level of significance.

included in the equation presented, but one may want to include the interaction term if the
analysis is to be used for predictive purposes.

Because Verbal IQ is so strongly related to test performance, residuals can be expected to
correlate with IQ if Verbal IQ is omitted from the regression equations.

That this is indeed so is demonstrated in Table 7, which shows the correlations between
Verbal IQ and residuals, and also the mean residuals for three IQ subgroups. For the
equations without Verbal 1Q all correlations are significant, and the means of residuals
deviate significantly from zero in most cases for both the low and high IQ subgroups.

We also calculated the means of residuals for the three age groups and the two educational
groups of the preliminary analysis. However, none of the mean residuals deviate significantly
from zero, and in this sense the data suggest that errors of prediction are not systematically
related to age or education.

DISCUSSION

Our major purpose has been to describe the relation between background variables and
performance in neuropsychological tests. Qur aim is to develop a practical clinical method to
predict the expected premorbid performance level of both individual patients and groups of
patients. Therefore, methodological problems such as the question of cross-sectional versus
longitudinal research designs are relatively unimportant in the present context. Furthermore,
a complete review of relevant literature is beyond the scope of this empirical study. We will,
however, compare our findings with related research.

Abstraction mean

The two Abstraction tests are a Proverb Interpretation test and a version of the Kasanin-
Hanfmann Classification subtest (Lezak, 1983). Abstraction is often considered an aspect of
intelligence and Proverb Interpretation is part of the WAIS Comprehension test. Previously,
Gorham (1956) found that Proverb Interpretation test scores vary with educational level, and
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therefore our results for intelligence and educational level are not unexpected. Indeed, it can
be argued that the only unexpected result for the Abstraction mean is the fact that the
regression equation with Verbal IQ included showed a simple linear (rather than a non-lin-
ear) decline in performance with age. The means in Table 2 and the regression equation
without Verbal IQ suggest that age-related decline is only substantial (five T score points or
more) above the age of sixty (which is consistent with the findings of Albert et al., 1990).
Although the non-linear age component is not significant (p = 0.16), it may be included in
the regression equation with IQ, but this equation also predicts a substantial decline before
the age of 50.

Span mean

The Span Mean consists of Digit Forward, Digit Backward and Sentence Repetition (Spreen
& Benton, 1969). Most data are of course available for the Digit Span tests, but in our
sample Forward and Backward Digit Span correlate 0.61 and 0.55 with the Sentence
Repetition test, and thus the latter test may be interpreted in the context of Digit Span
research. Digit Span is one of the verbal WAIS subtests, and therefore the relatively high
correlation of the Span Mean with Verbal IQ is understandable (cf. Table 3). A correlation
between Span Mean and educational level may be predicted from the correlation with IQ,
but still a correlation of 0.49 may seem surprisingly high (Vargo & Black, 1984, has
demonstrated a relation between intelligence and the Sentence Repetition test).

Birren & Morrison (1961) similarly found a relatively high correlation between education
and WAIS digit span (0.43), but they found essentially no correlation with age when
education was kept constant. For our data regression analysis shows a significant non-linear
relation with age. The equation with educational level included (Table 6) predicts peak
performance in the late forties and the early fifties (cf. Table 2), but the equation with Verbal
IQ (Table 5) predicts peak performance in the twenties (this difference can probably be
explained by the positive sample correlation between age and Verbal 1Q). Finally, it should
be noted that other studies have also demonstrated a moderate decline in Memory Span with
increasing age (e.g. Botwinick & Storandt, 1974; Craik, 1977; Kaufman et al., 1988).

In our sample a significant interaction was observed between age and Verbal IQ: The
difference in Span performance between low and high IQ subjects is much larger for younger
than older subjects, and this means that the low IQ subjects showed much less age-related
decline in performance than the high IQ subjects. This interaction may be caused by
measurement artefacts (floor effects?), but it may also reflect the fact that attention and
related functions tend not to decline below a certain level in normal subjects. The latter
suggestion may be supported by the fact that Mortensen & Kleven (1992) in a longitudinal
study found significant Digit Span decline in the decade between ages 50 and 60, but not in
the decade between ages 60 and 70.

Verbal learning mean

An age-related decline in verbal learning ability has been demonstrated by the results from
the Baltimore Longitudinal Study (Arenberg & Robertson-Tchabo, 1977) and has been
corroborated by many other studies (see for instance the norms of the Wechsler Memory
Scale presented by Lezak, 1983). Much of this research has suggested a non-linear relation
between age and verbal memory with marked performance decline limited to the later
decades of life. This pattern is also suggested by the group means in Table 2, but still the
non-linear age component never approached significance in regression analysis.

In hierarchical regression analysis educational level was significant when it was entered
after Verbal IQ, and also the interaction between these two factors was clearly significant in
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predicting verbal learning. Even though Verbal IQ was significant when it was entered after
educational level, it proved insignificant in the equation with the interaction term included
(Table 5). The interaction can be illustrated by the fact that the correlation between
educational level and verbal learning performance is 0.06, 0.23, and 0.58 in the low IQ,
average IQ, and high IQ groups defined in Table 7. Thus, in this sample educational level
appears to be much more important at relatively high IQ levels. This rather unexpected result
may be a sampling artefact and should be confirmed before interpretation is attempted.

The interaction between educational level and age is significant in the analysis without IQ:
The subjects with relatively low education show a marked age-related performance decline
and the subjects with relatively high education show little or no decline. This is illustrated by
the fact that the linear correlation between age and verbal learning performance was —0.43
and —0.07 in the low and high educational groups in Table 1. Analysis with Verbal IQ
included shows no interaction between age and IQ nor between age and educational level,
which suggests that preservation of verbal learning ability is not necessarily related to general
intellectual functioning. The interaction between age and educational level in the analysis
without IQ may in fact reflect the correlation between age and IQ in the sample.

Finally, the sex factor is clearly significant for both the equations with and without Verbal
IQ which both predict differences of about 5 T score units. Many previous studies have
shown that females outperform males in verbal ability, but even so the above figures may
seem surprisingly high (see for example Hyde, 1981). Andersen (1976) has previously
demonstrated a significant sex difference in the Paired Associate Learning test. In our study
the difference was greater in the List Learning test.

Visuo-motor mean

The effect of educational level is significant with Verbal IQ included for the Visuo-Motor
Means and this mean also shows a marked age related performance decline. The magnitude
of this decline may be explained by the fact that speed is an important aspect of most of the
tests combined in this mean (cf. Hertzog, 1989).

The norms presented in Lezak (1983) for the Symbol Digit Modalities Test (SDMT)
obviously demonstrate age related decline, and this result has been confirmed for Danish
subjects by Nielsen er al. (1989). Similarly, numerous studies found age related decline in
both parts of the Trail Making Test (e.g. Bornstein, 1985; Long & Klein, 1990), and Nielsen
et al. (1989) also confirmed this result for Danes. The review by Leckliter & Matarazzo
(1989) confirms a negative relation between age and Trail Making performance and a
positive relation between performance in this test and education and 1Q.

Birren & Morrison (1961) found that WAIS Block Design correlated —0.32 with age and
0.44 with education, and these relations have been confirmed by more recent studies (e.g.
Heaton et al., 1986; Kaufman er al.,, 1988). For the Visual Gestalt test a negative relation
between age and performance has been demonstrated by both Andersen (1976) and Nielsen
et al. (1989).

It may be concluded that the results for the Visuo-Motor Mean in Tables 5 and 6 are
consistent with previous studies of individual tests.

Total mean

All 12 test scores are combined to obtain the Total Mean, and a consequence of this
procedure is that the four cognitive domains are weighted according to the number of tests
within each area (e.g. there are five Visuo-Motor test scores, but only two Abstraction and
two Verbal Learning scores). It can be argued that the four cognitive factors represented in
the test battery should have equal weighting in the Total Mean by simply computing the
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average of the four test score means. The reason that we have averaged individual test scores
is that our factor analysis of the battery can only be considered tentative and that the four
test score means do not discriminate equally well between normal and brain damaged subjects
(Mortensen & Gade, 1992). By averaging individual test scores the Total Mean will behave
more like the Visuo-Motor Tests that discriminate well between these two groups of subjects.

Actually, the regression equations for the Total Mean (as for the Visuo-Motor Mean) have
relatively strong non-linear relations to age (see Tables 5 and 6). Educational level is
included in the equations with IQ included (as is the case also for the Visuo-Motor Mean
and the Verbal Learning Mean). On the average the equation for the Total Mean predicts
that females will score 1.73 better than males in T score units. The large sex difference in the
Verbal Learning Tests makes this result understandable.

Table 4 showed that the multiple correlations are highest for the Visuo-Motor Mean and
the Total Mean. The size of the multiple correlations may to a certain extent be a function
of the specific cognitive functions measured, but it is likely that they also depend on the
number of tests averaged in each mean. The more test scores included in a mean the more
likely it will behave like a measure of general intellectual ability and therefore be more closely
related to Verbal 1Q and educational level. Finally, the data of Gade et al. (1985a) suggest
that test means composed of many test scores tend to be more reliable than means composed
of few test scores, and the more reliable test means are likely to have higher correlations with
background variables.

The issue of Verbal 1Q

Table 4 showed that the equations with Verbal IQ included explain more variance than the
equations without Verbal IQ. In this sense omission of Verbal IQ from the equations can be
considered a case of “specification error”. Verbal IQ is significantly correlated with both age
and educational level, and therefore the estimates of the effects of age and education will be
biased in the equations without IQ (see Berry & Feldman, 1985).

One of the reasons that the equation without Verbal IQ are still of interest is that Verbal
IQ may be affected by brain disease. Thus, Mortensen et al. (1991) found that the mean
observed Verbal IQ in a group of neurological patients with diffuse cerebral atrophy was
about 7 IQ points lower than expected from the age and educational level of the group (see
also Willshire et al., 1991). Use of equations with Verbal IQ included may therefore result in
biased estimates of expected premorbid test scores and consequently in biased estimates of
intellectual impairment. This problem can be avoided by using only demographic variables
like sex, age, and education, and this procedure may in fact be preferable in some settings.
However, Table 7 shows that the residuals of the regression equations without Verbal 1Q will
be highly correlated with verbal IQ. In practice this means that for a given educational level
patients with relatively low IQ will tend to perform at a lower level than expected, and
relatively high IQ patients will tend to perform at a higher level than expected. This may of
course have serious consequences for the evaluation of individual patients, even though it
may be less problematic in group comparisons if no systematic premorbid IQ group
differences can be expected.

Table 7 shows the correlations between Verbal IQ and residuals for the complete sample,
but the question may be asked whether the correlation is of the same size for educational
levels. Formal statistical tests of the interaction between Verbal IQ and the other three
predictor variables show a significant interaction between educational level and 1Q only for
Verbal Learning residuals, and this result is understandable from the results of the analysis
with IQ included. In general Table 7 can therefore be interpreted as showing the average bias
in evaluating premorbid level from the equations without Verbal 1Q.
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Wilson et al. (1978, 1979) suggested an estimate of premorbid IQ based on age, sex,
education, occupation, and race, and the review by Klesges & Troster (1987) shows a
continued interest in estimating WAIS IQ from demographic variables. In this study we have
used a prorated Verbal IQ to predict the expected performance in neuropsychological tests.
Verbal IQ has of course been chosen instead of the Full Scale IQ because it is supposed to
be less affected by brain damage than the performance subtests of the WAIS. It should,
however, be observed that the verbal WAIS subtests are not necessarily the cognitive tests
that are least affected by brain damage, and a possible research strategy is to develop a test
score mean that is a composite of test scores that appear least affected by brain damage. Any
cognitive test that intellectually impaired patients perform at the level expected from their
scores on demographic variables may be of potential value in the prediction of expected
premorbid performance in neuropsychological tests.

Range of expected scores

To illustrate the influence of background variables on the expected performance of normal
subjects and on the expected premorbid performance of patients with possible brain damage,
Table 8 shows the minimum and maximum predicted T scores observed in the normal
sample. The range of the predicted scores partly depends on the proportion of explained
variance, and for the equations with Verbal IQ included it varies from about three times the
T score standard deviation of 10 to more than four times this standard deviation. For the
equations without Verbal IQ included the range is narrower, varying from about two and a
half times to almost four times the T score standard deviation.

For the Total Mean the minimum expected T score was predicted for a 76-year-old female
with an educational score of 9 and a Verbal IQ of 75. The maximum expected T score was
predicted for a 35-year-old male with an educational score of 14 and a Verbal IQ of 135.
Table 8 and these examples demonstrate that the use of an overall mean of a normal sample
as the basis for clinical decisions may lead to either over- or underdiagnosis of intellectual
impairment. In clinical practice and research the predominant type of diagnostic error will of
course depend on the sample distribution of demographic variables.

A traditional way of making test norms available to clinicians is in printed tables.
However, if such tables were to provide the details actually available, both their construction
and use would be very time-consuming. Instead, it is possible to use the regression equations
in computer programs that for each test or test mean can evaluate the expected level of
performance for any given combination of the demographic variables. A preliminary version
of such a program has been developed by the first author, and this program is generally
available in Denmark.

Table 8. Minimum and maximum predicted T scores for the sample of 141 normal subjects (based on final
equations with and without Verbal IQ included)

VIQ included VIQ not included
Minimum Maximum Minimum Maximum
Test Means score score score score
Abstraction Mean 27 65 32 63
Span Mean 29 69 34 61
Verbal Learning Mean 35 66 37 62
Visuo-Motor Means 26 66 28 66

Total Mean 23 67 28 66
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Generalization

The basic principle discussed in this paper is that the relation between demographic variables
and neuropsychological test performance should be systematically analyzed by multiple
regression or any other statistical technique appropriate for a particular set of data. The
establishment of relevant equations to predict expected test performance should therefore be
a relevant goal for any neuropsychologist. It is, however, important to note that our equations
are only appropriate for Danes, and this is indeed one of the reasons that we have decided
to present standardized regression coeflicients only (the non-standardized regression equations
can be obtained from the first author).

It should also be observed that a given set of equations can be expected to be fully valid
only within limited time periods because relations between demographic variables and
neuropsychological test performance depend on changing life circumstances such as educa-
tional opportunities for females and males respectively. Similarly, equations including Verbal
IQ or any other test will only remain valid as long as test norms remain valid, and much
evidence suggests that IQ norms are only valid for relatively short time periods (Flynn, 1984).

This study was supported by grants from the Danish Medical Research Council to Anders Gade. We
thank Agnete Jonsson and Hanne Udesen for assistance in data collection.
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