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ORIGINAL ARTICLE
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ABSTRACT
The assessment of intellectual abilities is intensive, time-consuming, and might be considered burdensome
for patients. We examined psychometric qualities of short forms (SFs) of the Wechsler Intelligence Scales for
Children (WISC-third edition) and for adults (WAIS-fourth edition), in children (n = 986; Mage = 10.9) and
adults (n = 324; Mage = 40.9) with neurological disorders. SF estimates were compared with Full Scale IQ
(FSIQ), obtained by a complete administration, for the entire sample and for the subgroups FSIQ < 80 and
FSIQ ≥ 80. The FSIQ was correctly identified within ± 7 points in 86% of children and 87% of adults. There
were, however, some differences regarding the optimal SF subtest combination between subgroups.
Although clinical inferences should not be made, SFs may be useful in research settings to obtain a global
estimate of intelligence, and in clinical settings to screen periodically for possible intellectual deterioration.
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Introduction

TheWechsler intelligence scales are widely used for assessing the
intellectual abilities of children and adults, and are often incor-
porated as standard components in diagnostic batteries for neu-
ropsychological evaluations.1 The most recent versions available
in the Dutch language are the Wechsler Intelligence Scale for
Children-Third Edition, published in 2002 (WISC-III2,3), and
the Wechsler Adult Intelligence Scale-Fourth Edition, published
in 2012 (WAIS-IV4,5). The assessment of intellectual abilities is
believed to be fundamental for, for example, the diagnosis of
intellectual disability (ID), along with a measure of adaptive
functioning,6 or the evaluation of cognitive abilities associated
with neurological disorders. Periodic re-evaluation of these abil-
ities is recommended,7 which is especially relevant for indivi-
duals with co-morbid neurological disorders, such as epilepsy,
who are at risk of possible deterioration.8

Each Wechsler intelligence scale consists of multiple subt-
ests that are used to obtain the summary score full scale IQ
(FSIQ) and specific index scores. For instance, the Dutch
WISC-III indices include Verbal Comprehension, Perceptual
Organization, and Processing Speed, whereas the original
WISC-III has an additional index labeled Freedom from
Distractibility. The WAIS-IV indices include Verbal
Comprehension, Perceptual Reasoning, Processing Speed,
and Working Memory. The FSIQ as well as each index score
follow a normal distribution with a mean of 100 and standard
deviation of 15 IQ points. According to the Wechsler classi-
fication system, a FSIQ in the range of 70–79 is labeled as
borderline and a FSIQ below 69 as extremely low.9

Administration times for the WISC-III and WAIS-IV are
approximately 60 minutes and 60–90 minutes, respectively.10,11

Research on the administration time of the WAIS-III in a
clinical sample found an increase of up to 136 minutes, with
a mean of 91 minutes.12 Also, although the discontinue rule
applies earlier in individuals who perform more poorly (e.g.
individuals with ID), the overall administration times for
WISC-III and/or WAIS-IV subtests are not reduced as these
individuals often take more time to respond to items and/or
need more time in between subtest administrations.13 In people
with ID and/or neurological disorders, the intensive and time-
consuming assessment might lead to frustration or fatigue, or
might be affected by seizure activity and medication side-
effects. Consequently, the validity and reliability of the test
outcome might be jeopardized. Briefer methods for estimating
global intelligence might, therefore, be desirable, in particular
when reassessing patients for screening or rehabilitation pur-
poses, in research settings.14,15

To meet the demand for a shortened, but reliable and valid
measure of intelligence, the Wechsler Abbreviated Scale of
Intelligence was developed for individuals aged 6;0–90;11
(WASI) and later adjusted (WASI-II15). The WASI-II consists
of four subtests that are similar, although not identical, to their
WISC-IV and WAIS-IV counterparts, which measure both
verbal and non-verbal abilities. The WASI-II provides accurate
and reliable estimates of general intellectual abilities, while
reducing administration time to 30 minutes. The WASI-II is,
however, a separate instrument, only available in certain lan-
guages: English, Norwegian, and Lithuanian.16 Hence, various
shortened versions–hereafter referred to as short forms–have
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been created, mostly based on a specific combination of subt-
ests of Wechsler intelligence scales that are subsequently con-
verted into an estimation of the FSIQ.

Many studies have been conducted to evaluate the accuracy
of such short forms and have reported promising results.17–19

Several studies have, however, indicated possible differences
in appropriateness of short forms across populations,20–22

probably due to population-specific cognitive profiles. Short
forms, therefore, need to be validated in specific populations.
Furthermore, research on short forms among the population
of children and adults with neurological disorders and/or ID
has been scarce. As ID and cognitive deterioration are rela-
tively common among people with e.g. epilepsy,23 gaining
insights into the accuracy of short forms in this population
would be very useful in order to obtain a valid and reliable
screening tool to estimate intelligence.

Van Duijvenbode et al.24 examined a WASI-based short
form, consisting of the four WASI subtests of the WAIS-III, in
a sample of adults with mild to borderline ID (n = 117) and
concluded that this short form is sufficiently accurate in
estimating the FSIQ. Axelrod et al.25 compared the WASI
and the WASI-based short form of the WAIS-III in a sample
with neurological disorders (n = 72) and found that the
WASI-based short form outperformed the WASI. Hrabok
et al.26 investigated the accuracy of multiple short forms,
varying from two to seven subtests, extracted from the more
recent WISC-IV (which has not been adapted to Dutch lan-
guage) in an epilepsy sample (n = 104). There were some
differences in short form accuracy between children with
FSIQ ≤ 80 and FSIQ > 80, with higher classification rates
obtained for subjects with FSIQ ≤ 80 than with FSIQ > 80.
This pattern requires validation in an extensive sample of
children and should also be investigated in adults, as results
are rarely compared in subsamples divided by IQ perfor-
mance. Also, there is a paucity of index-based short forms
which are known to have greater construct validity and pro-
vide more clinically relevant information.27

The aims of the present study were (1) to investigate the
psychometric qualities of the Dutch version of the WISC-III
and WAIS-IV short forms in patients with a neurological
disorder and (2) to determine which specific short form had
the best psychometric qualities for the entire sample as well as
for specific subgroups based on FSIQ performance, e.g. FSIQ
< 80 (extremely low to borderline9) and FSIQ ≥ 80.

Methods

Subjects

The subjects were patients assessed in Kempenhaeghe, a ter-
tiary referral center for epilepsy and other neurological dis-
orders in The Netherlands. We used archival data of clinical
referrals to the Department of Behavioral Sciences of
Kempenhaeghe to whom the core subtests of the Dutch ver-
sion of the WISC-III or WAIS-IV had been administered.
Data were available for 986 children, collected between May
2009 and December 2014, and for 324 adults, collected
between January 2013 and December 2014. The subjects
included heterogeneous samples of patients with a variety of

epilepsy classifications and congenital and acquired neurolo-
gical disorders, of which neurofibromatosis, traumatic brain
injury, prematurity, and chromosomal abnormalities were
most common.

The mean age of subjects who completed the WISC-III was
10.9 years (SD = 2.8, range 6–16) and comprised 57.5% males.
Mean FSIQ scores were 89.1 (SD = 17.1, range 45–137). The
subjects were divided into two FSIQ-categories, resulting in the
following distribution: extremely low to borderline FSIQ (FSIQ
< 80, n = 274) and average to high FSIQ (FSIQ ≥ 80, n = 712).
The mean age of subjects who completed the core subtests of the
WAIS-IV was 40.9 (SD = 16.3, range 16–78) and comprised
49.4% males. They had a mean FSIQ of 83.0 (SD = 16.1, range
46–129). Again, the subjects were divided into three FSIQ-cate-
gories: 145 subjects had an extremely low to borderline FSIQ
(FSIQ < 80), and 179 had average to high FSIQ (FSIQ ≥ 80).

Procedure

Subjects completed the age-appropriate Wechsler Intelligence
Scale as part of a more extensive neuropsychological evalua-
tion of regular medical care. The scales were administered and
scored by qualified diagnostic staff members of the
Department of Behavioral Sciences according to the standar-
dized procedures outlined in the manuals,8,9 resulting in age-
corrected FSIQ and scaled subtest scores. Prior to this study,
the data from patient files were de-identified in order to
ascertain anonymous data analyses, and the use for research
purposes was approved by the local ethical committee of
Kempenhaeghe.

All short form estimates were derived by applying the
formulae described by Tellegen and Briggs,28 using tables
B-10 and B-11 from Sattler and Ryan.29 This method is
based on a linear scaling method to yield deviation quotients
that maintain the FSIQ’s distribution (i.e. mean = 100, stan-
dard deviation = 15), and has been used in recent studies on
short form accuracy.26,30 The lower bound of the original
WISC-III and WAIS-IV, i.e. FSIQ = 45, was applied if a
short form yielded an estimate below 45.

Selection of short forms

For both the WISC-III and WAIS-IV, short form versions were
created consisting of a unique combination of subtests. See
Table 1 for an overview of the short forms, in which abbrevia-
tions are explained. As multiple studies have shown that the
accuracy of Wechsler short forms decreases when fewer subt-
ests are included,19,26 two-subtest combinations were not con-
sidered in this study. Taking into account both accuracy and
administration time, three- to five-subtest combinations were
used. The subtest combinations were a priori selected, primar-
ily based on psychometric results from earlier studies on clin-
ical samples and the WASI-II. This resulted in Short Form 1
(SF1) to SF4 with regard to the WISC-III18,31–35 and in SF6–
SF8 for the WAIS-IV.15,26,36

For SF5, SF9 and SF10, the selection of subtests was index-
based. As the short forms described above do not perfectly match
the index structure of the Dutch WISC-III and WAIS-IV, i.e. one
subtest per index, short formswere added by selecting a subtest for
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each index based on the highest correlation between the subtest
and the FSIQ (corrected r = 0.50–0.69) or its index (corrected r =
0.55–0.79). This resulted in SF5, SF9 and SF10. In this way, each
subtest itself would still provide information about one’s abilities
on the corresponding index, which increases the clinical relevance
of the short forms by providingmore detailed diagnostic informa-
tion and increases the construct validity.27,30 In order to compare
short form accuracy between the WISC-III and WAIS-IV, a
WAIS-IV short form (SF11) was added that included the same
subtests as SF5.

Analyses

Psychometric properties of the short forms were evaluated sepa-
rately for the entire WISC-III andWAIS-IV samples in the study,
and were repeated, per Wechsler scale, for the subgroups with a
FSIQ < 80 and FSIQ ≥ 80. The results were interpreted according
to the minimal criteria set by Donders and Axelrod:37 (1) a
reliability coefficient of the short form ≥ 0.90 (calculated using
the methods described by Sattler, 1992); (2) a correlation

coefficient between short form and FSIQ ≥ 0.82, corrected for
redundancy;38 and (3) a proportion of short form estimates that
fell within the 90% confidence interval of the FSIQ (i.e., within ± 7
IQ points)≥ 0.81. Additionally, the agreement between short form
estimates and FSIQ was calculated using intra-class correlations
(ICC) and the differences inmean scoreswere compared bymeans
of paired t-tests. All analyses were performed using IBM SPSS
Statistics 21.

Results

The means, standard deviations and ranges of the FSIQ and
the estimated short form IQ scores are presented in Table 2.
The IQ scores of all separate IQ categories (e.g. < 80 and ≥ 80)
were normally distributed (WISC-IIII: Skewness = –0.75–0.65;
Kurtosis = –0.85–0.04; WAIS-IV: Skewness = –0.65–0.52;
Kurtosis = –0.88–0.09). The psychometric properties of each
short form are summarized in Table 2 for all subjects and in
Table 3 for the subgroups.

Table 1. Overview of short forms of the WISC-III and WAIS-IV.

Name Subtests included Formulaa Specification

WISC-III
SF1_PcInBdVc Picture Completion, Information, Block Design, Vocabulary Σsubtests*1.7 + 32 31

SF2_PcSiBdAm Picture Completion, Similarities, Block Design, Arithmetic Σsubtests*1.7 + 32 18

SF3_PcSiBdVc Picture Completion, Similarities, Block Design, Vocabulary Σsubtests*1.6 + 36 32

SF4_PcInBdVcCo Picture Completion, Information, Block Design, Vocabulary, Coding Σsubtests*1.5 + 25 33–35

SF5_BdVcCo Block Design, Vocabulary, Coding Σsubtests*2.2 + 34 One subtest per WISC-III-NL indexb

WAIS-IV
SF6_BdMrVcSi Block Design, Matrix Reasoning, Vocabulary, Similarities Σsubtests*1.6 + 36 Based on WASI-II15

SF7_MrSsVcSi Matrix Reasoning, Symbol Search, Vocabulary, Similarities Σsubtests*1.7 + 32 26,36

SF8_MrSsVcCo Matrix Reasoning, Symbol Search, Vocabulary, Coding Σsubtests*1.7 + 32 26,36

SF9_MrSsVcAm Matrix Reasoning, Symbol Search, Vocabulary, Arithmetic Σsubtests*1.7 + 32 One subtest per WAIS-IV indexc

SF10_VpSsVcAm Visual Puzzles, Symbol Search, Vocabulary, Arithmetic Σsubtests*1.7 + 32 One subtest per WAIS-IV indexd

SF11_BdVcCo Block Design, Vocabulary, Coding Σsubtests*1.7 + 32 Subtest combination similar to SF5

Note. SF = Short form version; Σsubtests = sum of subtest scaled scores.
aThe formulae used to derive short form IQ estimates were based on a linear equating method described by Tellegen and Briggs (1967).
bSelection of subtests was based on highest correlation with the corresponding indices and the FSIQ.
cSelection was based on highest correlation with the FSIQ.
dSelection was based on highest correlation with the corresponding indices.

Table 2. Descriptive statistics and results of the WISC-III and WAIS-IV short forms for all subjects.

All subjects (n = 986)

WISC-III M SD Range rsf r’ p(±7) ICC 95% CI Mdiff

FSIQ 89.13 17.10 45–137
SF1_PcInBdVc 90.23 18.09 45–139 0.91 0.86 0.81 0.94 0.92-0.96 1.11***
SF2_PcSiBdAm 90.93 17.97 45–136 0.92 0.86 0.80 0.93 0.85–0.96 1.80***
SF3_PcSiBdVc 92.22 16.93 45–137 0.91 0.86 0.77 0.96 0.96–0.97 3.09***
SF4_PcInBdVcCo 88.82 18.90 45–135 0.92 0.88 0.86 0.92 0.92–0.93 0.31
SF5_BdVcCo 89.37 17.75 45–135 0.94 0.87 0.74 0.95 0.94–0.95 0.24

All subjects (n = 324)

WAIS-IV M SD Range rsf r’ p(±7) ICC 95% CI Mdiff

FSIQ 83.04 16.21 46–129
SF6_BdMrVcSi 83.86 15.29 47–122 0.94 0.88 0.82 0.80 0.73–0.86 0.81*
SF7_MrSsVcSi 84.64 17.39 45–127 0.93 0.87 0.86 0.74 0.45–0.86 1.60***
SF8_MrSsVcCo 82.86 18.24 45–126 0.93 0.85 0.77 0.74 0.16–0.89 0.18
SF9_MrSsVcAm 83.66 16.97 45–129 0.93 0.88 0.87 0.77 0.69–0.83 0.62*
SF10_VpSsVcAm 82.62 16.12 47–132 0.93 0.88 0.87 0.81 0.74–0.86 -0.42
SF11_BdVcCo 83.61 16.13 47–122 0.92 0.86 0.80 0.80 0.73–0.86 0.57

Note. FSIQ = Full Scale Intelligence Quotient; SF = Short form version; rsf = reliability of short form (Sattler, 2002); r’ = correlation corrected for redundancy (Levy,
1967); ICC = intra-class correlation; CI = confidence interval; p(±7) = proportion of estimated scores that fell within ± 7 points of the FSIQ; Mdiff = mean difference
from FSIQ; Am = Arithmetic; Bd = Block Design; Co = Coding; In = Information; Mr = Matrix Reasoning; Pc = Picture Completion; Si = Similarities; Ss = Symbol
Search; Vc = Vocabulary; Vp = Visual Puzzles. Short forms that meet the minimal criteria set by Donders and Axelrod (2002) are displayed in bold. * p < 0.05, ** p <
0.01, *** p < 0.001.
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WISC-III

Entire sample
All short forms met the reliability criterion of rsf ≥ 0.90 with
coefficients varying between 0.91 and 0.94 (see Table 2). The
corrected correlations between the short form and FSIQ met
the criterion of r’ ≥ 0.82 for each short form (r’ = 0.86–0.88).
Only SF1 (Picture Completion, Information, Block Design
and Vocabulary) and SF4 (Picture Completion, Information,
Block Design, Vocabulary and Coding) met the criterion of at
least 81% of the short form estimates falling within the 90%
confidence interval of the FSIQ. SF1 met this criterion with
81% and SF4 met this criterion with 86%.

The ICC coefficients indicated very strong agreement
between the FSIQ and each short form (ICC ≥ 0.92; p <
0.001). Paired t-tests suggested significant overestimations of
the FSIQ by SF1, SF2 and SF3 (SF1: Mdiff = 1.11, t (985) =
6.37, p < 0.001; SF2:Mdiff = 1.80, t (985) = 9.90, p < 0.001; SF3:
Mdiff = 3.09, t (985) = 17.53, p < 0.001). SF4 is the only short
form that met the minimal criteria set and whose estimates
did not significantly differ from the FSIQ.

Samples FSIQ < 80 and FSIQ ≥ 80
Psychometric properties for the subgroups FSIQ < 80 and
FSIQ ≥ 80 are presented in Table 3. The second criterion is
only met by SF4, subgroup FSIQ ≥ 80 (r’ = 0.84). The
corrected correlations for SF4, subgroup FSIQ < 80, and
SF1, SF2 and SF3, subgroup FSIQ ≥ 80, fell just short (r’ =
0.80–0.81), whereas the correlation coefficients for all other
groups were insufficient (r’ = 0.76–0.78). For both SF1 and
SF4, the third criterion was met in each subgroup (percentage
of short form estimates that fell within ± 7 IQ points =
81–88%), leaving SF4 being the only short form that met the
minimal criteria set in subgroup FSIQ ≥ 80 and having values
that were closest toward meeting the minimal criteria in
subgroup FSIQ < 80.

ICC coefficients indicated strong agreement between short
form estimates and the FSIQ for all subgroups (ICC = 0.78–

0.93). Except for SF5, paired t-test revealed a significant over-
estimation or underestimation of the FSIQ for all subgroups
and short forms (Mdiff = –2.65–2.65; ps = 0.044–< 0.001).

WAIS-IV

Entire sample
All short forms met the reliability criterion of rsf ≥ 0.90 with
coefficients varying between 0.92 and 0.94 (see Table 2). The
corrected correlations between the short form and FSIQ met
the criterion of r’ ≥ 0.82 for each short form (r’ = 0.85–0.88).
SF6, SF7, SF9, and SF10 also met the criterion of at least 81%
of the short form estimates falling within the 90% confidence
interval of the FSIQ (percentage of estimated scores within ±
7 IQ points). The percentages varied between 82% and 87%.

The ICC coefficient indicated a very strong agreement
between the FSIQ and SF6, SF10 and SF11 (ICC = 0.80–
0.81; p < 0.001) and a strong agreement between FSIQ and
SF7, SF8 and SF9 (ICC = 0.74–0.77; p < 0.001). Paired t-test
suggested significant overestimations of the FSIQ by SF6, SF7,
and SF9 (SF6: Mdiff = 0.81, t (323) = 2.50, p = 0.013; SF7: Mdiff

= 1.60, t (323) = 5.09, p < 0.001; SF9: Mdiff = 0.62, t (323) =
2.30, p = 0.022). SF10 (Visual Puzzles, Symbol Search,
Vocabulary, and Arithmetic) is the only short form that met
the minimal criteria set and whose estimates did not signifi-
cantly differ from the FSIQ.

Samples FSIQ < 80 and FSIQ ≥ 80
With regard to the subgroups FSIQ < 80 and FSIQ ≥ 80, the
second criterion is only met by SF9 and SF10, subgroup FSIQ
≥ 80 (r’ = 0.82; see Table 3). The corrected correlation in
subgroup FSIQ < 80 fell just short for SF9 (r’ = 0.80) and was
insufficient for all other groups (r’ = 0.73–0.78). The third
criterion was met for SF9 and SF10, for both subgroups
(percentage of short form estimates that fell within ± 7 IQ
points = 87–90%). For SF6, SF7, and SF11, the cut-off was
only met for subgroup FSIQ < 80 (83–84%) and not for
subgroup FSIQ ≥ 80. SF9 and SF10 both met the minimal

Table 3. Descriptive statistics and results of the WISC-III and WAIS-IV short forms for the subgroups FSIQ < 80 and FSIQ ≥ 80.

FSIQ < 80 (n = 274) FSIQ ≥ 80 (n = 712)

WISC-III M SD Range r’ p(±7) ICC 95% CI Mdiff M SD Range r’ p(±7) ICC 95% CI Mdiff

FSIQ 67.86 8.39 45–79 97.31 11.70 80–137
SF1_PcInBdVc 69.40 11.22 45–92 0.78 0.84 0.86 0.82–0.88 0.65* 98.59 12.38 71–139 0.80 0.81 0.89 0.87–0.91 1.28***
SF2_PcSiBdAm 69.33 11.28 45–95 0.77 0.84 0.84 0.79–0.87 1.47*** 99.24 12.24 71–136 0.80 0.79 0.87 0.83–0.90 1.93***
SF3_PcSiBdVc 72.09 10.99 45–89 0.77 0.73 0.78 0.42–0.89 4.23*** 99.96 11.60 71–137 0.80 0.78 0.86 0.77–0.91 2.65***
SF4_PcInBdVcCo 65.21 11.29 45–88 0.81 0.82 0.85 0.71–0.91 -2.65*** 97.91 12.24 72–135 0.84 0.88 0.93 0.91–0.94 0.60**
SF5_BdVcCo 67.78 11.29 45–91 0.76 0.78 0.80 0.76–0.84 -0.08 97.68 11.79 65–135 0.76 0.73 0.82 0.80–0.85 0.37

FSIQ < 80 (n = 145) FSIQ ≥ 80 (n = 179)

WAIS-IV M SD Range r’ p (±7) ICC 95% CI Mdiff M SD Range r’ p (±7) ICC 95% CI Mdiff

FSIQ 68.41 8.11 46–79 94.90 10.37 80–129
SF6_BdMrVcSi 70.79 8.98 47–89 0.77 0.83 0.65 -0.03–0.86 2.38*** 94.44 10.35 66–129 0.77 0.78 0.78 058–0.87 -0.46
SF7_MrSsVcSi 69.65 10.64 45–88 0.77 0.83 0.82 0.61–0.90 1.24** 96.79 11.21 73–127 0.77 0.78 0.83 0.76–0.88 1.89***
SF8_MrSsVcCo 67.05 12.11 45–92 0.78 0.75 0.84 0.78–0.88 -1.35** 95.67 10.78 69–126 0.77 0.72 0.80 0.74–0.85 0.77
SF9_MrSsVcAm 69.09 10.12 45–90 0.80 0.88 0.85 0.69–0.91 0.68 95.46 11.26 69–129 0.82 0.87 0.90 0.86–0.92 0.56
SF10_VpSsVcAm 68.85 9.16 47–90 0.78 0.90 0.83 0.69–0.90 0.44 93.78 11.14 69–132 0.82 0.87 0.89 0.85–0.92 -1.12**
SF11_BdVcCo 69.79 9.78 47–100 0.73 0.84 0.80 0.73–0.86 1.37** 94.81 10.60 69–122 0.75 0.76 0.83 0.78–0.87 -0.09

Note. FSIQ = Full Scale Intelligence Quotient; SF = Short form version; rsf = reliability of short form (Sattler, 2002); r’ = correlation corrected for redundancy (Levy,
1967); ICC = intra-class correlation; CI = confidence interval; p (±7) = proportion of estimated scores that fell within ± 7 points of the FSIQ; Mdiff = mean difference
from FSIQ; Am = Arithmetic; Bd = Block Design; Co = Coding; In = Information; Mr = Matrix Reasoning; Pc = Picture Completion; Si = Similarities; Ss = Symbol
Search; Vc = Vocabulary; Vp = Visual Puzzles. Short forms that meet the minimal criteria set by Donders and Axelrod (2002) are displayed in bold. *p < 0.05, **p <
0.01, ***p < 0.001.
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criteria set in subgroup FSIQ ≥ 80 and SF9 had values that
were closest toward meeting the minimal criteria in subgroup
FSIQ < 80.

ICC coefficients indicated a very strong agreement between
FSIQ and SF7, SF8, SF9, SF10 and SF11 (ICC = 0.82–0.90,
both subgroups). With respect to SF6, the ICC was moderate
for subgroup FSIQ < 80 (ICC = 0.65; p < 0.001) and strong for
subgroup FSIQ ≥ 80 (ICC = 0.78; p < 0.001). For subgroup
FSIQ < 80, paired t-tests revealed significant overestimation
or underestimations of the FSIQ by SF6, SF7, SF8, and SF11
(Mdiff = –1.35–2.38; ps = 0.009–< 0.001). For subgroup FSIQ ≥
80, paired t-tests revealed significant differences between the
FSIQ and SF7 and SF10 (SF7: Mdiff = 1.89, t (178) = 4.24, p <
0.001; SF10: Mdiff = –1.12, t (178) = –2.95, p = 0.004).

Comparison of short forms across samples

Only two short forms included an identical subtest combina-
tion (BdVcCo) for both the WISC-III and WAIS-IV, i.e. SF5
and SF11. Although statistically driven comparisons could not
be made, it appeared that the short forms’ results followed a
slightly similar pattern overall (see Tables 2 and 3). Both short
forms did not meet the third criterion of at least 81% of the
short form estimates falling within the 90% confidence inter-
val of the FSIQ for the entire sample. Regarding the sub-
groups, ICC and corrected correlation coefficients were
similar for both subgroups. Although paired t-tests yielded
no significant difference between the short forms and the
FSIQ in subgroup FSIQ ≥ 80, SF11 significantly overestimated
the FSIQ in subgroup FSIQ < 80.

Discussion

In the present study, we examined the psychometric qualities of
multiple WISC-III andWAIS-IV short forms in heterogeneous
clinical samples of children and adults with neurological dis-
orders, with a specific focus on subsamples with FSIQ < 80
(extremely low to borderline) and FSIQ ≥ 80.

Regarding the WISC-III, only two out of five short forms
met the minimal criteria set:37 SF1 and SF4. With respect to
the full sample, SF4 was superior to SF1 as SF1 significantly
overestimated the FSIQ with approximately 2 IQ points.
Based on results per subgroup, SF4 is still recommended as
this short form met the minimal criteria set for subgroup
FSIQ < 80 and is very close to meeting the criteria for sub-
group FSIQ ≥ 80 (r’ = 0.81, instead of ≥ 0.82). As described by
Evers, Sijtsma, Lucassen and Meijer,39 a reliability coefficient
of ≥ 0.70 of a test is considered sufficient when less important
decisions are to be made, for example in research settings. We
only encourage the use of short forms in such “less impor-
tant” situations.

When comparing our results to Hrabok et al.,26 who have
used a similar methodology with the WISC-IV in a sample of
children with epilepsy, it appears that mean differences
between short form estimates and the FSIQ are in general
smaller in our sample and subgroups. Also, the classification
accuracy of four-subtest short forms across subgroups appears
higher in our subsamples (percentage ± 7 points: 73–86%
versus percentage ± 5 points: 33–71%).

Regarding the WAIS-IV, four out of five short forms met
the minimal criteria set: SF6, SF7, SF9, and SF10. With respect
to the full sample, SF10 seems superior to all others, as the
short form estimates of the other short forms significantly
differed from the FSIQ. The differences for SF6 and SF9,
however, were rather small (0.8 and 0.6 IQ points, respec-
tively). When taking a closer look to the psychometric quali-
ties of these short forms in each subgroup, some differences
are noted. Both SF9 and SF10 outperformed SF6 and SF7 in
the subgroup FSIQ < 80, and are thus recommended for
adults who are expected to have poor intellectual abilities.
Although both SF9 and SF10 met the minimal criteria in the
subgroup FSIQ ≥ 80, SF10 significantly underestimated the
FSIQ with approximately 1 IQ point. SF9 is therefore recom-
mended for adults with average intellectual abilities.

When comparing our results to Girard et al.,30 who have
created two-subtest WAIS-IV short forms based on the same
methodology in a sample of clinical referrals, it appears that
most of the psychometric properties in our sample are higher.
The corrected correlations are slightly higher in our sample (r’
= 0.85–0.88 versus 0.76–0.86) as well ass the classification
accuracy (percentage ± 7 points: 72–87% versus percentage
± 10 points: 66–84%), whereas ICC coefficients are generally
slightly higher in the sample of Girard et al. (ICC = 0.73–0.87
versus 0.74–0.81).

The differences in psychometric qualities across subgroups
are especially relevant when re-evaluating a patient of whom
previous results are already known, as it can guide the choice
for most optimal short form in individual cases. Such differ-
ences might be due to variation in reliability coefficients
between subtests10,40 or to an inconsistent subtest profile within
subjects. An inconsistent subtest profile is characterized by a
significantly better or poorer performance on one or several
subtests relative to the other subtests, possibly indicative of
strengths and weaknesses in the individual. In our study popu-
lation, there are several factors known to affect cognitive
aspects, such as type of neurological condition, epilepsy char-
acteristics (e.g. seizure type and seizure frequency), use of
antiepileptic drugs and co-morbid deficits.41–43 One might
speculate that these factors result in a different subtest profile
in individuals with both a neurological condition and ID,
compared to subjects without ID, which might explain why
some subtests are more representative of the FSIQ than others.

When comparing results from post-hoc paired t-tests for
the subgroups FSIQ < 80 and FSIQ ≥ 80, with Bonferroni
correction applied, it appeared that with regard to the WISC-
III, only subjects with FSIQ < 80 performed significantly
lower on Block Design and higher on Similarities (Mdiff =
–0.6 and 1.4, respectively, p < 0.001) and only subjects with
FSIQ ≥ 80 performed significantly higher on Information,
Vocabulary, and Similarities (Mdiff = 0.2–1.2, p = 0.004
–< 0.001). Regarding the WAIS-IV, subjects with FSIQ < 80
appeared to perform significantly lower on Symbol Search
and Coding (Mdiff = –1.1 and –0.8, respectively, p < 0.001)
and higher on Vocabulary (Mdiff = 0.9, p < 0.001) and subjects
with FSIQ ≥ 80 performed significantly higher on Matrix
Reasoning and Similarities (Mdiff = 0.9 and 0.6, p < 0.001)
and significantly lower on Symbol Search (Mdiff = –1.1, p <
0.001).
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An interesting finding of this study is that the index-based
WAIS-IV short forms (SF9, and SF10) yielded stronger psy-
chometric qualities than the short forms based on previous
literature (SF6–SF8, including the WASI-based short form).
In SF9 and SF10, the four-index structure has been main-
tained, providing more clinically relevant information and
increasing the construct validity of the short form.27,30

Against our hypothesis, the WASI-based short form overesti-
mated the FSIQ in subgroups FSIQ < 80 with 2.4 IQ points.
The overestimation by a WASI-based short form compared to
FSIQ was also found in previous studies conducted in a
clinical sample of adults with neurological disorders25 and a
sample with mild to borderline ID,24 indicating that these
subtests might overshadow a poorer performance on other
cognitive aspects in these populations.

Our study is limited by several factors. The subjects
comprised convenience samples of children and adults
with heterogeneous neurological conditions. As the overall
mean FSIQ was approximately 89 for WISC-III and 83 for
WAIS-IV, the results should not be generalized to children
and adults with above-average intellectual functioning and
only to a limited extent for average intellectual functioning.
Furthermore, the short form estimates were derived from a
complete scale administration; it is uncertain what results
would have been in a stand-alone version. It could be
hypothesized that because of the shorter attention span
required, short forms may lead to better performance than
would be obtained with the complete scale administration.
Results may also be influenced by individual characteristics
such as (less) fatigue, (less) frustration or (better) motiva-
tion. Future research should re-examine psychometric qua-
lities of short forms administered independently of all FSIQ
subtests of the WISC-III or WAIS-IV. Finally, as the present
study included the currently available Dutch WISC-III, the
results should be validated for the updated Dutch version of
the WISC-V.

To conclude, the results of the present study support the
use of WISC-III and WAIS-IV short forms in children and
adults with neurological conditions in specific situations. We
recommend that, where possible, professionals select the short
form that yielded highest psychometric results for the specific
intelligence category, e.g. if ID is suspected or has previously
been determined, one should select a different short form
than if one expects average intellectual functioning. The
short form IQ obtained should be treated very cautiously
and be reported as a global estimation of the FSIQ in clinical
situations. Professionals should bear in mind the critique of
using short forms,44,45 especially when evaluating a single
individual rather than a group performance. A short form
should not be used to make clinical inferences, but can be
useful in research settings or in clinical settings to screen for
possible deterioration in patients with epilepsy or other neu-
rological disorders.
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