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Abstract: The study focused on the gender differential item functioning in Slovak version of the
Intelligence Structure Test 2000 - Revised (Amthauer et al., 2011). The sample included 744
middle and high school students with mean age of 16.94 years. The non-parametric method
SIBTEST for identification of items with differential functioning was used in order to detect
uniform and non-uniform DIF. The analysis showed that the I-S-T 2000 R includes several items
with DIF favoring either males or females, but in most subtests, with no or small effect on
differences between genders. Substantial but nonsignificant effect of DIF items on subtest score
was found for Verbal Analogy, which contained six items with DIF all favoring females. These
items included verbal content related to areas more common for females such as diet or food. The
results suggest that specific content of verbal intelligence items can be a potential source of
gender bias.
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The question of test validity is of a great
importance in intelligence testing. Possible
favoritism towards one of the groups tested
for intelligence disturbs test validity and can
be a source of serious violation of fair test-
ing (AERA, APA & NCME, 1999). Compara-
bility of tests results across different groups
is an inevitable condition for meaningful
test use and if not guaranteed, test bias is
present. Test bias is defined as systematic
error in the estimation of a value. A biased
test is one that systematically overestimates
or underestimates the value of the measured

variable. Presence of test bias is always nega-
tive, as biased tests systematically under-
represent target groups’ true aptitudes or
abilities (Reynolds & Suzuki, 2012). In the
past decades, the differential item function-
ing (DIF) approach has been developed to
address the issue of test bias at the item level
(Osterlind & Everson, 2009). DIF is present
when examinees from different groups have
different probabilities or likelihoods of suc-
cess on an item, after they have been matched
on the ability of interest (Clauser & Mazor,
1998). DIF is not a pure difference between
groups in item response, rather, it is a differ-
ence in response between members of dif-
ferent groups with the same level of mea-
sured ability. If items with differential func-
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tioning are included in the test, overall score
of the test can favor one or another group
and it can produce socially, legally or politi-
cally significant bias affecting the different
groups (McDonald, 2013). To date, several
statistical methods for detecting DIF have
been applied, such as the Mantel-Haenszel
procedure (Holland & Thayer, 1988; Fidalgo
& Madeira, 2008), logistic regression (French
& Miller, 1996; Zumbo, 1999) or item re-
sponse theory approach (Jelínek, Květon, &
Vobořil, 2011). There are two types of DIF:
uniform and non-uniform. Uniform DIF
means that the item gives advantage to one
group across all levels of ability. On the other
hand, item with non-uniform DIF changes
the direction of advantage at different levels
of the ability continuum (Osterlind &
Everson, 2009). Differential item functioning
analysis has been used  in many studies re-
lated to intelligence testing. Maller (2000)
analyzed DIF in deaf and hearing children
and Simos et al. (2011) in different ethnic
groups in Greece. Several studies also con-
firmed that one of the sources of DIF can be
found in language skills and language origin
(Martiniello, 2009; Roomaney & Koch, 2013;
Schaap, 2011). All these studies suggested
that the DIF approach is a good tool for the
identification of bias at item and test level.

Difference between male and female per-
formance in intelligence tests is the subject
of frequent scientific discussion, sometimes
with contradictory findings and inconsistent
conclusions. Colom et al. (2000) found in their
research with more than 10 000 adult sub-
jects that there are only negligible sex differ-
ences in general intelligence. The same con-
clusions were drawn in their latter study us-
ing the Spanish version of WAIS-III (Colom
et al., 2002). On the other hand, Jackson and
Rushton (2006) concluded that in a sample

of 102 516 subjects (17-18 years old adoles-
cents), there is a clear evidence of small but
non-trivial differences in general intelligence
favoring males. This difference had a point-
biserial effect of 0.12 (equivalent to 3.63 IQ
points) and was confirmed across all socio-
economic levels and ethnic groups.  Male
outperformance was confirmed also in a
metaanalysis of studies using Raven’s Pro-
gressive Matrices (RPM), which are usually
considered a measure of g intelligence
(Irwing & Lynn, 2005). More agreement is on
the existence of gender differences in partial
intelligence abilities, such as male outper-
formance in spatial ability (Linn & Petersen,
1985; Voyer et al., 2005) or female outper-
formance in verbal ability (Hyde & Linn, 1988;
Weiss et al., 2006). However, even in these
areas contradictory opinions and findings
and also can be found. E.g., for verbal abili-
ties, Lynn (2005) assert that examination of
literature leads to the conclusion that in
adults, males have slightly higher verbal abili-
ties than females. Lemos et al. (2013) also
found that boys outperformed girls in all
subtests including verbal reasoning. These
differences are explained by g intelligence.

One of the possible explanations for in-
consistent findings in this area is the char-
acteristics of the tests used in research.
Blinkhorn (2005) suggested, that if sex dif-
ferences in intelligence are to be found, de-
tailed study of the internal workings of the
test tends to show why. He emphasized the
importance of gender-fair tests and explained
how biased test can negatively influence the
results of meta-analysis. His ideas are
strongly supported by results of studies fo-
cused on gender differential item function-
ing in intelligence tests, even in  measuring
the g-factor. Results of many studies con-
firmed that several intelligence tests contain
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items which exhibit gender DIF (e.g., Immekus
& Maller, 2009; Brown & Rodgers, 2009;
Simos et al., 2011). Some of these studies
focused on the sources of gender DIF in item
content. Abad et al. (2004) studied sex DIF in
Raven’s Advanced Progressive Matrices,
which is supposed to measure g intelligence.
They found that test contains several items,
which are biased against female performance,
especially those where spatial performance
is especially pronounced. Deleting these
items reduced sex difference in overall score
of the test. However,  later analysis of Chiesi
et al. (2012) showed no gender DIF items in
RPM and they concluded that there were no
gender-related advantages or disadvantages
in this test. Maller (2000) studied gender DIF
in American standardization sample of
Wechsler Intelligence Scale for Children
WISC-III. She found that almost one-third
of the items show some kind of DIF either
uniform or non-uniform. Concerning the con-
tent, items from the Information subtest,
which were more difficult for girls, contained
content pertaining to science, whereas items
containing knowledge about months, sea-
sons, or a famous girl in history were all easier
for girls. Items on the Similarities subtest that
involved numbers or measurements were
easier for boys, whereas an item containing
words to describe emotions was easier for
girls. An item from the Vocabulary subtest
difficult for girls contained content related
to sports, teams, or competition. Most of the
items from the Picture Completion subtest
showed uniform DIF related to picture con-
tent. Items with a picture of a male or a fe-
male were more difficult for girls or boys, re-
spectively. Tuzt and Berger (in press) applied
DIF analysis to verbal subtest Sentence
Completion of the Intelligence Structure Test
2000  -  Revised. Three of the 20 items showed

gender DIF. Items related to social relations
was easier for females, while items related to
nature and technics were easier for males.
All these results suggest that item content
can be a significant source of gender bias in
intelligence testing in both verbal and non-
verbal (sub)tests.

In this study, the focus is on the Intel-
ligence Structure Test 2000 - Revised
(Amthauer et al., 2001). IST in different ver-
sions is one of the most used complex intel-
ligence tests in some European countries
(Evers et al., 2012). However, in spite of its
frequent usage, there is a lack of indepen-
dent psychometric evaluation in research
literature. There is also an absence of empi-
rical evidence related to the functioning
of I-S-T 2000 R items across gender groups.
To address this issue, the purpose of
this study was to investigate DIF in the
I-S-T 2000 R items across boys and girls in
a Slovak adolescent standardization sample.
We aimed to identify whether such items are
present in the test, and if yes, whether they
influence overall score of the subtests. We
also aimed to analyze the content of the DIF
items in order to identify possible sources of
DIF.

Method

Sample

The sample used in this study comes
from Slovak standardization sample of
I-S-T 2000 R.  It included 744 Slovak middle
(N = 68) and high school (N = 676) students,
424 (57%) males and 320 (43%) females.
Mean age of participants was 16.94 years
(SD = 1.36), from 13 years to 22 years. Mean
age for males was 17.01 years (SD = 1.37)
and 16.85 (SD = 1.33) for females. Participants
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came from different parts of Slovakia: west
(22.3%), east (26.1%), north (25.8%) and
south (25.8%). Majority of participants
(34.4%) lived in cities with population be-
tween 10 000 and 49 999. Second most fre-
quent were participant from cities with popu-
lation between 2000-9999 (26.2%), then the
towns with population between 500-1999 citi-
zens (18.5%), cities with more than 50000 citi-
zens (15.7%) and villages with population
under 499 citizens (5.1%).

Measure

The Intelligence Structure Test - Revised
(I-S-T 2000 R form A; Amthauer, Brocke,
Liepmann, & Beauducel, 2001) is an intelli-
gence test battery measuring three intelli-
gence areas, each with three subtests. Ver-
bal Intelligence is assessed through Sen-
tence Completion, Verbal Analogies and Simi-
larities subtests. Sentence Completion (SC)
contains sentences with a missing word
which are completed by one of five options.
In Verbal Analogies (VA) subtest, the task is
to detect a relation between two words and
find a word with similar relationship to an-
other word. Similarities subtest (VS) presents
groups of six words and a person has to find
two words with common collective term. The
Numerical Intelligence is assessed through
subtests: Numerical Calculations, Number
Series and Numerical Signs. Numerical Cal-
culations (CA) contains arithmetical tasks
with real numbers. Number Series (NS) pre-
sents series of numbers formed according to
a specific rule with tasks to choose the next
number in series. In Numerical Signs (SI)
subtest, a person has to choose correct math-
ematical operators to an equation. The third
area of intelligence, the Figural Intelligence
is assessed through Figure Selection, Cubes

and Matrices sub-tests. Figure Selection (FS)
items present geometrical shapes together
with some pieces resulting from cutting up
one of the shapes with tasks to identify the
whole shape which can be constructed from
individual pieces. Items in Cubes subtest
(CU) require the identification of a rotated
cube among different options presented with
only 3 faces visible. The last subtest, Matri-
ces (MA), contains items with a set of fig-
ures arranged according to a particular rule
and the task is to choose the figure from
options provided that conforms to this rule.

Each of these 9 subtests consists of 20
items, that is 180 items for the test. Every
item has a choice of 5 options, one key op-
tion and four distractor options. The I-S-T
2000 R is frequently used in psychological
assessment in several European countries,
e.g. Germany or Czech Republic (Evers et al.,
2012). It is also used in psychological re-
search for measurement of general intelli-
gence (e.g., Dislich et al., 2012; Steinmayr &
Spinath, 2015).

Analysis

For a data preparation and analysis Statis-
tical Package for Social Sciences (SPSS) was
used. Differential item functioning was ex-
amined with Simultaneous Item Bias Test
(SIBTEST). Item and test characteristic
curves were plotted in IRTPRO 2.1 under 2PL
model and finalized in MS Excel.

SIBTEST is a non-parametric statistical
method for DIF analysis based on the  Shealy
and Stout’s (1993) multidimensional item re-
sponse theory model. Examinees are matched
on latent ability (scale score, or other user-
selected variable), which is also called pri-
mary dimension. DIF may occur when two
groups of examinees (e.g., males and females)
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with the same latent ability, or primary di-
mension, differ in secondary dimension
(Roussos & Stout, 1996a). SIBTETS can de-
tect uniform as well as nonuniform DIF (Li &
Stout, 1996). Additionally, SIBTEST can ana-
lyze different functioning of more items as
one item set for accessing differential bundle
functioning (DBF). DBF testifies if effects of
several differentially functioning items favor-
ing focal or reference group cancel out or
favor one group of examinees (Douglas,
Roussos, & Stout, 1996).

Results

I-S-T 2000 R Scales Gender Differences

Gender differences were examined with a
Student’s t-test for independent samples.
The results are shown in Table 1. Females
scored significantly higher in 5 of 10 scales,
namely Sentence Completion (1), Verbal
Analogies (2), Similarities (3), Numerical Cal-

culations (4) and Matrices (9). Males scored
significantly higher in the scale Numerical
Signs (6). Largest gender difference was in
the scale Similarities (d = -.56). Generally,
gender differences were from small to me-
dium size.

Differential Item Functioning

Table 2 presents quantity and percentage
of items suspicious of DIF identified by
SIBTEST with DBF computed. Scales Nu-
merical Calculations (4) and Cubes (8) show
no differentially functioning items within the
SIBTEST analysis. The highest number of
DIF items was identified in the scale Verbal
Analogies (2). In case of the first scale Sen-
tence Completion, the DBF was non-signifi-
cant because the effect of items favoring
males and females cancelled out.

List of all items suspicious of DIF, identi-
fied by the SIBTEST is shown in the Table 3.
Totally, 18 items were identified. Roussos and

Table 1 Gender differences for I-S-T 2000 R subtest scores

Subtest  Males  Females  d  t 
  M  SD  M  SD     
SC    9.12  3.52    9.91  3.05  0.24   3.27** 
VA    9.03  3.43  10.28  3.15  0.38   5.18*** 
VS    9.52  4.60  11.92  4.04  0.55   7.56*** 
CA  10.51  5.03  12.27  4.50  0.37   5.03*** 
NS  10.09  5.78  10.29  5.23  0.04   0.49 
SI  11.21  4.71  10.56  4.07  0.15   2.01* 
FS    9.66  4.20    9.47  3.79  0.05   0.63 
CU  10.13  4.22  10.22  3.70  0.02   0.34 
MA    8.90  3.24  10.17  2.90  0.41   5.62*** 
Note. SC - Sentence Completion, VA - Verbal Analogies, VS - Similarities, CA - Numerical 
Calculations, NS - Number Series, SI - Numerical Signs, FS - Figure Selection, CU - Cubes,  
MA – Matrices 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Stout (1996b) proposed a DIF classification
system for SIBTEST results. An item shows
negligible or small level of uniform DIF if
absolute value of β is smaller than 0.059;
medium if absolute β is between 0.059 and
0.088; medium to large if β is equal or higher
than 0.088; and β significantly differ from 0.
By this classification, all but one of the uni-
form DIF is medium to large size.

In Figure 1, we present test characteristic
curves for males and females of all subtests
plotted under the 2PL model. Almost in all
cases, characteristic curves overlap, suggest-
ing there is no significant difference between
genders in the expected test score. A differ-
ence can be seen in the second subtest Ver-
bal Analogies where 6 differentially function-
ing items favoring females were identified.
In spite of this, the expected score for fe-
males is higher by approximately only 1 point.

Figures suggest some gender differences
also for the Cubes subtest (especially at the
higher level of the score), but this difference
is not caused by DIF because no DIF items
were detected for this subtest. To better un-
derstand the effect that DIF items may have
on the total scores of subtests we accessed
the gender differences again, but only with
the items that do not show DIF. Table 4 dis-
plays Cohen’s d coefficients calculated for
original and “purified” subtests together
with its 95% confidence intervals.  As seen,
confidence intervals are overlapping for all
subtests, so no significant changes in
Cohen’s d occurred after deleting the DIF
items. However, the subtest Verbal Analo-
gies did show partial decrease of difference
amount (from 0.38 to 0.19). Although statis-
tically non-significant, this decrease sug-
gests that gender difference in this subtest

Table 2 Number and percentage of items showing uniform DIF identified by the SIBTEST
with DBF
Subtest Differential item functioning (β)  DBF 

(β/N) N % Favor males  Favor females  
   N M  N M   
SC 3 15 2 0.17  1 -0.14  n.s. 
VA 6 30 0 -  6 -0.11  -0.66 
VS 2 10 0 -  2 -0.14  -0.28 
CA 0 0 - -  - -  - 
NS 1 5 1 0.08  0 -  - 
SI 1 5 0 -  1 -0.10  - 
FS 2 10 0 -  2 -0.16  -0.32 
CU 0 0 - -  - -  - 
MA 1 5 0 -  1 -0.10  - 
Note. SC - Sentence Completion, VA - Verbal Analogies, VS - Similarities, CA – Nu-
merical Calculations, NS - Number Series, SI - Numerical Signs, FS - Figure Selection, 
CU - Cubes, MA - Matrices 
Number of items in each scale is 20. DIF and DBF with p < 0.01. 
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may be partially caused by the effect of dif-
ferentially functioning items that favor fe-
males.

In the next step, we focused on  DIF items
especially in the subtest Verbal Analogies.
To solve the item in this subtest, examinees
have to understand the relationship or pat-
tern between a word pair and then apply that

pattern to choose the correct word to com-
plete the second pair. In Figure 2 we present
item characteristic curves of 6 items in which
differential functioning was detected. In all
cases DIF was uniform and significant. Non-
uniform crossing DIF in items 32 and 36 sug-
gested in figures did not show a significance.
We looked at the content of the items with

Table 3 List of items showing DIF identified by SIBTEST with values of Beta estimates

Subtest Item SIBTEST  
  Beta estimate Standard error  
SC 7 -0.13 0.03  
SC 11  0.11 0.04  
SC 15  0.13 0.03  
VA 23 -0.10 0.03  
VA 27 -0.12 0.03  
VA 28 -0.10 0.04  
VA 32 -0.10 0.03  
VA 36 -0.15 0.03  
VA 38 -0.12 0.03  
VS 44 -0.13 0.04  
VS 46 -0.14 0.03  
CA 65 -0.09*1 0.03  
NS 86  0.08 0.03  
SI 115 -0.10 0.03  
FS 136 -0.18 0.04  
FS 139 -0.13 0.04  
MA 170 -0.10 0.03  
MA 172  0.11*2 0.03  
Note. SC - Sentence Completion, SC - Verbal Analogies, VS - Similarities, CA - 
Numerical Calculations, NS - Number Series, SI - Numerical Signs, FS - Figure 
Selection, CU - Cubes, MA – Matrices 
p < 0.01 
* β value for Crossing SIBTEST indicating nonuniform DIF. 
1 β for males = 0.03; β for females = 0.6 
2 β for males = 0.06; β for females = 0.5 
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Figure 1 Characteristic curves of I-S-T 2000 R subtests
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Table 4 Cohen’s d for gender differences in I-S-T 2000 R subtests with and without DIF
items

Figure 2 Differential functioning of items in Verbal Analogies subtest
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SC  0.24 [0.38, 0.09]  0.26 [0.41, 0.12] 
VA  0.38 [0.52, 0.23]  0.18 [0.33, 0.04] 
VS  0.55 [0.70, 0.40]  0.49 [0.64, 0.35] 
CA  0.37 [0.51, 0.22]  - 
NS  0.04 [0.38, 0.09]  0.05 [0.19, 0.10] 
SI  0.15 [0.00, 0.29]  0.16 [0.02, 0.31] 
FS  0.05 [0.10, 0.19]  0.12 [0.03, 0.26] 
CU  0.02 [0.17, 0.12]  - 
MA  0.41 [0.56, 0.26]  0.37 [0.51, 0.22] 

Note. SC - Sentence Completion, SC - Verbal Analogies, VS - Similarities, CA - Numerical 
Calculations, NS - Number Series, SI - Numerical Signs, FS - Figure Selection, CU - Cubes, 
MA - Matrices 
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DIF. Item 36 has the highest beta estimate
value in this sub-test and its content deals
with topic of diet and health. Other items’
content focused on kitchen stuff (27), emo-
tions and feelings (38), civil matters (28), pic-
tures and reading (23) and adverbs of time
and frequency (32). Concerning items from
other verbal subtests, those favoring males
are dealing with nature (11) or mechanics
(15), those favoring females are dealing with
feelings (7), jewels (46) or buildings (44).

Discussion

Analysis of gender differences in I-S-T
2000 R subtests confirmed that six subtests
showed significant differences between
males and females. In five of these subtests,
females scored higher than males, which does
not correspond with previous findings sug-
gesting higher general intelligence in males
(Jackson & Rushton, 2006; Irwing & Lynn,
2005). The only subtest with significant
outperformance of males was Numerical
Signs, but the effect size of this difference
was rather small (Cohen d 0.15). On the other
hand, all subtests related to verbal intelli-
gence showed significant differences with
higher score for females, even at the middle
level of the effect size for Similarities (Cohen
d 0.55). Our results confirmed  previous find-
ings related to female outperformance in ver-
bal ability (Hyde & Linn, 1988; Weiss et al.,
2006).

In subsequent analysis, we focused on the
DIF analysis to identify whether these dif-
ferences are caused by items displaying pos-
sible gender bias. 18 items showed signifi-
cant level of differential item functioning,
majority of them (14) favoring females. More
than a half of these items come from verbal
subtests, which suggests that items with

verbal contents are potentially more affected
by gender bias (Steinmayr et al., 2015). Spe-
cial attention should be devoted to Verbal
Analogy subtest, which shows substantial,
although not significant effect of DIF items
on the overall score. As a decrease of 0.2 in
Cohen’s d coefficient after deleting DIF items
corresponds to a decrease of about 3 points
in subtest IQ score, we consider it  not neg-
ligible, because empirical research showed
that even such small difference can have
some effect on specific relevant variables
(see Deary et al., 2004 for example). In this
subtest, the task is to detect the relation be-
tween two words and find a word with simi-
lar relationship to another word (Amthauer
et al., 2001). The content analysis of the items
showing DIF from this subtest but also
from other verbal subtests, suggests that dif-
ferences in male and female preferences
could be a source of differential functioning.
Steinmayr et al. (2015), when discussing gen-
der DIF in German knowledge tests, consid-
ers Ackerman’s (1996) PPIK theory of adult
intellect, which emphasizes that adult intel-
lect is predicated on  four components: intel-
ligence-as-process (fluid abilities), person-
ality traits, interests, and intelligence-as-
knowledge. Personal interests are an impor-
tant factor of intelligence development be-
cause higher interest in particular domain
could lead to better achievement in tests re-
lated to this domain. Personal interests and
preferences of males and females, which are
shaped by specific gender roles as defined
in particular micro and macro environment
(Lindsey, 2015), can lead to higher capability
to solve problems and tasks related to the
area of preference. Inclusion of items related
to an interest area of males or females in in-
telligence test can be a source of differential
functioning and possible gender bias. As
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suggested by the results, most of the I-S-T
2000 R subtests do not show substantial in-
clusion of such items with the exception of
Verbal Analogy. This subtest includes 6 items
with DIF favoring females and some of them
have clear relations to female preferences
such as diet and health (item 36) or kitchen
stuff (item 27). Items with relation to general
gender preferences are included in other
subtests, e.g. items favoring males from the
Sentence Completion subtest with clear ten-
dency to male preferences as mechanics (item
15) or nature (item 11), but these items are
less frequent and their effect on the subtest
score is negligible.

In the light of our results, we can conclude
that I-S-T 2000 R is not an intelligence test
strongly affected by gender differential item
functioning in adolescent sample. No subtest
score seemed to be influenced by the pres-
ence of items with differential item function-
ing toward one or another gender, with the
exception of Verbal Analogy, which shows
nonsignificant but substantial effect. Also,
the overall number of items with detected
DIF is rather small when compared with pre-
vious studies focusing e.g., on WISC-III
(e.g., Maller, 2000), in which one-third of the
items showed some kind of DIF. However,
future revisions of I-S-T 2000 R should take
into account that specific content of verbal
items and its relation to male or female pref-
erences is a potential source of DIF pres-
ence and, subsequently, potential source of
gender bias.

The limitation of our study comes from spe-
cific sample used in the research. We used Slo-
vak standardization sample of  I-S-T 2000 R,
which includes only adolescents and no other
samples are available in this moment. Adoles-
cent sample is specific due to the fact that gen-
der roles or preferences are under develop-

ment during the whole life and transition to
adult age can bring some changes in this area
(Steensmae et al., 2013). Adult gender roles and
preferences can be different from adolescent
ones and this can be manifested also in a test
situation. Based on this fact, we can assume
that DIF analysis with an adult sample could
lead to some differences in results related to
differential item functioning. Further research
should focus on the different age samples, es-
pecially adults in different developmental
stages, to reveal whether the results in our
study could be generalized to the entire target
population of the test or whether these results
are developmentally specific.

Conclusions

Slovak version of the Amthauer’s Intelli-
gence Structure Test 2000 - R shows signifi-
cant gender differences in a sample of ado-
lescents, since in several subtests females
scored higher than males. Analysis of differ-
ent item functioning revealed that this effect
is only partially caused by items with gender
bias as only one subtest score (Verbal Anal-
ogy) appears to be substantially affected by
DIF items. However, DIF analysis of items
from verbal subtests showed that if an item
has gender relevant content, it can be bi-
ased toward one or the other gender and
potentially, it can affect the overall score of
the subtest. In general, I-S-T 2000 R, although
showing gender differences in several
subtests, does not seem to be strongly af-
fected by gender bias coming from items dis-
playing DIF. Further research on different age
sample should clarify whether these results
are developmentally stable or whether they
are changing through developmental stages.
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