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Abstract: The Wechsler Intelligence Scale for Children 3rd version (WISC-III) is a widely used assessment tool for
children’s intellectual functioning, including in non-Western settings. Yet, the evidence is scarce of possible gender
differences among Sudanese students. This study examined possible gender differences in the Wechsler Intelligence Scale
for Children 3rd version (WISC-III) scores among Sudanese students by exploring Differential Item Functioning (DIF)
across five subtests: picture completion, information, similarities, picture arrangement, and object assembly. The study
sample comprised 455 boys and 525 girls aged 6 to 16. The results following a Likelihood-Ratio Test within Item Response
Theory, applying the three and 2-parameter logistic models, revealed seventeen items with differential functioning by
gender. The girls’ scores were higher on eight items across picture completion, information, similarities, and picture
arrangement subtests, and the boys’ scores were higher on nine items across the subsets of picture completion, information,
similarities, picture arrangement, and object assembly. These DIF analysis results suggest a need for actions to ensure
fairness and equity in the interpretation of scores from the WISC-111 in the Sudanese context.
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Introduction
Wechsler Intelligence Scale for Children (WISC). WISC
is a widely used assessment tool for measuring intellectual
functioning in children. The third edition, known as the
WISC-III, was published in 1991, building upon the first
edition (Wechsler, 1949), and the second modified edition
(WISC-R) was published in 1974 (Wechsler, 1974; Sattler,
2001). With 519 items distributed across 13 subtests,
including ten core subtests and three supplemental sub-
tests, the WISC-III is designed for children aged 6 to 16.
Use of the WISC-III in the Sudanese settings requires care-
ful study to ensure fairness and equity in the interpretation
of scores. The study examined possible gender differences
in WISC-III scores among Sudanese students.
WISC-III description. The WISC-III, a western psycho-
logical ability test, consists of six verbal scales, each
comprising 30 items, assessing skills such as information,
vocabulary, comprehension, arithmetic, digit span (sup-
plemental), and similarities. Additionally, there are seven
performance scales: picture completion (30 items), picture
arrangement (14 items), block design (12 items), mazes
(10 items), object assembly (5 items), coding (178 items,
with a supplemental part), and symbol search (90 items,
with a supplemental part) (Al-Kilani & Al-Rawsan, 2006).
The test administration follows a sequence of alternating
between performance and verbal scales.

IQ scores derived from the WISC-III are based on
ten subtests, five verbal and five performance subtests,
while the remaining three are used for clinical diagnos-
tic purposes. The test provides three IQ scores: verbal,
performance, and overall intelligence. Additionally, four
mental indices are obtained: the Verbal Comprehension
Index (VCI), the Perceptual Organization Index (POI), the
Freedom from Distractibility Index (FDI), and the Process-
ing Speed Index (PSI). These indices are derived through

factor analysis, with each group of subtests representing a
different factor (Nicholson & Alcorn, 1993).

Validation studies conducted in the United States on
a sample of 2200 respondents representing various demo-
graphics revealed strong reliability coefficients for the
WISC-III. Split-half reliability coefficients ranged from
0.69 to 0.87 (with an average of 0.78) for different
age groups. The reliability coefficients for verbal, per-
formance, and overall intelligence were 0.95, 0.91, and
0.96, respectively. The reliability coefficients for the four
mental indices were 0.94, 0.90, 0.87, and 0.85 for verbal
comprehension, perceptual organization, freedom from
distractibility, and processing speed, respectively. Further-
more, factorial analysis established the construct validity
of the scale (Prifitera et al., 1998; Sattler, 2001; Wechsler,
1991).

Of studies that have examined use of the WISC-111
in the Middle Eastern and North Africa region, the study
by Özberk and Koc (2017) is the major exception. Özberk
and Koc (2017) used several DIF detection techniques to
detect gender and socioeconomic status DIF in WISC-IV
Turkish Form. The sample included 817 children, and 315
items were used in polytomous and dichotomously scored
subtests. Items detected as having DIF were similar across
three techniques. DIF results showed that the following
items of the picture completion subtest (6, 8, 10, 15, 22,
24, and 33) favored girls, while items (17, 18, 19, 22, and
32) favored the boys. In the similarity subtest, items (5, 9,
and 23) favored girls, while items (8 and 21) favored boys.

More recent evidence from research on newer
versions of the Wechsler scales further supports the
importance of examining whether cognitive test scores
operate equivalently across demographic groups. For
example, Rodríguez-Cancino et al. (2023) examined mea-
surement invariance in the WISC-V across sex and age
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groups and emphasized that such analyses are neces-
sary before interpreting group differences in cognitive
performance.

Overall, the WISC-III serves as a comprehensive tool
for assessing intellectual functioning in children, and its
reliability and validity have been established in various
populations. The availability of adapted versions allows
for its application in different cultural and linguistic con-
texts, providing valuable insights into children’s cognitive
abilities.
Score differences by personal and contextual factors.
Fair and unbiased testing is crucial because it prevents
systematic disadvantages for specific genders or cultures,
promotes equitable opportunities, and enhances the valid-
ity and fairness of assessments. Unbiased tests identify
individuals’ actual abilities, rather than cultural or gender-
specific knowledge, leading to more accurate and inclusive
outcomes in hiring, education, and other high-stakes deci-
sions. This ensures that all groups have an equal chance
and that the talent pool is diverse and representative of the
population (Tavakol, et al., 2024). Similarly, Holden et al.
(2023) argued that modern intelligence assessments must
be evaluated not only in terms of reliability and validity,
but also in terms of fairness and equity, particularly when
used with culturally, linguistically, or demographically
diverse groups. Differential Item Functioning (DIF) occurs
when test items function differently for individuals from
different demographic groups (e.g., gender, ethnicity) who
have the same underlying ability or trait. Differential Item
Functioning (DIF) can negatively impact educational pol-
icy and practices by systematically disadvantaging certain
student groups, leading to unfair test scores, discrimina-
tory disciplinary actions, and flawed educational decisions
for marginalized groups.

By conducting DIF, test developers can create valid,
fair, and culturally appropriate assessments that accurately
measure a construct, rather than reflecting cultural or
linguistic differences that hinder test-taker performance.
DIF analysis could help ensure fairness and equity by
identifying test item functioning differently for different
groups (e.g., by gender, race, or language proficiency),
particularly intelligence tests, even when they have the
same ability level. Addressing them could reflect true
knowledge, not irrelevant group-specific factors. It is also
essential for cultural adaptation of tests to new contexts
and ensuring educational equity by detecting and removing
construct-irrelevant variance. DIF analysis also informs
item revision and development, leading to accurate and
equitable measure of all students’ abilities (Martinková
et al., 2017).
Differential item functioning. Differential Item Function-
ing (DIF) is a statistically derived function that reveals
the difference in item response between two groups with
the same ability level. Recent psychometric literature
has emphasized that DIF analysis is not merely a sta-
tistical procedure for detecting score discrepancies, but
also an important approach for evaluating fairness and
measurement equivalence across groups. DIF findings
may indicate that individuals from different demographic
groups interpret, process, or respond to certain test items
differently despite possessing comparable levels of the

underlying construct, which can threaten the validity of
score interpretation in high-stakes assessments (Millsap,
2023; Paek & Cole, 2022). More specifically, DIF is the
differences in the likelihood of correct responses to test
items in groups having the same ability (Camilli & Shep-
ard, 1994; Hambleton & Rogers, 1995; Hambleton et al.,
1991). DIF examines the psychometric characteristics of
items regarding how they function differently in different
groups of respondents, bias is a systematic error that makes
a group’s performance on the test better than another’s
or as a systematic underestimation or overestimation of
the population’s determiner, and has social implications
and indicates the absence of justice and equality (Jensen,
1980; Dorans & Holland, 1994).

Therefore, DIF is considered an essential but insuf-
ficient condition to regard an item as biased since DIF
is a metric characteristic. In contrast, bias refers to the
theoretical explanation for its presence. In other words, if
an item reveals a differential functioning for a given group,
other procedures shall be taken to judge the item as biased.
These other procedures can be arbitration or experimental
investigation (Clauser & Mazor, 1998).

DIF approaches. Methods of identifying differential
item functioning vary according to the theories underly-
ing them. For example, there are several methods based
on the modern test theory. One of these methods is
the Likelihood-Ratio Test, a parametric method based
on different models when doing the matching. In this
method, two models are checked and compared. The first
model is called the compact model, in which parameters
of all items, including the one examined for differential
functioning, are estimated assuming or setting constraints.
Hence, the parameters of items are equal in the two groups:
the reference group and the focal group. The second model
is called the augmented model. It differs from the first
model in that the parameters of the item being examined
for differential functioning can differ in the reference
group and the focal group. The difference in the matching
of the two models is examined by computing the likelihood
ratio (G2) according to the following equation:

G2 = −2 log LC − (−2 log LA)

where:
log LC represents the log-likelihood of the compact

model, and LA log represents the log-likelihood of the
augmented model (De Ayalla, 2022).

The present study. We aimed to determine whether
certain test items within the WISC-III show differential
functioning for Sudanese school boys and girls, potentially
impacting the accuracy and fairness of IQ assessments.
Our specific research question was: What are the WISC-III
picture completion, picture arrangement, object assem-
bly, information, and similarities items with differential
functioning by gender?

Method

Participants and setting
A total number of 980 subjects participated in the study,
455 males and 525 females, whose ages ranged from
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Table 1. The distribution of subjects according to age
and gender

Age Male Female Total

7 years 3 4 7
8 years 163 222 385
9 years 284 294 578
10 years 5 5 10
Total 455 525 980

7 to 10 years. They were all the students whose proto-
cols were taken from candidate students to the National
Commission for the Gifted in Sudan who came from all
areas of Khartoum (7 Municipalities). Table 1 presents the
participant characteristics.

Measures
The present study used the Sudanese version of WISC-
III (Al-Housein, 2005). This version was standardized
in Khartoum and examined for its characteristics in the
Sudanese environment by researchers (e.g., Al-Housein,
2008; Al-Khalifa et al., 2008; Al-Khalifa & Al-Housein,
2012). The version was validated by presenting it to 17
referees. Interrater agreement for verbal, practical, and
overall intelligence was 0.95, 0.96, and 0.93, respectively.
Moreover, seven percent of the scale was modified based
on the referees’ recommendations. The scale was then
administered to a pilot sample of 110 male and female
children from 6 to 16 years. The primary sample consisted
of 330 children. The scale showed concurrent validity with
age, as the correlation ranged between 0.21 and 0.66, all
significant at the 0.01 level. Convergent validity was also
established by correlating the scale with WAIS-R in older
ages. Al-Housein (2005) computed the internal consis-
tency between subtests and the results of verbal, practical,
and overall intelligence to establish its construct validity.
Coefficients of internal consistency ranged from 0.66 to
0.89. Reliability for verbal and performance subtests and
the three IQs was also established by split-half (relia-
bility coefficients ranging from 0.68 to 0.84), Guttmann
equation (from 0.80 to 0.95) and Alpha-Cronbach (from
0.77 to 0.94). The counterpart reliability coefficients for
performance subtests ranged from 0.67 to 0.81, 0.73 to
0.93 and 0.69 to 0.91, respectively. The Reliability of
performance intelligence by the three methods was 0.76,
0.94, and 0.93, respectively. The counterpart reliability
coefficients for verbal intelligence were 0.93, 0.98, and
0.97, respectively. After being modified, the whole scale
yielded high-reliability coefficients (0.94, 0.98, and 0.97,
respectively) using the Spearman-Brown equation.

Procedures
The Institutional Review Board of King Saud University
determined that ethical approval was not required for
this study. because it relied exclusively on secondary,
de-identified data obtained from the routine assessment
protocols of the National Authority for Gifted Education in
Sudan. No direct contact, testing, or data collection from
children occurred for the purpose of this research, and the
dataset contained no personal identifiers. All procedures

complied with international ethical guidelines and the
principles of the Declaration of Helsinki. The WISC-III
had been administered by trained school psychologists
under the Commission’s standardized assessment proto-
cols. The present study relied exclusively on secondary,
de-identified data extracted from these archival records,
and no additional testing or direct contact with participants
was conducted for research purposes.

Data Analysis. The IRTLRDIF v.2.0b program was
used for data analysis. Likelihood-Ratio Test was admin-
istered utilized to examine DIF in items based on gender,
using Three Parameters Logistic Model (3PL), with
dichotomous items; and Samejima’s Graded Model (1969,
1997), for polytomous items. The first is the Three Param-
eters Logistic Model (3PL), used with dichotomous items.
The second is Samejima’s Graded Model (1969, 1997),
used with polytomous items. Both models include the
dichotomous model as a particular case.

One group was set as reference group (males) and
the other focal group (females). Then goodness of fit was
checked by The G2 test to show if there are differences.
LR compares two models for each item: A restricted
model, where the item’s parameters are the same across
the two groups (males and females); and an unrestricted
model where they are allowed to differ. If the unrestricted
model (with different parameters) fits the data significantly
better than the restricted model (with same parameters),
you conclude that DIF is present, meaning the item is
functioning differently for the two groups. A good-fit for
restricted model indicates that DIF does not exist.

The G2 test has a distribution similar to the Chi-Square
test (X2), with degrees of freedom matching the number
of parameters. If the value of G2 is 3.84 or higher, the null
hypothesis of no differences in item parameters between
the reference group and the focal group is rejected. The
critical value in our case is 3.84 using α = 0.05.

Results
For the test sections under consideration in the present
study: picture completion, picture arrangement, object
assembly, information and similarities (all making up 98
items), 17 (17.4% of the total number of items) items
showed differential functioning; 8 items were in favor
of girls and belong to picture completion, information,
similarities, and picture arrangement; and 9 were in favor
of boys from the subsets: picture completion, information,
similarities, picture arrangement, and object assembly.
The Likelihood-Ratio Test (G2) for all items showing
differential functioning are presented below.

Picture completion
Out of the 30 items composing this subtest, items 12, 14,
and 21 showed differential functioning (see Table 2) in
favor of girls. As to parameters through which differential
functioning emerged, items 12 and 14 showed differential
functioning through the guessing parameter, as the value
of G2 for the guessing parameter for item 12 was 11.8
with a p-value of 0.0081. Regarding item 14, the value
of G2 for the guessing parameter was 24.4 (p < 0.0001).
The parameter resulting in differential functioning for item
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Table 2. G2 values for the picture completion subtest items showing DIF

Item Determiner G2 p-value ab bb ag bg

12 All 11.8 0.0081 0.53 0.06 0.43 1.21
14 All 24.4 0.0000 0.27 −2.24 0.72 −0.04
21 All 6.1 0.0135 0.84 1.21 0.71 2.08
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groups
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Figure 2. ICC for item 14 in picture completion for the two
groups
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Figure 3. ICC for item 14 in picture completion for the two
groups

21 was the difficulty parameter. The value of G2 for this
parameter was 6.1 (p = 0.0135) (See the Figs. 1–3).

Information
Only one item (item 10) out of the 30 items in this subtest
showed differential functioning in favor of boys. The
parameter responsible for this difference is the difficulty
parameter. The value of G2 of this parameter for item 10
was 4.1 (p = 0.0429; see Table 3)

Table 3. G2 values for item 10 of the information subtest
that showed DIF

Item Determiner G2 p-value ab bb ag bg

10 All 4.1 0.0429 0.53 0.06 0.43 1.21

Table 4. G2 values for the similarities subtest items show-
ing DIF

Item Determiner G2 p-value ab bb ag bg

2 All 4.1 0.043 1.46 −4.15 0.24 −2.97
14 All 9.5 0.0233 1.59 0.96 1.34 1.43
16 All 5.2 0.0226 2.73 2.01 1.5 2.4
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Figure 5. ICC for item 12 in similarities for the two groups

Similarities

Of the 19 items included in this subtest, 3 showed
differential functioning. These are items 2, 14, and 16
(see Table 4). The value of G2 for item 2 was 4.1
(p = 0.043) in favor of boys. The G2 value for item 14 was
9.5 (p = 0.0233) in favor of girls. The G2 value for item 16
was 5.2 (p = 0.0226) in favor of girls (See the Figs. 4–6).
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Table 5. G2 values for the picture arrangement subtest
items showing DIF

Item Determiner G2 p-value DIF

1 all 9.4 0.0244 Yes
a 1.3
b 8.1 0.0044 Yes

6 all 4.7 0.030 Yes
a 0
b 4.7 0.0302 Yes

7 all 9.1 0.027 Yes
a 0.8
b 8.3 0.0040 Yes

8 all 5.2 0.0226 Yes
a 0
b 5.2 0.0226 Yes

9 all 10.5 0.0012 Yes
a 3.2
b 7.3 0.0069 Yes

Picture arrangement
Of the 11 items in the picture arrangement subtest, 5
showed differential functioning. These are items 1, 6, 7, 8,
and 9 (see Table 5). Item 9 showed the highest differential
functioning with a G2 value of 10.5 (p = 0.0012) in favor of
girls. Then came item 1 with a G2 value of 9.4 (p = 0.0022)
in favor of girls. The G2 values for items 7, 8, and 6 were
9.1 (p = 0.027) in favor of boys, 5.2 (p = 0226) and 4.7
(p = 0.030) in favor of girls, respectively.

Pictures assembly
All five items in this subtest showed differential function-
ing with G2 values ranging from 7.2 (p = 0.0226) for item
4 to 12.3 (p = 0.0004) for item 1. All differences were in
favor of boys (see Table 6).

Discussion
The five WISC-III subtests included items showing differ-
ential functioning. In dichotomous items, the parameters
responsible for differential functioning were difficulty,
discrimination, and guessing. In the picture comple-
tion subtest, the guessing parameter induced differential
functioning of items 12 and 14, whereas the difficulty
parameter induced differential functioning in item 21. The

Table 6. G2 values for the object assembly subtest items
showing DIF

Item Determiner G2 p-value DIF

1 all 12.3 0.0004 Yes
a 0.1
b 12.2 0.0005 Yes

2 all 11.7 0.0006 Yes
a 0.8
b 10.9 0.0010 Yes

3 all 7.7 0.027 Yes
a 0.1
b 7.5 0.0040 Yes

4 all 7.2 0.0226 Yes
a 0.2
b 7 0.0082 Yes

5 all 10.3 0.0013 Yes
a 0.8
b 9.6 0.0020 Yes

differential functioning of item 10 was attributed to the
difficulty parameter.

Eight items showed differential functioning in favor of
girls (8% of the 98 items in the five subtests), while nine
showed differential functioning in favor of boys (9% of the
98 items in the five subtests). The percentage of DIF items
displayed in this study is 17% which is far less than the
other studies (Maller’s study was 34.4%, and Gokiert &
Ricker’s study was 43.3%). The proportion of items that
showed significant gender DIF varied from one subtest to
another, where the information subtest has the lowest (1
item), followed by similarities and picture completion sub-
tests (3 items each), and picture arrangement and picture
assembly subtests (5 items each).

For the Information subtest, this study agreed with the
results of the Canadian study on item 10, which showed
DIF, with more discrimination for girls and more difficulty
for boys. No other items showed DIF in that subtest. In the
Canadian study, Gokiert and Ricker (2004) reported DIF
in nine items (4, 7, 9, 10, 15, 17, 22, 24, and 25) for the
b-parameter (17 and 24 favored boys, and the remaining
items favored girls, including item 10). No items displayed
DIF on the discrimination (a) parameter.

The result of this study is consistent—to some extent-
with the American study (Maller, 2001) that reported DIF
in item 10 (in addition to other items: 7, 8, 15, and 16) with
science content, and it was more difficult for girls, which
is in contrast with this study.

Although the information subtest is of the verbal
type in which girls usually outperform boys (Anastasi,
1958; Feingold, 1993; Maccoby, 1966; Maccoby & Jack-
lin, 1974; Tyler, 1965), the item content and cultural
differences between countries could play a significant role.

Regarding the similarities subtest, which is of the
verbal type, this study concurred with the Canadian and the
American samples in items 2 and 16, which showed differ-
ential functioning. However, this study did not concur with
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the Canadian and American samples in the differential
functioning of other items.

This study showed DIF in item 14, favoring girls,
which did not appear in the other studies. Conversely,
item 2 was more discriminating and difficult for boys,
while item 16 was more discriminating for boys and
girls. DIF was nonuniform, where item 2 favored females
with low ability, and item 16 favored females with high
ability. These results are consistent with the results of the
American study. Maller (2001) reported DIF in fourteen
items, including 2 and 16 (2, 3, 4, 6, 7, 8, 9, 10, 12, 13, 15,
16, 17, 19). Some (7, 8, and 13) exhibited nonuniform DIF.
Item 2 was more difficult for boys, and item 16 was more
discriminating for boys and girls.

The results contradict the Canadian study. Gokiert and
Ricker (2004) reported DIF in eleven items, including 2
and 16 (1, 2, 3, 5, 6, 7, 10,15, 16, 17, and 18). Items 2 and 5
were more discriminating for boys, while items 10, 15, and
16 were more discriminating for girls. In addition, items 5,
10, and 18 were easier for boys, while items 6, 7, 16, and
17 were easier for girls.

The study conducted on the Turkish version of WISC-
IV (Özberk & Koc, 2017) confirms that some items in the
subtest still have DIF; some favored girls (3 items) while
others (2 items) favored boys.

Other studies also reported these inconsistent results,
particularly at ages 10–12 (Teresi & Fleishman, 2008)
These results could be explained through the content of
items (Maller, 2001), the distribution of the sample’s age,
and the nonuniform DIF that could give different results if
not detected.

As to the picture completion subtest (a performance
subtest), this study concurred with the Canadian and the
American samples to some extent on the items that showed
differential functioning (12, 14, 21). The results concurred
with Maller’s study (2001) on items 14 and 21 and Gokiert
& Ricker,’s study (2004) on item 12, favoring girls.

In this study, item 12 was more discriminating for
boys and more difficult for girls, item 14 was more dis-
criminating and difficult for girls, and item 21 was more
discriminating for boys and more difficult for girls. All
were nonuniform DIF (where items 12 and 21 favored
females with high ability, and item 14 favored females with
low ability and males with high ability).

The results of this study support the conclusion that
gender DIF items were inconsistent across countries
(Bakhiet & Lynn, 2015; Lin & Steedle, 2020). This high-
lights that cultural factors and national contexts influence
how test items perform and how they are interpreted by
different genders.

For future directions, other DIF approaches may need
to be considered (Li & Becker, 2021; Lim, et al., 2021),
with nonuniform, in addition to uniform DIF and DIF
patterns (i.e., balanced, shift-low, or shift-high and other
patterns of DIF) with Differential Step Functioning frame-
work (Penfield, 2007).

Future research should explore DIF in subtests beyond
the five examined in this study, to provide a complete pic-
ture of potential biases across different cognitive domains.
Investigating DIF in the other subtests could enhance the
understanding of gender-related biases in the WISC.

Conclusion
In conclusion, this study investigated gender-related biases
in the Wechsler Intelligence Scale for Children 3rd version
(WISC-III) by examining Differential Item Functioning
(DIF) in five specific subtests. The results showed that a
significant proportion of items demonstrated differential
functioning, with some favoring girls and others favoring
boys. The percentage of items displaying DIF in this
study was 17%, which is lower than in previous studies.
The presence of DIF varied across subtests, with the
information subtest having the lowest number of items
showing DIF.

The findings of this study partially aligned with previ-
ous research conducted in Canada and the United States
while also showing some inconsistencies. Factors such
as item content, the age distribution of the sample, and
nonuniform DIF may contribute to the varied results
observed across different studies and countries.

Acknowledgement: The authors extend their appreciation
to the Ongoing Research Funding Program, King Saud
University, Riyadh, Saudi Arabia, for funding this work.

Funding Statement: This Research was funded by
Ongoing Research Funding Program, number (ORF-2026-
1533), King Saud University, Riyadh, Saudi Arabia.

Author Contributions: Ismael Salamah Albursan con-
ceptualized the study, supervised the research design,
and critically revised the manuscript for its significant
scientific and intellectual content. Mohammad Farhan Al.
Qudah contributed to the development of the methodology,
planned the statistical analyses, participated in interpret-
ing the Differential Item Functioning (DIF) results, and
assisted in reviewing and editing the manuscript. Eqbal Z.
Darandari contributed to the psychometric interpretation
of the WISC-III constructs, participated in data validation,
and assisted in refining the manuscript. Salaheldin Farah
Bakhiet served as the principal investigator in the Sudan
context, supervised data acquisition from the National
Commission for the Gifted in Sudan, conducted advanced
psychometric analyses (including DIF procedures), drafted
major sections of the manuscript, and led the theoretical
integration and final scientific review. Mohammed Ateik
Al-Khadher managed and coded the data, supported the
implementation of the statistical analyses, prepared the
tables and presentation of results, and contributed to
the technical editing and formatting of the manuscript.
All authors reviewed and approved the final version of
the manuscript.

Availability of Data and Materials: Data available on
request from the authors.

Ethics Approval: The Institutional Review Board of King
Saud University determined that ethical approval was not
required for this study, because it relied exclusively on
secondary, de-identified data obtained from the routine
assessment protocols of the National Authority for Gifted
Education in Sudan. No direct contact, testing, or data



TEST BIAS 657

collection from children occurred for the purpose of this
research, and the dataset contained no personal identifiers.
All procedures complied with international ethical guide-
lines and the principles of the Declaration of Helsinki.

Conflicts of Interest: The authors declare no conflicts
of interest.

References
Al-Khalifa, O. H., & Al-Hussain, A. T. (2012). Performance rates

on WISC-III in Sudanese States. Journal of Educational
and Psychological Studies, 6(2), 121–134. (In Arabic).
https://doi.org/10.53543/jeps.vol6iss2pp121-134.

Al-Housein, A. (2005). Adapting and standardizing WISC-III
in Khartoum. Unpublished MA Thesis, Khartoum, Sudan:
Alneelain University. (In Arabic).

Al-Housein, A. (2008). Adapting and standardizing WISC-III
in the Northern States. Unpublished Ph.D. Dissertation,
Khartoum, Sudan: Alneelain University. (In Arabic).

Al-Khalifa, O., Taha, A., & Al-Housein, A. (2008). Adapting
WISC-III in Sudan and Japan: A cross-cultural study. The
Arab Journal For Special Education, 12, 171–194. (In
Arabic).

Al-Kilani, A., & Al-Rawsan, F. (2006). Evaluation in Spe-
cial Education. 1st ed. Amman, Jordan: Dar Al-Maysarah
Publisher. (In Arabic).

Anastasi, A. (1958). Differential Psychology: Individual and
Group Differences in Behavior. 3rd ed. New York, NY,
USA: Macmillan.

Bakhiet, S. F., & Lynn, R. (2015). Gender differences on the
wechsler intelligence scale for children-III in Bahrain and
the United States. Psychological Reports, 117(3), 794–798.
https://doi.org/10.2466/03.17.pr0.117c26z9

Camilli, G., & Shepard, L. (1994). Methods for Identifying
Biased Test Items. London, UK: SAGE publications.

Clauser, B. E., & Mazor, K. M. (1998). Using statisti-
cal procedures to identify differentially functioning test
items. Educational Measurement: Issues and Practice,
17(1), 31–44. https://doi.org/10.1111/j.1745-3992.1998.
tb00619.x

De Ayalla, R. (2022). The Theory and Practice for Item Response
Theory. New York, NY, USA: Guilford Press.

Dorans, J., & Holland, W. (1994). DIF Detection and Description
Mantel-Haenszel and Standardization. Princeton, NJ, USA:
Educational Testing Service.

Feingold, A. (1993). Gender differences in personality: A meta-
analysis. Psychological Bulletin, 116(3), 429–456. https://
doi.org/10.1037/0033-2909.116.3.429

Gokiert, R. J., & Ricker, K. L. (2004). Gender differential item
functioning on the WISC-II: Analysis of the Canadian
standardization sample. In Centre for research in applied
measurement and evaluation. Edmonton, Alberta: Univer-
sity of Alberta.

Hambleton, R., & Rogers, J. (1995). Item bias review practical
assessment, research and evaluation. [cited 2026 Jan 20].
http://edresearch.Org/pare/get.ASP=4&n=6.

Hambleton, R., Swaminathan, H., & Rogers, J. (1991). Fun-
damentals of Item Response Theory. Newbury Park, CA,
USA: Sage Publications.

Holden, L. T. R., Hart, S. A., & Lakin, J. M. (2023). Modern
assessments of intelligence must be fair and equitable.
Journal of Intelligence, 11(7), 126. https://doi.org/10.3390/
jintelligence11070126.

Jensen, A. (1980). Bias in Mental Testing. New York, NY, USA:
A Division of Macmillan Publishing Co., Inc.

Li, L., & Becker, B. J. (2021). Assessing differential bundle
functioning using meta-analysis. Journal of Educational
Measurement, 58(4), 492–514. https://doi.org/10.1111/
jedm.12303

Lim, H., Choe, E., & Han, K. (2021). A residual-based differen-
tial item functioning detection framework in item response
theory. Paper presented at the Annual Meeting of the
National Council on Measurement in Education (NCME),
Virtual.

Lin, Q., & Steedle, J. (2020). Investigating assessment conditions
potentially associated with differential item functioning.
ACT Research & Policy, Technical Brief (R1852). ACT, Inc.
[cited 2026 Jan 20]. https://www.act.org/content/dam/act/
unsecured/documents/R1852-assessment-conditions-DIF-
2020-11.pdf.

Maccoby, E. E. (1966). The Development of Sex Differences.
Stanford, CA, USA: Stanford University Press.

Maccoby, E. E., & Jacklin, C. N. (1974). The Psychology of Sex
Differences. Stanford, CA, USA: Stanford University Press.

Maller, S. (2001). Differential item functioning in the WISC-
III item parameters for boys and girls in the national
standardization sample. Educational and Psychological
Measurement, 61(5), 793–817. https://doi.org/10.1177/
00131640121971527

Martinková, P., Drabinová, A., Liaw, Y. -L., Sanders, E. A.,
McFarland, J. L., & Price, RM. (2017). Checking equity:
Why differential item functioning analysis should be a
routine part of developing conceptual assessments. CBE—
Life Sciences Education, 16(2), 1–13. https://doi.org/10.
1187/cbe.16-10-0307

Millsap, R. E. (2023). Statistical Approaches to Measure-
ment Invariance. Abingdon, Oxfordshire, UK: Routledge,
https://doi.org/10.4324/9781003260242.

Nicholson, C., & Alcorn, C. (1993). Interpretation of the WISC-
III and its subtests. Paper presented at the Annual Meeting
of the National Association of School Psychologists (25th,
Washington, DC, USA, April 17, 1993).

Özberk, U. E., & Koc, K. (2017). Gender and socioeconomic
status DIF on the WISC-IV Turkish form: A comparison
of DIF detection techniques. Journal of Measurement and
Evaluation in Education and Psychology, 8(1), 112–127.

Paek, I., & Cole, K. (2022). Using R for Item Response Theory
Model Applications. Abingdon, Oxfordshire, UK: Rout-
ledge.

Penfield, R. D. (2007). An approach for categorizing DIF
in polytomous items. Applied Measurement in Educa-
tion, 20, 335–355. https://doi.org/10.1080/089573407014
31435

Prifitera, A., Weiss, L., & Saklofske, D. (1998). The WISC-III
in context. In: Prifitera, A., Saklofske, D. (Eds.), WISC-III
clinical use and interpretation (1–35) (Scientist Practi-
tioner Prespectives). San Diego, CA, USA: Academic
Press.

Rodríguez-Cancino, M., Salas, G., & Valenzuela, M. (2023).
WISC-V measurement invariance according to sex and age.
Journal of Intelligence, 11(9), 180. https://doi.org/10.3390/
jintelligence11090180

Sattler, J. (2001). Assessment of Children: Cognitive Applica-
tions. 4th ed. San Diego, CA, USA: Academic Press.

Tavakol, M., Stewart, C., & Sharpe, C. (2024). Ensuring fair-
ness in assessment in health professions education: Rapid
analysis tools to detect differential item functioning across
groups. International Journal of Medical Education, 15,
80–83. https://doi.org/10.5116/ijme.6694.de69

Teresi, J. A., & Fleishman, J. A. (2008). Occurrences and sources
of Differential Item Functioning (DIF) in patient-reported

https://doi.org/10.53543/jeps.vol6iss2pp121-134
https://doi.org/10.2466/03.17.pr0.117c26z9
https://doi.org/10.1111/j.1745-3992.1998.tb00619.x
https://doi.org/10.1111/j.1745-3992.1998.tb00619.x
https://doi.org/10.1037/0033-2909.116.3.429
https://doi.org/10.1037/0033-2909.116.3.429
http://edresearch.Org/pare/get.ASP=4&n=6
https://doi.org/10.3390/jintelligence11070126
https://doi.org/10.3390/jintelligence11070126
https://doi.org/10.1111/jedm.12303
https://doi.org/10.1111/jedm.12303
https://www.act.org/content/dam/act/unsecured/documents/R1852-assessment-conditions-DIF-2020-11.pdf
https://www.act.org/content/dam/act/unsecured/documents/R1852-assessment-conditions-DIF-2020-11.pdf
https://www.act.org/content/dam/act/unsecured/documents/R1852-assessment-conditions-DIF-2020-11.pdf
https://doi.org/10.1177/00131640121971527
https://doi.org/10.1177/00131640121971527
https://doi.org/10.1187/cbe.16-10-0307
https://doi.org/10.1187/cbe.16-10-0307
https://doi.org/10.4324/9781003260242
https://doi.org/10.1080/08957340701431435
https://doi.org/10.1080/08957340701431435
https://doi.org/10.3390/jintelligence11090180
https://doi.org/10.3390/jintelligence11090180
https://doi.org/10.5116/ijme.6694.de69


658 Albursan et al.

outcome measures. Psychology Science Quarterly, 49(4),
428–443.

Tyler, L. (1965). The Psychology of Human Differences. 3rd ed.
New York, NY, USA: Appleton.

Wechsler, D. (1949). Wechsler Intelligence Scale for Children.
New York, NY, USA: The Psychological Corporation.

Wechsler, D. (1974). Manual for the Wechsler Intelligence Scale
for Children—Revised. New York, NY, USA: Psychological
Corporation.

Wechsler, D. (1991). Manual for the Wechsler Intelligence Scale
for Children. 3rd ed. (WISC-III). San Antonio, TX, USA:
The Psychological Corporation.


	WISC-III scores: Evidence of gender-related differential item functioning in Sudan
	Introduction
	Method
	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


