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Abstract

Past research has shown a male advantage in mathematics compared to females, as well as gender
differences in mathematics performance by type of item. However, most past research has focused on gender
differences within one cultural group. This research examines gender differential item functioning (DIF) across
four jurisdictions that took part in a large-scale international assessment: Canada, Shanghai (China), Finland, and
Turkey. The findings from each jurisdiction were consistent with previous research findings: selected response
formats tended to favour males, while constructed response item formats tended to favour females. Similar
proportions of items favoured one gender group over the other across jurisdictions, and Finland had the greatest
number of items that exhibited DIF in favour of both genders.
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Oz

Yapilan calismalar hem erkeklerin kizlara gore matematikte daha avantajli oldugunu, hem de madde
tiirlerine gore matematik performansinda cinsiyete gore farkliliklarin oldugunu gostermistir. Bu gecmis
¢alismalarin ¢ogunda cinsiyet farkliliklari sadece bir kiiltiirel grupta incelenmistir. Bu calismada ise, cinsiyete
gore farkli isleyen maddeler genis 6lgekli uluslararas: uygulamalara katilan dort farkli bolgede incelemektedir:
Kanada, Cin (Sanghay), Finlandiya ve Tiirkiye. Her bir bolgeye ait bulgular daha &nceki arastirmalarin
sonuglarni desteklemektedir: genel olarak, ¢oktan se¢meli sorularin erkekler lehine, cevabin yazilmasini
gerektiren tiirdeki sorularin ise kizlar lehine ¢alistig1 goriilmiistiir. Bolgeler arasinda, kizlarin lehine isleyen soru
oraninin erkeklerin lehine isleyen soru oranina yakin oldugu, cinsiyete gore farkli isleyen madde sayisinn ise en

fazla Finlandiya’da oldugu goriilmiistiir.
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Introduction

Researchers have examined differences in the academic performance of separate groups since
the early years of testing. Often statistically significant differences are noted between groups, for
example between girls and boys on a mathematics assessment (Ercikan, McCreith, & Lapointe, 2005).
However, it is not always known whether those statistical differences reflect true differences in ability,
knowledge and skills between the groups or whether potential problems with the test or the testing
situation may bias test results, and therefore diminish the validity of drawing comparisons across
groups (Ercikan & Oliveri, in press). Item bias can occur when a characteristic of the item that is not
relevant to the test purpose differentially influences responses of examinee groups (Ercikan & Lyons-
Thomas, 2013). There is an expectation that if an item on a test is not biased, then examinees from two
groups who have equal overall ability ought to have the same probability of correctly responding to it.
When examinees from different groups that have comparable ability levels have different probabilities
of getting an item correct, differential item functioning (DIF) is said to occur (Hambleton,
Swaminathan, & Rogers, 1991). Statistical analyses can be conducted to detect whether items on a test
may be functioning differently for two groups. DIF studies typically examine policy-relevant groups
based on age, gender, race or ethnicity, culture, language, country or disability. DIF signals the
potential for bias in an item, but does not definitively establish the presence of bias. Further studies of
the item are required to determine whether it is biased; such studies are often conducted through
expert reviews of the item (Ercikan et al., 2010).

It is important to analyze whether items have DIF for at least two reasons. The presence of
DIF signals potential bias, and bias has an impact on validity of inferences drawn from group
comparisons. Therefore DIF items, if confirmed to represent underlying bias, are often removed from
future administrations of a test. Second, items that exhibit DIF may have implications for curriculum
and instruction (Lane, Wang, & Magone, 1996), particularly if no reason for bias can be found. For
example, test items that are presented in a multiple choice item format may consistently exhibit DIF
favouring one group, whereas items presented in constructed response item format may favour
another group. In this case, if no bias is established, it may be desirable to ensure that all groups
receive adequate instruction in completing all types of test items, and that tests contain balanced
proportions of various item types. DIF should be distinguished from differences in overall group
ability. For instance, the mean percent correct score for each group could be determined in order to
compare groups. However, this method of comparing groups differs from DIF because it does not
match on ability level.

International large-scale assessments, such as the Programme for International Student
Assessment (PISA), allow researchers to investigate academic achievement and group membership
from a variety of different viewpoints. For instance, in PISA not only are student achievement in
reading, mathematics, and scientific literacy all assessed, but key demographic information is also
gathered through questionnaires of students, their parents, and school principals. As well, sixty-five
countries or economies participated in the most recent administration of PISA, which means that
examinees can be compared based on a wide variety of cultural and linguistic backgrounds.

The purpose of the current research is to investigate trends and differences in gender DIF in
mathematics among four jurisdictions that participated in the 2009 administration of PISA. Studies of
DIF in mathematics across genders within one country or jurisdiction are frequently reported in the
literature, however few studies have been conducted to compare the results of gender DIF studies in
mathematics across countries or jurisdictions. PISA reports that there is a significant gender gap in
mathematics across the OECD countries that took part in 2009, with 3.4% of girls and 6.6% of boys
being ranked as top performers (OECD, 2010a). This paper examines to what extent DIF accounts for
the gender gap in four diverse jurisdictions: Canada, Shanghai, Finland, and Turkey. In Canada and
Turkey, boys performed statistically significantly higher than girls in mathematics, while in Finland
and Shanghai there were no significant differences between boys” and girls’ mathematics achievement
(OECD, 2010b). These four jurisdictions were chosen because they are diverse in terms of culture,
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geographic location and proportions of socio-economically disadvantaged children. These
jurisdictions were also chosen because their mathematics achievement results represent a range of
scores with Shanghai, Finland and Canada ranking 1+, 4t and 9t respectively among all jurisdictions
taking part in PISA 2009 and Turkey ranking 41t

Past research points to gender differences in math items related to item type, and therefore
this paper will focus on patterns of gender DIF by item type. We seek to identify differences and
similarities in gender DIF across item types and across the four jurisdictions. For instance, item
formats that favour one gender group over another in one jurisdiction but not another will be noted,
as will those items that appear to be problematic across jurisdictions.

The following section will provide a review of the literature that investigates mathematics
gender DIF within single countries as well as studies investigating gender DIF from an international
perspective. This is followed by the study methodology, results, and discussion.

Review of the Literature

Gender Performance

The assertion that male examinees have an advantage on mathematics assessments has been
investigated by a number of researchers on a variety of national and international tests (Liu & Wilson,
2009a). However, much of this research has been conducted on samples within a single country or
jurisdiction. For instance, Liu and Wilson (2009a) used PISA 2000 and PISA 2003 math data from
American examinees to examine gender DIF. More specifically, the authors examined trends in item
domain and item type, finding that males had a steady advantage over female examinees. In
particular, males outperformed females on complex multiple choice items (CMC) and in the space and
shape domain. Lane, Wang, and Magone (1996), also studying an assessment administered in the
United States, found that questions that favoured males included figures and, consistent with
previous research, had to do with geometry. With regard to items that favoured females, the authors
found that a feature that contributed to gender DIF was the degree to which students were asked to
show their work. Lane et al. (1996) also found that females provided more conceptual explanations.
The authors state that their findings are in line with other research that shows that male examinees are
likely to prefer non-verbal modes of representation whereas females prefer verbal modes.
Additionally, Lane et al. (1996) acknowledge that while previous research shows that male examinees
do better than female examinees when answering real world scenario items, their research did not
show this difference. However, the authors note that both female and male students from this study
may have received classroom instruction that regularly utilized applied problems.

Working exclusively with Turkish data, Berberoglu (1995) found that one math assessment
favoured males on computation items, but favoured females on both word problems and geometry
items. The author also points out that because the results are from groups of students that have similar
high school curricula, DIF results are not simply a result of different school programs. Examining data
from Malaysian examinees, Abedalaziz (2010a) found that geometry and “real world reference” type
items favoured males whereas algebraic-type questions favoured females. Another paper by the same
author found that numerical ability math items favoured female examinees, whereas items involving
special and deductive abilities favoured males (Abedalaziz, 2010b).

International Gender Performance

Some research has also been conducted that examined gender DIF from an international
perspective. For instance, Liu and Wilson (2009b) examined PISA 2003 data and compared gender DIF
between the United States and Hong Kong. The authors found that males from both countries
performed better on CMC items. Males had superior performance on items that had to do with
geometry and space and shape, while females showed higher performance on algebra, probability,
and reproduction questions. The authors also found that while examinees from Hong Kong
outperformed their American counterparts, the Hong Kong students held a wider gender gap.
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Though not investigating math, Le (2009) used the 2006 PISA results to compare gender DIF
among 60 test language groups. That research found that gender DIF from the international sample
was highly correlated with individual language groups. That is, the author concluded that the items
that showed DIF in the international sample were also more likely to have similar gender DIF within
the language groups. The author also found that almost a quarter of items showed gender DIF for
both genders for different language test comparisons. In other words, 24% of items could show DIF in
favour of one group for one comparison of countries, and the same item could show DIF in favour of
the other group for another comparison. As some of those items did not show DIF with the
international sample, the author concludes that it may be necessary to examine DIF at the individual
language group level.

DIF Methods

As described earlier, DIF is said to occur when different groups of examinees have different
probabilities of correctly answering an item, despite comparable ability levels. There are a variety of
statistical methods for identifying DIF items that vary in their approach, and sometimes, in their
results (Abedalaziz, 2010b; Mendes-Barnett & Ercikan, 2006; Ercikan, Simon, & Oliveri, 2013; Gierl,
Khalig, & Boughton, 1999). For instance, one way to detect DIF items is to use a scatterplot that is
composed of p-values (proportion correct statistic for each item) for two groups, with each axis
representing a group. Each item is represented in this two-dimensional space as a dot. Items that are
functioning equally for each group should be equal distances from each axis. If the dots on the
scatterplot deviate from a 45° line, that item that the dot represents could be further investigated for
bias (Sireci, Patsula, & Hambleton, 2005). A variation of this approach, called the Delta Plot Method
(Angoff, 1982, 1993), plots the delta values (normal deviates based on a scale with a mean of 13 and a
standard deviation of 4) for items, and allows for a distinction to be made between genuine group
differences in proficiency and bias. Another DIF approach is the Mantel-Haenszel method, developed
by Holland and Thayer (1988). This method relies on a chi-squared test of independence between two
groups of examinees. After matching members of each group based on their test score, the probability
of success is determined for each item for each group and then compared. Items are then classified
into one of three effect size levels depending on their differences. Mendes-Barnett and Ercikan (2006)
used Simultaneous Item Bias Test (SIBTEST, Shealy & Stout, 1993) to capture differential dimensions
captured by test items and groups of test items in a British Columbia provincial assessment. In this
paper, an application of the Linn-Harnisch (LH) method to item response theory (IRT) parameters will
be used to identify DIF items (Ercikan & McCreith, 2002). Details of this IRT DIF detection method are
described below in the Procedures section.

The above explanation of DIF methods is by no means comprehensive, but rather serves to
illustrate that there are numerous approaches to identifying DIF items, rather than one all-
encompassing procedure.

Method

Instrument

PISA is an international assessment that is administered every 3 years to 15-year-old students
from dozens of different countries and jurisdictions including those from the OECD as well as from
outside of the OECD. In 2009, the fourth round of PISA took place, with 65 countries or economies
taking part. The assessment aims to measure the knowledge and skills of examinees nearing the end
of their compulsory education. In particular, the exam includes three sections in the areas of
mathematics, science, and reading. In each testing cycle, one of the three domains is highlighted with
the majority of questions pertaining to that subject. Due to the large number of items that are required
to adequately assess these broad content domains, PISA uses a complex item sampling design in
which items are divided amongst 13 booklets. The booklets are randomly assigned to students in a
matrix sampling procedure. Each student is administered 1 of the 13 booklets.
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For this research, the mathematics portion of the PISA 2009 assessment was used. In total,
there were 35 mathematics items that were administered across the 13 booklets. The items consisted
of 5 item types: (1) standard multiple choice (MC) items had either 4 or 5 option responses from
which students were required to select the best one; (2) CMC items presented students with several
statements and for each statement they were required to select one of several possible responses; (3)
closed constructed response (CCR) items required students to construct a numeric response or a single
word or short phrase within very limited constraints; (4) short response (SR) items required student to
generate a response with a limited range of responses for which they would get full credit; and (5)
open constructed response (OCR) items involved more writing and often required explanation or
justification (OECD, 2012). Table 1 provides the number of items that corresponds to each question

type.

Table 1.

Number of Items by Item Type
Item Type # of Items
Complex multiple choice 7
Multiple choice
Closed constructed response
Open constructed response
Short response
Total 35

o o W O

Sample

Data from four jurisdictions were used to conduct the analysis: Canada, Finland, Shanghai,
and Turkey. Each gender group from each jurisdiction consisted of approximately 2500-3000
examinees. The sample size of each group is presented in Table 2.

Table 2.

Sample Sizes for Gender Groups by Jurisdiction
Jurisdiction Females Males Total
Canada 2941 2808 5749
Finland 2954 2856 5810
Shanghai 2587 2528 5115
Turkey 2551 2445 4996

The mean score for mathematics and the gender difference for each of the jurisdictions are
presented in Table 3. This table shows that Canada and Turkey had statistically significant mean
score differences favouring males, while Shanghai and Finland did not have statistically significant
differences between gender groups (OECD, 2010b).

Table 3.
Country Mean Scores and Gender Mean Differences
Jurisdiction Mean Score Mean Score Difference Significance (p<.05)
(Standard Error) [Males — Females]
(Standard Error)
Canada 527 (1.6) 12 (1.8) Significant
Finland 541 (2.2) 3(2.6) Not Significant
Shanghai 600 (2.8) -1 (4.0) Not Significant
Turkey 445 (4.4) 11 (5.1) Significant
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Procedure

Each jurisdiction was analyzed separately for gender DIF using the software program Pardux
(Burket, 1998). Pardux uses the LH method for identifying DIF items, which estimates parameters for
the combined group as well as the focal group, and then determines fit of the combined group
parameters for the focal group. A Z-score is produced that indicates the level of DIF that is present (or
not present). A Z-score greater than |2.58 | with a difference between the observed and expected
mean probability of getting the highest score greater than |0.1| is identified to have level 3 DIF, or
the highest degree of DIF. A Z-score that is greater than |2.58|but with a difference in observed
versus expected mean less than |0.1| is identified as level 2 DIF. Finally, if the Z-score is less than
|2.58 |, then the item is identified as level 1 DIF which indicates that DIF is not present. The LH
method has the benefit of being able to detect DIF from data that is matrix-sampled, which as
described above, is a characteristic of PISA data. In addition to determining DIF using the LH method,
item characteristic curves (ICCs) were generated using the program IRT Lab (Penfield, 2003). The x-
axis of an ICC represents a measure of overall ability (referred to as latent trait), and the y-axis
represents the probability of correctly responding to an item. The shape and position of the curve
represents the difficulty, discrimination, and guessing parameters of an item. In particular, the slope
of the curve shows the degree to which the item discriminates examinees of varying ability levels. In
other words, the steeper the slope of the curve, the more discrimination the item provides. A curve
that is farther to the right represents a more difficult item. Finally, the point on the y-axis at which a
curve begins represents the guessing parameter. A curve that is higher on the y-axis represents an
item in which a respondent is more likely to guess and answer the item correctly. When the ICCs for
two groups are different, DIF may be present.

Finally, two assumptions of the IRT model used in this study are that only one main trait or
ability is being measured by the test (referred to as the assumption of unidimensionality) and the
related assumption that conditional on ability level responses to items are independent of each other
(referred to as the assumption of local independence). The failure to meet these assumptions when
analyzing for DIF may lead to inaccurate results. One way to test whether these assumptions hold is
to use the Q3 statistic (Yen, 1984, 1993). A Q3 statistic is calculated for every pair of items in the test.
This statistic captures local item dependence and provides an indication of whether the residual error
terms for the pair of items are correlated after conditioning on ability. If the local independence
assumption is met, no correlation between residual terms would be expected. We used the Q3 statistic
to examine the degree to which these assumptions were met in each jurisdiction included in this
study.

It is also important to check whether data being analyzed fits the IRT model. One way of
doing so is to examine the degree to which individual items fit the model. This can be done by
comparing the scores that are actually observed for each item with the scores that would be predicted
by the IRT model, using Yen’s (1981) Q1 fit statistic. The Q1 is a chi-square statistic used to test the
goodness of fit between the IRT model and the test data. The consequences of poor fit are that the
item and ability parameters may not be estimated accurately. We used the Q1 statistic to examine the
degree of fit between each jurisdiction’s data and the IRT model.

Results

Tests of Assumptions and Model-Data Fit

Yen's (1984, 1993) Q3 statistic was used for assessing the assumptions of unidimensionality
and local item dependence for each jurisdiction separately. Items are flagged if the statistic is greater
than 0.2. Canada showed no statistically significant local item dependence, however Finland,
Shanghai, and Turkey all showed significant local item dependence between items 11 and 15. The Q3
values were 0.293, 0.234, and 0.201 for Finland, Shanghai, and Turkey respectively. Unfortunately,
these items have not been released by PISA, so it is not possible to determine how the two items are
related. Since LID was only for one pair of the items and minimal in each jurisdiction, its effect was
expected to be minimal (Yen, 1993) and these items were included in the analyses.
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Fit of the data to the IRT model was also checked for each jurisdiction using the Q1 statistic
(Yen, 1981). Very small proportions of items (6%) were identified as having poor fit in the Canadian,
Finnish and Chinese data, with Z-scores between 5.30 and 19.28. A larger proportion of items were
found to have poor fit in the Turkish data. Twelve of the 35 items (34%) had Z-scores between 4.30
and 19.22, indicating somewhat poor fit. Fit was further investigated for those 12 items by examining
observed minus expected scores. Though Z-scores for the items were 4.3 or greater, and thus flagged
as having poor fit, the observed minus expected values were all close to zero. Given these very small
differences, the items were included in the analyses.

DIF Items

The number and percentage of DIF items for each jurisdiction are presented in Table 4.
Though past research has indicated a male advantage in math assessments (Liu & Wilson, 2009a), this
research found that a slightly greater number of DIF items favoured female examinees, though
generally speaking, the direction of bias was relatively equivalent. The Canadian sample had eight
items that showed DIF, with four favouring males and four favouring females. The Shanghai sample
had five DIF items, with one more item that favoured females than males (three and two,
respectively), and the Finnish sample had 11 DIF items, with one more item that favoured females
over males (six and five, respectively). The Turkish sample had five items that favoured females and
three items that favoured males, totalling eight DIF items.

One of the intentions of this research was to investigate the differences in gender DIF among
the four jurisdictions. As Table 4 shows, the number of DIF items did vary. In particular, the Finnish
sample showed 11 DIF items, while the Shanghai sample showed the least with only five DIF items.
All of the items that exhibited DIF were found to be level two (moderate).

Table 4.

Number and Direction of DIF Items
Jurisdiction Favours Females Favours Males Total
Canada 4 (11%) 4 (11%) 8 (23%)
Finland 6 (17%) 5 (14%) 11 (31%)
Shanghai 3 (9%) 2 (6%) 5 (14%)
Turkey 5 (14%) 3 (9%) 8 (23%)

Note. All DIF was at level 2

Another purpose of this research was to investigate if DIF varied by item type in each
jurisdiction. In other words, the research sought to investigate if certain item types were more likely to
be DIF for a particular jurisdiction or jurisdictions. Table 5 presents the number of DIF items for each
jurisdiction by item type. Given the small pool of items, it is difficult to make a judgment about
patterns, however, it is noted that SR format had the greatest number of DIF items overall.

Table 5.

Number of Differential Item Functioning Items by Item Type
Jurisdiction Item Type

CMC MC CCR OCR SR Total

Canada 2 2 0 1 3 8
Finland 1 3 1 3 3 11
Shanghai 2 0 0 1 2 5
Turkey 0 2 2 2 2 8
Total 5 7 3 7 10
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Breaking down DIF items into whether they favoured male or female examinees, Table 6
presents the number of DIF items by both type and gender. That is, whether or not items showed
patterns of DIF favouring males and females according to the way in which the question was
presented. This table shows that two item types exclusively favour one gender: CMC items favour
only males and SR items favour only females. Additionally, MC items appear to favour male
examinees to a greater extent than female examinees, with five items favouring males and only 2 items
favouring females.

Table 6.

Number of Differential Item Functioning Items by Gender and Item Type
Jurisdiction Item Type

CMC MC CCR OCR SR
F M F M F M F M F M

Canada 0 2 1 1 0 0 0 1 3 0
Finland 0 1 1 2 1 0 1 2 3 0
Shanghai 0 2 0 0 0 0 1 0 2 0
Turkey 0 0 0 2 1 1 2 0 2 0

Note. F=Favours females; M=Favours males

Another purpose of this research was to investigate whether or not the same items were
identified as DIF in all four jurisdictions. Upon review, it became apparent that a number of items
functioned differentially for multiple jurisdictions. Items that were found to be DIF for at least two of
the four jurisdictions are presented in Table 7. It is noteworthy that item 30, a SR type item, was found
to favour female students for all four jurisdictions.

Table 7.

Items Exhibiting DIF for Multiple Jurisdictions
Item Canada Finland Shanghai Turkey Type
1 M M MC
5 M M F OCR
12 F F SR
16 F F CCR
17 F F SR
20 M F OCR
21 F F SR
23 M M CMC
30 F F F F SR

Note. F=Favours females; M=Favours males

Item Characteristic Curves (ICCs)

Rather than present all of the ICCs for the items that showed DIF, two ICCs are presented for
the purpose of demonstration. These ICCs were selected because they demonstrate, first, an item in
which there is a clear male advantage within the Canadian sample, and then second, an item in which
there is a clear female advantage within the Canadian sample.

The first example is from item 7, which is a CMC item. The ICCs for Canadian male and
female respondents are displayed in figure 1. This ICC shows that when males and females have
similar overall ability (such as when both have a latent trait value of 1), males have a greater
probability of correctly responding to the item. This trend is evident across all ability levels although
it is more pronounced in the middle region of the ability scale.
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Figure 1. ICC for Item 7 displaying DIF in favour of males.

Discussion

Much of the past research points to an overall male advantage in mathematics. However, the
results of this study showed that DIF items favoured both males and females, and the proportion of
items favouring each group was almost equal. The findings that will be discussed shortly point to
differences in item type that are consistent with previous research findings. This finding indicates that
the format of math assessments may affect examinee performance on assessments differentially for
gender groups.

The results of this study provide evidence that the gender gap reported by PISA for Canadian
and Turkish students cannot be attributed entirely to DIF. Canada and Turkey both had a moderate
number of DIF items compared to the other two jurisdictions, yet they had statistically significant
gender difference in mean score, and the DIF items that were identified were relatively balanced in
favouring males and females. The interpretation of differences in gender group scores requires more
detailed analysis of high and low performing students. Even when there are overall group
differences, the score distributions of groups overlap, which invalidates claims such as boys are
outperforming girls or vice versa (Ercikan, 2009; Ercikan, Roth & Asil, in press).To contrast Figure 1
with an item that showed advantage for female examinees, Figure 2 displays the ICCs for Canadian
male and female respondents for item 30, which is an SR type question. The ICC shows that females
are advantaged across all ranges of the ability scale.
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Figure 2. ICC for Item 30 displaying DIF in favour of females.

Another finding of the study was that Finland showed the highest number of DIF items,
followed by Canada and Turkey, and Shanghai had the least number of DIF items. It is important to
bear in mind that the results from this research are based on a limited number of items that were
included in the mathematics portion of PISA 2009. Future research could utilize other data that
includes more mathematics items, such as the 2012 administration of PISA.

A major outcome of the study was confirmation of previous research findings that there is a
male advantage on MC and CMC type items, while there is a female advantage on SR type items. As
described in the results section, all CMC items that showed DIF were in favour of males. Additionally,
most of the MC items favoured males. Conversely, all of the SR items that showed DIF were in favour
of females. Furthermore, this finding was consistent across all of the four jurisdictions. The remaining
item types did not show a consistent pattern of favouring one gender group over the other; however,
as mentioned above, the limited number of items included in the analysis may have contributed to
this lack of consistent DIF pattern for these item types.

Identification of DIF is only the first step in investigating potential item bias (Ercikan, 2002).
One future direction of this study, or any of those which examine gender DIF, would be to investigate
sources of DIF. That is, while we know that some items favour one gender group over the other, we
do not know the mechanism of this difference on student performance. Unfortunately, though the
item type and a brief description are provided, the items themselves are not released by PISA. This
type of investigation would be all the more interesting if one chose to investigate a problematic item
such as item 5, which was an OCR item that favoured males in the Canadian and Finnish samples,
females in the Shanghai sample, yet was not identified as a DIF item in the Turkish sample.

Another further step in this research would be to include and compare other methods of
identifying DIF items, as it was mentioned above that DIF detection methods can vary in their results.
It should be noted that some of the items exhibited poor fit to the IRT model that was used in this
study. Therefore it may be advantageous to re-analyze the data using a non-model-based method
such as the Mantel-Haenszel method to confirm the results seen here.
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While some of the findings of this research are consistent with past gender DIF studies, this
work also highlights the importance of examining how gender gaps vary among different nations.
Though PISA is an excellent source of data for both its breadth and availability, increasing access to
the types of items that students encounter could aid in the investigation of sources of DIF. These
directions of research may help to lessen the observed gaps in mathematics and possibly other areas of
assessment.

One major limitation to these findings is that the fit of the Turkish data to the IRT model
resulted in a third of items that were flagged for poor fit. Though the observed minus expected scores
were minimal, this limitation should still serve as a caution that the results from the Turkish data may
not be as reliable as those from the other jurisdictions. This degree of difference in item fit points to
potential differences in constructs being measured for different jurisdictions, in particular for Turkey.
Further analysis could investigate test level comparability (Oliveri & Ercikan, 2011) to examine such
differences.

Another limitation with respect to item fit was that items 11 and 15 were found to be locally
dependant for the data sets from Finland, Shanghai, and Turkey. Though local item independence is
normally required for DIF analyses, the amount of local item dependence that was found here is
minimal and is therefore not expected to substantially affect the results (Yen, 1993).

Given these limitations to fit and the others previously discussed in this section, such as the
limited number of items and the use of a single method to determine DIF, it is noted that the
inferences from this research should be made with care. Nonetheless, the findings do point toward
practical implications in the field of education. Specifically, these results can be used to inform
practice. The most useful implication across jurisdictions is that there appears to be a consistent
pattern in the types of items that favour gender groups. That is, males tend to outperform females on
MC and CMC items, while the opposite is true for SR items. With this knowledge, teachers may
choose to focus on teaching particular test strategies for different groups of examinees, and test
developers may choose to ensure tests contain a balanced representation of item types. Furthermore,
the findings of this study suggest that, while items that favoured one gender over another were
relatively split across jurisdictions, Shanghai showed the least number of DIF items. As such, one
potential avenue of inquiry could be to examine possible differences in educational instruction that
may lead to Shanghai’s lower gender DIF.
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