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Abstract: The difference between boys and girls in mathematics achievement have long
been a concern among educators. Various factors are associated with this issue, and the
present study will discuss one of the factors — namely, the extent to which both groups
of boys and girls can interpret mathematics item similarly. Data was collected from 158
Form 1 students (boy = 76, girl = 82) in a secondary school in Perak. A 43-item partial
credit test was developed to gather information from the students. Rasch model analysis
was employed for the following purposes: (1) to examine the quality of the items, and
(2) to provide empirical evidence whether both groups interpret the test items similarly.
Results showed that all items satisfactorily met the model’s expectations. Meanwhile,
based on the differential item functioning (DIF) statistics, we found that five items differed
significantly, with three items favoured the boys while two items favoured the girls. We
also discussed the implication of the study, particularly towards the teaching and learning
of mathematics in the classroom. The findings provide empirical evidence about whether
boys and girls interpret the test items similarly. This finding suggests that teachers should
seriously consider the difference between boys and girls in mathematics achievement when
designing their teaching and learning strategies in the classroom.

Keywords: Rasch model analysis, boys and girls, differential item functioning (DIF),
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INTRODUCTION

Differences in gender performance on mathematics tests have long been the
focus of research. In general, extensive studies have found boys perform better in
mathematics achievement compared to girls (Mendes-Barnett & Ercikan, 2006).
In Malaysia, the issue has been examined at national (e.g., Numeracy: Ameer
& Singh, 2013) and at international levels (e.g., Malaysia-Singapore: Ismail &
Awang, 2009; PISA: Husin, 2014; TIMSS: Ministry of Education, 2016a). These
studies report empirical findings of the differences, strengths, and weaknesses
of each group, as well as possible reasons why the differences exist, especially
among boys and girls. Surprisingly, the results from these studies show that girls
perform better than their boy counterparts. For instance, the report from Trend in
Mathematics and Science (TIMSS) 2015, girls outperform boys in both cognitive
as well as content domains in Malaysia. Table 1 shows a comparison between their
scores in the respective domains in Malaysia.

Table 1. Comparison mathematics scores between boys and girls in TIMSS 2015

) Score
Domain
Boy Girl
Cognitive
Knowledge 462 482
Application 461 465
Reasoning 452 454
Content
Number 469 474
Algebra 458 476
Geometry 453 457
Data and probability 447 456

Source: Ministry of Education (2016a)

Gender differences in mathematics is essential since it has implications, particularly
in teaching and learning. Gender differences may shape the teachers’ belief
about the performance of their students. For example, studies such as Legewie
and DiPrete (2012) shows that some teachers have been found to hold gender-
stereotyped expectations of boys and girls. Meanwhile, Cornwell, Mustard and
Van Parys (2013) report that teachers may rate the students’ work differently
based on gender. Moreover, teachers’ belief about gender differences may result
in different interaction in the class (Spilt, Koomen, & Jak, 2012). Due to different
beliefs, female students may not have the same opportunities in the classroom
that in turns, may affect their future participation in mathematics. As such, it is
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essential to understand gender differences, particularly in terms of how much is the
difference and where the difference exists.

Gender differences in mathematics scores have been studied from various
perspectives. The differences have been identified in multiple aspects. For
example, from a social standpoint, gender differences are associated with
stereotypes (Cvencek, Meltzoff, & Greenwald, 2011). Meanwhile, from the
cognitive perspective, the difference can be associated with the difference in spatial
reasoning between boys and girls (Klein, Adi-Japha, & Hakak-Benizri, 2010).
Also, gender differences were related to the affective domain of mathematics, such
as mathematics ability attribution (Dickhauser & Wulf-Uwe, 2006). Nevertheless,
despite intensive studies, there is no comprehensive explanation of the source of
gender differences in mathematics. Several reasons have been attributed to these
differences, from biological factor (Spelke, 2005), learning strategies (Bezzina,
2010) to culture (Fryer & Levitt, 2010). Even city location provides influence on
the difference between boy and girl (Isiksal & Cakiroghi, 2010).

However, we would like to suggest that the difference in achievement between
boys and girls is due to differences in how they understand the mathematics items.
Based from the studies by Zhang and French (2010) as well as Taylor and Lee
(2012), we argue that gender differences can be identified at the item level (by item
format and item content) rather than at test level (by test scores). In other words,
studies at item level involve examining every item in the test to identify whether
there are items that show gender differences. Item level analysis is crucial since it
is highly likely that each item in a test is of different difficulty. As such, each item
may be perceived differently by the boys and the girls.

In contrast, in test level analysis, each item is treated as having a similar difficulty.
Therefore, the score of each item is added to calculate the overall test score. Gender
differences at this level is examined using statistics such as t-tests or Mann-Whitney
U test. At the item level, a gender differences in mathematics can be investigated
using the differential item functioning (DIF) analysis (Lyons-Thomas, Sandilands,
& Ercikan, 2014). DIF in mathematics refers to the situation where examinees
from two groups such as boy and girl with equal mathematics ability have different
probabilities of answering correctly on a particular item (Zumbo, 1999). DIF can
be found in the item difficulty parameter; that is, a specific item is perceived as
having significantly different difficulty level by a different group. DIF analysis is
vital since it may affect the performance of the groups (Pae & Park, 2006).
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OBJECTIVE OF THE STUDY

Objectives of the present study are given as follows:

1. Examine the quality of mathematics test items based on Rasch model
analysis.

2. Identifies items that exhibit gender DIF.

LITERATURE REVIEW

Hanizah (2007) examines gender DIF in the high-stakes mathematics test with
regards to the item types. The sample consists of 1,213 Form 5 students, and she
employs a 46 multiple choice mathematics achievement test. It was documented
that items with texts and number favour the girl students, while the boy students
have the advantages when it comes to spatial and graphics test items. Meanwhile,
Abedalaziz (2010) investigates gender DIF in mathematics item among
3,390 students. Using the transformed difficulty, Mantel-Haenszel, and item-
characteristic curve methods, the results show that difference in the difficulty of the
items exists between boys and girls. Most of the items are identified as favouring
the girls. Kanageswary and Ong (2014) examine the gender DIF between 4,768
Form 2 students using two different DIF procedure, namely, the Mantel-Haenszel
and the multidimensional procedures. Results show that gender DIF items were
identified using both procedures.

DIF analysis also heavily used in other subjects or competencies. For example,
Izazol (2012) examines gender DIF for science process skills among 570 Form 4
students using the Rasch model framework. Results show that four of the items in
the 36-item Test for Integrated Science Process Skills II (TIPS II) used in the study
demonstrates significant gender differences. She suggests that demographic factors
might be influential in the outcome of the study. Meanwhile, Lim and Subashini
(2015) investigate gender DIF among 1,000 Form 4 students in the subject of
Principle Accounting. Using the same measurement framework, they find that
eight of the 40-item instrument are seen differently (with regards to difficulty)
between boy and girl students.

In short, various studies provide empirical evidence on how boy and girl groups
see a particular item in terms of their difficulty. However, these mentioned studies
focus heavily on the identification of gender DIF items but lack the explanation on
the source of the difference as well as its impacts on the teaching and learning in
a classroom.
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THEORETICAL FRAMEWORK: THE RASCH MODEL ANALYSIS

The Rasch model is a modern theory that relates two important parameters in a
measurement of any construct, namely, (1) student ability and (2) items difficulty.
The used of polytomous data required multiple steps to assign partial credit for
completing several steps in the solution process. The Partial Credit Model (PCM;
Masters, 1982) which can be considered as an extension of the Rasch model was
designed to be used when partial credit can be awarded for degrees of success. The
equation for the partial credit model is shown in Equation (1) (Masters, 1982).

ex-i(B,—65) -
stolei(Bi—65)] 0,1,..m n

P(g)xn[ =

where
P(0),,; = probability of student n completing x steps on item i
[, = ability of student n

d; = difficulty of item i on step ;

The PCM has all the standard Rasch model features. Students ability, £, and
items difficulty, d, parameters were estimated based on the ratio of a number
of correct items to a number of incorrect ones. This score was then transformed
into equal interval score (call measure) using natural log (In) or ‘logits’ unit in a
procedure called calibration. Measures from Rasch model calibration is essential in
measurement since it possesses the equal-interval property as in a thermometer or
aruler. With this property, Rasch model measurement not only able to identify the
difference between items but also specify how much the differences are. Overall,
items with higher measures were more difficult to answer, that in turns, represent
more difficult-to-master knowledge, skills and abilities (KSAs).

Even though the Rasch model provides essential information on the measured
construct, its analysis came with two strong assumptions that must be met for the
data to have the property of equal interval. Firstly, the data needs to fit the model’s
expectation. This quality-control assumption is to ensure that the data collected did
not contain too much unintended construct or ‘noise’. According to Bond and Fox
(2015), the infit and outfit mean-square (MNSQ) values of 0.6—1.4 are considered
reasonable to ensure this assumption is being fulfilled. The statistics indicate how
accurately the data fit the model. Infit is an inlier-sensitive and highly influenced
by the pattern of responses to items targeted on the students, whereas the outfit
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is more sensitive to responses to items with difficulty far from a person (Linacre,
2002). The MNSQ fit statistics show the amount of distortion (or noise) of the
measurement. The expected values of MNSQ are 1.00, where this indicates little
distortion in the measurement. Linacre (2002) also cautions that infit statistic is
important indicator than the outfit for evaluating the threat to the measurement.

Secondly, the data collected must pose unidimensionality property. This
assumption states that the test should measures only a single construct (Wright
& Masters, 1982). In Rasch analysis, this assumption is assessed using the
principal component analysis (PCA) of residuals procedure. This procedure seeks
to identify the presence of the second construct when the primary construct was
extracted out. The procedure is looking to gather information if groups of items
share the same unexpected pattern apart from the intended measured construct.
If the pattern exists, then the items may share a substantive attribute in common,
that is, the so-called secondary dimension. Eakman (2012) quotes that the issue of
unidimensionality is compromised when the unexplained variance explained by
the first contrast (eigenvalue size) was less than 3.0.

Within the framework of the Rasch model, an item is considered as exhibiting
gender DIF when the difference in item difficulty between two groups is significant
(|7} > 1.96) in the Winsteps 3.63 output. For every item with substantial gender
differences, percentages of boy and girl students that achieve the full and partial
scoring are presented. This additional information is provided so that readers will
have a better picture of where the differences lies with regards to every item.

METHODOLOGY

Research Design

The present study employed a cross-sectional study research design. Data were
collected in a single time period, and the study involved exploring descriptive
characteristics of mathematics items that show gender differences between the
boys and the girls.

Respondent

A total of 158 Form 1 (13 years-old) students (boy = 76, girl = 82) in a secondary

school in Perak provided responses for this study. Data from the respondent is
collected during the mid-year examination conducted in May 2018.
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Instrumentation

The instrument for this study is a self-developed paper and pencil test. It contains
43 partial credit test items. We develop the test item based on Standard Based
Curriculum for Secondary School (Ministry of Education, 2016b). Each item
measures one specific learning outcome from the curriculum. The test was validated
in terms of its contents by two expert teachers with 40 years of experience between
them. Scoring is done based on the completion of steps. Examples of scoring are
given as follows:

Example 1: Item 12

The volume of a cube is 3%cm3. Find the length of each side of the cube.
[2 marks]

Scoring:
; 28_7 ..... 1 mark
% @l5cm ... 1 mark

Example 2: Item 20

8 apples were sold at the price of RM4.80, while 9 oranges were sold at RM6.30.
Jamal bought 25 apples and 13 oranges. How much money should he pay?
[3 marks]

Scoring:
4'8& @ % ..... 1 mark
25x A80 1135 030 ) mark
24.10 L 1 mark
Data Collection

Data collection was conducted with the help of the schoolteachers. The test was
administered in a mid-year examination to ensure good returns. The students were
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given two hours to complete the test. The data were then transferred to the IBM
SPSS 23.0 statistics software package.

Data Analysis

In this study, a Rasch model analysis was employed for data analysis using the
software named Winsteps 3.63. The primary statistics for this study was the DIF
analysis. However, firstly, we examine the issue model-data fit issue using the infit
and outfit MNSQ statistics for every item using the guideline of acceptable values
of between 0.6 and 1.4 logits (Bond & Fox, 2015). In this study, the dimensionality
assumption was investigated using the guidelines provided by Eakman (2012),
in which the unexplained variance from the second construct extracted from the
procedure needs to be less than 10%, whereas the eigenvalue extracted from
the PCA of residual should be less than 3.0. With regards to the DIF analysis,
we flagged items that demonstrated the significant difference in DIF measures
(t>1.96, or t <—1.96) between the boys and the girls for further discussions.

RESULTS

Table 2 shows statistics for all 43 items. The raw score provides information on the
item score. For example, for Item 1, the raw score is 246. This score might come
from 100 students who score two marks, 46 students who score one mark and 12
students who score 0 marks. The measure statistics is the item difficulty parameter
estimated from the Equation (1) discussed in the previous section. It should be
noted that both the raw score and item difficulty measure is inversely correlated.
That is, higher the raw score indicates that more students can answer the item that
in turns produces lower item difficulty measure. The standard error (SE) statistics
indicates the precision of the Rasch estimation. The smaller the value of SE, the
more precise the estimation is.

Meanwhile, the infit and outfit MNSQ statistics report the amount of the unintended
‘noise’ measured by the item (see the Data Analysis section). It shows that the
values of the infit and outfit MNSQ statistics did not exceed 1.4, thus indicates that
the data fulfilled the model-data fit assumption. Note that some items such as Items
2, 5 and 10 demonstrate infit and outfit values of less than 0.6 and considered less
productive, the items did not degrade the measurement (Wright & Linacre, 1994).
As such, these items are kept for further analysis.

Item 33 is the most difficult item for the sample of students based on the highest
value of item difficulty measure (3.22 logits) followed by Item 30 (2.06 logits).
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Meanwhile, Item 20 is the easiest item since it has the lowest item difficulty
measure (—3.56 logits) followed by Item 43 (-2.84 logits).

Table 2. Item statistics

ltem  Topic Raw Measure SE Infit Outfit
p Score (logits) (logits) MNSQ  MNSQ

1 Rational numbers 246 -0.54 0.13 0.92 0.98

2 Rational numbers 185 0.27 0.10 0.58 0.66

3 Rational numbers 321 -1.99 0.07 1.05 1.02

4 Rational numbers 250 -0.79 0.15 1.26 1.38

5 Factors and multiples 278 -1.31 0.18 0.56 0.61

6 Factors and multiples 118 0.97 0.10 1.04 1.05

7 Factors and multiples 160 0.54 0.10 1.13 1.13

8 Factors and multiples 129 0.86 0.10 1.30 1.34

9 Factors and multiples 146 0.68 0.10 1.31 1.33

10 Squares, square roots, cubes, 234 -0.34 0.12 0.56 0.51
cube roots

11 Squares, square roots, cubes, 189 —1.68 0.08 1.02 0.99
cube roots

12 Squares, square roots, cubes, 91 1.28 0.11 0.67 0.65
cube roots

13 Squares, square roots, cubes, 89 0.00 0.17 0.88 0.87
cube roots

14 Squares, square roots, cubes, 126 0.89 0.10 0.94 0.94
cube roots

15 Squares, square roots, cubes, 355 -2.16 0.07 1.14 1.15
cube roots

16 Squares, square roots, cubes, 65 1.62 0.12 1.14 0.94
cube roots

17 Squares, square roots, cubes, 109 -0.83 0.09 1.08 0.99
cube roots

18 Ratios, rates and proportions 108 1.08 0.11 1.03 1.08

19 Ratios, rates and proportions 251 -2.06 0.08 0.64 0.70

20 Ratios, rates and proportions 385 -3.56 0.16 1.01 0.88

21 Ratios, rates and proportions 135 0.80 0.10 1.08 1.09

22 Ratios, rates and proportions 198 0.13 0.11 0.95 0.88

23 Ratios, rates and proportions 333 -2.61 0.09 1.01 1.17

(continued on next page)
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Table 2. (continued)

ftem  Topic Raw Meas.ure SE Infit Outfit
Score (logits)  (logits) MNSQ  MNSQ
24 Ratios, rates and proportions 176 0.37 0.10 1.11 1.12
25 Ratios, rates and proportions 88 -0.96 0.10 1.02 0.85
26 Ratios, rates and proportions 269 -2.17 0.08 0.98 1.00
27 Algebraic expressions 79 1.43 0.11 0.99 0.98
28 Algebraic expressions 78 1.44 0.11 0.66 0.66
29 Algebraic expressions 203 -1.77 0.08 1.25 1.25
30 Algebraic expressions 40 2.06 0.15 1.05 0.89
31 Algebraic expressions 98 1.20 0.11 1.12 1.13
32 Algebraic expressions 144 0.70 0.10 0.77 0.77
33 Algebraic expressions 10 3.22 0.29 1.39 0.82
34 Algebraic expressions 94 1.24 0.11 1.22 1.19
35 Algebraic expressions 39 1.50 0.19 1.02 1.06
36 Algebraic expressions 102 1.15 0.11 0.98 0.95
37 Squares, square roots, cubes, 135 0.80 0.10 0.78 0.74
cube roots
38 Squares, square roots, cubes, 79 -0.87 0.10 1.31 1.27
cube roots
39 Linear equations 65 1.62 0.12 1.13 1.08
40 Factors and multiples 100 1.17 0.11 1.13 1.15
41 Factors and multiples 213 -1.83 0.08 1.32 1.34
42 Ratios, rates, and proportions 91 1.28 0.11 0.75 0.73
43 Ratios, rates, and proportions 312 -2.84 0.10 1.25 1.22
Mean 160.80 0.00 0.11 1.01 0.99
SD 92.20 2.53 0.04 0.22 0.22

Note: SE = standard error, SD = standard deviation

Meanwhile, the result from the PCA of residuals showed that the unexplained
variance explained by the first contrast (eigenvalue size) was less than 3.0
(Table 3). As such, the unidimensionality assumption was also fulfilled (Eakman,
2012). That is, the test items were only measuring students’ mathematical ability
and no other unintended constructs.

DIF analysis was conducted to assess construct equivalence between the boy and
girl students. As depicted in Table 4, 41 items (95.35%) show differences in item
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difficulty between boys and girls. For example, for Item 1, item difficulty measure
for boy is —0.63 logits, while for girls perceive the item as slightly harder, that is
—0.45 logits. Nevertheless, since the #-values for this difference is —0.69, which
is lower than the cutoff value of || > 1.96, this difference is considered as not
significant. In contrast, [tem 3, there is a considerable difference between the item
difficulty measures between the two groups. Based on their responses, the girls
acknowledge that the item is significantly easier (—2.19 logits) compared to the
boy students (—1.78 logits) based on the significant #-values of 2.9 which is larger
than 1.96. Thus, Item 3 is considered as favouring the girls. Table 5 depicts the
percentages of scoring for both groups. For example, 44.74% of the boy students
score 0 for Item 3, while only 21.95% of girls have the same score. It can be seen that
there are more girl students score 2 for the item compared to the boys, that in turns,
contributes to lower item difficulty measure for the girls (—2.19 logits) compared
to the boy (—1.78 logits). Apart from Item 3, Item 7 also demonstrated significant
gender DIF (¢ = 2.14) and also favouring the girls (Table 6). Meanwhile, the item
difficulty measure statistics showed that another three items that demonstrated
significant gender DIF (Items 8, 9 and 26), were favouring the boys. Note that
Items 3, 7, 8 and 9 are related to the domain of Number and Operations, while
Item 26 is associated with the domain of Relationship and Algebra (Curriculum
Development Division, 2016). These items were subjected to further scrutiny,
especially concerning their impact on the teaching and learning mathematics in
the classroom.

Table 3. Results from the PCA of residuals

Empirical (%) Modelled (%)

Total raw variance in observations = 84.2 100.0 100.0
Raw variance explained by measures = 41.2 48.9 50.1
Raw variance explained by persons = 9.1 10.8 11.1
Raw variance explained by items = 32.1 38.1 39.0
Raw unexplained variance (total) = 43.0 51.1 49.9
Unexplained variance in 1st contrast = 2.5 3.0 5.9
Unexplained variance in 2nd contrast = 2.3 2.7 53
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Table 4. Item difficulty and z-value statistics

Item [tem
Item Learning standards difficulty difficulty t
(Boy) (Girl)

1 Rational numbers —0.63 —0.45 —0.69
2 Rational numbers 0.27 0.25 0.11
3 Rational numbers -1.78 -2.19 2.9
4 Rational numbers -0.76 -0.84 0.26
5 Factors and multiples -1.37 -1.26 -0.28
6 Factors and multiples 0.84 1.09 -1.21
7 Factors and multiples 0.76 0.31 2.14
8 Factors and multiples 0.63 1.07 -2.15
9 Factors and multiples 0.44 0.91 -2.29
10 Squares, square roots, cubes, cube roots -0.23 -0.48 1.01
11 Squares, square roots, cubes, cube roots -1.62 -1.74 0.75
12 Squares, square roots, cubes, cube roots 1.16 1.38 —1.02
13 Squares, square roots, cubes, cube roots -0.07 0.08 -0.43
14 Squares, square roots, cubes, cube roots 0.86 0.89 -0.12
15 Squares, square roots, cubes, cube roots -2.05 -2.27 1.53
16 Squares, square roots, cubes, cube roots 1.47 1.76 -1.2
17 Squares, square roots, cubes, cube roots -0.93 -0.75 -1.04
18 Ratios, rates and proportions 1.08 1.08 0
19 Ratios, rates and proportions -2.06 -2.06 0
20 Ratios, rates and proportions -3.53 -3.59 0.19
21 Ratios, rates and proportions 0.74 0.85 —0.54
22 Ratios, rates and proportions 0.07 0.18 —0.53
23 Ratios, rates and proportions -2.59 —2.64 0.28
24 Ratios, rates and proportions 0.29 0.44 -0.73
25 Ratios, rates and proportions —0.96 -0.96 0
26 Ratios, rates and proportions -2.34 -2.01 -2.11
27 Algebraic expressions 1.59 1.29 1.29
28 Algebraic expressions 1.42 1.44 -0.11
29 Algebraic expressions -1.74 —-1.80 0.38
30 Algebraic expressions 1.99 2.13 —0.47
31 Algebraic expressions 1.2 1.20 0
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Table 4. (continued)

Item Item
Item Learning standards difficulty difficulty t

(Boy) (Girl)
32 Algebraic expressions 0.65 0.75 —-0.46
33 Algebraic expressions 3.33 3.13 0.33
34 Algebraic expressions 1.24 1.24 0
35 Algebraic expressions 1.53 1.47 0.14
36 Algebraic expressions 1.34 0.99 1.61
37 Squares, square roots, cubes, cube roots 0.69 0.89 -0.95
38 Squares, square roots, cubes, cube roots -0.82 -0.92 0.46
39 Linear equations 1.65 1.59 0.26
40 Factors and multiples 1.14 1.20 -0.3
41 Factors and multiples -1.73 -1.92 1.27
42 Ratios, rates and proportions 1.31 1.25 0.29
43 Ratios, rates and proportions —2.87 -2.81 -0.25

Descriptions of items as well as the topic that demonstrated significant DIF are
given as follows:

Item 3 (Rational number, ¢ = 2.90, favouring girls)

Find the values of P and Q in the following line number.

P A

! ¢ [2 marks]
Item 7 (Factors and multiples, ¢ = 2.14, favouring girls)
Write the first three common multiples of numbers 4 and 6. [2 marks]

Item 8 (Factors and multiples,  =-2.15, favouring boys)

3 is a factor of x
x is a factor of 12
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Based on the above information, find all possible values of x. [2 marks]
Item 9 (Factors and multiples, ¢ =-2.29, favouring boys)

There are three traffic lights at an intersection. The first will turn red after 18
seconds, and the second will turn red after 16 seconds while the third will turn red
after 24 seconds. When will all the traffic lights turn red simultaneously again?

[2 marks]

Item 26 (Ratios, rates and proportions, ¢t =—2.11, favouring boys)

A shirt costs RM y, and a pair of shoe costs RM z was sold at M. Nisa shop-bought
three shirts and two pairs of shoes.

Construct an algebraic expression that describes the situation above. [3 marks]

DISCUSSION

Item 3 requires the students to find the values on a number line. It assessed
students’ understanding of the concept of negative numbers on a number line as
well as their ability to see the difference between mixed numbers (and decimals
(=0.8). The number line can be considered as a graphic stimulus that helps the
students to find the values of the unknown (P). The item evaluates the skill of
computation in numbers, including negative rational number such as fraction
and decimal before using the number line to solve it. The result concurs well
with findings from previous studies showed that girl always has an advantage in
number sense compared to their boy counterparts (Hanizah, 2007). That is, the
girls have a higher ability to deal with items that involve numbers. Similarly,
Item 7 requires the student to determine the values of multiples and common
multiples of the number given. The item was also favouring girls because the item
assessed students in understanding the concept of numbers. Crombie, Sinclair,
Silverthorn, Byrne, DuBois and Trinneer (2005) suggest that the advantage
may be explained by the fact that their superior mathematical self-concept more
influences the girls compared to boys. That is, the girls are more confident to solve
items related to the number sense compared to the boys.

Meanwhile, Item 8 requires the student to find the value of an unknown,
namely, x. To solve the item, students need to find the multiples of 3 and the
factors of 12 before comparing the equivalent values to find the answers. The
indirect statement from the stimulus, which mentioned that 3 is the factor of
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x is unfamiliar compared to the second statement that required students to find the
factor of 12. We believe the nature of how the item was written may influence the
result. This is because as documented by the study of Innabi and Dodeen (2018),
the boys are better at understanding unfamiliar statement compared to the girls who
are better at gauging straightforward information from the item. The same reason
might be able to explain why Item 9 favours the boys. Item 9 is a problem-solving
item which is related to a real-life situation. It assessed students’ understanding of
the information. More specifically, to solve Item 9, the students need to understand
the problem, change the information into a mathematical equation, and find rules
or formula to solve the equation. This is considered a daunting task for the girls
who are more able at a straightforward item. The result is also very much similar
to the study by Innabi and Doddeen (2018) on Jordanian students.

Item 26 requires students to form an algebraic expression from the statement given.
The item assessed students’ understanding of the meaning of the unknown and how
to differentiate between the variable and the non-variable. To solve this question, the
students need to show the relationship of the unknown to represent the situation
in mathematics statement. Students also needed to understand the meaning of the
statement and changing them to the mathematics equation. The fact that this item is
favouring the boys requires further study, especially regarding the mental image of the
students. In another words, there is a possibility that the boys process the information
differently (and more accurately) compared to the girls. Assessing how both groups
process the information might shed some light regarding Item 26.

The present study documents that gender DIF is detected, particularly in items
related to the domain of Number. Nevertheless, the findings of this study showed
mixed results, where some of the items associated with the domain of Number
favour boy, whereas some other items favour the girls. This contradicts the findings
of previous studies that showed girl always have an advantage in Number sense
compared to their boy counterparts (Hanizah, 2007). In this study, even though the
number of items that exhibit gender DIF is considered small, which is 5 out of 43
(11.63%), the fact that the difference exists needs to be taken seriously especially
by the teachers. As such, this discussion section will focus on two important
issues. Firstly, the fact that most of the items are in the domain of Number requires
some immediate attention. This is because number sense is found to be related to
mathematical ability (Jordan, Kaplan, Olah, & Locuniak, 2006). That is, mastery in
number sense may have resulted in higher achievement in mathematics. Students
with poor Number sense can be identified as having fewer strategies in completing
skills related to calculations and rely heavily on calculators to complete the tasks.
To address this issue, teachers may try to improve the students’ estimation skills
as well as exposing them to various strategies to solve problems. Also, the students

31



Hasni Shamsuddin et al.

need to see connections between numbers since it is the bases for successful
completion of fundamental skills in mathematics such as addition, subtraction,
multiplication, and division.

Secondly, in the domain of Number and Operations, the findings of this study
showed mixed results, where some of the items favour the boys, whereas some
other items favour the girls. This contradicts the findings of previous studies that
showed girl always have an advantage in number sense compared to their boy
counterparts (Hanizah, 2007). Crombie et al. (2005), in their study in mathematics
competence, suggest that the advantage might because of their math self-concept
more influences girls. In this study, most of the items that favour girl evaluate the
skill of computation in numbers, including positive and negative number, fraction,
decimal, and an integer. Computational skills are defined as abilities to calculate
basic addition, subtraction, multiplication, and division. The computational skills
are the basic concept in mathematics which includes numbers in the domain of
Number and Operations. However, the items which favour boys are not only
evaluating the mathematical knowledge in computational skill including procedure
and concept in numbers but also assess the relationship of the unknown value
to solve the problem in the domain of Number and Operations. The results are
familiar with the research from Jordan by Innabi and Dodeen (2018), which showed
that boys answered correctly to the more complicated, unfamiliar and life-related
mathematical problems. Furthermore, this study also showed that the learning
standard of the last item which favour boy is to derive algebraic expressions to
show the relationship of the unknown to represent a situation. Based on the study,
the students need to interpret the relation between numbers since it is the bases for
successful completion of computational skills in mathematics.

Thirdly, teachers should acknowledge that boys and girls see some of the
mathematics items differently. As such, the best teaching practice should differ
as well, where teachers should modify their teaching by taking consideration
of various factors that affect the boys’ and girls’ performances in mathematics.
For example, the teachers should always observe emotion towards mathematics
teaching and learning, especially among the girls. This is because they were
reported to enjoy less pride, excitement, and hope but higher anxiety compared
to the boys during class (Frenzel, Pekrun, & Goetz, 2007). Teachers, thus, should
encourage activities that would able to reduce these negative emotions, such as
active learning, among his or her students in the classroom. It is also interesting
to know that girls are more anxious and less confident about the examination
compared to the boys (Roger, 2003). Girls require more time for problem-solving
items, always feel the need to verify their answers, less likely to take risks and
have the tendency leave more problems blank than boys (Forgasz, Becker, Lee, &
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Steinthorsdottir, 2010). As such, it is perhaps useful for teachers to provide prior
examination setting such as a mock test or trial examination to minimise the effect
of test anxiety among the girls. Meanwhile, since the boys are less able in terms
of items related to number sense, we recommend that the teachers can provide
more exercises so that the boys can improve on their computational skills. More
exercises can encourage students to become more fluent in recalling mathematics
facts and formulae, which are essential parts for computational skills.

Finally, it is worth to mention that apart from the students themselves, teachers are
considered as the most important factors that contribute to students’ achievement.
As observed by Hattie (2009), it is estimated that teachers account for about 30%
of the variance in students’ achievement. As such, there is no surprise that teachers
also contribute to gender differences in students’ performance by engaging and
having counter-productive activities and belief such as holding stereotyped
expectations of the boys and girls (Cvencek et al., 2011), practicing double-
standard, i.e. assessing the boys and girls work differently (Cornwell et al., 2013)
as well as interact differently with different gender (Spilt et al., 2012).

CONCLUSION

The purpose of this study is to investigate whether the boy and girl students see
mathematics items similarly with regards to item difficulty. Using gender DIF
analysis provided by the Rasch model framework, the difference in item difficulty
parameter is detected for every item. However, only five items exhibit significant
gender DIF. Most of these items are in the domain of Numbers. Nevertheless,
the present study provides mixed results, in which some results concur well with
previous studies, while others did not. We also offer discussion on improving
students’ learning in Number sense as well as teachers’ role in addressing the issue
of gender differences in mathematics.

This research area still has a lot of unanswered questions, however, we are still
trying to understand the best things to do in the classroom to help close gender
gaps. Nevertheless, gender differences in mathematics have been and will be
one of the important topics because it is an important identification of item bias.
An item is considered bias if it functions differently for a specified subgroup of
test-takers (such as boy and girl). Unlike in DIF, item bias may be resulting in
a situation where equally able students do not have an equal chance of success
in a particular item. Bias test item may contain sources of difficulty that are not
relevant to the construct being measured that impact test-takers’ performance. As
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such, DIF studies need to be carried out for each testing made to ensure that the
information obtained from the test gives meaning to the group being tested.
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