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Abstract 

 
Rasch model analysis is an important tools in analysing students’ performance at item level. As such, the purpose of this study is to 
calibrate 14 years old students’ performance in mathematics test based on the item difficulty parameter. 307 Form 2 students provide 

responses for this study. A 40-item multiple choice test was developed to gauge the responses. Results show that two of the items need to 
be dropped since they did not meet the Rasch model’s expectations. Analysis on the remaining items showed that the students were most 
competent in item related to Directed Numbers (mean = -1.445 logits), while they are least competent in the topic of Circle (mean = 
1.065 logits). We also provide calibration of the performance at item level. In addition, we discuss how to the findings might be helpful 
for teachers in addressing students’ difficulty in the topics. 
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1. Introduction  
Malaysia adopts to the strategy of encouraging the use of science 
and technology as a tool for economic development, improving 
both physical as well as people’s wellbeing and protecting the 
sovereignty of Malaysia [12]. Through this strategy, technology 

and science have been identified as having significant function in 
realizing the aspiration of Malaysia in order for becoming a 
developed nation. One of steps to achieve this aspiration is 
through providing outstanding mathematics education, starting 
from an early age. The aim is to nurture individuals that are not 
only able to think mathematically, but also can apply 
mathematical knowledge effectively and responsibly especially to 
solve problems as well as making appropriate decision [13].  

In order to achieve this aspirations, students need to be competent 
in mathematics. Nevertheless, literature shows that our students 
show wide range of mathematical difficulties, from retrieving 
concepts, formulas, facts and procedure [16]               
 
 
to weakness in problem solving ability (Tarzimah and Tambhy, 
2010). In addition, some non-academic factors such as 

socioeconomic background, attitudes, interest, teaching teachers 
and peers [1] are also identified as important predictors that 
influence mathematics performance. Therefore, mathematics 
educators need to constantly assess their students’ performance so 
that immediate interventions can be implemented for them. This is 
important since mathematics is widely regarded as a subject that 
promotes new knowledge from the past ones. Difficulties at any 
level of mathematical learning will then affect the students’ future 
learning. As such, the purpose of this study is to assess students’ 

performance at Form 2 grade level to gauge information of the 
students’ difficulty in performing mathematics.  

2. Materials and Method 

 
Sample: A total of 307 Form 2 students                         (14 years-
old) students provided responses for this study using a purposive 

sampling technique since the researcher has the experience of 
teaching in the school [8].  
 
Instrument: A 40-item multiple choice test was developed to 
gauge the responses. It contained all topics in the Form 2 syllabus. 
The table of specifications for the test is given in the Table 1. The 
weightage of the topics were determine through their importance 
and coverage in the curriculum specifications. Important topics 

were given weightage of 2, while other were given weightage  
 
of 1. This includes the topics of Directed Numbers, Algebraic 
Expressions II, Linear Equations I, Ratios, Rates and Proportions 
I, Coordinates, Circles I and Transformations 1. In addition, these 
topics were also popular in the high-stake national-level Penilaian 
Tahap 3 testing. The specifications also specifies distribution of 
easy, moderate and difficult items. In this study, the distribution 
was set at 45:30:25, of easy moderate and difficult, which was 

considered as a normal practice. In general, each item measured 
the knowledge, skills and abilities (KSAs) needed to be mastered 
by the students. The KSAs were usually predetermined in the 
curriculum specifications through the learning outcomes for each 
topic.  
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Table 1: Table of specifications 

Chapter Tajuk Weightage Easy Moderate Difficult Total 

1 Directed Numbers 2 1 1 2 4 

2 Squares, Square Roots, Cubes and Cube Roots 1 1 0 1 2 

3 Algebraic Expressions II 2 1 2 1 4 

4 Linear Equations I 2 1 2 1 4 

5 Ratios, Rates and Proportions I 2 1 2 1 4 

6 Pythagoras’ Theorem 1 1 0 1 2 

7 Construction 1 2 0 0 2 

8 Coordinates 2 2 1 1 4 

9 Loci in Two Dimensions 1 2 0 0 2 

10 Circles I 2 0 2 2 4 

11 Transformations 1 2 3 1 0 4 

12 Solid Geometry II 1 1 1 0 2 

13 Statistics II 1 2 0 0 2 

   Total 20 18 12 10 40 

 
Data analysis: In this study, a Rasch model analysis was employed for 

data analysis using the software named Winsteps 3.63. Rasch model 

analysis involved two important parameters, namely, (1) students’ ability, 

and (2) item difficulty. The model specified the relationship between these 

parameters as the following equation [5]: 

 

P(ni) =                                                                                                                                               (1) 

 

where,  P (ni)  = the probability of a person n with ability β correctly answered the item i, 

 Βn  = ability of student n 

 i  = item difficulty of item i 

 
Student‘s ability and item difficulty parameter were estimated 
based on the ratio of number of correct items to number of 
incorrect ones. These score were then transformed into equal 
interval score (call ‘measure’) using natural log (ln) or ‘logits’ unit 
in a procedure called calibration. Measures from Rasch Model 
calibration is essential in measurement since it possess the equal-
interval property as in a thermometer or a ruler.  That is, Item A 

with difficulty measure of 2.0 logits is always two times more 
difficult to answer than Item B of 1.0 logits. Overall, items with 
higher measures were more difficult to answer, that in turns, 
represent more difficult-to-master knowledge, skills or abilities 
specified in the curriculum specifications (curriculum). In recent 
years, the study using the Rasch model analysis has been 
increasingly gaining attention by researchers ([6]; [10])                        
as it relates to analysis at item level that provide more information 

compared to at the test-level such as reliability analysis. 
Even though Rasch model provides important 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 [14], the infit and outfit mean-square (MNSQ) values of 0.7-1.3 

are considered reasonable to ensure this assumption is being 

fulfilled. Secondly, the data collected must pose the 
unidimensionality property. This assumption states that the test 
measures only a single construct [15]. In Rasch analysis, this 
assumption is assessed using the principle component analysis 
(PCA) of residuals procedure. This procedure seeks to identify the 
presence of second construct when the main construct was 
extracted out.              [7] quotes that the issue of 

unidimensionality is compromised when the unexplained variance 
from the second construct extracted from the procedure is less 
than 10%. 

 

3. Results 

 
Rasch model assumption: Assessment of model-data fit showed 
that Item 9 and Item 15 showed the values of outfit MNSQ of 1.57 
and 1.56 respectively, which did not meet the model’s 
expectation. Therefore, these items were deleted and the data was 
re-analyse. Result showed that all the remaining items 
demonstrated satisfactory fit of between .78 and 1.30 (Table 2). 
Meanwhile, the PCA of residuals showed that the unexplained 
variance from the second construct is only 5.8% (Table 3). As 

such, both assumptions of Rasch model analysis were met. 

 

 
 

Table 3: PCA of residuals 

Table of standardized residual variance (in eigenvalue units) 

   Empirical Modelled 

Total variance in observations = 53.6 100.0% 100.0% 

Variance explained by measures = 15.6 29.2% 30.1% 

Unexplained variance (total) = 38.0 70.8% 69.9% 

Unexplained variance explained by 1
st
 factor  = 3.1 5.8%  

 
Table 2: Item difficulty statistics 

Item Raw score Measure (logits) SE Infit MNSQ Outfit MNSQ 

1 104 .28 .13 1.19 1.24 

2 259 -2.49 .13 .90 .76 

3 220 -1.46 .13 .80 .71 

4 249 -2.11 .16 .84 .67 

5 200 -1.13 .16 .92 .88 

6 189 -.95 .12 .78 .75 
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7 169 -.66 .12 .82 .81 

8 97 .40 .13 1.04 1.03 

9 deleted 

10 186 -.94 .12 .89 .90 

11 137 -.20 .12 .95 .93 

12 32 1.83 .19 1.02 1.08 

13 159 -.51 .12 .85 .83 

14 133 -.15 .12 1.03 1.02 

15 deleted 

16 121 .03 .12 1.11 1.16 

17 121 -.13 .12 .92 .90 

18 100 .35 .13 1.00 1.05 

19 81 .67 .13 1.05 1.15 

20 70 .88 .14 1.13 1.30 

21 98 .39 .13 .96 .98 

22 143 -.31 .12 .89 .90 

23 123 -.03 .12 1.12 1.15 

24 93 .46 .13 1.04 1.04 

25 153 -.44 .12 .97 .98 

26 91 .48 .13 1.12 1.18 

27 152 -.45 .12 .89 .87 

28 99 .36 .13 1.13 1.27 

29 78 .73 .14 1.12 1.28 

30 20 2.34 .23 1.02 1.11 

31 94 .45 .13 1.10 1.18 

32 77 .74 .14 1.02 1.06 

33 100 .34 .13 1.20 1.28 

34 67 .94 .14 1.07 1.28 

35 86 .58 .13 1.11 1.20 

36 147 -.37 .12 .91 .89 

37 154 -.45 .12 1.04 1.04 

38 50 1.29 .16 1.09 1.27 

39 168 -.67 .12 .92 .90 

40 129 -.10 .12 .91 .91 

Mean 125.3 .00 .13 1.00 1.02 

SD 54.0 .94 .02 .11 .18 

SE = Standard error, SD = Standard deviation 

 
Rasch calibration: Results from Rasch model calibrations 
showed that the topic of Circle 1 was the most difficult for the 
students since the mean measure was the highest (1.065 logits). 

This is followed by the topic of Pythagoras’ Theorem (mean = 
0.775 logits). The topic of Solid Geometry (mean = 0.42 logits) 
completed the top three of the most difficult topics for the 
students. Meanwhile, the Directed Numbers was the easiest topic 
since based on its lowest item difficulty measure (-1.445 logits). 
This was followed by the topic of Square, Square Root, Cube and 
Cube Root (mean = -1.04 logits) and Algebraic Expressions II 
(mean = -0.4 logits). With regards to individual item, Item 30 

(Figure 1) was the most difficult item (measure = 2.34 logits) 
followed by Item 12  (measure = 1.83 logits, Figure 2) and Item 
38 (measure = 1.29 logits, Figure 3). Meanwhile Item 2 (Figure 4) 

was the easiest (mean = -2.49 logits), followed by Item 4 (-2.11 
logits, Figure 5) and Item 5 (-1.13 logits, Figure 6). Since the item 
difficulty measure possessed equal interval property, the following 
observation can be made: The most difficult item, Item 30 
(measure = 2.34 logits) was about three times more difficult than 
Item 32 (measure = 0.74 logits). And, Item 32 was about two 
times more difficult than Item 28 (measure = 0.36 logits). 

 

30 

 

 
In the diagram, OAB and ODC are straight lines and O is the common centre of arcs AD and BC. The perimeter of the 
shaded region, in cm, is 

(Take  = 
7

22
) 

A 24 B 25 C 27 D 28 

Fig. 1: Item 30 

 



112 International Journal of Engineering & Technology 

 

12 
 

 
 
 
The linear equation which represents the above information is 

A x – 4 = 3 

B x – 3 = 4 

 C x + 4 = 3 

 D x + 3 = 4 

Fig 2: Item 12 

 

38 
 

 
Given that the net in the diagram forms a cylinder when folded, find the surface area of the solid in cm2. 

 (Use  =
7

22
) 

A 894 B 926 C 1024 D 1110 

Fig. 3: Item 38 

 

2 
 

The initial temperature of a liquid is     19C. When the liquid is cooled down, its temperature drops by 78 C. The 

final temperature of the liquid is 
 

A 15C B 15.5C C 16C D 18.5C 

Fig. 4: Item 2 
 

4 
 

A student purchased 25m pencils at 8p sen each and 20n books at 10p sen each. The total amount paid for the 
purchases in sen is  
 

A 2mp + 2np B 8mp + 10np C 25mp + 20np D 200mp + 200np 

Fig. 5: Item 4 
 

5 

 
Find the value of  ×  

A 6 B 7

 
C 8

 
D 9

 

Fig. 6: Item 5 

4. Discussions 

 

 

The purpose of this study is to calibrate students’ performance on 
mathematics test using the Rasch model analysis. Results showed 
that the students were able to master knowledge, skills and 
abilities related to the topics of Directed Numbers, Square, Square 
Root, Cube and Cube Root and Algebraic Expressions II. 
However, they were found to have difficulties in the topics of 
Circle 1, Pythagoras’ Theorem and Solid Geometry. It should be 

noted that, while the position of Directed Numbers and Square, 
Square Root, Cube and Cube Root are expected, the same cannot 
be said for Algebraic Expressions. This is because, local studies 
[2]; [3] show that students usually have difficulties in answering 
algebraic items. This is probably due to the fact that algebra often 
involves concepts that are abstract and requires students’ deep 
understanding. As rightly observed by researchers such as [11], 
the inability to grasp the meaning of the concepts is considered 

one of the contributing factors why students didn’t see algebra as 
interesting.  
In addition, algebra is also difficult because of the non-visual 
nature, and is difficult to be represented by pictorial terms. 
Pictorial terms is one way to address an item and this technique 
has been proven to be easily understood by the students. For 
example, in the topic of Directed Numbers of Item 2 (The initial 

temperature of a liquid is 19C. When the liquid is cooled down, 

its temperature drops by 78C. The final temperature of the liquid 
is…) can be easily solved by drawing diagram that models the 

actual situation. Meanwhile, Item 5 (Find the value of  × 

 ) from the topic of Square, Square Root, Cube and Cube 

Root is rather not  
 
 

When 4 is subtracted from x, the result is 3 
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unexpected since students are usually comfortable with arithmetic 
items that require straightforward procedures [4]. 
One possible explanation why Item 4 (A student purchased 25m 
pencils at 8p sen each and 20n books at 10p sen each. The total 
amount paid for the purchases in sen is ….) is considered easy 

despite its algebraic nature is that the students are familiar with 
this type of items. They may have been exposed to this type of 
item during classroom teaching, or as part of homework. As such, 
they are able to recall back the procedure to solve the problem 
without really have the understanding of the concept of algebraic 
terms. 
With regards to the difficult items, Item 12 is algebra-related item 
while both Item 30 and Item 12 require the students to make 

connections. For example, in Item 30, the students need to not 
only plan a strategy to find the perimeter of the shaded area. The 
strategy requires them to make connections between the related 
sections in the diagram. The lack of ability to make connections 
can be traced back to their weakness in memorize and recall 
concepts and facts in mathematics. A study by [16] had found that 
students have major difficulty in retrieving concepts, formulas, 
facts and procedure. Therefore, the students are not able to bring 

meaning to the problem presented by the item. Note that this 
finding needs to be investigate further since making connections is 
important to effective mathematics learning and teaching [9]. 
Apart from providing information on the difficulty of the items, 
the Rasch model calibration also provide information on how 
much is the difference. For example, it is perhaps important for 
the teachers to investigate further why Item 30 (Topic: Circle 1) is 
about three times more difficult than Item 32 (Topic: 
Transformation 1) so that appropriate diagnostics and 

interventions can be carried out for remedial purposes. Note that, 
this information will be revealed through the conventional raw 
score measurement framework that does not have the equal 
interval property. 
As a conclusion, the present study provides empirical evidence on 
the adequacy of Rasch model analysis to provide useful 
information on students’ performance. The appropriate 
information will help teachers to plan their teachings of 

mathematics to achieve its aim to produce individuals that are able 
to think mathematically and to be able to apply mathematical 
knowledge effectively and responsibly.  
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