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Abstract 
This study was designed to develop problem solving test for class six and 
also assess student’s problem solving proficiency. A test is constructed 
by using Framework of Mathematics Assessment developed by National 
Assessment of Educational Progress (NEAP). This framework is 
modified as Mathematics Problem-Solving proficiency framework by 
keeping in view the objectives of National Curriculum for 6th grade. 
Initially developed items were tried out   and items for final test were 
selected by keeping in view the criteria of Item Response Theory (IRT). 
IRT provide guidance to develop the items and to construct the 
proficiency scales. IRT gives us a way to understand and interpret scores 
and also link student’s achievement to their latent abilities. Final test was 
administered to 1500 students of four districts.  Students’ mean score in 
Algebra is greater than any other content area while performance in 
Ratio and Proportion is low. Therefore, students’ problem-solving 
proficiency in the area of factors and multiples, geometry, integers, 
information handling, linear equations, and whole numbers is average.  
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Introduction  
 
The most modern academic outcomes measures are made or 

modified from earlier measures to develop an instrument that would be 
more consistent, suitable, responsive and interpretable and 
psychometrically-sound. They become improved analytical tools afar 
what conventional measurement theory (or classical test theory, CTT) 
method can provide. One of them is item response theory (IRT). In 
particular, multi - dimensional IRT models are deemed suitable for 
modeling the complex skills demand of problem-solving tasks especially 
in mathematics. Problem-solving is a complete course of action rather 
than only a divergent issue but a process which includes understanding, 
formulating, reasoning, evaluating and communicating. Problem solving 
tasks are not routine repetitive or rote tasks (NCTM, 1989). A 
mathematics problem-solving task typically involves reading, identifying 
a solution strategy and computing (Mayer, 1992).  

There are several ways to assess student’s problem solving 
abilities. Educators and psychologists have developed different tools to 
assess students’ problem solving skills. During recent decades 
assessment based on IRT model has been developed to assess student's 
abilities.  

IRT provide guidance to develop the items and to construct the 
proficiency scales. IRT gives us a way to understand and interpret scores 
and also link student’s achievement to their latent abilities. This would 
be helpful if the objective of an assessment is to acquaint teachers with 
student learning outcomes. 

IRT presents student abilities and item characteristics in single 
mathematical scale. In this case we can develop proficiency continuum 
of student abilities and item difficulty on the same scale. Once student’s 
ability is shown on the scale, we can easily make inferences about the 
type of task students become able to perform (Reckase, 1997). 

Different intellectual processes such as reading, comprehension, 
computational skills and reasoning can be entrenched in a single task. 
Multi-component IRT models can help us to understand the sub-steps 
within a task, bring diagnostic process closer to cognitive processes 
(Embretson, 1997; Lai, 1998). 

Today, IRT is being used in many large-scale testing programs. 
Item characteristic curve (ICC) is the essence of IRT. This curve is a 
description of the relationship between an examinee’s ability on the trait 
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being measured by the item and the probability that the examinee will 
respond to the item correctly. 

In Pakistan, Azeem (2009) developed a proficiency test of 
secondary level in mathematics. But there is a dire need to develop such 
test at elementary level. This study aimed to develop an assessment task 
for students to measure proficiency levels in mathematics at grade 6 by 
using item response theory. The main objective of this study was to 
measure student’s mathematics ability and develop assessment task in 
mathematics based on IRT model and measure latent variables that can 
explain all the variations. 

 
Literature Review 
 
Mathematics 

As per Galileo’s saying the whole universe is written in 
mathematics language and we cannot understand it without learning its 
letters which are triangles, circles and other geometrical figures. Without 
these, one is wandering about in a dark labyrinth. 

It is a conceptual system which fulfills the inner requirements of 
a human. It is the general study of numerals, space, shapes, quantity and 
the measurements. It is also called as the queen of sciences. In modern 
society and modern life the importance of mathematization is growing 
day by day. All the institutions and human activities are based and 
controlled numerically.   

In 1950’s mathematicians thought that mathematics proficiency 
is just to be good in computation but after 1980’s they believe that actual 
mathematical power lies in reasoning, problem solving, linking 
mathematical thoughts and communicating arithmetic to others. 

To develop mathematical proficiency, teachers must have an 
obvious visualization of the goals of teaching and what is the meaning of 
proficiency for the precise mathematical content which they are going to 
teach. It is very important to develop the understanding about the content 
and also know the perspective of that mathematics, how it shows the new 
ways to students and how it is going to boost their logical thinking. 

 
Problem-Solving 

The word problem-solving, reasoning, higher order thinking, 
decision making are usually used simultaneously. All these terminologies 
refer to natural abilities and self-confidence of a student. A formal 
definition of problem solving is given by Anderson (1980) that “Problem 
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solving is defined as any goal-directed sequence of cognitive 
operations”. Problem-solving are those particular word problems which 
relate to the different branches of mathematics, also covering the aspects 
of reasoning and logical thinking. Hamers and Csapol (1999) wrote that 
‘If we want to teach children to think then we are aiming to improve their 
problem-solving ability.’  

 
Mathematics Proficiencies 

In early 1950’s it was believed that mathematical skills are only 
useful and beneficial for scientists and mathematicians. By the passage 
of time the need of this major subject became clearer and on a wide scale 
its dire need increased. Mathematical skill became essential to participate 
effectively in society and the financial system of 21st century. 

In the last two decades, all over the world, the moment to move 
up learning standards and educators’ liability for success has become 
popular. Many countries have formulated laws to make certain that all 
children must get equal opportunities to come up to the high standards of 
mathematical proficiency. There are also mathematical standards for 1-
10 in Pakistan. In schools, Mathematics has a valuable place because the 
aim to produce well-equipped and dependable students in a modern 
techno-economic society which demands sophisticated and advance 
mathematical skills.  It also gives the opportunities of high standards jobs 
in the market because these job choices are formed by whether they have 
knowledge and capability to use mathematics (Azeem, 2013).    

When concept of proficiency is taken as a whole, it was assumed 
that all proficiency strands are interrelated and work effectively if 
students are to learn effectively. Learning is a continuous process in 
which every mathematical proficiency strand should be harmonized with 
remaining strands. Elementary school teacher struggled to see whether 
children are making progress in all strands of mathematical proficiency. 

 
The Strands of Mathematical Proficiency 

The mathematical learning’s acquire new phenomena due to 
changes both in society and technological world. First it was just the use 
of computational practice in mathematics, but on the other hand several 
teachers were stressing on the need for skillful performance and many of 
them were talking about the need for students to understand the whole 
process thoughtfully (Brownell, 1935). Along with the advancement    
basic mathematical skills such as accuracy and speed are the integral part 
of the mathematical learning.  
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In 1990’s educators started giving attention to the development 
and improvement of ‘mathematical power’ which shows different 
mathematical goals for schools by different people at different levels. 
Now a day’s doing well in mathematics is the requirement of talented 
people. However, our many circumstances have guide us to begin in a 
way that it becomes easy for everyone to understand and accept the 
objective of mathematics learning.                                         

Now, we will discuss the kinds of intellectual changes that we 
should endorse in students to make them competent mathematicians. 
Remember that no word confine totally all traits of capability, ability, 
understanding and skillfulness in mathematics. But mathematical 
proficiency looks the right word for this which is important for all 
mathematical learning mathematics efficiently. 
There are five strands of Mathematical proficiency: 

• Conceptual understanding------- intellectual capacity of mathematic s’ 
ideas, procedures, and associations. 

• Procedural fluency-------- ability to perform the action flexibly, precisely, 
competently, and suitably. 

• Strategic competence--------potential to originate, characterize and 
resolve problem of mathematic. 

• Adaptive reasoning--------power for rational thinking, expression, 
justification and validation. 

• Productive disposition------- to perceive mathematics as a reasonable, 
helpful, and meaningful consistent tendency, enhances one’s own 
efficiency. 
 The developmental process of proficiency in mathematics is based on 
five strands which are interwoven and mutually supporting each other. 
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Figure 1. Proficiency Strands adopted from adding it up 

There are many proficiencies but followings are the most famous and 
mostly used proficiencies of mathematics. 
 
 
Methodology 

 
Basic building block of any test is item. Mainly test construction 

consists of selection and development of appropriate test items. Test 
developers have to keep in mind certain crucial areas such as number of 
test items required for adequate coverage of content area, construct to be 
tested and reliable estimation test takers proficiencies while constructing 
test. One way to increase the reliability of the test is to increase the 
number of the items in the test. But this practice involve replication of 
items which actually does not fulfill the purpose of test taking because 
the main purpose of test taking is to  get information about knowledge, 
skills and abilities of the test takers. So, test should consist of items 
having unique characteristics to measure the latent abilities of the 
students. 

IRT plays a vital role to boost up the notion of item and test 
information instead of its reliability. IRT mainly deals with the test 
information functions which discuss the degree of exactness /level of 
accuracy by showing the different values of theta rather than its 
reliability. 
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An item bestowed a quality on information with the help of its 
piloting. The test information functions add together a large item bank 
with the information functions of the items on the exam. 

Test information function is also helpful for the exact judging of 
measurement error. That’s why in the reliability and validity of a test 
local item independence calculation is an important factor. 

In Item Response Theory, RASH provides a single hidden 
attribute that caters all statistical reliance between test items along with 
differences among students. In IRT these traits are denoted by theta that 
differentiates items regarding their obscurity and distinguishes students 
according to their abilities. RM explains possibilities of students’ 
particular answer to the question as a function of student’s position on 
theta which describes the relationship between theta and the item. 

Item response theory provides the information of a test function 
which explains the level of exactness at different values of theta. The test 
development process is cyclic in nature and divided into four major steps 
(Wilson, 2005).  
A construct map 
B selection and construction of item 
C scoring of item  
D measurement  
 
Participants 

All public and private schools of district Lahore, Faisalabad, 
Sargodha and Jhung were the population of the study.  Seventeen schools 
of above mentioned districts were selected as the sample of the study. 
From these seventeen schools, 1500 students were selected for test.  
Item Response Theory requirement of Sample size 

There are two basic requirements in order to get the combined 
estimation of items and ability parameter. 
A number of items in the test  
B number of test takers (Suen, 1990) 

According to Wright and Stone (1997) minimum of 20 items and 
200 test takers are required for one parameter Rasch Model and 30 and 
500 test takers for two parameter Rasch Model  (cited in Suen, 1997).  
Hambleton (1989) suggested that eighty items can be used for all models. 
In this study 1500 test takers were used for 30 items which sufficiently 
fulfill the above mentioned criteria. 
 
Instrumentations 

A test is constructed by using Framework of Mathematics 
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Assessment developed by National Assessment of Educational Progress 
(NEAP). This framework is modified as Mathematics Problem-Solving 
proficiency framework by keeping in view the objectives of National 
Curriculum for 6th grade (attached as appendix). 

 
Mathematical Framework 
The modified form of framework used in this study consists of following 
the strands. 
 
Content Strands 
o Integers, Algebra, Ratio and Proportion, Information Handling, 

Geometry.    
o Procedural Knowledge: 
o Procedural knowledge, conceptual understanding and problem 

solving. 
o Mathematical Proficiency: 
o Understanding of mathematical language,   Mathematical logics,   

Mathematical association. 
Initially 170 items were constructed by keeping in view the dimensions 
of math’s proficiency framework for problem-solving strand.50 items 
were aligned with National curriculum and proficiency framework. The 
following diagram shows the alignment of the items with National 
curriculum and Mathematical proficiencies. 
 
Item Construction  

The aim of present study is to develop proficiency based 
problem solving test. Mainly, this test was developed to assess the 
logical, authentic and affective information about students’ mathematics 
skillfulness. This involves decisiveness of what is to be assessed and the 
required items can be fabricated which can be used to test the intended 
knowledge, skills and perception by decreasing the effect of auxiliary 
ability (Gronlund & Linn, 2005). Main objective of the items is to 
develop premeditated answers by the learners through which we can 
make logical judgments (Fulcher & Davidson, 2007).  

Best test item must consider the mental activity of the learner on 
the calculated / conscious construct which is the actual need for which 
this item is made. Mathematical proficiency framework deals with 
performance, classical content and achievement which provide guidance 
in the development of items.  

For this purpose National curriculum was thoroughly analyzed. 
SLO’s related to problem solving were extracted, overall 46% of the 
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curriculum is based on problem solving. Content wise percentages were 
calculated and according to these percentages number of items was 
selected for the pilot test.  

 
Alignment to the Framework 

Basically, alignment can be considered as a unit of measurement 
according to which different aspects of an educational system like 
standards, curricula and assessment act collectively to attain desirable 
goals ( Webb,1997b; Ananda, 2003). For the trustworthiness in education 
the test makers, policymakers and researchers must emphasize on the 
alignment of assessment and its content. 
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Table 1  
Description of Content Along with SLO’s Percentages: 

UNITS NO.  AND  NAMES NO. OF SLO’s 
% AGES 

ACCORDING 
TO SLO’s 

PERCENTAGES NO.OF 
ITEMS 

UNIT:1   SET 0/3 × 100 = 0 0% 0/3 × 100 0 
UNIT:2  WHOLE NUMBERS 3/11 × 100 = 27 27% 27 / 1300 × 100 2 
UNIT:3     FACTORS AND MULTIPLES     4/18 × 100 = 22 22% 22 / 1300 × 100 2 
UNIT:4    INTEGERS 5/18 × 100 = 27 27% 27 /1300 × 100 2 
UNIT:5    SIMPLIFICATION 2/5 × 100 = 40 40% 40/1300 × 100 3 
UNIT:6    RATIO AND PROPORTION 4/9 × 100 = 44 44% 44/1300 × 100 4 
UNIT:7     FINANCIAL ARITHMATIC 6/8 × 100 = 75 75% 75/1300 × 100  6  
UNIT:8    ALGEBRA 4/14 × 100 = 29 29% 29/1300 × 100  3 
UNIT:9    LINEAR EQUATION 3/4 × 100 = 75 75% 75/1300 × 100   6 
UNIT:10    GEOMATRY 10/10× 100 = 100 100% 100/1300 × 100  7 
UNIT:11    PERIMETER AND AREA 6/7 × 100 = 86 86% 86/1300 × 100  7 
UNIT:12     3D SOLIDS 2/4 × 100 = 50 50% 50/1300 × 100  4 
UNIT:13    INFORMATION HANDLING  1/4 × 100 = 25 25% 25/1300 × 100  2 
Total     58 
 
Selection of Item Formats 

According to Linn and Gronlund (2005) the basic principle of 
test item format selection and assessment technique is to select the kind 
of items that provide the real expression of the intended SLO (student 
learning outcome). 

Basic principle of item format selection is that such assessment 
task should be selected which provides the direct measurement of the 
intended learning outcomes.  In proficiency testing mostly Multiple 
Choice Questions (MCQ’s) are used internationally. By following this 
MCQ’s format is used for the development of this test.  The four options 
MCQ’s were used. The scoring rubric was 1 for correct answer and 0 for 
incorrect. 
 
Pilot Testing  

350 students were taken from six schools for pilot testing. Both 
rural, urban and male, female schools were selected. Test was conducted 
by the researcher herself to make sure the security and standard testing. 
ITMAN and ConQuest were used to analyze the data. Following criteria 
was used to select item 

 
Difficulty Index = 0.30 to 0.80 
Point bi- serial less than 0.8 
Discrimination range = 0.20 to 0.60. 
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Table 2 
ISC (Item Selection Criteria) 

 
 

Final Test 
 Pilot data was analyzed while using CONQUEST (IRT based software) 
and ITMAN (Classical theory). A selection criterion is given below. 
 
Table 3 
Item Selection Criteria 

 
Only those items were finalized that fulfill the above mentioned 

six conditions. Another issue faced by test developer is to select 
appropriate items for the test.  How many items are required for 
particular test?  All SLO can be considered in a single test especially in 
summative assessment.  In content based test appropriate coverage of 
content is ensure the test validity. Reliability of the test and length of the 
test is directly proportional to each other.  Guessing factor reduce the 
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reliability of MCQ’s based test.  Keeping in view above mentioned 
issues along with financial constraints and administrative issues 30 items 
were chosen for this test.  

 

Preparation of Booklets 
After the finalization of test items the 1500 booklets were printed 

for final administration of the test. Each booklet has instruction for 
students and specimen example for students.  

 

Test Administrator Manual   
The study was planned in such a way that test had to be 

administered same day in all districts. For this test administrators were 
required to conduct test. Due to financial constraint trained personnel of 
NEAS/PEAS were approached. A manual was developed   to ensure the 
fairness and security of the test.  Research supervisor and PEAS experts 
were consulted for manual development. This manual was finalized   by 
incorporating the suggestions of experts. 
 

Test Administration 
The test was administered on 30th May 2013. It was mandatory 

for all test administrators to attend morning assembly. The selected time 
for test administration was 9 am. The test was taken by the selected 
students. Administrators were asked to read instructions for students 
which were given in the test booklets. Students were asked to fill up first 
page and solved the specimen examples. The time allocated was 30 
minutes for 30 items. Material was received from test administrators 
through courier and the expenditures were sent back through mobile 
credit.    

 
Results 
 

Final data was analyzed using IRT based software CONQUEST. 
Final data from Microsoft Excel file was exported to SPSS file and the 
converted to file compatible with Conquest. Item-person maps of each 
strand of table of specification were generated.  Weighted likelihood 
estimation was used for conversion of students’ abilities into scaled 
scores using following formula. 
Scaled Score on 1-1000 Scale = 500 + 100 X (θ) 
Where θ = Students’ ability on latent Scale 
500 = Mean of Scale 1-1000 
100 = SD 
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Item-Person maps explore the difficulty levels of items and students’ 
ability to solve math problems on the same latent scale. 

This study was designed to develop a proficiency test based on 
IRT. The main objective of this test development was to evaluate 
students’ problem solving proficiency in Mathematics at level VI. It is 
assessed by item response theory (IRT). First a proficiency test consist of 
50 items was developed for piloting. This test was based on multiple 
choice (MCQ) questions. Test was associated with benchmarks and 
standards of Mathematics for 6th class and its framework was aligned 
with National Assessment Examination Program (NAEP). This 
framework discussed how to measure the Mathematical problem-solving. 
The primary data which is gathered by piloting was analyzed by 
software’s ITEMEN and CONQUEST for both CTT and IRT.  After 
pilot test the items were selected and finalized for the final data 
collection. Final test was comprised of 30 MCQs questions. Multiple 
choice item formats was used. The final concluded proficiency test 
directed in different schools of Punjab province and final data was 
gathered from the students’ of class VI. Missing data was of only 2% and 
it was not considered in the analysis of final data. Sampling is done by 
simple two stage cluster sampling design for the reason that it provides 
an opportunity to carry out analysis of data aggregation at higher levels. 
Sample of 1500 students were taken for the study of IRT based analysis. 
In order to understand complete design traditional statistics were used.  
Only minimal data was missing. Scaled used to analyze responses 
expected that a single answer was given for each question. 
 
Table4 
Mean and SD for student’s problem-solving proficiency 
_____________________________________________________________________ 
Strand    No   M                   SD 
___________________________________________________________________________ 
Whole Numbers                         1500   471.29  106.06 
Integers                            1500   526.55  112.91 
Simplification               1500   527.74  113.22 
Factors and Multiples                  1500   573.67  123.82 
Ratio and Proportion                   1500   419.47  107.08 
Algebra                        1500   576.07  143.34 
Area and Perimeter           1500   538.36  129.38 
Geometry      1500   479.60  134.70 
Volume and Surface Area           1500   493.56  109.69 
Information Handling       1500   504.98  109.77 
Linear Equation   1500   503.93  142.08 
_______________________________________________________________________ 
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Mean is the mean scaled score of each student’s problem-solving 
proficiency calibrated with an arbitrary scale 0-1000 with mean 500. 
Students mean score in Algebra is greater than any other content area 
while have lowest score in Ratio and Proportion. 
Following are the item response theory (IRT) based analysis of each 
content area of the math test generated by Conquest software. 
 

================================================= 
RESPONSE MODEL PARAMETER and an  
ESTIMATESMAP OF LATENT DISTRIBUTIONS 
================================================= 
 
---------------------------------------------------------------------------------------  
   6                                          |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
   5                                         X|                                       | 
                                              |                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                            XX|                                       | 
   4                                        XX|                                       | 
                                            XX|                                       | 
                                        XXXXXX|                                       | 
                                        XXXXXX|                                       | 
                                         XXXXX|                                       | 
                                      XXXXXXXX|                                       | 
   3                               XXXXXXXXXXX|                                       | 
                                 XXXXXXXXXXXXX|                                       | 
                                 XXXXXXXXXXXXX|                                       | 
                                 XXXXXXXXXXXXX|                                       | 
                      XXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                          XXXXXXXXXXXXXXXXXXXX|                                       | 
   2                      XXXXXXXXXXXXXXXXXXXX|                                       | 
                   XXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
              XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                  XXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
             XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
   1                   XXXXXXXXXXXXXXXXXXXXXXX|3                                      | 
                XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
              XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|2                                      | 
      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
   0               XXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                        XXXXXXXXXXXXXXXXXXXXXX|                                       | 
                                XXXXXXXXXXXXXX|                                       | 
                               XXXXXXXXXXXXXXX|                                       | 
                           XXXXXXXXXXXXXXXXXXX|                                       | 
                                   XXXXXXXXXXX|                                       | 
  -1                                  XXXXXXXX|                                       | 
                                       XXXXXXX|                                       | 
                                        XXXXXX|1                                      | 
                                          XXXX|                                       | 
                                          XXXX|                                       | 
                                            XX|                                       | 
  -2                                       XXX|                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                             X|                                       | 
  -3                                         X|                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
  -4                                          |                                       | 
                                              |                                       | 

================================================== 
Each 'X' represents   2.5 cases 

 

Figure 2.Algebra 
 

Item-person map shows that students’ ability to solve problem in algebra 
is between -1.5 to 1. Therefore students’ problem-solving proficiency in 
the area of algebra is average. 
 
 
 
 
 
 
 
 
 
 
 

 
================================================== 
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RESPONSE MODEL PARAMETER ESTIMATES AND MAP OF LATENT DISTRIBUTIONS RESPONSE 
================================================== 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
   4                                          |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                             X|                                       | 
   3                                         X|                                       | 
                                            XX|                                       | 
                                            XX|                                       | 
                                           XXX|                                       | 
                                       XXXXXXX|                                       | 
                                       XXXXXXX|                                       | 
                                          XXXX|                                       | 
                                      XXXXXXXX|                                       | 
   2                            XXXXXXXXXXXXXX|                                       | 
                               XXXXXXXXXXXXXXX|                                       | 
                                XXXXXXXXXXXXXX|                                       | 
                                 XXXXXXXXXXXXX|                                       | 
                      XXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                        XXXXXXXXXXXXXXXXXXXXXX|                                       | 
                       XXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                 XXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
   1    XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
            XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
         XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
         XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|2                                      | 
                     XXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
              XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
            XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
   0         XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|3                                      | 
      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
              XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                     XXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                              XXXXXXXXXXXXXXXX|                                       | 
                              XXXXXXXXXXXXXXXX|1                                      | 
                           XXXXXXXXXXXXXXXXXXX|                                       | 
                                 XXXXXXXXXXXXX|                                       | 
  -1                                XXXXXXXXXX|                                       | 
                                       XXXXXXX|                                       | 
                                       XXXXXXX|                                       | 
                                         XXXXX|                                       | 
                                          XXXX|                                       | 
                                           XXX|                                       | 
                                           XXX|                                       | 
  -2                                         X|                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
  -3                                          |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 

================================================== 
Each 'X' represents   2.3 cases 

Figure 3.Area and perimeter 
Item-person map shows that students’ ability to solve problem in area 
and perimeter is between   -0.5 to 0. 5 Therefore students’ problem-
solving proficiency in area and perimeter is average. 

=================================================== 
RESPONSE MODEL PARAMETER ESTIMATES AND MAP OF LATENT DISTRIBUTIONS 

=================================================== 
   6                                          |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
                                              |                                       | 
   5                                          |                                       | 
                                             X|                                       | 
                                              |                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                            XX|                                       | 
   4                                         X|                                       | 
                                            XX|                                       | 
                                        XXXXXX|                                       | 
                                       XXXXXXX|                                       | 
                                        XXXXXX|                                       | 
                                      XXXXXXXX|                                       | 
   3                             XXXXXXXXXXXXX|                                       | 
                               XXXXXXXXXXXXXXX|                                       | 
                                XXXXXXXXXXXXXX|                                       | 
                                XXXXXXXXXXXXXX|                                       | 
                       XXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                        XXXXXXXXXXXXXXXXXXXXXX|                                       | 
   2                  XXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                 XXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
             XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
         XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
              XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
   1               XXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
                  XXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
               XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
               XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
      XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX|3                                      | 
                  XXXXXXXXXXXXXXXXXXXXXXXXXXXX|                                       | 
   0                XXXXXXXXXXXXXXXXXXXXXXXXXX|2                                      | 
                                 XXXXXXXXXXXXX|1                                      | 
                             XXXXXXXXXXXXXXXXX|                                       | 
                          XXXXXXXXXXXXXXXXXXXX|                                       | 
                                   XXXXXXXXXXX|                                       | 
                                     XXXXXXXXX|                                       | 
  -1                                  XXXXXXXX|                                       | 
                                       XXXXXXX|                                       | 
                                          XXXX|                                       | 
                                          XXXX|                                       | 
                                           XXX|                                       | 
                                           XXX|                                       | 
  -2                                         X|                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                             X|                                       | 
                                              |                                       | 
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================================================== 
Each 'X' represents   2.4 cases 

 

Figure 4.Factors and multiples 
Item-person map shows that students’ ability to solve problem in factors 
and multiples is about 0. Therefore students’ problem-solving 
proficiency in Factors and multiples is average. 
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================================================== 
Each 'X' represents   2.4 cases 

 

Figure 5.Geometry 
Item-person map shows that students’ ability to solve problem in 
geometry is between -1 to1. Therefore students’ problem-solving 
proficiency in geometry is average. 
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================================================== 
Each 'X' represents   2.4 cases 

Figure 6. Integers 
Item-person map shows that students’ ability to solve problem in integers 
is about 0. Therefore students’ problem-solving proficiency in integers is 
average. 

====================================================== 
RESPONSE MODEL PARAMETER ESTIMATES AND MAP OF LATENT DISTRIBUTIONS 
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================================================== 
Each 'X' represents   2.4 cases 
 

Figure 7. Linear equation 
Item-person map shows that students’ ability to solve problem in linear 
equations is about between -1 to 1. Therefore students’ problem-solving 
proficiency in linear equations is average. 
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================================================== 
Each 'X' represents   2.3 cases 

Figure 8.Simplification 
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Item-person map shows that students’ ability to solve problem in 
simplification is about between -2 to 2. Therefore students’ problem-
solving proficiency in simplification is good. 
 

=================================================== 
RESPONSE MODEL PARAMETER ESTIMATES AND MAP 
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=================================================== 
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================================================== 
Each 'X' represents   2.2 cases 

 

Figure 9.Ratio and proportion 
 
Item-person map shows that students’ ability to solve problem in ratio 
and proportion is less than 0. Therefore students’ problem-solving 
proficiency in ratio and proportion is not good. Ratio and proportion is 
the weakest area of students. Three out of five questions were not solved 
correctly by a single student. Therefore these three questions are above 
the students’ ability having average difficulty. 
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Each 'X' represents   2.3 cases 
 

Figure 10. Volume and surface area 
Item-person map shows that students’ ability to solve problem of volume 
and surface area is about 0. Therefore students’ problem-solving 
proficiency in volume and surface area is average. 
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Figure 11.Whole numbers 
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Item-person map shows that students’ ability to solve problem of whole 
numbers is about 0. Therefore students’ problem-solving proficiency in 
whole numbers area is average. 
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Figure 12. Information handling 
 
Item-person map shows that students’ ability to solve problem of 
information handling is about 0. Therefore students’ problem-solving 
proficiency in information handling is average. 
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Figure 13.Overall 
Item-person map shows that students’ ability to solve problem in 
mathematics is between -2 to 2. Therefore students’ overall problem-
solving proficiency in mathematics is good. 

 
 

Figure 14. Content wise student’s MSS 
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Above graph explores that ratio and proportion is the weakest 
while algebra is the strongest area of problem-solving. 
 
Conclusions 
 
1. Students’ mean score in Algebra is greater than any other content 

area while have lowest score in Ratio and Proportion. 
2. Therefore students’ problem-solving proficiency in the area of 

algebra,  area and perimeter,  Factors and multiples,  geometry, 
integers, information handling, linear equations, and whole 
numbers is average. 

3. Therefore students’ problem-solving proficiency in 
simplification is good. 

4. Therefore students’ problem-solving proficiency in ratio and 
proportion is not good. Ratio and proportion is the weakest area 
of students. Three out of five questions were not solved correctly 
by a single student. Therefore, these three questions are above 
the students’ ability having average difficulty. 

5. Therefore students’ overall problem-solving proficiency in 
mathematics is good. 

 
Discussion 

 
Problem solving is a process that involves diagnosing students' 

cognitive processes during a problem solving activity. Testing, like in 
this study drives from implemented mathematics curriculum and mostly 
criterion referenced rather than norm referenced testing is emphasized. 
Usually curriculum is lengthy and bit inhuman to "cover" plenty of 
subject matter and therefore teachers avoid to emphasis on problem 
solving. In addition, due to time constraints, teachers can recognize that 
problem solving is advantageous for increasing understanding but may 
not incorporate problem solving into their tests.  It is observed that 
Teachers often argued and gave justification for not using problem 
solving activities in school testing. Most of the time these arguments that 
it is neither measurable nor testable seems justifiable because of 
following reasons: 
• Student strength in the classes hinders to administer the problem 

solving activities in the classrooms. 
• Time constraint is another issue. 
• Non-availability of appropriate mathematical problems. 
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• Shortage of problem solving material in the textbooks etc. 
 These assumptions are not valid. So we have to emphasize on 

the changes of testing practices. For this purpose we should 
accommodate our students by providing them invaluable mathematics 
experiences and to generate authentic problem solving activities. These 
activities can play an integral part in mathematics instruction. It must be 
the effort of a mathematics instructor to create that type of environment 
which can create conducive learning environment for problem solving.   

The present study was designed by keeping in view the 
importance of problem solving for the cognitive development of the 
students. In order to meet this objective mathematics test for VI grade 
students was developed which only evaluate problem solving skills. This 
test can be used to provide feedback to all stakeholders especially the 
main purpose of this problem solving test is to provide feedback to 
teachers and students. The procedure of test development in this study 
involves mathematics framework, content standards and alignment of the 
items to these standards while using item response theory based analysis. 

Mathematics disclosed unknown patterns that help us to 
comprehend the world around us. Mathematics as a subject believes on 
empiricism in which data is derived from science. Most of the 
mathematical reasoning is deductive which is  based on inferences and 
proofs from natural phenomena of human behavior, and social systems. 

Mathematics is not just calculation rather it is based on 
observations, hypothesis, testing of hypothesis and conclusions. Hence,  
we can say that mathematics is a science of patterns and order. Its major 
areas are numbers, probability, forms algorithms and change.  Mostly 
mathematics relies on logics rather than senses. It can be concluded from 
above discussion that the main objective of mathematics education is to 
enable students to identify the association of mathematical concepts in 
real life. There are two basic dimensions of mathematical framework: 
• Mathematical abilities  
• Mathematical competencies 

In the present research, in fit and outfit MS statistics was used. 
The power of Item difficulty and item discrimination were also used for 
assortment of the items for final test. Multi-dimensional analysis within 
items was used to validate the fit statistics. Fitness of the model was 
decided on the basis of the difference in deviances and estimated item 
parameters. The above mentioned analysis gives sound reasoning for the 
selection of IRT model. In National curriculum each SLO is based on 
standards and benchmarks .IRT provided link between item and students 
score. It is only possible in IRT model that students’ success on an item 
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and the item complexity can be placed on a single scale. So the position 
of an item in the proficiency scale can be located. This scale gives 
guidance in transforming students’ score into proficiencies interpretation 
for the skills they acquired. It means this scale enable us to provide 
students’ ability in terms of item difficulty level.  It also provides us 
qualitative interpretation of students’ proficiencies. This proved that 
present problem solving test can be used for numeric and qualitative 
descriptions of students’ proficiencies. These two descriptions can be 
used for different assessment purposes. These proficiencies descriptions 
usually depend on number of test items and their spread on the 
proficiency scale. In order to measure the consistency of the test it is 
required that the parallel test should be administered to calculate the 
reliability of the test. This was not the scope of the present study so the 
reliability dimensions of the test cannot be mathematically validated. As 
far as the validity is concerned external validity issues are still there in 
the test. In order to resolve these issues different samples of the students 
should be used to ensure the external validity but time constraint did not 
allow doing this. Different observations were taken for the validity of the 
test results to control internal validity issues. Relationship between item 
and its specific proficiency was first established by item writers and then 
it is empirically validated through data. Item fit statistics were used to 
check the validation of the extent to which this test measured the latent 
rate. One more step in this direction was the comparison of pilot and 
final test data. Same results were obtained for fit statistics. 

Item-person map shows that students’ ability to solve problem in 
mathematics is between -2 to 2. Therefore students’ overall problem-
solving proficiency in mathematics is good. It also shows that this test is 
more suitable for the students of medium ability as compared to high and 
low ability students.  

Item format was consistent with the proficiency strands which 
were discussed in the literature review chapter. In order to ensure the 
content validity items were aligned with National Curriculum and 
Mathematics proficiency framework. 
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