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Abstract

The objective of this research was to determine the validity of Students’ Mathematical
Process Rubric (ProM3) using Many-Facet Rasch Model (MFRM). The data were gathered
from 7 raters marking 188 scripts of Form 1 students from a number of boarding schools in
the middle and northern zone of Malaysia. ProM3 Rubric was used to analyse students’
responses in problem solving and reflective writing tasks for 29 criteria, that is in five
dimensions of the mathematical process, namely connection, representation,
communication, reasoning and problem solving. MFRM was used to analyse the data to look
into three facets; student ability, rater severity and item difficulty. The findings indicated that
the accurate index measuring students’ ability facet was between -3.48 until 4.71 logit, raters’
severity facet between -0.59 until 0.74 logit, and items/criteria’s difficulty facet at -2.38
(problem identifying) until 1.45 (quantitative reasoning) logit. The high validity and reliability
construct based on MFRM signified that the model can measure the accuracy of each facet
score.

Keywords: Mathematical Process, Problem Solving, Rater, Many-Facet Rasch Model (MFRM),
Rubric Validation, Performance Assessment, Alternative Assessment

Introduction

The main objective of teaching mathematics is to develop thinking. Students who think
mathematically, give reasons and justifications before they do something (Sundstrom, 2014).
They examine something from the grounds for a thoughtful decision, and do not arbitrarily
guess or repeat what is taught without assessing its relevance (Akdemir, 2018). PISA which is
OECD's Programme for International Student Assessment drafted 2021’s mathematics
framework to assess mathematical literacy as an individual’s capacity to reason
mathematically and to formulate, employ, and interpret mathematics to solve problems in a
variety of real world contexts. It includes concepts, procedures, facts, and tools to describe,
explain, and predict phenomena. It helps individuals know the role that mathematics plays in
the world and make the well-founded judgements and decisions needed by constructive,
engaged and reflective 215t Century citizens (OECD, 2018).

1316



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN BUSINESS AND SOCIAL SCIENCES

Vol. 11, No. 2, 2021, E-ISSN: 2222-6990 © 2021 HRMARS

While in Malaysia, in order to accomplish the second wave in Malaysian National
Education Blueprint (2003-2025), Malaysian Education Ministry introduced Standard
Curriculum for Secondary School (KSSM) to be implement since 2017, which replaced the
Integrated Curriculum for Secondary School (KBSM) that was used since 1989. The curriculum
transformation through KSSM focuses on the students’ intelligence development in favour of
the 215t century learning needs that is to develop a society, which is intelligent, creative and
innovative (Malaysian Education Ministry, 2016)

Standard Curriculum for Secondary School (KSSM) for Mathematics aims to shape
individuals to think mathematically, creatively and innovatively, as well as competent in
effectively and responsibly applying mathematical knowledge and skills in solving problems
and making decisions, based on values and attitudes as to be able to potentially solve and
deal with challenges in daily life, in favour of the advancement in science and technology and
the 21°t century’s challenges.

There are a few changes made to ensure that the education can empower students to
think and solve different and challenging situations. Explicit focus was given to the students’
mathematical processes, including problem solving, reasoning, mathematical
communication, making connection, and representation which requires teachers to conduct
teaching and learning to enable them understand the concepts in depth and meaningfully.
This shift is crucial so mathematics would not be viewed as a mechanical subject by students.
They require a balance between procedural and conceptual knowledge of mathematics.

Students who mastering the syllabus without understanding the mathematical
process can make them perceive the subject as nothing more than arithmetical structures
which they have to learn, memorize, and express in examination (Fuson, Kalchman, &
Bransford, 2005). This contradicts to the goals of KSSM that is to produce students who have
mathematical thinking. Students need to realise the relationship between mathematics and
everyday life. Previous research has shown that the ability of students to make such
connection, represent information in the form of symbols and visuals, communicate
mathematically in explaining information that are reasoned, hence solve the problems being
faced will be meaningful and enhance students’ learning (Edelen & Bush, 2020; Dolllah, Saad,
Abdullah, & Yusof, 2016; Rasiman, Prasetyowati, & Kartinah, 2020; Szucs, Devine, Soltesz,
Nobes, & Gabriel, 2014).

Mathematical Process

The development of Mathematical Process rubric (ProM3) is based on the constructivism
approach with cognitive theory and other learning theories as its foundation. Analysing the
cognitive development and learning theory worked by scholars such as Piaget, Bruner, and
Van Hiele shapes the understanding of students’ mathematical process in making connection,
representation, reasoning via mathematical communication, hence solving problems. The
mathematical process is measured to understand on students’ ways to process mathematical
knowledge and translated through application in solving problems. Looking into the literature
allows the criteria of students’ mathematical process to be determined, and presented as
attributes based on the operational definition of students’ mathematical process in
developing scoring rubric for mathematical process.

Mathematical process that students undergo is evident to be enhancing their learning
when they are able to relate their experience to the knowledge learnt in the classroom
(Mcleod, 2017). This is on par with the reflective learning theory in which reality is perceived
as a part of students’ mental development. Learning takes place when students can identify
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assimilation and accommodate and modify the scheme that they readily possess (Piaget,
2008). Mathematical process including solving problems takes the subject beyond the context
of worksheets and the traditional concept in which each question has a specific solution and
working scheme, thus the learning activities focus on students exploring reality (Schoenfeld,
2013). This is rather a new approach which requires students to face uncertainty, risks, and
overcome challenges in making connection, representation, mathematical communication,
reasoning, hence solving the proposed problems with different strategies with varying
possibilities of either achieving the accurate solution, or elsewise (Usta, 2020).

It has been suggested that mathematical process is an important skill that students
should acquire by the end of learning mathematics. Studies have found that when students
are able to relate between a concept and mathematical knowledge, represent idea and
mathematical strategies, communicate well and confidently, make reasoning, and solve
problems that are challenging, they are considered to be demonstrating important processes
in enhancing and strengthening their understanding of mathematics (Ayllon, Gomez, &
Ballesta-Claver, 2016; Kadir & Parman, 2013; Krawec, 2010) The students’ mastery in the
mathematical process can be proven by looking at the students’ ability to work systematically
in solving problemes, trying different strategies, restarting when the previous strategy did not
work, and testing conjecture such as assumption or idea (Sujadi & Masamah, 2017).

Malaysia students’ performance in TIMSS 2015 indicated that less than 3% of the
participating students were able to apply their mathematical knowledge in solving a non-
routine based problem (Yee, Tze, & Abdullah, 2017). Teachers are expected to help improve
these students' skills. In order to do so, it is important for teachers to know the current level
of their students’ ability. How can teachers determine the level of students’ mastery in solving
non-routine problems, making reason and communicate to explain their findings?
Mathematical process cannot be measured only by referring to the method and mathematical
calculation. Li and Schoenfeld (2019) identified that mathematics in schools are taught by
giving more emphasis on the procedures to solve problems as practiced. However, in reality,
problems can occur in daily activities, different field and as well as the field of mathematics
itself. The key to being successful in mathematics in school is to abide by the taught
procedures and contexts to answer questions, while the key to effectively process
mathematical thinking is the confidence and willingness to try out of the box (Klerlein &
Hervey, 2000).

Krawec (2010) suggested that one working scheme pertaining mathematical
understanding from a constructivism perspective is by making connection between the
intrinsic and extrinsic representation of the mathematical idea. The scheme indicated that in
order for one to think and communicate mathematically, he or she should represent the idea
in some manner. Communication requires good extrinsic modelling such as verbal, symbol,
drawing and concrete object. To measure students’ mathematical process, their process of
mathematical thinking should be translated into words and visuals. The mathematical idea
will be easier to comprehend when it can be explained. When students are able to explain
their idea, they will better appreciate the concept and knowledge being introduced to them
(Krawec, 2010).

A research pertaining the ability of academically excellent Form 4 students in solving
non-routine Algebraic problems by Adnan and Jalil (2016) indicated that a structured problem
solving activity allows students to translate their understanding on the situation through
verbal and visual representation, hence plan and execute solving, and explain the process and
justification as to why such decision is made and conclude the finding.
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In this present study, a performance task was developed to allow students
demonstrate their mathematical processes’ skills in solving the given problem. Students
needed to process the information based on the situation with provided steps to allow them
truly understand the problem statement in the form of communication and visual, hence
encourage them to strategize solution, solve the problem, explain the steps to solve, justify
the steps and finally state the accurate answer. Each step allows different mathematical
process to be demonstrated by the students and scored by the teacher using the scoring
rubric which was developed to measure the students’ mathematical process.

In order to score the students’ mathematical process, the final answer was not the
main measure, but the steps demonstrated via their thinking skills and process in order to
solve the given problem statement (Brookhart, 2010). The situations were designed to be
relevant to the students’ lifestyle so they could utilise their full potential and concentration
in solving the problem. This also will allow teacher to gather sufficient data to measure the
students’ mathematical process, thus be used to make a better decision in relation to teaching
and learning process of the students.

Conceptual Definition

Mathematical process based on curriculum is the process that supports the effective learning
of mathematics including the process of connection, representation, mathematical
communication, reasoning, and problem solving. All the five mathematical process are
interrelated and should be conducted via integration across the curriculum.

Operational Definition

Students’ mastery of mathematical process in this research was measured based on their
response in solving given problem statements and reflective writing. The students’
mathematical process construct was then scored based on a developed scoring rubric
consisting of 29 criteria as below:

a. Connection; making relation with current knowledge, based on contexts, with the
subject, and everyday activities.

b. Representation; using representation, listing the importance of representation, using
different representation (figures, tables, sketches), using appropriate
representation, represent thoughts, planning and execution in solving problems and
interpret representation.

c. Mathematical communication; writing structured answers, using mathematical
terms, using mathematical symbols, explain mathematical idea and analyse
mathematical thinking and other students’ strategies.

d. Reasoning; using data to test idea, using data to reason quantitatively, abstract
reasoning, explain based on the needs of problem and support the solution, identify
the trend and use different reasoning methods (inductive, deductive, abstract, and
guantitative).

e. Problem solving; identify problem, extract information, arrange information,
strategize, verify strategy, construct solution, interpret solution, as well as recheck
and reflect.

Research Questions

The research was conducted to develop an instrument to measure students’ mathematical
process with good psychometric qualities, has validity, reliability and contain items with
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appropriate statistics based on Rasch measurement model. Specifically, this research was
conducted to find the answers for the following questions:
i What are the values of reliability for each facet, including students, raters, and
mathematical process criteria?
ii. What are the values of validity for each facet based on Infit MNSQ and Outfit

MNSQ values for:

a) Students; Can the measurement used differentiate students based on their
abilities?

b) Raters; (i) What are the values of severity among the raters? (ii) Are there any
differences? (iii) Is there any consistency among the raters?

c) Criteria of Mathematical process; (i) What is the positioning of difficulty for
each of the measured criteria? (ii) What is the accuracy of the measurement
conducted? (iii) Does the response of each criterion correlate with the
expected measurement model of Rasch?

Methodology

The methodology for this research was constructed to develop an instrument to measure
students’ mathematical process in solving problems and reflective writing, via a scoring rubric.
The data gathered could be analysed to achieve the important objectives in developing the
instrument that was to assess the validity and reliability of the instrument, and to construct a
descriptive statistical profile of the research sample to measure students’ mathematical
process.

Respondents

The research included 7 raters; six mathematics teachers of different levels (2 upper
secondary, 2 lower secondary, and 2 primary school) and one teacher-trainee specialising in
mathematics. A total of 188 Form 1 students from boarding schools in middle and northern
zones were chosen as the respondents. These students were required to achieve a minimum
of C grade to be enrolled in those schools. Therefore, the minimum mastery in mathematics
could ensure that these respondents could be accessed appropriately to reflect the students’
mastery of the mathematical process accordingly and avoid the notion underperformed
students.

Instrumentation

In this research, the instrument was developed based on the ADDIE model which consists of
five phases to assess the students’ performance in given tasks, hence determine the students’
mastery of mathematical process (Branch, 2009). In the analysis phase, the issue and main
problems in measuring the students’ mathematical process were identified by analysing the
documents with the focus on students’ performance in national and international level, the
aspect of students’ mastery of mathematical process, standard mathematical process in
KSSM, choices of performance task to assess their mathematical process and identify
approaches that were used to construct the tasks and scoring rubric.

The second phase in the research focused on the design of scoring rubric. The
researcher adapted appropriate steps and approaches to be used to construct the rubric
based on previous studies, including Lantz (2004), Moskal (2003), Stergar (2005) also Arter
and McTighe (2001). Analysis of the standard document (KSSM) and literature on previous
studies on the mathematical process was conducted to identify appropriate measuring
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criteria to be developed based on the operational definition of students’ mathematical
process. Literature review was also conducted to identify the variables involved in measuring
mathematical process based on the theory of cognitive development, hence set the aim of
developing the instrument and target group being assessed, and define each dimension for
the criteria selected.

The third phase was the development phase including the translation based on the
design of the scoring rubric. In this phase, the scoring rubric was developed based on the
scoring template consisting of 29 criteria covering five main dimensions in mathematical
process including connection, representation, mathematical communication, reasoning and
problem solving. Each criterion was included with the description which illustrates the level
of quality for each observed indicator.

The draft was then shown to a group of experts including lecturers specializing in the
field of educational measurement and Mathematics education, as well as field experts (Form
1 Mathematics teachers) to acquire content and face validity. A pilot test was conducted in
this phase in a smaller scale among the chosen respondents to gather and assess information
pertaining the suitability of language, the duration of task and scoring, and the functionality
of the instrument. The validity of the developed rubric was ensured to be at a high level, so it
could be used in the actual assessment to measure students’ mathematical process.

The fourth phase was the implementation phase, in which the instrument was
distributed to the sample groups to determine the items’ quality and effectiveness of the
assessment scores. In this implementation phase, the students were briefed about the tasks
and scoring rubric criteria to give them information on the purpose and aim of the assessment
conducted. The students were given the opportunity to demonstrate their mathematical
process by solving the given problems and writing reflections.

Their responses were then assessed and scored by a number of raters based on the
scoring rubric. The assessing plan was constructed based on the needs of MRFM model. The
assessing plan used was nested judging plan (Lunz, 1997). According to Linacre (2018) to
construct a good measurement, there must be a good relationship between each facet to
ensure each tested parameter was not tested without a structured reference.

The analysis of 29 criteria on 188 students by 7 raters yielded a total of 38 164 ratings.
However, to improve the quality of scoring by the raters, the researcher had to consider a few
factors including the limited time and other workloads of the selected raters. Therefore, an
assessment plan was set as in Table 1 to ensure each student’s script can be at least marked
by two raters and ensure there was an overlap in combinations of the involved raters. Each
student’s script was marked separately based on the type of scale (quality and quantity), thus
only 5 452 ratings were achieved (29 criteria x 188 students). The limited assessment plan
allowed each rater to assess all the five dimensions including 29 criteria with only one out of
seven assessing work. Such plan could be executed well and used to analyse the effect of
raters on students’ performance (Lunz, 1997).
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Table 1. Raters’ Assessment Plan

Raters’ Raters’ Quality Scale (Criteria 16-29)
Quantity Total Total
Scale (Criteria A B C D E F G Students Rating
1-15)
A 38 822
B 25 725
C 34 776
D 33 775
E 18 746
F 16 828
G 24 780
Total 18 25 19 20 34 42 30 188 5452

The collected data were analysed and assessed in the final phase; evaluation phase. In this
phase, the data were analysed based on the many-facet Rasch model to determine the
functionality of the item, biasness of the raters, and functionality of the ranking scale, hence
determine the students’ mastery level of mathematical process.

Research Instrument

Students’ mathematical process was measured based on their responses in answering the
given mathematical problems and reflective writing. This was then scored according to the
scoring rubric constructed which consists of 29 criteria adapted from previous theoretical and
empirical literature. The criteria’s descriptor or atribute to construct the scoring rubric were
presented below:
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Table 2: Sources of Reference for The Criteria used to Assess Mathematical Process

Dimension Criteria’s Descriptor/ Atribute Source
Connection Making  connection  with  existing Boud, Keogh, & Walker (1985)
knowledge
Making connection with context Wen, Tajudin, & Masri, (2017)
Making connection with the subject
Making connection with daily activities Kolb (2012)
Representati  Using representation Carson (2007)
on Listing the importance of representation  Bruner (1960)

Mathematica
|
Communicati
on

Reasoning

Problem
Solving

Using various representation
Using appropriate representation
Representing thought process
execution in solving problems
Interpreting representation
Writing numerical answer

Using Mathematical terms

Using Mathematical symbols
Explaining Mathematical idea
Analysing Mathematical thinking and
other students’ strategies

Using data to test idea

Using data for quantitative reasoning
Abstract reasoning

Explanation matches the problem’s needs
and support solution

Identifying trend

and

Using various reasoning techniques
(inductive, deductive, abstract, and
guantitative).

Identifying problem

Extracting information

Sequencing information

Strategizing

Verifying strategy

Constructing solution

Interpreting solution

Rechecking and reflecting

Mcleod (2018)
Krawec (2010)
Bruner (1960)

Scusa (2008)

Rothstein,

Lauber (2007)
Wood (2001)
Dollah, et al., (2016)

Rothstein, &

Noor, Zamri & Eu (2016)

(Jonassen, 2004)

Dumas, Alexander, &
Grossnickle (2018)
Ghazi (2014)

Jonassen (2004)
Piaget (2008)

Piaget (2008)

Costa (2004)

Costa & Kallick (2008)
Schoenfeld (2013)
Ponte (2007)
Jonassen (2004)

Findings and Discussion

Appropriateness of Model Data

The data is said to be appropriate for the model if only 5% of the standard residual value is
above +2 or below -2, and approximately 1% above +3 or below -3 (Linacre, 2018). In this
research, from 5,452 data gathered from the students’ mathematical process scores, 234
(4.29%) had the standard residual value above +2 and below -2, while only 15 (0.20%)
recorded the value above +3 and below -3. Therefore, the recorded values indicated that the
analysis done could validate the model.
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Reliability

The first analysis focused on the reliability. The reliability constructed from the Rasch analysis
is the separation reliability which indicates how the elements in each facet could be separated
so each facet can be well defined (Myford & Wolfe, 2003).The reliability value is the ratio of
true-score variance to test-score variance. This Rasch reliability value is in between 0 to 1.
High value indicates that there is a high separation level between the elements in a facet
(Wright & Masters, 1982).

The Alpha Cronbach value in this research for students was 0.94, raters (0.99), and
mathematical process criteria (0.99). Table 3 below shows the reliability values for the
students, raters, and the mathematical process criteria, that was between 0.94 to 0.99 with
the separation index between 3.94 and 11.00. This value complements the Rasch
measurement model. Therefore, the value of the respondents’ reliability was > 0.8 and the
separation index value was > 2, and they were well accepted (Bond & Fox, 2015; Linacre,
2018).

Table 3. Reliability and Separation Index for the ProM3 Instrument’s Facets

Facet Reliability value Separation Index
Students 0.94 3.94
Raters 0.98 11.00
Mathematical Process Criteria 0.99 8.74

Validity

The second analysis is pertaining the validity of each facet based on the Infit MNSQ and Outfit
MNSQ values in the range of 0.6 until 1.4. Infit (information-weighted mean square residuals)
is more sensitive towards the assessment that is expected to happen on students as
compared to outfit (outfit sensitive fit statistics) (Linacre, 2019). The range of Infit MNSQ
statistics in the previous studies as recorded were 0.4 until 1.2 (Wright & Linacre, 1989), 0.5
until 2.0 (Myford & Mislevy, 1995) and 0.75 until 1.3 (McNamara, 1996).

The Infit MNSQ and Outfit MNSQ statistics with the range of 0.6 until 1.4 was used for
the rating scale in Rasch analysis, thus be used in this research (Linacre, 2019). As for the
Outfit MNSQ statistics, it is similar to Infit MNSQ, but more sensitive towards the outliers. The
range accepted to identify the non-fitting Outfit MNSQ is similar to the Infit MNSQ; between
0.6 until 1.4. Both Infit MNSQ and Outfit MNSQ statistics were checked to identify the data
that did not fit with MRFM. The validity of each facet will be discussed below.

(i) Students Facet

Table 4 shows the students’ measurement report, including students’ measurement values,
RMSE values, standard error, separation index, and chi-square values. The students’
measurement values were in between -3.45 logit (standard error = 0.38, students 138), which
was the lowest measurement, and 4.71 logit (standard error = 0.62, students 141), which was
the highest measurement. The RMSE value for the students’ facet was 0.31. The separation
index was 3.94 which indicated that the students were able to be separated according to their
abilities. This was further verified by the significant value of chi-square; x2 = 2666.1, p < 0.01,
df=187. The significant separation index and chi-square values also indicated that the
measurement recorded for the students could be used to differentiate them according to
their abilities (Linacre, 2019).

The validity refers to the Infit MNSQ and Outfit MNSQ statistics which was to identify
the data that fit the measurement model. The findings revealed that 161 (85.64%) from the
original population of students taking part in this research recorded the Infit MNSQ value
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between 0.60 — 1.40 and Outfit MNSQ (0.60 — 1.40), which are in the acceptable range. This
means that the data of students’ facet fulfils the expected measurement model, thus has
validity.

Table 4. Students’ Ability

Students Measurement Standard Error Infit MNSQ Outfit MNSQ
Value (SE)
141 4,71 0.62 1.16 1.22
10 1.39 0.31 1.40 1.35
46 1.53 0.28 1.23 1.40
71 -0.42 0.26 0.60 0.60
138 -3.48 0.38 1.39 1.44

Note. Chi-square value: 2666.1; df: 187; significant (probability): 0.00 Value RMSE: 0.31;
Separation Index: 3.94

(ii) Rater Facet

Table 5 shows the statistical measurement for raters’ facet which consists of severity,
standard error, and the values of Infit and Outfit MNSQ. Raters’ severity refers to their
tendency either to score their students leniently or strictly (Eckes, 2015). In this research, the
raters’ severity was in the range of -0.59 logit (SE=006) for Rater B, who was the most lenient,
until 0.74 logit (SE=0.06) for Rater D, who was the strictest. The stated standard error
indicates the accuracy of each strictness measurement (Linacre, 2018).

The difference in strictness based on the chi-square test shows that there was a
significant difference (x2 = 386.9, df = 6, p < 0.01) between the raters. This indicates that the
raters possess different severity in scoring. However, from the 1170 opportunities of
agreement between the raters, 88 agreements were achieved that is 51.8% as compared to
73.5 (43.2%) expected agreements.

The values of Infit and Outfit MNSQ for each rater scoring the students’ progress
depicts their consistency in assessing. The Infit MNSQ values for each rater lies in the
acceptable range, which is between 0.87 and 1.05, and 0.89 until 1.11 for the Outfit MNSQ.
The readings are in the acceptable range which means that the raters assessed each student
consistently, thus their assessments’ scores have validity (Eckes, 2015).

Table 5. Raters’ Measurement Facet

Rater Severity Standard Error Infit MNSQ Outfit MNSQ
Measurement (SE)
D 0.74 0.06 1.02 1.02
G 0.26 0.06 0.95 0.98
C 0.24 0.06 0.98 0.99
E -0.03 0.06 1.05 1.04
A -0.06 0.06 1.01 1.01
F -0.57 0.06 0.87 0.89
B -0.59 0.06 1.05 1.11

Note. Chi-square value 386.9; df: 6; Significant (Probability): 0.00
Inter-Rater agreement opportunities: 170 Exact agreements: 88 = 51.80% Expected: 73.5 =
43.2%
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(iii) Mathematical Process Criteria Facet

Based on Table 6, quantitative reasoning was the hardest criteria (1.45 logit, SE=0.12), while
problem identification was the easiest criteria (-2.38 logit, SE=0.13). The chi-square test value
was 2065.6, df was 28, p<0.01, which indicates that there was a significant difference in
difficulties of the assessed criteria (Linacre, 2018). This strengthens the claim that there is a
significant variation of difficulties among the criteria. Figure 1 shows the positions of each
criterion according to the difficulty level. The criteria on the most top level is the hardest,
which is the quantitative reasoning, while the one at the lowest level is the easiest, which is
problem identification.

The accuracy of the measurement can be seen based on the standard error (SE)
recorded in Table 6. The standard error for all criteria were between 0.11 and 0.14. Then, the
value of MNSQ was analysed to determine if the responses for each criterion fits the expected
measurement of Rasch model. Table 6 shows the range of Infit MNSQ for all criteria (between
0.60 — 1.38) whereas the Outfit MNSQ lies between 0.63 — 1.36. The values are in the
acceptable range of 0.6 — 1.4 (Linacre, 2019). Thus, it can be said that all the criteria have
appropriate values and complements the Rasch measurement model, hence has validity.

Table 6. Measurement Facet of Mathematical Process Criteria

Criteria Measurement  Standard Error  Infit MNSQ  Outfit MNSQ
(SE)
Quantitative Reasoning 1.45 0.12 1.37 1.31
Relation with subject 0.20 0.12 1.38 1.36
Identifying trend 1.33 0.14 1.17 1.14
Abstract reasoning 0.74 0.11 0.60 0.63
Identifying problem -2.38 0.13 0.63 0.76

Note. Chi-square value: 2065.6; df: 28; Significant (probability): 0.00

Facets program sequences the level of students’ ability, raters’ strictness, and
criteria’s difficulty from assessment scale to logit scale, and prepares a single reference to
interpret the findings. In the Wright map, all the measurements for students, raters, criteria
and scales’ categories were vertically positioned on the same dimension, with logit as the
measurement unit (Eckes, 2015).

Figure 1 shows the Wright map, which depicts the positioning of each facet involved.
The first column represents the measurement scale in logit, followed by the second column
of student’ ability parameter, raters’ severity in the third column, level of criteria’s difficulty
in column four, and the scale of rubric’s score in the fifth column.

Each star in the first row represents two students, while each dot represents one
student. The students’ ability was arranged according to the positive orientation where the
students with higher ability positioned at the top, while the lower ability students were placed
at the bottom part of the map. Contrastingly, the mapping of raters’ severity and criteria’s
difficulty were arranged with the strictest rater and hardest criteria being on top, whereas
the most lenient rater and easiest criteria were positioned at the bottom.

As observed, the variation in the measurement of raters’ severity was in the
acceptable range with the logit distribution of 1.33, which is 16.2% of the observed logit
distribution of students’ ability (8.9 logits). This indicates that although there was a difference
in the raters’ severity level, the use of proM3 rubric as a scoring manual reduced clashes
among raters in rating the students’ abilities. This situation normally happens for the expert
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raters and although there is a practice to prioritize mutual agreement with other raters, but
they can be seen to be working independently (Linacre, 2018).
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Figure 1. All Facet Vertical Ruler

Implication and Suggestion

This research shows that the analysis based on MRFM connects three variables including
students’ mathematical processing ability, the severity of raters, and the difficulty of criteria
in ProM3 rubric. By collecting the information, the data can be researched holistically for each
individual, which is difficult to be done in a traditional test analysis. Therefore, Rasch
measurement can provide sufficient beneficial information to develop an assessment rubric
to measure students’ mathematical process. Besides, by using the Rasch measurement
model, the expected reliability of students’ mathematical process can be elevated by
identifying the elements which affect the scores.

Rasch analysis allows to study the raters, criteria, and the combination of raters over
criteria and specific students’ group that affects the reliability value (Eckes, 2015).Thus,
further analysis on raters effect such as their severity effect, halo effect and the bias effect
should be carried out to gather more information pertaining the validity of the developed
rubric.
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Moreover, this research only focuses on one problem solving and reflective writing
task, and involves only Form 1 students from boarding schools in northern and middle zones.
The future research should focus on the validity and reliability of ProM3 Rubric in other tasks
or assignments or different groups of students.

Conclusion

The new curriculum of Mathematics focuses on the students’ mathematical process and their
skills in solving problems to encourage them develop their understanding and concept
independently. The process of problem solving gives an opportunity for the students their full
potential to experience cognitive process of mathematics by making connection, reasoning,
representation, mathematical communication, and problem solving. A well planned and
structured activity of problem solving include situation and a valid rubric that allows students’
mathematical process to be measured, and the findings of the measurement can be used to
aid students’ learning. MRFM analysis can be used to analyse the quality of items holistically
not only pertaining the mathematical processing ability of students and the criteria’s
difficulty, but also the raters’ severity to further verify the developed rubric. The findings of
Facets analysis recorded high reliability index for students, raters and criteria, the hierarchical
positioning of items according the difficulty level and the variation of raters’ severity
measurement in a minimum range. This indicates the ProM3 Rubric can be used to measure
students’ mathematical process, and it is valid and reliable.
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