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1. INTRODUCTION

We live in a developing world where if we do not nurture students with an efficient and dynamic
education system, we will be left out of world educational standards. That’s why education has
long been of particular interest to mankind. Today, in modern societies, statesmen believe that
an integrated curriculum must be used to advance and achieve the prescribed goals. One of the
biggest challenges in writing an integrated curriculum at any level is to make the complex
concepts understandable at the same time with preserving their integrity for students (Fendel,
2012). Learning math is different from learning other subjects for different reasons.
Mathematics is the language of nature's explanation and is based on reason and creativity.
Besides examining the targeted learning content, the use of modern methods in evaluating the
educational methods is another concern of the educational system of any country. Education
system plays an essential role in economic and social development of any country because of
its mission in raising the required expert manpower. Therefore, assessing the performance of
its different domains is of great importance (Stacey et al., 2015). In addition to satisfying
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personal interests, mathematics has also been studied for practical objectives in other fields of
study (Gatabi, Stacey, & Gooya, 2012). In confirming the effective communication of
mathematics with other scientific fields, Gauss considered the math as the queen of sciences
(Gatabi et al., 2012).

A closer look can show the effect of math skills on different levels of life. Hence, it can be said
that student math success is always dependent on the future of a country, so the desire to
understand and identify the factors leading to student math success, it has always been crucial
to national leaders, policymakers, and educators (Burnett, 2005). According to Freudenthal,
math must be taught for its usefulness, and of course this is not achieved through useful
mathematical teaching, since any subject of mathematics can, however, be useful in limited
fields (Gravemeijer & Terwel, 2000). One of these useful methods is problem-solving and
combining it with the real world. Problem-solving is a vital skill for living in the present age.
Nowadays, authorities are called for high-level thinking skills and problem-solving, both in the
public and in the field of technologies in all activities (Stacey et al., 2015).

Given the importance of mathematics training and the stated goals, it is clear that the real-world
problem-solving ability is one of the issues emphasized and endorsed by policy makers in the
education system. One way to determine the realization of these goals are identification and
participation in international tests. Programme for International Student Assessment (PISA) is
an international study that emphasizes the application of mathematics to everyday life. The
main question of the PISA study of Organization for Economic Cooperation and Development
on mathematics is if students are mathematically prepared for future challenges (Adams & Wau,
2000). The PISA study has emerged to answer the assessment of 15-year-old students’ readiness
to address future challenges in after-school life, not just school life. This study has been
conducted every three years since 2000 (OECD, 2002). The tests used in PISA studies include
issues that measure students' ability to cope with real-world challenges, taking into account
different criteria (Development, n.d.)

1.1. In framework of the PISA study, mathematical literacy is defined as follows:

Mathematical literacy is an individual's talent to formulate, apply, and interpret mathematics in
a variety of fields, including mathematical reasoning and the use of mathematical concepts,
methods, facts, and tools to describe, express, and predict phenomena. Mathematics literacy
helps people to understand the role of mathematics in the world and to make the reasonable
judgments and decisions needed for a productive, committed and thoughtful citizen (Alvarez,
2018).

Real-world applications of the curriculum are serious challenges in targeting the school
curriculum. Given recent targeting in education organization, it is important to address students'
ability to apply mathematics in everyday life. A topic of interest today is the gap between the
mathematical world and the real world, resulting in students’ inability to use mathematics in the
real world (Alimohammadlou & Mohammadi, 2016). According to the latest National
Curriculum Document, students’ empowerment in applying mathematics to solve everyday
problems and abstractions are one of the main goals of mathematical education in the education
system (Gravemeijer, 1994). In addition, the Higher Education Council in the first high school
goals approval emphasizes that first-grade high school students must be proficient in the use of
mathematics to solve problems for themselves and society at the end of the course. Mathematics
education should therefore provide an opportunity for students to experience the relationship
between the real world and the mathematical world, thereby solving their everyday problems
(Breen, Cleary, & Shea, n.d.).

It can now be argued that the education system undoubtedly needs performance evaluation and
assessment in order to make the best use of its limited resources and better effectiveness. One
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of the most effective tools in this field is data envelopment analysis which is used as a non-
parametric method to calculate the efficiency of decision making units (Charnes, Cooper, &
Rhodes, 1978). Today, DEA technique is rapidly expanding and is being used in the evaluation
of various organizations and industries such as the banking industry, post offices, and hospitals,
training canters, power plants, refineries and more (Wang & Lan, 2011). Various papers and
studies have been presented to date based on this technique, which are mainly based on
conventional DEA models, such as CCR, BCC, etc. These models are not capable of evaluating
the performance of multiple-component decision making units (Fé&e, Grosskopf, & Roos, 1995).
Management needs methods to do so because of the need to know the performance of system
components. Therefore, in 1989, scientists such as Fare, Grosskopf, Lindgren and Roos used
the data envelopment analysis technique to calculate the Malmquist Index. In 1992, the
Malmquist Index was divided into two factors, efficiency changes, technology changes, and
changes in technology by the scientists. Every effort to increase efficiency and productivity,
which involves measuring, analysing, planning and improving productivity, falls into the
productivity cycle, and measuring productivity evaluation is the first and foremost task in this
cycle (Fare, Grosskopf, Lindgren & Roos, 1992).

1.2. In this regard, the present study seeks to answer the following questions:

* Does a teaching problem-solving technique help students to change, apply and interpret the
relationship of content areas to problems and find solutions?

* Does a teaching realistic math technique help students apply math textbook problems and
model simple real-life situations?

« Are the Malmquist and the GAMS effective tools in evaluating the performance of 9™ grade
students in mathematics literacy test?

« Is it possible to evaluate and compare students’ performance using the Malmquist Index and
Data Envelopment Analysis?

1.3. Conceptual definitions

Data Envelopment Analysis: It is a mathematical programming-based method that enables the
calculation of technical performance and Evaluate the data for desired programs with some
inputs and outputs of decision making units (DMU) without assigning weights to inputs and
outputs and matching them (Saglam, 2017).

The output-driven CCR model: The name of this model (CCR) is derived from the first letters
of the three scholars, namely, Charles, Cooper, and Rhodes. The model has constant-scale
output. The output models seek to maximize outputs without any increase (change or decrease)
in the amount of inputs(Sinuany-Stern, Mehrez, & Barboy, 1994). The purpose of this mode is
to maximize the output without increasing inputs or resources. The model is shown in equation
1:
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The model is always feasible and the optimal solution applies to the condition ¢"*>1. If p"*=1
then the DMU is technically efficient in the nature of the output. If **>1 then the DMU is
inefficient in the nature of the output (Basic & Model, 2005). Using this data envelopment
analysis model to calculate the efficiency and rankings of units, more than one unit may achieve
the highest efficiency coefficient, i.e. 1. In this case, it is not possible to compare and rank these
efficient units. In this case, the Anderson-Peterson (AP) method can be used to rank efficient
units (Charnes et al., 1978).

Anderson and Petersen Ranking (AP): Anderson and Petersen (1993) have developed a
method that is suitable for ranking efficient units and can help to compare and contrast units
that have performance 1. The method in linear programming model for DMU with efficiency
1, smaller constraint and equal to zero; corresponding to DMU is eliminated so that DMU does
not face resource constraint (Hosseinzadeh Lotfi et al., 2013). Then the model is resolved after
the changes are made. In this case the efficiency coefficient of the efficient units may be larger,
the unit is more efficient (Andersen & Petersen, 1993).

Productivity: The performance of a company in converting the input to the output can be
expressed in a variety of ways. One of the ways to measure performance is productivity ratio.
By defining a firm's productivity as the output-to-input ratios, values larger than this ratio reflect
the firm's better performance. The profitability is a relative relationship. Productivity is the
efficiency in using measured resources as the output relative to input. To calculate productivity,
it is necessary to calculate the input and output values. Productivity is technically broken down
into two factors: efficiency and effectiveness (Tohidi & Razavyan, 2013).

Efficiency: It is the ratio of actual yields to standardized and expected yields of efficiency, or
in fact the ratio of the amount of work done to the amount of work to be done (Emrouznejad &
Yang, 2018).

Malmquist: The Malmquist Productivity Evaluation Index is a two-way Index that calculates
productivity growth between two units (firm) in one period, or one firm in two different periods.
Stan Malmquist, Swedish economist, (1953) introduced the Malmquist Index as the standard of
living, and in 1982, it was first applied to production theory by Christensen and Diewert (Caves,
Christensen & Diewert, 2012). In 1989, Farr et al., used data envelopment analysis to calculate
the Malmaquist Index, and in 1994, the Index was broken down into two factors: efficiency and
technology (Balf, Lotfi, & Alizadeh, 2010). The data computed for the distance functions are
the technical efficiency obtained from data envelopment analysis equations. Thus, the
Malmquist Productivity Index is defined by the maximization between the two timest and t +
1, with respect to the common efficiency boundary at time t as equation 2.

do (Yer1, Xer1)
dg (Ye, Xo)
Similarly, the Malmquist Productivity Index is defined by the maximization between the two
times t and t + 1 with respect to the current efficiency boundary at time t + 1 as the equation 3.
do" (Yer1, Xes1)
df)+1(yt 'Xt)
The two Malmquist indices are equivalents, and the Malmquist productivity change Index is

expressed as the geometric mean of the two productivity indices and can be represented by the
equation 4.

MB (Yt'xt ) Yer1 'Xt+1) = (2)

M§E(Ye, Xe ) Yerr , Xepr) = (3)

di (Yes1, Xer1) 9 db (Yer1, Xes1)
d%]+1 (Yt ) Xt) d::] (Yt ) Xt)

This productivity equation expresses the point (Y 1), X ¢+1)) versus point (Y ¢, X ¢). Values

1
MO(YtJXt » Y1 'Xt+1) = [ ]2 4)
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greater than one represent productivity growth. If performance declines during the trend, the
Malmquist Index will be less than 1. Equation 4 can be broken down into equation 5 to allow
the Malmquist Index to show technological change, production scale and technical efficiency
(Wang & Lan, 2011).

di (Yerr, Xer1) . A (Yern, Xer1) 9 dj (Yo X¢)
dg (Y, Xp) A (Yern, Xerr)  d§FH(Ye, X0

In equation 5, the term outside the bracket represents the change in the technical efficiency at t
and t+ 1 and equals to the ratio of the technical efficiency at time t + 1 to the technical efficiency
at time t. The term inside the bracket represents the technological shift between the two above
times. Mo greater than 1 indicates that productivity evaluation has increased between the two
periods. This increase can be based on technical efficiency or technology advancement (change
of efficient border) (Diewert & Fox, 2010).

Realistic Mathematical Education: In the late 70s, Freudenthal et al., objected to the
American movement and the mechanical mathematics education approach in the Netherlands,
and explained the theory of realistic mathematics education (the new mathematics) to reform
the process of teaching and learning mathematics (Lange, 1987). The underlying philosophy of
realistic mathematic education was that the learner needed to gain mathematical understanding
by working on the fields which was meaningful for him (Freudenthal, 1973). In his view, the
real world is the source or starting pint of mathematic concept development (Koyuncu, Guzeller,
& Akyuz, 2016). Mathematics education in this way is guided by reinvention so that the student
can experience it himself (Esther, P&ez, Duque, & Garc B, 2018). The three key principles of
this approach are Guided reinvention, didactical phenomenology, and self-developed model
(Sumirattana, Makanong, & Thipkong, 2017).

Problem-Solving: From George Polya’s perspective, problem-solving strategy is done in the
following four steps (Pdlya, 1962):

1. (Understanding the problem) what is required in the problem?

2. (Deeper recognition of problem and map design) how the different components of the
problem are interconnected and what is the missing link to the problem data?

3. (Implementation of map for problem-solving) this step depends on the correct
implementation of steps 1 and 2. In fact, the major task to solve the problem is to get an idea
of what the map is and how it works.

4. (Review and getting back) controlling the correct execution of the map (Esther et al., 2018).

The problem-solving process in this research is based on the Polya's mathematical model and
the Shewhart cycle consisting of five parts that including Definition D, Assessment A, plan P,
Implementation I, communication C, (Sumirattana et al., 2017).

The PISA Study: The first PISA study was conducted in 2000. The study was held every three
years and the results of each course were published by the Organization for Economic
Cooperation and Development. The main question of the PISA about mathematics is whether
15-year-old students are mathematically prepared for future challenges in after-school life.
Testing this study focuses on real-world mathematics and operates beyond the school
matters(Programme for International Student Assessment & OECD 2009).

Evaluation Instrument GAMS: software is a powerful and comprehensive tool for solving
mathematical models even in large dimensions and disciplines of science, that is, wherever it is
necessary to make optimal decisions with time, cost, and resources, the mathematical modelling
should be used and GAMS is a highly efficient tool for solving these types of models. The most
important application of GAMS is the optimization of research models in operations and data
envelopment analysis and data evaluate (Rosenthal, 2007).

1
M()(Yt'Xt » Y1 'Xt+1) = ]2 (5)
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1.4. Research history

One of the researches related to mathematical literacy assessment in the world is a research in
which a test is designed to fit the mathematical knowledge level of 15 years old students. Based
on the results of this study, the mathematical literacy of these students is reported in the field
of understanding undesirable problem and in the field of interpreting, using processes,
modelling and very undesirable describing (Sari & Valentino, 2016).

In another study in Turkey, students’ success rates in answering a variety of the PISA test
questions in 2003 and 2012 were compared. According to this study, students have been more
successful in the both years in answering multiple-choice questions (Thomson, Hillman, &
Bortoli, 2013).

In another study, students’ performance in dealing with new problems but commensurate with
their mathematical knowledge was measured by a PISA test. The results of this study suggest
that math literacy among Irish 18- and 19-year-old students has been at a desirable level due to
their education in engineering fields, which is expected because of mathematical training
(Breen, Cleary, & Shea, n.d.)

Kok, Tire and Atan (2019) in another study did researches Efficiency Measurement with
Network DEA. They did compute the educational economy efficiency of the Organisation for
Economic Co-operation and Development. They study is the use of a novel approach to
computing the educational economic efficiency using relational network DEAL with GAMS
(Kogk et al, 2019).

Chen and Yao (2010) calculated the Malmquist Index for measuring total productivity changes
and its components in three important industries of China, including textile, chemical and metal
industries during four development plans of China by using Data Envelopment Analysis
Method. The results showed that productivity changes in 1966 in the fourth and fifth programs
compared to the previous programs, but in the sixth plan slightly increased (about 3 to 5%).
Total productivity components didn’t change significantly during programs (Chen & Lin, n.d.).

Wei and Hao (2011) studied the role of human capital on the total productivity growth of factors
in 30 Chinese provinces during 1985-2004 and used the Malmquist Index to measure
productivity growth. Results indicated that human capital had a positive significant effect on
the total productivity growth (Wei & Hao, n.d.).

Maodus et al., (1998) examined the effect of human capital on productivity in OECD countries
during 1965-1990. They used data envelopment analysis to perform this study. Results showed
that higher level of human capital increases productivity (Maudos & Pastor, 1998).

Chen and Lin (2006) conducted a case study on the R&D performance of 52 integrated
semiconductor companies located at the Sino Chou Science and Technology Park in Taiwan
using the DEA approach. Using the BCC model, they calculated the rates of technical and scale
efficiency. Results showed that R&D performance is very different among the firms evaluated,
and many inefficient firms have to increase their economic scales (Chen & Lin, n.d.).

2. METHOD
2.1. Variables

Accurate and appropriate selection of inputs and outputs is one of the determinants of achieving
reliable and proportional outcomes for educational purposes in order to calculate correct values
of productivity in different periods. In this study, each student is considered as a DMU with
two approaches to realistic mathematics education and the problem-solving process. Input of
each DMU (student) includes two realistic math instruction and math problem-solving methods.
The outputs in each DMU includes performance of each student using a mathematical literacy
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performance assessment taking into account the score obtained in pre-test in the beginning of
the academic year M and the mathematical post-test will be at the end of the first three months
A and the final exam at the end of academic year P. Finally, the productivity was calculated
using the Malmquist Index in the A-M and A-P intervals. GAMS software was used to calculate
the efficiency and productivity evaluation and finally the efficient units were sorted by the
Anderson and Peterson AP ranking method.

2.2. Methods

The statistical population consisted of the 9" grade female students of District 3 of Tehran. The
sample was selected by simple random sampling due to the high size of the statistical population.
120 students were selected as the experimental group, dividing into 4 classes based on Table 1.

Table 1. Classes Model

Trained education methods Number Class
Just problem-solving ( PS) 30 A
Just realistic mathematical method (RME) 30 B
Both educational methods (PS & RME) 30 C
Without educational method 30 D

Before performing the research, students were given a mathematical pre-test that questions were
calculated similar to post-test with validity and reliability (r = 0.209 - 0.743, p = 0.243 - 0.569)
and Cronbach's alpha 0.754 The math pre-test was conducted at the beginning of the M
academic year. After doing the research to evaluate the students' mathematical literacy and
calculating the final efficiency of questions, math post-test was conducted based on the PISA
(2015) at the end of our first three academic years A. The questions in this test were consistent
with realistic mathematics content and in accordance with the objectives of mathematical
problem-solving. First, students were given mathematical literacy pre-test, and then students of
experimental group were taught problem-solving and realistic mathematics in 12 weeks. Finally,
the mathematics test at the end of academic year P was conducted in June. After localization,
the final test was given to the experts to criticize the publishable questions in the PISA Studies
2012. After making corrections and approving by the experts, taking into account the
mathematical knowledge of 15-year-old students, a number of questions that did not fit with
the topics of mathematics books being taught in Iran were eliminated. Finally, a test consisting
of 10 questions with maximum similarity to the mathematical test of PISA was prepared. The
questions were given to several mathematics professors and mathematics educators and some
experienced high school math teachers and approved after review. Based on primary study,
Cronbach's alpha coefficient of this test was 0.73. Given that this value was greater than 0.7, it
showed good reliability. As mentioned earlier, students were taught problem-solving and
realistic mathematics methods in 12 weeks:

First three weeks of the course: Students were taught that the following should be clear to
solve a problem: What to find? What is the unknown? What is the assumption? What is the
known? What is the relationship between known and unknown? Students review the content of
the problem; the teacher should guide them based on their request and teach them how to use
and apply mathematical definitions. Students need to evaluate problem situations to provide
meaningful, simple models for problem-solving.

Second three weeks of the course: Students were taught to draw a problem-solving map using
tables, figures, diagrams, and data, so they could figure out a correct way to solve it.

Third three weeks of the course: The students were taught to apply all their guesses and plans
until they felt that they might not solve the problem, so they could prepare and execute a new
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project.

Final three weeks of the course: The student was finally taught to review all the steps taken,
re-examine their arguments and answers, and analyse the correctness of their solution.

Notice that throughout the courses, inspired by realistic mathematics, students were given the
opportunity to create their own mathematical knowledge, invent new mathematics, and relate
abstract mathematics to the real world. Given that each student is considered as a DMU, the
performance of each student in the first stage was calculated with the first test score in
October and the second test score in December EMA and in the second stage with the second
test score in December and score the final test in June EAP. The total score of each test is 20,
i.e. 10 questions with 2 points each. The performance of the data was calculated using the
output-driven CCR model. At the end of the year after the calculation of final performance,
the Malmquist Index was used to calculate data productivity evaluation. The research model
is presented in Figure 1.

INPUT October €=—==2 OUTPUT December
INPUT December === OUTPUT June

Problem solving
&
Realistic
mathematical

edlztgtl:;nal . Literacy
Both mathematics
method educational

methods
&
Without
methods
Initial Evaluation Final Evaluation productivity
Malmquist Malmquist Evaluation
Model 6, Model 0, ¢

Figure 1. Input & Output Model of the Malmquist Index

3. RESULT

In this section, considering the results of tests taken by the students, data will be described
and the questions answered. Table 2 briefly refers to the used terms.

Table 2. Abbreviation Table

Abbreviation  Explanation Abbreviation  Explanation

DMU Decision Making Unit TCI Technical Change Index

RME Realistic Mathematics Education ~ SECI Scale Efficiency Change Index

PS Problem Solving FGLR Fare, Grosskof, Lindgren and Roos
EMA Efficiency October-December FGLR Malmquist Model

EAP Efficiency December- June FPCI Factory Productivity Change Index
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Question 1: Does teaching problem-solving techniques and applying and interpreting change
the content contexts of problems and finding solutions, help students?

Inputs are Class A who received math problem-solving training and the output is enhanced
math literacy according to Table 3. The mean percent of performance in the initial test before
problem-solving method was 23.3% and at the end of training 36.6% and the mean productivity
with the Malmquist Index was 63.3%. At a glance, according to Table 3, it can be said that
students' mathematical performance after receiving problem-solving, had better results for
Class A. Although the number of students who became effective after receiving the problem-
solving instruction was not high, the math scores with the Malmquist mean score showed
improvement in the final math test.

Table 3. Problem-Solving Efficiency

CLASS A
ROW DMU E(MA) E(AP) TCI SECI FGLR FPCI
1 DMU1 0.807 1.002 0.998 1.232 1.229 Increase
2 DMU2 1 0.875 0.947 0.875 0.829 Decrease
3 DMU3 0.969 0.797 1.193 0.823 0.982 Decrease
4 DMU4 0.81 0.719 0.984 0.888 0.874 Decrease
5 DMU5 1 1 0.074 1 0.974 Decrease
6 DMUG6 0.722 0.733 0.975 1.044 1.018 Increase
7 DMU7 0.954 0.906 0.907 0.905 0.922 Decrease
8 DMUS8 1 1 0.939 1 0.939 Decrease
9 DMU9 0.715 0.784 0.98 1.098 1.076 Increase
10 DMU10 0.392 1 0.971 1.038 1.007 Increase
11 DMU11 1 1 1.640 1 1.640 Increase
12 DMU12 0.665 1.01 1.201 1.177 1.413 Increase
13 DMU13 0.734 0.704 1.520 1 1.459 Increase
14 DMU14 0 0 0 0 0 0
15 DMU15 0.809 0.993 0.996 1.234 1.229 Increase
16 DMU16 0.39 1 0.971 1.038 1.007 Increase
17 DMU17 0.715 0.784 0.98 1.098 1.077 Increase
18 DMU18 0.705 0.794 0.96 1.097 1.076 Increase
19 DMU19 0.382 0.417 0.97 1.039 1.007 Increase
20 DMU20 1 1 0.074 1 0.974 Decrease
21 DMU21 0.709 0.79 0.98 1.098 1.076 Increase
22 DMU22 1 1 0.939 1 0.939 Decrease
23 DMU23 0.725 0.73 0.975 1.044 1.018 Increase
24 DMU24 0.704 0.795 0.96 1.097 1.076 Increase
25 DMU25 0.725 1 0.975 1.044 1.018 Increase
26 DMU26 0.959 0.901 0.907 0.905 0.922 Decrease
27 DMU27 0.49 1.03 0.971 1.038 1.007 Increase
28 DMU?28 1 0.875 0.947 0.875 0.829 Decrease
29 DMU29 0.715 0.83 0.97 1.049 1.018 Increase
30 DMU30 0.665 0.782 1.201 1.177 1.413 Increase
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Question 2: Does teaching realistic mathematics help students use mathematical textbook
problems and model simple life situations?

Inputs are Class B who receives realistic mathematics instruction and the output is enhanced
mathematical literacy according to Table 4. The mean percent of performance in the initial test
before realistic mathematics test was 20% and at the end of the training period was 33.3% and
the mean productivity with the Malmquist Index was 53.3% at a glance, according to Table 4,
it can be said that students' mathematical performance after performing realistic mathematics
had better results for class B.

Table 4. RME Efficiency

CLASS B
ROW DMU E(MA) E(AP) TCI SECI FGLR FPCI

1 DMU1 0.875 1 0.947 0.875 0.828 Decrease
2 DMU2 0.875 1 0.947 0.875 0.829 Decrease
3 DMU3 0.797 0.969 1.193 0.823 0.983 Decrease
4 DMU4 0.719 0.81 0.984 0.888 0.874 Decrease
5 DMUS5 1 1 0.074 1 0.974 Decrease
6 DMUG6 0.733 0.722 0.975 1.044 1.018 Increase
7 DMU7 0.906 0.954 0.907 0.905 0.922 Decrease
8 DMUS8 1 1 0.939 1 0.939 Decrease
9 DMU9 0.784 0.715 0.98 1.098 1.076 Increase
10 DMU10 0.407 0.392 0.971 1.038 1.007 Increase
11 DMU11 1 1 1.640 1 1.640 Increase
12 DMU12 0.87 1 0.952 0.875 0.829 Decrease
13 DMU13 0.704 0.734 1.520 1 1.459 Increase
14 DMU14 0.779 0.72 0.98 1.098 1.067 Increase
15 DMU15 0.993 0.809 0.996 1.234 1.227 Increase
16 DMU16 0.409 0.39 0.971 1.038 1.008 Increase
17 DMU17 0.784 0.715 0.98 1.098 1.077 Increase
18 DMU18 1 1 0.939 1 0.939 Decrease
19 DMU19 0.417 0.382 0.97 1.039 1.009 Increase
20 DMU20 1 1 0.074 1 0.974 Decrease
21 DMU21 0.79 0.709 0.98 1.098 1.076 Increase
22 DMU22 1 1 0.939 1 0.939 Decrease
23 DMU23 0.721 0.79 0.984 0.888 0.874 Decrease
24 DMU?24 0.795 0.704 0.96 1.097 1.076 Increase
25 DMU25 0.73 0.725 0.975 1.044 1.018 Increase
26 DMU26 0.901 0.959 0.907 0.905 0.923 Decrease
27 DMU27 0.399 0.49 0.971 1.038 1.007 Increase
28 DMU28 0.875 1 0.947 0.875 0.829 Decrease
29 DMU29 0.83 0.715 0.97 1.049 1.018 Increase
30 DMU30 0.812 0.635 1.201 1.177 1.412 Increase




Mostoli, Rostamy, Shahverani & Behzadi

Question 3: Are Malmquist and GAMS effective tools in evaluating the performance of 9%
grade students in mathematics literacy test?

Inputs are Class C who receives realistic mathematics instruction and problem-solving method
and the output is enhanced mathematical literacy according to Table 5. The mean percent of
performance in the initial test before realistic mathematics test was 13.3% and at the end of the
training period was 46.6% and the mean productivity with the Malmquist Index was 80%. At a
glance, according to Table 5, it can be said that students’ mathematical performance after
performing realistic mathematics and problem-solving had better results for Class C.

Table 5. Both Educational Methods Efficiency

CLASSC
ROW DMU E(MA) E(AP) TCI SECI FGLR FPCI

1 DMU1 0.722 0.733 0.975 1.044 1.018 Increase
2 DMU2 1 0.875 0.947 0.875 0.829 Decrease
3 DMU3 0.715 1.002 0.97 1.049 1.019 Increase
4 DMU4 0.633 1 1.201 1.177 1413 Increase
5 DMU5 0.715 1.01 0.98 1.098 1.075 Increase
6 DMUG6 0.722 1.05 0.975 1.044 1.018 Increase
7 DMU7 0.954 0.906 0.907 0.905 0.922 Decrease
8 DMUS8 1 1.004 0.947 0.875 0.829 Decrease
9 DMU9 0.715 0.784 0.98 1.098 1.076 Increase
10 DMU10 0.392 0.407 0.97 1.035 1.002 Increase
11 DMU11 0.49 0.399 0.971 1.038 1.007 Increase
12 DMU12 0.725 1.002 0.98 1.098 1.077 Increase
13 DMU13 0.665 0.782 1.201 1.177 1413 Increase
14 DMU14 0.72 0.779 0.98 1.098 1.067 Increase
15 DMU15 0.799 1.2 0.996 1.234 1.227 Increase
16 DMU16 0.39 1.03 0.971 1.038 1.018 Increase
17 DMU17 0.715 0.784 0.98 1.098 1.075 Increase
18 DMU18 0.704 1.01 0.96 1.097 1.076 Increase
19 DMU19 1 1 1.640 1 1.640 Increase
20 DMU20 0.725 0.73 0.975 1.044 1.018 Increase
21 DMU21 0.709 1.11 0.98 1.098 1.076 Increase
22 DMU22 1 0.999 0.939 1 0.969 Decrease
23 DMU23 0.79 0.721 0.984 0.888 0.874 Decrease
24 DMU24 0.704 0.795 0.96 1.097 1.076 Increase
25 DMU25 0.725 0.73 0.975 1.044 1.018 Increase
26 DMU26 0.959 0.901 0.907 0.905 0.913 Decrease
27 DMU27 0.49 0.399 0.971 1.038 1.007 Increase
28 DMU28 0.807 1.22 0.998 1.232 1.229 Increase
29 DMU29 0.715 1.1 0.97 1.049 1.018 Increase
30 DMU30 0.625 1.03 1.201 1.177 1.410 Increase

Class D participated in the tests without any training. According to Table 6, the mean percent
of performance in the initial test was 33.3% and at the end of the first three month of
experimental group was 20% and the total mean productivity with the Malmquist Index was
20%. At a glance, according to Table 6, it can be said that students' mathematical performance
without receiving realistic mathematics methods and problem-solving, had unfavourable results
compared to the beginning of the academic year for Class D.
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According to the Tables, the use of the Malmquist Index facilitates the achievement of students
in various time periods in the academic year. The Malmquist and the GAMS are used to assess
the quality of learning performances of 9" grade.

Table 6. Without Educational Method Efficiency

CLASSD
ROW DMU E(MA) E(AP) TCI SECI FGLR FPCI

1 DMU1 1 0.875 0.947 0.875 0.829 Decrease
2 DMU2 0.715 0.784 0.98 1.098 1.077 Increase
3 DMU3 1 1 0.939 1 0.939 Decrease
4 DMU4 0.382 0.417 0.97 1.039 1.009 Increase
5 DMU5 0.969 0.797 1.193 0.823 0.982 Decrease
6 DMUG6 0.81 0.719 0.984 0.888 0.874 Decrease
7 DMU7 1 1 0.939 1 0.939 Decrease
8 DMUS8 0.79 0.721 0.984 0.888 0.874 Decrease
9 DMU9 0.969 0.797 1.193 0.823 0.983 Decrease
10 DMU10 0.725 0.73 0.975 1.044 1.018 Increase
11 DMU11 0.959 0.901 0.907 0.905 0.923 Decrease
12 DMU12 0.49 0.399 0.971 1.038 1.007 Increase
13 DMU13 1 0.875 0.947 0.875 0.829 Decrease
14 DMU14 0.969 0.797 1.193 0.823 0.982 Decrease
15 DMU15 0.81 0.719 0.984 0.888 0.874 Decrease
16 DMU16 0.797 0.969 1.193 0.823 0.983 Decrease
17 DMU17 0.719 0.81 0.984 0.888 0.874 Decrease
18 DMU18 0.969 0.797 1.193 0.823 0.983 Decrease
19 DMU19 0.81 0.719 0.984 0.888 0.874 Decrease
20 DMU20 1 1 0.074 1 0.974 Decrease
21 DMU21 0.959 0.901 0.907 0.905 0.922 Decrease
22 DMU22 0.954 0.906 0.907 0.905 0.922 Decrease
23 DMU23 1 1 0.939 1 0.939 Decrease
24 DMU24 0.715 0.784 0.98 1.098 1.076 Increase
25 DMU25 1 0.999 0.939 1 0.969 Decrease
26 DMU26 1 1 1.640 1 1.640 Increase
27 DMU27 1 0.87 0.952 0.875 0.829 Decrease
28 DMU28 0.959 0.901 0.907 0.905 0.913 Decrease
29 DMU29 0.81 0.719 0.984 0.888 0.874 Decrease
30 DMU30 1 1 0.074 1 0.974 Decrease

Question 4: Is it possible to evaluate and compare students' performance using the Malmquist
Index and Data Envelopment Analysis?

In this study, data envelopment analysis method and the Malmquist Index were used instead of
using statistical methods, t-student test, etc., which reduced the computational volume and the
execution of the model using Gams software, facilitated data analysis The final results,
according to Table 7 in this study show the feasibility of using data envelopment analysis to
compare the performance of students and classes and the Malmquist productivity evaluation
Index to determine productivity growth and performance improvement over specified time
periods, It can be used as a useful management tool for schools. All tangible and intangible
factors are included and consider all factors, especially those that are intangible, according to
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their usability. For example, if only performance calculations were considered for students
(tangible factors), in Class A, EMA = 23.3% and EAP = 36.6% were considered, as intangible
factors were also considered. Class A productivity evaluation with the Malmgquist Index was
63.3%, which can be attributed to increased student math literacy and Class A math progress.

Table 7. Class Evaluation Ranking

CLASS Averag E(MA) Averag E(AP) Average(FGLR) Rank(AP) PIS
class A 23.30% 36.60% 63.30% 2 1
class B 20% 33.30% 53.30% 3 T
class C 13.30% 46.60% 80% 1 1
class D 33.30% 20% 20% 4 1

4. DISCUSSION and CONCLUSION
4.1. Conclusion

This paper deals with the integrated approach of data envelopment analysis method and the
Malmquist Productivity Index to evaluate the performance of 9" grade high school students in
different time intervals to enhance mathematical literacy. In this paper, the students' relative
performance has been evaluated using data envelopment analysis and the Malmquist Index, and
the rate of productivity and performance improvement has been determined in two different
time intervals. According to the results, mathematics education can be successful when students
have the ability to solve everyday real-world challenges based on mathematical facts, methods
and concepts (Sumirattana et al., 2017). In solving a problem, the process of applying involves
using mathematical knowledge directly. It is a process done in the mathematical world.
Therefore, students who have done well in the world of mathematics do not have good results
in the real world. Accordingly, students should be familiar with and skilled in mathematical
processes such as problem-solving and applying problem-solving strategies and modelling (The
national curriculum in, 2014).

On the other hand, a process happening in the math world can improve students’ math
performance in making connections in the real world. Therefore, it can be concluded that the
combination of the two methods of problem-solving and realistic mathematics is effective in
promoting mathematical literacy, given that mathematical skills and knowledge defined within
the content of the mathematical curriculum are not intended in the use of the word “literacy”.
Its objective is to evaluate that part of mathematical knowledge that is used in many fields
diversely, thoughtfully and insightfully. Mathematical literacy is not limited to mathematical
technology knowledge, facts and mathematical calculations (Del R D, Sanz, & B(tari, 2019) .
In fact, we mean a wide, continuous and multi-dimensional spectrum from concepts to very
high degrees. One of the most important competencies that are implicitly understood by the
concept of mathematical literacy is the ability to design, formulate and solve internal and
external mathematical problems in different domains (Alvarez, 2018). Some of the productivity
indices in this research are easy understanding, access to information, easy calculation, and
access to information to calculate such simple indicators and, if used in conjunction with the
total productivity Index, are good tools for identifying weaknesses in the desired field.

The Malmquist Index and the GAMS can be used as a proper model to assess and rank the
students in education system by resolving the deficiencies and limitations and by better
identification of inputs and outputs since it is able to have a relatively fair evaluation of one
way analyzes by examining the inputs and outputs simultaneously.
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4.2. Discussion

One of the limitations of the Malmquist productivity indices is that they are very misleading if
used alone and can be relatively difficult to obtain data needed for comparative purposes, so it
is better to calculate them along with other models of data envelopment analysis. Despite the
benefits of this Index to its limitations, it is recommended to use it when there are multiple
inputs and outputs.

Because this Index provides a quantitative way to link everything from quality to process timing
and dozens of other important performance indicators to profitability, it can be effective in the
productivity evaluation of industry, agriculture and educational institutions. GAMS Software
can be introduced as a good instrument for evaluating students' grades with different
mathematical models in several time frames (Kalvelagen, n.d.), (Pinté&, 2007).
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6. APPENDIX

Score INPUT & OUTPUT Any Qestion

An example of the problem based on realistic mathematics education and PISA problem-

solving (2015):

A pizza seller sells two types of pizza with the same thickness in a small size with a diameter

of 30 cm, and a price of 308, in a large size with a diameter of 40 cm, at a price of 40 $,
Which pizza is worth buying?

DAPIC Math Problem-solving

1.

Define: definition of the problem with the student experiences, What do | want to do
(Pizza shape, definition of the circle) 0.25

Assess: Separation of keywords in the problem, assuming data as hypotheses. (Definition
of the area and perimeter of the circle, smaller and larger) 0.25

Plan: Guessing the operation, designing and determining the program. (Which approach
Is appropriate) 0.25

Implement: implementation of plans and guesses, make changes as needed. (Find the
perimeter and area and the appropriate ratio) 0.25

Communicate: assessing and analyzing the result, reviewing the problem back. (Review
and analysis of the solution) 0.25

Realistic Mathematics Education (RME)

1.

Guided reinvention: a hypothesis to create knowledge and innovation (innovation and
communication with the real world) 0.25

Didactical phenomenology: Creating a comprehensive description of an experienced
daily and real life phenomenon (the real experience of buying pizza) 0.25

Self-developed model: The model is developed by the student himself from an informal
to formal math. (Communication of Reality with Math) 0.25
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GAMS Software with the Malmquist Index

u gamside: ChUsers\miu\Uocumentstgamsdir\projdirygmspro).gpr - Ly A
file  Edit  Search  Windows Utilities Model Libraries  Help

SRR T e

D1 CCR (3loms | RMET.gms | B1CCR (3).gms | C1 CCR (3).0ms | CCR (31- Copygms | Malmauist gms

Sofftext Fs
Sonsymxref
Sonsymlist
Sonuellist
Sonuelxref I

Sets
i "Inputs" /il ,il0 /
r "Outputs" /ol "Ountpatients" , ol0 "Inpatients"/
j "Unitcs"™ JOMUQ1=DMU30/ ;

wlias (j,1):
Alias (3,M):

Table x1(i,3)

DMO1 DMUZ DMU3 DMU4 DMUS DMU& DMUT DMUS DMUS DMU10 DMUDL1 DMU1Z2 DMU13 DMU14 DMU1S DMOlé DMOU17 DHMU18 DMO1S DMO20 DMO21 DMUZ2
il @ 7 a 4 5 4 5 4 3 4 5 5 4 3 2 2 1 1 2 3 2 2
i2 5 & & & & 7 5 4 4 5 4 4 3 4 5 5 4 5 5 4 4 4
i3 8 8 7 T & @ 5 a a 5 5 5 5 4 4 5 5 4 4 5 4 5
i4 7 T 5.5 & T & 5 & 4 5.5 5 & T 5 3 3 4 4 4 5 5 4
i5 @ 5 a 5.5 6.5 5 4 5 5 4 5 4 5 a 5 L 4 5 5 o 7 5
i6 5 5 T 6.5 4 5 3 4 5 5.5 T 5 4 & 5 4 3 5 5.5 4 5 4
i7 5 @ 7 o 5 5 @ 4 5 & 3 4 5 a o 7 @ 5 5 o @ 4
i8 7 T T 5 T 7 & 5 & & T & T 5 4 3 & 5 4 3 3 5
is @ @ 7 T & @ 7 5 5 & L 5 4 5 4 7 5 5 3 o 5 4
il0 7 & 8 T 8 7 & T & T 6 T T & 5 5 4 5 5 5 6 7

Table vl(r,Jj)
DMO1 oMUz DMU3 DMUT4 DMUS DMUE oMU7 oMUs DMUS ODMUl10 DMU11) DMU12 DMU13 DMUl4 ODMU1S DMUlé DMU17 DMUl8 DMU1S DMU20 DMO21  DMO22 DM

ol 8.25 8 8 8 T 8 8 T 8 T 8.25 7.5 7 8 T 5.5 5 & & T T 6 7
o2 8 7 8 8 T 7 8 7 8 T 8 7 8 7 8 T 7 7 8 8 §.25 7 @
o3 8.25 8.2 8.28 8 8 8 8 8.25 8.25 8 T T & T 8 & T 7 8 T.5 & T &
04 8.25 7.5 8.25 8 8 7 7 7 7 T T 8 8 5 o @ @ @ a T 7 7

8.25

~
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ﬂ gamside: C:\Users\niu\Documents\gamsdirsprojdirigmsproj.gpr — =
File Edit Search Windows Utilities Model Libraries Help

|

D1 CCR (3lgms | RMET.gms | B1 CCR (3).gms | 1 CCR (3).gms | CCR (3) - Coppams || Maimauist ams

Table v2(r,3)

Wariables
z
Teta
tet
W
Lambda (3)
s(i) "Input excess"
tir) "Output shortfall™;
Positive Variables
Lamixda
E
T

Parameters
== (i) "Inputs of under evaluation DMO™
vvir)
zx(i,3)
zylr,3)
MR
tetll ()
cetlZ (i)
tet2l ()
tet22 (3)
PRA(T)
PROR(3)

File EFPRCAR /Results.txt/ ;
ations

W

<
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ﬂ gamside: Ch\Users\niu\Documents\gamsdirprojdirfigmsproj.gpr — =
File Edit Search Windows Utilities Model Libraries Help

SRR a——r 10 < ul

58 C:\Users\niu\Desktop\CCR (3) - Copy.gms ][5 [
D1 CCR (3lgms | AMET.gms | BT CCR (3).ams | C1 CCR (3).ams | CCR (3) - Copy.gms || Malmquist.ams
PRA(3) -
PROA(3)

File EFPRCOAR /Results.txt/

Egnations

Chjectivel

Chjective2

Constl (i)

Const2 (x)

Const3

Constd (i)

ConstS(x);
Chjectivel.. teta=e=tet;
IConstl(i).. Sum (j,zx(i,3) *Lambda (J) ) =1=Tet*xx (i) :
[Const2(x) .. Sum (j,zv(r,j) *Lambda (j) )=g=vvir):
(Const3.. Sum (j, Lamlkxda (j) )=e=1;

Models BCC_ Phasel /Objectivel,Constl, Const2, Const3/ ;

loop (3,
loop (I,x1(i,3)=x1(i,3)+ 0.010);
loop (I,x2(i,3)=x2(i,3)+ 0.010);

)z

loop (j, loop (r, zv(r,J)= wl(xr,J)}}:




