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Abstract

Mathematics education and math anxiety are closely. intertwinéd. Math anxiety is a
psychological phenomenon that can negativelyaimpact anjadividual’s ability to learn and
perform mathematical tasks. Various teachingmetheds can effectively reduce this anxiety, as
math anxiety is a significant barrier to @ffective leaning in this subject. Identifying and
implementing the best teaching methods to alleviateithis anxiety can greatly enhance students’
academic performance. [One inmovative approach for evaluating the efficiency and
effectiveness of different teaghing methods is the use of Data Envelopment Analysis (DEA).

In this study, Network Data EnvelopmentiAnalysis (NDEA) and Sexton’s ranking method are
employed to examine different methods of teaching mathematics and their impact on reducing
math anxiety. In‘the’two-stageyDEA approach, various processes and outputs are analyzed in
two stages. This allows for, a more comprehensive evaluation of the efficiency of the
educational system.

The primary“ebjective of this research is to propose an optimal method for teaching
mathematiesdisingtwo-stage DEA to reduce math anxiety among students. Additionally, this
method facHitates a more precise identification of the strengths and weaknesses of the
educational system, allowing for benchmarking against successful schools.

In this study, several teaching methods were implemented in classrooms and subsequently
evaluated using the proposed method. The results indicated that the game-based method
achieved the highest ranking. Based on these findings, efforts will be made to apply this
method in classrooms to reduce students’ math anxiety effectively.

Keywords: math anxiety, network data envelopment analysis (NDEA),
ranking, sexton, evaluation.



Introduction

Math anxiety is defined as a fear, tension, or concern regarding mathematical abilities, which
can negatively affect academic performance and hinder active participation in math-related
activities. This anxiety may manifest in various forms, such as avoiding math classes, feeling
incapable of solving math problems, or experiencing intense anxiety during math exams [1].

Math anxiety is a psychological state involving feelings of fear, worry, and lack of confidence
when faced with mathematical concepts or problems. It can have numerous adverse effects on
academic performance and even an individual's daily life. Math anxiety refersiteamemotional
and psychological condition marked by intense fear and concern, when encountering
mathematics. This condition can lead individuals to avoid mathematical activities, thereby
impacting their academic achievements.

Mathematics anxiety is one of the common challenges among studenis, negatively affecting
their academic performance and self-confidence. This typeef anxiety refers to excessive fear
and worry when dealing with mathematical problems and concepts, often leading to avoidance
of math classes and a decline in academic performance. The significance of addressing this
issue stems from the pivotal role mathematics(plays,as a foundational and essential subject in
the educational system, contributing significantly to'the development of students' analytical
and logical skills.

One effective way to combat mathsanxiety is identifying the best teaching methods that can
alleviate this anxiety whileyenhancing 'students™ interest and motivation toward learning
mathematics. Adopting and implementing appropriate teaching strategies can help students
better understand mathematical conceptsfand enjoy the learning experience. This not only
improves their academic performanceibut also boosts their confidence and motivation.

To this end, leveraging seientifieftools to evaluate and rank the effectiveness of teaching
methods is crucial. Data Envelopment Analysis (DEA) is one such tool that, due to its unique
capabilities in“assessingyefficiency and performance, can effectively identify the most
impactful teachingimethods. Two-stage DEA models are particularly suitable for analyzing
the performanee of complex and multi-criteria systems, enabling the identification of methods
with the greatest impact on reducing math anxiety.

The objectivetof this study is to evaluate and rank various mathematics teaching methods
using a two-stage DEA model to determine the best approach for reducing math anxiety. This
research aims to provide valuable insights for teachers and educational administrators in
selecting and implementing more effective teaching methods, ultimately improving the
quality of math education and alleviating students' anxiety.

In the following sections, we discuss the definition and importance of math anxiety, review
the DEA and two-stage DEA models, and then propose a model using Sexton ranking to
identify the most effective teaching methods for reducing math anxiety.
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This article includes a case study on the ranking of schools in Semnan and examines the role
of mathematics education in reducing math anxiety. It applies the two-stage Network Data
Envelopment Analysis (NDEA) method to rank and evaluate the efficiency of network units.
The results obtained from the ranking and network efficiency analysis are also discussed and
reviewed.

Math anxiety

Kazelskis et al. (2000) argue that there is no unified definition of math anxiety among
researchers. Some focus on the physical reactions experienced during mathematical tasks,
while others emphasize the feelings of worry and fear when faced with math-related situations.
The contemporary perspective highlights negative emotional reactions and concerns, related
to mathematics. Below are some examples of researchers' definitions,of mathranxiety [2].

Smith outlines the characteristics of math anxiety as follows: Difficultyawhen asked to perform
a mathematical operation (e.g., adding the prices of purchased items). Avoidance of math
classes whenever possible. Physical symptoms such asmillness, weakness, pain, or panic.
Inability to complete a math test. Reliance on remedial classes, which yield limited success
[3]. Some experts in mathematics education argue that, thriving in today's complex and
advanced world requires creative thinking and, dynamic,Jproductive thought processes.
Effective learning of mathematics can“play ‘@signifieant role myshaping and fostering these
skills (Schoenfeld, 1989) [4]. Tobias (1998) reported that millions of individuals have lost
educational and career opportunities due 1o, theix, fear of mathematics and their poor
performance in the subjectyMany of the,learningand teaching challenges in a math classroom
arise because teachers often‘instruct based on their own preferences, without considering the
individual differences among Students. This approach neglects the diverse needs of many
learners. Consequently, theories that help math teachers identify individual differences,
capabilities, and,learning styles are,invaluable for enhancing teaching effectiveness [5].

Since math anxiety, mathjattitude, and achievement motivation are among the personal
characteristicgythat influence learning, it is essential to consider these individual components
in mathematics ‘education¥and learning. It should be noted that anxiety and psychological
pressure haveia,prominent place in school and even university-level mathematics teaching and
learning. ‘Math anxiety is, in fact, a psychological state that arises when individuals are
confronted with mathematical content, the teaching-learning environment, problem-solving,
or exams. This state is typically accompanied by excessive worry, mental disruption,
confusion, intrusive thoughts, and psychological tension [6].

One of the significant sources of math anxiety is word problems [7]. Learners need a higher
level of reasoning and understanding to solve these problems, and if these strategies are not
taught, it leads to anxiety and, consequently, avoidance of mathematics. Research findings
show that individuals with high math anxiety perform worse in solving math problems
compared to those with lower math anxiety. Santrack (2003) also concluded in his research
that anxiety depletes cognitive resources and disrupts any form of academic performance [8].
Additionally, Ma (1999) demonstrated through a multi-analysis approach that reducing math
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anxiety leads to an improvement in individuals' math performance from a rank of 50 to 71,
concluding that math anxiety plays a significant role in academic achievement in mathematics
across different educational levels [9].

Mirzaeli, in his research, identified the barriers to learning mathematics as students' lack of
interest in math, the use of traditional teaching methods instead of modern ones, anxiety, lack
of self-confidence, the large volume of textbook content, and time limitations [10]. Amini, in
his study, considers the main factors for students' learning difficulties to be the teachers'
methods, the curriculum, the structure of the educational system, evaluation methods, family,
and lack of resources and equipment [11]. Given the existing methods, teachers are often
confused in choosing the right approach and cannot determine which methodds'more effective
in reducing math anxiety. This article attempts to find a way to reduce Students' anxiety
through ranking in NDEA.

A review of data envelopment analysis (DEA) method

Data Envelopment Analysis (DEA) is a non-parametricamethodyfor evaluating the efficiency
of Decision-Making Units (DMUSs) based on a perfermanceycomparison of their resource
utilization to produce outputs. DEA can be used to ‘calculate the relative efficiency of
educational methods and identify optimal approaches. Thisimethod was first introduced by
Charnes, Cooper, and Rhodes in 1978 and hasisince been widelysapplied across various fields,
including economics, engineering, management;:and even public and non-profit sectors. DEA
uses a mathematical model to assess the performance of decision-making units based on
multiple inputs and outputs. In otherwords, thisimethod evaluates the relative efficiency of
decision-making units usingidata‘related to inputs (e.g., resources consumed) and outputs
(e.g., products produced or.serviees delivered) [12].

In many applications, the ‘need to improve the accuracy and detail of analyses has led to the
adoption of newimethods, sueh as two-stage parallel networks in DEA.

In a two-stage metwaork, thetanalysis is divided into two separate stages that independently
analyze the data in parallel.,This structure enables analyses to be conducted more accurately
and comprehensively. Two-Stage networks in DEA consist of two distinct stages operating in
parallel to, provide a‘more precise assessment of unit efficiency. This approach is typically
used in caseswherethe data is more complex and multidimensional, requiring deeper analysis.

The first research on two-stage data was developed in 2004 with the introduction of network
DEA models by Lewis and Sexton [13]. Network DEA models (NDEA) measure the overall
efficiency of an organization as well as the efficiency of each sub-process within the
organization. These models also allow the decomposition of overall productivity through
mathematical relationships between the organization’s productivity, process efficiency, and
effectiveness. Unlike hierarchical activity structures, NDEA models utilize a network
structure [14].
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In classical DEA models, a system is usually treated as a black box for efficiency
measurement, with little attention given to its internal structure.

However, production operations often consist of a combination of series and parallel
processes, necessitating the use of network structures. Cao and Huang (2008) developed a
relational network DEA approach, commonly referred to as the two-stage DEA model [15].
This model measures the efficiency of processes and the system using two connected
processes in a series structure, where the system efficiency is the product of the outputs of
these two processes.

In two-stage DEA, the overall efficiency of each unit and the relationship between its stages
are evaluated by considering shared inputs and intermediate outputs/ Amirteimouri (2013)
developed a DEA method for measuring the efficiency of decision-makingiprocesses; dividing
them into two interconnected stages arranged in series [16]. In this_method, Outputs were
considered either complete or partial with shared resources.

Amirteimouri et al. (2015) used a network DEA model to evaluateithe efficiency of 25 gas
companies in Iran and ranked them using the cross-efficiengy method [17]. Zhang et al. (2019)
proposed a two-stage DEA model fogresource allecation based on zero-sum and constant-
sum profit assumptions, dividing all dnputs, intojdiscretionary and non-discretionary
categories. They presented two models for. reseurce “allocation based on environmental
efficiency scores [18].

Wang et al. (2019) analyzed, thetuniformity of decomposition weights in two-stage DEA
models with shared resources.“Ehey foundithat these weights are unbiased concerning the
second stage and that fixed weights,improve the differentiation between efficient units [19].
Tsai et al. (2020) examined, the theoretical relationship between efficiency scores obtained
from two-stage DEA maedelsyand the original CCR model. They also investigated how
asymmetric weight sets influence efficiency scores [20].

One of the major.challenges’in using DEA is the issue of ranking decision-making units.

Various'methads have been proposed for ranking units in DEA, among which the Sexton
method is‘oné of theymost well-known. The Sexton method seeks to provide a more accurate
ranking of ‘decision-making units by improving basic DEA models and utilizing more
advanced techniques.

This method considers different scales and employs multi-criteria analysis, helping
researchers and managers gain a more comprehensive understanding of the performance of
various units. Introduced in the 1980s, the Sexton method has since become a crucial tool for
analyzing efficiency and productivity [21].

STATEMENT OF THE PROBLEM
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The Sexton ranking model is one of the advanced methods in Data Envelopment Analysis
(DEA) used to evaluate the efficiency of Decision-Making Units (DMUs). This model is
specifically applied to two-stage structures that involve two sequential processes.

Classical DEA is typically used to measure the efficiency of DMUs with a single input and
output. Initially, the classical DEA model is applied separately to each stage, determining the
efficiency of each unit in each stage individually. The overall efficiency of each DMU is then
calculated by combining the efficiencies of the two stages. Various methods are available for
this combination, with the geometric mean being one of the common approaches. The Sexton
ranking model is employed to rank the units.

Step 1: Calculating the Efficiency of Units

First, the efficiency of each Decision-Making Unit (DMU) is’caleulated using the classical
DEA model. Assume there are n decision-making units, each'with mmm_iaputs and s outputs.
For this purpose, the CCR model is utilized. The model'1sformulated as follows:

max 6y = Y7o UrZy; @

St Yivix =1 =120
Y ViXij — Do UpZyj 20 i=12,,..,n
u-,v; =0 i=12,...m ,r=12..,s

u, Represents the output weights (&=1,..., S) v; represents the input weights (i=1,...,m),
yrjare the outputs of theyj-thiunit, and X;; are the inputs of the j-th unit.

Model of the se€end-stage:

max 039= Y7 U, Yy (2)
St Y vz =1 j=12,..,n
Y1 ViZij — Xreq UpYrj 20 j=12,,..,n
u,.,v; =0 i=12,..m ,r=12,..,s

Step 2: Ranking Efficient Units

In this stage, the Sexton method, based on cross efficiency, is used. Each Decision-Making
Unit (DMU) uses its own optimal weights to assess the efficiency of other units. In other
words, each DMU acts as an evaluator.
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Calculation of cross efficiency:

The cross efficiency of unit k is calculated using the optimal weights of unit j as follows:

Zf‘:l u;Yrk
Evi=<vm (3)
! i=1 Vi Xik
Where u;: represents the optimal output weights for the j™ unit, and v; represents the optimal
input weights for the j™ unit. y,,, Denotes the outputs of unit k, and x;, denotes the inputs of

unit k. The final ranking of the units is based on the average of their mutual efficiencies.

n
1
=N B, =
nz o = CEy
=1

CASE EXAMPLE

In this study, 20 girls' schools and 20 boys' schools from the city of,Semnan were selected. In
each school, 5 classes were randomly chosen, and a uniformientrance, test'was administered
to all students. Based on the test results, the schools weretdivided into four groups in such a
way that their average evaluations did not have significant differences. Each group consisted
of 5 schools, each school had 5 classes, and each class cemprised 20 students. In total, this
study involved 4,000 students and 200.teachers.

In the first stage, questionnaires were completed by:students, teachers, and parents. Then, the
teaching methods were introduced tosthe teachers of each school, and they were asked to
implement the assigned methed in theirteaching process. Each group of schools was randomly
assigned one of the following‘teaching methods: the explanatory method, the cooperative
learning method, the game-based method, and the brainstorming method. After completing
the instructional period, ajstandardized test was administered to the students, and an
educational task was givenyto reinforce learning.

This studyiis basedion the Data Envelopment Analysis (DEA) model with a two-stage network
structure.In thexfirst stage, the following variables were considered as inputs: students' scores
before teaching, students' stress levels before teaching, students' interest before teaching, the
number of correctly solved questions before teaching, and the time spent on teaching. The
intermediate outputs of this stage included: students’ stress and anxiety levels after teaching,
students' interest after teaching, and the number of correctly solved questions after teaching.

In the second stage, the intermediate outputs from the first stage were considered as inputs,
and the following variables were defined as final outputs: students’ scores after teaching and
the number of students who are no longer anxious.

Based on the Eql, Eg2, Eg3 model, the efficiency of each school was calculated, and a
comparison of teaching methods was conducted. The results of this analysis can help identify
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the most effective teaching method in reducing anxiety and improving students' academic
performance.

Table 1 presents the data for boys' schools, and Table 2 shows the corresponding results. Table
3 ranks the Boys' schools. Similarly, Table 4 provides data for girls' schools, Table 5 presents
the results for girls' schools, and Table 6 ranks the girls' schools.
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DMU Input1l | Input2 | Input3 | Input4 | Input5 | Intermediate Output | Intermediate Output | Antermediate Output Final Final
1 2 3 Outputl Output2

DMU1 2.15 2.2 1.2 3.6 3.3 3.6 2.95 2.8 2.55 2.85
DMU?2 2.55 24 1.4 3.6 3.5 3.6 2.7 3.35 3.5 3.35
DMU3 2.6 2.1 1.4 3.6 3.6 3.7 2.6 3.3 3.15 3.5
DMU4 2.3 24 1.2 3.8 3.3 1.2 28 3.3 2.9 3.45
DMUS5 2.45 2.2 1.4 3.6 2.95 3.2 265 3.45 3.1 3.45
DMUG6 2.25 2.3 1 1.8 2.95 3 2.3 2.6 2.3 2.6
DMU7 2.65 2.35 1 1.4 3.4 3.4 2.35 3.05 2.7 2.85
DMUS8 2.6 24 1.2 1.6 3.45 3.45 24 2.9 2.7 2.8
DMU9 2.55 2.3 1 1.4 32 3.2 2.3 2.85 2.7 2.7
DMU10 2.9 2.25 1 14 3.8 3.8 2.3 3.15 2.95 2.75
DMU11 2.15 2.3 4.6 3.8 3 34 3.15 3.35 3.05 3.55
DMU12 2.8 2.2 3 4 3.45 3.7 2.95 3.8 35 3.85
DMU13 2.35 2.3 3.8 4 345 3.75 3.1 3.5 3.05 3.5
DMU14 2.6 24 3:8 3.6 3.5 3.7 3.1 3.75 3.3 3.75
DMU15 | 2.45 3.35 38 3.6 3.6 3.95 3.2 3.55 3.15 35
DMU16 24 24 14 3.6 3.45 3.65 2.75 3.5 2.95 3.55
DMU17 2.75 2.25 1.8 3.8 3.65 3.75 2.85 3.35 3 3.35
DMU18 2.85 2.25 14 3.6 3.9 3.65 3.05 34 3.25 34




DMU19

2.4

2.1

1.6

3.8

3.35

3.45

2.8

3.1

2.75

2.9

DMU20

2.4

2.2

1.2

3.6

3.25

3.45

2.85

2.85

2.7

2.8

Table 1. Boys' Schools Data
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Table 2. Boys' school results

DMU | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Cross
efficiency
1 0.9;59 0.286 0.8665 0;;7 0.242 O.%OS 0.?233 0854 | 0692 0.73 O.E;OZ 0.‘1/*‘\ O.f;’ e 0.\;/\'3 08289 |f0s684 | 08258 0.233 0.8679 0.233 0.82161
2 0'%51 1 o_igg Oéie 0'281 0'204 0'365 0.9555 0'§33 0.9394 0'295 0':2 Y ':or 0'8; g 0.9149 {10.8613 | 0.9012 0'365 0'?381 1'(;45 0.90885
3 0275 0'%16 1 Oéig 0'8834 0'326 0.3115 0.9292 O'%OG 0.9329 0'?5 0'241 O'?: ' o,g:va 0.8907 ),/ 0.8834 | 1.0515 O'i% 1'%49 1.017 0.9356
4 1.(;87 0.?63 O.S;?O 1 O.%73 O.S;GO 0.329 0.9493 0.200 0.7677 0.208 0.7287 ~.‘:\ \ 0.%/\2 09212 | 09858 | 0.9226 0.260 0.363 1.%304 0.92425
5 1.%18 0.%93 0.53187 06952 0.9590 1.%43 0.9;63 0.952 0.8592 0.8875 0.252 0.885 nli\ O.Ei‘ A 00162 | 09214 | 1.0023 1.0343 1.(;20 1.(;93 0.959335
6 0.i40 0.;71 0.260 06758 0.7656 0.%42 0.%93 0.9211 O.iz54 0.7317 0.(25;99 0.‘;““ 0.7£\ ) 0.8209 08546 | 07647 | 07818 0.293 0.272 0.5;83 0.7997
! 0'7784 0'?6 0'269 05774 0.748 0'258 0.926 | 0.9519 0'217 0.8716 0'251 0'7501 0.7y° O'i63 0.8686 | 0.7159 | 0.8512 0'258 0'8819 1'%28 0.82596
8 0'282 0'210 0'249 05772 0'7324 0'%06 0'9806 0.9348 0'?369 0.8417 0'252 O'll\ " | oveA | 0829 | 08583 | 0.7115 | 0.8135 0'%06 0.797 0'(‘124 0.799595
9 0.7172 0.262 0.249 Oi713 0.7570 0.955 0.9238 0.9514 0.230 0.8383 0.(;41 0.296 0.7306 0838 | 08687 | 07039 | 08235 0.270 O.Séls 1.(;27 0.822715
10 0'292 0.85 0'129 O;;)G 0'289 0'§43 0'8881 0:8949, | "0:852 | 10.9894 O'i_\/i 0'\:“ 0'1” 0.825 | 0.8122 | 0.6331 | 0.8519 0'394 0'8133 0'%81 0.794015
1 1119 10907 | 0.956 | 0.76 0.847 | 094 0.965 1.0173 0842 0.833 1 0853 | +3A% ) 0943 1.0006 | 0.9495 | 0.9858 | 0.94 | 0.906 0472 0.90474
5 5 8 92 4 9 5 ° 9 1
12 0.974 0.%82 0.396 0é759 0.296 0.%69 0.%33 0.9397 0.261 09731 O.AV‘”V 0.93% 0.?/9‘/ 0.9557 09054 | 08618 | 1.0969 0.339 1.(;29 0.204 0.935195
13 1.(3131 0.250 0.&;32 0;36 0.7274 0.&;61 0.394 0.0385 0.264 08214 | +.a.% O.Eiﬂ O.Sii“ 0.8396 09179 | 08925 | 0.9614 0.238 0.%08 0529 | 0.862975
14 1'205 0'301 0.9839 0';6 0'?3 0'9240 0'%42 0.9815 0%49 0.8857 0'8573 0'8573 .'1“ 0.945 | 0.9466 | 0.8752 | 1.0088 0'240 0.929 | 0.567 0.89305




15 0.992 0'7772 0'243 0&14 0'257 0'8861 0'%11 0.9606 0‘286 0.652 0':“ O'iq ' O‘Zf " | 0758 | 093 | 08606 | 0.7057 0'9660 0'7113 0'5130 0.773495
16 1.(;69 0.5;54 0.%76 0627 0.8250 0.9567 o.s;ss 0.9648 o.ils 07918 0.968 1-%21 0.92416
17 0.8378 0.8636 0.291 0‘.118 0774 0.255 0.8829 0.8392 0.7745 08326 0-9827 0-%37 0.838065
18 0.266 0.5;80 0.5;99 0i880 0.273 0851 o.s;e1 0.8681 0.263 09152 0.9671 o.i73 086449
19 0.270 0.8232 o.i53 05.527 0.251 0.288 o.ios 0.8119 0.295 0.802L 0.5;99 0.223 080722
20 0.8846 o.fézg 0613 oégs 0.166 0.299 0.{;09 08051 | 0706 | 0773 0-263 0-9251 0.79479
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Table 3. Ranking of Boys' schools

rank
1 DMU5
2 DMU,
3 DMU,,
4 DMU,
5 DMU,,
6 DMU, %
7 DMU,, S
8 DMU, %
9 DMU, ¢
10
11 D
1 MU,
13 Us
DMU,
DMU,,
Q® DMU;
DMUg
18 DMU,,
19 DMU;,
20 DMU,s

In the table above DMUg, DMU5, DMU;,, DMU,, and DMU;,, e-based method was applied
have higher rankings compared to other schools. The schools where the cooperative method
was taught are ranked next. It is also observed that in the schools where the game-based
method was implemented, both the reinforcement of learning and the students' interest in
mathematics are higher than in other schools.






Boys' Elementary School

0.935705

0.823114

0.7923194

explanatory mehod game -based methode cooperative method brainstorming-based
method

Fig 1- Evaluation Chart of TeachingMetho '&ys' School
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Table 4. Girls' schools data

DMU Inputl | Input2 | Input3 | Input4 | Input5 | Intermediate | Intermediate | Intermedia
Output 1 Output 2 Output 3
DMU1 2.25 2.25 1.1 3.6 35 3.6 2.85 2.75
DMU2 2.55 2.45 1.55 3.65 3.65 3.45 2.45 3.55
DMU3 2.55 2.05 1.45 3.45 3.6 3.7 2.25 3.05
DMU4 2.6 2.4 1 3.8 3.25 2.45 2.8 33
DMU5 2.45 2.1 1.2 3.65 3.05 3.2 2.65 3.45
DMUG6 2.25 2.3 1.05 2.05 2.95 3.05 2.3 2.6
DMU7 2.65 2.35 1 1.4 34 3.4 2.35 3.05
DMUS 2.66 2.54 1.15 1.45 3.65 3.55 2.45 2.95
DMU9 2.55 2.3 1 1.4 3.2 3.2 2.3 2.85
DMU10 | 2.95 2.35 1.05 1.65 3.85 3.8 2.3 3.15
DMU11 2.15 2.3 4.6 3.8 3.05 3.4 3.25 3.35
DMU12 2.8 2.25 3.04 4.02 3.45 3.7 2.95 3.8
DMU13 2.35 2.3 3.8 4.04 3.45 3.75 3.2 35
DMU14 2.6 2.4 3.8 3.6 35 3.7 3.1 3.75
DMU15 2.55 3.45 3.9 3.7 3% 4.05 3.3 4.05
DMU16 2.3 2.3 1.3 3.5 3.35 3.55 2.65 34
DMUL17 2.75 2.25 1.8 3.8 3.65 3.75 2.85 3.35
DMU18 2.95 2.35 1.45 3.65 3.95 8.75 3.1 35
DMU19 2.4 2.1 1.65 3.:85 34 3.45 2.8 3.1
DMU20 2.5 2.2 125 3.65 3.45 3.45 2.85 2.85




Table 5. Girls' school result

D 1 2 3 4 5 6 7 8 9 |10|11 |12 (13 (14|15 |16 |17 | 18 | 19 | 20 | Cro
M SsS
U Effi
cie
ncy
1/0.1010|0 0|00 |0 ]0]0 |0 |0 [0 [0 [0 |0 40| 0.]0-po0. |06
80 | 78 | 66 | 69 [ 62 |00 |29 |30 | 62| 67 |66 |63 |67 |68 |65|70(70|69 |69 |76 | 17
55|42 |15 |8 |51 |87 | 01| 32 8 | 73 | 09 | 59 | 14 | 754747, | 39°("84 |, 62 1"79 | 96
2100 ]0.]]0.]0.1]0.1(0/0 00 |0 ]01]0 | O0gO5foOg)O0 |QeffoO0 |oO0 |07
96 | 99 | 83 |68 [ 82 |00 |39 |41 |80 |66|81|79 |84 |86 (79 [(84 | 90 h86 | 87 | 96 | 58
51|16 | 67 |24 |02 |97 | 4 |18 | 89|27 |07 |77 | 66 | 69788 | 28 w37 [ 72 | 4 | 98 | 06
5
3|0 | 1 1 0./0 |00 |]0.]0 |0 |0 |0 [Op/0 [fO. |0 |1.|]1.]|]1.] 1 |o0s8
96 | 05 72 | 83 |01 |41 (43 | 83|70 |81 |95 |96%91 |79 |84 (00 |02|03] 10| 22
96 | 56 96 | 26 | 01 | 68 | 57 |19 | 84 |08 »34 | 64 |06 [ 88 |72 |38 |68 | 8 | 61 | 61
4 10 |0.|O0. 1 0. [ 0. [0 |0 |0 j0. 0. | 0.%0. | O. [ @ 0. | 0. | 0. | 0. ] 0. ] 07
91 | 92 | 80 87 | 01|35 (|37 (84|97 | 7576 |8 |80 | 74|80 |90 |86 |85 |97 | 67
84 |92 | 74 64 |03 |77 [ 3903|0996 |'92| 9 |36 | 05| 5 |08 |01|14 |14 | 38
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Table 6. Ranking of Girls: Schools

rank

1 DMU,
2 DMUS,
3 DMU,
4 DMU,
5 DMU,,
6 DMU5
7 DMU;,
8 DMU,,
9 DMU,
10 DMU,,
11 DMU, &
12 DMU,g
13 DMU
14

15

16

In the table above DMU,, DMU5, DMU,, DMU,, and DMU,; e-based method was applied
have higher rankings compared to other schools. The schools where the cooperative method
was taught are ranked next. It is also observed that in the schools where the game-based
method was implemented, both the reinforcement of learning and the students' interest in
mathematics are higher than in other schools.



girls' Elementary School
0.783181

0.658462

0.603757
|

| I —————————— . ——————— |

explanatory mehod game -based methode cooperative method brainstorming-based
method
Fig 2- Evaluation Chart of Teaehing Methodsyi s’ School
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DISCUSSION AND CONCLUSION

Mathematics anxiety is a common issue among students that can significantly impact their
academic performance. This study examines the effect of mathematics instruction on reducing
students’ math anxiety using a two-stage network data envelopment analysis (DEA) model.
In the first stage, the efficiency of each network unit in generating inputs was measured, and
in the second stage, their ability to convert inputs into outputs was evaluated. This approach
allows for assessing the performance of educational units at both stages and can also be
applied in various fields such as transportation, production, healthcare services, and finance.

Based on the findings of this study, the game-based teaching method achieved the highest
ranking in both boys’ and girls’ schools compared to other teaching appfoaches. Fhese results
indicate that integrating mathematics education with games enhances students’ motivation
and reduces their anxiety. When mathematical concepts are presehted‘in.an engaging manner
and aligned with students’ real-life experiences, they becomegmore,interestedin learning and
take greater responsibility for their own education. The more comprehensible and tangible a
problem is for students, the easier it becomes for themofind selutions. Additionally, using
concrete examples, interactive exercises, and game-based. methods leads to better
understanding and increased enthusiasm for mathematics:

These findings can guide teachers and educationalypolicymakers in adopting innovative
teaching methods that improve the effectiveness, of mathematics learning while reducing
anxiety among students.
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