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approach" were applied as data collection tools. In the study, while
mathematical modeling activities based on STEM approach were applied
to the experimental group, the control group was taught according to
normal mathematics curriculum. As a result of the research, it was found
that the mathematics literacy levels and achievements of the students

developed positively. © 2023 IJESIM. All rights reserved

1. Introduction

The goal of raising useful individuals who have 21st century skills and contribute to scientific and
technological developments stands out as an indispensable basic element of educational processes in
many countries (Altunel, 2018; English, 2016; Murat, 2018). In this context, the need for individuals
who research, think, question and make new discoveries is constantly increasing depending on the
developments in technology. In this respect, Science, Technology, Engineering, Mathematics (STEM)
education, which aims to transform the knowledge gained by learners from STEM disciplines into
applications, new inventions and products, is also of great importance in terms of education
programs. (Mass and Engeln, 2019; Ministry of National Education (MoNE), 2016). The STEM
approach is important both in terms of combining theoretical knowledge from different disciplines
and in terms of skill development in these areas. In addition to interdisciplinary cooperation, it could
integrate by benefiting from different disciplines.

In the STEM education approach, the combination of STEM disciplines includes planned applications
for designing new products that facilitate human life and meet their wishes and needs, and the
process that can produce these products. STEM education practices also enable students to build
interdisciplinary relationships, learn collaboratively, express the information they have obtained in the
form of real-life situations, and develop their worldview by establishing a link between engineering
and science (Roehrig, Dare, Whalen and Wieselmann, 2021).
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Some educators recommend that all school subjects be STEM-focused, while others argue that STEM is
nothing more than a restructuring of the teaching process across all subjects (Arleback and Albarracin,
2019). The second group focuses on creating meanings for students in the solution process with the
collaborative method of real-life problems with the necessary information. For STEM educators, how
to effectively integrate disciplines but also how to ensure the integrity of each discipline is still an
unanswered question. Although little is known about how this integration can be achieved,
interdisciplinary integrated approaches to STEM education are nevertheless widely emphasized
(English 2017; Honey Pearson and Schweingruber (2014); STEM Task Force Report 2014; Arleback and
Albarracin, 2019).

Researchers use test results such as PISA and TIMMS to indicate the extent to which the need for
STEM education is necessary (Wang, Guo, and Jou, 2015; Corlu, 2014). It has been determined that
countries such as the UK, Japan and the USA, which integrate STEM education into their own
education policies, have taken the lead in the field of economics and that there have been significant
increases in the PISA and TIMMS exam results, which measure the competence of students in
mathematics and science, in favor of their students (Sakarya, 2015). In this context, it can be said that
STEM Education improves students' mathematical literacy positively.

In order to achieve success in mathematics education, significant changes should be made in the
approach to education. When we look at this process from the point of view of students; It is aimed to
be individuals with 21st century skills, who adopt the STEM education approach and who have a
STEM interest. From the point of view of the teacher; It aims to increase STEM content knowledge and
pedagogical field knowledge. For this process to work effectively, it is expected that STEM will be
integrated into the curriculum and that students will have the necessary competencies for the process
(Cepni, 2017). When the objectives of the mathematics curriculum are considered, it is aimed to
educate students who can solve problems, make modeling, use the information obtained in real-life
problems, establish interdisciplinary relationships and support mathematical information with
materials (MEB, 2017).

The relationship between STEM education and mathematics education can be considered in this
context. How STEM education will be implemented and how it will be adapted to existing education
systems is an important issue. When we look at the studies in the literature aimed at solving this issue,
we see that basically integration; (1) content, and (2) context, can be done in two different ways
(Roehrig, Moore, Wang and Palrk, 2012).

Content integration envisages the organization of science, technology, engineering and mathematics
into a single discipline and reduced to a single curriculum (Breiner, Harkness, Johnson and Koehler,
(2012); Roehrig et al., 2012). This approach threatens the existence of field education spaces and
identifies a STEM education field that is poised to replace them. When looking at context integration,
any of the fields is centered and at least one of the others; it is used as an aid to better teach the
discipline that is centered (Roehrig et al., 2012; Corlu, Capraro and Capraro, 2014). The central
structure of the education system in our country, its curricula, the number of personnel working in
related fields; Considering variables such as the university structure, the relevant departments in
universities and especially the inadequacy of the studies in the field of STEM education, it is seen that
the first option is not suitable for the education system in our country. Therefore, it can be assumed
that the second option is more feasible. In this respect, in this research, STEM education and
mathematics education are handled according to context integration.

With the use of mathematics as a tool in many fields and the increasing need for mathematics, it
brings to the fore the mathematical modeling approach that offers the opportunity to associate
mathematics with different disciplines and enables mathematics to be used more in real life.
Mathematical modeling provides the ability and competence to use mathematics to understand and
solve real-life problems (Giirbiiz and Dogan, 2018; English, 2016; Deep, 2017; Kaiser, 2005).

STEM education also contributes to the development of 21st century life skills by providing effective
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and permanent learning and interdisciplinary interaction of students, developing critical thinking
skills, creativity and productivity in individuals. Through this teaching, students are enabled to use
research-questioning, production and scientific research methods (Yildirim and Altun, 2015; Bakirci
and Kutlu, 2018). STEM Education and Mathematical modeling activities develop students' skills to
use mathematics in their daily lives, while at the same time providing the opportunity to discover,
interpret and create an original product in real life situations of the mathematical concepts they have
learned.

Mathematical literacy; It includes knowledge and skills such as being able to convert the information
reached into a mathematical expression, using the mathematical language, producing appropriate
solution stages to the problem by interpreting the problem and making sense of it mathematically,
and thinking mathematically (MEB, 2013). Mathematical literacy according to Ozgen and Bindak
(2008); It has enabled the person to be aware of the role of mathematics, to understand it and to
develop the ability to apply it to his daily life. In mathematical literacy problems, it measures how
much students can use their math knowledge to overcome real-life problems. Therefore, mathematical
modeling is important as an interdisciplinary transition tool to enable students to think analytically,
develop problem-solving, technological knowledge and skills. Research showing that mathematical
modeling can be used as a tool in the transition to STEM education (English, 2015; Kertil and Giirel,
2016; Dogan, Giirbiiz, Cavus Erdem and Sahin, 2018).

In STEM education integration, appropriate activities should be prepared and implemented to
strengthen these contexts. These activities should develop skills such as analyzing, producing,
designing, expressing mathematically, communicating. In this context, students also experience the
process of solving mathematical modeling problems in STEM activities (MEB STEM Report, 2016;
Yildirim, Yildirim, Yetisir and Ceylan, 2013; Breiner, Harkness, Johnson and Koehler, 2012; Dogan,
Giirbiiz, Cavus Erdem and $Sahin, 2018). With mathematical modeling activities in the context of
STEM, students can relate mathematical concepts that are quite abstract to real life. In the Mathematics
Course Curriculum, skills such as mathematical communication, discussion, problem building and
solving, mathematical reasoning, modeling, reasoning and association are explained for individuals to
become mathematically literate.

On the other hand, mathematical modeling, which is an important factor in the implementation of
STEM (Hamilton, Lesh, Lester and Brilleslyper, 2008), one of the important research areas of
mathematics education, has come to the forefront with its interdisciplinary dimension in recent years
(English, 2016; Dogan, Giirbiiz, Cavus Erdem and $ahin, 2018; English, 2015). Mathematical modeling
refers to the process of solving a real-life situation by turning it into a mathematical problem and
dealing with its consequences in real life (Kaiser, 2007). In this context, many researchers emphasize
that students' critical thinking, generalization and abstraction skills are developed through
mathematical modeling activities (NCTM, 2000; Boaler, 2001). In addition, the ability to model
mathematically in a real-life situation also means the ability to identify questions, assumptions or
appropriate variables, analyze and compare given models (Giizel, 2016; Niss, Blum and Galbraith,
2007). From this point of view, mathematical modeling and STEM Education studies not only develop
students' skills to use mathematics in their daily lives, but also provide the opportunity to discover,
interpret and create an original product of the mathematical concepts they learn in real-life situations.
From this point of view, there are many national and international studies in the literature that show
that mathematical modeling is an important factor in the transition to STEM education. It is seen that
these studies are generally focused on teacher candidates and teachers (Bergsten, Frejd, 2019; Bozan,
2018; Czocher, 2016; Du Plessis, 2018; English and Mousoulides, 2015; Geiger, 2019; Ozdemir,
Cappellaro, 2019; Weber, 2015). For example; In his work with engineering students, Czocher (2016)
concluded that students have difficulty in mathematical modeling processes using Fermi problems.
Similarly, Bergsten and Frejd (2019) have found that pre-service teachers plan activities appropriate to
STEM education and twenty-first century skills with mathematical modeling. Again, Giider and
Giirbiiz (2018) concluded that with STEM activities prepared according to mathematical modeling,
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students' interdisciplinary relationship skills developed and they developed positive attitudes towards
mathematics and science.

On the other hand, English (2016) drew attention to the importance of developing students'
mathematical literacy at the same time in order to give the necessary importance to mathematics in the
STEM approach. For this reason, many researchers point out that more attention should be paid to
studies aimed at increasing students' thinking skills, such as mathematical problem solving, modeling
and reasoning (English, Gainsburg, 2016; MacDonald, Goff, Dockett and Perry, 2016).

In most studies with teachers, teachers' views on the STEM approach (Du Plessis, 2018; Geiger, 2019;
Giil Biger, Uzoglu and Bozdogan, 2018; Ozcan, Kostur, 2018; Weber, 2015), competencies and attitudes
(Ersoy, 2018; Ozturk 2018; Yildirim, Turk, 2018). On the other hand, work with students is often
experimental work (Cho, Lee, 2013; English and Mousoulides, 2015; Miller, 2019) and academic
achievements (Ceylan, Karahan, 2021; Bergsten, Frejd 2019; Kennedy, Odell, 2019). 2014; Murat, 2018;
Yildirim and Tiirk 2018). On the other hand, it is seen that there are limited number of studies in
which STEM and mathematical modeling are carried out together. These studies often focus on the
role of mathematics in STEM education (Albarracin, Gorgorio 2019; Czocher, 2018; Derin, Aydin, 2020;
Ferrando et al. 2017; Mass, Geiger, Arisa and Goss, 2019) and STEM and mathematical modeling skills
(Arleback and Albarracin). , 2019; Schukajlow et al. 2018;) (Giider and Giirbiiz, 2018; English, 2016).
For example; In their study, Derin and Aydin (2020) examined the STEM and mathematical modeling
competencies and problem-solving skills of pre-service teachers and concluded that there were
significant and positive developments in teachers' STEM and mathematical modeling and problem-
solving skills.

There are serious problems about how to integrate mathematical modeling into curricula and it is
insufficient to provide students with modeling skills (Giirbiiz, Dogan, 2018). In this context,
mathematical modeling activities have an important place in STEM education as they can improve
students' problem-solving skills and increase their scientific, critical and analytical thinking, reasoning
and communication skills. Models can be used for different purposes such as logical thinking at
cognitive, social and behavioral levels, in the development of mathematical literacy and problem
solving skills. Therefore, mathematical modeling, which aims to solve real life problems and learn in
relation to other fields, is seen as an important process for educators and students (Karahan, Bozkurt,
2017; Cepni, 2017; Korkmaz, 2010). It is thought that this study is also important in terms of
contributing to the integration of the STEM approach, which is a new educational approach, with
mathematical modeling applications and mathematical literacy skills in line with the purposes of the
curriculum.

However, within the scope of the current literature, no study has been found examining the effect of
students' mathematical modeling skills on their mathematical literacy in the context of STEM
education. Based on this idea; The aim of this study is to provide mathematical modeling skills based
on the STEM education approach that will contribute to the achievement of the objectives of our
curriculum. In addition, in order to improve mathematical literacy, it is necessary to contribute to the
integration of the problems that provide these skills into our education system and to benefit from the
modeling that has found expression in our curriculum. In this context, in this study, it is aimed to
examine the effect of the application of mathematical modeling activities based on the STEM
education approach on the mathematical modeling skills and mathematical literacy of secondary
school students in the context of STEM and their views on STEM education.

1. Does it show that there is a significant difference between the mathematical literacy levels of
the students in the experimental group where mathematical modeling activities were carried out in
the STEM context and the control group in which the teaching was carried out?

2. Does it show that there is a significant difference between the math literacy achievement scores
of the students in the experimental group where mathematical modeling activities were carried out in
the STEM context and the control group in which the teaching was carried out?
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3. Is there a significant difference between the level of Mathematical Modeling Activities in STEM
Context of the students in the experimental group where mathematical modeling activities are applied
in the STEM context and the students in the control group where the current teaching is applied?

4. Is there a relationship between Mathematical Literacy levels and Mathematical Modeling Test
in STEM Context levels?"

5. What are the opinions of the experimental group where mathematical modeling activities are
applied in the context of STEM about the teaching process?

2. Method

This research is an explanatory mixed design study aimed at examining the effect of mathematical
modeling activities based on STEM approach and the impact of teaching process on mathematical
literacy levels and achievements of eighth grade students. Explanatory mixed design is a type of
research in which the researcher reaches a conclusion by analyzing first quantitative and then
qualitative data obtained according to the purpose (Creswell 2018). In this context, a semi-
experimental design, which is one of the quantitative research methods, was first applied. In semi-
experimental design studies, the research group is determined by selecting among ready-made groups
that are similar to each other in terms of input characteristics and is estimated by pre-test. In this
process, while the experimental procedures appropriate to the purpose of the research are carried out
in the experimental group, the existing teaching is applied in the control group. On the other hand,
semi-structured interviews were conducted with students about qualitative research design and
mathematical modeling activities based on STEM approach.

2.1. Workgroup

The study group of the study consists of 66 eighth grade students who continue their education in the
district center of Hatay. The study group in question consisted of 66 students who were trained in the
Elective Mathematics Applications Course at the school where one of the researchers worked
(Experimental Group: 33 individuals and Control group: 33). The study group consists of 32 female
and 34 male students. Criterion sampling method was used in the sampling method of the study. As a
criterion within the scope of this study; the conditions for students to be eighth grade, to attend
school, to be open to new methods in teaching, to have a more positive attitude towards the course, to
participate in the implementation process and to volunteer were taken into consideration. The
researchers identified the study groups on the condition that they were randomly selected from three
eighth-grade classes that met the specified criteria. When determining the working groups, the
equality of these groups (gender (X2=.96 Sd=1 P=.423) and academic achievement ((t(64)= .239; p>.05))
was taken into consideration. In order to conduct the research, the condition of being eighth grade
students, attending LGS preparatory studies and school, being open to new methods in teaching,
having a more positive attitude towards the lesson, participating in the application process and
problem solving test was taken as a basis. The qualitative data of the study group were selected by
purposeful sampling method among six students with different academic achievements in
mathematics. Two of these students are at a low level, two are at an intermediate and two are at a high
math achievement level.

2.2. Data Collection Tools

In the study, mathematical literacy scale, mathematical literacy achievement test, semi-structured
interview form about mathematical modeling activities based on STEM approach were used as data
collection tools.

Mathematical Literacy Scale: This scale was developed by Kiikey (2013) to determine the mathematical
literacy levels of students. This scale is a five-point Likert-type (always (5)-never (1)) measurement
tool consisting of 40 items to measure the mathematical literacy of middle school eighth-grade
students. In order to determine the construct validity of this mathematical literacy scale, Exploratory
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Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) were applied to the scale. As a result of
EFA, it was concluded that the scale has four factors (relationship, research and interpretation,
invention/evidence, visuality). It was concluded that the compliance values obtained as a result of
CFA were at an adequate level. In addition, the Cronbach Alpha internal consistency coefficient of the
scale for this sample was determined as .95.

Mathematical Literacy Achievement Test: In the development of the Mathematical Literacy
Achievement Test, a pool of questions was created by using the relevant literature. The questions in
this pool are created in such a way that they can be solved in four operations in line with the
achievements of the students before. In order to determine the content validity of the prepared
questions, a pilot application was made by taking the opinions of four experts on mathematics
education. Within the scope of this application, the suitability of the questions in the test to the level of
the student, their understandability, the mistakes made and the application period were evaluated. In
this context, the results obtained from the pilot studies were examined. Accordingly, item difficulty
value (pj), discrimination index (rjx) of the questions in the test, and independent groups t-test were
calculated for 27% of the upper and lower groups. Accordingly, the pj value of the questions in the test
is between .42 and .72; It was concluded that the distinctiveness value was between .41 and .82. On the
other hand, it was determined that there were significant differences between the scores of all students
in the 27% of the lower and upper groups. According to the results obtained, the mathematical literacy
achievement test consisting of 14 questions was reached.

Mathematical Modeling Problems in the Context of STEM: 'Mathematical Modeling Activities in the
Context of STEM', which is used as a pre-test and post-test, consists of four mathematical modeling
problems. Each of the 'Stadium', 'Water Waste', 'Biopsy' and 'Bicycle Safety' problems in the test were
created by scanning the questions in the relevant literature and books, including more than one
discipline, and associating real-life problems with mathematical achievements. The 'Water Waste' and
'‘Biopsy' questions were changed according to the level of the students. The other two questions were
taken as is. “Waste of Water”, “Biopsy” and “Bicycle Safety” questions were prepared by Sergeant
Erdem, Dogan and Giirbiiz (2018). The “Stadium” question was prepared by Bukova Giizel (2016).
The validity of the measurement tools prepared by taking the opinions of the experts in the field about
the clarity, comprehensibility and suitability of the questions to the level was ensured

Semi-structured interview form about mathematical modeling activities based on STEM approach:

This form was used to get students' views on mathematical modeling activities based on the STEM
approach. With the semi-structured interview method, in-depth information is provided both from
fixed-choice answers and from the field related to the research topic (Biiyiikoztiirk, 2017). In this
context, while preparing the interview questions, it was prepared within the framework of the studies
on STEM and Mathematical modeling and the relevant literature. Afterwards, the prepared questions
were presented to expert opinions, and the validity of the questions was ensured.

Mathematical Modeling Activities Based on the STEM Approach to the Application Process: The
questions in the literature and related books of the four activities such as 'Heat Insulation’, 'Lemonade
Sales', 'Electricity Production’, 'Height Footprint' from the mathematical modeling activity in the
context of STEM developed by the researcher to be used in the teaching process (Bozkurt Altan,
Karahan, 2019; Dost, 2019; Yiiksel, Kaya, Urhan and Sefik, 2019; Dede, Bukova, 2018; Cavus Erdem et
al., 2018) were scanned and were created in line with the gains that students had foreseen. As
explained in the theoretical framework, the activities were finalized in line with the opinion of an
expert, taking into account the characteristics that model building activities should have, and two
mathematical modeling activities were prepared as mathematical modeling activities in the context of
STEM.

The research was carried out in a total of 12 weeks, with an 8-week teaching process and a two-week
application period of the pre-test and post-tests. Only pre-test and post-tests were administered to the
control group students. In addition, in the control group, the teacher followed the current curriculum.
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In this process, the subjects and activities in the textbook were covered. The tests and activities applied
to the students in this process are given in the table below, respectively:

Table 1. Application process of the study

Week Application Name
STEM Interest Scale
1st and 2nd week Mathematical Literacy Self-Efficacy Scale,

Mathematical Literacy test,
Mathematical Modeling Activities in the Context of STEM Pre-Test

3rd week Information About STEM Education and Mathematical Modeling

4th and 5th week Mathematical Modeling Activity —Lemonade Sales

6th and 7th week Mathematical Modeling Activity —Height Footprint

7th and 8th week Mathematical Modeling Activity in the Context of STEM —Electricity Generation
9th and 10th week Mathematical Modeling Activity in the Context of STEM —Heat Insulation
STEM Interest Scale

11th and 12th week ~ Mathematical Literacy Self-Efficacy Scale,
Mathematical Literacy test,
Mathematical Modeling Activities in the Context of STEM Post-Test

Information about the STEM education approach and mathematical modeling used in the application
process, the definition of STEM education approach, its importance, the definition of mathematical
modeling and the solution process of the problems are given. Two Mathematical Modeling in STEM
Contexts and two Mathematical Modeling activities were implemented over an eight-week period.
Each activity was applied by the researcher himself in the 'Elective Mathematics Applications' course,
which is two hours per week.

In addition, the opinions of four experts in the field of mathematics education were used for the
content validity of these activities. One of the activities prepared is as follows:

Efficiency of Thermal Insulation: Mr. Adam is considering building a one-story building on a plot of
120 square meters with four sides open and covering the exterior of this building. Adam, who met
with an insulation company for the sheathing business, informed the company representative about
two different brands. Students are required to provide maximum energy efficiency by making the best
thermal insulation, to evaluate them with the life of the materials and the total cost of the design. It is
desirable that the house to be built and its thermal insulation be both economical and cost-effective.
This design task has been explained and the guidelines are as follows: (Bozkurt Altan and Karahan,
2019; Inceyol and Dogan, 2018).

-Students plan the knowledge and skills necessary to perform the main design task.

In line with the planning, it is expected that possible solutions will be investigated and the most
appropriate solution will be selected. The necessary criteria are determined for the success of the
solution process. These criteria are to determine the dimensions of the house for the construction of
the house, determine the type of material and the appropriate brand for thermal insulation.

-Mathematical calculations are made according to the determined criteria and students organize the
studies they design in the computer program in cooperation with their friends.

These activities were evaluated with the mathematical modeling evaluation title developed by Kertil
(2008). The rubric in question is the definition, mathematical explanation and solution of the problem;
It consists of the stages of expressing and solving problems with mathematical formulas and
equations. In the evaluation process of these stages, the correct answer was determined as 2 points, the
missing answer as 1 point, and the wrong answer as 0 points. Rubric assessment was used to evaluate
practice activities and mathematical modeling activities in the STEM context.
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2.3. Analysis of Data

Since the data obtained as a result of the research showed a normal distribution, independent groups
t-test was applied since there were two groups in the study. The results of the analysis conducted to
examine the normality distribution of the data are given in Table 2.

Table 2. Mathematics Literacy Scale Analysis Results and Achievement Tests Applied to Students

Group Skew Sunken
Math Literacy Scale Pretest Experimental Group -726 .888
Control Group 236 -.383
Mathematical Literacy Scale Final Test Experimental Group -1.460 1.668
Control Group -284 -.537
Mathematics Literacy Achievement Preliminary Exam  Experimental Group 1.301 1.846
Control Group 1.018 -.068
After Math Literacy Achievement Test Experimental Group -.554 =777
Control Group 1.058 618

Since the curtosis and skewness values of the data obtained according to Table 1 are between -1.96 and
+1.96, it can be said that the data provide the normal distribution status (Biiyiikoztiirk, 2017;
Tabachnick and Fidell, 2019).

While analyzing the data of the research, quantitative analysis methods were used. In this context,
parametric tests were used to provide assumptions in the study group. For this reason, descriptive
statistics (frequency, percentage, arithmetic mean and standard deviation), independent groups T-test,
ANCOVA, correlation analysis were used in the analysis of the relevant data. Accordingly, whether
there is a significant difference between the pre-test and post-test averages of the students in the study
group, which constitutes the study group, was examined using the independent groups t-test (Can,
2014). ANCOVA is a useful and powerful statistic if its assumptions are met (Biiyiikoztiirk, 2017).

In the analysis of the Mathematical Literacy Self-Efficacy Scale data, the ranges according to the mean
data were 1-1.80, “Never”; 1.81-2.60, “Sometimes”; 2.61-3.40, “Sometimes”; 3.41-4.20, “Most of the
Time”; 4.21-5.00, “Always” and the Mathematical Literacy Self-Efficacy Scale according to the results
of the students as 1.00-1.80, “I see myself completely inadequate”, 1.81-2.60, “I see myself as
inadequate”, 2.61-3.40, “I am undecided. ”, 3.41-4.20, “I consider myself sufficient”, 4.21-5.00, “I
consider myself completely sufficient” were evaluated.

While analyzing the students' mathematical modeling problems activity papers in the context of
STEM, each student's performance score was calculated by using the mathematical modeling stages
evaluation rubric. However, two encoders were used to calculate the performance score, and a
comparison was made between encoders. The first coder is the researcher himself, and the second
coder is a field expert in mathematics education. Afterwards, the Cronbach Alpha reliability
coefficient was found to be .91 as a result of the evaluation of the activities considering the total score.
By using the evaluation rubric, the scores that the students got from each step of the activities were
collected, the 'T-Test for Unrelated Samples' was used to analyze the relationship between the pre-test
and post-test overall scores, and the Pearson Correlation Coefficient' was calculated using the simple
correlation technique to find out whether there was a significant relationship. has been used.

PISA mathematical literacy questions are scored according to their difficulty level. The obtained
mathematics overall performance score is used to indicate both a student's performance and the
difficulty of a question. A student with a certain score is expected to be able to solve questions with
difficulty level at that point level or lower (MEB, 2005). In this study, in order to determine the
mathematical literacy levels of the students, the number of proficiency levels was determined by
dividing the total score (30) from the test's own scoring system and the '0' difference in the lowest
score to be obtained at the 1st level. These levels are indicated in Table 3.
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Table 3. Mathematical Literacy Sufficiency Levels Scores

Mathematical Literacy Sufficiency Levels PISA scores Determined in the Study points
1. Level 357.77-420.07 0-4
2. Level 420.07-482.38 5-10
3. Level 482.38-544.68 11-15
4. Level 544.68-606.99 16-20
5. Level 606.99-669.30 21-25
6. Level 669.30 ve tizeri 26-30

According to Table 14, 0-4 points range is 1st level, 5-10 points range is 2nd level, 11-15 points range is
3rd level, 16-20 points range is 4th level, 21-25 points range is 5th level. and the range of 26-30 points
was determined as the 6th level.

The evaluation of the PISA questions in the Mathematical Literacy Achievement Test was scored
according to the criteria specified in the PISA Explained Questions Mathematics Scoring Guide
published by the Ministry of National Education. The correct answer is; full score (2), partial response;
missing points (1), incorrect answer is considered as zero points.

In the analysis of qualitative data, content analysis was applied. Content analysis enables the
uncovering of previously unknown themes and dimensions that require in-depth analysis of the
collected data. In this context, the data obtained from the students were first coded separately by the
researchers and the agreement between the two coders was determined as 87%. In the next step; The
data obtained were presented to the opinions of two experts on mathematics and qualitative research,
and codes and themes were created in accordance with the purpose of the research. In addition, when
the interviewed students were ranked according to their math achievements, two of these students
were found to have low (T1, T2), two were found to be at medium (T3, T4) and two were at high (T5,
T6) achievement levels.

In this context, the data obtained from the students were first coded separately by the researchers and
the agreement between the two coders was determined as 87%. In the next step; The data obtained
were presented to the opinions of two experts on mathematics and qualitative research, and codes and
themes were created in accordance with the purpose of the research.

3. Findings
3.1.Findings for the first sub-goal

According to the first sub-objective of the study, the mathematical literacy status of the students in the
study group was examined. For this reason, the math literacy test scores of the students in the study
group are given in Table 4 and Table 5, respectively.

Table 4. Analysis Results of the Preliminary Test Scores of the Mathematics Literacy Scale of the
Students in the Study Group

Group N X Courage Sd t P
Experimental Group 33 4,90 6,40
Control Group 33 5,24 4,81 64 239 812

As can be seen in Table 2, the arithmetic mean of the pretest scores of the students in the experimental
group was 4.90 and the arithmetic mean of the students in the control group was found to be 5.24. In
this context, it is seen that there is no statistically significant difference between the experimental
group and the control group in terms of the preliminary test scores of the mathematical literacy scale
(t(64)= .239; p>.05). The final test scores of the mathematics literacy scale of the students in the study
group are given in Table 5.
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Table 5. Analysis Results of the Mathematics Literacy Scale Post-Test Scores of the Students in the

Working Group

Group N X Courage sd t p
Experimental Group 33 18,09 10,45

Control Group 33 6,03 4,68 64 6.051 .000

When Table 5 is examined, the arithmetic average of the final test scores of the students in the
mathematical literacy scale experimental group is 18.09 and the arithmetic average of the students in
the control group is 6.03. In this context, it is seen that there is a statistically significant difference
between the experimental group and the control group in favor of the experimental group in terms of
the final scores of the mathematical literacy scale (t(64)= 6.051; p=.001).

3.2.Findings for the second sub-goal

According to the second sub-objective of the study, the mathematical literacy achievement scores of
the students in the experimental group and control group were examined. For this, the pretest and
post-test scores of the students in the study group are given in Table 6 and Table 7.

Table 6. Results of the Analysis on the Mathematics Literacy Achievement Pretest Scores of the
Students in the Working Group

Group N X Courage Sd t p
Experimental Group 33 10,88 6,17

4 272 7
Control Group 33 11,39 8,95 6 ' 786

As can be clearly seen in Table 6, the arithmetic mean of the students in the experimental group was
10.88, while the arithmetic mean of the students in the control group was found to be 11.39. In this
context, it is seen that there is no statistically significant difference between the experimental group
and the control group in terms of the preliminary test scores of the mathematical literacy scale
(t(64)=.272; p>.05). The math literacy achievement post-test scores of the students in the study group
are given in Table 7.

Table 7. Mathematics Literacy Achievement Results of the Students in the Study Group Analysis
Results of the Post-Test Scores

Group N X Courage Sd t p
Experimental Group 33 18,12 7,84

4 272 7.
Control Group 33 14,18 8,03 6 ! /786

When Table 7 is examined, the arithmetic mean of the mathematical literacy achievement post-test
scores of the students in the experimental group is 18.12 and the arithmetic average of the students in
the control group is 14.18. As a result of the analysis applied in this context, it was revealed that there
was a statistically significant difference between the experimental group and the control group in
favor of the experimental group in terms of mathematical literacy achievement final test scores (t(64)=
2.015; p>.05).

Table 8. Math Literacy Self-Efficacy Scale ANCOVA Results for Comparison of Final Test Scores
Adjusted for Pretest Scores

Groups Sum of squares Sd Squares average F p Partial n?
Math Literacy Scale Pre-Test 17396,3 1 17396,3 79,7 ,000 ,601
Experiment-Control 1081,5 1 1081,5 4,9 ,030 ,086
Mistake 11560,7 53 218,1
Sum 1206700 56

When Table 8 was examined, it was found that there was a significant difference between the final test
scores adjusted according to the preliminary test scores of the Mathematics Literacy Self-Efficacy Scale
according to the ANCOVA results, F(1.58)=4.9, p<.05). Partial n2 = .086. After mathematical modeling
activities based on the applied STEM approach, it was seen that 8% of the students' mathematics
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literacy scale scores were in favor of the experimental group and the effect size was found to be at a
medium level (Biiyiikoztiirk, 2017). In other words, there is a significant difference between the
Mathematics Literacy Self-Efficacy Scale final test totals of eighth grade students before and after
application to the experimental and control group. Following the application activities applied in the
experimental group, the final test scores of the Math Literacy Achievement Test of the experimental
group and the control group were analyzed by independent group t-test. The findings are shown in
Table 9.

Table 9. Independent Group t-Test Results for Comparison of Math Literacy Achievement Test Final
Test Scores

Groups N X Ss Sd t p
Experimental Group 33 17,12 8,81 32

3,43 ,001
Control Group 33 10,73 6,06 32
p>.05

When Table 9 was examined, it was seen that there was a significant difference between the last test
totals of the Mathematical Literacy Achievement Test performed before and after the application to
the experimental and control group of eighth grade students since p<.05 (t(32)=3.43; p=.001).

3.3. Findings for the third sub-goal

The final test scores of the experimental group and the control group's Mathematical Modeling Test in
STEM Context were analyzed by independent group t-test. The findings are shown in Table 8.

Table 10. Control Group Mathematical Modeling Test in STEM Context Pretest and Posttest
Dependent Group t-Test Results

Groups N X Ss Sd t p
Experimental Group 33 36,66 8,81 32

5,369 ,000
Control Group 33 15,06 6,06 32
p>.05

When Table 10 was examined, it was seen that there was a significant difference between the final test
totals of the Mathematical Modeling Test in STEM Context performed before and after the application
of the eighth grade students to the experimental and control group since p<.05 (t(32)=5.369; p=.000).

3.4. Findings for the fourth sub-goal

Pearson Correlation Coefficient was applied to determine whether there was a relationship between
the participants' final test scores and the findings obtained as a result of the analysis were presented in
Table 11.

Table 11. Pearson Correlation Results for the Relationship Between Mathematical Literacy Self-
Efficacy Levels and Mathematical Modeling Test Levels in STEM Context Final Test Scores
Math Literacy Achievement Mathematics Literacy Self-

Level Efficacy
Mathematical Modeling Skills ~ Pearson ,797%* 797
Final Test in STEM Context Correlation !
Sig. (2-tailed) ,000 ,000
N 66 66

As a result of the Pearson Correlation analysis conducted to determine the relationship between Table
11 a Mathematical Modeling Test Final Test scores in STEM Context and Mathematical Literacy Self-
Efficacy Levels and Mathematical Literacy Achievement levels, a statistically significant positive and
high relationship was found between Mathematical Literacy Self-Efficacy level and Mathematical
Modeling Skills in STEM Context. A statistically significant relationship was found between the level
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of Mathematical Literacy Achievement Test and the level of Mathematical Modeling Test in STEM
Context. The relationship between the level of the Mathematical Literacy Achievement Test and the
level of the Mathematical Modeling Test in the STEM Context was found to be high with the Pearson
Correlation coefficient of .797. Accordingly, since it is found to be statistically positive, it can be
interpreted that the level of Mathematical Modeling Test in STEM Context tends to increase, while the
level of Mathematical Literacy Achievement Test tends to increase in a positive direction.

3.5. Findings for the fifth sub-goal

As the last sub-objective of the research, the opinions of the experimental group where mathematical
modeling activities were applied in the context of STEM regarding the teaching process were taken.
Accordingly, the opinions of the students are given in Table 12.

Table 12. Analysis of semi-structured interview data

Theme Category

Gaining a Different Perspective

. . . Thinking More Accurately

Cognitive dimension .
Better Learning

Reasoning

Having fun
Emotional dimension Be interesting
Enjoy group work and collaboration

Being involved in everyday life

N Too long
Features of activities . .
Being complicated

N WO bk W R, WL, DN W™

Be useful

As can be seen in Table 10, the opinions of the students are grouped under three themes: "cognitive
dimension", "emotional dimension" and "characteristics of activities". Accordingly, on the cognitive
level, all students stated that they gained different perspectives with in-class activities. The student
coded S1 on this: "It was very difficult for me because the questions were about real life. I read the
problems many times, I had difficulty understanding. After some thought, we decided how to solve it
with our group mates. I struggled a lot, especially since the problems were long, and I was finally able
to solve them.” On the other hand, the student with the S5 code said: "We had a hard time solving
problems at first, but when we argued with our friends, when everyone said something different, we
understood how to solve the problem. I understand the logic of such problems and always want to
solve them. It allowed me to think better, make the right decision and gain a different perspective.”

As for the second theme, on the emotional level, the students stated that they enjoyed group work and
cooperation and that the process was fun. In this context, for example, the opinion of the student with
the code S4 is as follows: When I first started the activities, I never understood. But then when it was
explained and tried to be solved, I saw many examples of questions. I heard and learned different
ideas. I think I will understand more easily when solving problems from now on. In the future, I plan
to work on STEM. I want to improve myself especially in the field of engineering and technology.
These topics sound very interesting and fun to me. We also shared tasks collaboratively while our
group mates did the activities and it was a lot of fun.

As a final theme, regarding the characteristics of the activities, the students noted that the activities are
related to everyday life, they are very long, complex and useful. The opinion of the student with code
56 is as follows: The activities were mostly related to daily life, I had a hard time when I first started,
the activities seemed too long and complicated. I thought about what to do. Then I started to figure
out how to figure out how to solve activities with our group mates and I started to feel easy. The
modeling work carried out by the teacher, in particular, made it easier for us to understand how to
think and how to solve a question when solving it.
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Discussion, Conclusion and Suggestions

This research was conducted to examine the effect of mathematical modeling activities based on STEM
approach and the teaching process on mathematical literacy levels and achievements of eighth grade
students. Accordingly, it was concluded that the students in the experimental group were more
successful than the students in the control group within the scope of mathematical modeling activities.
This result is similar to the relevant literature (Erol, 2015; Kdysiiren, Uzel, 2018; Mujib, Mardiyah and
Suherman, 2020). In this context, for example; In their study, Mujib et al. (2020) concluded that
students' mathematical literacy skills are further improved with STEM education. Similarly, Erol
(2015) concluded in his study that the mathematical literacy skills of secondary school students
improved with applied mathematical modeling activities. Again, Kdysiiren and Uzel (2018) concluded
that the mathematics literacy levels of sixth grade students increased with STEM-based activities
applied in mathematics teaching. Similarly, Mujib et al. (2020) concluded in their study that students'
mathematical literacy skills are further developed using STEM education methods.

When the mathematical literacy success scores of the students in the study group were compared
according to the second purpose of the research, it was revealed as a result of the research that the
students in the experimental group were more successful. In this context, it can be said that
mathematical modeling activities based on the STEM approach increase the mathematical literacy
gains and performance of the students in the experimental group. In this context, when the relevant
literature is examined (Arleback, Albaraccin, 2019; Baran, 2019; Erol, 2015; Blacksmith, 2018; English,
2016; STEM Task Force Report, 2014), mathematical modeling activities based on the STEM approach,
21st century skills, modeling skills are also examined. There are studies that support that it increases
the success of mathematics. In this context, for example; Arleback and Albaraccin (2019) emphasize
that mathematical modeling is central to integrating different STEM disciplines and is an important
factor in the development of twenty-first-century skills, enabling students to deal with complex
situations and context across all disciplines. Baran (2019) also concluded that the teaching practices
designed based on the mathematical modeling approach positively contribute to the development of
students' mathematical communication skills and mathematical literacy performance. Again, Erol
(2015) concluded that the applied mathematical modeling activities improved the mathematical
literacy skills of the students in the experimental group. Finally, Demirci (2018) revealed that the
mathematical modeling training given to tenth grade students positively improves the literacy skills of
tenth grade students for mathematics.

The students' mathematical literacy levels were examined on the basis of the PISA mathematics
literacy assessment score guide and framework, and students went through a series of stages when
using mathematics and mathematical tools to solve problems that are within the scope of the three
mental processes of formulating, executing and interpreting-evaluating. In the real-life problems
solution process based on mathematical modeling within the scope of STEM, it has been observed that
many students in the experimental group use some stages or many of them in the solution process,
such as formulating the mathematical model, making mathematical calculations, mathematizing the
data and interpreting and evaluating the result obtained. In this case, it can be said that mathematical
modeling activities based on the STEM approach increase students' mathematical literacy
achievements and performances. It has been observed that several students show these stages before
the teaching practice. However, it was observed that the students focused only on numerical
information, and it was seen that there were deficiencies in formulating, interpreting and evaluating,
and using verbal information.

When the studies were examined, it was not found that mathematical modeling activities based on the
STEM approach increased the mathematical literacy performance of the students, but the
mathematical modeling activities based on the STEM approach were found in the 21st century. There
have been studies supporting century skills, modeling skills and increasing mathematical
achievements (Arleback and Albaraccin, 2019; Baran, 2019; Erol, 2015; Blacksmith, 2018). In this case
21. Due to the fact that there is a mathematical literacy skill among the century skills; In addition, it
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can be said that mathematical modeling activities in the context of STEM increase modeling skills and
mathematical modeling activities positively affect mathematical literacy performance and success and
mathematical modeling activities based on STEM approach positively affect mathematical literacy
achievements. In addition, according to the positive results obtained from the scale and achievement
test, it can be said that most of the students can use mathematics and mathematics tools, mathematize
the real-life problem and interpret the result reached, which improves the student's mathematics
literacy.

Arleback and Albaraccin (2019) argue that mathematical modeling is at the heart of integrating
different STEM disciplines and is an important facilitator that enables students to deal with complex
situations and content in all disciplines, and that mathematical modeling supports the development of
twenty-first-century skills in STEM disciplines. Baran (2019) has shown that the teaching practices
designed based on the mathematical modeling approach of the students support the development of
mathematical communication skills and mathematical literacy performances. Erol (2015) has been
shown to have positively improved the mathematical literacy skills applied to the experimental group
students as pre-test and post-test as a result of the mathematical modeling activities applied. Demirci
(2018) said that mathematical modeling education given to tenth grade students positively improved
students' mathematical literacy levels.

It has been determined that the theoretical education and activities given significantly increase the
students' Mathematical Modeling skills in the STEM Context. When the relevant literature was
examined, similar studies were found to support this study (Arleback, Albaraccin, 2019; Ceylan,
Karahan, 2021; Maass, Geiger, Ariza and Goos, 2019; Mass, Engeln, 2019; Wiedemann, 2020; English,
2016; Incikabs, 2020).

Arleback and Albaraccin (2019) argue that mathematical modeling is at the core of STEM and that
mathematical modeling supports the development of twenty-first century skills in STEM disciplines. It
has been determined that mathematical modeling activities can be used as an interdisciplinary tool in
STEM education (English, 2016) and that interdisciplinary mathematical modeling activities improve
students' interdisciplinary association skills, change their attitudes positively, and that these activities
should be included in the school curriculum. Ceylan and Karahan (2021) stated that after STEM-
oriented mathematics practice education, students' knowledge and attitudes about mathematics and
STEM fields improved. Maass, Geiger, Ariza, and Goos (2019) stated that the role of mathematics in
STEM education can be improved through three interdisciplinary approaches such as twenty-first
century skills, mathematical modeling and responsible citizenship education. From a broader
perspective, Maass and Engeln (2019) see business connections as a specific context for mathematical
modelling. Wiedemann (2020) brought real-world mathematical modeling experiences with
mathematical modeling activities, which are a common component of computer courses, and students
were able to make sense of real-world problems more easily by learning to apply the mathematical
modeling process. After the mathematical modeling training process, Incikab1 (2020) observed that
pre-service teachers' mathematical modeling competencies improved significantly and positively.

According to another sub-problem of the study,when the process of solving the problems of the
students is examined according to the mathematical modeling stages, it is seen that there are many
deficiencies especially in the stages of formulating the problem and mathematical expressions and
using verbal expressions (A3, B2 and C). In order to produce a solution to a problem, these stages have
not been applied much in the theoretical solution process, which means dividing the problem into
sub-problems or approaching the problem with different perspectives, expressing verbally mentioned
mathematical expressions algebraically and performing algebraic calculations. The reason for this is
that they are accustomed to multiple-choice tests and are not accustomed to open-ended long
questions and daily life problems (Korkmaz, 2010). As another reason, students do not see the need to
write in the solution process and only make numerical solutions because they focus on numerical
values and perform the terms that they can express or formulate verbally. In addition, when students
first encountered the problem, it was seen that they had a very difficult time understanding the
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problem in the theoretical solution, deciding what to do and where to start. On the other hand, it has
been seen that they accept that mathematical modeling problems are completely in life in the context
of STEM, which is an answer to questions such as 'Why do we learn mathematics?', 'What will
mathematics do for us in real life?". Looking at the studies, Arleback and Albaraccin (2019) argue that
mathematical modeling is at the center of STEM and that mathematical modeling supports the
development of twenty-first century skills in STEM disciplines. Derin (2017) concluded that teacher
candidates showed progress in mathematical modeling skills after activities in the STEM context and
that mathematical modeling could be used as a tool to adapt STEM education to our education
system. Giider and Glirbiiz (2018) stated that mathematical modeling activities can be used as an
interdisciplinary tool in STEM education (English, 2016) and that interdisciplinary mathematical
modeling activities improve students' interdisciplinary association skills, change their attitudes in a
positive way and that these activities should be included in the school curriculum. Ceylan and
Karahan (2021) stated that after STEM-oriented mathematics application education, there was an
improvement in students' knowledge and attitudes about mathematics and STEM fields. Derin and
Aydin (2020) made significant progress in both mathematical modeling competencies and problem-
solving skills of teacher candidates by making use of mathematical modeling in mathematics
education of STEM education. Maass, Geiger, Ariza and Goos (2019) noted that the role of
mathematics in STEM education can be enhanced through three interdisciplinary approaches,
including twenty-first-century skills, mathematical modeling, and responsible citizenship education.
From a broader perspective, Maass and Engeln (2019) see connections to the world of work as a
specific context for mathematical modeling.

According to the other sub-objective, the main reason why there is a significant relationship between
mathematical modeling skills in the STEM context and mathematical literacy scale and achievement
scores is that the STEM education approach is 21. It is acceptable that it provides century skills and
that mathematical modeling is an important part of the concept of mathematical literacy. Therefore,
mathematical literacy is also 21. Considering that it is among the skills of the century, the
competencies gained by STEM activities and mathematical modeling problems are also the
competencies expected from students with high mathematical literacy success. For this reason, the
development of mathematical modeling competencies in the context of STEM also improves
mathematical literacy. When the relevant literature was examined, research and report supporting this
study were found (English, 2016; STEM Task Force Report, 2014). English (2016) has reached a general
conclusion by examining the effects of problem-solving and modeling in the context of STEM and the
skills it imparts, arguing that the roles and positions of mathematics are in danger of being overlooked
or downsized in the context of increasing STEM. Problem-solving and modeling in the STEM context
provides equal opportunities for students to develop mathematical literacy for their successful
participation in their current and future worlds. Regarding the STEM approach and Mathematical
modeling problems, it has been seen to support problem-solving competencies in contextual situations
in teaching and learning mathematics (Albarracin and Gorgorio 2019; Czocher, 2018; Ferrando et al.
2017). Therefore, since real life problems are not limited, it can be said that a well-chosen and designed
mathematical modeling problem in the content of different disciplines provides mathematical literacy
skills when used as a tool in the integration of the STEM approach.

According to the last sub-objective of the study, it was revealed that the students who participated in
mathematical modeling activities in the context of STEM generally had difficulty in understanding the
activities, gained a different perspective, had fun in the process and these activities were related to
daily life. Accordingly, it can be said that students have difficulties in the first stage because they have
not encountered mathematical modeling problems in the STEM context before and do not know how
to solve the problem and where to start solving the problem. In addition, it was revealed that students
were able to make progress in problem solving thanks to communication and collaboration with their
group mates. This result is similar to the relevant literature (Derin, Aydin, 2020; Doruk, 2010;
Guder ,Gurbiiz, 2018; Deaf, 2010; Ozer, A. O. and Bukova Guzel, E. (2020); Zawojewski, Lesh and
English, 2003). For example, Deaf (2010) concluded that mathematical modeling problems contribute
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to students' ability to see and use, think and interpret mathematics in their daily lives. Ozer, A. O.,
Bukova Guzel, E. (2020), In this study, the difficulties such as the inability of students to determine the
variables necessary for the solution of the problem and their inability to comment on the simplification
step of the process of modelization in classroom applications and the tendency to solve the problem
without creating a model were also revealed in this study. Similarly, Zawojewski, Lesh, and English
(2003) have studied modeling in small groups as a result of students asking critical questions in class,
expressing their differing opinions, and trying to prove it; Discussing the results, they concluded that
their ability to come up with new ideas had improved. Again, Sandalc1 (2013) revealed that students'
modeling activities contribute to the level of realization of mathematics in daily life. Finally, Doruk
(2010) has reached the conclusion that the success levels of the students have increased as a result of
the study examining the ability of the students to transfer mathematics to daily life.

In summary, it was determined that mathematical modeling activities based on the STEM approach
and the teaching process positively affected the mathematical literacy levels and achievements of
eighth grade students. This study was conducted with eighth grade students. Future studies may
include longer-term paint studies with larger sample groups. On the other hand, within the scope of
this study, mathematical literacy scale and success test variables were discussed. In addition to these
variables, different studies can be done in which different variables such as the interest scale and the
attitude scale towards STEM are discussed. In addition, this study was examined within the
framework of the STEM approach, which is considered only in the context of mathematics lessons. In
prospective studies, studies can be carried out with branch teachers from other disciplines and
mathematical modeling activities lesson plans can be designed in the context of STEM appropriate to
each course.

References

Albarracin, L., & Gorgorié, N. (2019). fIkogretim siniflarinda matematiksel modellemeyi tanitmak igin
cok sayida tahmin problemini kullanmak. Uluslararast Fen ve Matematik Egitiminde Inovasyon
Dergisi,27(2), 45-57

Altunel, M. (2018). STEM egitimi ve Tiirkiye: firsatlar ve riskler. Siyaset, Ekonomi wve Toplum
Aragtirmalar: Vakfi, 1-7, say1: 207. 1 www.setav.org

Arlebédck, J. B., & Albarracin, L. (2019). Fermi problemlerinin STEM disiplinlerinde yirmi birinci yiizyil
yetkinliklerinin gelisimini desteklemek i¢in kullamimi ve potansiyeli. ZDM Uluslararas:
Matematik Egitimi Dergisi 51, 979-990

Balakrishnan, R. (2006, 25-26 Mart). Neden 3d kullanict ara yiizleri kullanmiyoruz ve hi¢ kullanmayacak
miyiz?  IEEE 3D  Kullaniaa  Ara  yiizleri Sempozyumu, Iskenderiye, VA.
https://doi.org/10.1109/VR.2006.148.

Baran, A. (2019). Matematiksel Modellemeye Dayalr Bir Ogretim Deneyinde Sekizinci Sinif Ogrencilerinin
Matematiksel Iletisim Becerilerinin, Matematik Okuryazarliklarimin ve Duyugsal Ozelliklerinin
Incelenmesi. Eskisehir Anadolu Universitesi Egitim Bilimleri Enstitisii.

Bergsten, C., & Frejd, P. (2019). Hizmet oOncesi matematik Ogretmenlerinin STEM egitimine
hazirlanmasi: ders onerilerinin analizi. ZDM Uluslararasi Matematik Egitimi Dergisi, 51, 941-
953.

Boaler, J. (2001). Matematiksel modelleme ve yeni &grenme teorileri. Matematik Ogretimi ve
Uygqulamalari, 20(3), 121-128.

Bozan, M.A (2018). Simif dgretmenlerinin STEM odakli mesleki gelisim siirecleri: bir eylem arastirmasi.
Yaymnlanmis Yiiksek Lisans Tezi. YOK Ulusal Tez Merkezi veri tabanindan elde edildi.

Bozkurt, 1., & Altun, M. (2019). Matematik okuryazarligi problemlerinin diger problemlerden farki:
ortaokul 6grencilerinin degerlendirmeleri. Akademi Egitim Bilimleri Dergisi, 3(2) , 165-176 .
DOI: 10.31805/acjes.646648

248



Yaprak Armutcu & Ayten Pinar Bal

Bukova Giizel, E. (Ed.). (2016). Matematik eitiminde matematiksel modelleme. Ankara: Pegem Akademi.
Biiyiikoztiirk, S. (2017) Sosyal Bilimler I¢in Veri Analizi El Kitabi. Ankara: Pegem Akademi
Can, A. (2014). SPSS Ile Bilimsel Arastirma Siirecinde Nicel Veri Analizi. Ankara: Pegem Akademi.

Cavus Erdem, Z. Dogan, M. Giirbiiz, R. Sahin, S. (2018). Matematiksel Modellemenin C)gretim
Araclarindaki Yansimalari: Ders Kitab1 Analizi. Adwyaman Universitesi Egitim Bilimleri Dergisi,
7(1), 61-86. DOI: 10.17984/adyuebd.309793

Ceylan, 0., Karahan, E. (2021). STEM Odakli Matematik Uygulamalarimin 11. Simf Ogrencilerinin
Matematik Tutum ve Bilgilerine Etkileri. Anadolu Uluslararas: Egitim Bilimleri Dergisi, 11(2),
660-683. https://doi.org/10.18039/ajesi.793601

Cho, B., & Lee, J. (2013). Yaraticiligin ve akisin STEAM egitimi yoluyla 6grenme tizerindeki etkileri
ilkokul baglamlar1 {izerinde. Uluslararasi Egitim Teknolojileri Konferansinda sunulan
bildiri, Sejong Universitesi, Giiney Kore.

Chute, E. (2009). STEM egitimi dallanayor: Odak, bilimi, matematigi en parlak olandan daha fazlasina

erisilebiliv kilmaktan  uzaklasiyor. Pittsburg  Post-Gazette. http://www.post-
gazette.com/news/education/2009/02/10/STEMeducation-isbranchingout/stories/
200902100165

Creswell, J. W. (2018). Arastirma tasarumi: Nitel, nicel ve karma yoéntem yaklagimlari. Londra: Sage
Yayinlar: Ltd. Sti.

Czocher, JA (2018). Etkinligi dogrulamak modelleme siirecine nasil katkida bulunur? Matematikte
Egitim Calismalar: 99(3),137-159.

Czocher, JA (2016). Matematiksel modellemeyi matematiksel diisiinceye baglamak i¢in bir ara¢ olarak
etkinlik diyagramlarin1 modellemeye giris. Matematiksel Diisiinme ve Ogrenme, 18(2), 77-106.
https://doi.org/10.1080/10986065.2016.1148530.

Tekin-Dede, A., & Bukova-Giizel, E. (2018). Modelleme becerilerinin degerlendirilmesi igin bir
degerlendirme listesi gelistirme ¢alismasi. Matematik Egitimcisi, 27(2), 33-72.

Demirci, G. (2018). Matematiksel modelleme yonteminin matematik okuryazarhigina etkisi. Yayimlanmamis
Yiiksek Lisans Tezi. Atatiirk Universitesi, Egitim Bilimleri Enstitiisti, Erzurum.

Derin, G. Aydn, E. (2020). Matematik Ogretmenligi Egitiminde STEM - Matematiksel Modelleme
Entegrasyonunun Problem Cézme ve Modelleme Becerilerine Etkisi. Bogazici Universitesi
Egitim Dergisi, 37, 93-121. https://dergipark.org.tr/tr/pub/buje/issue/58376/842389'dan alind1

Dogan, M. F., Sahin, S., Cavus Erdem, Z. & Giirbiiz, R. (2018).Ogretmenlerin Disiplinlerarasi
Matematiksel Modelleme Problemi Farkindaliklarinin incelenmesi, Uluslararasi Matematik
ve Matematik Egitimi Konferans1 (ICMME-2018), Ordu Universitesi, 27-29 Haziran 2018,
Ordu.

Doruk, B. K. (2010). Matematigi giinliik yasama transfer etmede matematiksel modellemenin etkisi (Doktora
Tezi). Yiiksekogretim Kurulu Ulusal Tez Merkezi'nden edinilmistir. (Tez No. 265182)

Dost, S. (2019). Matematik Egitiminde Modelleme Etkinlikleri. Ankara: Pegem Akademi Yayinlar1

DuPlessis, A. E. (2018). Alan Dis1 STEM Ogretmenlerinin Yasanmis Deneyimi: STEM'de Kaliteli
Ogretimi Stratejize Etmek Igin Bir Ikilem mi? Fen Egitiminde Arastirmalar, 50, 1465-1499.
https://doi.org/10.1007/s11165-018-9740-9 .

Dwee, D., Dion, H. B., & Brown, 1. S. (2012). Bilgi davranis: kavramu: Temel bir giris. Yasam Universitesi
Yayinlar.

249


http://www.post-gazette.com/news/education/2009/02/10/STEMeducation-isbranching-out/stories/200902100165
http://www.post-gazette.com/news/education/2009/02/10/STEMeducation-isbranching-out/stories/200902100165
http://www.post-gazette.com/news/education/2009/02/10/STEMeducation-isbranching-out/stories/200902100165
https://www.researchgate.net/journal/Educational-Studies-in-Mathematics-1573-0816
https://www.researchgate.net/journal/Educational-Studies-in-Mathematics-1573-0816
https://doi.org/10.1080/10986065.2016.1148530
https://link.springer.com/journal/11165
https://doi.org/10.1007/s11165-018-9740-9

International Journal of Educational Studies in Mathematics, 2022, 9(4), 233-253

English, L. D. (2015). STEM: Matematik egitimi i¢in zorluklar ve firsatlar. K. Beswick, T. Muir, & J.
Wells (Eds.), Uluslararas: Matematik Egitimi Psikolojisi Grubu 39. Konferans: Bildirileri (1) 3-18.
Hobart: PME.

English, L. D. (2016). STEM egitimi K-12: Entegrasyona bakis acilari. Uluslararast STEM Egitimi
Dergisi, 3(1), 1-8. _https://doi.org/10.1186/540594-016-0036-1.

English, L. D., & Gainsburg, J. (Basinda, 2016). 21. yilizyil matematik miifredatinda problem ¢6zme. L.
D. English & D. Kirshner (Eds.), Handbook of international research in mathematics education (3.
baski, s. 313-335) iginde. New York: Taylor ve Francis.

English, L. D., & Mousoulides, N. (2015). Gergek diinyadaki bir problemde STEM'i kopriilemek.
Ortaokulda Matematik Ogretmenlz’gi, 20(9), 532-539.

Erol, M. (2015). Modelleme etkinliklerinin 9.simif d3rencilerinin matematiksel okuryazarliklar: ve inanglar:
iizerine etkisi. (Doktora Tezi). Balikesir Universitesi Fen Bilimleri Enstitiisii.

Ersoy, Z. (2018). [lkokullar icin STEM Programimin Uygulayan Okul Oncesi ve Sinif Ogretmenlerinin STEM
Ogretimi Uzerine Yeterliliklerinin Incelenmesi. Yaymlanmis Yiiksek Lisans Tezi. YOK Ulusal Tez
Merkezi veri tabanundan elde edildi.

Ferrando, I., Albarracin, L., Gallart, C., Garcia-Raff, L. M., & Gorgorid, N. (2017). Fermi sorun giderme
sirasinda tiretilen matematiksel modellerin analizi. Bolema, 31(57), 220-242.

Geiger, V. (2019). Matematigin ilkogretim fen dersliklerinde elestirel akil yiiriitme ve sorgulamay1
destekleyen kanitlar olarak kullanilmasi, ZDM Uluslararas: Matematik Egitimi Dergisi,51, 929-
940. https://doi.org/10.1007/s11858-019-01068-2 .

Giider, Y, & Glirbiiz, R. (2018). Kok egitiminde bir gecis araci olarak disiplinleraras: matematiksel
modelleme faaliyetleri: 6gretmen ve 6grenci goriisleri Adiyaman Universitesi Egitim Bilimleri
Dergisi, 8, 170-198. DOI: 10.17984/adyuebd.457626

Gil Biger, B., Uzoglu, M. & Bozdogan, A. E. (2018). Fen bilgisi 6gretmenlerinin STEM hakkindaki
goriislerinin baz1 degiskenler acgisindan belirlenmesi, Uluslararas: Tiirk Egitim Bilimleri
Dergisi, 7(12), 1-15. DOI: 10.46778/goputeb.457736.

Glizel, S. (2017). Altinct simif matematik dersi 0gretim programimin matematik okuryazarligr yeterlikleri
bakimindan degerlendirilmesi ve gelistirilmesi. Yayinlanmamis Yiiksek Lisans Tezi. Uludag
Universitesi Egitim Bilimleri Enstitiisii.

Hamilton, E., Lesh, R, Lester, F. R. A. N. K,, & Brilleslyper, M. (2008). Miihendislik Egitimi

Aragtirmalart1 ve Matematik Egitimi Arastirmalari Arasinda Bir Koprii Olarak Model
Olusturma Etkinlikleri (MEA). Miihendislik Egitimindeki Gelismeler, 1(2), 1-25.

Inceyol, O., & Dogan, M. (2018). Matematiksel modellemeye disiplinlerarast bir bakis: bir STEM yaklasimz.
(Edt: R. Giirbiiz ve M. F. Dogan). Ankara: PegemA Yayincilik.

Incikabi, S. (2020). Matematiksel modelleme etkinliklerinin ilkigretim matematik 6gretmen adaylarinin
matematiksel modelleme yeterliklerine ve 63retim deneyimlerine yansimalarimin aragtirilmasi.
Yayinlanmamis Doktora Tezi. Kastamonu Universitesi, Fen Bilimleri Enstitiisii, Kastamonu.

Kaiser, G. (2005). Okulda matematiksel modelleme — Ornekler ve deneyimler. H. W. Henn, G. Kaiser
(Eds.), Mathematikunterricht im Spannungsfeld von Evolution und Evaluation. Festband fiir
Werner Blum. Hildesheim: Franzbecker, 99-108.

Kaiser, G. (2007). Okulda modelleme ve modelleme yetkinlikleri. Matematiksel Modelleme Egitimi,
Miihendisligi ve Iktisad: (110-119). Chichester: Horwood.

Kennedy, T. J., & Odell, M. R. L. (2014). Ogrencileri STEM egitimine dahil etmek. Science Education
International, 25(3), 246-258. https://files.eric.ed.gov/fulltext/E]1044508.pdf

250


https://doi.org/10.1186/s40594-016-0036-1
https://doi.org/10.1007/s11858-019-01068-2

Yaprak Armutcu & Ayten Pinar Bal

Kertil, M. (2008). Matematik 63retmen adaylarimin problem ¢ézme becerilerinin modelleme siirecinde
incelenmesi. (Yayimlanmamuis Yiiksek Lisans Tezi). Marmara Universitesi. Istanbul.

Koysiiren, M., & Uzel, D. (2018). Matematik 6gretiminde teknoloji kullaniminin 6. siif 6grencilerinin
matematik okuryazarligima etkisi. Necatibey Egitim Fakiiltesi, Elektronik Fen Bilimleri ve
Matematik Egitimi Dergisi, 12(2), 81-101. DOI: 10.17522/balikesirnef.506418

Kiikey, E. (2013). Ortaokul 8. Simf Ogrencilerinin Matematik Okuryazarlik Diizeylerinin Matematik
Basarilarma Etkisi. Firat Universitesi, Elaz1g.

Maass, K., & Engeln, K. (2019). Matematik ve fen egitiminde is diinyasina baglantilar iizerine mesleki
gelisim. ZDM Uluslararas Matematik Egitimi Dergisi, 51, 967-978.
https ://doi.org/10.1007/s1185 8-019-01047 -7.

Maass, K., Geiger, V., Ariza, M. R., & Goos, M. (2019). Disiplinler aras1t STEM egitiminde matematigin
roli. ZDM Uluslararast Matematik Egitimi Dergisi, 51, 869-884. https://doi.org/10. 1007/s
11858- 019-01100-5.

MacDonald, A., Goff, W., Dockett, S., Perry, B. (2016). ik yillarda matematik egitimi. Avustralya’da
Matematik Egitiminde Aragtirma 2012-2015, 165-187

Mart, E., & Springer, J. (2019). Komplo teorilerine inang: Sizotip, Makyavelizm ve birincil psikopatinin
ongoriicii rolii. Plos One, 14(12): Madde €0225964.
https://doi.org/10.1371/journal.pone.0225964

Matthews, J. (1999). Cocukluk ve ergenlik sanati: Anlamin ingasi. Falmer Press.

Meng C. C,, Idris N., & Kwan L. (2014). Ortadgretim 6grencilerinin fen, teknoloji, miithendislik ve
matematik (STEM) alanlarindaki degerlendirmelere iliskin algilart. Avrasya Matematik
Dergisi. Bilim ve Teknoloji Egitimi, 10(3), 219-227.

Miller, J. (2019). Matematiksel diistinmeyi desteklemek igin ilk yillarda STEM egitimi: matematiksel
yapilar1 ve kaliplar1 tanimlamak i¢in kodlamay: kullanmak. ZDM Uluslararas: Matematik
Egitimi Dergisi, 51(6), 915-927. https://doi.org/10.1007/s11858-019-01096-y

MEB (Milli Egitim Bakanligi), (2016). PISA 2015 Ulusal Raporu. Erisim adresi:
http://pisa.meb.gov.tr/wp- icerik/yiiklenenler/PISA2015_Ulusal_Raporl.pdf/12/2016

Mujib, M., Mardiyah, M., & Suherman, S. (2020). STEM: Matematiksel okuryazarlik ve ¢oklu zeka
tizerindeki etkisi. Endonezya Fen Bilimleri ve Matematik Egitimi Dergisi, 3(1), 66-37. Doi:
https://doi.org/10.24042/ijsme.v3i1.5448.

Murat, A. (2018). Fen bilgisi 6gretmen adaylarmmn 21.yiizyil becerileri yeterlik algilar1 ile STEM e yonelik
tutumlarinin incelenmesi. Firat Universitesi. Egitim Bilimleri Enstitiisii. Elaz1g

Murray, G. (2005). Bat: Avustralya’daki cocuklara ve genglere karsi bakim yiikiimliiliigii: Bakimda istismara
iliskin kanitlanmamusg iddialarmn kalite giivencesi ve gozden gegirilmesi hakkinda rapor: 1 Nisan 2004
- 12 Eyliil 2005. Bat1 Avustralya, Cocuk Koruma Bolimii.
http://www.community.wa.gov.au/NR/rdonlyres/851183 A4-A822-4592-AB66-
C410E453AEEC/0/DCDRPTGwennMurrayreportwithcover2006.pdf

Ulusal Matematik Ogretmenleri Konseyi. (2000). Okul matematigi icin ilkeler ve standartlar: genel bakis.
Ulusal Matematik Ogretmenleri Konseyi. Reston: Yazar.

Neo, M. C. (2000). Egitimin, yasammn cesitli sorunlarmdan insamn kurtulma siireci olarvak rolii
[Yaymlanmamis M.Appl.Psy. tezi]. Yasam Universitesi.

Niss, M., Blum, W., & Galbraith, P. (2007). Introduction. In W. Blum, P. L. Galbraith, H-W. Henn, & M.
Niss (Eds.), Modelling and applications in mathematics education: The 14th ICMI study (pp.
1-3). International Commission on Mathematical Instruction: Springer.

251


https://doi.org/10.1007/s
https://doi.org/10.1007/s
http://pisa.meb.gov.tr/wp-content/uploads/2016/12/PISA2015_Ulusal_Rapor1.pdf
http://pisa.meb.gov.tr/wp-content/uploads/2016/12/PISA2015_Ulusal_Rapor1.pdf

International Journal of Educational Studies in Mathematics, 2022, 9(4), 233-253

Ozcan, H., & Kostur, H. (2018). Fen bilimleri O0gretmenlerinin stem egitimi hakkindaki goriisleri.
Sakarya Universitesi Egitim Dergisi, 8(4),364-373. DOI: 10.19126/suje.466841.

Ozdemir, AU., & Cappellaro, E. (2019). flkokul Ogretmenlerinin stem farkindalig1 ve stem egitimi
uygulamalarina yonelik goriisleri. Fen Bilimleri Ogretimi Dergisi, 8(1), 46-75.

Ozer, A. O. & Bukova Guzel, E. (2020). Bisim Matematiksel Modelleme Etkinliginin Sinaf Ici ve Siuf
Dist Uygulamast. International Journal of Educational Studies in Mathematics, 7 (4), 289-308.
DOI: 10.17278/ijesim.837316

Oztiirk, F. O. (2018). Fen bilgisi 6gretmen adaylarmin stem uygulamalarina iliskin gériisleri ve bu
uygulamalarin fen ogretiminde bilimsel tutum ve 6z-yeterlik inanci {izerine etkisi. Mehmet
Akif Ersoy Egitim Universitesi Dergisi, (52), 1-38. DOI: 10.21764/maeuefd.409368

Oztirk, N. & Masal, E. (2020). Ortadgretim Kurumlari i¢in Merkezi Sinav matematik sorularinin PISA
Matematik Okuryazarlik Diizeyleri Agisindan Smiflandirilmasi.  Egitimde Multidisipliner
Calismalar Dergisi, 4(1), 17-33. https://dergipark.org.tr/tr/pub/jmse/issue/54051/724009

Oztiirk, N. (2013). Altinct Sinif Fen ve Teknoloji Dersi Isik ve Ses Unitesinde 5E Ogrenme Modeline Dayali
Etkinliklerin (jgrenme Uriinlerine Etkisi. Gazi Universitesi, Egitim Bilimleri Enstitiisii, Ankara.

Roehrig, G. H., Dare, E. A, Whalen, E. A. R,, Wieselmann, J.R. (2021). Entegre STEM miifredatinda
tutarliligs ve entegrasyonu anlamak. Uluslararass STEM Egitimi Dergisi  8(1), 2.
DOI:10.1186/s40594-020-00259-8

Sagirli, M. O. (2010). Tiirev konusunda matematiksel modelleme yonteminin ortadgretim Ogrencilerinin
akademik basarilar: ve Oz-diizenleme becerilerine etkisi. Atatiirk Universitesi, Egitim Bilimleri
Enstitiisti, Erzurum.

Sandalci, Y. (2013). Matematiksel modelleme ile cebir 0gretiminin 6grencilerin akademik basarilarina ve
matematigi giinliik yasamla iliskilendirmeye etkisi. Recep Tayyip Erdogan Universitesi Sosyal
Bilimler Enstitiisti, Rize.

Schukajlow, S., Kaiser, G. & Stillman, G. (2018). Matematiksel modellemenin &gretilmesi ve
Ogrenilmesi {izerine ampirik aragtirma: mevcut son teknoloji {izerine bir anket. ZDM
Uluslararast Matematik Egitimi Dergisi, 50, 5-18. https://doi.org/10.1007/s11858-018-0933-5

STEM Gorev Giicii Raporu (2014). Yenilik Yap: Kaliforniya halk egitiminde bilim, teknoloji, miihendislik ve
matematik icin bir plan. Irlanda: Kaliforniyalilar Egitim Vakfina adanmus.

Tabachnick, B., & Fidell, L. S. (2019). Cok degiskenli istatistikleri kullanma, (7. Baski). Boston: Allyn ve
Bacon.

Vogels, A. G. C,, Crone, M. R.,, Hoekstra, F., & Reijneveld, S.A. (2009). flkokul cocuklar: arasinda
psikososyal islev bozuklugunu tespit etmek i¢in ti¢ kisa anketin karsilastirilmasi: Randomize bir
yontem. BMC Halk Sagligi, 9, 489. https://doi.org/10.1186/1471-2458-9-489

Weber, ML (2015). Kosta Rika'daki okullarda 21. yiizyila hazir 63rencilerin yaratilmasinda kiiresellesme, bilim,
teknoloji, miihendislik ve matematigin proje tabanli 63renmenin rolii ve ulusal bilim ve teknoloji farr
yetkisi. Yaymlanmig Doktora Tezi, Giiney Kaliforniya Universitesi, Usc Rossier Egitim Okulu
Fakiiltesi, Kaliforniya.

Wells, A. (2009). Psikolojide anksiyete ve depresyon icin metabilissel terapi. Londra: Guilford Press.

Wiedemann, K. T. (2020). Ger¢cek Diinya Problemlerinin Matematiksel Modellenmesi.
https://concord.org/newsletter/2020-fall/mathematical-modeling-real-world-problems/
sitesinden 2021 tarihinde alinmistir.

Yildirim, B., & Tiirk, C. (2018). Smif Ogretmeni adaylarimin STEM egitimine yonelik gortisleri:
uygulamal bir calisma. Trakya Universitesi Egitim Fakiiltesi Dergisi, 8(2), 195-213

252


https://stemeducationjournal.springeropen.com/articles/10.1186/s40594-020-00259-8
https://doi.org/10.1186/1471-2458-9-489

Yaprak Armutcu & Ayten Pinar Bal

Yiiksel, N. S., Dost, S., Kaya, Y. S., Urhan, S. & Sefik, 0. (2019). Matematik Egitiminde Modelleme
Etkinlikleri: Ankara: Pegem Akademi Yayinlari.

Yura, P. (2020). 'yi ya da kétii': Insanlarin benim hakkimda nasil diisiindiikleri 6nemli degil. B. Rudy
& H. Dion (Eds.), Ruh saglig: politikast (s. 368-389). Yasam Universitesi Yayinlar.

Zawojewski, J. S., Lesh, R. & English, L. D. (2003). A models and modelling perspective on the role of
small group learning. In R. A. Lesh & H. Doerr (Eds.) Beyond Constructivism: Models and
Modelling Perspectives on Mathematics Problem Solving, Learning and Teaching (pp. 337-358).
Mahwah, NJ: Lawrence Erlbaum.

253



	2. Method
	2.1. Workgroup
	2.2. Data Collection Tools
	2.3. Analysis of Data
	3. Findings
	3.1.Findings for the first sub-goal
	Table 4. Analysis Results of the Preliminary Test Scores of the Mathematics Literacy Scale of the Students in the Study Group
	3.2.Findings for the second sub-goal
	References

