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Ozet

Bu calismada ilkégretim matematik O6gretmen adaylarinin STEM (FeTeMM) egitimine yonelik
tutumlari ile 21. Yuzyll becerileri yeterlilik algilari arasindaki iligkinin belirlenmesi amaglanmigtir. Nicel
arastirma yontemlerinden iliskisel tarama modelinin kullanildigi ¢alismanin 6rneklemi, 71 ilkogretim
matematik O0gretmen adayindan olusmaktadir. Calismanin verileri, “STEM (Fen-Teknoloji-Mihendislik—
Matematik) Egitimi Tutum Olgegi” ve “Ogretmen Adaylarina Yénelik 21. Yizyil Becerileri Yeterlilik Algilar
Olgegi” olmak izere iki 6lgme araci ile elde edilmistir. Calismada ilkdgretim matematik 6gretmen adaylarinin
STEM egitimine yonelik tutumlari ve 21. Yuzyil becerileri yeterlilik algilari arasinda sinif diizeyi cinsiyete ve
genel not ortalamalarina gore anlamli farkliligin olup olmadigl ve STEM egitimine yonelik tutumlari ile 21.
Yizyll becerileri yeterlilik algilari arasinda anlamli bir iliski olup olmadigi incelenmistir. Yapilan analizler
sonucunda ilkdgretim matematik O6gretmen adaylarinin sinif diizeylerine gore STEM egitimine yonelik
tutumlarinda anlamli bir farkliligin olmadigi sonucuna ulasiimistir. 21. Ylzyil becerileri yeterlilik algilarinda ise
sinif dlizeylerine gore anlamli farkliigin oldugu belirlenmistir. Cinsiyete gére hem STEM egitimine ydnelik
tutumlarda hem de 21. Yizyil becerileri yeterlilik algilarinda anlamh farkliligin olmadigi ortaya konulmustur.
Ogretmen adaylarinin genel not ortalamalarina gére hem STEM egitimine yénelik tutumlarinda hem de 21.
Ylzyil becerilerine yonelik yeterlilik algilarinda bir farkliigin olmadigi gérilmistir. STEM egitimine yonelik
tutumlariile 21. Yuzyil becerileri yeterlilik algilari arasinda anlamli bir iliskinin olmadigi sonucuna ulagiimistir.

Anahtar Kelimeler: Tutum 6lgegi, Yeterlilik algisi 6lcegi, Matematik egitimi, STEM (FeTeMM) egitimi,
21. Yuzyil becerileri

Abstract

This study aimed to determine the relationship between elementary mathematics teacher
candidates' attitudes towards STEM education and proficiency perceptions of 21st-century skills. The
relational screening model, which is used to determine the relationship between two or more variables, was
used from quantitative research methods. The sample of the study consists of 71 elementary mathematics
teachers. The data were collected with two measurement tools, “STEM (Science-Technology-Engineering-
Mathematics) Education Attitude Scale” and “21st Century Skills and Competences Scale Directed at Teaching
Candidates”. In the study, it was investigated whether there is a significant difference in the attitudes of
elementary school mathematics teacher candidates towards STEM education according to grade level and
gender, whether there is a significant difference in 21st-century skills proficiency perceptions according to
grade level and gender, and whether there is a significant relationship between their attitudes towards STEM
education and 21st-century skills. As a result of the analyses conducted, it has been determined that there is
a significant difference in 21st-century skills proficiency perceptions according to grade levels. It was
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concluded that there is no significant relationship between their attitudes towards STEM education and their
perceptions of 21st-century skills competence.

Keywords: Attitude scale, Competence perception scale, Mathematics education, STEM education,
21st-century skills

1. Introduction

In today's world, the necessity of different cultures to live together, the world's getting the
status of a globalized city, the development, and progress in technology, natural disasters, global
warming, and wars affect the lives of individuals and make it necessary for them to adapt to these
difficulties (GUriltu et al., 2020). There is a need for individuals who can think analytically and critically,
collect and research data, make inquiries, and make decisions within the framework of seeking
solutions to these challenges (Yamak et al., 2015). When looking at today's world from another
perspective, it has become important for individuals to dig into the information they really need,
analyze, and evaluate the information by making sense of it, and make inferences about the results in
this context. This situation has led to the appearance of new concepts, skills, teaching methods, and
approaches in the 21st century. In this context, at the beginning of the issues discussed in today's 21st
century age, 21st-Century Skills (21CS) which include problem-solving, critical thinking, basic learning
skills, information and technology literacy (Kozikoglu & Altunova, 2018), Science, Technology,
Engineering and Mathematics (STEM) Education, which aims to teach STEM disciplines by associating
them with each other (Corlu, 2014), Programme for International Student Assessment (PISA), which is
based on the concept of literacy, and Industry 4.0 (Akgiindiiz, 2018) which includes basic components
such as analysis of big data, system integration, simulation, and augmented reality, are coming.

STEM education can be expressed as teaching the course content associated with real-life
through a holistic approach by integrating it with science, technology, engineering, and mathematics
disciplines (Ozcan & Koca, 2019). STEM education includes applications for 21st-century education
(Akaygiin & Aslan-Tutak, 2016). These four disciplines can be used together in teaching course content,
or a discipline can be chosen as the main discipline and other disciplines can be used as context (Walker
et al., 2018). STEM education offers a unique learning-teaching experience by focusing on students'
learning and related areas (ElSayary, 2021). STEM education includes activities and educational
practices that will provide students with the occasion to use their 21CS and knowledge to direct them
to STEM disciplines (Baran et al., 2015).

The integrated use of STEM disciplines will enable students to gain more permanent and more
meaningful learning and to have the opportunity to apply what they have learned (Wicklein & Schell,
1995). Individuals who develop themselves in line with STEM education are awaited to have 21CS
including skills such as problem-solving, connection, high-level thinking, communication, self-
confidence, and sociability (Bybee, 2010). In other words, within the framework of STEM education,
students who focus on real-life problems develop skills such as creative thinking, critical thinking,
collaboration, and design (Ceylan et al., 2018). STEM education has an important role in educating
individuals in line with the skills required by the 21st century (Akaygiin & Aslan-Tutak, 2016; Banks &
Barlex, 2014; Kostur, 2017). In this context, developments within the STEM education framework
should be followed to educate individuals with 21CS and knowledge (Radu, 2014). Supporting the
development of 21CS, STEM education (Batdi et al., 2019) aims to provide students with innovative
solutions to problems within the framework of 21CS by establishing interdisciplinary relationships
(Yildinm & Gelmez-Burakgazi, 2020). Therefore, STEM applications are an important driving force for
individuals to acquire 21CS (Copper & Heaverlo, 2013).
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Attitudes towards STEM in 21st Century education are considered extremely important (Ozcan
& Koca, 2018). The positive attitudes of both students and teachers towards STEM education greatly
impact achieving success in the STEM field because attitudes towards STEM play a decisive role in
determining the workforce potential that countries will need in the future and managing these
potentials correctly (Kennedy et al., 2016). In this context, individuals' developing positive attitudes
toward STEM by recognizing STEM education will increase their motivation for career planning towards
these disciplines (Christensen et al., 2015; Maltese & Tai, 2011; Yerdelen et al., 2016). Teachers who
practice STEM education play a big role in the positive development of individuals' attitudes toward
STEM education because teachers can enhance the interest, relevance, and motivation of students
towards STEM disciplines with quality STEM education practices (Higde et al., 2020). At the same time,
considering the problems experienced in teacher quality and capacity for STEM education all over the
world (Cepni, 2018), students need teachers with STEM education in order to reach high academic
standards (Yildirim, 2021). Students participating in qualified STEM education are expected to make
career plans for these fields by increasing their willingness to attend classes in STEM fields (Heaverlo,
2011). In this context, teachers' attitudes towards STEM education also affect the efficiency of STEM
education.

Determining the attitudes of teachers and teacher candidates towards STEM education is
important both in terms of providing qualified STEM education. In the teaching profession, as in all
professions, cooperation is now a necessity (Akglindiiz et al.,, 2015). In this context, since STEM
education includes the integration of disciplines (Yildirim & Altun, 2015), it is thought that teachers for
qualified STEM education should act in cooperation with their colleagues in other disciplines and
demonstrate good communication in order to ensure coordination. If we consider the subject from
another angle, STEM education can provide individuals with skills such as cooperation, self-confidence,
and high-level thinking skills (Batdi et al., 2019). Among the 21CS, cooperation, and communication
are among the learning and renewal skills (Partnership for 21st-century learning [P21], 2008).
Collaboration and communication skills are among the teacher’s 21CS (Orhan-Gdksiin, 2016). With the
development of 21CS, communication and cooperation skills needed in STEM education are
supported. In this context, it can be said that 21CS contributes to STEM education. In the same breath,
it is thought that 21CS will enable teachers to develop positive attitudes towards STEM education.

21CS have become a key concept and maxim not only in STEM education but also in all areas
of education (Greiff & Kyllonen, 2016) because 21CS are seen as necessary skills for individuals to adapt
to development, progress, and change in all areas of life, including science, technology, and industry
(Nacaroglu & Kizkapan, 2017). 21CS are required in order to adapt to the development and change
that occurs, to keep up with the development in technology, to use the information obtained by
selecting, analysing, and synthesizing, and evaluating the information needed in the information stacks
that are constantly increasing (Anagin et al., 2016). Today, individuals who take STEM courses are
expected to acquire skills such as analysis, synthesis, evaluation, and problem-solving. The relevance
of STEM in analysis, synthesis, and assessment (Baz, 2019) and its support for higher-order thinking
skills in 21CS (P21, 2008) is another indication of the interaction between STEM education and 21CS.

When the literature is examined, there are Nacaroglu and Kizkapan (2021) and Kan and Murat
(2018) studies on the relationship between STEM education and 21CS. Nacaroglu and Kizkapan (2021)
examined the levels of gifted students with their STEM attitudes and 21CS. In the study, it was
precipitated that there is no significant relationship between the STEM attitudes of gifted students and
the level of having 21CS. Suggestions were made to examine the STEM attitudes of students at
different education levels and their 21CS. Kan and Murat (2018), on the other hand, examined science
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teacher candidates’ perceptions of 21CS competence and their attitudes towards STEM education and
the relationship between them. In the study, it was determined that there was no significant difference
between the attitudes of science teacher candidates towards STEM in terms of gender. It has been
concluded that there is a low level of relationship between attitudes towards STEM education and
perceptions of 21CS proficiency. Apart from the studies of Nacaroglu and Kizkapan (2021) and Kan and
Murat (2018), it is seen that there are not enough studies aiming to reveal the relationship between
STEM education and 21CS. In general, there are studies in which there are opinions that STEM and
21CS can affect each other and contribute to each other. When these studies are examined, Sahin et
al. (2014) revealed that after-school activities with science, technology, mathematics, and engineering
content have the potential to contribute to the improvement of 21CS. Kavak (2019) concluded that
STEM activities improve 21CS such as problem-solving, cooperation, and communication in his study
at the 4™ grade level of primary school. Again, in the study conducted with primary school 4th-grade
students, it was revealed that STEM activities have a significant effect on 21CS (Bircan, 2019).
Congruently, in the meta-analysis study conducted by Batdi et al. (2019) on the STEM field, it was
emphasized that the majority of the students stated that STEM applications were effective in the
development of 21CS. Fajrina et al. (2020) emphasized in their studies that STEM education is an
approach that develops 21CS including critical thinking, creativity, communication, and collaboration.

1.1. Importance and Purpose of the Study

There is considerable worldwide interest in 21CS and their inclusion in the education systems
(OECD, 2018). When the PISA 2022 implementation framework is examined, it is seen that 21CS
constitutes an important framework for mathematical literacy. It is thought that 21CS such as
communication, problem-solving, cooperation, and critical thinking will provide opportunities for
presenting and defending arguments for the solution of mathematical literacy problems. Considering
that there is not enough work to determine the relationship between concepts such as mathematical
literacy, 21CS, and STEM education, which are at the top of the agenda in the field of education today,
it is thought that research on both STEM and 21CS are necessary for the field of mathematics
education. The contribution of the studies to be conducted in this direction to the literature is
undeniable. In addition, many studies emphasize the relationship between STEM education and 21CS
(Banks & Barlex, 2014; Batdi et al., 2019; Copper & Heaverlo, 2013; Kostur, 2017; Ormanci, 2020; Radu,
2014). In this context, it was aimed to determine the relationship between elementary school
mathematics teacher candidates' attitudes towards STEM education and their perceptions of 21CS
proficiency.

1.2. Research Problem

Is there a significant relationship between elementary school mathematics teacher candidates'
attitudes towards STEM education and their perceptions of 21CS proficiency?
1.2.1. Sub Problems

1. Is there a significant difference between the attitudes of Elementary School
Mathematics Teacher Candidates towards STEM education according to grade level?

2. Is there a significant difference between the attitudes of Elementary School
Mathematics Teacher Candidates towards STEM education by gender?
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3. Is there a significant difference between the attitudes of Elementary School
Mathematics Teacher Candidates towards STEM education according to their grade point averages?

4, Is there a significant difference between the 21CS proficiency perceptions of
Elementary School Mathematics Teacher Candidates according to the grade level?

5. Is there a significant difference between the 21CS proficiency perceptions of
Elementary Education Mathematics Teacher Candidates by gender?

6. Is there a significant difference between the perceptions of proficiency in 21CS
according to the general grade point averages of the Elementary School Mathematics Teacher
Candidates?

2. Method

In this study, the correlational survey model, which is used to specify the relationship between
two or more variables, was used from quantitative research methods. In this research model,
researchers focus on the relationship between variables and present comparisons between situations
that occur between two or more variables (Cepni, 2007; Fraenkel & Wallen, 2009). The main reason
for choosing the correlational survey model is to determine the level and direction of the relationship
between attitudes towards STEM education and perceptions of 21CS proficiency.

2.1. Sample

The population of the research is the teacher candidates registered in the elementary
education mathematics teaching program of the education faculties of the universities throughout
Turkiye in the 2021-2022 academic year. The research was conducted with the sample selected from
the population since it was not possible to reach the whole of the determined population. Thus, the
sample of the study consists of 71 elementary school mathematics teacher candidates studying in the
second, third, and fourth grades at a state university in the Marmara region in the 2021-2022 academic
year. First-grade teacher candidates were not included in the study. The reason for this situation
should be stated in the interviews conducted with first-grade elementary school mathematics teacher
candidates that some of the teacher candidates do not have knowledge and experience in STEM
education. Considering the easy accessibility of the sample, due to the fact that the whole world was
faced with COVID-19 and was in the pandemic process when the application was carried out, the
appropriate sampling method was preferred in determining the sample. In addition, the research was
conducted with teacher candidates who could be reached during the pandemic and voluntarily
accepted the application of measurement tools. The distribution of the sample according to grade
levels and gender is presented in Table 1:

Table 1. Demographic Characteristics of The Sample Group

Grade Level Female % Male % Total %
2" Grade 15 65.22 8 34.78 23 32.39
3 Grade 16 84.21 3 15.79 19 26.76
4™ Grade 21 72.41 8 27.59 29 40.85

Total 52 73.24 19 26.76 71 100

23 elementary school mathematics teacher candidates who participated in the research at the
second-grade level constitute 32.39% of all participants. 65.22% (n=15) of the second-grade
participants were female and 34.78% (n=8) were male. 19 elementary school mathematics teacher
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candidates who participated in the research at the third-grade level constitute 26.76% of all
participants. 84.21% (n=16) of the third-grade participants were female and 15.79% (n=3) male. At the
fourth-grade level, 29 elementary school mathematics teacher candidates participated in the research
and constituted 40.85% of all participants. 72.41% (n=21) of the fourth-grade participants were female
and 27.59% (n=8) were male.

2.2. Data Collection Tools

The data of the study were collected with two measurement tools: “STEM (Science-
Technology-Engineering-Mathematics) Education Attitude Scale” and the “21st Century Skills
Proficiency Perceptions Scale”.

2.2.1. STEM (Science-Technology-Engineering-Mathematics) Education Attitude Scale

The Turkish adaptation and development studies of the 20-item scale developed by Berlin and
White (2010) were conducted by Derin et al. (2017) in order to measure the attitudes of adults studying
science and mathematics education towards STEM education. The original scale, which is of the
Osgood type, consists of two dimensions: Meaningfulness and Feasibility. The Osgood scale is a type
of scale developed by Osgood et al. (1957) that is sensitive to complex perceptions and attitudes, saves
time, is easy to understand, and can be scored (Berlin & White, 2010). In such scales, participants mark
the part they feel closest to in the spaces between two antonyms (Derin et al., 2017). For example,
“Difficult __: . : . Easy” word group is marked according to the level felt. In this context, each
item is coded from 1 to 5 according to the places marked by the participants. While 5 expresses the
highest attitude and perception in coding, 1 is evaluated as the lowest attitude and perception.

In the adaptation study conducted by Derin et al. (2017), a 32-item adaptation scale was
developed as a result of the validity and reliability studies conducted by adding 15 more items to the
original scale consisting of 20 items. The total variance explained by the scale, which has a 2-factor
structure, namely significance and feasibility, was calculated as 39.25%. While the significance sub-
factor includes 18 items, the feasibility sub-dimension includes 14 items. The Cronbach's alpha value
of the significance sub-factor of the adapted scale was found to be .92, and the feasibility sub-factor
was found to be .84. The Cronbach alpha values calculated for the whole scale are .77. For this study,
the Cronbach alpha value of the STEM education attitude scale was calculated as .72. In this study, the
reason why the STEM education scale adapted by Derin et al. (2017) was used to determine the
attitudes of the participants towards STEM education is that both the original scale and the adaptation
scale were developed with pre-service teachers studying in the field of mathematics.

2.2.2. 21* Century Skills Proficiency Perceptions Scale

There are 42 items in the 21st-Century Skills Proficiency Perceptions Scale developed by
Anagiin, et al. (2016). The scale was developed based on the skills determined by P21. In this context,
the scale consists of 3 sub-dimensions: learning and innovation skills, life and career skills, and
information, media, and technology skills. There are 18 items for learning and innovation skills, 16
items for life and career skills, and 8 items for information, media, and technology skills. The total
explained variance of the scale was calculated as 51.30%. The Cronbach alpha value of the scale
developed in a 5-point Likert type is .899. In the reliability analysis performed for this study, the
Cronbach alpha value of the scale was calculated as .94. Anagiin, et al. (2016), the reason for using the
scale is that the scale is based on the skills determined by P21 and the scale development studies were
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conducted with teacher candidates, including teacher candidates studying in the field of mathematics
education.

2.3. Data Collection and Analysis

Necessary explanations regarding how the scales should be marked for each item during the
application phase of the scales, the importance of the application, participation in the study
voluntarily, and the importance of the research in terms of reflecting real views and thoughts were
explained within the framework of a detailed text. Considering the threat posed to the validity of the
time the measurement tools were applied during the data collection phase (Creswell, 2013), the data
were collected from the second, third, and fourth-grade elementary mathematics teacher candidates
in the same week.

Considering the pandemic process, the scales to be applied to the participants were
transferred online using the Google Form application to apply the scales in a healthier way. The data
obtained from the scales answered by the participants online were transferred to the Statistical
Package for the Social Sciences (SPSS) program by taking the Google Form application in Excel format
in Microsoft Office programs. The coding of 1 to 5 for the data transferred to the SPSS program was
conducted in line with the coding criteria for the scales, and the total scores of the participants for the
scales were calculated. In this context, the lowest score that can be obtained from the “STEM
Education Attitude Scale” is 32 and the highest score is 160. While the lowest score that can be
obtained for the “21st Century Skills Proficiency Perceptions Scale” is 42, the highest score is 210. The
formula “Score range (largest value — smallest value) / (number of degrees)” was used to describe
attitudes towards STEM education and perceptions of 21CS proficiency as very low, low, medium, high,
and very high (Tavsancil, 2005). In this context, the values between 32-57.5 points in the STEM
education attitude scale are very low, low between 57.6-83.1 points, medium between 83.2-108.7
points, high between 108.8-134.3 and It was evaluated as a very high degree of attitude in the range
of 134.4-160 points. Perceptions of 21CS proficiency are very low in the range of 42-75.5, low in the
range of 75.6- 109.1, moderate in the range of 109.2- 142.7, high in the range of 142.8-176.3, and it
was determined as very high in the range of 176.4-210.

Before the data analysis, first of all, the normality of the data group was examined. The reason
for this situation is to check whether the analysis method to be applied meets the assumptions for the
distribution of the data group and to reach the result with alternative tests in order not to encounter
an error in cases where the assumptions do not meet (Can, 2014). In other words, it is to decide which
of the parametric or non-parametric analysis methods will be used for the analyses to be applied in
determining the significant difference (Blyukoztirk, 2013; Karasar, 2008). There are multiple methods
for examining the normality of data groups (Can, 2014). One of these methods is Kolmogorov-Smirnov
and Shapiro Wilk tests, which are specified as normality tests (Buyukoéztirk, 2013; Can, 2014; Karasar,
2008). The Shapiro-Wilk test is used when the number of people in the data groups is below 30, and
the Kolmogorov-Smirnov test is used when it is more than 30 (Can, 2013). According to the results of
the normality tests performed in this context, it was concluded that the data for the STEM Education
Attitude Scale did not show a normal distribution in terms of grade level (p<.05), while the “21st
Century Skills Proficiency Perceptions Scale” showed a normal distribution (p>.05). According to the
gender variable, the data group for both the “STEM Education Attitude Scale” and the “21st-Century
Skills Proficiency Perceptions Scale” showed a normal distribution (p>.05). According to the general
grade averages, it was determined that the data group for both the “STEM Education Attitude Scale”
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and the “21st-Century Skills Proficiency Perceptions Scale” showed a normal distribution. The analyses
performed in line with these results are presented in the table below.

Table 2. Summary Table of The Analyses Conducted to Determine The Significant Difference
According to The Variables

Variables STEM Education Attitude 21°%-Century Skills Proficiency
Scale Perceptions Scale
Grade Level Kruskal Wallis-H Test ANOVA Test
Gender Independent Samples T-Test Independent Samples T-Test
Grade Point Average (GPA) ANOVA Test ANOVA Test

Analysis of variance (ANOVA) test was used to determine the significant difference in 21CS
proficiency perceptions according to grade level. While performing the ANOVA analysis, the
homogeneity between the variances of the groups was also examined with the Levene test
(Bayukozturk, 2013; Can, 2014). The Sidak test was used to determine the significant difference
between the groups according to the results of the ANOVA test analysis conducted in line with the
normality and homogeneity assumptions of 21CS proficiency perceptions according to grade level. The
Sidak test is one of the most used analysis types in cases where the data group shows the normal
distribution, variances are equal, and multiple comparison situations (Verbalis et al., 2010). In addition,
although the fact that the groups have different sample sizes in the Sidak test does not prevent its
implementation, it was developed to eliminate the type | error of LSD (Kayri, 2009).

2.4. Ethics

This study was conducted within the framework of the approval given in line with the decision
of the Balikesir University Science and Engineering Sciences Ethics Committee dated January 14, 2022
(E-19928322-302.08.01-107756).

3. Findings

3.1. Findings Related to The First Sub-Problem

The first sub-problem of the study is to determine whether there is a significant difference
between the attitudes of elementary school mathematics teacher candidates towards STEM education
according to grade level. The analysis result of the Kruskal Wallis-H test performed in this context is
presented in the table below:

Table 3. Kruskal Wallis-H Test Results on Comparison of Attitudes towards STEM Education by Grade

Attitude Towards STEM Education N Sum of squares  df X p
2" Grade 23 33.59 2 74 .69
3 Grade 19 39.08
4™ Grade 29 35.90
p>.05

According to the Kruskal Wallis-H test analysis results in Table 3, it was concluded that there
was no significant difference between the attitudes of the participants towards STEM education
according to their grade level (X?=.74, p=.69, p>.05). When the mean ranks according to the class levels
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in Table 3 are examined, it is seen that the highest average is at the 3™-grade level and the lowest
average is at the 2"%-grade level. However, it can be said that these differences are not statistically
significant according to the results of the Kruskal Wallis h test analysis. It was concluded that STEM
education attitudes towards grade level were high (M»=119.48, M3=120, M;=119.45).

3.2. Findings Related to The Second Sub-Problem

The second sub-problem of the study is about whether there is a significant difference
between the attitudes of elementary school mathematics teacher candidates towards STEM education
by gender. The result of the independent samples t-test performed to determine whether there is a
significant difference is given in Table 4:

Table 4. T-Test Result on the Comparison of Attitudes Towards STEM Education by Gender

Attitude Towards STEM Education N M SD df t p
Female 52 11998 7.74 69 .56 .58
Male 19 118.58 12.98
p>.05

When Table 4 is examined, it is seen that the significance value (p=.58) is greater than the
significance level (p>.05). In line with this finding, it can be said that there is no significant difference
between the attitudes of elementary school mathematics teacher candidates towards STEM education
by gender (t=.56, p=.58, p>.05). Table 4 shows that the mean score of females (Mfemale=119.98) and the
mean score of males (Mmae=118.58) in the attitude scale towards STEM education are also close to
each other. In addition, according to gender, it can be said that the attitudes of the participants
towards STEM education are at a high level.

3.3. Findings Related to The Third Sub-Problem

The third sub-problem of the study is related to examining whether the attitudes of pre-service
elementary mathematics teachers towards STEM education change according to their grade point
averages. In this context, the result of the ANOVA test performed to determine the significant
difference is presented in the table below:

Table 5. ANOVA Test Analysis Results on Attitudes Towards STEM Education by GPA

) Sum of Mean
GPA N M SD Variance df F p
Squares Square
2.51-3.00 10 114.10 17.35 Between 453.75 2 226.88 2.73 .07
Groups
3.01-3.50 41 119.61 6.97 Withing 5661.21 68 83.25
Groups
3.51 and above 20 12235 7.28 Total 611496 70

p>.05

According to table 5, it was concluded that there was no significant difference between the
elementary school mathematics teacher candidates' attitudes towards STEM education according to
their GPA (F=2.73 p=.07, p>.05). In this context, it can be said that GPAs do not have a significant effect
on attitudes towards STEM education. When the averages in Table 5 are examined, it can be said that
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the students who have a GPA of "3.51 and above" (M3 51andabove=122.35) have higher attitudes towards
STEM education than others. However, it was stated that this situation was not significant according
to the ANOVA test analysis. It can be said that participants who have "2.51-3.00", "3.01-3.50", and
"3.51 and above" grade point averages have a high level of attitude.

3.4. Findings Related to The Fourth Sub-Problem

The fourth sub-problem of the study is to examine the significant difference between the 21CS
proficiency perceptions of the elementary school mathematics teacher candidates according to grade
level. The analysis result of the ANOVA test performed to examine the significant difference is
presented in Table 6.

Table 6. ANOVA Test Results on Perceptions of 21st Century Skills Competence by Grade Level

Grade ) Sum of Mean .
M SD Variance df F p n2 Sidak

Level Squares Square

2nd 23 157.83 16.39 Between 225408 2 1127.04 391 .02* .103 2" -4
Groups grade

3rd 19 167.05 17.62 Withing 19608.11 68 288.35
Groups

4th 29 170.93 17.02 Total 21862.20 70

*p<.05

According to the ANOVA test results in table 6, it was concluded that there is a significant
difference between the 21CS proficiency perceptions of elementary school mathematics teacher
candidates according to their grade levels (F=3.91, p=.02, p<.05). The Sidak test was used to determine
between which class levels the difference was. According to the Sidak test, it is seen that the difference
between the 21CS proficiency perceptions of elementary school mathematics teacher candidates
according to their grade levels are between the 2" and 4" grades. When Table 6 is examined, it has
been revealed that the average of the 4" graders is higher than that of the 2" graders. In line with this
finding, it can be said that the difference between 21CS proficiency perceptions in terms of grade levels
is in favor of 4™ graders. In addition, it is seen that elementary school mathematics teacher candidates
have high 21CS proficiency perceptions according to their grade levels. In addition, the eta value was
calculated in order to determine to what extent the 21CS proficiency perceptions affect the grade level.
Eta squared effect value is interpreted as low effect size between .001-.059 or 1%- 5.9%, medium effect
size between .06-.137 or 6%-13.7%, and large effect size at .138 and above or 13.8% and above values
(Pallant, 2011, p. 210). In this context, it can be said that the grade level variable has a medium effect
on the 21CS proficiency perceptions of teacher candidates (n2=.103).

3.5. Findings Related to The Fifth Sub-Problem

The fifth sub-problem of the research is “Is there a significant difference between the 21CS
proficiency perceptions of the elementary education mathematics teacher candidates by gender?”. In
this context, the analysis result of the independent samples t-test, which was conducted to answer the
fifth sub-problem, is presented in Table 7:
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Table 7. T-Test Results on Perceptions of 21st Century Skills Proficiency by Gender

21st-century skills proficiency

, N M SO df t P
perceptions
Female 52 165.85 17.30 g9 15 88
Male 19 165.10 19.12

p>.05

When table 7 is examined, it is seen that the significance value (p=.88) is higher than the
significance level (p>.05). In this context, it was concluded that there is no significant difference
between the 21CS proficiency perceptions of the elementary school mathematics teacher candidates
by gender (t=.15, p=.88, p>.05). When the averages of 21CS proficiency perceptions by gender in table
7 are examined, it is seen that the averages of female (Mrfemale=165.85) and male (Mmae=165.10) are
almost equal. These results also support the fact that there is no significant difference between the
21CS proficiency perceptions of elementary school mathematics teacher candidates by gender. In
terms of gender, it can be said that the participants' perceptions of 21CS proficiency are high.

3.6. Findings Related to The Sixth Sub-Problem

The results of the ANOVA analysis conducted for the sixth sub-problem to examine the
difference between the 21CS proficiency perceptions of the elementary school mathematics teacher
candidates according to their grade point averages are presented in Table 8:

Table 8. ANOVA Test Results on Perceptions of 21st Century Skills Proficiency by GPA

GPA N M SD Variance Sum of df Mean F p
Squares Square
2.51-3.00 10 157.40 17.35 Between 842.08 2 421.04 136 .26
Groups
3.01-3.50 41 167.63 19.61 Withing 21020.11 68 309.12
Groups
3.51 and above 20 165.70 12.41 Total 21862.20 70
p>.05

According to table 8, it is seen that the significance value (p=.26) is higher than the significance
level (.05). In this respect, it can be said that there is no significant difference between 21CS proficiency
perceptions of the elementary school mathematics teacher candidates according to their grade point
averages (F=1.36, p=.26, p>.05). In terms of 21CS proficiency perceptions, the highest average (Ms.01-
3.50=167.63) was found in the participants with “3.01-3.50” average, and participants with “3.51 and
above” grade point average were close to the participants with “3.01 -3.50” average (Mss1 and
above=165.70) that can be seen in table 8. In addition, it can be said that the participants' 21CS
proficiency perceptions are high according to their grade point averages.

3.7. Findings Related to Examining the Relationship Between Elementary School Mathematics
Teacher Candidates' Attitudes Towards STEM Education and Perceptions of 21CS Proficiency

The result of the Pearson correlation analysis conducted to examine the relationship between
elementary school mathematics teacher candidates' attitudes towards STEM education and their
perceptions of 21CS proficiency is presented below:
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Table 9. Results of Person Correlation Analysis

STEM 21CS
STEM r 1 A1
p .36
n 71 71
21CS r A1 1
p .36
71 71

p>.05

According to Table 9, it was determined that there was no significant relationship between the
attitudes of elementary school mathematics teacher candidates towards STEM education and their
perceptions of 21CS proficiency (r=.11, p=.36, p>.05).

4. Discussion, Conclusion and Suggestions

This study, it was aimed to determine whether there is a significant relationship between
teacher candidates’ attitudes towards STEM education and their perceptions of 21CS proficiency by
examining whether their attitudes towards STEM education and perceptions of 21CS proficiency differ
according to grade level, gender, and GPA. In this direction, it was determined that there was no
significant difference according to the grade level of elementary school mathematics teacher
candidates. In addition, it has been concluded that the mean scores for STEM education are close to
each other according to the grade level. This finding is similar to the result of Bircan and Kdksal (2020)
that there is no difference in STEM education attitudes according to grade level. It was determined
that teacher candidates' attitudes towards STEM education were high. Considering the worldwide
problems in STEM education (Cepni, 2018), this finding is a very promising finding for the opinion that
there is a need for well-educated teachers with a high level of attitude towards STEM education
(Yildinm, 2021). In this context, it can be said that the high level of attitudes of elementary school
mathematics teacher candidates towards STEM education is also significant in terms of effective STEM
education. It was concluded that there was no significant difference between the attitudes of
elementary school mathematics teacher candidates towards STEM education in terms of grade level.
The mean scores of teacher candidates for STEM education based on grade level are high with a slight
difference, but they are also close to the middle level. When the elementary school mathematics
teaching program is examined, it is seen that there is no course for STEM education. In this context, it
is thought that there is no difference in the attitude towards STEM education in terms of grade levels,
due to the absence of compulsory or elective courses for STEM education in the undergraduate
education of teacher candidates. In this context, research can be conducted to determine whether the
attitude towards STEM education changes according to grade levels after adding courses for STEM
education to the elementary school mathematics teaching program. In addition, in the pre-study
interviews with first-grade teacher candidates, it was seen that some teacher candidates did not have
any knowledge about STEM education. Within this context, it is thought that courses for the students
to have the necessary knowledge, skills, and equipment for STEM education at the undergraduate level
should be included in the curriculum.

It was determined that there was no difference in the attitudes of elementary school
mathematics teacher candidates towards STEM education in terms of gender. This situation is thought
to be due to the opinion that the positive attitude towards STEM education decreases as age increases
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in the study conducted by Ceylan, Ermis, and Yildiz (2018) with secondary school students. The studies
of Azgin and Senler (2019), Sivrikaya-Ozkurt (2019), and Kiriktas and Sahin (2019) support the thinking
of Ceylan, Ermis, and Yildiz (2018). In the study where Azgin and Senler (2019) examined STEM
attitudes towards the 3™ and 4™-grade levels, there was a significant difference in favor of boys
according to gender. Ozkurt (2019) states that there is no significant difference in STEM attitudes of
9th and 10™-grade students in terms of gender. Similarly, Kiriktas and Sahin (2019) revealed that there
is no gender difference in the attitudes of high school students towards STEM. Considering these
situations, the reason why there is no significant difference in the STEM education of elementary
school mathematics teacher candidates according to gender may be due to the decrease in their
attitudes towards STEM education at later ages. According to the results of Trends in International
Mathematics and Science Study (TIMSS) 2019, 66% of the 4th graders participating in the research
from Turkiye stated that they liked learning mathematics, while this rate decreased to 29% in the 8th
grade (Mullis et al., 2020). In the same report, Tirkiye's data while the rate of students who indicated
that they were confident in mathematics very much in 4th grade is 34%, this rate drops to 15% in 8th
grade, on the other hand, the rate of students who state that they were confident in science at the 4th
grade level is 50%, this rate drops to 38% in 8 grades (Mullis et al., 2020). Within the framework of
these results, it is thought that the decrease in attitudes towards STEM fields such as mathematics and
science at advanced ages leads to the absence of differences in attitudes towards STEM fields in terms
of gender. In addition, the conclusion that there is no significant difference in the attitudes towards
STEM education according to gender is in line with the studies of Aydin et al. (2017), igel (2019),
Nacaroglu and Kizkapan (2019). The fact that there is no difference in STEM attitudes by gender reveals
that Wells et al. (2007) view that female students' interest in STEM content at the high school level
decreases faster than male students is not valid at the university level.

According to the general grade point averages, it was concluded that there was no significant
difference in the attitudes of elementary school mathematics teacher candidates towards STEM
education. However, when the mean of attitudes towards STEM education is examined, it is seen that
those with a high GPA have a higher level of attitude than others. It can be said that this situation
supports the idea that students with high academic achievement will also have high STEM attitudes
(Nacaroglu & Kizkapan, 2019). Studies are showing that STEM attitudes of lower-grade students
change according to their academic achievements (Bulut, 2020). In addition, STEM education will
support their academic development by providing students with the opportunity to gain more
permanent and more meaningful learning and to have the opportunity to apply what they have learned
(Wicklein & Schell, 1995). Experiencing an increase in success in any of the STEM lessons positively
affects other lessons and provides an increase in success in other STEM lessons (Acar et al., 2019). In
this context, STEM education also includes the field of mathematics. Students who are academically
successful in the field of mathematics are expected to have a high level of attitude towards STEM.

It has been determined that there is a significant difference in 21CS proficiency perceptions
according to the grade levels of elementary school mathematics teacher candidates. This finding is that
there is no significant difference according to the grade level of the teacher candidates studying in
Turkish, Turkish Language and Literature, and Contemporary Turkish Dialects departments of Temiz et
al. (2019), and that there is no significant difference according to the grade level of the pre-service
teachers studying in the Social Studies Teaching Department of Cift¢ci and Bakar (2020). There is no
significant difference in 21CS proficiency perceptions according to grade level, and Gokbulut's (2020)
study with teacher candidates studying at the faculty of education differs with the results that there is
no difference in 21CS proficiency perceptions of pre-service teachers in terms of grade level. It is
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thought that the reason for the significant difference between the perceptions of 21CS proficiency
between the fourth-grade teacher candidates and the second-grade teacher candidates is the effect
of the undergraduate courses taken by the teacher candidates. It can be said that the courses such as
"association in mathematics teaching", "communication in mathematics classrooms", "problem-
solving in mathematics" and "logical reasoning" taken by the fourth-grade teacher candidates, unlike
the second-grade teacher candidates, have a positive effect on the 21CS proficiency perceptions of the
pre-service teachers. Because when 21CS is analysed, it is seen that skills such as communication,
association, and problem-solving constitute 21CS (P21, 2008). In this context, it is thought that there
is a difference in terms of grade level with the effect of undergraduate courses.

It was determined that 21CS proficiency perceptions of elementary school mathematics
teacher candidates were highly positive. This finding is in line with previous studies (Colak, 2019;
Gomleksiz et al., 2019; Gékbulut, 2020; Kozikoglu & Altunova, 2018; Ozdemir-Ozden et al., 2018). The
reason for the high 21CS proficiency perceptions of teacher candidates may be that the departments
of education faculties are preferred by students with high scores from the point of view of university
entrance, in line with the high demand for education faculties. Considering that the use of learning
methods and strategies supports the emergence of 21CS (Haviz et al., 2020), it can be said that teacher
candidates have high 21st century skills proficiency perceptions in their training on teaching methods
and strategies.

In another case examined in the study, it was concluded that there was no significant
difference in the 21CS of elementary school mathematics teacher candidates according to gender and
grade point averages. These findings are the case in Gékbulut (2020), Kapaksiz et al. (2019), Kozikoglu
and Altunova (2018) and Ozdemir-Ozden et al. (2018) coincide with the results that there is no
significant difference in terms of gender variables in 21CS, while it differs with the studies of Ciftci and
Bakar (2020) and Bozkurt and Cakir (2016). It is an important finding that the 21CS proficiency
perceptions of elementary school mathematics teacher candidates do not change according to gender.
Because, in line with the gender equality approach, it is an indication that the education system has
the same equality in terms of females and males. In this context, the view that gender equality should
be ensured in the realization of education investments (Hanushek, 2008) is supported. It has been
concluded that there is no significant difference between the 21CS proficiency perceptions of
elementary school mathematics teacher candidates in line with academic achievement. This finding is
similar to Ozdemir-Ozden et al. (2018) studies. However, there are also studies showing that some sub-
dimensions of 21%-century skills change according to their academic achievements. These include time
management (Britton & Tesser, 1991; Durmaz et al., 2016; Tektas & Tektas, 2010), and communication
skills (Bingol & Demir, 2011). Furthermore, it is stated that there is a significant difference according
to the academic achievements of the sub-dimensions of 21CS such as critical thinking (Akbiyik &
Seferoglu, 2006).

The relationship between attitudes towards STEM education and perceptions of 21CS
competence was also examined in the study. In this context, it was concluded that there is no
significant relationship between attitudes towards STEM education and 21CS. While this finding of the
study supports the study of Nacaroglu and Kizkapan (2021), it differs from the opinion of Kan and
Murat (2018) that there is a low-level positive relationship between science teacher candidates'
perceptions of 21CS proficiency and their attitudes towards STEM. Many studies in the literature
suggest that STEM education affects 21CS (Banks & Barlex, 2014; Batdi et al., 2019; Copper & Heaverlo,
2013; Kostur, 2017; Ormanci, 2020; Radu, 2014). However, the reason why no relationship was found
between 21CS proficiency perceptions and STEM education in this study may be that elementary
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school mathematics teacher candidates do not have more detailed information about how STEM
education should be applied rather than what it is.

In general, while teacher candidates have a positive attitude towards STEM education, their
development towards the applications of STEM education should be supported (Delen & Uzun, 2018).
In this context, after training on how to apply STEM education in learning environments, the
relationship between attitudes towards STEM education and 21CS can be examined. First-grade
teacher candidates were not included in the study because they did not have enough knowledge about
STEM education. In this context, it can be suggested to add STEM education courses to teacher
candidate education programs (Kan & Murat, 2018; Nadelson et al., 2012) or to implement integrated
STEM education practices in some undergraduate courses. Similarly, undergraduate courses on 21CS
and practices can be added to teacher training programs. In line with the views of teacher candidates
on STEM education and 21CS, studies that reveal the relationship between STEM education and 21CS
in a qualitative framework can be conducted. Research can be conducted in the context of teachers,
secondary school, and high school students to examine the relationship between STEM education and
21CS proficiency perceptions.
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Genis Ozet

Giris

GUnlmuz dinyasinda farkh kiltirlerin bir arada yasama zorunlugu, dinyanin giderek
kiresellesen bir sehir statlisiini almasi, teknolojide yasanan gelisim ve ilerleme, dogal afetler, kiresel
Isinma ve savaslar gibi bircok problemin bireylerin yasamlarini etkileyerek onlarin bu zorluklara karsi
uyum saglamalarini gerekli kilmaktadir (Giralti vd., 2020). Bu zorluklara karsi ¢6zim arayislari
cercevesinde elestirel ve analitik dislinebilen, veri toplayip arastiran, sorgulama yapabilen ve karar
verebilen bireylere ihtiya¢ duyulmaktadir (Yamak vd., 2015). Glinim{z diinyasina bir baska agidan
bakildiginda bilimin siirekli olarak ilerlemesiyle bilginin hizli bir sekilde yayilmaya baslamasi, bilgiye
erisimin daha kolaylasmasi, bilgi birikiminin durmaksizin artmasi bireylerin asil ihtiyaci olan bilgiye
ulasmasini, bilgiyi anlamlandirarak analiz etmesini, degerlendirmesini ve bu baglamda sonuglara
yonelik ¢cikarimlarda bulunmasini 6nemli hale getirmistir. Bu durum 21. Ylzyil caginda yeni kavramlar,
beceriler, 6gretim yontem ve yaklasimlarin ortaya ¢ikmasini saglamistir. Elestirel diisinme, problem
¢6zme, temel 6grenme becerileri bilgi ve teknoloji okuryazarligi gibi kavramlari kapsayan 21. Ylzyil
becerileri (Kozikoglu & Altunova, 2018), fen, teknoloji, miihendislik ve matematik disiplinlerinin
birbiriyle iliskilendirilerek 6gretilmesini hedefleyen STEM (FeTeMM) Egitimi (Corlu, 2014), okuryazarlik
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kavraminin temele alan PISA ve blyuk verilerin analizi, sistem entegrasyonu, benzetim ve arttiriimis
gerceklik gibi temel bilesenlerin oldugu Endistri 4.0 (Akglindliz, 2018) kavramlari ginimuzde siklikla
tartisilan konularin basinda geldigi gorilmektedir.

Fen, teknoloji, mihendislik ve matematik disiplinlerinin entegre bir sekilde kullaniimasi
ogrencilerin daha kalici ve daha anlamli 6grenmeler kazanmalarina ve 6grendiklerini uygulama imkani
bulmalarina firsat saglayacaktir (Wicklein & Schell, 1995). STEM egitimi dogrultusunda kendini
gelistiren bireylerde elestirel disinme, problem ¢dzme, iletisim kurma, st dizey diisiinme, iletisim,
Ozgliven, sosyallik gibi becerileri kapsayan 21. Yuzyll becerilerine sahip olmalari beklenmektedir
(Bybee, 2010). Bir baska deyisle STEM egitim cercevesinde gercek yasam problemlerine odaklanan
ogrencilerin elestirel ve yaratici dislinme, is birligi yapma, problem ¢ézme ve tasarlama gibi becerileri
gelismektedir (Ceylan vd., 2018). 21. Yizyilin gerektirdigi beceriler dogrultusunda bireylerin
yetistiriimesinde STEM egitimi dnemli bir paya sahiptir (Akaygiin & Aslan-Tutak, 2016; Banks & Barlex,
2014; Kostur, 2017). Bu baglamda 21. Yiizyil bilgi ve becerilerine sahip bireylerin yetistirilebilmesi icin
STEM egitimi cercevesinde gelismelerin takip edilmesi gerekmektedir (Radu, 2014). 21. Yizyil
becerilerinin gelismesini destekleyen STEM egitimi (Batdi vd., 2019), 6grencilerin disiplinler arasi
iliskiler kurarak 21. Ylzyll becerileri cercevesinde problemlere vyenilik¢i ¢ozlimler Uretmesini
amagclamaktadir (Yildinm & Gelmez-Burakgazi, 2020). Dolayisiyla STEM uygulamalari bireylerin
problem ¢dzme, yaraticilik ve tasarim gibi 21. Ylzyil becerileri kazanmalari igin 6nemli bir itici gligttr
(Copper & Heaverlo, 2013).

21. Yizyil becerileri ve bu becerilerin egitim sistemine dahil edilmesine yonelik yapilan
calismalara dinya capinda dikkate deger diizeyde ilgi bulunmaktadir (OECD, 2018). PISA 2022
uygulama cercevesi incelendiginde 21. Yizyil becerilerinin matematik okuryazarhgi 6nemli bir cerceve
teskil ettigi gorilmektedir. Matematik okuryazarhg problemlerin ¢ozimiine yonelik arglimanlar
sunulmasi ve bu arglimanlarin savunulmasinda elestirel diisiinme, problem ¢ézme ve iliskilendirme gibi
21. Yazyil becerilerinin firsatlar saglayacagl disliniilmektedir. Gliniimizde egitim alaninda en ¢ok
gindemde olan konularin basinda gelen matematik okuryazarligi, 21. Yuzyil becerileri ve STEM Egitimi
gibi kavramlarin aralarindaki iliskinin belirlenmesine yonelik yeterince ¢alismanin olmadigi, matematik
egitimi alaninda da hem STEM hem de 21. Ylzyil becerilerine yonelik arastirmalarin gerekli oldugu
diistincesi goz 6nline alindigina bu dogrultuda gergeklestirilecek galismalarin literatiire sunacagi katki
yadsinamazdir. Ayrica birgcok calisma STEM egitimi ile 21. Yizyil becerileri arasindaki iliskiye vurgu
yapmaktadir (Banks & Barlex, 2014; Batdi vd., 2019; Copper & Heaverlo, 2013; Kostur, 2017; Ormanci,
2020; Radu, 2014). Bu baglamda gerceklestirilen arastirmada ilkdgretim matematik 6gretmen
adaylarinin STEM (FeTeMM) egitimine yonelik tutumlari ile 21. Yuzyil becerileri yeterlilik algilari
arasindaki iliskinin belirlenmesi amacglanmistir.

Yontem

Calismada nicel arastirma yontemlerinden iki ya da daha ¢ok degisken arasindaki iliskinin
belirlenmesinde kullanilan iliskisel tarama modelinden yararlanilmistir. Bu arastirma modelinde
arastirmacilar degiskenler arasindaki iliskiye odaklanarak iki veya daha fazla degisken arasinda olusan
durumlar arasinda karsilastirmalari ortaya koymaktadirlar (Cepni, 2007; Fraenkel & Wallen, 2009).
iliskisel tarama modelinin secilmesinin baslica nedeni, calismada STEM (FeTeMM) egitimine yonelik
tutumlari ile 21. Yazyil becerileri yeterlilik algilari arasindaki iliskinin hangi diizeyde ve yonde
oldugunun tespit edilmeye calisiimasidir.

Calismanin oOrneklemini 2021-2022 egitim oOgretim yilinin gliz déneminde Marmara
bolgesindeki bir devlet Universitesinde ikinci, l¢lincl ve dordiinci sinifta 6grenim gérmekte olan 71
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ilkogretim matematik 6gretmen adayi olusturmaktadir. Calismaya birinci sinif ilk6gretim matematik
o0gretmen adaylari dahil edilmemistir. Bu durumun nedeni ilkogretim matematik 6gretmenligi birinci
sinif 6gretmen adaylariyla yapilan goérismelerde 6gretmen adaylarinin bazilarinin STEM egitimine
yonelik bilgileri ve deneyimlerinin olmadigini belirtmelidir. Uygulamanin gergeklestirildigi zaman tim
diinya COVID-19 gériilmesi ve pandemi siirecinde olunmasi sebebiyle érneklemin kolay ulasilabilirligi
g6z 6nlne alinarak dérneklemin belirlenmesinde uygun ornekleme yéntemi tercih edilmistir. Ayrica
arastirma pandemi siirecinde ulasilabilen, 6lgme araglarinin uygulanmasini gonilli olarak kabul eden
o0gretmen adaylari ile gergeklestirilmistir.

Calismanin verileri “STEM (Fen-Teknoloji-Miihendislik-Matematik) Egitimi Tutum Olcegi” ve
“21. Yizyil Becerileri Yeterlilik Algilar Olgegi” olmak Uzere iki 6lgme araci ile toplanmistir. “STEM
Egitimi Tutum Olgegi”, Derin vd. (2017) tarafindan gergeklestirilen uyarlama calismasiyla Tiirkceye
uyarlanmistir. 20 maddeden olusan asil 6lgege 15 madde daha eklenerek gergeklestirilen gegerlik ve
glvenirlik calismalari sonucunda 32 maddelik uyarlama olgek gelistirilmistir. “Anlamhlik” ve
“Yapilabilirlik” olmak lzere 2 faktorli yapiya sahip olgegin agikladigl toplam varyans %39,25 olarak
hesaplanmistir. Gerceklestirilen bu calisma icin STEM egitimi tutum oOl¢eginin Cronbach alfa degeri .72
olarak hesaplanmistir. Anagiin vd. (2016) tarafindan gelistirilen “21. Ylzyil Becerileri Yeterlilik Algilar
Olgegi” 42 maddeden olusmaktadir. Olcek P21 tarafindan belirlenen beceriler temele alinarak
gelistirmistir. Bu baglamda ol¢ek 6grenme ve yenilenme becerileri, yasam ve kariyer becerileri ve bilgi,
medya ve teknoloji becerileri olmak {izere 3 alt boyuttan olusmaktadir. Olgegin agiklanan toplam
varyansi %51,30 olarak hesaplanmistir. Bu ¢alisma igin gerceklestirilen giivenirlik analizinde 6lgegin
Cronbach alpha degeri .94 olarak belirlenmistir.

Verilerin analizi slirecinde 6ncelikle veri grubunun normalligi incelenmistir. Bu baglamda
gergeklestirilen normallik testleri sonucuna gére sinif diizeyi agisindan “STEM Egitimi Tutum Olcegine”
yonelik verilerin normal dagilim géstermedigi (p<.05), “21. Yiizyil Becerileri Yeterlilik Algilari Olceginin”
ise normal dagilim gosterdigi sonucuna ulasiimistir (p>.05). Cinsiyet degiskenine gére hem “STEM (Fen-
Teknoloji-Miihendislik-Matematik) Egitimi Tutum Olcegi” hem de “21. Yuzyil Becerileri Yeterlilik
Algilari Olcegine” yonelik veri grubunun normal dagilim gésterdigi goriilmiistiir (p<.05). Genel not
ortalamalarina gore ise hem “STEM (Fen-Teknoloji-Miihendislik—-Matematik) Egitimi Tutum Olgegi”
hem de “21. Yizyll Becerileri Yeterlilik Algilari Olcegine” yénelik veri grubunun normal dagihm
gosterdigi belirlenmistir. Bu sonuglar dogrultusunda gergeklestirilen analizler Tablo 2’de sunulmustur.

Bulgular

Gergeklestirilen analizlere gore katihmcilarin sinif dizeylerine gére STEM egitimine yonelik
tutumlari arasinda anlamh farkliigin olmadigi belirlenmistir (X?=.74, p=.69, p>.05). Sinif diizeylerine
gore katilimcilarin sira ortalamalari incelendiginde en ylksek ortalamanin 3. sinif diizeyinde oldugu en
disik ortalamanin ise 2. sinif diizeyinde oldugu belirlenmistir. Fakat bu farklilhklarin Kruskall Wallis-H
testi analizi sonucuna gore istatistiksel olarak anlamh olmadigi sdylenebilir. ilkégretim Matematik
Ogretmen Adaylarinin cinsiyete gére STEM egitimine yonelik tutumlari arasinda anlamli farkhligin
olmadigi soylenebilir (t=.56, p=.58, p>.05). Ayrica cinsiyete gore katilimcilarin STEM egitimine yonelik
tutumlarinin yiiksek diizeyde oldugu soylenebilir. Tablo 5’e gore ilkogretim matematik 6gretmen
adaylarinin genel not ortalamalarina gére STEM egitimine yonelik tutumlari arasinda anlamli farklhiligin
olmadigl sonucuna ulasiimistir (F=2.73 p=.07, p>.05). Bu baglamda genel not ortalamalarinin STEM
egitimine yonelik tutumlar igin anlaml bir etkisinin olmadigi séylenebilir.

Tablo 6’ya gore ilkogretim matematik 6gretmen adaylarinin sinif diizeylerine gore 21. Yizyil
becerileri yeterlilik algilari arasinda anlamli farklihgin oldugu sonucuna ulasilmistir (F=3.91, p=.02,
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p<.05). Farkliigin hangi sinif dlzeyleri arasinda oldugunun belirlenmesinde Sidak testinden
yararlanilmistir. Sidak testine goére ilkogretim matematik 6gretmen adaylarinin sinif diizeylerine gore
21. Yazyill becerileri yeterlilik algilari arasindaki farklihginin 2. siniflarla 4. siniflar arasinda oldugu
gorilmektedir. Tablo 6 incelendiginde 4. siniflarin ortalamasi 2. siniflardan daha fazla oldugu ortaya
konulmustur. Bu bulgu dogrultusunda sinif diizeyleri agisindan 21. Yizyil becerileri yeterlilik algilari
arasindaki farkhligin 4. siniflar lehine oldugu sdylenebilir. Tablo 7 incelendiginde anlamlilik degeri
(p=.88) anlamhlik diizeyinden yilksek oldugu goérilmektedir (p>.05). Bu baglamda ilkégretim
matematik 6gretmen adaylarinin cinsiyete gore 21. Yizyil becerileri yeterlilik algilari arasinda anlamli
farkhligin olmadigl sonucuna ulagilmistir. ilkégretim Matematik Ogretmen Adaylarinin genel not
ortalamalarina gore 21. Yizyil becerileri yeterlilik algilari arasinda anlamli farkliigin incelenmesi
gerceklestirmistir. Elde edilen bulgulara gore ilkgretim matematik 6gretmen adaylarinin genel not
ortalamalarina gore 21. Ylzyil becerileri yeterlilik algilari arasinda anlamli farkhligin olmadigi sonucuna
ulasiimistir (F=1.36, p=.26, p>.05). Tablo 9’a gore ilkogretim matematik 6gretmen adaylarinin STEM
(FeTeMM) egitimine yonelik tutumlari ile 21. Yuzyll becerileri yeterlilik algilari arasinda anlamli
diizeyde bir iliskinin olmadigi belirlenmistir (r=.11, p=.36, p>.05).

Tartisma, Sonug ve Oneriler

Bu calismada ilkbgretim matematik 6gretmen adaylarinin STEM egitimine yonelik tutumlari ve
21. Yizyil becerileri yeterlilik algilarinin sinif diizeyi, cinsiyet ve genel not ortalamalarina gore farkhlik
gosterip gostermedigini inceleyerek 6gretmen adaylarinin STEM egitimine yonelik tutumlar ile 21.
Yizyil becerileri yeterlilik algilari arasinda anlamli iliskinin olup olmadiginin belirlenmesi amacglanmistir.
Bu dogrultuda oncelikle ilkogretim matematik 6gretmen adaylarinin sinif diizeyine gbére anlamli
farkhligin olmadig belirlenmistir. Ayrica sinif dizeyine gbére STEM egitimine yo6nelik puan
ortalamalarinda birbirine yakin degerde oldugu sonucuna ulasiimistir. Bu bulgu Bircan ve Koksal'in
(2020) STEM egitimi tutumlarinin sinif diizeyine goére farkliigin olmadigi sonucuyla benzerlik
gostermektedir. STEM egitimine yonelik dlinya ¢capinda yasanan sorunlar géz 6niine alindiginda (Cepni,
2018) STEM egitimine yonelik yiiksek diizeyde tutuma sahip ve iyi egitim almis 6gretmenlere ihtiyag
vardir (Yildirm, 2021). Bu baglamda ilkogretim matematik 6gretmen adaylarinin STEM egitimine
yonelik yUksek diizeyde tutuma sahip olmalari etkili STEM egitimleri agisindan 6nemli gérilmektedir.

21. Yuzyill becerileri yeterlilik algilarina yonelik gergeklestirilen analizler dogrultusunda
ilkogretim matematik Ogretmen adaylarinin sinif dizeylerine goére anlamh farkhhgin oldugu
belirlenmistir. Elde edilen bu bulgu Gomleksiz vd. (2019) Tirkge, Tirk Dili ve Edebiyati ile Cagdas Tuirk
Lehgeleri bolimlerinde 6grenim goéren 6gretmen adaylarinin sinif diizeyine gore anlamli farkhhgin
olmadig, Ciftci ve Bakar’'in (2020) sosyal bilgiler 6gretmenligi bolimiinde 6grenim goéren 6gretmen
adaylarinin 21. Yizyil yeterlilik algilarinda sinif diizeyine gore anlamh farkhligin olmadigi, Gokbulut'un
(2020) egitim fakiltesinde 6grenim goéren 6gretmen adaylari ile gergeklestirdigi calismada sinif diizeyi
acgisindan 6gretmen adaylarinin 21. Yizyil yeterlilik algilarinda farkhligin olmadigi sonuglariyla farkhlik
gostermektedir.

Arastirmada STEM egitimine yonelik tutum ile 21. Ylzyil becerileri yeterlilik algilari arasindaki
iliski de incelenmistir. Bu baglamda STEM egitimine yonelik tutum ile 21. Ylzyil becerileri arasinda
anlamli bir iliskinin olmadigi sonucuna ulasiimistir. Arastirmanin bu bulgusu Nacaroglu ve Kizkapan’in
(2021) calismasini destekler nitelikteyken Kan ve Murat’in (2018) fen bilgisi 6gretmen adaylarinin 21.
Yizyil becerileri yeterlilik algilariyla STEM’e yonelik tutumlari arasinda distik diizeyde pozitif yonde bir
iliski oldugu goruslyle farklihk gostermektedir. Literatiirde yer alan bircok ¢alisma STEM egitiminin 21.
Ylzyil becerilerini etkiledigi yonde goriis ortaya koymaktadir (Banks & Barlex, 2014; Batdi vd., 2021;
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Copper & Heaverlo, 2013; Kostur, 2017; Ormanci, 2020; Radu, 2014). Fakat gerceklestirilen bu
calismada 21. Yizyil becerileri yeterlilik algilari ile STEM egitimi arasinda bir iliski bulunamamasinin
nedeni ilkogretim matematik 6gretmen adaylarinin STEM egitiminin ne oldugundan ziyade nasil
uygulanacagina yonelik daha detayli bilgiye sahip olmamalari olabilir.

Genel olarak 6gretmen adaylari STEM egitimine yonelik olumlu tutuma sahip iken STEM
egitiminin uygulamalarina yonelik gelisimlerinin desteklenmesi gerekmektedir (Delen & Uzun, 2018).
Bu baglamda STEM egitiminin 6grenme ortamlarinda nasil uygulanacagina yonelik egitimler
gerceklestirildikten sonra STEM egitimine yonelik tutum ile 21. Ylzyll becerileri arasindaki iliski
incelenebilir. Calismaya birinci sinif diizeyindeki 6gretmen adaylarinin STEM egitimine yonelik
yeterince bilgi sahibi olmamalarindan dolay! dahil edilememistir. Bu baglamda da hizmet 6ncesi
O0gretmen egitimi programlarina STEM egitimine yonelik derslerde eklenmesi (Nadelson vd., 2012; Kan
& Murat, 2018) veya bazi lisans derslerinde entegre STEM egitimine yonelik uygulamalarin
gerceklestirilmesi 6nerilebilir.
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bulunmaktadir. Bu arastirmanin planlanmasindan, uygulanmasina, verilerin toplanmasindan verilerin
analizine kadar olan tiim sirecte “Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi”
kapsaminda uyulmasi belirtilen tiim kurallara uyulmustur. Yonergenin ikinci bolimi olan “Bilimsel
Arastirma ve Yayin Etigine Aykirt Eylemler” bashg altinda belirtilen eylemlerden higbiri
gerceklestirilmemistir. Bu arastirmanin yazim siirecinde bilimsel, etik ve alinti kurallarina uyulmus;
toplanan veriler lzerinde herhangi bir tahrifat yapiimamistir. Bu ¢alisma herhangi baska bir akademik
yayin ortamina degerlendirme icin gonderilmemistir

Catisma Beyani

Makalenin herhangi bir asamasinda maddi veya manevi ¢ikar saglanmamistir. Arastirmanin
yazari olarak herhangi bir ¢cikar/catisma beyanim olmadigini ifade ederim.



