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ABSTRACT: In this research, a meta-analysis was conducted to find out the effect level of STEM education on
students’ academic achievement in science courses. Scientific studies which were conducted and published in Turkey
between January 2018 and March 2020 were reviewed in the research. As a result of the literature review, 54 studies
that were suitable for the purpose of the study were reached. In analyses conducted with a statistical analysis
program, effect levels were compared in terms of subject area and number of participants in addition to
approaches/method used. According to the results of this research, it was concluded that STEM education was more
effective in increasing students’ achievement in science courses when compared with teacher-centred teaching
methods. According to the results examined according to other variables discussed in the research, significant
difference was found in terms of the year in which the study was conducted, the researcher’s job, application period
of the study and the number of participants. According to the results of the examined variables, the largest effect size
was found in the field of biology, at high school level, doctoral publications, in researchers who were teachers, with
81 and above participants, in studies conducted in 2019.

Keywords: Science education, meta-analysis, academic achievement, STEM education.

OZ: Bu arastirmada, STEM egitiminin 6grencilerin fen derslerindeki akademik basarilari iizerindeki etki diizeyini
ortaya ¢ikarmak i¢in bir meta-analiz yapilmigtir. Caligmada Ocak 2018 - Mart 2020 tarihleri arasinda Tiirkiye'de
yiiriitilen ve yayinlanan bilimsel caligmalar gézden gegirildi. Literatiir taramasi sonucunda arastirmanin amacina
uygun 54 caligmaya ulagilmistir. Bir istatistik analiz programu ile yapilan analizlerde, etki diizeyleri, kullanilan
yaklagimlar / yontemin yam sira konu alam ve katilimer sayisi agisindan karsilastirilmistir. Bu aragtirmanin
sonuglarina goére, 6gretmen merkezli dgretim yontemlerine gore STEM egitiminin &grencilerin fen derslerinde
basarilarini artirmada daha etkili oldugu sonucuna varilmigtir. Arastirmada ele alinan diger degiskenlerin sonuglara
gore caligmanin yapildigi yil, calismay1 yapan kisilerin goérevleri, ¢alismamin uygulama siiresi ve katilimci sayist
acisindan anlamli farklilik bulunmustur. Incelenen degiskenlerin sonuglarina gére en biiyiik etki biiyiikliikleri biyoloji
alaninda, lise diizeyinde, doktora yayinlarinda, 6gretmen olan arastirmacilarda, 81 ve iizeri katilimeiyla, 2019 yilinda
yapilan ¢aligmalarda bulunmustur.

Anahtar kelimeler: Fen egitimi, meta-analiz, akademik bagari, STEM egitimi.
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Contemporary education approach aims to equip the individual with cognitive,
physical and psycho-motor development. This understanding is the process of
addressing the individual in all aspects and enabling the individual to reach the
qualifications desired by both the individual and the society he/she is in (Yesilyaprak,
2006). The fast developments in science and technology also change social life.
Explaining and interpreting these developments, adapting to changes, enabling all fields
to benefit from developments and meeting the needs of the society can be made possible
by individuals who have received science education (Hanger, Sensoy, & Yildirim,
2003). According to McComas and Murie (2014), science education is a scientific and
practical discipline related to science content, scientific process and learning, teaching
and evaluating the nature of science. In order to carry out an effective science education
today, science must be associated with different disciplines. Due to technological
competition, economically developed countries have begun to make more investments
in education in order to raise individuals working in the field of science. Developing
countries, including our country, aim to participate in this competition by carrying out
reform studies in education (Ministry of National Education [MEB], 2016).

The potential of having qualified individuals is the basic condition for
developing and competing in all areas. Each day, there is an increase in the need for
individuals who can put forward original ideas in the field of science and who have high
power of inquiry and creativity. In this context, The Programme for International
Student Assessment-PISA and Trends in International Mathematics and Science Study-
TIMSS reports include warnings about the deficiencies in the education system so that
individuals can receive education in accordance with the desired workforce
qualifications (United Nations Educational, Scientific, & Cultural Organization
[UNESCO], 2015). The data below summarise the results of these exams related to
science in which national and international measurements are made:

Table 1

TIMSS, PISA, TYT and LGS Exam Scores Regarding Science by Years
TIMSS - 8th Grade 2007 2011 2015
TIMSS average 500 500 500
Turkey average 454 483 493
Ranking 31 21 21
Number of participant countries 59 42 39
PISA 2009 2012 2015
OECD average 495 501 493
Average of all countries 471 477 465
Turkey average 454 463 425
Ranking 42 43 54
Number of participant countries 65 65 72
TYT 2018 2019
Number of questions 20 20
Average net 2.89 2.24
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Success rate (%) 14.45 11.20
LGS 2018 2019
Number of questions 20 20
Average net 13.05 7.3
Success rate (%) 65.25 36.50

While 47 countries at 4th grade level participated in TIMSS 2015 study, Turkey
ranked 35th among these countries and had an average science achievement of 483
points. While 39 countries at 8th grade level participated in TIMSS 2015 study, Turkey
ranked 21st among these countries and had an average science achievement of 493
points. When we examined the changes in average scores of PISA science literacy field
by years; we found out that there was an increase in the average of all countries and
OECD average between PISA 2006 and PISA 2012, while a decrease was found in the
average score of PISA 2015 conducted after PISA 2012. In the last report issued, we
found that 79 countries participated, and Turkish students ranked 39th among all
countries in science literacy and 30th among 37 OECD countries (OECD, 2019). Of the
national exams, Basic Proficiency Test (TYT) includes 20 questions in the field of
science. While the students’ success rate in science in TYT, the first of which was
applied in 2018, was 14.45% in 2018, this rate was found as 11.20% in 2019. In
Transition System to High Schools (LGS), the first of which was applied again in 2018,
the success rates of students in science were found to be much higher than university
entrance exam. While the success rate of the students was 65.25% in 2018, it was found
as 36.50% in 2019.

Table 2
Highest Scores Related with Science in PISA and TIMMS Exams and Turkey Average
Scores

PISA 2009 PISA 2012 PISA 2015 PISA 2018
Highest score 575 (China) 580 (China) 556 (Singapore) 590 (China)
Turkey 454 463 425 468
TIMSS 2007 TIMSS 2011 TIMSS 2015 TIMSS 2019

Highest score 567 (Singapore) 590 (Singapore) 597 (Singapore) 608 (Singapore)
Turkey 454 483 493 515

When PISA 2009 results are examined, it can be seen that China got the highest
score, 575 and Turkey got 454 points. According to PISA 2012 results, while China got
the highest score, 580; Turkey got 463 points. According to PISA 2015 results, while
Singapore got the highest score, 556 in science, Turkey got 425 points in science.
According to the most recent PISA results, which was in 2018, Turkey got the highest
point ever. In addition, China ranked in the first place by increasing its score in the
previous years. According to TIMSS 2007 results, Singapore got the highest score, 567,
in science, while Turkey got 454 points in science. According to TIMSS 2011 results,
Singapore got the highest score, 590, while Turkey got 483 points. According to TIMSS
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2015 results, Singapore got the highest score, 597, while Turkey got 493 points.
According to TIMSS 2019 results, Singapore got the highest score, 608, while Turkey
got 515 points. The difference between Turkey and the country with the highest score
decreased from 2007 to 2019, although it was a slight decrease.

As Table 2 shows, Turkey’s exam results in science are below the averages of all
countries and much lower than the countries that are successful in these exams. It has
become inevitable for new programs to be implemented to increase the success of
Turkish students in national exams besides international exams. This situation has made
it necessary to make changes in programs and to develop them. Such changes made in
programs should be structured in a way that suits the needs of the society and
individuals (Ayas, 1995). In addition, when subjects are interconnected and sequential
in physics, chemistry and biology courses, students learn more meaningfully and
permanently because they can gather information from different fields and see the
relationship between these better (Keskin & Ozay-Kdse, 2019). For this aim, in the last
decade, the Ministry of National Education also made significant changes in all teaching
programs in 2013 and 2018. These changes aim to educate individuals to be able to
produce information and use this information in daily life; to produce results for the
problems encountered; to have a critical perspective and developed skills of
entrepreneurship and communication; to be decisive; to have high empathy power and
contribute to their society and the culture.

Science course, which has an important place to students in teaching the
aforementioned skills, is taught between the third and eighth grades in the basic
education process. When the changes in the curriculum of this teaching program made
in 2018 are reviewed, it can be seen that Science, Engineering and Entrepreneurship
practices are put in the units of all grades except for grade three and that skills specific
for the field are taught. These skills are a) Scientific process skills, b) Life skills, c)
Engineering and design skills. These skill areas include developing strategies to enable
students to gain an interdisciplinary perspective to problems, to bring individuals to a
level of being able to make inventions and innovations, to enable them to create a new
product by evaluating the information, skills and experiences they have and how they
can give added value to the products they create through integrating science with
mathematics, technology and engineering (Science, Technology, Engineering,
Mathematics -STEM) (MEB, 2018).

According to Yildirim (2016), “STEM education is a contemporary approach
that aims to use integrative approach while educating individuals and teaching them the
necessary skills in daily life and scientific process that can meet the needs by equipping
them with 21st-century skills.” The word STEM is an abbreviation formed with the first
letters of the words. In Turkish, it has been abbreviated as FeTeMM by using the first
letters of the fields of Science (Fen), Technology (Teknoloji), Engineering
(Miihendislik) and Mathematics (Matematik) (Yilmaz, Yigit-Koyunkaya, Giiler, &
Giizey, 2017). It can be seen that while FeTeMM was frequently used in the early times
when this concept was first studied in our country, the abbreviation STEM is used more
today.

STEM education is accepted as an integrative approach that helps the individual
associate the experiences in daily life with the teaching of the course. This education is
important to educate individuals who can be aware of the developments in the
international arena, suggest new inventions and adapt to new developments. In this
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respect, STEM education has a structure that can be applied in each stage of education
(Aydagiil & Terzioglu, 2014; Breiner, Harkness, Johnson, & Koehler, 2012; Bybee,
2010). STEM education gained momentum with European Commission, Scientific and
Technological Research Council of Turkey (TUBITAK) and the institutions they
cooperate with. STEM education is also applied in private schools, and supportive
studies are conducted in the field of STEM in higher education (TUSIAD, 2017)
because with STEM education, academic disciplines can be associated with daily life
subjects. This way, it is possible not to restrict STEM subjects to school only. It is
possible to educate individuals with high scientific creativity who can compete well in
the global economy and make innovations that will put society into action (Sanders,
2009). “Science, technology and innovation” article in the “competitive production and
efficiency” section in Eleventh Development Plan (Turkey Presidency of the Strategy
and Budget, 2019) emphasizes giving individuals the skills to generate information and
use the generated information by creating an actively continuing research and
innovation climate and increasing research and development and innovation studies to
support services with high value-added products. In addition, in the “education” article
of “qualified individual, strong society” section of this plan, an emphasis was made to
educate individuals who have the characteristics of entrepreneurship and innovation
with feelings of responsibility and self-confidence, internalized national culture and
democratic values and who have developed perception and problem-solving skills. In
this context, it can be said that science curriculum, which aims to develop engineering
and entrepreneurship skills in addition to science, has a strategic significance.

When the literature is reviewed, it can be seen that a large number of studies
have been conducted about STEM education by a large number of researchers who have
realized the above-mentioned needs. Some of these studies have discussed the effects of
STEM activities on academic achievement. Meta-analysis has also been conducted to
find out the effect levels of these studies. In a study in which the effects of STEM
education on students’ success were examined, Becker and Park (2011) concluded that
the Cohen’s d effect size of 28 scientific research was .63. This means moderate effect
size. In their study, Mustafa, Ismail, Tasir and Said (2016) conducted a meta-analysis of
11 studies in which science success in STEM education was discussed. In a study by
Belland, Walker, Kim, and Lefler (2017), it was found that computer-based education in
STEM disciplines had an average Hedges’ g effect size of .46. In a meta-analysis study
by Kim, Belland, and Walker (2018), it was found that computer-based STEM
education had a Hedges’s g effect size of .39 on cognitive outputs in problem-based
learning. Sara¢ (2018) found that STEM education had a Hedges’ g effect size of .44.
As can be seen in the studies above, it has been found that, in general, STEM education
had a small or moderate effect size on the academic success of students. In this context,
the present study aims to conduct a meta-analysis to statistically show the effect level of
STEM education on students’ academic success by examining studies with experimental
and control groups conducted after 2018. The sub-problems discussed in the study are
as follows:

Does the effect of STEM education on students’ academic achievement differ in
terms of

e The number of participants,
e Types of publication,
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e Application times,

e Application areas,

e Levels of education and,

e The years in which the applications were made?

Method

The present research is a meta-analysis. Meta-analysis is the statistical gathering
of the findings of studies conducted independently from each other. A meta-analysis
aims to ask a question and use the studies conducted as data to answer the question
(Lodico, Spaulding, & Voegtle, 2006). In other words, meta-analysis is a method that
aims to reach a new synthesis by examining the results of studies conducted following a
predetermined subject and purpose (Cooper, 2015). Meta-analysis is a statistical method
used for combining or comparing effect sizes or probability levels obtained from at least
two studies (Rosenthal, 1984). In addition, this method is a literature review method in
which statistical methods are used to bring research findings together and analyse them
(Durlak & Lipsey, 1991). Meta-analysis is an analysis method that combines the results
of many small and different individual studies using one or more statistical methods and
provides information (Olkin, 1996).

Data Collection

The studies reviewed in the present research include the master’s theses,
doctorate theses and articles published in journals with reviewers on “STEM education”
in Turkey between 2018 and 2020. To reach doctorate and master’s theses, keywords
related to the research’s main independent variable, such as ‘STEM’ and ‘FeTeMM’,
were used on the website of the Council of Higher Education (YOK) Thesis Centre. 243
theses were reached in this study. Since the full texts of 2 studies which were limited for
viewing could not be reached, the authors of the theses were contacted, and the data
required for analysis were requested; however, the authors did not respond. The
suitability of the data of 241 theses reached for meta-analysis was examined, and 201
theses were not included in this meta-analysis for reasons such as not having a relevant
field of study, study subject and study group. Therefore, 42 master and doctorate theses
were included in the meta-analysis.

In order to access articles published in national and international Turkish
journals between January 2018 and February 2020, Google Academic and ULAKBIM
Social Sciences Database were used. 32 studies were found as a result of this research.
Since one of these studies was already added in the study as a master’s thesis and since
the data of 19 of these studies were not suitable for analysis, we excluded them from the
analysis. As a result of the research, a total of 12 articles published in journals were
included in the study. Since two experimental and one control group were used in one of
these articles, they were included in the analysis as separate studies. As a result, a total
of 54 studies, master’s and doctorate theses and scientific articles, which had relevant
data for meta-analysis and in which STEM education was used, were analysed in this
research.

Analysis Characteristics
The following criteria were used in the selection of the studies included in the
present study for meta-analysis:

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(2), 264-290



270 Sadiye KARASAH-CAKICI, Ozge KOL, & Siileyman YAMAN

e Researches conducted in one of the subjects covered in Science, Biology,
Chemistry or Physics courses,

e Theses conducted in Turkey between 2018 and 2019; articles published in
Turkey between 2018 and 2020,

e Studies conducted in English or Turkish,

e Master’s theses and doctorate theses and articles published in journals with
scientific reviewers,

e Studies in which academic achievement was dependent variable,

o Studies with experimental or semi-experimental design,

e Studies in which one of the STEM practices or activities was applied on the
experimental group and in which teacher-centred or one of the approaches in
existing teaching programs was used in the control group,

e Studies in which values are required for analyses such as arithmetic mean,
standard deviation, number of students, t-test value, and academic achievement
scores of the experimental and control groups were given.

Data Coding

In meta-analysis studies, coding the studies included in the research is an
important stage. The data analysed should be coded correctly for minimum erroneous
results. For this purpose, it is crucial to ensure scorer reliability. In order to ensure this,
researchers should enter the studies to be analysed separately in the coding form and
control all data after they are entered. Thus, a coding form consisting of three parts was
formed to minimize the error rate in data. The first part constitutes the identity of the
study. The identity of the research shows the number, title, publication year and
publication type of the study. In the content of the study part, which is the second part
of the coding form, there is information about the subject area in which STEM
education was applied (physics, chemistry, biology, science) and level of education and
the duration of the experimental study. The third part includes study data such as
arithmetic mean, t-value, standard deviation and the number of participants.

The data were entered in the coding form independently by three different
researchers. Two of these researchers are continuing their doctorate education in the
field of science, while the other researcher is working as a faculty member in the related
field. Miles and Huberman’s (1994) formula were used in finding out the match
percentage of the data researchers coded independently. The consistency level of the
researchers’ codes was found as 96%. For non-matching codes, the data were analysed
together and coding was continued until a consensus was reached. Data on which no
consensus was reached was removed from the coding form. Considering that 70% and
higher match is considered as sufficient in such coding (Yildirnm & Simsek, 2011), it
was concluded that the reliability level of the coded data was sufficient.

Variables of the research

Dependent Variable
The dependent variable examined in the research is the academic achievement
scores of the students in science courses.
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Independent Variables

The main independent variable of the research is STEM education applied to the
experimental group. For this purpose, STEM studies were included in the study. In
addition, teaching/learning approaches the effects of which were examined on the
control group are another independent variable of the research. In the applications
conducted on the control group, the students should be passive, while the teachers
should be active; in other words, they should be teacher-centred methods. The other
independent variables in the research were the students’ level of education (primary
school, secondary school, high school and university), jobs of the researchers (academic
or teacher/other), study sample, duration of the experimental study and the fields of the
courses on which applications were made (physics, chemistry, biology or science). In
studies conducted within the context of science courses in primary schools and
secondary schools, separate coding was made as physics, chemistry or biology; and
since more than one field was included in two studies, the coding was made as science.

Data Analysis

In a meta-analysis, the studies examined should have some criteria. In the
research, statistical data such as the number of students, arithmetic means, standard
deviations were examined in studies which met the criteria. When the arithmetic means
of students’ academic achievement is obtained with different scales, meta-analysis
group difference is conducted with study effect method (Cohen, 1988; Huffcutt, 2002;
Lipsey & Wilson, 2001). In other words, in research effect method, transactions are
made on the differences between average academic achievement scores of the
experimental and control group (Hunter & Schmidt, 2004). A “d” value is obtained after
this transaction. This “d” value represents effect size. Effect size is obtained by the
standard deviation, arithmetic mean, F, t or r values of studies conducted independently
(Cetinkil, 2017). This value’s being negative means that the control group’s average
score is higher than the experimental group. In comparison, positive means that the
experimental group’s average score is higher than the control group (Ozdemirli, 2011).
In this research, Cohen’s d values calculated by dividing the differences between the
mean academic achievement scores of the experimental and control groups by the
combined standard deviation value were taken into consideration (Schulze, 2004).
Effect size metric in the research was standardized differences in means which is also
known as Cohen d. Within the scope of this research, the significance level of the
statistics for Cohen’s d value obtained from studies conducted independently on the
subject was chosen as .05. In graphs, standard means given automatically by CMA
program were used. Effect size classification based on Cohen’s (1988, p. 40) averages is
as follows:

- small .20 - medium .50 - large .80

In analyses, effect size is calculated separately for each study. Heterogeneity test
is conducted to explain the different effect size in each study. Chi-square homogeneity
test (Q statistic) is used to test whether there is actual heterogeneity in the studies
included in the research. Also, the frame is examined using graphs and tables outside
heterogeneity. In addition, standard deviations not dependent on sample size can also be
used for heterogeneity.

Since the information obtained as a result of heterogeneity test will also be used
to select the model that will be used in calculating the general effect, it is vital for the
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study. p value and Q value are obtained as the output of heterogeneity test. Of these
values, if the p value is smaller than the .05 significance value or the Q value is smaller
than the value that corresponds to the degree of freedom of the Chi-square table, it is
understood that the data examined has a heterogeneous structure. When this result
occurs, it is recommended for the data to be analysed according to Random Effects
Model (REM). If the p value is larger than the .05 significance value or the Q value is
larger than the value in Chi-square table, it is understood that the meta-analysis
examined has a homogeneous structure, and in this case, it is recommended for the data
to be analysed according to Fixed Effects Model (FEM) (Dinger, 2014).

If effect value differs, this is assumed to result from a sampling error
(Borenstein, Hedges, Higgins, & Rothstein, 2009). In the model, it is accepted that the
variance between the study results is due to data associated with each other (Okursoy-
Gilinhan, 2009). REM is preferred when the studies are not homogeneous (Durlak,
1995). This is a model which enables concluding by taking into account the variance
between the variance of the studies and other studies (Okursoy-Giinhan, 2009). While
standard deviation’s state of being zero is calculated in REM, standard deviation’s state
of not being zero is calculated in FEM.

For this reason, REM has a more general use when compared with FEM
(Murphy, 2003). For this research, Q was calculated as 685.98, while p was calculated
as .000. According to this result, p value of the study was found as a value smaller than
the critical .05. This shows that the studies examined in the meta-analysis have a
heterogeneous structure. For this reason, the analyses were conducted according to
REM in the study. Comprehensive Meta-Analysis (CMA) program was used in the
analysis of the data obtained from the study and in forming the tables, graphs and
figures.

Results

This section includes the analysis results of the data obtained as a result of
combining research problems with meta-analysis method.

Effect Size Results of the Studies Examined in the Research

To calculate the effect sizes of the studies in which STEM education is applied,
first of all, the meta-analysis model to be used should be determined. For this purpose,
the homogeneity of STEM education was tested with FEM and REM for the data within
the context of the study. Based on these procedures, the results regarding the
homogeneity and overall effect sizes of the studies are given in Table 3 below.

Table 3
Results Related with Effect Sizes of the Studies According to Fixed Effects and Random
Effects Models

; ) Homogeneit ES
effect size  freedom | y level (Q) Error
(ES) (df) (Se) Lower Limit  Upper Limit
FEM 1.32 .05 1.24 1.41
REM 1.48 44 92.66 599.17 A7 1.14 1.81
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When the studies were examined according to REM, average effect size value
was found as 1.32. According to the homogeneity test results, the homogeneity of the
effect sizes of studies included in the research, Q statistical value was found as 599.17.
According to this value, effect sizes of the studies included in the research are
heterogeneous. This result shows that the analyses of the studies examined should be
made according to REM because heterogeneity test Q statistical value is within the
range of 55.75 and 67.50, corresponding to df=44 value at 95% confidence interval in
the table of %2 critical values. Since Q=599.17 value is much higher than this value, it
was concluded that the research data showed a heterogeneous structure. According to
heterogeneity test results, if the research result is significant, REM should be used
(Dinger, 2014).

Analyses conducted according to REM show that the upper limit of 95%
confidence interval is 1.81, while lower limit is 1.14 and average effect size is 1.48.
This value shows that the effect sizes of the studies included in the study show
homogeneity according to REM. Effect sizes were calculated in terms of standardized
difference of means. The standardized mean difference can be compared between
studies regardless of the sample and can be applied Cohen d to homogeneity testing for
meta-analysis as long as it specifies the size and direction of the study (Kulinskaya,
Dollinger, & Bjerkestel, 2011). Effect size distribution of all the studies included in the
study is given in Table 4.

Table 4
Distribution of Effect Size Values of the Studies

No ES Se 32 p No ES Se 32 p No ES Se s? p
1 409 24 06 .000 16 147 34 12 000 31 318 .24 .06 .000

2 -26 33 11 43% 17 95 32 .10 .003 32 391 .60 .37 .000
3 .78 30 .09 009 18 99 32 .10 .002 33 255 .43 .18 .000
4 8 39 15 025 19 .99 47 22 038 34 270 .35 .12 .000

5 508 65 42 000 20 .29 .28 .08 .289 35 701 59 .35 .000
6 170 3% .12 000 212 .v9 .27 .07 .004 36 164 .30 .09 .000

7 187 30 .09 000 22 .76 .25 .06 .003 37 .62 .32 .11 .056
8 84 29 08 004 23 .74 28 .08 .008 38 .23 .37 .13 .536

9 171 20 .04 000 24 9 33 .11 004 39 111 .38 .15 .004
10 151 .28 08 000 25 84 38 .15 .028 40 .76 .25 .06 .002
11 348 34 12 000 26 118 .43 .18 .006 41 89 43 .18 .037
12 53 25 06 .03 27 .79 27 Or .003 42 104 .33 .11 .002
13 107 .17 .03 000 28 .01 .29 .09 .98 43 235 .40 .16 .000
4 32 31 10 308 29 266 .37 .14 000 44 81 .21 .04 .000
5 30 30 09 319 30 .22 .36 .13 563 45 225 .34 .12 .000
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Table 4 shows the effect sizes, standard deviation, variance and p values of the
45 studies included in the study. When Table 3 is examined, it can be seen that while
the smallest effect size is -.26, the largest effect size is 7.01. Effect sizes of the study are
between these two values, and in general, they are grouped between .00 and 1.00.
Besides, it was found that the range of effect size values of 45 studies examined in the

study was 7.27.

Forest Plot Showing the Distribution of Effect Size Values of Studies

Figure 1
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Figure 1 shows the effect sizes of studies in which STEM education was applied
to students’ academic achievement scores. Effect sizes were calculated in terms of
standardized difference of means. Effect sizes of the studies range between -.26 and
7.01. While the study with the lowest effect size was Neccar’s (2019) study, the study
with the highest effect size was Tirmact’s (2019) study with 7.01. All of the 45 studies
except one had positive effect size. The figure below shows the normality distribution
table of the studies examined in the research.
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Figure 2

Normality Distribution Graph of Effect Size
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Since the effect size values of the studies included in the study gathered around
normal distribution line in general, it can be said that the studies were normally
distributed. The figure below shows the funnel plot showing the distribution of effect
sizes of the studies in the research.

Figure 3
Funnel Plot of Effect Sizes
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When the plot is examined, it can be seen that the studies do not show an
asymmetric distribution; in other words, it can be seen that the effect sizes of the studies
intensify on both sides. This plot shows that there is no publication bias in the research.
In studies with publication bias, a distorted and asymmetric distribution is expected in
the plot (Ustiin & Eryilmaz, 2014). According to data in this plot, corrected average
effect size was found as 1.32. These data mean that publication bias is low in the study.

Moderator analysis enables the differences between subgroups to determine the
differences between the average effect sizes of the variables (Littel, Corcoran, & Pillai,
2008). The statistical significance of the difference between moderator variables is
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tested with the Q statistics method (Hedges & Olkin, 1980). In this method, the Q value
is divided into two as Qbetween (Qb) and Qwithin (Qw) and executed as two different
values (Borenstein et al., 2009; Hedges & Olkin, 1980). In this research, subgroup data
were calculated using a single Q value. Subgroup analyses can help better understand
which subgroups included in the study affect effect sizes and determine whether
differences occur between these groups.

Effect Size Results According to Independent Variables Examined in the
Study

Whether STEM education affects students’ academic achievement is examined
in the tables below comparatively in terms of different independent variables. Table 5
shows results about whether the effect sizes of the studies differ according to
publication types.

Table 5
Effect Size Differences of the Studies According to Publication Types

ES (%95 CI)

Variable Q p ES n Se

Lower limit Upper limit
Study .86 .65
Article 1.38 8 43 .53 2.22
Master’s thesis 1.45 33 .20 1.05 1.85
Doctorate thesis 1.90 4 .48 97 2.84

When Table 5 is examined, the result that approximately 73% of all the studies
conducted on STEM education were master’s theses is remarkable. This is followed by
articles with approximately 18%. The type of study least conducted on STEM is
doctorate theses with 9%. From the Chi-square tables of the studies, it was found that
the critical value was 5.99 according to two degrees of freedom in 95% confidence
interval. According to the type of studies, the homogeneity value (Q) of the studies,
which were considered as three subgroups, was found as .86. Since the homogeneity
value between the groups was smaller than the critical value, no statistically significant
difference was found between the publication types STEM studies were conducted with
in terms of academic achievement. According to the results of analyses, the largest
effect size was found in doctorate theses with 1.90; while the smallest effect size was

found in articles with 1.38. Effect size of master’s theses was found to be smaller than
articles (1.45).

Table 6
Findings Related to the Effect Sizes of Publication Years of Studies

ES (%95 Cl)

Variable Q p ES n Se — —
Lower Limit ~ Upper Limit

Year 9.19 .002

2018 91 13 14 .64 1.17

2019 1.74 32 24 1.27 2.20
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When Table 6 is examined, it can be seen that 71% of the studies were published
in 2019, while 29% were published in 2018. According to the analysis results, while
effect size value of the studies published in 2019 was 1.74; the effect size value of the
studies published in 2018 was .91. In Chi-square table, the critical value of these studies
was found as 3.84 according to 95% confidence interval. Homogeneity value (Q)
between groups formed in terms of the years of studies was found as 9.19. Since the
homogeneity value between the groups was higher than the critical value, a statistically
significant difference was found between academic achievement in terms of years of
studies. In light of the findings, it can be said that academic achievement was found to
be higher in studies conducted in 2019 when compared with the year 2018.

Table 7
Findings Related with the Effect Sizes of the Jobs of the Researchers

ES (%95 Cl)

Variable Q p ES N Se

Lower Limit  Upper Limit
Researcher 8.03 .045
Academic 1.32 3 1.06 =77 3.40
Teacher 1.71 29 .23 1.26 2.15
Multiple Researchers 1.03 7 .28 .48 1.57
Unspecified 91 6 .18 .55 1.26

When Table 7 is examined, it can be seen that 64.44% of the studies were
conducted by teachers, 6.66% were conducted by academics, 13.32% were conducted
by researchers who did not specify their jobs and 15.55% were conducted by multiple
researchers. According to the results of the analyses, the largest effect size was found in
teachers with 1.71; while the smallest effect size was found in researchers whose jobs
were not specified with .91. The critical value of the Chi-square tables of the studies
was found as 7.81. Homogeneity value (Q) between groups formed according to the
jobs of researchers was found as 8.03. Since the Q value, which is the homogeneity
value between the groups, was larger than the critical value, significant difference was
found according to the job of researchers in terms of academic achievement. In the light
of findings, it can be said that academic achievement is higher in studies conducted by
teachers when compared with other jobs.

Table 8
Findings Related to the Effect Sizes of the Field the Study was Conducted in

ES (%95 CI)

Variable Q p ES n Se — —
Lower Limit  Upper Limit

Field 7.29 .06

Biology 1.68 7 38 94 2.42

Science .76 4 .25 .28 1.24

Physics .59 9 24 A2 2.05

Chemistry A7 5 41 .36 1.98
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In Table 8, when STEM education was compared in terms of the field it was
applied in, the highest rate was found to be associated with physics subjects with
64.44%. Studies followed this in biology with 15.55% and with studies in the field of
chemistry with 11.11%. Since it was not included in a basic field category, it was found
that 8.88% of the studies were conducted in the category of science, which is the name
of the course in secondary school. According to the results of analyses, it was found that
the largest effect size was found in studies conducted in the field of biology with 1.68;
while the lowest effect size was found in studies conducted in the field of science with
.76. According to Chi-square table, the critical value of the studies in 95% confidence
interval was found as 7.81. The homogeneity value (Q) between groups formed
according to subject area was found as 7.29. Since the Q value was smaller than the
critical value, it can be said that there is no statistically significant difference according
to subject area in terms of academic achievement.

Table 9
Findings Related with the Effect Sizes of the Education Level the Study was
Conducted in

ES (%95 CI)

Variable Q p ES n Se

Lower Limit  Upper Limit
Level 5.14 .16
Primary 1.47 2 .34 .80 2.15
Secondary 1.53 35 22 1.11 1.95
High School 1.63 4 31 1.01 2.24
University .94 4 22 51 1.37

When Table 9 is examined, it was found that the highest rate according to the
education level STEM education was applied was found in studies conducted in
secondary school level with 77.77%. This was followed in studies conducted in high
schools and universities with 8.88%. Studies conducted with STEM education at
primary school level were found to have the lowest rate with 4.44%. In terms of the
level of effect size, it was found that the studies conducted in high school had the largest
effect size with 1.63; while the studies conducted in university had the smallest effect
size with .94. According to this grouping, the critical value of 95% confidence interval
in Chi-square table was found as 7.81. It was found that the homogeneity value (Q)
between the groups formed according to the education level the studies were conducted
in was 5.14. Since this value, which is the homogeneity value between groups, was
smaller than the critical value, it can be said that there were no statistically significant
differences in academic achievements of students in terms of the education level.
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Table 10
Findings Related to the Effect Sizes of the Application Period of the Study

ES (%95 Cl)

Variable Q p ES n Se .. L
Lower Limit  Upper Limit

Period 2.27 .32

2-5 weeks 1.45 21 .26 .94 1.97

6-8 weeks 74 4 .34 1.06 2.41

>9 weeks and 19 0 .18 .84 1.53

unspecified

According to the results in Table 10, the highest rate according to the
experimental study periods STEM education was applied was found in studies
conducted between 2-5 weeks with 46.66%. This was followed by studies conducted
between 6-8 weeks with 31.11%. The rate of studies that lasted longer than 9 weeks and
those the periods of which were not specified was found as .02%. In effect sizes of
application period, the largest value was found in applications between 2-5 weeks with
1.45. This was followed with studies that lasted >9 weeks and unspecified with .19. It
was found that the critical value of these studies at 95% confidence interval was 7.81
and the homogeneity value (Q) between groups formed in terms of study periods was
found as 2.27. Since this Q value was found to be smaller than the critical value, it can
be said that there were no statistically significant differences between students’
academic achievement in terms of study period.

Table 11
Findings Related to the Effect Sizes of the Number of Individuals the Study was
Conducted on

ES (%95 Cl)

Variable Q p ES n Se o o
Lower Limit  Upper Limit

Sample 12.82 .00

0-40 1.40 16 .27 .86 1.94

41-80 1.04 23 13 .78 1.30

>81 3.35 6 .65 2.07 4.63

According to Table 11, experimental studies in which STEM education was
applied were conducted on 41-80 individuals with the highest rate. This was followed
by studies in which 0-40 individuals participated with 35.55%. 6 of the studies
conducted with >81 individuals were found to have the lowest rate. It was found that the
largest effect size was found in studies conducted with 81 and more individuals with
3.35. The smallest effect size was found in studies conducted with 41-80 individuals
with 1.04. Critical value was found as 7.81 at 95% confidence interval and it was found
that the homogeneity value (Q) between groups formed in terms of the number of
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participants was 12.82. Since this value was larger than the critical value, a significant
difference was found between students’ academic achievement in terms of the number
of participants in studies. According to findings, when STEM education is applied to 81
and more individuals, it can give more effective results than when it is applied to fewer
or more individuals.

Discussion and Conclusion

The present study includes an analysis of studies conducted to find out to what
extent STEM education applied experimentally in science courses in Turkey after the
year 2018 affects students’ academic achievement. As a result of the literature review,
we found a total of 45 studies. In the studies reviewed, while STEM education was used
in the experimental group, teacher-centred approaches were used in the control group.
We did not include studies which did not have a control group and which had missing
data in our study. As a result of the analyses, we found that the studies had a
heterogeneous distribution and according to this result, we decided to use the REM
model. When it is considered that a total of 11 studies were reached about STEM
education in Turkey in a study conducted by Sarag¢ (2018), we found that there has been
a serious increase in the number of studies since 2018. Kalemkus (2019) also stated that
studies about STEM began to intensify in 2018. The most important reason for this
increase is the Science Curriculum which came into effect in 2017 and was updated in
2018 because a field with the title Science, Engineering and Entrepreneurship Practices
was added to this curriculum. Studies on STEM education directly associated with this
field began to attract interest in all levels of education. As a result, the number of
experimental studies conducted on science courses with STEM education increased
approximately 4 four times compared to before 2018.

The present study aimed to find out the general effect size of these educations
that have a specific basis and application culture by analysing them with meta-analysis.
Sarag (2018) analysed 27 studies in which STEM education approach was applied in
science education. Sara¢ examined and compared the achievements of students in these
analyses in terms of their attitudes and scientific process skills. The overall Hedges’ g
effect size of STEM education was found as .44 in these studies. This result means that
the effect of STEM education is significantly higher when compared with teacher-
centred methods. 25 of the studies the researcher analysed had positive effect size, while
2 had negative effect size. In the present study, overall effect size value of 45 studies
conducted since 2018 was found as 1.48. According to Cohen et al.’s (2007, p. 521)
effect size classification, this result means that STEM education had a strong effect on
the academic achievement levels of students. In addition, when these results were
compared with the results of the study conducted by Sarag (2018), an effect size larger
than three times was found. While the effect size of 44 studies in the present study was
positive, only 1 study was found to have negative effect. In their study, Becker and Park
(2011) reached 28 studies and found that 7 had negative effect, while 21 had positive
effect and that overall effect size was moderate (.63). All these results show that STEM
education has a larger effect size than teacher-centred approaches in increasing the
academic achievement of students in science courses. In addition to these, Young, Ortiz
and Young (2017) examined 15 studies to conduct a meta-analysis of students’ interest
levels for science courses and found that the overall effect of these studies was 1.03.
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Comparisons were made by forming sub-categories for the studies in the
research. The first of these comparisons is the type of publication. According to
classification made as article, master’s thesis and doctorate thesis, the largest effect size
was found in doctorate theses. Effect sizes according to master’s theses and articles
were found to be close to each other. According to all of these three groups, STEM
education has a large effect on developing the achievement of students in science
courses. It can be said that the reason why the effect sizes of doctorate theses were
larger than master’s theses is that researchers gain experience and minimize external
factors and plan experimental process better. In Sara¢’s (2018) study, 9 of 11 studies
were classified as article, while 2 were classified as master’s thesis and it was found that
theses had large effect, while articles had moderate effect. It can be said that this result
and the results of the present study are consistent with each other.

When the effect sizes of the studies included in the present study were analysed,
it was found that studies conducted in 2019 had larger effect size. When these effect
sizes were examined, it was found that studies conducted in 2019 had significantly
larger effect size in increasing academic achievement when compared with studies
conducted in 2018. Sarag (2018) also concluded that studies conducted in 2018 had
larger effect size when compared with the studies conducted previously. This result can
be associated with the fact that the number of studies related with STEM education has
increased in years (Banning & Folkestad, 2012, p. 732). In addition, the fact that
researchers design their experimental studies more carefully and more elaborately by
taking into consideration the recommendations of previous studies can be associated
with the higher academic achievement of students.

The results of analyses performed for the other sub-categories of the study are as
follows: The effect size of STEM education applied by teachers is larger than the
applications of other researchers. While the subject area with the largest effect size was
biology, the subject area with the smallest effect size was science. Effect sizes of studies
conducted in physics and chemistry were also found to have large effect size according
to classification by Cohen (2007). When the results of the meta-analysis by Sarag
(2018) and the results of the present study were compared, it was found that both studies
had moderate effect size in science. In their study, Becker and Park (2011) analysed the
results of 13 studies conducted in the subject area of science and found that 5 of these
studies had large effect size, while 8 had moderate and small effect size. This result can
be evaluated as studies showing consistency in terms of the subject area.

In the comparisons made in terms of the education level STEM education was
applied; the largest effect size was found in studies conducted on high school students,
while the smallest effect size was found in studies conducted on university students. In
addition, the effect size found in all education levels was found to be large. The results
of the analysis of 18 students by Sarag¢ (2018) are partly in parallel with the results of
the present study. Sara¢, who found only one study at university level, found that this
research, had moderate effect level. It was stated that 16 of 18 studies were conducted
on high school students and the effect size was small. In their meta-analysis, Becker and
Park (2011) stated that there were studies with large and small effect size in all
education levels. It was shown by authors that the largest and smallest effect size values
were found in studies conducted in high school level. In a study conducted by Young,
Ortiz, and Young (2017), it was found that the effect size of students’ interest in STEM
according to their grades did not show a specific tendency in terms of the increase or
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decrease in grades. In addition, it was also found in another study that STEM
applications out of school positively affected students' interest in STEM education.
(Timur, Timur, Yal¢inkaya-Onder, & Kiigiik, 2020). When the results of these studies
are examined, it can be said that there is no specific tendency in effect size in terms of
the education level of students. It can be said that this situation results from the fact that
factors other than education levels are more effective in studies’ effect sizes.

When the effect sizes of application times were compared in the study, it was
found that the largest effect size occurred in studies that lasted 6-8 weeks. Studies with
less than five weeks of application period had the smallest effect size. In terms of the
groups formed in the study, it can be seen that the increase or decrease in the application
period of the experimental study did not create a tendency in terms of effect size. In
other words, the change between the length of study period and size effect values is not
directly proportional. The fact that problems such as loss of motivation and attention
occur as study period increases can negatively influence education states. It can be said
that the reason why the smallest effect size occurred in studies with short application
period results from low adaptation of students to STEM applications and the
inexperience of the teacher in managing this process. The reason why effect size
decreases after nine weeks can be the fact that students have too much responsibility in
STEM education and that these practices, which seem different after a specific time,
become tiring for students.

Another result of the study is the comparison of effect sizes in terms of the
number of students who participated in experimental studies. In terms of the number of
participants, the largest effect size was found in experimental studies with 76-100
participants. The smallest effect size was found in studies with less than 50 participants
and in studies with 51-100 participants. It was stated in studies that increase in sample
size contributed to the increase in effect size because this way, the accuracy and power
of parameter estimations also increased (Hedges & Olkin, 1980). However, although
increasing the number of participants to a large extent increases the external validity of
the study, it can also cause the emergence of threats that are effective on internal
validity, such as loss of subject and becoming mature (Karasar, 2005).

Implications

The present meta-analysis examined the effect of STEM education practices on
students’ academic achievement. Other variables frequently addressed, such as attitude,
motivation, and scientific process skills, were not included in the scope of the study. It
is predicted that it will be useful to analyse the effects of STEM education on other
cognitive, affective and psycho-motor skills in addition to academic achievement
because academic achievement is not a skill that occurs alone. It can be affected by both
different cognitive skills and affective and psycho-motor skills directly and indirectly.

According to meta-analysis results, it can be seen that STEM education has a
large effect size in increasing success in science courses. This result can contribute to
teachers’ using STEM education model, which is a contemporary teaching model, in
science courses that have a low level of student achievement in general (Yaman, 2017).

In the present study, master’s theses were found to make the greatest
contribution. Considering that STEM education has about 5-6 years of past in Turkey, it
can be assumed that the error levels on results will decrease especially with the increase
in doctorate studies. For this reason, it will be useful for researchers to prefer STEM
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education, especially at doctorate level, to reach less erroneous results of effect size.
One of the most important indicators of this recommendation can be shown as the
increase in effect size level as years advance because researchers conduct more
controlled studies by considering correct and incorrect procedures.

A great majority of the studies analysed in the present study were obtained from
studies conducted by teachers. Since teachers conduct both teaching activities and
experimental activities together, it can be expected for errors in results to be higher. For
this reason, an increase in studies conducted by academic staff at universities can be
effective in decreasing the amount of error in meta-analysis results. In addition, it was
found that the subject area most discussed in studies was physics. It can be said that this
is because physics includes more concrete subjects when compared with the other areas
of science. In addition, a great majority of these studies were found to be conducted at
secondary school level. It is expected that increasing the number of studies conducted in
both other education levels and biology and chemistry fields will give more correct
results in terms of finding out the effect size for science with STEM education.

The results of the present study show that an application period of 6-8 weeks
contributed to getting more effective results. Considering that most of the studies were
conducted in secondary school and based on units, it can be suggested that this situation
is normal because each unit of science course in basic education (12 years of primary,
secondary and high school education) in Turkey include a period of 6-8 weeks (MEB,
2018). A large number of researchers considered this result in meta-analysis as normal
since experimental studies were prepared by taking only one unit into consideration. For
this reason, it can be said that for researchers who will carry our experimental studies on
STEM education, designing 6-8 weeks long studies for one unit will help to get
effective results. In addition, it is predicted that instead of working with very small or
very large groups, designs with 76-100 participants will contribute to increase in effect
size.

Some of the studies which were planned to be analysed in the present study were
not accessed and it was not possible to include some studies due to missing data in
them. Researchers’ sharing their study is a necessity for qualitative study paradigm
because experimental studies are studies in which results are expected to be generalized.
The study conducted by each researcher will make significant contributions to reach the
population parameters. Researches with missing data are not suitable for qualitative
paradigm, and also, they should not be in a scientific study. It is thought that researchers
who conduct such studies with missing data should be more careful and attentive about
basic statistics that should be presented in a scientific publication and this should be
provided with the supervision of editors and reviewers in articles and the jury in theses.

The scope of this research, consists of master’s and doctorate theses and
scientific articles published only in Turkey. Comparing the results of this research, with
studies conducted abroad will make positive contributions for the generalizations of the
results of STEM education, which is known to be applied intensively in the whole world
since 2010.
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