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ABSTRACT

It is of utmost importance to take an active role in today’s technological era and raise individuals
with 21st century skills, have higher skillsin terms of problemsolving, critical thinking, decision
making and are responsible. The present study isaimed to investigatethe effect of STEM (Science,
Technology, Engineering, Mathematics) education on science process skills through meta-
analysis. In this context, articles, master's theses and doctoral dissertations in Turkey were
examined. Certain criteria were adopted to determine theeligible studies for the meta-analysis.
The studies that were conducted in Turkey, examined the effectiveness of STEM on scientific
process skills and reported sufficient statistical data such as means, standard deviations and
sample sizevaluesfor the calculation of effect sizes were included in the meta-analysis. 43 studies
that met these inclusion criteria were analysed in the meta-analysis. The mean effect size was
calculated under the random-effects model. It was revealed that STEM education has a positive
and medium effect on scientific process skills with an estimated effect size of 0.597. Moderator
analyses showed that publication type, sample group and sample size did not moderate the
effectiveness of STEM education on scientific process skills. As a result, it was found the effect of
STEM education on science process skills did not vary based on publication type, sample group,
and sample size in this meta-analysis study. Apart from the effect of STEM education on scientific
process skills, the effects of academic achievement, laboratory activities, grade level and
different courses on scientific process skills can also be examined. Process-based observation and
investigation can be carried out regarding the level of the impact of scientific process skills in
daily life.

Keywords: Meta-analysis, STEM education, Scienceprocess skills
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INTRODUCTION

With the continuous development of the world, advances in science and technology directly affect education
and make it necessary to plan education according to these developments in the world. In this direction;
Planning in the fields of science, technology, engineering and mathematics is one of the important steps to be
taken in order to keep up with the changing world. This step; in education, it emerges as STEM (Science,

Technology, Engineering, Mathematics) education.

STEM education is an approach that activates the senses and addresses real-world problems (Bagiati &
Evangelou, 2015) and adapts what is learned to new situations (Tseng, Chang, Lou & Chen, 2013). According to
another definition, it is a multidisciplinary learning-teaching strategy in which at least one STEM field is at the
core and integrated with the knowledge, skills, and experiences of the students, and students’ characteristics
regarding inquiry, research and production are activated during the learning process (Gorlu, 2014). The most
crucial goal of STEM education is to accomplish integrated STEM education (Guzey, Harwell, Moreno, Peralta &
Moore, 2017). It is aimed for students to produce a product using science, mathematics, technology that is
indispensable in our life (Demir, Guder & Akgilin) , and engineering knowledge and skills (Bybee, 2010) through
integrated STEM education (GCorlu & Calli, 2017; Ministry of National Education [MEB, 2018]; F.Simsek, 2019).
Thus, students are expected to exhibit higher-order behaviors such as demonstrating their abilities by making

their own decisions, and synthesizing knowledge by using their mental skills (Beers, 2013).

There are many studies in the literature showing that with STEM education students can develop higher-order
thinking skills, such as analyzing a problem situation or creating syntheses based on a problem situation,
problem solving skills using science and mathematics knowledge, productive (creative) thinking, analytical and
critical thinking, scientific process, 21 century, cooperation and communication skills, and they can easily solve
real-life problems (see Bozan & Anagiin, 2019; Brophy, Klein, Portsmore & Rogers, 2008; Cotabish, Dailey,
Robinson & Hughes, 2013; English & King, 2015 ; Toma & Greca, 2018; Ozkul & Ozden, 2020; Robinson, Dailey,
Hughes & Cotabish; 2014; Pekbay, 2017; Sarican, 2017; Strong, 2013; Yamak, Bulut & Dlndar, 2014). For
example, Ozkul & Ozden's (2020) study with secondary school students found that with engineering-focused
integrated STEM activities students have acquired many skills including multidimensional thinking, cooperation,
communication, creative and scientific thinking, using 21st century skills and scientific process skills. In another
study, Bozan & Anagiin (2019) revealed that STEM education improved the problem-solving, analytical
thinking, engineering thinking, teamwork, and collaboration skills of elementary students. Similarly, Pekbay
(2017) found that seventh-grade students in secondary school developed daily life-based problem-solving skills

with STEM activities.

Studies on STEM education have also indicated that STEM practices improve students' awareness, interests,
attitudes and career awareness towards STEM disciplines positively (Bagiati, Yoon, Evangelou & Ngambeki,
2010; Delarnette, 2012; Giilhan & Sahin, 2016; Ozkul, 2021; Ozkul & Ozden, 2020; Wieselmann, Roehrig & Kim,

2020). For example, Toma & Greca (2018) reported that integrated STEM activities improved elementary
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students' attitudes towards science. In another study, Kegeci, Alan & Kirbag (2017) found that STEM activities

improved fifth grade students' attitudes towards STEM disciplines.

As can be seen, STEM education supports students' cognitive and affective development. One of the cognitive
areas where STEM education is effective is science process skills (Ozkul, 2021). Science process skills are
defined as fundamental skills, especially in science, mathematics, and engineering, that make learning easy,
provide an inquisitive and questioning learning environment, ensure retention in learning, and develop self-
learning and a sense of responsibility (YOK-Diinya Bankasi, 1997). Science process skills are those that scientists
use to acquire knowledge during their research (Azizoglu & Donmez, 2010), while students shape their
behaviours by thinking like scientists (Raj & Devi, 2014). With scientific process skills, students can think like
scientists in the face of a problem and solve problems with their ways of action (Bozdogan, Tasdemir &
Demirbas, 2006). In addition, the skills and way of thinking acquired through scientific process skills are
frequently used by students in lessons and adopted by individuals in the face of a problem in daily life
(Bliyliktaskapu, 2010). Instead of the memorisation of knowledge and skills, scientific process skills ensure that
individuals acquire skills such as problem solving, discovery and product development (Blyliktaskapu, 2010)
through giving the individual the ability to think scientifically (Ozkan, 2015). Individuals who gain the ability to
think scientifically become able to solve problems by reaching a more planned and systematic solution. As can
be understood from the explanations, it is inevitable to use STEM education and scientific process skills
together and this has been the subject of many studies. In addition, there is a meta-synthesis study conducted
by Herdem & Unal (2018) that evaluates the effectiveness of STEM education in scientific process skills. In their
study, 38 studies published between 2010 and 2017 were examined through meta-synthesis, and STEM

education was found to have a positive impact on content learning, science process skills, and career interest.

Since STEM education is suitable for today's conditions and positively affects science process skills, many
studies have examined the effect of STEM education on those skills. The analysis of these results and obtaining
a comprehensive conclusion will help the researchers who will conduct research on this subject. Although there
are many primary studies conducted within this context, no meta-analysis has been found. For this reason,
being the first meta-analysis on the subject, this study will provide the opportunity to interpret the effect of

STEM education on science process skills from a wider perspective and our results will guide other researchers.

METHOD

In this study, the results of theses and articles previously published in Turkey were synthesized through meta-
analysis to determine how effective STEM education is in science process skills. Meta-analysis is the analysis of
research results (Cohen, Manion, & Morrison, 2007). In meta-analysis, studies conducted independently on the
same subject are statistically synthesized to obtain more reliable and accurate results (Hedges & Olkin, 1985;

Karasu, 2009; Olkin, 1996; Saglam & Yiksel, 2007; Tuncer & Dikmen, 2018).
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Data Collection

The data were collected between June and August in 2021 from MA theses, PhD dissertations and journal
articles. Studies were identified through literature search on ULAKBIM, Higher Education Council (YOK)
National Theses Center and Google Academic. Five PhD dissertations, 32 MA theses and six journal articles
were included in the study to be examined. For one thesis which was turned into a journal publication, the full
text of the thesis was taken into consideration. In addition to the effect of STEM and FeTeMM on science
process skills, those studies that investigated the effect of computer-assisted teaching, science and engineering
applications, robotic applications, engineering design-based science education, and learning environment
supported with lego were also accepted as studies in the same direction and thus included in the research. The

inclusion criteria for the reviewed studies are as follows:

e The study was conducted in Turkey,

o The effect of STEM on science process skills was examined,

e Means, standard deviations, or other statistics required for effect size calculation were
reported,

e Sample size values were provided.
Coding of Studies

A coding sheet was developed to determine which studies should be included in the meta-analysis. The coding

sheet included the following characteristics of the studies:

Study title,
Publication Sample

CEL group Standard |:>
Publication Sample size deviation

type

Figure 1. Study Characteristics in the Coding Sheet

The characteristics of the studies were coded in the coding sheet. The same studies were coded again after 10
days to ensure coding reliability. When these two codes were compared, no difference was found. The purpose
of this comparison was to ensure that the data were coded without any mistake. The studies were also coded

by a second coder using the coding sheet. The inter-coder reliability was calculated as 100% according tothe

number of observations agreed upon . .
formula Agreement Rate = i greet v (Orwin & Vevea, 2009). In three of the included
total number of observations

studies in the meta-analysis (Atik, 2019; Unal, 2019; Unal & Aksiit, 2021), sub-scores of scientific process skills

were presented but overall means were not reported; therefore, the mean scores were calculated with CMA
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softwareprior to the analysis and included in the meta-analysis. CMA software, which is functionally used in

meta-analyses, can combine studies with different data types (Dinger, 2014).

Data Analysis

First, the descriptive statistics were calculated of included studies. The descriptive statistics of the studies that

investigated the effectiveness of STEM education on science process skills are presented in Table 1.

Table 1. Descriptive Statistics of the Studies Conducted in Turkey and Included in the Meta-Analysis

Frequency Percentage
PhD dissertation 5 11.63%
Publication Type MA thesis 32 74.42%
Journal article 6 13.95%
2008 1 2.33%
2009 1 2.33%
2010 1 2.33%
2013 1 2.33%
Year 2014 2 4.65%
2017 4 9.30%
2018 4 9.30%
2019 21 48.84%
2020 5 11.63%
2021 3 6.98%
Teacher 1 2.33%
University student 7 16.28%
Sample Group Secondary school student 20 46.51%
Primary school student 2 4.65%
Pre-school student 13 30.23%
1<N<24 10 23.26%
Sample Size 25<N<49 22 51.16%
50<N 11 25.58%
Total 43 100%

According to Table 1, five (11.63%) out of 43 studies are PhD dissertations, six (13.95%) are articles, and the
remaining 32 (74.42%) are MA theses. With respect to publication year, one study (2.33%) was conducted in
2008, one (2.33%) in 2009, one (2.33%) in 2010, one (2.33%) in 2013, two (4.65%) in 2014, four (9.30%) in
2017, four (9.30%) in 2018, five (11.63%) in 2020, three (6.98%) in 2021 and 21 (48.84%) in 2019. As for the
sample group, the highest number of studies, 20 (46.51%), were conducted with secondary school students, 13
studies (30.23%) with pre-school students, 7 (16.28%) with university students, and one study (2.33%) with
teachers. No study was found on high school students. Finally, regarding the sample size, 10 studies (23.46%)
were conducted with 1 to 24 students, 11 (25.58%) were conducted with 50 or more students, and 22 (51.16%)

were conducted with 25 to 49 students.

FINDINGS

It is necessary to examine whether the effect sizes in the studies show a normal distribution or not. Whether
the effect sizes obtained in the studies are normally distributed was examined using the MetaWin program,

and the graph obtained is provided in Figure 4.
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Figure 2. The Normal Distribution of the Effect Sizes

As seen in Figure 2 that the effect sizes are located on both sides of the normal distribution line and within the
confidence interval bands. The effect sizes of the included studies should be normally distributed for the
calculation of the mean effect size in meta-analysis to be statistically possible (Rosenberg, Adams & Gurevitch,
2000). Accordingly, statistical analyses of the average effect sizes of the studies included in the meta-analysis
were conducted to determine how effective STEM education was on science process skills. Before these
analyses, it was examined whether there was publication bias in the studies. Concerning the probability of

publication bias, the results of the funnel plot were examined (Figure 3).
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Figure 3. Funnel Plot Showing the Possibility of Publication Bias in Studies
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As seen in Figure 3 that the studies included in this meta-analysis are scattered in the middle, on both sides of
the vertical line. This suggests the absence of publication bias but is not suffient. In addition to the funnel plot,
which reinforces that the studies do not have publication bias, Orwin's FailSafe N value, Duval & Tweedie's trim

and fill method and Egger test results were also examined.

Table 2. Publication Bias Test Results

Duval &Tweedie’s

Number of the Classic fail-safe N for Trim-and-Fill Method Egger test
studies included nonsignificant”SMD S.tudles SMDobserved
trimmed
43 1866 0 0.59 0'94
(two-tailed)

Table 2 shows that the Classic Fail-Safe N value for publication bias was calculated as 1866, which indicates that
1866 more studies are needed for the alpha value to be .05. In other words, for publication bias to appear in
the study, 1866 studies are required. This shows that the study is reliable. As a result of Duval & Tweedie's trim
and fill method, it was concluded that there was no need to add any study to the meta-analysis, and it can be
concluded that there is not a publication bias (0.59) (Dinger, 2014). The result of Egger regression test (Egger,
Smith, Schneider & Minder, 1997), which is another publication bias test, was also not significant (p=0.94,

p>.05). This can be considered as evidence for the absence of publication bias in the present study.

The effect sizes value, Z value, 95% confidence intervals, and the lower and upper limits of each study on the

effect of STEM education on science process skills are given in Table 3.

Table 3. Data on the Effect of STEM Education on Science Process Skills

Study (Author, Year) Effec; Size Llf)ixietr Lll_:ampletr Zvalue p
K.Simsek, 2019 -0.61 -1.18 -0.04 -2.11 0.04
Tabaru, 2017 0.01 -0.58 0.59 0.02 0.98
Kegeci et al., 2017 0.01 -0.48 0.51 .05 0.96
Ocal, 2018 0.02 -0.81 0.84 0.04 0.97
Abanoz, 2020 0.02 -0.60 0.65 0.07 0.94
Ozkul & Ozden, 2020 0.03 -1.02 1.09 0.06 0.95
Bal, 2018 0.04 -0.59 0.68 0.14 0.89
Aydin, 2019 0.07 -0.68 0.81 0.18 0.86
Bahsi, 2019 0.10 -0.58 0.78 0.29 0.77
Atik, 2019 0.11 -0.87 1.09 0.22 0.82
Kavak, 2019 0.17 -0.43 0.76 0.55 0.58
Karademir, 2009 0.18 -0.20 0.56 0.92 0.36
Kavak, 2020 0.21 -0.42 0.83 0.65 0.51
Savas, 2021 0.24 -0.60 1.08 0.56 0.57
Akin, 2019 0.27 -0.35 0.89 0.84 0.40
Unal &Aksiit, 2021 0.28 -0.23 0.79 1.07 0.28
Dogan, 2019 0.30 -0.12 0.73 1.40 0.16
Kale, 2019 0.31 -0.24 0.86 1.10 0.27
Cayir, 2010 0.36 -0.26 0.97 1.14 0.25
Gliltekin, 2019 0.36 -0.25 0.98 1.16 0.25
Behram, 2019 0.37 -0.26 0.99 1.14 0.25
Tavukcu, 2008 0.37 0.03 0.72 2.11 0.03
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Ozkizilcik&Cebesoy, 2020 0.39 -0.17 0.96 1.37 0.17
Bozkurt, 2014 0.48 0.01 0.94 2.01 0.04
Saglamyirek, 2019 0.49 0.04 0.95 2.11 0.03
Unal, 2019 0.56 -0.02 1.14 1.90 0.06
Kalyoncu, 2021 0.57 -0.58 1.72 0.98 0.33
F.Simsek, 2019 0.60 .05 1.15 2.15 0.03
Uysal, 2018 0.65 -0.18 1.47 1.54 0.12
Yamak& digerleri, 2014 0.69 0.13 1.25 2.41 0.02
Yilmaz, 2019 0.70 0.07 1.33 2.19 0.03
Akcay, 2018 0.72 0.09 1.34 2.25 0.02
Cimentepe, 2019 0.82 0.22 1.42 2.68 0.01
Vurucu, 2019 0.85 0.09 1.60 2.20 0.03
Duygu, 2018 1.01 0.55 1.48 4.25 0.00
Kéngil, 2019 1.02 0.52 1.51 4.04 0.00
izgi, 2020 1.28 0.68 1.88 417 0.00
Kirtay, 2019 1.35 0.80 191 4.76 0.00
Kog, 2019 1.40 0.93 1.86 5.91 0.00
Tastan Akdag, 2017 1.55 0.95 2.15 5.04 0.00
Gokbayrak& Karisan, 2017 1.98 1.31 2.65 5.81 0.00
Ozdogru, 2013 2.27 1.58 2.96 6.43 0.00
Kapan, 2019 2.70 2.16 3.24 9.80 0.00

As seen in Table 3, the standardized effect sizes of 43 studies on scientific process skills ranged from -0.61 to
2.70. While statistically significant differences were detected in 19 studies (10 of which at p<.01 level; nine at
p<.05 level), no statistically significant difference was found in 24 studies. In one of these 19 studies (K. Simsek,
2019), it was found that STEM education has no effect on science process skills (p<.05), whereas the other 18
studies showed that STEM education has an effect on these skills (p<.05). Confidence intervals for 43 studies

ranged from -1.18 to 3.24.

Comparison of the effect of STEM education on scientific process skills under random effects model

The results of the random-effects model based on the data extracted from 43 studies are presented in Table 4.

Table 4. Random Effects Model Mean Value, Effect Size and Heterogeneity Value

Mean Confidence Intervals for Effect

Effect Standard Size z p
Size Error Lower limit Upper limit value value

0.597 0.098 0.404 0.789 6.074 0.000

The results of the meta-analysis conducted under the random-effects model, the Z statistic of STEM education
in terms of science process skills was calculated as Z=6.074 and found statistically significant p=0.000 (p<.01).
The 95% confidence interval is between the lower limit of 0.404 and the upper limit of 0.89 according to the
random-effects model. With a mean effect size of 0.597, it is a medium-sized effect (d=0.50-0.80) according to
Cohen's classification and is in the range of 0.40<d<0.75 according to Thalheimer's classification (Thalheimer &
Cook, 2002). Thus, it can be concluded that STEM education has a positive and medium effect on science

process skills with an effect size of 0.597.

The forest plot of the effect sizes obtained from the included studies according to the random-effects model is

presented in Figure 4.
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Figure 4. Forest Plot of Effect Sizes under Random Effects Model

The black squares on the right in Figure 4 represent the effect sizes of the studies and the lines on the right and
left of the squares show the lower and upper limits of 95% confidence interval of the effect size. According to
the evaluation of the weights of the studies, it was found that Kalyoncu (2021) was assigned the smallest
weight (0.58%), while Tavukcu (2008) was assigned the largest weight (6.29%), and the weights of the
remaining studies ranged between these two values. According to the effect sizes calculated, one study is
negative (Simsek, 2019), while the other 42 studies are positive. As a result, it can be stated that STEM

education is effective on scientific process skills.

Comparison of Effect Sizes by Publication Type

The comparison of the effect sizes of the studies included in the meta-analysis with respect to publication type

is provided in the table below.
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Table 5. Comparison of Effect Sizes by Publication Type

Effect Size and 95% Confidence Intervals Heterogeneity
PublicationTyp Mean i Effect
e N Effectsize  Lower  Upperli Size
limit mit z P Level Q df p
PhD 0.033 0.980 2.097 0.036 .
dissertation 352 8'222 0184 1178 2.687 0.007 m:g:zm
MA_ thesis 6 0.595 0.359 0.832 4,936 0.000 Medium
Articles
Overall43 0.593 0.399 0.788 5.977 0.000 Medium 0.250 2 0.883

As you could follow in Table 5, MA theses had the largest effect size with a value of 0.681 (Cl: 0.018-2.265,
p<.05), which is a medium effect. Journal articles have medium-sized effect of 0.593 (Cl: 0.014-2.265, p<.05).
With a medium effect size value of 0.506 (Cl: 0.023-1.546, p<.05), the smallest effect size corresponded to
doctoral dissertations. On the other hand, there is no statistically significant difference was found between the
publication types of the studies (QB=0.250; p>.05) in moderator analysis. In conclusion, whether the study was
a doctoral dissertation, a master's thesis, or an article did not vary the effect size of STEM education on science

process skills.
Comparison of Effect Sizes by Sample Group

The comparison of the effect sizes of the studies included in the meta-analysis in terms of the sample group is

shown in the table below.

Table 6. Comparison of Effect sizes by Sample Group

Effect Size and 95% Confidence Intervals Heterogeneity
Eff
Sample Group Mean 'ect
N Effect Size Lower  Upper Size
limit limit V4 p Level Q df P
Pre-school Ss. 13 0.282 0.093 0.472 2921 0.003 Srr.1aAII
Primary Ss 5 0.085 - 0.503 0.400 0.689 Negligible
Secondyar 'Ss 20 0'796 0.332 1.124 4.462 0.000 Large
. yos. ’ 0469 1.169 3.253 0.001 Medium
Uni. Ss. 7 0.730
0.290
Overall42 0.400 0.261 0.540 5.624 0.000 Medium 11542 4 0.021

Considering the average effect sizes with respect to sample group presented in Table 6, studies with secondary
school students yielded the largest effect size estimate of 0.796 (Cl: 0.014-2.697, p<.05). Studies conducted
with university students showed an effect size of 0.730 (Cl: 0.014-1.985, p<.05), which is medium level. For
preschool students, STEM education had a small effect with a value of 0.282 (Cl: 0.018-0.846, p<.05). Studies
that involved primary school students in the sample had an effect size value of 0.085 (Cl: 0.006-0.166, p>.05),
which falls on negligible level. Since the number of subgroups should be between 2 and 8 in the moderator
analysis (Pincus et al., 2011), the study on teachers was not included in the analysis. The moderator analysis

showed there was no statistically significant difference between the different sample groups (Qs=11.542;
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p>.05). In other words, it is possible to conclude that the sample group of the studies did not moderate the

effect size of STEM education on science process skills.

Comparison of Effect Sizes by Sample Size

The comparison of effect sizes according to the sample size of the studies included in the meta-analysis is
shown in Table 7.

Table 7. Comparison of Effect Sizes According to Sample Size

Effect Size and 95% Confidence Intervals Heterogeneity
Sample Size Mean Effect
N Effect Size Lower Upper Size
limit limit z p Level Q df p

1<N<24 10 0.257 -0.041 0554 1.689 0.091 Small
25 <N<49 22 0.612 0.386 0.838 5.305 0.000 Medium
50<N 11 0.830 0.351 1.308 3.399 0.001 Large
Overall43 0.525 0.357 0.694 6.107 0.000 Medium 5.249 2 0.072

According to the average effect size values in relation to the sample size provided in Table 8, the largest effect
size (ES=0.830; Cl: 0.014-2.697; p<.05) was found in studies with 50 or more (50 < N) participants. Studies with
25 to 49 (25 < N < 49) participants had a medium-sized effect with a value of 0.612 (Cl: 0.018-2.265; p<.05).
Studies with between 1 and 24 (1 £ N < 24) participants had the smallest effect size value of 0.257 (Cl: 0.032-
0.571; p>.05) indicating a low-level effect. However, moderator analysis indicated that there was no statistically
significant difference (Qs=5.249; p>.05). It was concluded that the effect of STEM education on science process

skills did not differ depending on the number of participants in the studies.

DISCUSSION AND CONCLUSION

This meta-analysis study is aimed to investigate the effect of STEM education on science process skills. In this
regard, studies on the effect of STEM on science process skills were investigated and 43 studies that met the
inclusion criteria were analyzed. The distribution of the effect sizes obtained from the studies was examined
with the MetaWin program. The effect size values were scattered around the normal distribution line and
within the confidence interval bands; therefore, it was concluded that the effect sizes showed a normal
distribution. Also, the funnel plot, which shows whether there is publication bias or not (Dinger, 2014), was
examined. According to the funnel plot, it was determined that the studies included in the meta-analysis
gathered around the vertical line showing the effect size. This conclusion was also confirmed by the results of

Orwin's Fail-Safe N value, Duval & Tweedie's trim and fill method and Egger test.

The effect of STEM education on science process skills was examined under a random-effects model based on
the data obtained from 43 studies included in the study. Accordingly, Z statistic was calculated as Z=6.074 and
found statistically significant (p=0.000, p<.01). According to the random-effects model, the effect sizes of the

studies ranged between the lower limit of 0.404 and the upper limit of 0.789 at the 95% confidence intervals.
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The mean effect size value is 0.597 and it is at a medium level (d=0.50-0.80) according to Cohen's classification.
Similarly, it was at a medium level (0.40<d<0.75) according to Thalheimer's classification. It was concluded that
STEM education has a positive and medium effect with an effect size of 0.597 on scientific process skills. This is

an expected result since one dimension of STEM education is to develop science process skills (Strong, 2013).

As a result of the research, except for one study (Kavak, 2020), it was concluded that in studies conducted with
preschool students (Abanoz, 2020; Atik, 2019; Aydin, 2019; Behram, 2019; Giiltekin, 2019; Kalyoncu, 2021;
Ocal, 2018; Savas, 2021; Kavak, 2020; Unal, 2019; Unal & Aksiit, 2021; Vurucu, 2019), primary school students
(Tabaru, 2017, Kavak, 2019), secondary school students (Akdag, 2017; Akin, 2019; Bahsi, 2019; Cayir, 2010;
Cimentepe, 2019; Dogan, 2019; F .Simsek, 2019; izgi, 2020; Kapan, 2019; Karademir, 2009; Kirtay, 2019, Kog,
2019; Kéngiil, 2019; Oz Dogru, 2013; Ozkul & Ozden, 2020; Saglamyiirek, 2019; Tavukcu, 2008; Yilmaz, 2019 ;
Yamak et al., 2014), university students (Akgay, 2018; Alan, 2017; Bozkurt, 2014; Duygu, 2018; Gokbayrak,
2017; Ozkizilcik & Cebesoy, 2020; Uysal, 2018) and teachers (Kale, 2019), not only STEM education (Abanoz,
2020; Alan, 2017; Atik, 2019; Aydin, 2019; Bahsi, 2019; Behram, 2019; Cimentepe, 2019; Dogan, 2019;
Gokbayrak, 2017; Giiltekin, 2019; izgi, 2020; Kale, 2019; Kalyoncu, 2021; Kapan, 2019; Kéngiil, 2019; Ocal,
2018; Ozkul & Ozden, 2020; Savas, 202 one; Kavak, 2019; Tabaru, 2017; Tastan Akdag, 2017; Unal, 2019; Unal &
Aksit, 2021), and FeTeMM education (Akgay, 2018; Akin, 2019; Bal, 2018; Duygu, 2018; F.Simsek, 2019;
Ozkizilcik & Cebesoy, 2020; Uysal, 2018; Yamak et al., 2014; Yilmaz, 2019) but also computer-assisted teaching
(Karademir, 2009; Kog, 2019; Tavukcu, 2008), science and engineering applications (Bozkurt, 2014;
Saglamyurek, 2019; Vurucu, 2019), robotic applications (K.Simsek 2019, Kirtay, 2019) and learning environment
supported with lego (Cayir, 2010; Ozdogru, 2013) affects scientific process skills positively.

In most studies, STEM is reported to have an effect on science process skills. In one of these studies (Herdem &
Unal, 2018), a meta-synthesis was conducted, and it was found that STEM education has a positive effect on
science process skills. Likewise, Christensen & Knezek (2017), Gilhan & Sahin (2016), and Sullivan (2008)
conducted their studies with secondary school students and reached the conclusion that STEM-based activities
affected students' scientific process skills positively. Yamak et al. (2014) also found that secondary school 5th-
grade students' scientific process skills developed with STEM-based education. Similarly, Cotabish et al. (2013)
put forward that the science process skills of primary school students improved positively throughout STEM
applications. Strong (2013) reported that the engineering design process also improved science process skills.
In many studies (see Hutchinson, 2002; Merrill, Custer, Daugherty, Westrick, & Zeng, 2008; Wendell & Lee,
2010), it has been strongly emphasized that engineering-oriented integrated STEM practices improve students'
science process skills. Contrary to that literature, there are also studies where STEM education does not
increase science process skills. As one of these studies, Choi & Hong (2013) examined the effects of STEAM
teaching materials on scientific knowledge, process skills, and affective domain. As a result of the study, while
STEAM teaching materials significantly affected the scientific knowledge and affective domain of primary

school students, it did not create a statistically significant difference in science process skills.
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The present study investigated whether this effect differs according to publication type, sample group, and
sample size. Firstly, publication type was not found to moderate the effect size significantly (QB=0.2500;
p>.05). In other words, whether a study was a doctoral dissertation, MA thesis or article did not change the
effect size of STEM education on science process skills. Secondly, the sample group was not a statistically
significant moderator for the effectiveness of STEM on scientific process skills (QB=11.542; p>.05). Hence, it
was determined that the effect size did not vary depending on whether STEM education was implemented with
students at university, secondary school, or primary school. Lastly, it was found that the number of participants
was not a statistically significant moderator (QB=5.249; p>.05). The differing sample sizes did not change the
effect size of STEM education on science process skills. As a result, it was found the effect of STEM education
on science process skills did not vary based on publication type, sample group, and sample size in this meta-
analysis study. It is of utmost importance to take an active role in today’s technological era and raise individuals
with 21st century skills, have higher skills in terms of problem solving, critical thinking, decision making and are
responsible. Therefore, countries are in search of an education model appropriate for this era.l t is thought that
STEM activities will develop students’ scientific process and problem solving skills as well as many other skills in

the curriculum (Kegeci et al., 2017).

RECOMMENDATIONS

This study investigated the effect of STEM education on scientific process skills through meta-analysis.
Alternatively, a meta-analysis can be done in another study by including studies conducted abroad. Apart from
the effect of STEM education on scientific process skills, the effects of academic achievement, laboratory
activities, grade level and different courses could also be examined. Process-based observation and
investigation can be carried out regarding the level of the impact of scientific process skills in daily life. Since
STEM education is effective on scientific process skills and they complement each other, future studies might

be conducted to provide education where both can be employed more effectively.
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STEM EGIiTiMiNiN TURKIYE’DEKi OGRENCILERIN BiLiMSEL SUREC
BECERILERINE ETKiSi: BIR META-ANALIZ CALISMASI

0z

Bu arastirmada, STEM (Science, Technology, Engineering, Mathematics) egitiminin, bilimsel siireg
becerileri tGzerindeki etkisi meta analiz yontemi ile tespit edilmistir. Bu ¢ercevede Tirkiye'deki
makale, yiksek lisans tezleri ve doktora tezleri incelenmistir. Hangi ¢alismalarin meta analizine
dahil edilecegi ile ilgili olarak belirli dlgutler kullanilmistir. Bu 6lgltler; arastirmanin Tirkiye'de
yapilan yayin olmasi, STEM’in bilimsel siire¢ becerileri lizerindeki etkisinin incelenmis olmasi,
aritmetik ortalama, standart sapma degerlerinin veya bunlarin hesaplanmasi igin gerekli degerler
ile  orneklem blylklGglu degerlerinin  verilmis olmasidir. Meta analizde43 c¢alisma
degerlendirmeye alinmistir. Calismanin etki degeri, rastgele etkiler modeli kullanilarak
hesaplanmistir. Arastirmada rastgele etkiler modeline gore yapilan meta analiz degerlendirilmesi
sonucunda, STEM egitiminin bilimsel slre¢ becerileri izerinde 0.597 etki blyukligu ile pozitif
yonde ve orta diizeyde etkisinin oldugu ortaya ¢ikmistir. Meta-analize dahil edilen arastirmalarin
etki buyuklUkleri karsilastirildiginda; yayin tiri, drneklem grubu ve 6rneklem sayisinin, STEM
egitiminin bilimsel sure¢ becerileri lizerindeki etki blylkligini degistirmedigi belirlenmistir.
STEM egitiminin bilimsel sire¢ becerileri Gzerinde etkisinin disinda; akademik basarinin,
laboratuvar etkinliklerinin, sinif seviyesinin ve farkli derslerin bilimsel stire¢ becerilerine etkisi de
incelenebilir.

Anahtar kelimeler: Meta-analiz, STEM Egitimi, Bilimsel Siire¢ Becerileri, Turkiye’de Yapilan
Calismalar
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GiRiS

Diinyanin sirekli gelismesi ile birlikte bilim ve teknolojideki gelismeler egitimi dogrudan etkilemekte ve
dinyadaki bu gelismelere egitimin planlanmasini zorunlu kilmaktadir. Bu dogrultuda; bilim, teknoloji,
muihendislik ve matematik alanlarinda planlama, degisen diinyaya ayak uydurabilmek icin atilmasi gereken

onemli adimlardan biridir. Bu adim; egitimde ise STEM (Science, Technology, Engineering, Mathematics) egitimi

olarak karsimiza gikmaktadir.

STEM egitimi, duyulari harekete gegiren, gergek diinyadaki sorunlari ele alan (Bagiati ve Evangelou, 2015) ve
ogrenilenleri yeni durumlara uyarlayan (Tseng, Chang, Lou ve Chen, 2013) bir yaklasimdir. Bir diger tanima gore
STEM disiplinlerinden en az birinin merkeze alinarak 0grencilerin bilgi, beceri ve deneyimleri ile
bltlnlestirildigi, sorgulayan, arastiran ve Ureten 6grenci Ozelliklerinin 6grenme sirecinde etkin kilindigi
disiplinler arasi 6grenme-6gretme yaklasimidir (Corlu, 2014). STEM egitiminin en 6nemli amaci butlnlestirilmis
STEM egitimini basarmaktir (Guzey, Harwell, Moreno, Peralta ve Moore, 2017). Bittnlestirilmis STEM egitimi
yoluyla 6grencilerin fen, matematik, teknoloji ve mihendislik alanlarini kullanarak (Bybee, 2010) bir Grin
ortaya koymalari hedeflenmektedir (Corlu ve Calli, 2017; Milli Egitim Bakanhg [MEB, 2018]; F. Simsek, 2019).
Boylece ogrencilerin kendilerine 6zgl karar vererek yeteneklerini sergileme, akil becerilerini kullanarak bilgi

sentezi yapma gibi st dlizey davranislari géstermeleri beklenmektedir (Beers, 2013).

STEM egitimi ile 6grencilerin bir problem durumunu analiz etme ya da problem durumuna gore sentezler
olusturma gibi Ust dizey disiinme becerilerinin, fen ve matematik bilgilerini kullanarak problem ¢dzme
becerilerinin, Gretken (yaratici) diistinme, analitik ve elestirel diisiinme becerilerinin, bilimsel sureg, 21. ylzyll,
is birligi ve iletisim becerilerinin gelisebilecegini, gercek yasam sorunlarini rahatlikla ¢6zebileceklerini belirten
bircok arastirma bulunmaktadir (bkz. Bozan ve Anagiin, 2019; Brophy, Klein, Portsmore ve Rogers, 2008;
Cantrell, Pekcan, Itani ve Velasquez-Bryant, 2006; Cotabish, Dailey, Robinson ve Hughes, 2013; English ve King,
2015;Toma ve Greca, 2018; Ozkul ve Ozden, 2020; Robinson, Dailey, Hughes ve Cotabish; 2014; Pekbay, 2017;
Sarican, 2017; Strong, 2013; Yamak, Bulut ve Diindar, 2014).0rnegin Ozkul ve Ozden’in (2020) ortaokul
Ogrencileri ile gergeklestirdikleri arastirmada mihendislik odakl bitunlestirilmis STEM etkinlikleri ile
Ogrencilerin ¢ok yonli disinme, is birligi yapma, iletisim kurma, yaratici ve bilimsel disiinme, 21.yuzyil
becerilerini kullanma ve bilimsel siireg¢ becerilerinin gelisimi gibi pek cok beceriyi kazandiklari saptanmistir. Bir
diger arastirmada Bozan ve Anagiin (2019), STEM egitiminin ilkokul doérdiinci sinif 6grencilerinin problem
¢6zme, analitik disiinme, mihendisge diisinme, takim galismasi ve is birligi becerileri gelistirdigi belirlemistir.
Benzer sonuclar Pekbay (2017) tarafindan da elde edilmistir. Anilan arastirmada ortaokul yedinci sinif
ogrencilerinin STEM etkinlikleri ile glinlik yasama dayali problem ¢6zme becerilerinin gelistigi belirlenmistir

(Pekbay, 2017).

STEM egitimi Uzerine yapilan arastirmalarda STEM uygulamalarinin 6grencilerin STEM disiplinlerine yonelik
farkindaliklarinin, ilgilerinin, tutumlarinin ve kariyer bilinglerini olumlu yonde gelistirdigi de rapor edilmistir

(Bagiati, Yoon, Evangelou ve Ngambeki, 2010; Delarnette, 2012; Giilhan ve Sahin, 2016; Ozkul, 2021; Ozkul ve
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Ozden, 2020; Wieselmann, Roehrig ve Kim, 2020). Ornegin Toma ve Greca’in (2018) arastirmasinda
batinlestirilmis STEM etkinliklerinin ilkokul 6grencilerinin fen bilimlerine olan tutumlarini olumlu olarak
gelistirildigi saptanmustir. Bir diger arastirmada Kegeci, Alan ve Kirbag (2017), STEM etkinliklerinin besinci sinif

ogrencilerinin STEM disiplinlerine yonelik tutumlarini gelistirdigini bulmuslardir.

Gorildigl gibi STEM egitimi, 6grencilerin biligsel ve duyussal alandaki gelisimlerini desteklemektedir. STEM
egitiminin etkili oldugu bilissel alanlardan birisi de bilimsel siire¢ becerileridir (Ozkul, 2021). Bilimsel siireg
becerileri basta fen bilimleri olmak UGzere matematik ve mihendislik alanlarinda 6grenmeyi kolay kilan,
arastirmaci, sorgulayici bir 6grenme ortami sunan ve 6grenmede kaliciligl saglayan, bireyin kendi kendine
dgrenmesini ve sorumluluk bilincini gelistiren temel beceriler olarak tanimlanir (YOK-Diinya Bankasi,
1997).Bilimsel sireg becerileri, bilim insanlarinin arastirmalar esnasinda bilgiyi edinirken kullandiklari(Azizoglu
ve Dénmez, 2010), 6grencilerin ise bilim insani gibi distinerek, davranislarini sekillendirdikleri becerilerdir (Raj
ve Devi, 2014).Bilimsel slre¢ becerileri ile 6grenciler bir sorun karsisinda bilim insani gibi distniip onlarin
calisma sistematigi ile sorunlar ¢ozebilmektedir (Bozdogan, Tasdemir ve Demirbas, 2006).Bunun yaninda,
bilimsel slre¢ becerileri ile elde edilen beceri ve dislinme bicimi, 6grenciler icin derslerde ve bireyler
tarafindan ginlik yasamdaki bir problem karsisinda da siklikla kullanmaktadir (Blyilktaskapu, 2010). Bilimsel
siire¢ becerileri bilgi ve becerilerin ezberletilmesi yerine, bireye bilimsel diisiinebilme yetenegi kazandirarak
(Ozkan, 2015) onlarin problem ¢dzme ve kesfetme ve iriin gelistirme gibi becerileri edinmeleri saglanir
(Buyuktaskapu, 2010). Bilimsel disinme yetenegi kazanan bireyler, problemler karsisinda daha planh ve
sistematik bir ¢oziime ulasarak sorunlari ¢6zebilir hale gelmektedir. Agiklamalardan da anlasilacagi tizere, STEM
egitimi ve bilimsel slire¢ becerilerinin bir arada kullanilmasi kaginilmazdir ve pek ¢ok ¢alismaya da konu
olmustur. Ayrica Herdem ve Unal (2018) tarafindan yapilan STEM egitiminin bilimsel siire¢ becerileri tizerinde
etkisini degerlendiren bir meta-sentez ¢alismasi bulunmaktadir. S6zi edilen g¢alhismada 2010-2017 yillari
arasindaki 38 calisma incelenmis ve ulasilan bulgular meta-sentez arastirma yontemini ile incelenmistir.
Arastirma sonucunda STEM egitiminin 6grencilerin akademik basari, bilimsel slre¢ becerileri ve kariyer bilinci

Gzerinde olumlu etkiye sahip oldugu sonucuna ulasiimistir.

STEM egitiminin glnidmdiz sartlarina uygun olmasi ve bilimsel slre¢ becerilerini olumlu olarak etkilemesi
sebebiyle, STEM egitiminin bilimsel sire¢ becerileri lizerindeki etkisi ile ilgili pek ¢ok arastirma yapilmistir.
Ulasilan bu sonuglarinin analiz edilerek konu ile ilgili genel bir sonug¢ elde edilmesi, bu konuda arastirma
yapacak olan arastirmacilara kolaylik saglayacaktir. Alan yazinda bu amacg icin yapilmis calismalar yer alsa da
herhangi bir meta analiz ¢alismasina rastlanmamistir. Bu sebeple yapilan bu meta analiz ¢alismasi, bu konuda
yapilan ilk calisma olmasi nedeniyle STEM egitiminin bilimsel siire¢ becerileri Gzerindeki etkisini genis bir bakis

acisiyla yorumlamaya olanak saglayacak ve sonuglari ile arastirmacilara yol gosterici olacaktir.

YONTEM

Bu arastirmada STEM egitiminin bilimsel siire¢ becerileri Uzerindeki etkisini belirlemek Ulzere Tirkiye'de

yayimlanmis olan tez ve makalelerin meta-analizi yapilmistir. Meta-analiz arastirmalardaki analizlerin analizidir
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(Cohen, Manion ve Morrison 2007). Bu ¢alismalarda; birbirinden bagimsiz olarak yapilan, fakat ayni konulardaki
arastirmalar, daha givenilir ve dogru sonuglarin elde edilmesi amaciyla istatistiksel olarak analiz edilmektedir

(Hedges ve Olkin, 1985; Karasu, 2009; Olkin, 1996; Saglam ve Yiksel, 2007; Tuncer ve Dikmen, 2018).

Verilerin Toplanmasi

Arastirmanin verileri 2021 yili haziran ayi ile 2021 yili agustos aylari arasinda basilmis kaynaklardan
toplanmistir. Arastirmaya dahil edilen ¢alismalar; ULAKBIM, Yiiksek Ogretim Kurulu Baskanhgi (YOK) Ulusal Tez
Merkezi ve Google Akademik veri tabanlari taranarak belirlenmistir. Arastirmaya incelenmesi amaglanan 5'i
doktora, 32’si ylksek lisans tezi ve 6’si da makale olan calismalar dahil edilmistir. Tezden makaleye
donistirilen galismalardan tez calismasi arastirmaya dahil edilmis, makale g¢alismasi dikkate alinmamistir. Bu
¢alismalarda baslik olarak STEM ve FeTeMM egitiminin bilimsel siire¢ becerilerine etkisinin yaninda, bilgisayar
destekli 6gretim, bilim ve mihendislik uygulamalari, robotik uygulamalar, miihendislik tasarim temelli fen
egitimi, lego ile desteklenmis 6grenme ortaminin bilimsel siire¢ becerilerine etkisinin arastirildigi ¢alismalarda,
ayni dogrultuda yapilan ¢alisma olarak kabul edilmis ve arastirmaya dahil edilmistir. incelenen ¢alismalarin

meta analize alinma kriterleri sunlardir:

Arastirmanin Turkiye’de yapilan yayinlanmis bir calisma olmasi,

e STEM'in bilimsel siire¢ becerileri lizerindeki etkisinin incelenmis olmasi,

e Aritmetik ortalama, standart sapma degerlerinin veya bunlarin hesaplanmasi icin gerekli degerlerin
verilmesi,

e Orneklem biiyiikliigi degerlerinin verilmis olmasi.

Verilerin Kodlanmasi

Arastirmaya dahil edilecek olan galismalari belirleyebilmek icin olusturulan kodlama formunda arastirmalarin su

bilgileri yer almistir;

Calismanin
ad,
Calismanin

Uygulanan
olgme
araglarina ait

Bilimsel
Standart sureg
sapma becerileri
degerleri ortalama
puani

Orneklem
grubu,

Orneklem
sayisl

gecerlilik ve
guvenirlik
bilgileri

yili,
Calismanin
yayin tirt

Sekil 1. Kodlama Formunda Yer Alacak Bilgiler
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Meta-analize dahil edilecek g¢alismalarin bilgileri bu forma kodlanmis, kodlama glvenirligini givenirligini
saglamak adina 10 giin sonra bos bir forma ayni ¢alismalar tekrar kodlanmistir. Bu kodlama ile 6nceki kodlama
karsilastirildiginda aralarinda bir farkhlik olmadigi gorilmdistir. Bununla verilerin meta-analize hatasiz
kodlanmasi amaglanmistir. Ayrica meta-analize dahil edilen galismalar ikinci bir kodlayiciya kodlama formu ile
birlikte verilerek kodlanmasi istenmistir. iki kodlayici arasindaki giivenirlik Uzlasma Orani=(Uzlasilan Calisma
Sayist)/(Toplam Calisma Sayisi) formili kullanilarak (Orwin ve Vevea,2009) %100 olarak bulunmustur. Meta-
analize dahil edilen i¢ calismanin (Atik, 2019; Unal, 2019; Unal& Aksiit, 2021) bilimsel siire¢ becerileri alt
puanlari verilmis, fakat ortalama puanlarinin verilmemis olmasi sebebiyle CMA programi ile bilimsel sireg
becerileri ortalama puanlari hesaplanarak analize dahil edilmistir. Meta-analiz uygulamalarinda islevsel olarak
kullanilan CMA programi, farkh veri tlrlerine sahip olan ¢alismalarin birlestiriimesini saglayan bir programdir

(Dinger, 2014).
Verilerin Analizi

Arastirmada oOncelikle meta analize dahil edilen bilimsel sireg¢ becerileri ile ilgili ¢alismalarin betimsel
istatistikleri aciklanmistir. Tablo 1’de STEM egitiminin bilimsel slire¢ becerilerine etkisi ile ilgili Tirkiye'de

yapilan ve meta analize dahil edilen galismalara iliskin betimsel istatistikler yer almaktadir.

Tablo 1. Tiirkiye’de Yapilan Ve Meta Analize Dahil Edilen Calismalara iliskin Betimsel istatistikler

Frekans Yizde

Doktora 5 %11.63

Calisma Tiirii Ylksek Lisans 32 %74.42
Makale 6 %13.95

2008 1 %2.33

2009 1 %2.33

2010 1 %2.33

2013 1 %2.33

Vil 2014 2 %4.65
2017 4 %9.30

2018 4 %9.30

2019 21 %48.84

2020 5 %11.63

2021 3 %6.98

Ogretmen 1 %2.33

Universite Ogrencisi 7 %16.28

Orneklem Grubu Ortaokul Ogrencisi 20 %46.51
ilkokul Ogrencisi 2 %4.65

Okul Oncesi Ogrencisi 13 %30.23

1<N<24 10 %23.26

Orneklem Biiyiikligi 25<N<49 22 %51.16
50<N 11 %25.58

Toplam 43 %100

Tablo 1 incelendiginde 43 arastirmanin; galisma tiri olarak 5%i (%11.63) doktora tezi, 6'si (%13.95) makale ve
en c¢ok olarak 32'si (%74.42) yiksek lisans tezidir. Arastirmalarin yapildigi yil olarak, 2008 yilinda 1 (%2.33)
¢alisma, 2009 yilinda 1 (%2.33), 2010 yilinda 1 (%2.33) galisma, 2013 yilinda 1 (%2.33), 2014 yilinda 2 (%4.65),
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2017 yilinda 4 (%9.30), 2018 yilinda 4 (%9.30), 2020 yilinda 5 (%11.63) galisma, 2021 yilinda 3 (%6.98) ¢alisma
yapilmisve2019 yilinda,21 (%48.84) calisma yapilmistir. Orneklem grubu olarak en ¢ok ¢alisma, 20 (%46.51) ile
ortaokul 6grencileri ile yapilmis ve 13 (%30.23) calisma okul dncesi 6grencileri ile, 7 (%16.28) ¢alisma Universite
ogrencileri ile, 1 (%2.33) ¢alisma da 6gretmenler ile yapilmistir. Lise 6grencileri ile ilgili olarak yapilan ¢alismaya
rastlanmamistir. Orneklem biiyikligi olarak;10 (%23.46) calisma 1 ile 24 arasinda kisiyle, 11 (%25.58) calisma
50 ve daha fazla kisiyle, en fazla galisma, 22 (%51.16) ¢calisma ile 25 ile 49 kisi arasinda kisiyle yapilmistir.

BULGULAR

Calismalardaki etki buyukliklerinin  normal dagilim gosterip gostermediginin  6ncelikle incelenmesi
gerekmektedir. Calismalarda elde edilen etki buylkliklerinin normal dagilim gosterip gostermedigi MetaWin

programi kullanilarak incelenmis, elde edilen grafik Sekil 4’te verilmistir.

1234
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Sekil 2. Calismalarin Etki Biylikluklerinin Normal Dagihm Grafigi

Sekil 2’de meta-analiz yapilan ¢alismalarin etki buytkliklerine bakildiginda; normal dagilim dogrusunun her iki
tarafinda ve gliven araliklari icerisinde yer aldigi gorilmektedir. Meta analize dahil edilen galismalarin etki
biyukliklerinin  hesaplanmasinin istatistiksel olarak mimkin olmasi igin, dagilimin normal olmasi
gerekmektedir (Rosenberg, Adams & Gurevitch, 2000). Buna gbre, STEM egitiminin bilimsel sire¢ becerileri
lzerinde ne kadar etkili oldugunu belirlemek icin meta analize dahil edilen arastirmalarin ortalama etki
blyukliklerinin istatistiksel olarak analizleri yapilmistir. Bu analizlerden dnce, arastirmalarda yayin yanliligi olup

olmadigi incelenmistir. Yayin yanhhgi olasihigi ile ilgili olarak huni sagilim grafigi sonuglarina bakilmistir (Sekil 3).
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Funnel Plot of Standard Error by Hedges's g
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Sekil 3. Arastirmalar ile ilgili Yayin Yanlligi Olasiligini Gsteren Huni Grafigi

Sekil 3'te huni grafigine bakildiginda, meta analize dahil edilen ¢alismalarin orta bélimde, etki buyuklGgiuni
gosteren dikey ¢izginin her iki yaninda toplandigi gorilmektedir. Bu sonug, yayin yanhlig olmadigini
glclendirmektedir fakat yeterli degildir. Bu sebeple arastirmalarin yayin yanliligina sahip olmadigini gligclendiren
huni grafigine ek olarak; Orwin’s Fail-Safe N degeri, Duval&Tweedie’nin kirp ve doldur yontemi ile Egger testi
sonuglari incelenmistir.

Tablo 2. Arastirmanin Yayin Yanliligi Testi Sonuglar

Duval & Tweedie’ni
Classic fail-safe N Sayisi uva weedienin

I K | N .
Dahil edilen “Snemsiz” SOF icin gerekli Irp ve doldur yGntemi Egger testi
¢alisma sayisi Kirpilan .
¢alisma sayisi SOF gozlenen
galisma
0.94
43 1866 0 0.59 (Cift Kuyruk)

Tablo 2’de yayin yanliligina ile ilgili, Classic fail-safe N degerinin 1866 olarak hesaplandigi gorilmektedir. Bunun
yaninda, alfa degerinin .05 olmasi icin, 1866 calismaya daha ihtiyac oldugu ifade edilmektedir. Bir baska ifade
ile; calismada yayin yanliliginin ortaya ¢ikmasi icin 1866 calismanin daha olmasi gerekmektedir. Bu da
¢alismanin glvenilir oldugunu gostermektedir. Duval ve Tweedie’nin Kirp-Doldur yéntemi sonucunda meta
analize herhangi bir calisma eklenmesine gerek olmadigi sonucuna ulasiimistir ve buna gore de yayin yanhliginin
olmadigi sdylenebilir (0.59) (Dinger, 2014). Diger bir yayin yanhligi testi olan Egger regresyon testi (Egger, Smith,
Schneider ve Minder, 1997) sonucunun da (p=0.94, p>.05) anlamh olmamasi da bu meta analiz ¢alismasinda

yayin yanlihgi olmadiginin bir diger gostergesi olarak kabul edilmistir.

STEM egitiminin bilimsel slire¢ becerileri Gizerine etkisi ile ilgili galismalarin, etki biiytklikleri, Z degeri ve %95’lik

glivenirlik araligina gore alt ve Ust sinirlari Tablo 3'te verilmistir.
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Tablo 3. STEM Egitiminin Bilimsel Siire¢ Becerilerine Etkisine iliskin Veriler

Etki

CGalisma (Yazar, Yil) Buyiiklagd g AltSimir  UstSinir  Z degeri p
K.Simsek,2019 -0.61 -1.18 -0.04 -2.11 0.04
Tabaru, 2017 0.01 -0.58 0.59 0.02 0.98
Kegeci ve digerleri, 2017 0.01 -0.48 0.51 .05 0.96
Ocal, 2018 0.02 -0.81 0.84 0.04 0.97
Abanoz, 2020 0.02 -0.60 0.65 0.07 0.94
Ozkul & Ozden, 2020 0.03 -1.02 1.09 0.06 0.95
Bal, 2018 0.04 -0.59 0.68 0.14 0.89
Aydin, 2019 0.07 -0.68 0.81 0.18 0.86
Bahsi,2019 0.10 -0.58 0.78 0.29 0.77
Atik,2019 0.11 -0.87 1.09 0.22 0.82
Kavak, 2019 0.17 -0.43 0.76 0.55 0.58
Karademir, 2009 0.18 -0.20 0.56 0.92 0.36
Kavak, 2020 0.21 -0.42 0.83 0.65 0.51
Savas, 2021 0.24 -0.60 1.08 0.56 0.57
Akin,2019 0.27 -0.35 0.89 0.84 0.40
Unal &Aksiit, 2021 0.28 -0.23 0.79 1.07 0.28
Dogan,2019 0.30 -0.12 0.73 1.40 0.16
Kale,2019 0.31 -0.24 0.86 1.10 0.27
Cayir,2010 0.36 -0.26 0.97 1.14 0.25
Glltekin, 2019 0.36 -0.25 0.98 1.16 0.25
Behram,2019 0.37 -0.26 0.99 1.14 0.25
Tavukcu,2008 0.37 0.03 0.72 2.11 0.03
Ozkizilcik&Cebesoy, 2020 0.39 -0.17 0.96 1.37 0.17
Bozkurt,2014 0.48 0.01 0.94 2.01 0.04
Saglamyiirek,2019 0.49 0.04 0.95 2.11 0.03
Unal,2019 0.56 -0.02 1.14 1.90 0.06
Kalyoncu,2021 0.57 -0.58 1.72 0.98 0.33
F.Simsek,2019 0.60 .05 1.15 2.15 0.03
Uysal, 2018 0.65 -0.18 1.47 1.54 0.12
Yamak& digerleri,2014 0.69 0.13 1.25 2.41 0.02
Yilmaz,2019 0.70 0.07 1.33 2.19 0.03
Akgay,2018 0.72 0.09 1.34 2.25 0.02
Cimentepe,2019 0.82 0.22 1.42 2.68 0.01
Vurucu,2019 0.85 0.09 1.60 2.20 0.03
Duygu,2018 1.01 0.55 1.48 4.25 0.00
Koéngiil,2019 1.02 0.52 1.51 4.04 0.00
izgi, 2020 1.28 0.68 1.88 4.17 0.00
Kirtay,2019 1.35 0.80 1.91 4.76 0.00
Kog,2019 1.40 0.93 1.86 5.91 0.00
Tastan Akdag, 2017 1.55 0.95 2.15 5.04 0.00
Gokbayrak& Karigsan, 2017 1.98 1.31 2.65 5.81 0.00
Ozdogru,2013 2.27 1.58 2.96 6.43 0.00
Kapan,2019 2.70 2.16 3.24 9.80 0.00

Tablo 3’e gore, 43 galismanin bilimsel siireg becerilerine gore standardize edilmis etki blyiklikleri-0.61 ile 2.70
araliginda degismektedir. Meta analize dahil edilen 19 arastirmada istatistiksel anlamh farklihk (10’u
p<.01dizeyinde; 9'u p<.05 dizeyinde) bulunurken, 24 calismada anlamh bir farkhlik bulunmamistir. Bulunan
farklarin 1’i (p<.05)STEM egitiminin bilimsel sire¢ becerilerinde etkisinin olmadigini (K.Simsek, 2019), 18’i de
(p<.05) ise STEM egitiminin bilimsel siire¢ becerilerinde etkisinin oldugunu godstermektedir(p<.05). 43

calismanin gliven aralig1 -1.18 ile 3.24 arasinda degismektedir.
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STEM egitiminin bilimsel siire¢ becerilerine etkisinin rastgele etkiler modeline gore karsilastiriimasi
Arastirmaya dahil edilen 43 calismadan elde edilen, STEM egitimi ait verileri dogrultusunda olusturulan rastgele

etkiler modelinin sonuglari Tablo 4’te verilmistir.

Tablo 4. STEM Egitimine Gore Rastgele Etkiler Modeli Ortalama Etki BuyuklGgi ve Heterojenlik Degeri

Ortalama Etki Buyuklikleri
Etki Standart igin Giiven Aralig z p
Blyuklugu Hata Alt Sinir Ust Sinir Degeri Degeri
0.597 0.098 0.404 0.789 6.074 0.000

Rastgele etkiler modeline gére yapilan meta analizi dogrultusunda STEM egitiminin bilimsel slre¢ becerilerine
gbre Z istatistigi, Z=6.074 olarak hesaplanmis ve p=0.000 (p<.01) ile istatistiksel bakimdan anlaml oldugu
sonucuna ulasiimistir. Rastgele etkiler modeline gore, % 95’lik glven araliginin 0.404 alt siniri ile 0.89 Ust
sinirindadir. Ortalama etki buyukligu degeri 0.597 ile, Cohen’in siniflandirmasina goére orta diizeyde (d=0.50—
0.80), Thaheimer’in siniflandirmasina gore ise 0.40<d<0.75araliginda oldugu icin orta diizeyde bir etkiye sahiptir
(Thalheimer ve Cook, 2002). Buna gore, STEM egitiminin bilimsel siire¢ becerileri Gizerinde 0.597 etki buyukligu

ile pozitif yonde ve orta diizeyde etkisinin oldugu ortaya ¢ikmistir.

Meta analize dahil edilen arastirmalarin etki bayuakliga degerlerinin rastgele etkiler modeline goére dagilimini

gosteren orman grafigi Sekil 3’te verilmistir.

Meta Analysis
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Sekil 4. Rastgele Etkiler Modeline Gore Calismalarin Etki Buyikliklerine Ait Orman Grafigi
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Sekil 4’te sag taraftaki siyah kareler ¢alismanin etki biyulkligini ve karelerin saginda ve solunda uzanan
cizgiler ise etki buyukliginin %95 glven araligindaki alt ve Gst limitlerini gdstermektedir. Arastirmalarin
agirhklarina iliskin analizlerin sonucunda, Kalyoncu (2021)’in arastirmasinin en kigik (%0.58), Tavukcu’nun
(2008) arastirmasinin ise en biyik agirlik yizdesine (%6.29) sahip oldugu, diger arastirmalarin agirhk
yuzdelerinin ise bu iki deger arasinda yer aldigi tespit edilmistir. Hesaplanan etki blyukligtne gore bir ¢calisma
negatif (K.Simsek, 2019), diger 42 calismanin ise pozitif oldugu gorilmektedir. Buna gore STEM egitiminin

bilimsel stre¢ becerileri tGizerinde etkili oldugu séylenebilir.

Arastirmada Yer Alan Galismalarin Yayin Tiriine Gore Etki Biiyiikliiklerinin Kargilastiriimasi
Meta-analize dahil edilen ¢alismalarin yayin tlrine gore etki blytklUklerinin karsilastirilmasi asagidaki tabloda
gosterilmistir.

Tablo 5. Yayin Tiiriine Gore Etki Biiylikluklerinin Karsilagtiriimasi

Etki Biiyiikliigii icin % 95 Giiven Aralig Heterojenlik
Yavin Tiirii Ortalama Etki
v Etki At Ust Biiyiikliigii
N Buyuklugii Sinir Sinir z o] Diizeyi Q df P

Doktora 5 0.506 0.033 0.980 2.097 0.036 Orta
Y. Lisans 32 0.681 0.184 1.178 2.687 0.007 Orta
Makale 6 0.595 0.359 0.832 4.936 0.000 Orta
Toplam 43 0.593 0.399 0.788 5.977 0.000 Orta 0.250 2 0.883

Tablo5te yayin tirlerinin ortalama etki biyUklGgu degerlerine gére makale olarak yayinlanan galismalar, 0.593
(given araligr 0.014-2.265, p<.05) ile en biylk etki bayldkligine ve orta etki buyukliglu diizeyine sahiptir.
Yuksek lisans olarak yayinlanan galismalar, 0.681 (given araligi 0.018-2.265, p<.05) en buyik etki blytklugu
degeri ve orta etki buyukligl dizeyine sahipken; doktora tezi olarak yayinlanan calismalar 0.506 (gtiven aralig
0.023-1.546, p<.05) ile en kii¢lk etki blytkligl degerine ve orta etki buyukligi dizeyine sahiptir. Calismalarin
yayin tirleri arasinda istatistiksel olarak anlamh bir fark bulunamamistir (QB=0.250;p>.05). Calismanin yayin
tirlinun doktora tezi, ylksek lisans tezi veya makale olmasi, STEM egitiminin bilimsel stire¢ becerileri Gzerindeki

etki bayiklGgini degistirmemistir.

Arastirmada Yer Alan Galismalarin Orneklem Grubuna Gére Etki Biiyiikliiklerinin Kargilastiriimasi
Meta-analize dahil edilen galismalarin érneklem grubuna goére etki blyukliklerinin karsilastiriimasi agagidaki
tabloda gosterilmistir.

Tablo 6. Orneklem Grubuna Gére Etki Buyikliiklerinin Karsilastiriimasi

Etki Biiyiikliigii icin % 95 Giiven Araligi Heterojenlik
Orneklem Grubu Ortalama .. . F.tkl..-..

N Etki Biiyiikligii Alt Ust Biiyuklugii

Sinir Sinir z p Diizeyi Q df P
Okul C')nc.C')gr 13 0.282 0.093 0.472 2.921 0.003 Dusuk
ilkokul Ogr. 2 0.085 -0.332  0.503 0.400 0.689 Onemsiz
Ortaokul Ogr. 20 0.796 0.469 1.124 4.462 0.000 Yiksek
Univ.f)ér. 7 0.730 0.290 1.169 3.253 0.001 Orta
Toplam 42 0.400 0.261 0.540 5.624 0.000 Orta 11.542 4 0.021
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Tablo6‘da 6rneklem grubuna goére ortalama etki blylkligl degerlerine bakildiginda; ortaokul 6grencileri ile
yapilan galismalar 0.796 (given aralig10.014-2.697; p<.05) ile en bulyik etki blylklGgi degerine ve yiksek etki
biiyukligu dizeyine sahiptir. Universite dgrencileri ile yapilan g¢alismalar, 0.730 (giiven aralig 0.014-1.985,
p<.05) etki blyuklugu degeri ve orta etki blyukligu dizeyine sahiptir. Okul 6ncesi 6grencileri ile yapilan
galismalar, 0.282 (glven araligl 0,018-0,846, p<.05)etki buyukligi degerine ve dusik etki blyukligu duzeyine
sahiptir. Orneklem grubunun ilkokul &grencileri olarak secilen galismalar 0.085 (0,006 — 0.166, p>.05) etki
blylkligl degeri ve 6nemsiz etki buyukliglu dizeyine sahiptir. Moderator analizinde, alt grup sayisinin 2-
8arasinda olmasi gerektiginden (Pincus ve digerleri, 2011), 6rneklem grubu olarak 6gretmenler ile yapilan bir
¢alisma analize dahil edilmemistir. Calismalarin uygulandigi érneklem gruplari arasinda istatistiksel olarak
anlamh bir fark bulunamamistir (QB=11,542;p>.05).Calismanin 6rnekleminin Universite 6grencileri, ortaokul
Ogrencileri veya okul 6ncesi 6grencilerinden segilmis olmasi, STEM egitiminin bilimsel sire¢ becerileri

Gzerindeki etki blyUkligini degistirmedigi belirlenmistir.

Arastirmada Yer Alan Calismalarin Orneklem Sayisina Gére Etki Biiyiikliiklerinin Karsilastiriimasi

Meta-analize dahil edilen galismalarin 6rneklem sayisina gore etki buyukliklerinin karsilastiriimasi asagidaki
tabloda gosterilmistir.

Tablo 7. Orneklem Sayisina Gére Etki Buyikliiklerinin Karsilastiriimasi

Etki Biiyiiklugii icin % 95 Gliven Araligi Heterojenlik
Orneklem Ortalama Etki
Sayisi N Etki Alt Ust Biiyiikligii
Biiyiikliigii Sinir Sinir 4 p Diizeyi Q df P

1<N<24 10 0.257 -0.041 0.554 1.689 0.091 Dusuk
25 <N<49 22 0.612 0.386 0.838 5.305 0.000 Orta
50<N 11 0.830 0.351 1.308 3.399 0.001 Yiksek
Toplam 43 0.525 0.357 0.694 6.107 0.000 Orta 5.249 2 0.072

Tablo 7‘de 6rneklem sayisina gére ortalama etki buyiklGgi degerleri incelendiginde; 50 ve tzeri (50 < N)
katihmciyla yapilan ¢alismalar 0.830 (guven araligi 0.014-2,697, p<.05) ile en biyuk etki buyukligu degeri ve
yiksek etki bUyuklugiu diuzeyine sahiptir. 25 ile 49 (25 £ N < 49) arasi katiimci ile yapilan galismalar, 0.612
(gtven aralig1 0.018-2,265; p<.05) etki blyuklugl degeri ve orta etki buyiklugi dizeyine sahiptir.1ile 24 (1< N
< 24) arasi katilimci ile yapilan ¢alismalar 0.257 (gtiven araligi 0.032-0.571; p>.05) ile en kiiglk etki bayukluga
degeri ve dislik etki bliylkligi diizeyine sahiptir. Calismalarin katilimci sayisi istatistiksel olarak anlamli bir fark
olusturmamistir (QB=5.249;p>.05). Calismalardaki uygulamalara katilan kisi sayilarinin degismis olmasi, STEM

egitiminin bilimsel stire¢ becerileri tizerindeki etki blylkliginl degistirmedigi sonucuna ulasiimistir.

TARTISMA ve SONUC

Bu arastirmada, STEM egitiminin bilimsel slre¢ becerileri (izerindeki etkisi meta analiz ydontemi ile arastirilmasi
amaclanmistir. Bu sebeple STEM’in bilimsel siire¢ becerileri lizerindeki etkisi ile ilgili arastirmalar taranmis ve
belirlen kriterlere uygun olan 43 ¢alisma meta-analize dahil edilmistir. Arastirmaya dahil edilen ¢alismalardan

elde edilen etki bliytkltklerinin normal dagilip dagilmadigi MetaWin programi ile incelenmis ve elde edilen etki
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buyukligli degerlerinin, normal dagilim dogrusu etrafinda ve noktalarla iki gizgi ile belirtilen given arahg
icerisinde oldugu ve dolayisiyla da normal dagilim gosterdigi sonucuna ulasiimistir. Bunun ardindan meta-analiz
¢alismalarinin yayina donistirilmesinde kullanilacak olan ve yayin yanlihg olup olmadigini gésteren huni
grafigi (Dinger, 2014) incelenmistir. Huni sacihm grafigine bakildiginda; meta-analize dahil edilen ¢alismalarin
orta bolimde, etki buyikliginu gosteren dikey cizginin etrafinda toplandigi tespit edilmistir. Huni sagilim
grafiginin yaninda, yayin yanhhginin olmadigi sonucuna, Orwin’s Fail-Safe N degeri, Duval & Tweedie’nin kirp ve

doldur yéntemi ile Egger testi sonuglari ile de ulasiimistir.

Arastirmaya dahil edilen 43 ¢alismadan elde edilen veriler dogrultusunda olusturulan rastgele etkiler modeli ile
STEM egitiminin bilimsel streg becerileri tizerindeki etkisi incelenmistir. Buna gore, Z=6.074 olarak hesaplanmis
ve p=0.000 (p<.01) ile istatistiksel bakimdan anlamli ¢cikmistir. Rastgele etkiler modeline gére, %95’lik gliven
araliginda c¢alismalarin etki degerleri, alt sinir olan 0.404ile Ust sinir olan 0.789araliginda hesaplanmistir.
Ortalama etki blylkligu degeri ise 0.639’dir ve Cohen’in siniflandirmasina goére orta diizeyde (d=0.50-0.80) ve
Thaheimer’in siniflandirmasina gére de 0.40<d<0.75 araliginda ve orta diizeydedir. Buna gére STEM egitiminin
bilimsel siire¢ becerileri Gzerinde 0.597 etki biyuklGgl ile pozitif yonde ve orta diizeyde etkisinin oldugu
sonucuna ulasiimigtir. Bu sonug; beklenen bir sonugtur. Clinkii STEM egitiminin bir boyutu da bilimsel slreg

becerilerinin gelistiriimesini saglamaktir (Strong, 2013).

Arastirma sonucunda; bir ¢alisma disinda (Kavak, 2020), okul 6ncesi(Abanoz,2020; Atik, 2019; Aydin, 2019;
Behram, 2019; Giltekin, 2019; Kalyoncu, 2021; Ocal, 2018; Savas, 2021; Kavak, 2020; Unal, 2019; Unal & Aksiit,
2021; Vurucu, 2019) ilkokul (Tabaru, 2017,Kavak, 2019), ortaokul(Akdag, 2017; Akin, 2019; Bahsi, 2019; Cayir,
2010; Cimentepe, 2019; Dogan, 2019; F.Simsek, 2019; izgi, 2020; Kapan, 2019; Karademir, 2009; Kirtay, 2019,
Kog, 2019; Kéngiil, 2019; Ozdogru, 2013; Ozkul & Ozden, 2020; Saglamyiirek, 2019; Tavukcu, 2008; Yiimaz,
2019; Yamak ve digerleri, 2014),lniversite 6grencisi(Ak¢ay, 2018; Alan, 2017; Bozkurt, 2014; Duygu, 2018;
Gokbayrak, 2017; Ozkizilcik & Cebesoy, 2020; Uysal, 2018)ve 6gretmenler (Kale, 2019) ile yapilan calismalarda,
gerek STEM (Abanoz, 2020; Alan, 2017; Atik, 2019; Aydin, 2019; Bahsi, 2019; Behram, 2019; Cimentepe, 2019;
Dogan, 2019; Gokbayrak, 2017; Giltekin, 2019; izgi, 2020; Kale, 2019; Kalyoncu, 2021; Kapan, 2019; Kéngill,
2019; Ocal, 2018; Ozkul & Ozden, 2020; Savas, 2021; Kavak, 2019; Tabaru, 2017; Tastan Akdag, 2017; Unal,
2019; Unal & Aksiit, 2021) ve FeTeMM egitiminin (Akcay, 2018; Akin, 2019; Bal, 2018; Duygu, 2018; F.Simsek,
2019; Ozkizilcik & Cebesoy, 2020; Uysal, 2018; Yamak ve digerleri, 2014; Yiimaz, 2019) gerekse; bilgisayar
destekli 6gretim (Karademir, 2009; Kog, 2019; Tavukcu, 2008), bilim ve mihendislik uygulamalari (Bozkurt,
2014; Saglamylrek, 2019; Vurucu, 2019), robotik uygulamalar (K.Simsek 2019, Kirtay, 2019) velego ile
desteklenmis 6grenme (Cayir, 2010; Ozdogru, 2013) ortaminin bilimsel siire¢ becerilerine olumlu etkisinin

oldugu sonuglara ulasiimistir.

Yapilan ¢alismalarin ¢gogunun sonucunda da STEM’in bilimsel siire¢ becerileri lGzerinde olumlu etkisinin oldugu
rapor edilmistir. Bu calismalardan biri olan Herdem & Unal'in (2018), yapti§i meta-sentez calismasinin

sonucunda, STEM egitiminin bilimsel siireg becerileri izerindeki olumlu etkisinin oldugu sonucuna ulagiimistir.
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Bu sonuca benzer sekilde Christensen & Knezek (2017); Gulhan & Sahin (2016) ile Sullivan (2008), ¢alismasini
ortaokul 6grencileri ile yapmis ve STEM etkinliklerinin bilimsel sireg¢ becerilerini olumlu yénde etkiledigi
sonucuna ulasmistir. Yamak ve digerleri de (2014), ortaokul 5.sinif 6grencilerinin bilimsel siire¢ becerilerinin
FETEMM egitimi ile arttigini tespit etmistir. Benzer olarak, Cotabish ve digerleri(2013), STEM uygulamalari ile
ilkokul 6grencilerin bilimsel siire¢ becerilerinin olumlu yonde gelistigini belirlemistir. Bir bagka ¢alismada ise
Strong (2013) miuhendislik tasarim sirecinin ilkokul 6grencilerinin bilimsel slire¢ becerilerini gelistirdigini rapor
etmistir. Yapilan pek c¢ok arastirmada da mihendislik temelli 6gretim uygulamalarinin 6grencilerin bilimsel
stre¢ becerilerini gelistirdigi belirtilmistir Bunlardan bazilari; Hutchinson (2002); Merrill, Custer, Daugherty,
Westrick & Zeng(2008); Wendell& Lee’nin (2010), yaptigl calismalardir. Bu g¢alismalarin aksine bilimsel STEM
uygulamalarinin bilimsel stireg becerilerini arttirmadigi calismalar da bulunmaktadir. Bu ¢alismalardan birisinde;
Choi& Hong (2013), galismasinda STEAM 0Ogretim materyallerinin bilimsel bilgi, bilimsel siire¢ becerileri ve
duygu alanina etkisini incelemislerdir. Calisma sonucunda STEAM 06gretim materyallerinin ilkdgretim
ogrencilerinin bilimsel bilgi ve duygulanim alanlarini 6nemli derecede etkilerken, bilimsel siire¢ becerilerinde

anlamli bir farklilik olugturmamustir.

Arastirmada STEM egitiminin bilimsel siire¢ becerileri {izerindeki etkisinin incelenmesinin yaninda bu etkinin
yayin tirine, arastirmanin 6rneklemine ve katilimci sayisina gore degisip degismedigi analiz edilmistir. Bu
analizlerden ilki olan yayin tiriiniin, STEM egitimini bilimsel slre¢ becerileri Gzerindeki etkisinde istatistiksel
olarak anlamli bir fark olusturmadigl sonucuna ulasilmistir (QB=0.2500; p>.05).Bir baska ifade ile galismanin
yayin tlrlnin doktora tezi, yiksek lisans tezi veya makale olmasi, STEM egitiminin bilimsel stre¢ becerileri
Uzerindeki etki blyukligini degistirmemistir. Bir diger analizde STEM egitiminin bilimsel sire¢ becerileri
Uzerindeki etkisinin g¢alismalarin uygulandigi drneklem gruplarina gore istatistiksel agidan anlaml olmadig
sonucu bulunmustur (QB=11.542; p>.05). Dolayisiyla ¢alismanin 6rnekleminin Universite 6grencileri, ortaokul
Ogrencileri veya okul o6ncesi Ogrencilerinden secilmis olmasi, STEM egitiminin bilimsel siire¢ becerileri
Uzerindeki etki blylklagiini degistirmedigi belirlenmistir. Calismalarin katilimci sayisi da istatistiksel olarak
anlamli bir fark olusturmamistir (QB=5.249; p>.05). Calismalardaki uygulamalara katilan kisi sayilarinin degismis
olmasi, STEM egitiminin bilimsel slire¢ becerileri lGzerindeki etki blylklGglini degistirmemistir. Sonug olarak,
meta-analize dahil edilen calismalarin yayin tird, érneklem gruplari ve 6rneklem biyukliginin farkh olmasi

STEM egitiminin bilimsel slire¢ becerileri Gzerindeki etkisini degistirmemistir.

ONERILER

GUnUmiz teknoloji ¢caginda aktif rol alabilmek ve 21. ylzyil becerileri ile donatilmis, problem ¢ézme, elestirel
dislinme, sorumluluk sahibi ve karar verme becerileri yiksek bireyler yetistirmek 6nem arz etmektedir. Bu
sebeple Ulkeler ¢aga uygun egitim modeli arayisindadir (MEB, 2017). STEM uygulamalarinin 6grencinin bilimsel
sire¢ becerileri ve problem ¢6zme becerisinin gelistiriimesi ve 6gretim programlarindaki pek g¢ok beceriyi
kazandiracagl dusinilmektedir (Kegeci ve digerleri, 2017). Bu calismada da STEM egitiminin bilimsel sireg

becerileri Gizerindeki etkisi meta-analiz yontemi ile arastiriimistir. Degisik olarak, yapilacak baska bir ¢alismada,
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yurtdisinda yapilan galismalar da katilarak meta-analiz yapilabilir. STEM egitiminin bilimsel sireg¢ becerileri
Gzerinde etkisinin disinda; akademik basarinin, laboratuvar etkinliklerinin, sinif seviyesinin ve farkh derslerin
bilimsel siire¢ becerilerine etkisi de incelenebilir. Bilimsel siire¢ becerilerinin glinlik hayatta etkisinin hangi
diizeyde oldugu ile ilgili siirece dayal gézlem ve inceleme yapilabilir. STEM egitiminin bilimsel siire¢ becerileri
Uzerinde etkili olmasi ve birbirini tamamlamalari sebebiyle, ikisinin daha etkili kullanilacagi bir egitim

saglanmasi yoniinde g¢alismalar yapilabilir.

Etik Metni

“Bu makalede dergi yazim kurallarina, yayin ilkelerine, arastirma ve yayin etigi kurallarina, dergi etik kurallarina
uyulmustur. Makale ile ilgili dogabilecek her tiirli ihlallerde sorumluluk yazarlara aittir. Makale igin etik kurul

izni alinmasina gerek yoktur.

Yazarlarin Katki Orani Beyani: Bu calismada birinci yazar %34, ikinci yazar %33 ve (g¢linct yazar %33 oraninda
katki saglamistir. Bu konuda gikar ¢atismasi yaratabilecek herhangi bir durumun olmadigi yazarlar tarafindan

beyan edilmistir.
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