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ABSTRACT

Keywords:

The increasing number of studies on the STEM approach necessitates a holistic and comparative
evaluation of the results. This study aims to investigate and evaluate the cumulative results of the
experimental studies used STEM approach for preschool children. In this study, the meta-analysis method
was used. Despite a great number of studies about STEM education, only a limited number of studies
were accessed by the keywords “preschool”, “early childhood” and “experimental study”. The effect size
obtained (0.556) is at a level that can be considered as moderate according to the classification used in
meta-analysis studies. STEM studies aimed at preschool children have positive effects on children's
learning and development. However, more experimental studies on STEM in the preschool field are
needed. It can be suggested that preschool teachers can be encouraged to design and implement STEM
practices in their class. For further research, the results of the meta-analysis can be supported by content
analysis, and a similar study can be conducted for the other grade levels.

Early childhood, Meta-analysis, Preschool, STEM education, STEM practice

Erken ¢ocukluk egitimi STEM ¢alismalari iizerine bir meta-analiz

Oz

Anahtar
Sozciikler:

arastirmasi

STEM yaklasgimi ile ilgili artan sayida c¢aligma, sonuglarm biitiinciil ve karsilastirmali olarak
degerlendirilmesini gerektirmektedir. Bu ¢alisma, okul 6ncesi donemde STEM yaklagiminin kullanildigi
deneysel ¢alismalarin kiimiilatif sonuglarin1 arastirmayi ve degerlendirmeyi amaglamaktadir. Calismada
meta-analiz yontemi kullanilmistir. STEM egitimi ile ilgili cok sayida ¢alismaya ragmen, “okul dncesi”,
“erken ¢ocukluk” ve “deneysel caligma” anahtar sozciikleriyle sinirli sayida ¢alismaya erisilmistir. Elde
edilen etki biyiikliigi (0,556), meta-analiz ¢alismalarinda kullanilan siniflandirmaya goére orta dereceli
kabul edilebilecek diizeydedir. Sonuglar STEM ¢aligsmalarinin ¢ocuklarin 6grenmesi ve gelisimi iizerinde
olumlu etkileri bulundugunu, bununla birlikte, okul 6ncesi alaninda STEM ile ilgili daha fazla deneysel
calismaya ihtiya¢ oldugunu gostermektedir. Okul Oncesi Ogretmenlerinin smiflarinda STEM
uygulamalari tasarlamalart ve uygulamalart igin tesvik edilebilecegi Onerilebilir. Daha fazla arastirma
icin, meta-analizin sonuglari igerik analizi ile desteklenebilir ve diger sinif seviyeleri icin benzer bir
caligma yapilabilir.

Erken ¢ocukluk, Meta-analiz, Okul oncesi, STEM egitimi, STEM uygulamalar:
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INTRODUCTION

Implementations of STEM studies are encountered in different educational areas and at different levels
of education starting from early childhood period. One of the main aims of preschool education is to
acquire the skills that children will use throughout their lives (Aral, Baran, Bulut, & Cimen, 2000;
Gropen, Clark-Chiarelli, Hoisington, & Ehrlich, 2011). During the preschool period, children do not
yet have the competence in reading and writing but they are experts of observation, investigation,
exploration, questioning, drawing, and designing (Katz, 2010; Tugrul, 2002) These skills at the same
time form the basis for STEM education. STEM (Science-Mathematics-Engineering-Technology)
education is regarded as an integrated approach that assembles science, mathematics and engineering
skills benefiting from technology with the goal of developing products that can be used in daily life
problems (Akgiindiiz et.al., 2015; Asik, Dogang¢a Kiiciik, Helvaci, & Corlu, 2017). The similarities
and common points underlying these two educations reveal the necessity of evaluating STEM
education from early childhood perspective.

Children like to observe how ants march and carry food, they perpetually ask questions such as why
the leaves change color in autumn, what makes the sky blue and etc., they keep trying to build bridges
with blocks even if they fail on first attempt, they present sense of number when asked to choose
between more and less candies even if they do not know how to count (Aldemir & Kermani, 2017;
Moomaw, 2013). These innate skills that children possess by birth, lay the foundations of early
childhood education and correspond to the skills that STEM education aims to qualify systematically.
In this regard STEM approach is found to be feasible and suitable in early childhood education. Thus,
STEM practices can be used as a powerful way to relate these experiences to learning and STEM
education can be considered as an important tool in developing the basic skills of preschool children.

A search with the keywords ‘early childhood’ and ‘STEM education’ results with a long list of studies

with four digits representing the thousands. These studies, which are increasing day by day, are
pleasing in terms of STEM research. In line with this, the huge number of STEM studies is considered
promising due to its potential to encourage quality work. The findings of the researches reveal that a
gualified STEM activity which meets the requirements of STEM education has an effect on different
variables such as children’s subject knowledge, learning, attitudes, perspectives or behaviors. Sung,
Ahn and Black (2017) suggested that the STEM intervention program they utilized using Scratch Jr
programming language improved mathematics understanding and programming skills among novice
young learners including kindergarten children. Aldemir and Kermani (2017) aimed to design, plan
and implement a Science, Technology, Engineering and Math (STEM) model to support Pre-K
children’s skills and knowledge in STEM and proved that the STEM centered curricula that they used
as the instrument of their study improved the number sense and science understandings of preschool
children in the study. Another experimental study of Kermani and Aldemir (2015) resulted that
content-specific /purposeful and intentional math, science, and technology projects and activities not
only contributed to preschool children’s science and mathematics learning but also increased their
awareness and interest toward STEM subjects. Sullivan and Bers (2017) focused on the technology
integration component of STEM education and conducted an experimental research using robots
designed specifically for preschool children. The findings of their study reveal that the children in their
study group performed highly successful at mastering foundational programming concepts. Master,
Cheryan, and Meltzoff (2017) examined the effect of participation to a STEM practice on preschoolers
STEM engagement. They suggest that nonacademic social factors, such as group membership can
boost young children’s STEM motivation. Basaran (2018) reported the impact of STEM activities on
preschool children's social work, presentation, teamwork and engineering skills. A recent study by
Abanoz (2020) revealed that STEM implementations contribute to the development of scientific
process skills of children.
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The results of the literature review set out the findings of various implementations developed with a
focus on STEM education from different perspectives. These perspectives can be categorized as the
basis and philosophy of the STEM approach, STEM practices for different grade levels, STEM
educator training, STEM practice types within and outside the school. Since innovative approaches
need to focus on skill development (Corlu, 2016), it is important to analyze the effectiveness of STEM
practices on learning and development of preschool children. Although studies such as examining the
attitudes of teachers and preschool children towards STEM studies, determining the perspectives of
the STEM approach serve important purposes, experimental studies conducted to demonstrate the
effectiveness of STEM practices provide concrete data about the ones found effective in the
instructional process. In this context, it is necessary to investigate the results of experimental studies
conducted in the preschool period regarding the effectiveness of STEM practices.

The increasing interest in the STEM approach and the research in this field revealed the need for the
systematic synthesis of primary studies. Meta-analysis studies that are presented by individual studies
are a suitable type of study considered in such research syntheses since they lead to strengthen the
validity of similar findings and obtained results, provide external evaluation and support to the
statistical significance of the studies with small samples (Abramson, 1994). In addition to this, meta-
analysis studies can help to determine inconsistent results obtained from the accumulation of scientific
knowledge with an increasing number of studies over time, and to help synthesize old and new
findings to guide the policies to be determined in the field (Ustiin & Eryilmaz, 2014). In this context,
meta-analysis studies are encouraged in many areas, including educational sciences.

This study aims to investigate the experimental studies using the STEM approach in the preschool
period and to evaluate the results with the meta-analysis method. Evaluations of STEM practices may
reveal the impact of the implementations and help to make suggestions that will guide future research.
In regard to this purpose, the following questions were sought in the study:

What is the effect of STEM practices on the learning and development of preschool children?

Are the measurement results consistent from one study to another?

METHODOLOGY
Research Design

To examine the experimental studies using the STEM approach for preschool children, evaluate the
effects of their results on the development and learning of preschool children and test the consistency
of the study results, the meta-analysis method was used in this study. Meta-analysis is defined as the
evaluation of the quantitative data obtained from the studies, which are classified according to defined
criteria of the studies carried out on a specific subject (Borenstein, Hedges, Higgins, & Rothstein,
2009; Dinger, 2014). Meta-analysis studies, with the capacity to reach comprehensive data as a result
of systematic literature review, enable the statistical analysis of the results of the studies on the subject
under investigation and to test its accuracy (Hunter & Schmidt, 1990). Since meta-analysis studies are
an effective research synthesis, they are encouraged in many areas including educational sciences
(Ustiin & Eryilmaz, 2014). It is thought that the increase in the number of primary studies for the
STEM approach raises the need for comprehensive and systematic research synthesis.

Compared to other research syntheses, meta-analysis is stronger since the results are based on the
magnitude of impact rather than statistical significance (Borenstein, Hedges, Higgins, & Rothstein,
2009; Shelby & Vaske, 2008). For this reason, in this study, it was preferred to use meta-analysis. The
studies that are reached as a result of the related literature are selected, coded and analyzed according
to the determined criteria. With the analysis, the effect size of the studies included in the research is
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calculated, the heterogeneity test is performed, then the selection of the model, the overall impact
calculation and interpretation process are operated.

Sampling

In this study, journal articles indexed in Web of Science (WoS), Education Resources Information
Center (ERIC), National Academic Network and Information Center (ULAKBIM) databases were
searched by keywords “STEM education, early childhood, preschool, empirical research, experimental
study”, both in English and Turkish. The studies carried out between 2010 and 2019 were included in
the primary practices. The number of studies reached with the keyword “STEM education” is 5174 in
ERIC database, 1562 in WoS database and 56 in ULAKBIM database. For the keywords used together
in different combinations, the number of studies reached is presented in Table 1 by database and
keyword distinction.

Table 1.
Number of studies between 2010 and 2019 among the primary studies obtained in WoS, ERIC and ULAKBIM
databases

ULAKBIM ERIC WoS
STEM Education 56 5174 1562

STEM Education+Preschool 2 91 8
STEM Education+Early Childhood 0 160 11
STEM Education+Experimental Study 4 229 52
STEM Education+Empirical Research 0 157 42
STEM Education+Preschool+Experimental 1 3 3
STEM Education+Preschool+Empirical) 0 2 2
STEM Education+Early Childhood+Experimental 0 8 4
STEM Education+Early Childhood+Empirical 0 4 2

Data Collection Tool and Process

The inclusion criteria of the studies constituting the sample of the research, and the coding and
analysis information of the studies that comply with these criteria are shared under separate headings
below.

Inclusion criteria

With the STEM Education keyword, 56 studies were reached in ULAKBIM, 5174 in ERIC and 1562
in WoS databases. By searching the keywords together, the scope was narrowed and the number of
studies decreased. The inclusion criteria used in the process are listed below and represented in Figure
1.

Addresses the practices for STEM education

Targets the preschool period

Focuses on experimental applied work

Having participants as preschool children (not educators)

Being carried out between 2010 and 2019
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Figure 1. Flowchart of inclusion of studies

After analyzing the search results one by one, studies that are not suitable for inclusion criteria were
excluded. The exclusion of those studies was mainly related to the following reasons: conducted with
the qualitative research method, the participants are the grade level other than the preschool period or
the participants were educators (preschool teachers or prospective preschool teachers), did not include
the quantitative data required for meta-analysis and reached from different databases to avoid
duplication.

Coding

The studies reached for the study were recorded by author and year information. The database, author,
year information, title of the study, the method used, participant and measurement tool(s) used for the
studies that meet the inclusion criteria are listed in Table 2.

Table 2.
Basic information about the research studies included in the study

Database Author (s) - Year Title of the Study Method Participants Tool Duration
Preparing children for Pre—teslt post-test 8 childrenin  TEMA-3, teacher
Kermani & success: integrating science, Comr.o group i e hrenl in survey, video K
ERIC Aldemir (2015) math, and technology in early g;azlr-imental Clgsr::g 00 recordings, 8 weeks
childhood classroom degign document analysis
Integrated STEM curriculum: (F:)(;?]-ttr?;t prcc))sut-test 62 childrenin  TEMA-3, teacher
ERIC Aldemir & improving educational Uasi- group 4 preschool survey, video About 10
Kermani (2017) outcomes for Head Start gx erimental clgsses recordings, weeks
children degign document analysis
Dejonckheere, Wit,  Exploring the classroom: Exoerimental 57 children in Anplication with
ERIC Keere, & Vervaet Teaching science in early stch)i 4 preschool li pr?box 7 weeks
(2016) childhood Y classes 9
Social Group Membership Experimental .
ERIC gﬁ:{t‘zgzegg?’?) Increases STEM Engagement  study-minimal itt tlg:f:moo' ISDC%srlegsned task Unspecified
Among Preschoolers group design
. . . Picture namin
Alade, I__aurlcella, Measuring with Murray.: Experimental 63 preschool Individual ’ -
WoS Beaudoin-Ryan, Touchscreen technology and stud students Development and Unspecified
&Wartella (2016) preschoolers' STEM learning Y Gro Wthpln dicator
27
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Data Analysis

Comprehensive Meta-Analysis (CMA) software was used to calculate the effect size of the data
obtained within the scope of the research. Standardized average differences are taken into account in
the calculation of effect sizes. In the meta-analysis, the research included in the study may consist of
results obtained from different statistics for the researched problem. This requires standardizing the
results before the data is combined.

The standardized mean difference expresses the extent of the intervention effect according to the
variability observed in each study (Borenstein et al.,, 2009; Higgins & Thomas, 2019). After
calculating the effect size, it can be seen that different sources can be utilized in the interpretation of
the value obtained. Thalheimer and Cook (2002) suggested that -0.15-0.15 range was insignificant,
0.15-0.40 range was small, 0.40- 0.75 range was moderate, 0.75-1.10 range was wide, 1.10-1.45 range
was very wide and above 1.45 the values are an excellent indication of the effect size. Besides,
according to Cohen's (1988) criteria, the effect size is small (low) if it is 0.20 and less; medium if it is
between 0.20 and 0.80, it is large if it is 0.80 and above. Heterogeneity testing is needed to determine
the model to be used for meta-analysis. Excessive diversity of the studies included in the meta-analysis
may cause problems in the interpretation of statistics. Diversity is expected to be reasonable for an
accurate and reliable interpretation of results (Carkungtéz & Ediz, 2009). The heterogeneity test p-
value which is greater than .05 indicates that the distribution is homogeneous and therefore a fixed-
effect model can be used. If this value is below .05, a random-effects model should be used
(Borenstein et al., 2009). In this study, the heterogeneity test used to determine the model to be used
for meta-analysis was performed by the Comprehensive Meta-Analysis (CMA) program and the result
was shared in Table 3.

Table 3.
Heterogeneity test results for the studies examining the effect of experimental STEM activities for preschool
children

# of Studies Heterogeneity

. ~ _ 2-

Model (with subgroups) Effect size P-value Q-value [“value p-value
Fixed Effects Model 12 0.547 0.000
Random Effects Model 12 0.556 0.000 13227 16.837 0.279

Table 3 shows that the heterogeneity test p-value is greater than .05. Although this value indicates that
the distribution is homogeneous, and fixed effects model is appropriate to use for the analysis; due to
the caveat that the model of meta-analysis should not be based on the test for heterogeneity for
research accumulating data from a series of studies that were performed independently, random-
effects model is used (Borenstein et al., 2009).

In meta-analysis studies, it is recommended to investigate the effect of publication bias on the average
effect size, since the studies included in the research are more likely to be the ones published in
statistically significant studies (Borenstein et al., 2009). In this study, Orwin's fail-safe number and
funnel graph were used to test publication bias and the findings were presented in Table 4 and Figure
2.

Table 4.
Orwin's fail-safe number for studies examining the effect of experimental STEM applications for preschool
children

Orwin’s fail-safe N

Std. diff. in means in observed studies 0.47046
Criteria for a ‘trivial’ std. diff. in means 0.00000
Mean std. diff in means for missing studies 0.00000

Number of missing studies that would bring p value to >alpha 134.00000
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When the effect size obtained from the analysis was tested, it was determined that 134 non-significant
studies were needed for the invalidity of the result obtained. Considering that the number of studies
included in the study is 5 and 12 together with its subgroups, this value is approximately 27 (26.8)
times the number of studies included, and the total number of studies examined is approximately 11
(11.16) times. This can be considered as proof that the value obtained as a result of the research is
independent of publication bias.
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Figure 2. Funnel Plot for the studies examining the effect of experimental STEM applications for preschool
children

In Figure 2, when the standard error and standardized mean differences of the studies and sub-
dimensions included in the study are examined, it is seen that all values are in the funnel line. This
finding is accepted as an indication that the studies within the scope of the research are not biased
(Dinger, 2014). Figure 3 shows the forest graph for data.

bodel | St name W?mg’sfjgy Stafistcs for sach study St i in means and 5% O weiht [Fined) weight [Random]
S:E:I:Lm Stz‘;ﬁ?’d Wariance | Lower limit | Upper limit | 24 alue P alue -1.00 050 0.00 050 1.00 Relative weight Relative weight
Kermani & Blank 0.524 0.267 0oA 0.0m 1.048 1.963 0.050 5791 6.29]
Aldemir & Blank 0.808 0,269 0,072 0,282 1.334 3.008 0,003 8731 623 ]
Dejonckhee Blank 0.860 0.277 0.077 0317 1403 3102 0.002 637 | 6831
Master, Choice 0485 0186 0.024 0121 0843 2812 0.009 e m— RRE::] | 1481
Master, Identificatio 0824 0195 0.0z 0.442 1.207 4,226 0.000 mssl mezl
Master, Interest 037 01e3 0.034 0.01e 073 2,046 0.0 12271 1nesl
Master, Perfarmanc: 0.397 0184 0.034 0.037 0.757 2,159 0.0 —_— 12221 1nesl
taster, Persistence 0373 0184 0.034 0.014 0733 2,065 0.033 12261 1neal
Master, Self efficacy 0402 0184 0.024 0.047 0.7e2 2215 0027 —_— 12191 =] |
Alade, Int-Cont 1.003 0336 0z 0345 1,660 2,989 0.003 367 | 417 |
Blade, Int-Nior 0,205 0317 01m -0.416 0.827 0648 057 an| 483
Alade, Non-Cant 1128 0.340 0116 0460 1795 3312 0.001 g6 406 |
Fined 0.547 0.0e4 0.004 0421 0E72 8,505 0.000 —_—
Random 0.556 0.072 0.00% 0416 0.E96 7.7EE 0.000 -T—

Figure 3. Forest plot showing Std. Diff. in Means with 95% Confidence Intervals for 5 studies (12 together with
sub-groups) investigating the effect of experimental STEM applications for preschool children

Figure 3 shows the studies with sub-groups included in the research as well as the individual effect
sizes and confidence intervals. The lines shown in each row in the figure represent the upper and lower
limits of the effect sizes within the 95% confidence interval. When the effect sizes are examined, it is
seen that all studies except one subgroup have positive effect. It can be said that STEM applications
examined within the scope of the research have an effect in favor of the experimental group.

Validity and Reliability

For a meta-analysis study to be valid and reliable, the data should be collected and analyzed in the
meta-analysis process; the effect model, sample size, recording errors and copies, publication bias
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criteria should be followed, and the studies included in the research should be reviewed by at least two
experts (Agikel, 2009; Akgil, Temel, & Karaagaoglu, 2001). To ensure reliability, two researchers
involved in this study conducted independent coding and analysis processes for the data, and then
came together to agree on their evaluation. In terms of internal validity, it is stated that the diversity of
study effects meta-analysis results (Basol & Johanson, 2009; Kinay 2012). The validity of each study,
which was reached within the scope of this study, was examined, and the studies using inappropriate
variables or inappropriate methods were excluded from the sample. In the meta-analysis studies, the
heterogeneity test contributes to external validity (Wolf, 1988). In this study, heterogeneity test and
publication bias were also examined.

FINDINGS

In this study, which examined the effects of STEM practices for preschool children in their learning
and development and the consistency of the results of these studies, 12 results were taken into
consideration in 5 major studies and their subgroups to find the answers to the research questions. The
effect size, variance, standard error, p-value, confidence interval and study interval values of each
study together with the subgroups are presented in Table 5.

Table 5.
Individual meta-analysis results of research and sub-groups for the studies examining the effect of experimental
STEM applications for preschool period

Cl SI
Effect . Std. P Fixed Random
Model Study size Variance Err. value I_I?r\rl1viir Lljﬁﬁﬁr Effects Effects
Model Model
(';%rg‘;‘”' & Aldemir 0524 0071 0267 0050 0001 1048 579 6.20
é'gf%‘” & Kermani 0808 0072 0269 0003 028  1.334 5.73 6.23
Dejonckheere, Wit,
Kebre & Vervaet (2016) 0880 0077 0277 0002 0317 1403 5.37 5.89
0485 0034 0186 0009 0121  0.849 11.99 11.48
0.824 0038 0195 0000 0442  1.207 10.85 10.62
Master, Cheryan & 0375 0034 0183 0041 0016 0735 1227 11.68
Meltzoff (2017) 0397 0034 0184 0031 0037  0.757 12.22 11.65
0379 0034 0184 0039 0019  0.739 12.26 11.68
0408 0034 0184 0027 0047 0768 1219 11.63
Alade, Lauricella, 1.003 0113 0336 0003 0345  1.660 3.67 4.17
Beaudoin-Ryan 0205 0101 0317 0517 -0.416  0.827 411 4.63
&Wartella (2016) 1128 0116 0340 0001 0460  1.795 3.56 4.06
Fixed Effect Model 0547 0004 0064 0000 0421  0.672
Random Effects Model 0.556 0.005 0.072 0.000 0.416 0.696

When Table 5 is examined, it is seen that the effect sizes for the 12 studies with sub-groups vary
between 0.205 - 1.128. The total effect size of the study is presented in the last two rows of the table
specified with Fixed Effect Model and Random Effects Model. Given the details grounded above, the
Random Effects Model value was evaluated. For this model, it is seen in the table that the effect size is
0.556, the variance is 0.005 and standard error is 0.072 in the confidence interval of 0.416-0.696.
Considering the scale of Thalheimer and Cook (2002), it can be said that the studies within the scope
of this research have a moderate effect size.
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DISCUSSION

This study examined the effects of STEM practices for preschool children in their learning and
development. 12 results accumulated from 5 different experimental STEM studies that meet the
inclusion criteria of the study were analyzed and the data of 381 participants were evaluated. Of these
five studies, two of them (Aldemir & Kermani, 2017; Kermani & Aldemir, 2015) were reporting the
effects of integrated STEM practices on mathematics skills of preschool children, one of them
(Dejonckheere et al., 2016) examined the effects of STEM education on the achievement of science
concepts and scientific reasoning, one of them (Master et al., 2017) examined the effect of group work
on the level of participation in STEM applications, and the last one (Alade et al., 2016) examined the
impact of touch screen technology on STEM learning.

The studies included in the investigation were determined to have a homogeneous structure but as
explained in the data analysis title under method section random-effects model was used. According to
the random effects model, the overall effect size value of the studies was calculated as 0.556. This
value shows that the average effect size of the studies included in the study was moderate according to
the scale proposed by Thalheimer and Cook (2002). A positive mean effect size value indicates that
the effect of the process is in favor of the experimental group. Therefore, it can be said that STEM
practices for preschool children have positive effects on their learning and development. This result is
consistent with the results obtained by Basaran (2018) and Abanoz (2020) in their studies.

When the individual effect sizes of the studies included in the study are examined, it is seen that there
is only one result that corresponds to a range different from the average effect size. This study by
Alade et al. (2016) examines the effect of touch-screen devices on preschool children’s learning
science-math concepts. Meta-analysis method, neglects the individual outcomes that are in opposite
directions. In this study, the opposite direction value can be interpreted as a sign that the sample of the
research was chosen impartially and the research was conducted with realistic data regardless of
neglecting any outcome (Borenstein et al., 2009). In the other four studies included in the study
(Aldemir & Kermani, 2017; Dejonckheere et al., 2016; Kermani & Aldemir 2015; Master et al., 2017),
the individual effect size of each study, in which the effect of the method or the material of the study
on the development or learning of preschool children on STEM subjects is investigated, was found to
be close to the overall effect size, and this effect size showed moderate level. When these results are
reviewed by considering the research questions, it can be said that the methods and materials used in
the studies have the potential to contribute positively to the development and learning of preschool
children on STEM subjects and the measurement results are consistent. When the results are evaluated
in terms of research bias, it was found that there was no publication bias, since 134 non-significant
studies (27 times the number of studies included) were needed for the invalidity of the research result.

The findings obtained from this study were attempted to be compared with the related studies in the
literature but no meta-analysis study examining the effects of experimental STEM practices on the
development and learning of preschool children was found. In a recent work of a content analysis on
STEM research in Turkey by Aydin-Giinbatar and Tabar (2019) 67 articles were examined and it is
reported that 50% of the study was qualitative study, with 40% of the participants are students and of
38% are teachers. The fact that half of the 67 studies are qualitative research is in line with the low
number of experimental studies (5 studies) conducted with preschool children that are reached in this
research. In Kanadli's (2019) meta-summary study, the frequency of the effect sizes was calculated for
22 research reports and 31 expressions were conceptualized under various themes, but there is no
focus of experimental study effect on the development and learning of preschool children. Sarag
(2018) in a meta-analysis study, which examined the effects of STEM practices on students' learning,
evaluated 23 articles addressing primary, secondary and tertiary education published between 2010-
2017 and calculated the effect sizes for students’ academic achievement, scientific process skills and
attitudes towards STEM disciplines. The study reported a moderate effect by calculating 0.442 for
academic success and 0.620 for attitude towards STEM disciplines and a wide effect by calculating
0,820 for scientific process skills. Different from Sarag¢’s (2018) research, this study addressed the
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preschool education and the effect of experimental studies on development and learning of preschool
children. The results of this study are in compliance with the results of Sara¢ (2018) for academic
success and attitude towards STEM subjects which can explain the positive effect of interventions in
this study. Belland, Walker, Kim, and Lefler's (2017) meta-analysis study examines the effect of
computer-based scaffolding assistance on students’ finding solutions to complex problems. They
reported that computer-based scaffolding assistance has a lasting positive effect on students' learning
(g = 0.46). The fact that 11 of the computed effect sizes resulted with positive value within the scope
of this study confirms the findings of Belland et.al. (2017).

This study has some limitations. The first one is the number of studies included in the study. In meta-
analysis studies, the high number of individual studies to be included will increase the sensitivity and
power of the study (Ustiin & Eryilmaz, 2014). In this meta-analysis, 12 results from five studies
meeting the inclusion criteria could be considered. The inclusion criteria of the study also constitute
other limitations of the study. Although Valentine, Pigott, and Rothstein (2010) argue that meta-
analysis can be performed even with two studies, it is considered when more studies are conducted
and analyzed meta-analysis may yield different results. Other limitations are the constraint of the date
of publications which is limited with the last 10 years, the elimination of qualitative studies and
guantitative studies on perception and views, the constraint of study method which is limited with
experimental studies that focus on the effects of STEM activities and the constraint of the participants
which is limited with preschool children. The number of few studies reached within the scope of this
study that meet the inclusion criteria indicates that more experimental STEM studies are needed in the
preschool field and that more rigorous reporting is required. When the studies within the scope of the
investigation are analyzed in terms of sample groups, it is seen that the number of participants is close
to each other, 57, 58, 60, 62 in 4 studies and 141 in one study. It is thought that the studies conducted
with larger samples will increase the validity and reliability of the results and contribute to the results
of meta-analysis. As a result of this meta-analysis, it is recommended to make long term implications
with larger sample groups and to examine their results.

CONCLUSION AND RECOMMENDATION

The fact that there is an increasing humber of studies on the STEM approach which is adopted in our
country as in the developing countries, brings with it the need to evaluate the results of these studies in
a holistic and comparative perspective. This study aimed to investigate the effects of STEM practices
on preschool children's learning and development and the consistency of the results of these studies. In
this study, experimental studies using the STEM approach for preschool children were examined and
the results were evaluated with the meta-analysis method.

The research was conducted in the databases of Web of Science (WoS), Education Resources
Information Center (ERIC), National Academic Network and Information Center (ULAKBIM). The
literature search was performed with the keywords “STEM education, early childhood, preschool,
empirical research, experimental study” both in Turkish and English languages. The results were
constrained with the criteria (1) the study is on STEM education, (2) the intervention is targeting the
pre-school period, (3) the study is experimental research (4) the participants are preschool children and
(5) the study was conducted between 2010 and 2019. These studies investigated the effects of
designed STEM model, project, curricula or activity on preschool children’s learning and development
in respect to different focus on learning or development (e.g. achievement of math concept
measurement or development in scientific reasoning). The instruments used to measure the level of
children’s learning or developments were different and the focus on each learning or development also
differed from one study to another. Three of five studies investigated the effect on preschool children’s
mathematics and science achievement while one study investigated scientific reasoning and the last
one focused on the effect of social group membership on STEM subject learning of children.
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Developing the science and mathematics literacy of individuals which is one of the main objectives of
STEM approach; conducting investigations that address interpreting and adapting daily life
experiences with science, mathematics and engineering skills through holistic perspective; examining
the impact of the studies on learning and development and evaluating their results with meta-analysis
can contribute to reveal the effectiveness of STEM practices. Based on the findings of this study it
may be suggested that preschool teachers can be encouraged to design and implement STEM practices
in their class. For the prospective studies; the research that was reached but excluded from the scope of
this study because they did not meet the research criteria can be examined to point out their findings;
to expand the meta-analysis results of the preschool studies that are considered as focus in this study
with content analysis; to evaluate the findings of the study with the same keywords for other grade
levels such as primary, secondary and high school. Furthermore the keywords can be extended with
the synonyms or Boolean Operations between keywords and statistical techniques can be included.
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TURKCE GENISLETILMIiS OZET

Bireylerin erken yaslardan itibaren ¢evrelerinde yasananlara duyarli olup, gozlemledikleri sorunlara
¢cOziim ya da iyilestirme Onerileri getirmeleri, olaylar1 biitiinciil bir bakis acisiyla ve yenilik¢i bir
yaklagimla degerlendirmeleri gelismis egitim sistemlerinin oncelikleri arasinda yer almaktadir. 21.
yiizy1l dgrenci profilini olusturmak adina disiplinleri bir araya getiren ¢esitli yaklagimlar, modeller ve
uygulamalara doniik arayislar devam etmektedir. Bu arayisin en somut Orneklerinden biri de
disiplinler arast1 bir yaklasim olan STEM (Science-Technology-Engineering-Mathematics)
caligmalaridir. STEM yaklasimi, biitiinlesik yapisi ile 6gretim yaklasimlarinin hedefledigi ve ihtiyag
duyulan ¢ok disiplinli yapiy1 karsilarken ayni zamanda Ogrencilerin 6grenmeleri ile ilgili gesitli
firsatlar elde etmelerine zemin hazirlamaktadir.

STEM calismalar1 pek ¢ok 6grenim kademesinde uygulama alani bulmaktadir. Bu alanlardan biri de
okul oncesi egitim kademesidir. Heniiz okuma, yazma ile ilgili yeterlilige sahip olmayan ¢ocuklarin
yer aldig1 bir donem olan okul 6ncesi donemde 6grenme; cocuga bilgi yiiklemek yerine onlarin farkli
acilardan gelisimlerini biitiinciil olarak destekleyecek yasamin i¢inde, ¢ocugun yakin ¢evresinde asina
oldugu durumlar1 igermektedir. Bu durumlari 6gretim ile iligkilendirmede giiglii bir yol olarak STEM
uygulamalarindan yararlanilabilir. Bir baska deyisle, STEM egitimi, okul dncesi ¢ocuklarinin temel
becerilerini gelistirmede 6nemli bir ara¢ olarak degerlendirilebilir. STEM uygulamalarinin etkisini
ortaya koyabilmek i¢in diger 6grenim kademelerinde oldugu gibi okul dncesi donemde de ¢ocuklarin
temel becerileri, 6grenme ve gelisimlerine yonelik ¢alismalarin yapilmasi 6nemlidir. Bununla birlikte,
STEM vyaklasimina yonelik bireysel calismalarin tek tek ortaya koydugu sonuglarin toplamdaki
etkisinin ortaya konulmasi ve zaman igerisinde ¢aligma sayisinin artmasi ile elde edilen eski ve yeni
bulgularin sentezlenmesi meta-analiz ¢alismalari ile miimkiin olabilir.

Bu caligmanin amaci okul 6ncesi donemde STEM yaklagiminin kullanildigi deneysel arastirmalarin
incelenerek sonuclarinin meta-analiz yontemiyle degerlendirilmesidir. Bu amag¢ dogrultusunda
calismada (1) STEM yaklagimi temelli uygulamalarin okul 6ncesi donem ¢ocugunun dgrenmesine ve
gelisimine etkisi nasildir? (2) Olgme sonuglar1 bir ¢alismadan diger bir calismaya gére tutarli midir?
sorularina yanit aranmistir. Bu ¢alismada meta-analiz yonteminden yararlanilmistir. Aragtirmaya Web
of Science (Wo0S), Education Resources Information Center (ERIC), Ulusal Akademik Ag ve Bilgi
Merkezi (ULAKBIM) veri tabanlarinda konu alaninda Ingilizce olarak “STEM education, early
childhood, preschool, empirical research, experimental study”, Tiirkge olarak “STEM egitimi, erken
cocukluk, okul 6ncesi, ampirik aragtirma, deneysel calisma” kelimeleri ile arama yapildiginda elde
edilen birincil uygulamalardan 2010 ve 2019 yillar1 arasinda gergeklestirilen calismalar dahil
edilmistir. Siirecte kullanilan dahil edilme olgiitleri (1) STEM egitimine yonelik ¢alisma olmasi, (2)
Okul 6ncesi doneme yonelik olmasi, (3) Uygulamali alan ¢alismasi olmasi, (4) Katilimcilarinin erken
cocukluk doneminde bulunmasi ve (5) Calismanin 2010 ve 2019 yillar1 arasinda gergeklestirilmis
olmasidir.

Arastirma kapsaminda elde edilen verilerin etki biyiikligii hesaplamasi igin “Comprehensive Meta-
Analysis (CMA)” yazilimindan yararlanilmistir. Etki degerleri hesaplamasinda standardize edilmis
ortalama farklar dikkate alinmistir. Genel etki analiz sonuglart i¢in heterojenlik testi yapilarak uygun
modelin se¢imine karar verilmis ve bulgular degerlendirilmistir. Giivenirligin saglanmasi amaciyla, bu
calismada yer alan iki arastirmaci verilerin kodlanmasi ve analizinde bagimsiz degerlendirmelerini
gergeklestirmis, sonrasinda bir araya gelerek degerlendirmeleri konusunda fikir birligine varmustir.
Arastirma kapsaminda ulasilan her bir calismanin gegerligine bakilmis, uygun olmayan degiskenlerin
kullanildig1 ya da uygun olmayan yontemlerle analiz edilmis calismalar 6rneklemden ¢ikarilmig ve
arastirma kapsaminda ulasilan bes ¢alismanin yayin yanliligina bakilmustir.

Okul oOncesi donem c¢ocuklarina yonelik olarak uygulanan STEM etkinliklerinin ¢ocuklarin
ogrenmelerine ve gelisimlerine nasil bir etki olusturdugunu ve bu etkinlikleri ele alan ¢aligmalarin
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6lgme sonucglarmin tutarliligini inceleyen arastirma kapsaminda dahil edilme Olgiitlerine uyan 5
calismaya ulasilmis, ulasilan bes calismanin alt gruplari dikkate alindiginda bulgular 12 calisma
iizerinden arastirma sorusuna cevap bulmak iizere degerlendirilmistir. Meta-analiz i¢in kullanilacak
modelin belirlenmesi i¢in heterojenlik testi uygulanmis ve p degeri 0,05’ten biiyik bulunmustur
(p=0,279). Bu degerin onerdigi sabit etki modeli olmasina ragmen; meta-analiz modelinin, bagimsiz
olarak gercgeklestirilen bir dizi calismadan veri toplayan arastirma icin heterojenlik testine
dayanmamasi gerektigi uyarisi nedeniyle, rastgele etki modelinden yararlanilmistir (Borenstein,
Hedges, Higgins & Rothstein, 2009). Arastirmada alt boyutlariyla birlikte toplam 12 ¢alisma i¢in etki
degeri biyiikliiklerinin 0,205 — 1,128 araliginda degistigi goriilmektedir. Arastirmaya ait toplam etki
degeri 0,416-0,696 giiven araliginda 0,556, varyans 0,005 ve standart hata 0,072 olarak
hesaplanmistir. Bu bulgu 1s1ginda ¢alisma kapsamindaki arastirmalarin orta diizeyde bir etki degerine
sahip oldugu soylenebilir.

Bu c¢alismada yayin yanlihigmi test etmek igin Orwin’in hata koruma sayist ve huni grafiginden
yararlanilmistir. Analiz sonucunda ulagilan etki biiyiikliigiiniin ne kadar giiclii oldugu test edildiginde,
elde edilen sonucun gegersizligi i¢in, manidar olmayan 134 c¢alismaya ihtiya¢ duyuldugu
belirlenmistir. Bu deger calismaya dahil edilen ¢aligma sayisinin 5, alt gruplariyla birlikte 12 oldugu
g6z Oniine alindiginda aragtirmaya dahil edilen ¢alisma sayisinin yaklagik 27 kat1 (26,8), toplam
incelenen arastirma sayisinin ise yaklasik 11(11,16) katidir ki aragtirma sonucunda elde edilen degerin
giiclinlin yayin yanliligindan bagimsiz oldugunun kanit1 olarak degerlendirilebilir. Arastirmaya dahil
edilen calismalarin alt boyutlar ile birlikte bireysel etki degeri %95 giiven araliginda incelendiginde
bir alt boyut harig tiim ¢aligmalarin pozitif etkiye sahip oldugu goriilmektedir.

Okul oncesi donem cocuklarma yonelik olarak uygulanan STEM etkinliklerinin ¢ocuklarin
ogrenmelerine ve gelisimlerine nasil bir etki olusturdugunu ve bu etkinlikleri ele alan calismalarin
6leme sonuglarmin tutarliligini incelemeyi amaclayan bu ¢alismada ortalama etki biiyiikliigii degerinin
pozitif ¢ikmasi, islem etkisinin deney grubu lehine oldugunu gostermektedir. Bu nedenle okul dncesi
donem ¢ocuklarina yonelik olarak gergeklestirilmis uygulamali STEM c¢alismalarinin ¢ocuklarin
O0grenme ve gelisimleri iizerinde olumlu etki olusturdugu sdylenebilir. Bununla birlikte, bu ¢alismanin
sinirliligl, arastirmaya dahil edilen ¢alisma sayisidir. Bu durum okul 6ncesi alaninda daha fazla sayida
STEM konulu deneysel calismaya ihtiya¢ oldugunu gostermektedir. ileriye déniik ¢alismalar icin, bu
arastirmada ulagilan ancak arastirma oOlgiitlerini saglamadig icin kapsam dis1 birakilan ¢aligmalarin
incelenerek bu calismada odak olarak ele alman okul Oncesi donemi calismalarinin meta analiz
sonucglarinin igerik analizi ile desteklenmesi Onerilebilir. Ayrica, okul Oncesi donemi disinda
ilkdgretim, ortaokul, lise gibi diger sinif seviyeleri i¢in ayni anahtar kelimeler ile gerceklestirilecek
calisma bulgularimin degerlendirilmesi Onerilebilir. Bunun disinda, anahtar kelimeler esanlamlilar ile
genisletilip anahtar kelimeler arasinda Boolean Islemleri ve istatistiksel teknikler dahil edilebilir.
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