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Abstract:

The main purpose of this study is to show how much learning technologies increase the success in primary school with
meta-analysis method. Advanced technologies such as virtual-augmented reality, animation-simulation, inverted
classroom application, web-internet course applications, course and game teaching software, which are subject to
experimental studies in computerized learning environments, have been included in this meta-analysis study, since they
have features that can improve academic achievement. It is taken into account that having features such as; publication
in a peer reviewed open-access magazines, the execution of the application by selecting the sample from the primary
school in Turkey, listing the mean and standard deviation values and the number of sample group students for the final
test, for the articles to be included in this research. It was concluded that advanced technology supported lesson
applications in primary school have the ability to increase academic achievement at a very high level. The effect size
found (md: 4.17239) is larger than the highest level value statements defined in the literature.
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1. Introduction

Having young and dynamic population ratios is the most important strength of societies. The
existence of a young population is important for countries, however it is much more important that
young people receive a good and quality education. The most important contribution of school
processes to young people is to equip their learning environments with improved technological
software for easy, fast and lasting teaching. A welfare society can be realized by the contribution of
young people who are prepared for the unknowns of the future to scientific technological
developments.

The economic development of societies, the allocation of necessary and sufficient budget to
education, the development of countries, educational institutions, individuals and learning are
interrelated. Quality equipment of learning environments ensures that what is learned is permanent. It
triggers individuals raised with an improved education system to contribute to production and
development.

There are several factors that trigger the academic success of individuals in learning
environments. Constructivist or behavioral teaching programs, the dedication and being equipped of
teachers, the technological materials of learning environments are some of the important factors that
trigger the academic success of students. In order to the students to succeed academically, in the
classroom and other settings, teachers have the opportunity to produce and use technological
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materials, as well as to use improved technological materials (Fatimah & Santiana, 2017; Darling-
Hammond, Flook, Cook-Harvey, Barron, & Osher, 2020).

The institutions in which the teaching processes that start from pre-school and continue with the
doctoral studies are carried out are important institutions that contribute to the development and
welfare levels of societies. Using technological materials at primary school levels (including nursery
class), where student development is matured, is thought to be as important as subsequent levels of
instruction. It is known that developing technological material learning processes in primary school
make it easier for students to acquire knowledge and skills, making the achievements permanent in
long-term memory (Smith, Lowrey, Rowland, & Frey, 2020, p. 70). In addition, technological material
software triggers academic success.

Combining experimental applications with technological materials to increase the academic
success of the student in primary school with meta-analysis is an important research topic that will
determine the scientific relevance of technological materials software. After a systematic reporting,
combining and reanalyzing quantitative data from independent articles is called meta-analysis (Ahn &
Kang, 2018; Acuna, Dossa, & Baxter, 2020). In this meta-analytic method, it is important to combine
the sample numbers of independent studies and increase the total number of students, while increasing
the estimated power of the effect of the applied method on learning.

The Problem of Research

What is technological material (Fisher, Williamson, & Guerra, 2020, p. 48; Urhan, Yiksel, &
Kocadere, 2017)? What technological course material will be included in this definition (Smith, Lowrey,
Rowland, & Frey, 2020, p. 68; Fisher, Williamson, & Guerra, 2020, p. 50)? Do existing technologies and
emerging technologies have an impact on course material creation (Oliveira, et al., 2019)? How does
using technology in primary school contribute to students' learning (Domingo & Garganté, 2016)? How
do the learning environments using technological materials affect students' knowledge and skill
achievements (Urhan, Yiksel, & Kocadere, 2017)? What effect size would be created for experimental
research with technological material when combined with Meta-analysis (Sung, Chang, & Liu , 2016;
Acuna, Dossa, & Baxter, 2020)? What would the effect size founded by the meta-analysis method for
experimental studies carried out at the primary school level be among those size levels defined in the
literature (Sailer & Homner, 2020; Pogrow, 2019)?

Purpose of Research

In this study, it was aimed to find the extent of impact, which is a measure of the contribution of
technological material to academic success, by combining studies showing the impact of technologies
on learning in primary school with meta-analysis.

Importance of the Study

This academic literature review study is important in that the academic success achieved through
the use of various technological software materials in the learning environment shows the magnitude
of the meta-analytic impact. Meta-analyses of independent studies based on student quantities
determined are important for them to be examples of literature.

Limitations of the Study

The relevant criteria of the technological material studies carried out in primary school in Turkey
in 2010-2011 and between 2014-2018 forms the limits of this study. In the data search, it is found that
no articles published in Turkey in years 2012, 2013, 2019 and 2020 in accordance with the criteria of
the study. This study is also limited to its own characteristics of meta-analysis, a method of literature
review.

This meta-analysis study is limited to articles that meet the criteria of the study and are included
in the meta-analysis. Therefore, this meta-analysis is also limited to the technological course materials
in the included articles that were used to improve learning in Primary School. This meta-analysis study
is limited to primary school class teachers' skills in using technology.

2. Method

In this study, applications using technological materials in primary school learning environment in
Turkey were examined. In terms of its impact on academic success, quantitative data of experimental
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studies with control-group that examines the impact of using technological material are listed. In this
study, Easy Meta Analysis software (mix 2.0 version) was selected to find the effect size of the data
using technological materials consisting of independent studies. Mix 2.0 is an important and useful
meta-analysis software that calculates the effect size based on the average values of the experimental
and control groups.

Effect Size Classification

The effect size values based on the effect size classification calculated over the mean values of
the groups in experimental studies are as listed below (Cohen, 1988, p. 198; Alegre, Moliner, Maroto, &
Lorenzo-Valentin, 2019; January & Klingbeil, 2020);

e Has a small effect when md (effect size)=0.20.
e Has a moderate effect when md (effect size)=0.50.
e Has a wide effect when md (effect size)=0.80.

However, a more detailed classification can be made as follows (Dinger, 2015, p. 102; Vincent
& Torres, 2015, p. 68; Cavalcanti, Campos, & Araujo, 2012, p. 1269; Yiizli & Atay, 2020)

e 0.15 < impact size value < 0.15 is negligible,

e (.15 < impact size value < 0.40 small level,

e 0.40 < impact size value < 0.75 medium level,
o 0.75 < impact size value < 1.10 large level,

e 1.10 < impact size value < 1.45 very large level,
e 1.45 < impact size value is excellent.

Alegre et al, concluded that the magnitude of the effect was very similar in general for qualitative
and quantitative studies, in their literature study, and they used Cohen's d classification as a measure of
magnitude for all the studies they worked on (Alegre, Moliner, Maroto, & Lorenzo-Valentin, 2019).

January and Klingbeil, carried out a systematic review of measurements regarding the early
reading curriculum with computer adaptive testing, and curriculum-based measurement (CMB) tools
and in these studies, they showed that the early reading effect size findings and the reading success
effect size findings obtained from meta-analysis have an effect size between medium and large
classification according to Cohen’s d classification (January & Klingbeil, 2020). Vincent & Torres used
the effect size interpreted by Thalheimer & Cook for Cohen's d for group comparisons in their study
(Vincent & Torres, 2015). Yzl & Atay conducted a study in which they applied the strategy of using
mother tongue in foreign language teaching, and in these articles, they defined the effect size between
the groups with Cohen d effect size calculator created by Thalheimer and Cook (Ylzli & Atay, 2020).

Data Collection

In the literature survey, keywords covering all technological material applications were used
separately or together (Sterpetti, Costi, & D'Ermo, 2020). Keywords such as animation, simulation,
technology, technological materials, computers, information, software, artificial intelligence, intelligent
lecture system, virtual reality, augmented reality, web, internet, Virtual Lab, Computer-Aided,
computer-based, technology-supported, simulation-aided, animated instruction, lab simulations, web-
based, internet-based, web-assisted lab, multi-media, multi-learning environment, inside out classroom,
inside out classroom environment, course software, IT supported learning environment, computerized
instruction, educational technology, instructional technology, success, academic success, effect of
success, Primary School, nursery class have been used With the help of the listed keywords, 52 articles
published between 2010-2020 in open-access peer-reviewed journals whose experimental samples
were selected from primary school or nursery class in Turkey have been accessed. In these collected
studies, the contribution of technological material applications to the academic success of the students
was examined. 52 articles accessed have been reviewed, 33 data of the 16 articles which are control-
group and have comparison data and provide other inclusion criteria have been recorded for meta-
analysis. These 33 data are derived from articles published in 2010-2011 and between 2014-2018.
Sterpetti, Costi, & D'Ermo, in the meta-analysis of the articles on cancer, determined that there were
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many missing data in the published articles in order to reach meaningful results, and drew attention to
the importance of data collection in meta-analysis studies (Sterpetti, Costi, & D'Ermo, 2020).

The data collected from the articles conducted for primary school nursery class, first grade, second
grade, third grade and fourth grade (according to the Turkish education system) students are listed
according to grade levels. Unlike other countries, Primary School classroom teachers only educate
students at the first, second, third, and fourth grade levels for four years (Official Gazette, 2012;
Odabasi, 2014). Non-compulsory nursery class education in primary school is carried out by pre-school
teachers. The fifth grade classes in primary school are in the second tier of compulsory primary
education in the Turkish education system. In the Turkish education system, fifth, sixth, seventh and
eighth grades are provided at the secondary school level (Official Gazette, 2012; Odabasi, 2014).

Coding Process

The number of students participating in the application, the average of the experiment group, the
standard deviation of the experiment group, the average of the control group, the standard deviation of
the control group, publication dates and author names were recorded for the 33 data that constitute
the basis for the evaluation. In these studies, preliminary data were also examined in terms of validity
and reliability.

Validity Reliability

For all articles accessed, it was determined that the application was made after the validity
reliability study. For the data obtained from the articles that meet the criteria for inclusion in the Meta-
analysis, validity has been found to be reliable. In addition, meta-analytic validity and reliability
calculations were also performed (Wilson, Ritzhaupt, & Cheng, 2020; Chen, Xie, Zou, & Hwang, 2020;
Garzon, Kinshuk, Baldiris, Gutiérrez, & Pavoén, 2020; Krott, Wild, & Betsch, 2020; Ehrenbrusthof, Ryan,
Griineberg, & Martin, 2018).

Analysis of the Data

The calculation of the differences between the averages of the control group studies in the
recorded data was made by means of Mean Difference Effect Meta-analysis. MD common effect size
(effect size) is converted from the data of the different studies included with meta-analysis.

Table 1. Effect Size Formulas and Conversion Formulas

Me=Mean of the experimental group
Means MD=Me-Mc
Mc= Mean of the control group

Ne=Number of individuals in experimental group

Nc= Number of individuals in control group
Variance  Sp2?=[(Ne-1)Se2+(Nc-1)Sc?]7[(Ne+Nc-2)

Se?= Variance of the experimental group

Sc2= Variance of the control group

The conversion formulas for MD effect size are shown in Table 1. Combining the data obtained
from the accessible articles and saved with Meta analysis is provided from the MIX -Version 2.0 (made
easy meta analysis) package program.

3. Findings

A meta-analysis of 33 data of 16 control-group articles, which meet the criteria determined by
the researcher, and which measure the impact of technological material-supported applications in 4
years of Primary School in Turkey system was carried out. The Meta-analysis process is completed in
two stages. The first phase process completed with a measure showing the effect of the learning
method with 95% confidence intervals (Cl) for each independent study. The second phase is completed
by calculating an overall learning effect as the weighted average of summary statistics of independent
articles. It should be noted that data from independent articles is not combined with a simple
summation for meta-analysis. The data of articles that provide more information are more concentrated
on in Meta-analytic combining. Numerical and graphic findings from the meta-analysis of 33 data sets
were recorded.
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Table 2. Study Numbers, Authors, Publication Dates, and Primary School Grade Levels

Study 1 (Yildiz, 2010, p. 47) 2010 1
Study 2 (Yildiz, 2010, p. 48) 2010 1
Study 3 (Gul & Yesilyurt, 2011a, p. 108) 2011a 4
Study 4 (Gul & Yesilyurt, 2011b, p. 37) 2011b 4
Study 5 (Orhan Karsak, 2014, p. 123) 2014 1
Study 6 (Orhan Karsak, 2014, p. 123) 2014 1
Study 7 (Orhan Karsak, 2014, p. 124) 2014 1
Study 8 (Orhan Karsak, 2014, p. 124) 2014 1
Study 9 (Orhan Karsak, 2014, p. 124) 2014 1
Study 10 (Orhan Karsak, 2014, p. 125) 2014 1
Study 11 (Orhan Karsak, 2014, p. 125) 2014 1
Study 12 (Orhan Karsak, 2014, p. 125) 2014 1
Study 13 (Orhan Karsak, Ada, & Asici, 2014, p. 284) 2014 1
Study 14 (Orhan Karsak, Ada, & Asici, 2014, p. 284) 2014 1
Study 15 (Orhan Karsak, Ada, & Asici, 2014, p. 285) 2014 1
Study 16 (Orhan Karsak, Ada, & Asici, 2014, p. 285) 2014 1
Study 17 (Orhan Karsak, Ada, & Asici, 2014, p. 286) 2014 1
Study 18 (Orhan Karsak, Ada, & Asici, 2014, p. 286) 2014 1
Study 19 (Gurol & Yildiz, 2015, p. 13) 2015 1
Study 20 (Gurol & Yildiz, 2015, p. 13) 2015 1
Study 21 (Gurol & Yildiz, 2015, p. 14) 2015 1
Study 22 (Celikdz & Kol, 2016, p. 1809) 2016  Nursery Class
Study 23 (Cekirdekci, Toptas, & Cekirdekci, 2016, p. 89) 2016 3
Study 24 (Buttin Kar & Elma, 2017, p. 537) 2017 3
Study 25 (Coruk & Cakir, 2017, p. 11) 2017 4
Study 26 (Cevik, Yilmaz, Goktas, & Glilcli, 2017, p. 54) 2017 Nursery Class
Study 27 (Akaydin & Kaya, 2018, p. 4) 2018 4
Study 28 (Sahin & Cakir, 2018, p. 82) 2018 2
Study 29 (Sahin & Cakir, 2018, p. 82) 2018 2
Study 30 (Sahin & Cakir, 2018, p. 82) 2018 2
Study 31 (Gokdas & Gursoy, 2018, p. 166) 2018 4
Study 32 (Altiparmak & Ciftci, 2018, p. 242) 2018 4
Study 33 (Ozerbas & Yalcinkaya, 2018, p. 10) 2018 4

Note: In Table 2, the articles included in the meta-analysis are cited.

When articles with more than one data are listed again in Table 2, they are listed together with
their respective page numbers.

Table 3 lists the class level frequencies of the 33 datasets. According to this, meta analytic
consolidation and impact size operations were performed for 19 data at first grade level, two each at

30



Research Article Yesilyurt, M.

Journal of Primary Education, 2021, 3(2), 26-41

nursery class and third grade level, 3 at second grade level, 7 at fourth grade level, and a total of 33
data.

Table 3. Frequency And Ratios Of Data Set By Class Level

Nursery class 2 6%
First grade 19 58%
Second grade 3 9%
Third grade 2 6%
Fourth grade 7 21%
Total 33 100%

Table 4 lists which technological materials are used in primary school. According to this,
computer-aided teaching, animation, digital material and lecturing video, multimedia, multimedia
material, media-supported learning, augmented reality, computer-based teaching and similar
technological materials were used. As is seen from this table, academic success is achieved by using
technological materials in every subject and teaching every achievement in primary school.

Table 4. Technology And Subject Areas That Used in Articles

Nursery 2016 (Celikéz & Kol, 2016) Computer Assisted Instruction Time and Space Concepts
class

Nursery 2017 (Cevik, Yilmaz, Goktas, &Augmented Reality Learning English Vocabulary
class Giilci, 2017)

First grade 2010 (Yildiz, 2010) Multimedia Reading Skills

First grade 2014 (Orhan Karsak, 2014) Computer Assisted Instruction Reading and Writing

First grade 2014 (Orhan Karsak, Ada, &Computer Assisted Instruction Reading Writing

Asici, 2014)
First grade 2015 (Giirol & Yildiz, 2015) Computer Based Education  Literacy Skills
Second 2018 (Sahin & Cakir, 2018) Multimedia MaterialsReading-Writing Skills
grade Instruction
Third 2016 (Cekirdekgi, Toptas, &Computer Assisted Instruction Geometry Course
grade Cekirdekgi, 2016)
Third 2017 (Bitiin Kar & Elma, 2017) Media-Supported Social Studies Course
grade
Fourth 2011 (Gul & Yesilyurt, 2011a)  Computer Assisted Instruction Science and Technology Lesson
grade (Breathing)
Fourth 2011 (Gul & Yesilyurt, 2011b)  Computer Assisted Instruction Science and Technology Lesson
grade (Skeletal System)
Fourth 2017 (Coruk & Cakir, 2017) Multimedia Material Fractions Topic
grade
Fourth 2018 (Akaydin & Kaya, 2018) Animation Social Studies Course Production to
grade Consumption Unit

Fourth 2018 (Gokdas & Girsoy, 2018) Digital Material and SubjectLet's Measure the Fluids
grade Lecture Video
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Fourth 2018 (Altiparmak & Ciftci, 2018) Computer  Aided  RealisticFractions and  Operations  with

grade Mathematics Fractions
Fourth 2018 (Ozerbas & Yalcinkaya,Multimedia Material Mathematics Course Angle and Angle
grade 2018) Measure

Note: In Table 4, the articles included in the meta-analysis are cited.

Any articles showing that artificial intelligence technologies such as 'Intelligent lecture system'
helps to improve learning in elementary school, not yet published in Turkey.

Easy Meta Analysis Mix 2.0 software program uses article number, author names, publication
date, arithmetic mean and standard deviation of test and control groups, number of students in test
and control groups for effect size calculation. In Table 5, the information of 33 data compiled from 16
articles, required for the calculation of impact magnitude, are listed by ordering as is mentioned.

Table 5. Study Number, Dates, Mean Value, Standard Deviation Value, Students’ Number

Study 1 (Yildiz, 2010, p. 47) 2010 1
Study 2  (Yildiz, 2010, p. 48) 2010 1
Study 3 (Gul & Yesilyurt, 20114, p. 108) 2011a 4
Study 4 (Gul & Yesilyurt, 2011b, p. 37) 2011b 4
Study 5  (Orhan Karsak, 2014, p. 123) 2014 1
Study 6  (Orhan Karsak, 2014, p. 123) 2014 1
Study 7  (Orhan Karsak, 2014, p. 124) 2014 1
Study 8 (Orhan Karsak, 2014, p. 124) 2014 1
Study 9 (Orhan Karsak, 2014, p. 124) 2014 1
Study 10 (Orhan Karsak, 2014, p. 125) 2014 1
Study 11  (Orhan Karsak, 2014, p. 125) 2014 1
Study 12 (Orhan Karsak, 2014, p. 125) 2014 1
Study 13 (Orhan Karsak, Ada, & Asici, 2014, p. 284) 2014 1
Study 14 (Orhan Karsak, Ada, & Asici, 2014, p. 284) 2014 1
Study 15 (Orhan Karsak, Ada, & Asici, 2014, p. 285) 2014 1
Study 16 (Orhan Karsak, Ada, & Asici, 2014, p. 285) 2014 1
Study 17 (Orhan Karsak, Ada, & Asici, 2014, p. 286) 2014 1
Study 18 (Orhan Karsak, Ada, & Asici, 2014, p. 286) 2014 1
Study 19  (Gurol & Yildiz, 2015, p. 13) 2015 1
Study 20 (Gurol & Yildiz, 2015, p. 13) 2015 1
Study 21 (Girol & Yildiz, 2015, p. 14) 2015 1
Study 22 (Celikdz & Kol, 2016, p. 1809) 2016  Nursery Class
Study 23  (Cekirdekci, Toptas, & Cekirdekci, 2016, p. 89) 2016 3
Study 24  (Batun Kar & Elma, 2017, p. 537) 2017 3
Study 25 (Coruk & Cakir, 2017, p. 11) 2017 4
Study 26  (Cevik, Yilmaz, Goktas, & Glilcti, 2017, p. 54) 2017  Nursery Class
Study 27 (Akaydin & Kaya, 2018, p. 4) 2018 4
Study 28 (Sahin & Cakir, 2018, p. 82) 2018 2
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Study 29  (Sahin & Cakir, 2018, p. 82) 2018 2
Study 30  (Sahin & Cakir, 2018, p. 82) 2018 2
Study 31 (Gokdas & Glirsoy, 2018, p. 166) 2018 4
Study 32  (Altiparmak & Ciftci, 2018, p. 242) 2018 4
Study 33  (Ozerbas & Yalcinkaya, 2018, p. 10) 2018 4

Note: In Table 5, the articles included in the meta-analysis are cited.

Required calculations have been made for the 33 data uploaded to the Easy Meta Analysis Mix
2.0 software program system. At the end of related calculations, a value of 251,92811 for Q, a value of
2,80584 for H, a value of 87,298% for 12, a value of 5,02568 for t2 are calculated and shown in Table
6. These values indicate that the relevant data is heterogeneous.

Table 6. Heterogeneity Statistics

Q 251,92811 217,92811 0]

H 2,80584 2,44083 3,22544
12 87,298% 83,215% 90,388%

t? 5,02538 3,62507 6,87583

The fact that the value of 12 is 75% and greater is considered an important indicator for
heterogeneity (Owen, Cooper, Quinn, Lees, & Sutton, 2018; Harper, Carling, & Kiely, 2019, p. 1927;
Huedo-Medina, Sa’nchez-Meca, Mari'n-Marti'nez, & Botella, 2006; Bowden, Tierney, Copas, &
Burdett, 2011, p. 4). The values shown in Table 6 in this meta-analysis study remain unchanged
according to the calculation for the constant effect and random effect.

The selectivity funnel diagram is shown in Figure 1 by drawing a funnel chart. This funnel chart
drawing points to the potential for publication bias due to the formation of asymmetry. The potential
for publication bias can be eliminated by papers not published in peer-reviewed journals, such as those
presented in academic forums. These papers are unlikely to be included in the analysis as they are not
always achievable, and publication bias for similar reasons is a limitation in the nature of meta-analysis
(Mavridis & Salanti, 2014; van Aert, Wicherts, & van Assen, 2019).
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Figure 1. Selectivity funnel plot
Note: All figures must be printed colored

In this meta-analysis, only the articles that their samples were selected from Turkey and
published in Turkey were reported. Therefore, the formation of asymmetry in Figure 1 (Debray, Moons,
& Riley, 2018) refers to the reporting of articles whose publication language is Turkish and published in
Turkey.

The synthesis estimate is shown in Orange in Figure 1, and a significant portion of the values
representing 33 data are excluded from the drawing representing the limit values of the funnel
diagram. Thus, it is understood from the funnel chart drawing in Figure 1 that the data being analyzed is
heterogeneous. Meta-analysis of this heterogeneous data was performed using random effect model.

The effect size calculated using the random effect model via Easy Meta Analysis Mix 2.0
software program has a value of 4,17239 for MD and is listed in Table 7 along with other detailed
calculation values. It is shown in Table 7 that the effect size can take values between 3,1567 and
5,18808.

Table 7. Dissemination Bias

Original 4,17239 3,1567 5,18808
Trim And Fill Correction 1,81617 1,55136 2,08098

* The bias analysis results should be treated as exploratory

The id numbers, subject numbers, contributions to meta analytic effect size of the independent
articles and the smallest-largest value of these contributions in the 95% confidence interval, the Z
value, the p significance value and the weight values are listed in column positions and other calculated
total synthesis details Table 8 are listed in the last row. The calculated total effect size of the
contribution of technological material to learning in primary school is given in md 4,17239 in the last
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row of the third column of the table. The last column of Table 8 contains the calculated weight values

for each data.

Table 8. Synthesis Details

Study 1 73 2,59 0,46401 4,71599 2,38774 0,01695 4,33%
Study 2 73 2,15 0,28154 4,01846 2,25529 0,02411 4,53%
Study 3 56 2,18 0,77454 3,58546 3,0401 0,00237 4,85%
Study 4 55 3,35 1,93577 4,76423 4,64273 <0.00001 4,84%
Study 5 64 0,44 -0,42796 1,30796 0,99357 0,32043 5,14%
Study 6 64 1,53 0,95404 2,10596 5,20648 <0.00001 5,25%
Study 7 64 1,54 0,77285 2,30715 3,93448 0,00008 5,19%
Study 8 64 1,97 -0,89353 4,83353 1,34838 0,17754 3,75%
Study 9 64 2,12 0,90878 3,33122 3,43051 0,0006 4,97%
Study 10 64 7,44 2,41371 12,46629 2,90117 0,00372 2,31%
Study 11 50 6,62 1,0249 12,2151 2,31899 0,0204 2,04%
Study 12 14 10,79 -1,53591 23,11591 1,71574 0,08621 0,60%
Study 13 20 12,39 3,69024 21,08976 2,79134 0,00525 1,09%
Study 14 44 5,5 -0,62186 11,62186 1,76087 0,07826 1,82%
Study 15 44 4,73 -1,47848 10,93848 1,49322 0,13538 1,78%
Study 16 20 12,24 2,54244 21,93756 2,47381 0,01337 0,91%
Study 17 10 5,08 -10,0059 20,1659 0,66 0,50926 0,42%
Study 18 54 7,81 2,36239 13,25761 2,80992 0,00496 2,11%
Study 19 58 14,4 9,20684 19,59316 5,43474 <0.00001 2,23%
Study 20 58 0 -5,8853  5,8853 0 1 1,91%
Study 21 58 17,28 6,83772 27,72228 3,24337 0,00118 0,80%
Study 22 60 7,97 6,9581 8,9819 15,43722 <0.00001 5,07%
Study 23 73 2,29 1,62095 2,95905 6,70845 <0.00001 5,22%
Study 24 31 2,98 0,31865 5,64135 2,19463 0,02819 3,91%
Study 25 62 4,16 1,62563 6,69437 3,21715 0,00129 4,01%
Study 26 31 4,5 1,25838 7,74162 2,72082 0,00651 3,46%
Study 27 33 1,77 -1,38059 4,92059 1,10111 0,27085 3,53%
Study 28 30 9,93 3,98551 15,87449 3,27403 0,00106 1,89%
Study 29 30 2,2 0,42644 3,97356 243122 0,01505 4,60%
Study 30 30 0,87 -0,95772 2,69772 0,93295 0,35085 4,56%
Study 31 56 14,36 4,20655 24,51345 2,77197 0,00557 0,84%
Study 32 82 19,03 11,99734 26,06266 5,30356 <0.00001 1,50%
Study 33 35 22,9 9,85271 35,94729 3,44004 0,00058 0,54%

1624 4,17239 3,1567 5,18808 8,05138 <0.00001 100%
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The synthesis diagram chart (synthesis forest plot), calculated by Meta-analysis and generated
from the information listed in Table 8, is shown in Figure 2 (Ricker & Schwarzer, 2020). In the
synthesis diagram chart, created from the findings of 33 data in the synthesis details table, the squares
represent the probability ratios of independent articles, the horizontal lines that cut these squares show
95% Cl confidence intervals. The field of the squares reflects the weight that each article contributes to

the meta-analysis.

*'*'FL+'+

-20 -10 0 10 20 30

(The diamond below the red vertical line represents the MD effect size)
Figure 2. Synthesis forest plot

Note: All figures must be printed colored

In Figure 2, the diamond below the red vertical line represents the MD effect size. In this chart,
center of the diamond that shows MD the effect size represents the effect of technological material on
learning (md: 4,17239). There is one square in the graph for each of the works listed in Table 8. In
Figure 2, The Vertical order of the squares and the rows in Table 8 overlap. The lengths of horizontal
lines that cross frames represent 95% of the confidence interval between ci - and ci+ for each data, as

listed in Table 8.
4. Results

What is technological material?

In this meta-analytic literature survey, all possible materials with technological content that can
be used to improve academic achievement in learning environments were evaluated as technological
course materials (Wilson, Ritzhaupt, & Cheng, 2020; Saini & Salim Al-Mamri, 2019). Wilson et al,
examined technological course materials that affect learning environments and pre-service teacher
training, which are the product of existing technologies and emerging technologies (Wilson, Ritzhaupt,

& Cheng, 2020).
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What technological course material will be included in this definition? Do existing technologies
and emerging technologies have an impact on course material creation?

The technological materials used in the learning environment are listed in Table 4 as augmented
reality (Oranc¢ & Kintay, 2019; Garzén, Kinshuk, Baldiris, Gutiérrez, & Pavon, 2020), computer-based
education, multimedia-supported material, computer-aided instruction, multimedia material, computer-
aided realistic math material, animation, digital material and lecturing video. As is seen here, emerging
technologies such as animation and augmented reality are also being used as materials in learning
environments and contribute to academic success. Garzén et al, conducted a meta-analysis study on
course material with augmented reality content (Garzon, Kinshuk, Baldiris, Gutiérrez, & Pavén, 2020). In
addition, there are course material studies with virtual reality simulation content in the literature
(O'Connor, et al., 2020).

How does using technology in primary school contribute to students' learning?

It is understood from the experimental applications of the meta-analytic papers (Coruk & Cakar,
2017; Cevik, Yilmaz, Goktas, & Giilct, 2017; Altiparmak & Ciftci, 2018; Akaydin & Kaya, 2018) that
using technological materials is significantly effective in teaching the predicted achievements of the
courses conducted in primary school (Lai & Bower, 2019; Fidan & Tuncel, 2019; Sahin & Yilmaz, 2020).
Lai and Bower, defined the impact of technologies on learning and how much interest learning
technologies receive in their work on evaluating learning technologies (Lai & Bower, 2019). In addition,
two studies conducted by Fidan & Tuncel and Sahin & Yilmaz in Turkey show that augmented reality
technology is effective in the science achievements of Secondary School seventh grade students (Fidan
& Tuncel, 2019; Sahin & Yilmaz, 2020).

How do the learning environments using technological materials affect students' knowledge and
skill achievements?

According to the findings of each articles included in the Meta-analysis (Sahin & Cakir, 2018;
Akaydin & Kaya, 2018), the relevant experimental research with technological material were found
contributing to academic success on significant levels (Shen & Ho, 2020; Chen, Xie, Zou, & Hwang,
2020). Shen & Ho, analyzed articles on technological material and noted that the results of teaching
and learning were enriched at the higher education level with course material developed with
technology (Shen & Ho, 2020). Chen et al, examined articles applying artificial intelligence technologies
to education and listed the most commonly used artificial intelligence technologies as machine learning,
intelligent tutoring system and artificial neural networks (Chen, Xie, Zou, & Hwang, 2020).

What effect size would be created for experimental research with technological material when
combined with Meta-analysis?

The MD: 4,17239 value for the calculated meta analytic effect size for a total of 33 datasets of
16 articles that meet the inclusion criteria in the literature review shows that technological material-
supported teaching contributes far more to academic success than the methods and practices carried
out in control groups (Rakes, et al., 2020; Gegenfurtner & Ebner, 2019; Marion-Martins & Pinho, 2020;
Scherer & Teo, 2019). The common view of the 16 papers reviewed is that the use of technological
materials at primary school level facilitates learning and increases academic achievement. Marion-
Martins & Pinho conducted a meta-analysis study that showed that simulation technology was
effective in training nursing students (Marion-Martins & Pinho, 2020). Gegenfurtner & Ebner have
defined that webinars are effective for higher education and vocational education students through
their meta-analysis work (Gegenfurtner & Ebner, 2019). Although it is statistically significant, Rakes et
al, concluded that their evidence was insufficient to make claims about the overall effectiveness of
technology in a student's mathematics achievement, due to their very small effect sizes in their meta-
analysis (Rakes, et al., 2020).

What would the effect size founded by the meta-analysis method for experimental studies
carried out at the primary school level be among those size levels defined in the literature?

In the literature, the highest effect size classification in meta-analysis studies has a value of md>
1.45 and the perfect level definition for this effect size value has been made (Dinger, 2015, p. 102;
Vincent & Torres, 2015, p. 68; Cavalcanti, Campos, & Araujo, 2012, p. 1269). In this study, md: 4,17239
value was reached for meta analytic effect size, well above the level defined in the literature, in order
to find out the extent of the impact of computerized technological material on academic success in
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primary school. However, a high-level value for effect size may not only be the usual result of meta-
analysis. The asymmetry that appears to be the publication bias in Figure 1, which actually indicates the
reporting of articles published in Turkey, created a larger impact value than expected in this meta-
analysis study (Debray, Moons, & Riley, 2018; van Aert, Wicherts, & van Assen, 2019). Thus, all the
questions of the study were answered and the purpose of the study was realized.

Recommendations

Our children who are tomorrow's elders and will achieve social development and experience a
welfare society, should have the opportunity and possibility to recognize technology to grow academic
achievement in primary school. For this purpose, classroom teachers should be trained in educational
faculties and their learning environments should be equipped with emerging technologies. Teaching
technologies and material design courses in classroom teaching programs must be conducted in the
technological equipped learning environments. In a word, classroom teachers should be familiar with
technology. Classroom teacher candidates should be encouraged to learn and use technology. Thus,
the competence of the classroom teacher candidates to produce and use technological materials should
be improved. The final recommendation of this study is that how technological material learning
environments affect attitudes and motivation in primary school should also be investigated.
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