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Abstract

In this study, it was aimed to reveal the eftect of using technology on the students’
academic achievement in primary mathematics education. In accordance with this purpose,
the current study is to determine the overall effect size by bringing together the experimental
studies conducted on the effect on students’ academic achievement of using technology in
primary school mathematics teaching between 2013 and 2019. The meta-analysis method
was used because it was aimed to calculate the eftect sizes of studies examining the effect of
technology-based applications used in mathematics education on academic achievement. The
effect size of the analyzed studies was found to be 0.483. Also, a significant difference was
tound between the effect sizes in relation to grade level, technology-based applications, the
duration of the studies, the type of the study, and whether the study was conducted nationally
or internationally. It was concluded that the technologies used in primary school mathematics
teaching have a small positive effect on students' mathematics achievement.
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Introduction

For many years, educators have used different strategies, methods, and approaches to
increase the efficiency of education and to make students' learning processes more effective.
The rapid and dizzying developments in the field of technology in the 21st century affect
education as well as our daily life. With the advancement of technology and the development
of the functions of technological tools such as portability, usability, and internet access,
technology has gained wide acceptance among people and has become a learning tool beyond
the walls of the school and classroom and the borders of education have been expanded with
these technological tools (Borba, Askar, Engelbrecht, Gadanidis, Llinares & Aguilar, 2016).
Due to the potential of today's technologies that support students' learning, students, parents,
and educators show high interest in educational technologies. As the lives of students and
teachers outside the school are increasingly integrated with technology (Means, 2010), it is
impossible for schools not to be affected by this situation. Some educational theorists argue
that the increase in the competence of students in using technology makes the integration of
technology into education an inevitable phenomenon (Franklin & Peng, 2008). The use of
technology in classroom environments at the primary school level increases the quality of
teaching and thus provides the opportunity to enrich students' learning experiences (Hsu,
2018).

This is the case especially for teaching mathematics. Although mathematics is seen as
a difficult school subject by many students, the methods teachers use in mathematics classes
have an effect on the student's level of understanding (Murphy, 2016). The negative beliefs
of people about the teaching and learning of mathematics appear as one of the biggest
obstacles to effective teaching and learning in mathematics classes (Philipp, 2007). In other
words, many people believe that mathematics should be taught to today's students in the
same way as they were taught mathematics (e.g. by memorizing formulas and procedures and
repeating them over and over again (Sam & Ernest, 2000). Eccles (1999) stated that children
between the ages of 6 and 10 cannot think abstractly, and their abstract thinking skills
develop mainly from the age of 11. In this sense, it is important to reification, which is
mathematics built on an abstract structure, for a child to learn in primary school age. As for
mathematics, technology's potential to embody abstract mathematical concepts supports this
argument.

Technology can be integrated into education at all levels of schooling and technology
is an important teaching tool, especially in mathematics education, and the use of technology
allows the reshaping of mathematics teaching (Abidin, Mathrani & Hunter, 2017).
Integrating technology into mathematics is important in two respects; it is difficult to learn
for many students and technological tools will facilitate this situation, whereas using digital
tools with a good pedagogy have the potential to facilitate the development of various skills
such as critical thinking and problem solving (Viberg, Gronlund & Andersson, 2020). In
addition, it is considered important in terms of developing positive attitudes towards
mathematics lessons, increasing interest, reducing anxiety and fear towards mathematics
lessons, and more importantly, developing effective thinking habits such as analytical and
critical thinking (Glazer, 2001; Peker, 1985).

Instructional technologies have become an indispensable part of mathematics
education. Technological tools also support students' conceptual understanding as they
provide the opportunity to use multiple representations. Robinson, Molenda, and Rezabek
(2008) defined instructional technology as “... the study and ethical practices of facilitating
learning and improving performance by creating, using, and managing appropriate
technological processes and resources” (p.15). The increase in students' mathematics
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performance causes their anxiety towards mathematics to decrease (Yiiksel-Sahin, 2008;
Namkung, Peng & Lin, 2019).

Professional organizations such as the International Society of Technology in
Education (ISTE, 2018) and the National Council of Teachers of Mathematics (NCTM, 2000,
2011) strongly recommend the use of technology in educational settings. The National
Council of Teachers of Mathematics (2000) identified six principles for mathematics teaching.
One of these principles is “Technology is essential in mathematics teaching and learning,
influences the mathematics taught and improves students' learning” (NCTM, 2000, p.24).
NCTM (2014) highlighted the importance of technology use in mathematics education and
stated that “an excellent mathematics program integrates the use of mathematical tools and
technology as essential resources to help students learn and make sense of mathematical
ideas, reason mathematically, and communicate their mathematical thinking” (p.78).
Especially in early mathematics education, the use of technology makes new learning and
teaching methods possible.

The use of technology allows teachers to relate mathematical concepts to real-world
problems, allowing students to explore mathematical concepts (Sawaya & Putnam, 2015).
Moreover, technologies used in mathematics teaching increase students' participation in the
mathematics learning process (Getenet, 2020). The number of technological resources
available to students and teachers is increasing. Therefore, teachers need to design innovative
applications for their students to benefit more from technology-assisted learning
environments. To support this argument, a study conducted by Project Tomorrow stated
that 85% of primary school teachers use digital games in their classrooms, and 88% of
teachers using digital games have higher student participation (Project Tomorrow, 2014).
The number and type of technological devices used in mathematics education are increasing
with each day. Battista (2001) classified the tools used in math teaching into three categories:

e General technological tools refer to the tools not specially prepared to be used in
mathematics teaching (e.g. Kahoot, Blendspace).

e Technological tools used in mathematics refer to the tools developed to be used in the
field of mathematics (e.g. calculator, electronic tables, and statistical programs).

e Technological tools developed for mathematics learning are specially designed tools
to facilitate students’ learning of mathematics (e.g. Geogebra).

Various studies have been conducted on the usability of technologies such as
computers, graphical calculators, mobile devices, software, and the Internet in mathematics
teaching (Coruk & Cakir, 2017; Hot, 2019; Shoemaker, 2013). Educational technologies have
long been recognized as a valuable approach to improving primary school children's
mathematics achievement (Chang, Yuan, Lee, Chen & Huang, 2013; Pilli & Aksu, 2013). In
the literature, it is stated that the use of technology in mathematics classrooms has an eftect
on student achievement (Cheung & Slavin, 2013; Li & Ma, 2010; Pilli & Aksu, 2013; Slavin &
Lake, 2008) and engagement (Hilton, 2018; Musti-Rao & Plati, 2015; Ok & Bryant, 2016;
Pilli & Aksu, 2013; Yang & Tsai, 2010). The purpose of the current study is to determine the
overall effect size by bringing together the experimental studies conducted on the eftect of
using technology in primary school mathematics teaching between 2013 and 2019 on
students’ academic achievement.

Due to the development and widespread use of technology, it is thought that studies
conducted after 2013 will better reflect technological developments, so studies published
between 2013 and 2019 were included in the study. When domestic and international meta-
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analysis studies are examined, computers (Camnalbur, 2008; Li & Ma, 2010; Dikmen &
Tuncer, 2018), SmartBoard (Giindiiz & Kutluca, 2019; Akar, 2020), digital games (Byun &
Joung, 2018), mobile devices (Sung, Chang, & Liu, 2016; Tingir, Cavlazoglu, Caliskan, Koklu,
& Intepe - Tingir, 2017) and dynamic geometric software (Chan & Leung, 20145 Kaya & Ogal,
2018) have been mainly investigated the eftect of students at different grade levels on
mathematics achievement. When the literature is examined, there is a limited meta-analysis
study examining the effect of technology use on the mathematics achievement of primary
school students. In this direction, this study is essential because of the importance of
technology in teaching abstract mathematics to students who cannot think abstractly.
Accordingly, the following research questions were answered:

e What is the effect of using technology in mathematics teaching on the academic
achievement of primary school students?

e Is there a significant difference between the eftect sizes of the studies according to
grade levels?

e [s there a significant difference between the eftect sizes of the studies according to the
technology types?

e [s there a significant difference between the eftect sizes of the studies according to the
duration of the study?

e [s there a significant difference between the eftect sizes of the studies according to the
type of the study?

e s there a significant difference between the eftect sizes of the studies as to whether
there is a national or international publication?

Method

In the current study, the meta-analysis method was used because it was aimed to
determine the effect sizes of studies examining the effect of technology-based applications
used in mathematics education on academic achievement. In the meta-analysis method, it is
aimed to achieve a more inclusive result by combining the results of studies on the same
subject (Cohen, Manion and Morrison, 2007; Dinger, 2014). Hoffler and Leutner (2007) stated
that the following three steps should be followed in order to carry out meta-analysis studies;

1. Determination of the studies serving the purpose of the research, In this study, it was
aimed to show a more general tendency through experimental studies carried out in
order to determine how the use of technology in primary mathematics education has
an effect on academic achievement.

2. Calculation of the effect sizes of the determined studies after coding them, in this
section, after the name of the research was coded according to the author and
publication information, data was entered into the CMA program for analysis. The
effect size of each study was calculated with the cma program and the overall effect
size was reached.

3. Conducting statistical analyses on the effect sizes calculated and then interpreting
them, in the study, the variables of type of publication, where it was published, grade
level, applications used in research, experimental implementation duration and sample
size were determined as moderators. The results obtained are presented in the
findings.
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Data Collection

While collecting research data, keywords were determined in accordance with the
purpose of the study. The determined keywords for the current study are as follows:
"Technology-enhanced", "Animation", "Augmented reality”, "Blog", "Computer-aided",
"Computer-based", "Computer-assisted", "Distance learning", "e-learning", "Mobile
learning”, "Smartboard", "Web-based", "Wiki", "Multimedia", "Web 2.0", "Web 3.0",
"Video", "Simulation", "Social networking", "Digital game", "Game-based", "Social media",
"Web supported", "Virtual reality", "Blended learning", "achievement" or "success",
"experimental”, "control group", "elementary education", "primary education", "mathematics
education". After the keywords had been determined, they were searched in the following
academic databases “SOBIAD”, “YOK Thesis Centre”, “ERIC”, “Web of Science®, “Google
Scholar” and “Proquest Dissertations and Thesis”. The criteria for inclusion in the current
study were determined by the researchers as follows:

e The title and abstract of the study should be related to above-given key words

e The study should be conducted at primary level (As the length of primary level can
differ in different countries abroad, studies conducted on students up to the 5th grade
in the international literature were included)

e The study should have a control and an experimental group and both of the groups
should be administered a pretest and posttest.

e The study should have the statistical data necessary for meta-analysis (standard
deviation, arithmetic mean, etc.)

e The study should be published between 01.01.2013 and 12.31.2019.

As a result of the search based on the determined keywords, 95 studies were reached
and collected in a pool. 95 experimental studies examining the effect of technology use on
academic achievement in mathematics teaching were obtained. 43 of these were excluded
because they are above primary school in terms of grade level. In this study, while conducting
meta-analysis, pretest and posttest of the studies were used, as well as means, standard
deviations and sample numbers. 30 studies that did not meet these qualifications were
excluded from the study. These studies were coded according to the author’s surname and
year of publication. As one of these studies (Hot, 2019) compared a traditional instructional
method with two different technology-based applications, it was coded as 2019a and 2019b.
Information on the publications used in the study are shown in Table 1.

When Table 1 is examined, it is seen that most of the studies used the traditional
teaching method in the control group. When analyzed on the basis of the topics in which the
researches are carried out, it is seen that fractions come to the fore. However, it is striking
that geometric topics such as triangle, rectangle and angle are also preferred. When examined
in terms of duration, it is seen that studies were carried out for 12 weeks and longer or 0-5
weeks. Finally, it is seen that the random sampling method is mostly used as the sampling
method and then the convenience sampling method is preferred.
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Table 1
Information on Research
Name of the Sampling Duraition Of Topic where the Study applied in
Study Method Study application is used the control group
Al-Masbeqh, NA 3 months NA Traditional
2016 teaching
Bulut et al,, Random 10 hours NA Normal teaching
2016 sequence
Cakici, 2018 Random 5 weeks Fractions Traditional
teaching
Chu et al., 2014 Random 3 weeks Fractions conventional web-
based test system
Coruk & Cakir, NA 12 weeks Fractions Traditional
2017 teaching
Fabian & Random 6 weeks Symmetry, Traditional
Topping, 2019 Angles, Area and teaching
Perimeter)
Geng & Oksiiz, Random 5 weeks Polygons and NA
2016 quadrilaterals
Hot, 2019a Convenience 8 weeks Triangles and Traditional
quadrilaterals teaching
Hot, 2019b Convenience 3 weeks Triangles and Traditional
quadrilaterals teaching
inam & Unsal Random 4 weeks NA Traditional
teaching
Nelson, 2014 Convenience 2010-2011 NA NA
school year
Ocal, 2017 Convenience 3 weeks Algebra systems and Traditional
dynamic geometry teaching
environments
Ozmen, 2019 Random A semester Prisms and space Traditional
teaching
Pehlivan, 2018  Convenience 16 weeks Geometry, Measuring Traditional
Lengths and Natural teaching
Numbers
Perry, 2013 Convenience 2011-2012 NA NA
school year
Pilli & Aksu, Random 4 months NA Traditional
2013 teaching
Shoemaker, Convenience 14 weeks NA Traditional
2013 teaching
Soybas & Appropriate 14 weeks Fractions Traditional
Tiirkmen, 2019 teaching
Siiliin Tas, Criteria 9 weeks NA Traditional
2015 sampling teaching
Siimen, 2013 Random 3 hours Symmetry Traditional
teaching
Unliitiirk Random 17 hours Fractions Traditional
Akgakin, 2016 teaching
Yal¢inkaya, Random 20 hours Angle and angle measure ~ Traditional
2017 teaching
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Data Analysis

While conducting the analysis of the data, the CMA (Comprehensive Meta-Analysis)
program was used. For the measurement of the normal distribution of the studies used in the
current study, the SPSS program was used. In the calculation of the effect sizes, the formats
in which the means, standard deviation values, and sample sizes of the experimental and
control groups can be entered through the interface provided by the CMA program were
selected. After the effect sizes have been calculated, they are shown with Cohen d (Cohen,
1988), Glass g (Glass, 1976), and Hedges g (Hedges, 1981). In the current study, Hedges g
was preferred. The classification of eftect sizes are shown by Cohen, Manion, and Morrison
(2007) as follows:

e 0 < Effect size value < 0.20 weak

e 0.21 < Effect size value < 0.50 small

e 0.51 < Effect size value < 1.00 medium
e < Effect size value strong

In the current study, in the classification of the eftect sizes, the classification method
proposed by Cohen et al. (2007) was used. These criteria are used in evaluating the eftect size
calculated in the meta-analysis. In other words, in this study, the total eftect size of the studies
examining how the use of technology in primary school mathematics teaching affects
academic achievement was calculated and the effect of the obtained result was determined
according to the above-mentioned classification.

Findings
Findings Related to Descriptive Analysis

The studies included in the current study were analyzed according to the type of the
study, the year of publication, sample groups across grade levels, where the study is
published, and sample size of the study, and the length of time in which the study has been
completed and the results are presented in Table 2.

As can be seen in Table 2, 45.345% of the studies analyzed in the current study are
articles while 54.55% of them are theses. Of these studies, 22.72% were published in 2019,
18.18% in 2017. Fifty percent of the studies were conducted on 5th graders while 36.38%
were conducted on 4th graders. In the studies, GeoGebra (27.31%) and web-based
applications (31.81%) seem to have largely been used. When the duration of the study is
examined, it is seen that 45.45% of them lasted for 0-5 weeks, 9.1% for 6-11 weeks, and 45.45
for 12+ weeks. The great majority of the studies were published in national sources (72.69).

Findings related to the Normality Distribution and Bias of the Studies

In order to determine whether the studies included in the current research showed a
normal distribution, an analysis was conducted. The results of the analysis are shown in
Figure 1.
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Table 2
Descriptive Statistics for the Studies Investigating the Effect of Technology-based Applications on
Academic Achievement

Frequency Percentage

Type of the study Article 10 45.45%
Thesis/Dissertation 12 54.55%
Year of publication 2013 4 18.18%
2014 2 9.09%
2015 1 4.54%
2016 4 18.18%
2017 4 18.18%
2018 2 9.09%
2019 b 22.74%
Samples across the grade levels 15t grade 1 4.54%
ond grade 1 4.54%
3rd grade 1 4.54%
4th orade 8 36.38%
5th grade 11 50%
Applications used in the study ~ GeoGebra 6 27.31%
Web based 7 31.81%
Multimedia Software 2 9.09%
Tablet 2 9.09%
Frizbi Math. 1 4.54%
Sea Perch 1 4.54%
Digital story 1 4.54%
Cabr1 3D 1 4.54%
Sketch Pad 1 4.54%
Duration of the study 0-5 10 45.45%
6-11 2 9.1%
12+ 10 45.45%
Where the study is published International 6 27.31%
National 16 72.69%

Total 22  100%
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Figure 1
Normal Distribution Graph of the Effect Sizes
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As can be seen in Figure 1, the effect sizes of the studies included in the current
research were found to accumulate in the X=Y direction. The effect sizes of the studies
included in the current research within the context of this graph were found to have a normal
distribution. Moreover, the Rurtosis value (1.277) and skewness value (.106) were calculated
for the effect sizes. Tabachnick and Fidell (2018) state that when Rurtosis and skewness
values are between -1.5 and +1.5, then the distribution is accepted to be normal. Based on
these values, it was concluded that the eftect sizes of 22 studies included in the current study
have a normal distribution and it would be suitable to combine these studies for a meta-
analysis.

Figure 2
Funnel Chart of the Effect Sizes of the Studies Included in the Current Research
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10 The Effect of Technology on Primary Students’ Mathematics Achievement

In meta-analysis studies, in order to investigate whether the studies included in the
meta-analysis have publication bias, a funnel chart is used. The funnel chart created in the
current study is presented in Figure 2.

In the funnel chart, the distribution of the studies within the graph, within the funnel,
and symmetrically indicates that there is no publication bias (Dinger, 2014). As can be seen
in Figure 2, many of the studies are within the funnel and systematically distributed.
Therefore, the studies included in the current research are said to have no publication bias.
Another way of calculating publication bias is Rosental Fail-Safe N statistics. The data
obtained from the calculation of N statistics are shown in Table 3.

Table 3.
Rosental FSN Calculation

Classic Fail-Safe N

Z value for the analysed studies 8.06509
P value for the analyzed studies 0.00000
Alpha 0.05000
Direction 2.00000
Z value for Alpha 1.95996
The number of studies analyzed 22

FSN 351

As can be seen in Table 3, the obtained FSN value is 351. For the studies analyzed,
the p-value was found to be 0.0000. In order to be able to annul the finding obtained in the
current meta-analysis study, it is necessary to find at least 351 studies having the effect size
value (p=0.00) and having findings contradictory to the finding of the current study. This
seems to support the funnel chart.

Findings related to the Results of the Effect Sizes and Calculation of Q and 12 Values

In meta-analysis studies, it is necessary to determine the method to be used in the
calculation of the effect size. The values obtained as a result of the analyses conducted in the
current study are presented in Table 4.

As can be seen in Table 4, the homogeneity value (Q) of the 22 studies included in the
study was calculated as 125,839.. The x2 table was found to be 21, the degree of freedom was
tfound to be 95% and the critical value at the significance level was found to be 82.671. Within
the context of the obtained findings, the Q statistics value (125.839) is seen to be bigger than
the value of 21 degree of freedom in the x2 table (x2=382.671) at the 95% significance level.
Thus, the studies analyzed in the current research can be said to be heterogeneous. Another
indicator supporting that the studies are heterogeneous is the 12 value. As a result of the
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analysis, the 12 value was found to be 83.312%, which supports that the studies are
heterogeneous.

Table 4
Mean Effect Sizes, Confidence Interval Values, Q and I Values of the Studies Included in the Current
Study

Model Mean Standard 95% Degree  Homogeneity F p
Eftect Error Confidence of Value (Q)
Size  (SE) Interval Freedom
(ES)

Lower Upper

Constant 0.330 0.052 0.229 0431 21 125.839 83.312 0.00
0

Random 0.483 0.129 0.230 0.737

On the basis of the obtained values, the analyses conducted in the current study were
carried out according to the random-effects model. According to the random-eftects model,
the eftect size (ES) was calculated to be 0.129 and the standard error (SE) was calculated to
be 0.483. According to these values obtained as a result of the analyses conducted, it can be
argued that the use of technology in mathematics teaching has a small effect on academic
achievement and moreover, as the obtained value is positive, this small effect is in favor of the
experimental group (Cohen, Mansion and Morrison, 2007). The forest plot showing the effect
sizes of the studies analyzed in the current research according to the random effects model is
presented in Figure 3.

The squares in the graphic presented in Figure 3 show the eftect sizes of the studies,
and the lines next to the squares show the lower and upper limits in the 95% confidence
interval. Accordingly, when the graph was examined, the largest eftect size value was found
to be 1.820 (Hot, 2019a), and the smallest effect size value was found to be -0.678 (Perry,
2013). In three of the studies, the eftect size was found to have a negative direction while in
19 of them, the effect size was found to have a positive direction. Thus it can be said that in
19 of the studies, the effect is in favor of the experimental group while in 3 of them, it is in
tavor of the control group.

Findings Related to Effect Sizes According to Grade Level Differences

The results of the analysis conducted to determine whether the effects of technology-
based applications in mathematics teaching on academic achievement vary significantly
depending on grade level are shown in Table 5.

In the results of the analysis conducted, the homogeneity value (Q=18.144 df=4) was
found to be higher than the value in the x2 table (9.488) at the 95% confidence interval.
Therefore, the hypothesis analyses were constructed according to the mixed-effects model.
As a result of the homogeneity test conducted, no significant difference was found between
the grade levels (Q=18.144, p<0.5). As can be seen in Table 5, the eftect size was found to be
0.408 for fourth graders while it was found to be 0.481 for the fifth graders. Although there
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were 1st, 2nd, and 3rd graders in the studies, they were excluded as there have to be at least
two studies for the effect size.

Figure 3
Forest Plot of the Effect Sizes According to the Random Effects Model of the Studies
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Findings Related to Effect Sizes According to the Technology Types

The results of the analysis conducted to determine whether the effects of technology-
based applications in mathematics teaching on academic achievement vary significantly
depending on the application tools used are shown in Table 6.

Table 5
Effect Sizes According to Grade Level
Grade N Mean Standard  95% Confidence Homogeneity P
Level Effect Size Error Interval Value (Q)

(ES) (SE)

Lower Upper

4th grade 8 0.408 0.271 -0.123 0.939 18.144 0.001
5t grade 11 0.481 0.156 0.175  0.787

As a result of the homogeneity value analysis, the following value was obtained:
0=17.319, df=5. As the calculated homogeneity value is higher than the value in the x2 table
(11.070) at the 95% confidence interval, the hypothesis among the effect sizes was constructed
according to the mixed-effects model. Based on these results, it can be argued that
technology-based applications whose eftects on academic achievement were investigated in
the studies analyzed in the current research led to statistically significant differences
(Q=17.070, p<0.05). As can be seen in Table 6, the highest value of the eftect sizes was found
for multimedia software (0.922).
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Applications N Mean Standard 95% Contfidence Homogeneity P
Used Eftect Size Error Interval Value (Q)

(ES) (SE)

Lower  Upper

Geogebra 6 0.833 0.192 0.457 1.210 17.319 0.002
Web-based 7 0.322 0.165 -0.002  0.646
Multimedia 2 0.922 0.211 0.509 1.336
Software
Tablet 2 0.357 0.211 -0.057 0.770

Findings Related to Effect Sizes According to the Duration of the Application

The results of the analysis conducted to determine whether the effects of technology-
based applications in mathematics teaching on academic achievement vary significantly
depending on the duration of the application are shown in Table 7.

Table 7
Effect Sizes According to the Duration of the Application
Duration of N Mean Standard 95% Confidence Homogeneity P
the Effect Size  Error Interval Value (Q)
Application (ES) (SE)
Lower  Upper
0-5 10 0.740 0.139 0.467 1.013 32.156 0.000
6-11 2 0.462 0.333 -0.190 1.1156
12+ 10 0.231 0.199 -0.159 0.620

As a result of the homogeneity value analysis, the following value was obtained:
0=32.156, df=2. As the calculated homogeneity value is higher than the value (5.991) in the
x2 table at the 95% confidence interval, the hypothesis among the eftect sizes was constructed
according to the mixed-eftects model. On the basis of these results, it can be argued that the
results of the studies investigating the effects of the technology-based applications on
academic achievement in mathematics education vary significantly depending on the duration
of the application (Q=382.156, p<0.05). As can be seen in Table 7, the highest value was found
for 0-5 weeks (0.740).

Findings Related to Effect Sizes According to the Type of the Study

The results of the analysis conducted to determine whether the effects of technology-
based applications in mathematics teaching on academic achievement vary significantly
depending on the type of the study are shown in Table 8.
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Table 8
Effect Sizes According to the Type of the Study
Typeofthe N Mean Standard 95% Homogeneity P
Study Effect Size  Error Confidence Value (Q)
(ES) (SE) Interval
Lower Upper
Article 10 0.509 0.095 0.323 0.696 7.969 0.000
Thesis/ 12 0.4565 0.219 0.026 0.883
Dissertation

As a result of the homogeneity value analysis, the following value was obtained:
0=7.969, df=1. As the calculated homogeneity value is higher than the value (8.841) in the
x2 table at the 95% confidence interval, the hypothesis among the eftect sizes was constructed
according to the mixed-eftects model. On the basis of these results, it can be argued that the
results of the studies investigating the effects of the technology-based applications on
academic achievement in mathematics education vary significantly depending on the type of
the study (Q=7.969, p<0.05). As can be seen in Table 8, the highest value was found for the
articles (0.509).

Effect Sizes Depending on Whether the Study Is Published Nationally (Turkey) or
Internationally

The results of the analysis conducted to determine whether the effects of technology-
based applications in mathematics teaching on academic achievement vary significantly
depending on whether the study is published nationally or internationally are shown in Table
9.

Table 9
Effect Sizes Depending on Whether the Study Is Published Nationally or Internationally
National or N Mean Standard 95% Confidence Homogeneity P
International Effect Error (SE) Interval Value (Q)
Size (ES)
Lower  Upper
National 16 0.655 0.224 -0.368 0.510 48.257 0.000
International 6 0.071 0.111 0.487 0.873

As a result of the homogeneity value analysis, the following value was obtained:
Q=48.257, df=1. As the calculated homogeneity value is higher than the value (3.841) in the
x2 table at the 95% confidence interval, the hypothesis among the eftect sizes was constructed
according to the mixed-effects model. On the basis of these results, it can be argued that the
results of the studies investigating the effects of the technology-based applications on
academic achievement in mathematics education vary significantly depending on whether the
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study is published nationally or internationally (Q=48.257, p<0.05). As can be seen in Table
9, the highest value (0.655) was found for the studies published nationally.

Discussion, Conclusion, and Suggestions

With this study, the overall effect size was determined by bringing together the
experimental studies conducted on the eftects of using technology in primary school
mathematics education on students’ academic achievement between 2013 and 2019 in
national and international literature. As a result of the analysis, the effect size of the analyzed
studies was found to be 0.483. In line with the findings of the current research, it was
concluded that the technologies used in primary school mathematics teaching have a small
positive effect on students' mathematics achievement. Xie, Cheung, Lau and Slavin (2020)
conducted research examining the effects of computer-based applications on mathematics
course achievement and concluded that they had a modest positive effect. In meta-analysis
studies with the sample of the studies consisting of students with various education levels
from kindergarten to college, Topbas and Oztop (2019), Young (2017), Demir ve Basol
(2014) stated that technology positively affects student achievement. Thus, the findings
reported in the literature support the finding of the current research. In addition, Higgins,
Huscroft-D’Angelo, and Crawford (2019) highlighted that technology has the potential to
positively influence not only student mathematics achievement but also students” motivation
to learn mathematics and attitudes towards mathematics.

A significant difference was found between the eftect sizes in relation to grade level.
The eftect size at the 4th grade was calculated to be 0.408 while it was found to be 0.481 at
the 5th-grade level. In other words, it was determined that as the grade level increases, the
use of instructional technologies increases the mathematics achievement of primary school
students. Dowker, Cheriton, Horton, and Mark (2019) found that the higher grade level led
to a positive attitude towards mathematics, as well as better performance in mathematics.
Xie, Cheung, Lau, and Slavin (2020) added that the higher the grade level, the more effective
the technology in academic success in grades K-12. Therefore, it can be concluded that there
are limited studies in the literature that investigate the eftects of instructional technologies
in mathematics education at lower grades. Only one study has been found on the mathematics
achievement of primary school students for 1st, 2nd and 8rd grades, each. Thus, it was
concluded that teachers might not be using technology in mathematics classes in the lower
grades of primary school as the main focus is on teaching reading and writing to students
and they think that the readiness level of students is not enough to introduce them to
technology in these grade levels and accordingly they may not prefer experimental activities
to teach the target subject in these grade levels.

Traditionally, there is a perception that early childhood learners’ cognitive capacity
is not enough to understand mathematics (Lee & Ginsburg, 2009). 21st-century learning
theorists also emphasized that children in this age group are disadvantaged to learn
mathematics (Baroody, 2000). Studies show that teaching mathematics is limited in the period
tfrom pre-school to second grade (Hachey, 2013). The finding obtained in this study that
studies on the use of technology in teaching mathematics in the first years of primary school
is limited may be the result of this perception towards mathematics teaching.

In the studies examined within the scope of the current research, it has been
determined that Geogebra and Web-based are the most used technological tools. Multimedia
Software and Tablet technologies were used in two studies and Frisbee Math, Sea Perch,
Digital story, Cabri 3D, and Sketch Pad were used in one study. It was found that technology-
based applications used in mathematics classes have a statistically significant effect on
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students’ academic achievement. The effect sizes of Geogebra and Multimedia Software
technologies were found to be bigger than those of the other technologies (e.g. Web-based
and Tablet). Chan and Leung (2014) stated that the use of Dynamic Geometry Software has
a positive influence on students’ mathematical achievement, especially greater in primary
education. It has been concluded that different technological tools used in mathematics
teaching aftect the academic success of primary school students at different levels. Cheung
and Slavin (2013) stated that different technologies can affect student success at different
levels. Kaya and Ogal (2018) conducted a meta-analysis study to investigate the effect of the
Geogebra application used in mathematics classes on academic achievement and in this study,
the eftect size was found to be 0.886 in a positive direction.

The duration of the study was found to cause a significant difference in the effects of
the technology-based applications on primary school students’ academic achievement in
mathematics education. The biggest eftect size was found for 0-5 weeks (0.740) while the
smallest effect was found for 12+ weeks (0.231). These findings showed that with increasing
duration of application, the eftect of using instructional technologies on student academic
achievement decreased. Xie, Cheung, Lau and Slavin (2020), stated that the shorter the time,
the more positive effects computer-based mathematics applications have on mathematics
achievement. Higgins, Huscroft-D'Angelo, and Crawford (2019) stated in their meta-analysis
study that the implementation period did not significantly affect the academic achievement
of primary school students, but that short-term applications are more effective than long-
term applications. Gersten and Edyburn (2007) suggested that the implementation period
should be 8-10 sessions, but the result of this study differs from the result of the current
research.

The effects of technology-based applications on academic achievement of primary
school students in mathematics were found to be varying significantly depending on the type
of study. The eftect size of the articles (0.509) was found to be higher than that of the theses
(0.455). In their meta-analysis study, Li and Ma (2010) examined the effect of computer-
assisted mathematics teaching on academic achievement and stated that the effect size of the
articles was higher than the theses. Examining the effects of video games on mathematics
achievement, Tokac, Novak and Thompson (2018) reported that articles were more eftective
than theses in a meta-analysis study. Ayaz, Sekerci, and Oral (2016) examined the effect of
instructional technologies on the academic achievement of primary school students in their
meta-analysis study and found no significant difference. However, they stated that the eftect
size of doctoral theses was higher than that of the master theses and article studies. In
addition, Giinhan and Ag¢an (2016) did not find a significant difference depending on the type
of the study in their meta-analysis study investigating the effect of using dynamic geometry
software on the geometry achievement of students. When the results are examined, the
reason for the higher effect size value in thesis and dissertations in terms of academic success
can be explained by the application time sample size and the experience of the researcher.

The eftect of the technology-based applications used in primary school mathematics
classes on academic achievement was found to vary significantly depending on whether the
study is conducted nationally or internationally. The eftect size for the national studies
(0.655) was found to be higher than that of international studies (0.071). This could be the
result of the fact that the majority of analyzed studies were national rather than international
because the national studies met the research inclusion criteria. Because of the technological
reform in education that started in 2010 in Turkey, researchers have paid more attention to
technology integration. Moreover, the data from 4th grade Mathematics scores in Trends in
International Mathematics and Science Study (TIMMS) 2019 indicated that the Mathematics
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scores in Turkey were lower than the average of the countries, as well as the hours per year
for mathematics instruction (International Association for the Evaluation of Educational
Achievement (IEA), 2021). Therefore, the intervention studies conducted nationally might
be more eftective than internationally as the intervention affected the students with
disadvantages. The reason why the comparison of the national and international studies was
because of a newly-designed primary school curriculum involving aspects of 21st-century
skills and a nationwide technology integration project called FATIH. Hence, the impacts of
those nationwide attempts on the research findings were presented in this study.

This study illustrated the impacts of the use of technology in primary school grades.
Therefore, it contributes to the literature on technology use in mathematics in primary
education settings. In general, the meta-analysis studies conducted in this topic have focused
on K-12 level. However, this study specifically aimed to investigate K-5 settings. The
subcategories (grade levels, technology types, duration of the study, type of study, and
national/international) provide better and in-depth insights compared to the relevant
literature. Previous studies did not include recent studies (2018-2019 years) which are 7/22
of all studies. The findings provide insights to both researchers and practitioners about the
potential of technology in teaching and learning mathematics in lower grades. However, the
limitations of the study involved the criteria used to decide the studies included in the meta-
analysis, such as grade levels, control and experimental group with pre- and post-test design,
and the date of publication.

In light of the findings of the current study, following suggestions can be made:

e Atlower grade levels of primary education (1st, 2nd, and 3rd grades), the use
of technology in mathematics classes should be supported. More technological
tools should be developed for these grade levels.

e There is a need for more studies that examine the effects on academic
achievement of the students at lower primary grades.

e More research on technology’s eftfect on students’ mathematics achievement
especially in the early primary (K-2) is needed.

e In the current research, studies investigating the use of technology in
mathematics classes in primary level were analyzed. Future studies can
investigate the effect of using technology in other school subjects.

e When the literature is reviewed, it is seen that studies investigating the use of
technology in mathematics classes were generally conducted in secondary
school level. Given that positive experiences gained at early ages are
transferred to more advanced levels of schooling, more use of technology
should be supported in primary schools.

e In the current study, the main focus was on the effect of technology on the
academic achievement of primary school students in mathematics classes.
Meta-analysis studies can be conducted on the motivation and attitude of
students.

In order to increase the effectiveness of experimental studies, rather than keeping the
time longer, it is necessary to keep the applications richer in pedagogical aspects considering
the development of students, their readiness and intrinsic factors such as interest, attitude
and motivation.
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