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A meta-analysis of the impact of technology on leaing effectiveness of elementary
students

Abstract

The existing studies suggest that if technologptsrwoven comprehensively into pedagogy,
it can act as a powerful tool for effective leamiaf the elementary students. This study
conducted the meta-analysis by integrating the tigaséime findings of 122 peer-reviewed
academic papers that measured the impact of temywyabn learning effectiveness of
elementary students. The results confirmed thattéfodnology has a medium effect on
learning effectiveness of elementary students.heuortthis study analysed the effect sizes of
moderating variables such as domain subject, adfit type, intervention duration, and
learning environment. Finally, the impact of teclugy at different levels of moderating
variables has been discussed and the implicatmrséory and practice are provided.

Keywords: Elementary education; Evaluation methogigls; Pedagogical issues;
Teaching/learning strategies.

1. Introduction
1.1 Technologies in education

Advancements in information technology (IT) havel I® the development of various
applications that help in better understanding oficepts, phenomenon, and theories by
students (Li & Lim, 2008; Bakirci, Bilgin, & SimsekR011; Koong & Wu, 2011). The
development of innovative and interactive techniglalg applications have changed the
learning methods (Furié, Juan, Segui, & Vivo, 201p) offering an active learning
environment to the students for various domainestibjsuch as mathematics, language etc.
(de Koning-Veenstra, Steenbeek, van Dijk, & van iGe2014). Learning effectiveness
fosters the students with certain key competences ss critical thinking and problem-
solving skills (Voogt & Roblin, 2012). Researcharsiculate that students can learn better
when they are actively involved and can relatecthrecepts to their real life. Therefore, lab or
experimental environment involving electronic-léagn(e-learning) facilitates the students to
learn effectively (Tgkm & Kandemir, 2010).

Several methods of e-learning in elementary schioale been studied and suggested by the
researchers as information obtained via e-learn;hgnuch more permanent than the
traditional learning (Hwang, Chiu, & Chen, 2015;sRia & Kandemir, 2010). For example,
computer simulations (Bakirci, Bilgifn, & SimselQPl) and animated cartoons (Dalacosta,
Kamariotaki-Paparrigopoulou, Palyvos, & Spyrell®)09) are effective in inculcating

Page 1 of 33



scientific thinking, computer delivered reading goehension instructions may diminish the
challenges related to implementing several compkading strategies in the classroom
(Lysenko & Abrami, 2014; Potocki, Ecalle, & Magn&®13), Internet enables the learners to
observe an object from several perspectives antll lbheir own learning experience in
addition to providing audio, video, and written gesces simultaneously (Segers &
Verhoeven, 2009), electronic-portfolio (e-portfglicontributes in improving writing
performance (Nicolaidou, 2013), and game-basednilegrengages the learners in an
authentic and enacted problem solving by providargoyable and motivating learning
experiences (Barzilai & Blau, 2014). Moreover, mieliechnology has further extended the
learning paradigm by enabling inside as well asidet classroom learning (Su & Cheng,
2013).

Today, various school districts in countries sushtle USA are investing a considerable
amount of their annual budgets on technologieglircation with an objective of improving
academic performance. Most of the public schoolehaccess to the Internet connected
computers and thus, schools are in a much bettsitiggo to implement technologies in
classrooms. (Cheung & Slavin, 2013, SETDA, 2010pwEer, successfully integrating
technologies in educational system is not aboutetpeproviding the Internet connected
computers in the classrooms. Technological intemgrabhas not yet been achieved in a
planned way in most of the schools. Very few schobave shared commitment to
technologies among various stakeholders such agsokchanagers, teachers and parents
(Lim, Zhao, Tondeur, Chai, & Tsai, 2013). AccorditmgAdvancED's recent report, students
are not actively using technologies for learningspite of technologically well-equipped
classrooms. There may be a number of factorssiacih as teachers' preparation and training,
effect of technology on school culture, and consegygarding the availability of technology
at home that could increase inequalities amongesiisd from varying socio-economic
backgrounds (Broekhuizen, 2016).

Moreover, it is important for the schools to be esvaf the principles and guidelines for the
successful implementation of technologies in cla@msis. There should be an effort towards
improving classroom instruction to more effectivelgverage technology for learning

(Schaffhauser, 2016). Teachers should be engageeévieloping school-based technology
plan as it will give them the opportunity to reflean their specific educational use of
technology. Further, schools should give importarioe leadership in developing a

commitment to change. Crucial building blocks fotegrating technologies in education are
the close collaboration among the actors in th@@cbommunity and a shared vision about
the use of technologies. Additionally, teacherairting should be a priority for developing a
technology-related professional environment (Linalgt2013).

With the increasing growth of technologies in ediarg there has been a significant rise in
research papers measuring the impact of technaagdgarning effectiveness of elementary
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students (see Figure 1). These papers constitatgaset of unexplored studies for the meta-
analysis. Meta-analysis examines the quantitatesults of several empirical studies and
provides significant insights. It is a rigorouseaitative to the narrative-based and qualitative
literature reviews and therefore has been encodragéhe prominent journals in the field of
social and behavioral sciences (King & He, 2006erd2002). In an attempt to provide
comprehensive view of the impact of technology earhing effectiveness, meta-analysis has
previously been conducted by various researchers.

Number of Research Papers

60

50

40
30
20
0 [

2001-2004 2005-2008 2009-2012 2013-Present

Figure 1: Year wise distribution of research paper<till April 2016)
1.2 Previous meta-analyses of impact of technology on learning effectiveness

Researchers have extensively studied the impattabinology on learning effectiveness of
students. A number of meta-analyses have evalubhgedtudents’ learning effectiveness in
multiple domain subjects, while some reviews hawesaered only single domain subject
such as mathematics (Slavin & Lake, 2008; Raketentfime, McGatha, & Ronau, 2010; Li
& Ma, 2011; Cheung & Slavin, 2013) and languagect®r et al., 2014). Furthermore, a
majority of meta-analyses have been conducted dtipleugrade levels such as elementary
to college (Liao, 1999; 1998; Kulik & Kulik, 1991jao, 2007; Rakes et al., 2010; Ahmad &
Lily, 1994; Fletcher-Finn & Gravatt, 1995; Li & M&011; Sung, Chang, & Liu, 2016),
elementary to secondary or middle school (Beck8®21 Cheung & Slavin, 2013; Archer,
Savage, Sanghera-Sidhu, Wood, Gottardo, & Chers)201

Table 1 summarises the meta-analyses of the ingfdethnology on learning effectiveness
of students, extracted for elementary students.éeXm&ing meta-analyses found the positive
impact of technology on learning effectiveness \eitiect sizes ranging from +0.16 to +0.78.
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Though previous meta-analyses suggest that teaiwmak effective for the learning of
elementary students, the findings must be utilizaatiously because of a number of reasons.
First, some of the previous meta-analyses hachsetriteria of reviewing only those studies
that took place in actual classrooms or schooinggtt(Kulik et al., 1985; Niemiec et al.,
1987; Kulik & Kulik, 1991; Kulik, 2003), howevergarning via technology can take place
anywhere as it is not confined to the formal edocai institutes nowadays. Learning outside
the classrooms may be just as meaningful as foandl structured learning inside the
classrooms (Sandberg, Maris, & de Geus, 2011). €fber, there are a number of recent
studies in which experimental group of elementdangients were free to learn electronically
at unrestricted places (Kalefilo, 2015; Zheng & Warschauer, 2015; Barzilai & Bl2014;
Hansen, Koudenburg, Hiersemann, Tellegen, KocseRogtmes, 2012; Aksoy, 2012).

Second, there are meta-analyses that had consideeedeffect of specific type of
technological device or application on studentsnieg achievement, e.g., the effect of
hypermedia (computer simulators, computer basestantive videos or multimedia) (Liao,
1998; 1999), mobile devices (Sung et al., 20165rotiomputer applications (Ryan, 1991,
Christmann & Badgett, 2003; Ahmad & Lily, 1994), deomputer-assisted instructions
(Fletcher-Finn & Gravatt, 1995). Third, some of iievious meta-analyses had reviewed
only those studies that took place at a partioggsrgraphic area (Liao, 2007).

Table 1: Meta-analyses of the impact of technologyn learning effectiveness of students
(extracted for elementary students)

Studies Years Covered Subjects Sample Size Effect Size
Ahmad & Lily (1994) 1988-1992  Multiple 9 0.34
Archer et al. (2014) 1978-2009 Language 38 0.18
Becker (1992) 1977-1989 Multiple 30 0.30
Cheung & Slavin (2013) 1980-2010 Mathematics 45 0.17
Christmann & Badgett (2003) 1966-2001 Multiple 39 0.34
Fletcher-Finn & Gravatt (1995) 1987-1992 Multiple 27 0.26
Kulik & Kulik (1991) 1966-1986 Multiple 16 0.46
Kulik (2003) 1990-1996 Multiple 16 0.38
Kulik et al. (1985) 1968-1984 Multiple 28 0.47
Li & Ma (2011) 1990-2006 Mathematics 48 0.78
Liao (1998) 1986-1997 Multiple 8 0.30
Liao (1999) 1987-1998 Multiple 10 0.22
Liao (2007) 1983-2003 Multiple 20 0.41
Niemiec et al. (1987) 1968-1982 Multiple Unspecified 0.66
Rakes et al. (2010) 1968-2008 Mathematics 36 0.16
Ryan (1991) 1984-1989 Multiple 58 0.30
Slavin & Lake (2008) 1971-2006 Mathematics 38 0.19
Sung et al. (2016) 1993-2013 Multiple 38 0.65
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1.3 Purpose of this study

While reviewing the existing meta-analyses of tmepact of technology on learning
effectiveness of elementary students, following tmdtations were encountered. First, the
majority of meta-analyses considered multiple gredels and hence, there was a lack of
study which particularly focused on elementary stud. However, technology has become
more popular in elementary schools nowadays (Cha0g3). Researchers have articulated
that if technology is integrated into the pedagadyelementary students, it can act as a
powerful tool to engage them into meaningful atiea (Slavin, Lake, Chambers, Cheung, &
Davis, 2009) and hence lead to high learning affeness (Su & Cheng, 2013). This study
takes a step further by looking for specific motiagavariables that influence the effect of
technology on learning effectiveness of elemensangients. Second, existing meta-analyses
are quite dated and thus don’t incorporate newalitee. However, recent literature has
incorporated new educational technologies thandidexist previously. As depicted in figure
1, there has been a significant rise in researtérast on the impact of technology on
learning effectiveness of elementary students hisddrge study set has not been analysed in
detail.

With the above background, this study aims to:rélgover, synthesize, and integrate the
existing literature measuring the impact of tecbggl on learning effectiveness of
elementary students, (2) get an overview of thqueacy of research conducted in this area
in different geographic locations and publishedifierent journals, and (3) find out how
various moderating variables (i.e. domain subjgplication type, intervention duration, and
learning environment) influence the impact of temlbgy on learning effectiveness of
elementary students.

This study employed a meta-analytic approach ftfilling the above mentioned research
objectives by providing a comprehensive pictura tdrge body of empirical research. In this
study, a meta-analysis of 215 mean scores and athrdkviations of experimental and
control groups from a total of 122 different stigli@as conducted. The mean scores and
standard deviations of experimental and controligsovere used as the metric for estimating
effect sizes.

The rest of this paper has been organized as fsll@gction 2 gives an overview of review
process. Section 3 presents the results of theewevbection 4 provides the concluding
remarks, implications for theory and practice, tations of this research, and
recommendations for future research.

2. Review Process
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The review process for this study followed the gilies suggested by Kitchenham and
Charters (2007). The recommended guidelines inchaleeral activities such as protocol
development, selection of research papers forweuwlata extraction and synthesis of results
from the selected papers, and reporting the firglibgxt, explanation to these activities has
been provided in detail.

2.1 Protocol development

Protocol development determines the criteria taised for searching the research papers for
review. The papers were searched from the follovgraminent online databases: ProQuest,
Sciencedirect, JSTOR, SpringerLink, ACM Digital taby, EBSCO, Emerald, Wiley
Interscience, Informs, and Google Scholar. The papablished in or after year 2000 were
extracted from these databases through the advaeeedh option by using a combination of
search terms. The key categories and their respesiarch terms are listed in table 2.

The search terms for each key category were combine using the Boolean “AND”

operator. Thus, each possible combination of setgoms from Category Type 1 AND
Category Type 2 AND Category Type 3 was utilizetlisTentire process was followed to
make sure that the extracted papers had the phbe$esging to “elementary education”,
“technology”, and “experimental study” together.igtstep resulted into a total of 1398
papers which were published on or before April 2016

Table 2: Search Terms used in this Review

Type Category Search Terms

1 Elementary Education = Elementary Education, Elg¢argrSchool, Elementary
student, Primary Education, Primary School, Primary

Student

2  Technology Computer, Technology, Mobile, LaptSpftware,
Digital

3 Experimental Study Experimental, Control, Quagiezimental, Pre-test,

Post-test, Pretest, Posttest, Pre test, Post test

2.2 Inclusion decision on the basis of title and keywords

The papers resulted from the above mentioned sgaotbcol were further filtered on the
basis of title and keywords. The title and keywooflgll the extracted papers were manually
scanned so that the apparently irrelevant papernsl cee removed. This step resulted into a
total of 724 peer-reviewed academic papers.

2.3 Inclusion decision on the basis of abstract

In this step, the abstract of each paper was fEad.process resulted into the elimination of
duplicate papers, qualitative papers, review pap@an-English articles, comments,
editorials, news, prefaces etc. and those papeishwdidn’t address the objective of this
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study but just mentioned the key categories inrttesit. It resulted into a total of 380 peer-
reviewed academic papers.

2.4 Final selection

In this step, complete text of each paper was seathat only those papers were included
which met the following criteria:

a) The paper should have mentioned its research olgedearly.

b) The central concept of the paper should have bestutly the impact of technology
on learning effectiveness for the domain subjebtsensure relevance, the objective
of the paper should have been to deal with theecinmhastery among the elementary
students. In other words, the dependent variabteildhbe related to the learning
effectiveness of elementary students.

c) The study should have conducted pre-test and pestawvith a technological
intervention for learning.

d) The paper should have the sufficient informationdalculating effect size, such as
standard deviations, mean scores, number of peopkexperimental group, and
number of people in control group (if applicable).

The above mentioned criteria led to the selectibri2®? peer-reviewed academic papers.
Next, the reference list of each paper was scarmedit didn't result into identification of
any other relevant paper. Thus, a total of 122-p@@ewed academic papers constituted the
sample for this study and the meta-analysis waslwtted on them to statistically integrate
their findings. The entire selection process aradiimber of research papers identified at
each step are depicted in figure 2.

Step 1 »|  Electronic databases »| N=1398
\4
Step 2 Exclusion on the basis of ~
tep titte and keywords N =724
\4
Exclusion on the basis of
Step 3 abstract N =380
\4
Obtained primary N = 122
Step 4 studies -
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Figure 2: Steps of the research papers selectionguess
2.5 Data extraction and synthesis

In order to make sure that each paper was analysesistently, the information such as
mean scores, standard deviations, and sample aizegperimental and control groups were
noted down. This entire information was useful ¢atculating effect size, weighted mean
effect size, confidence interval for the mean dfféze, and for conducting the heterogeneity
tests of Q and?lin order to identify whether the effect size ifiienced by any moderating
variable (Borenstein, Hedges, Higgins, & Rothst209).

Following Cohen’s d formula (Cohen, 1988) was useddetermine the effect size for
experimental research without pre-test:

Xi— X,

d=
\/(nl —1)sZ + (n, — 1)s3

(n; +ny; —2)
Where,X; and X, are the mean scoreas, and n, are the sample sizes, asfdand s3 are the
variances of the experiment and control groupseesgely.

For calculating the effect size for experimentalearch with pre-test, following formula was
used in order to mitigate the selection bias agestgd by Morris (2008).

_ (Xl_Post - Xl_Pre) - (XZ_Post - XZ_Pre)
ESPre/Post Test Two Groups — SD
Post

Where, X; pre and X; pos; are the mean scores of the pre-test and postaesthe
experimental group respectivel¥, pre and X; pos; are the mean scores of the pre-test and
post-test of the control group respectively, 8Bd,; is the pooled standard deviation for the
post-test samples.

SD _ (nz_Post - 1)S%_Post + (nl_Post - 1)S%_Post
Post —
o8 (nz_Post + 11 post — 2)

Where, n; post and n, pos are the sample sizes of the experimental and aoghoups
respectively for the post test, asfp,s. and s3 p,s; are the variances of the experimental and
control groups respectively for the post test.

3. Results

3.1 Overview of research papers
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All the selected peer-reviewed academic papers@maglstandardized tests. Out of them, 82
studies employed experimental design, while 40istuemployed quasi-experimental design.
In an experimental design, participants are rangamsbkigned to either the treatment or the
control group, whereas they are not randomly assigm a study employing quasi-
experimental design (Avolio, Reichard, Hannah, Wdwa, & Chan, 2009). There were 68
studies with control group, while 54 studies werthaut control group. Table 3 provides the
details of the type of tests conducted in peerenwed academic papers selected for this
research.

Table 3: Type of tests conducted in reviewed papers

Type of Tests Experimental Quasi-experimental Total
With Control Group 41 27 68
Without Control Group 41 13 54
Total 82 40 122

Table 4 presents the distribution of selected mafmrmeta-analysis. As a measure to ensure
the validity of tests, the papers extraction foedssn high quality journals publishing peer-
reviewed academic papers. The journal “ComputersEducation” had published the
maximum number of papers which are relevant far ¢hidy. Table 5 provides the frequency
with which selected research studies were conduwtelifferent geographical locations. The
total number of countries is greater than the numtdferesearch papers as one of the
researches was conducted in two countries.

Table 4: Distribution of research papers in different journals

Journal Name

Number of Studies

Computers & Education

Procedia-Social and Behavioral Sciences

Educational Technology & Society

Computers in Human Behavior

Journal of Computer Assisted Learning

Educational Technology Research and Development
The Turkish Online Journal of Educational Technology
Computer Assisted Language Learning

Learning and Instruction

Journal of Educational Computing Research
Interactive Learning Environments

The Electronic Library

Annals of Dyslexia

British Journal of Educational Technology

Others

46
14

NN NNNNNWOOO S

[
(52

Total

122
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Table 5: Frequency of research conducted at differe geographic locations

Geo-spatial coverage Frequency of publications %
Taiwan 50 40.65%
Turkey 15 12.20%
Netherlands 10 8.13%
USA 10 8.13%
Spain 5 4.07%
Chile 4 3.25%
Cyprus 3 2.44%
England 3 2.44%
Canada 3 2.44%
Israel 2 1.63%
Mexico 2 1.63%
Thailand 2 1.63%
Singapore 1 0.81%
Romania 1 0.81%
Greece 1 0.81%
Malaysia 1 0.81%
Scotland 1 0.81%
Iran 1 0.81%
South Korea 1 0.81%
Hong Kong 1 0.81%
Ethiopia 1 0.81%
India 1 0.81%
France 1 0.81%
Indonesia 1 0.81%
Nigeria 1 0.81%
Italy 1 0.81%
Total 123 100.00%

Note. The total number of countries (123) is greater than the number of research papers
(122) as one of the researches was conducted in more than one country.

3.2 Overall effect size for learning effectiveness

One of the popular methods for meta-analysis irabiginal and social sciences, i.e., Hedges-
Olkin technique (King & He, 2006) was used in tktsidy. The distribution of 215 effect
sizes of 122 research papers is shown in figut®W.of 215 effect sizes, there were three
unusually high effect sizes of 15.744 (Kobsirig#i15), 4.817 (Navarro, Marchena, Alcalde,
Ruiz, Llorens, & Aguilar, 2003), and 5.995 (ThurstdDuran, Cunningham, Blanch, &
Topping, 2009). These effect sizes were greater tiva mean effect size of the entire sample
by more than three standard deviations, and hemce @xcluded from this study (Lipsey &
Wilson, 2000).
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The combined effect size of 212 samples was cabailaising random-effects model.
Random-effect model assumes that the samples ébr research paper has been taken from
the population with varying effect sizes (Borenstéiedges, & Rothstein, 2007). The overall
mean effect size was found to be 0.546 with a 9%#tfidence interval of 0.627-0.466.
Cohen (1992) suggested that the effect size of B Znall, 0.50 is medium, and 0.80 is
large, hence the technology was found to have daumedffect on learning effectiveness of
elementary students.

Further, the heterogeneity tests of Q ahdidre conducted for all the effect sizes. When the
meta-analysis is performed on the large numbertudiss, Q statistic has a tendency of
highlighting even the small heterogeneity (Huedodia et al., 2006). With the objective of
overcoming this weakness of Q statistic, Higginsl &tompson (2002) recommendéd |
index which measures the degree of true heterogyeridie F index signifies the between-
studies variability, i.e., the percentage of thalteariability due to true heterogeneity in a set
of effect sizes (Huedo-Medina et al., 2006). Asiclexl in table 6, the Q statistic was found
significant, which indicated the rejection of nhifpothesis of homogeneity. Additionally, |
estimate indicated high heterogeneity as per thgstication proposed by Huedo-Medina et
al. (2006). Hence, the tests of heterogeneity supgothe assumption of random-effects
model.

Table 6: Summary of effect size of path coefficientfor all the studies

Overall
Number of samples (k) 212
Total sample size (N) 32096
Effect Size 0.546
VA 13.297
p(effect size) 0.000
Heterogeneity test (Q)  1453.1
p(Heterogeneity) 0.000
? 0.855
95% upper 0.627
95% lower 0.466

Page 11 of 33



40

35

30

25

20

15

10

o 6]
-0.40 wmm
-0.20 m——
0.00 T
0.20 I
0.40
0.60
0.80 T
1.00 T
1.20 TEEEE—
1.40 =
1.60 m—
1.80 ==

2.00

1.80

1.60

1.40
-1.20

1.00
0.80 ®
0.60
2.00 mm

Figure 3: Histogram of effect sizes
3.3 Moderating variables analysis

Following is the description of each variable thas been taken as the moderator in this
study (Sung, Chang, & Liu, 2016):

1. Domain Subject: Domain subject was considered deoto establish the relative
learning effectiveness of different subjects sushganeral (when technology was
used in learning more than one subject), languagghematics, music, science,
science and technology, social studies, and art.

2. Application Type: Application type was consideredunderstand whether the impact
of technology on learning effectiveness differs tioe learning oriented and general
applications. General applications refer to thesdmological applications which had
not been designed specifically for learning purgosech as Microsoft office, while
learning oriented technologies were designed esjiedor achieving educational
goals.

3. Intervention duration: Different intervention ducats were taken into account for
establishing their relative learning effectiveneles elementary students. The
interventions were considered for the differentadions:< 1 week duration, > 1 week
and< 4 weeks, > 1 month a6 months, > 6 months, and “not mentioned”.

4. Learning environment: Learning environment was @®red to understand whether
the impact of technology on learning effectivened$ers in formal (classroom,
laboratory), informal (home, temple, park, playgrdu outside), and unrestricted
(encompassing both formal and informal) settings.

Thus, in order to conduct moderator analysis, tiiermation such as the domain subject,
application type, intervention duration, and leagnenvironment were noted down for each
reviewed paper. Next, the findings for each modegatariable has been discussed in detail:
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3.3.1 Domain subject

The reviewed papers were grouped according to dorsalbjects in order to conduct the
moderator analysis. Table 7 shows the estimatioeffett sizes for all the domain subjects
along with the Z-values, p-values, and confidenatervals. Figure 4 depicts the 95%
confidence interval for the effect sizes of eachmdm subject. General (g = 0.605, Z = 3.718,
p < 0.001) and science (g = 0.727, Z = 7.462, p0®D had the high effect size, while social
studies (g = 0.273, Z = 2.143, p < 0.05) had theddfect size. Subjects such as language (g
=0.448, Z = 7.108, p < 0.001), mathematics (9469, Z = 7.733, p < 0.001), and science
and technology (g = 0.435, Z = 3.480, p < 0.001 thee medium effect sizes. This suggests
that the use of technology leads to medium leargefifgctiveness for language, mathematics,
and science and technology, while low learningaifeness for social studies. On the other
hand, technology leads to high learning effectigsrfer general subjects and science.

Further, effect sizes were found significant foe &l the domain subjects except music and
arts. It should be noted that the number of rebepapers pertaining to music and arts were
quite small and therefore the results may be kelssbie for them.

Table 7: Moderator analysis by domain subject

. . . Science &  Social
General Language Mathematics Music Science . Art
technology Studies

Number of samples (k) 27 77 41 1 42 15 5 4
Total sample size (N) 3325 18474 4581 186 2861 1235 1068 366
Effect Size 0.605 0.448 0.469 0.483 0.727 0.435 0.273  0.598
Z 3.718 7.108 7.733 NA 7.462 3.480 2.143  1.032
p(effect size) 0.000 0.000 0.000 NA 0.000 0.001 0.032 0.302
95% upper 0.923 0.571 0.588 NA 0.918 0.680 0.522 1.733
95% lower 0.286 0.324 0.350 NA 0.536 0.190 0.023 -0.537
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Figure 4: Moderation — domain subject
3.3.2 Application type

The review papers were grouped according to apgpitdypes for conducting moderator
analysis. Table 8 shows the estimation of the efees for both the application types along
with Z-values, p-values, and confidence interv@ect sizes were found significant and
medium for learning oriented (g = 0.565, Z = 11.,260< 0.001) as well as general (g =
0.488, Z = 6.791, p < 0.001) application types.sTduggests that general as well as learning
oriented applications have medium impact on leayeiifiectiveness.

Figure 5 depicts the 95% confidence interval fer ¢ffect sizes of both the application types.
The most noteworthy finding is the significant deprbetween learning oriented and general
applications.

Table 8: Moderator analysis by application type

Learning Oriented General

Number of samples (k) 155 57
Total sample size (N) 19418 12678
Effect Size 0.565 0.488
VA 11.260 6.791
p(effect size) 0.000 0.000
95% upper 0.664 0.629
95% lower 0.467 0.347
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Figure 5: Moderation — application type
3.3.3 Intervention duration

The review papers were categorized into variousrwention durations in order to conduct
moderator analysis. Table 9 shows the estimatiotn@feffect sizes for all the intervention

durations along with Z-values, p-values, and caniizke intervals. Figure 6 depicts the 95%
confidence interval for the effect sizes of all theervention durations. The effect sizes were
found significant and high for'1 week” (g = 0.704, Z = 6.757, p < 0.001) and “ménths”

(g =0.616, Z =9.077, p < 0.001) durations, whignificant and medium for “> 1 week and

< 4 weeks” (g = 0.546, Z = 5.805, p < 0.001) andL“month andk 6 months” (g = 0.483, Z

= 8.267, p < 0.001) durations.

One of the most noteworthy findings is that the aetp of technology on learning
effectiveness of elementary students is high fa kbng intervention duration of “> 6
months” and the small intervention duration &f I week”. This finding is contrary to the
existing literature according to which brief intention duration tends to have a larger impact
than long intervention duration as highly artificieonditions can be created by the
experimenters for a short period (Cheung & Sla201,.3).
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Table 9: Moderator analysis by intervention duration

<1 week >1 week, <4 weeks >1 month, <6 months  >6 months
Number of samples (k) 45 50 90 18
Total sample size (N) 4334 4980 11330 10582
Effect Size 0.704 0.546 0.483 0.616
VA 6.757 5.805 8.267 9.077
p(effect size) 0.000 0.000 0.000 0.000
95% upper 0.909 0.730 0.598 0.749
95% lower 0.500 0.361 0.369 0.483
1.00
95% upper
0.90 95% lower
0.80 Effect Size
0.70 ‘
0.60
0.50 ‘ ‘
0.40 ‘
0.30
0.20
0.10
0.00

<1 week >1 week, <4 weeks >1 month, <6 months >6 months

Figure 6: Moderation — intervention duration
3.3.4 Learning environment

The review papers were clustered into various tyffdsarning environments for conducting
moderator analysis. Table 10 shows the estimatioth® effect sizes for all the learning
environments along with Z-values, p-values, andfidence intervals. Figure 7 depicts the
95% confidence interval for the effect sizes of thk learning environments. Effect sizes
were found high for informal settings (g = 0.700,=Z6.813, p < 0.001), medium for
unrestricted settings (g = 0.430, Z = 4.827, pG00), and low for formal settings (g = 0.534,
Z=11.272,p <0.001).

As the effect size of informal learning environmeist higher than other learning
environments, it implies that the places such adamr location, playground, park, home,
and temple have a higher impact on learning effengss of elementary students as
compared to classroom and computer laboratory. Timding is in consistency with
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Sandberg, Maris, and de Geus (2011) who articuldiadcurrently learning is not restricted
to the formal educational institutes as children tarn informally out of school as well.
Sometimes, informal learning environment outside #ithool offers significant learning
opportunities as compared to the structured legranvironment inside the school.

Table 10: Moderator analysis by learning environmen

Formal settings Informal settings (home, temple .
& gs ( ! pe, Unrestricted

(classroom, laboratory) park, playground, outside)

Number of samples (k) 167 21 24
Total sample size (N) 27431 1985 2680
Effect Size 0.534 0.700 0.430
YA 11.272 6.813 4.827
p(effect size) 0.000 0.000 0.000
95% upper 0.626 0.902 0.604
95% lower 0.441 0.499 0.255

1.00 95% upper

0.90 95% lower

0.80 Effect Size

0.70

0.60 ‘

0.50 ‘

0.40

0.30

0.20

0.10

0.00

Formal settings (classroom, Informal settings (home, temple, park, Unrestricted
laboratory) playground, outside)

Figure 7: Moderation — learning environment

Another worthwhile finding emerged from the crosglgsis of learning environment with
application type (see table 11). Learning oriemtpplications had high effect size in informal
settings, while medium effect size in formal andestricted settings. Also, the effect size of
learning oriented applications was found higherntiihe general applications in each
environment. It implies that the learning oriengggplications are more effective than general
applications and learning oriented applicationsehne maximum effectiveness in informal
settings.
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As per the cross analysis of learning environmeith vintervention duration, another

important finding (see table 11) was that the fdrsettings have high effect size, while
informal settings have medium effect size fod week intervention duration. However, it
was found that for a long intervention duratior>@fmonth anck 6 months, informal settings

have high effect size, while formal settings havediam effect size. It implies that formal

settings lead to high learning effectiveness farsimtervention duration. On the other hand,
informal settings lead to high learning effectiveméor long intervention duration.

Table 11: Cross analysis of application type and tervention duration with learning
environment

Learning Environment

Formal settings  Informal settings

(classroom, (home, temple, park,
laboratory) playground, outside)  Unrestricted
Application Type General 0.528 -0.069 0.376
Learning Oriented 0.532 0.782 0.513
Intervention <1 week 0.720 0.550 NA
Duration >1 week, <4 weeks 0.580 0.442 0.433
>1 month, <6 months 0.400 0.926 0.662
>6 months 0.655 NA 0.300

3.4 Evaluation of publication bias

Quantitative reviews such as meta-analysis have pbiential to be affected by the
publication bias. The most common publication bhgshe tendency of journals to publish
studies with only statistically significant resylli., success stories (Rosenberg, 2005). There
are some measures which test whether publicatas dxists in the results of meta-analysis.
This study used the classic fail-safe number ofeRtwl (1991) to calculate how many
insignificant effect sizes of unpublished studiesuld be required to reduce the total effect
size to the insignificant level. Fail-safe humbgbasically a procedure to evaluate whether
publication bias (if it exists) can be safely igadr(Rosenberg, 2005). A fail-safe number is
usually considered robust if it is larger than 50f&here n is the original number of studies
included in the meta-analysis. If the fail-safelasger than 5n+10, it indicates that the
estimated effect size of unpublished studies igkelyl to impact the overall effect size of the
meta-analysis. In addition to this, this study alatculated the fail-safe number of Rosenberg
(2005).

As shown in Table 12, the classic fail-safe nunmdetermined that a total of 108100 studies
with insignificant results would be required to lifylthe effect size. Further, the results of
Rosenberg’s fail-safe number test show that thebaurof studies with null results required
to bring the overall effect size to the insignifitdevel was 1295. Both the tests suggest that
the publication bias is unlikely to be the problgmthis meta-analysis.
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Table 12: Results of the fail-safe number tests

Confidence level (alpha) 5%
Number of observed studies 212
Fail safe number (Rosenthal, 1991) 108100
Fail safe number (Rosenberg, 2005) 1295

4. Conclusions

The objective of this study was to integrate thedifigs of multiple independent research
papers measuring the impact of technology on lagreffectiveness of elementary students
and to draw the general conclusions from them. $tugdy was an attempt to find the mean
effect sizes of research studies that experimgniatioduced the technology to elementary
students and quantitatively compared their learreffgctiveness with the control group
which underwent traditional learning. This studytler attempted to discover the moderating
variables that influence the effect of technology learning effectiveness of elementary
students. The review of the present literature empassed 122 peer-reviewed academic
papers with 212 samples and more than 32,000 aiigmng. The findings of these research
papers acted as input to the empirical data arsalgsithis study.

While reviewing and analysing the existing literatutechnology was found leading to the
learning effectiveness of elementary students. mkan effect size for this study was found
medium and significant (g = 0.546, p < 0.001). Thusan be concluded that technology
leads to effective learning of elementary studefisther, a significant variability was found
in the effect sizes of samples which suggestedésel to look for the moderating variables.
From the literature, domain subject, applicatiopetyintervention duration, and learning
environment were found as the moderating variables.

Use of moderating variables provided a number obmamendations. First, technology is
highly effective for learning general subjects awience, moderately effective for learning
language, mathematics, and science and technoldlg poorly effective for learning social
studies. Second, the impact of technology on legreffectiveness of elementary students is
high for long intervention duration of “> 6 monthas well as for small intervention duration
of “< 1 week”. Third, the informal settings in a leagnenvironment leads to higher learning
effectiveness for elementary students comparedrtodl settings. Fourth, the cross analysis
of moderating variables suggests that learningntetk applications are highly effective in
informal settings. Lastly, informal settings arermeffective for long intervention duration,
while formal settings are more effective for shortervention duration. These findings
contribute to a better understanding of the coonithat lead to high learning effectiveness
of elementary students.

4.1 Implications for theory and practice
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This study showed the growing trend towards theewstdnding of the impact of technology
on learning effectiveness of elementary studentomF the theoretical implications
perspective, the findings of this study may offex tesearchers in the area of e-learning with
a ready reference of the present research papessumigg the impact of technology on
learning effectiveness of elementary students. #Afyam integrating the findings of these
research papers, this study also attempted toreliffiate the results on the basis of domain
subject, application type, intervention durationd d&earning environment. The most common
domain subjects studied in the existing researcphensa were language, science, and
mathematics, followed by general, science and t@olgy, and social studies. The domain
subjects such as art and music were least stulliedresearchers had extensively studied the
effectiveness of learning oriented applications &mthal learning environment. Thus, the
findings of this review may act as a useful souofeinformation for the researchers,
especially if they wish to learn more about a pattir domain subject, application type,
intervention duration, and learning environmentrtiker, the findings may also help new
researchers in the field of e-learning to identifgre appropriate journals to refer to and to
publish their research.

This study also provided significant implication®rh practical perspective. The findings
indicate the effectiveness of technology for défer domain subjects, application types,
intervention durations, and learning environmerds délementary students. For example,
under domain subject’s category, technology wasnhdounost effective for science. It
suggests that there should be a focus to encouwsg®f technology in teaching science to
the elementary students. Further, learning orieatedlell as general applications were found
moderately effective, with marginally higher effeeness of learning oriented applications,
suggesting the need to design the learning oriespgdications. Thus, more research efforts
should be laid on designing such applications. feecshould also be encouraged to utilize
research based learning oriented applicationsair thlass (Sung et al., 2016). Further, high
effectiveness of informal learning environment sgjg that school authority should lay
more focus on holding a number of informal learnawivities using technology than just
equipping their classrooms with technology. Sudbrimal activities also offer the significant
learning opportunities to the students (Sandbeed. €2011).

Findings from the cross analysis suggest thate¢hening environment found successful for
an application type and a particular interventiomagion may not work for the other. Thus,
the suitable combination of learning environmenthwapplication type and intervention
duration should be utilized. For example, inforreattings were found useful for learning
oriented applications as well as long interventidmration. It implies that the school
authorities should teach the students using legraiiented applications in informal settings
such as outdoor locations. Further, they should latdd such activities for long duration for
more effective learning. Apart from that school hewities should also emphasise on
imparting training to the teachers on the use ohrtelogy in classrooms as teachers are
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supposed to empower the students with the beradfésed by technology (Gulbahar, Ilkhan,
Kilis, & Arslan, 2013). Lastly, researchers andqtitéoners will find this study a valuable
source of information, specifically if they wish t@min more knowledge on various facets
relating to the existing research measuring thearhpf technology on learning effectiveness
of elementary students.

4.2 Limitations and future research

This study employed rigorous methodology, but ¢idre are certain limitations that should
be taken into consideration by future researchedspaactitioners. The findings of this study
should be interpreted within the context of thoswithtions. Furthermore, this section
discusses the directions of future research.

Firstly, the research papers for meta-analysis wentacted from some of the popular online
databases by using a set of key search terms. Howbkased on those limited key search
terms, some of the relevant research papers mayavet been extracted. Additionally, some
other relevant research papers published in thengdsi that were not part of these online
databases may have not been considered for tlaig. stu

Secondly, the findings of this study may be infloeth by the “publishing bias”. This is

because of the fact that the research papers witlifisant findings have more chances of
getting published. Thus, the research papers waignificant findings could not be analysed
in this study. Further, this study may also be ioted by “sampling bias” as only those
research papers were analysed which had suffieidatmation available for calculating

effect size.

Thirdly, this study could not explore the modergtimpact of domain subjects such as music
and arts as the sample was insufficient to meaberenpact of technology on learning these
subjects. Therefore, in order to understand theaohmf technology on the learning
effectiveness for these subjects, future researchede conducted. Also, there is a lack of
research which studies the effect of unrestriciesiing settings for small intervention
duration of< 1 week and informal settings for long interventeration of > 6 months.

Lastly, though this study examined the effect oflerating variables such as domain subject,
application type, intervention duration, and leagnienvironment, there might exist other

characteristics such as cultural differences thay iect as the moderating variables. These
potential moderating variables were not consideheel to scarcity of details about them in

the research papers considered for review. Fugsearchers can perform investigation on
such aspects also.
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Highlights

M easures the impact of technology on learning effectiveness of elementary students.
Conducts the statistical meta-analysis of effect sizes.

Means and standard deviations were used to estimate effect sizes.

Confirms the medium effect of technology on learning effectiveness.

Discusses the impact of technology at different levels of moderating variables.



