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Abstract

R is widely used to perform meta-analysis for international publication. However, R has been rarely
used by Thai academics and researchers to conduct meta-analyses for research and publication.
This could be viewed as a practice gap. Thus, the goal of this paper is to alleviate this gap by
encouraging the Thai academic and research community to use R for meta-analysis in the business
research context. This article will demonstrate that R is just as effective as other programs at
performing a basic meta-analysis, and beyond. The article is divided broadly into two main parts:
systematic review and meta-analysis. The idea of systematic reviews is explained in the first part of
the article, which comprises two subsections. The primary goal of Subsection 1 is the application of
SRQ (instead of PICO), a framework for precisely articulating the research question that serves as
the basis for additional literature inclusion in the meta-analysis at hand. Subsection 2, which defines
the criteria for accepting or rejecting studies to be included in a meta-analysis study at hand, deals
with the application of PRISMA. The remaining part of the paper focuses on how meta-analysis is
carried out in R, as well as related topics, starting with the import of datasets for analysis from an
Excel file. Examples of R scripts are provided to conduct meta-analysis using R. Text outputs of all
required statistics are generated, for example, pooled effect sizes in the form of common (fixed) and
random effects for assessing the heterogeneity of studies included in the meta-analysis at hand. In
addition, R can generate both forest and funnel plots. The paper also discusses how to use the funnel
plot to determine the publication bias of the study. R is fully capable of doing comprehensive meta-
analyses, being on par with or even surpassing other programs in some areas. Thai researchers and
academics can utilize R with confidence. Thus, Thai researchers and academics are strongly
encouraged to use R for meta-analysis and share their findings, like other international researchers.
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Using R for Meta-analysis in Business Research Context

Introduction

Based on Figure 1, the number of international publications using meta-analysis
has increased sequentially during the period of 1991-2021 (Dettori et al., 2022),
resulting in the emergence of many meta-analysis software packages, but two
packages R and STATA have the most meta-analysis methods (Balduzzi et al., 2019).
However, it must be remembered that software packages such as STATA and CMA
are costly because they are commercial packages, whereas R is freeware and is widely
used internationally. An urge to use R for meta-analysis by Thai scholars could be
found in the work of Chananate (2010). In addition, Dechpichai et al. (2017) conducted
a meta-analysis using R in the context of health sciences in Thailand. However, the
use of R for meta-analysis in the context of business research context in Thailand,
based on a literature review, is rare or non-existent. This could be considered a
(practice) gap for this paper. For that reason, this paper attempts to fill this gap, by
urging Thai academics and researchers to use R to conduct meta-analysis for their
business research. R is used widely in practice for meta-analysis in business research
in the international context. In short, R is free and fully capable of conducting meta-
analysis for business research.

Figure 1
Trends of Articles Using Meta-analysis for International Publications.
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Origin of Meta-analysis

O'Rourke (2007) stated that meta-analytic thinking has been seen since 1900.
In that year, Karl Pearson studied British soldiers in several areas and compared
groups vaccinated against typhoid fever to unvaccinated soldiers. However, Karl
Pearson did not coin the term “meta-analysis™. In 1976, Gene Glass was the one who
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coined the term "'meta-analysis". He stated that "the statistical analysis of a large
collection of results from individual studies for the purpose of integrating the findings"
and added that it was "an analysis of analyses" (Gogtay & Thatte, 2017). The application
of meta-analysis in medicines began a few years after the term “meta-analysis” was
coined (O'Rourke, 2007). In short, meta-analysis is a research technique used to
methodically combine and synthesize data from several quantitative studies in a
particular field of study (Paul & Barari, 2022).

Systematic Review in Brief

A systematic review is the required antecedent of meta-analysis. In the
systematic review stage, in general, two concepts need to be applied together: PICO
and PRISMA. The former leads to the identification of clear research question(s) of
the meta-analysis of the study at hand. The latter executes the inclusion and exclusion
of studies to be included in the meta-analysis study at hand. In addition, it also spells
out the final number of studies to be included in a meta-analysis. One could study
systematic reviews in depth from the work, such as Cajal et al. (2020). However, PICO,
in the context of business research, may not be applicable. Thus, an alternative to
PICO must be sought. This is done in the next section.

A proposed SRQ, as alternative to PICO in business research

It is common to use PICO, P (population), | (intervention), C (control), and O
(outcome) as a base for the researchers to ultimately derive a research question. Thus,
the overall purpose of PICO is to identify the research question. However, PICO may
not work well with meta-analysis studies in the context of business research, because
meta-analysis studies in business do not incorporate intervention and control groups
in such studies. Thus, this article proposes a new concept, SRQ, to form a basis for a
business research meta-analysis study, such as the one used as an example in this
article. Let’s try to explain SRQ. Here, S stands for sample. What is the target sample
of the meta-analysis study? Given the example studies from the work of Ibrahim (2021)
as examples for this article, the target samples are customers who are exposed to
social media marketing activities of product brands. R stands for relationship. What
relationship is being studied? The relationship between social media marketing
activities and brand loyalty is being studied. Finally, Q stands for (research) question.
What (research) question is being studied? The main research question being
addressed by the example case of this article is, is the relationship between social
media marketing activities and brand loyalty significantly positive? When the research
question becomes clear, the business meta-analysis researcher knows what studies
they need to look for during the systematic review phase. The next section describes
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PRISMA (see Figure 2), a protocol to include or exclude studies in a meta-analysis at
hand.

Using PRISMA to include or exclude studies for meta-analysis

In this article, the research question was obtained through the application of
SRQ earlier. The research question is, is the relationship between social media
marketing activity (SMMA) and brand loyalty significantly positive? Based on the
literature review, this important research question has not been addressed in prior
meta-analyses. We borrow this research question from the work of lbrahim (2021)
which we use as a main example in our article. The next step is to employ the concept
of PRISMA to include or exclude studies of the meta-analysis based on the criteria set
by the researcher beforehand. It is a widely accepted practice that PRISMA is used
as a procedure to include or exclude studies for meta-analysis. PRISMA stands for
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (Page et al.,,
2021). Given the example of this study, variables that need attention include the
correlations (r) between social media marketing activity and band loyalty and sample
sizes (n) of individual studies. Finally, a total of eleven studies are included in the meta-
analysis used as an example in this article (see Figure 2).

Assessing the quality of studies to be included in a meta-analysis

Feeley (2020) discusses the assessment of the quality of studies to be included
in a meta-analysis study. Valentine (2009, as cited in Feeley, 2020) outlines four
general areas whereby primary studies might be evaluated: (a) internal validity; (b)
external validity; (c) statistical conclusion validity; and (d) construct validity. Of course,
studies could be assessed using other areas/domains. Finally, Feeley (2020) suggests
that there should be a section designated to assess the quality of studies to be
included in a meta-analysis study. In addition, the researcher needs to explicitly define
the assessment criteria in operational terms.

Conducting Meta-analysis using R

According to R Core Team (2021), R is a language and environment for
statistical computing and graphics. To conduct a meta-analysis, an R package is
required. This paper mainly uses the meta package. Let’s begin by summarizing the
capabilities of the meta package to perform meta-analyses. There are, of course, other
R packages that could be used to conduct a meta-analysis. Table 1 summarizes the
capabilities of the meta package to calculate the pooled effect sizes for meta-analysis.
Obviously, the meta package is able to calculate adequate effect sizes for meta-
analysis for both single-group and two-group meta-analysis research designs. First,
researchers need to learn how to get the data into R for further meta-analysis. There
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are multiple ways that the data could be brought into R. To be able to do this,
researchers wishing to use R need to learn the R syntax to instruct the meta package
to perform the desired meta-analyses. The meta package produces both text and
graphical outputs. Thus, researchers need to know how to interpret the necessary
outputs generated by the meta package. The ability to interpret the outputs generated
by R is crucial for reporting and publication.

Figure 2
PRISMA Illustrating the Procedure of Inclusion and Exclusion of Studies for
Meta-analysis (Page et al., 2027).

P
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Capabilities of meta package to pool the effect sizes

Here, the capabilities of the meta package to pool the effect sizes are
summarized in Table 1. For full information on the meta package, please consult the
work of Balduzzi et al. (2019).

Table 1
Statistical Methods, Functions, and Effect Sizes.

Statistical methods Functions Effect sizes
Meta-analysis of single means metameans MRAW and MLN
Meta-analysis of single proportions  metaprop  Proportion
Meta-analysis of single incidence metarate  Incident rate and HR
rates

Meta-analysis of single correlations  metacor COR and ZCOR

Meta-analysis of continuous metacont  MD, SMD, and ROM

outcome data

Meta-analysis of binary outcome metabin RR, RD, OR, ASD, DOR, and VE
data

Meta-analysis of incidence rates metainc IRR, IRD, IRSD, and VE
Meta-analysis of genetic inverse metagen RR, logRR, RD, OR, ASD, DOR,
variance and VE

Remarks: MRAW = mean, MLN = log transformed mean, HR = hazard ratio, COR = correlation, ZCOR = Fisher’s
z transformed correlation, MD = mean difference, SMD = standardized mean difference, ROM = ratio of mean,
RR = relative risk/risk ratio, RD = risk difference, OR = odds ratio, ASD = arcsine difference, DOR = diagnostic
odds ratio, VE = vaccine effectiveness, IRR = incidence rate ratio, IRD = incidence rate different, IRSD =
square root transformed incidence rate difference

In addition, there are several plots that could be generated by the meta
package, including Forest plot, Funnel plot, Galbraith plot/radial plot, L’Abbe plot,
Baujat plot, and Bubble plot.

Getting data into R

Again, the research question used as an example in this article is, is the
relationship between social media marketing activities and brand loyalty positively
significant? The dataset used in this article comes from the work of Ibrahim (2021).
Data could be brought into R in two main ways. First, the data could be typed directly
into R. Second, the data could be read from an Excel file located, for example, on the
D: drive of a computer. Both raw data and effect sizes could be used as data inputs
in R. For the sake of simplicity, this article adopted the second way, reading the data
from an Excel file located on a D: drive. An example of research data is located on the
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left side of Figure 3. The data includes these variables, author, year, n, r, and location.
R users need to produce an Excel file holding the exact same data, but needs to be
done in R fashion (e.g. meta package), so R could read the data from the designated
file storage location. We exerted an additional column, called g. This column is used
for subgroup analysis in further analysis. In summary, a total of eleven studies are
included in the example dataset. Variables included are an author (studlab), year
(year), n (n), r (cor), location (location), and column D (g) intentionally added for
subgroup analysis intentionally included in the meta-analysis design. In Figure 3 the
data on the left, used as an example in this article, comes from the work of Ibrahim
(2021) and the data on the right is an Excel data file, created based on the data located

on the left.
Figure 3
Excel File Serving as a Data File (Located on Drive D:).
A B & D E [z
Mo Mihar Yasst i i loction 1 |cor n studlab g year location
| Salem and Salem 019 I ol el aysia 2 0.41 240 Salem and Salem  South East Asia 2019 Malaysia
1 ¥han 2019} me Ml ik Sl Avabils 3 0.37 241 Khan Middle East 2019 Saudi Arabia
i Ibwaiim and Aljarah ma k2 0% Momthern Cyprus 4 0.26 389 Ibraham and Aljarah Middle East 2018 Northern cyprus
4 Yaday and 'I‘é""»’" b in o Indiz 5 0.09 371 Yadav and Rahman  South Asia 2018 India
3 L‘f"""“"’ (g i:i ;ﬁ g: '1"1;: H 6 0.38 286 Laksamana South East Asia 2018 Indonesia
L] i 7 L [ i .
7 Atmed and Hissain (2015) ma o un Palistn z 065  547\Blgn _{Madle Eact 2018/ Turkey
§ bsmail W7 % s Walaysiz 8 040 250 Ahmed and Hussain South Asla 2018 Pakistan
3 Ngherabat a7 o M Judan 9 0.43 346 Ismail South East Asia 2017 Malaysia
10 Keramian e al (015) il 35 ik} kan 10 0.24 400 Algharabat Middle East 2017 Jordan
n Tarig {(2015) ms 15 ] Pekisn 1 0.80 313 Karamian et al. Middle East 2015 Iran
The el sampe size ¥ 12 0.25 130 Tarig South Asia 2015 Pakistan

Instructing R to conduct meta-analysis through syntax

Figure 4 is an example of a set of commands to instruct R to perform a meta-
analysis to obtain the desired statistics. Starting with lines 1-2, R is instructed to install
packages that the researcher wants, such as the meta package created by Balduzzi
et al. (2019) for meta-analysis and readx| package created by Wickham & Brayan
(2023) to read data from an Excel file located on drive D: for our example. Line 3,
library(meta), is to put the meta package to use. Line 4 is to put the readx| package to
use. This package is designed specifically to read the data from Excel files.

Line 4, data <-read_excel ("D:/Brand loyalty_1.xIsx"), reads raw data from the
Excel file located on D: drive. Line 5, data, instructs input data to be displayed. Line
7-12 is a set of commands that uses the metacor function to analyze input data
consisting of cor, n, and studlab (cor = correlation, n = sample size, and studlab =
study). Line 13 provides the results of the analysis in text outputs. Line 14 is a
command for generating a forest plot. Line 15 is a command for generating a funnel
plot.

74 11981938 INENNTINE, 2567, 37(1), 67-88.
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Figure 4
An Example of R Syntax to Conauct Meta-analysis.

1 install.packages (“meta”)
install.packages (“readx1l”)
library (meta)
library ("readx1l")
data <-read excel ("D:/Brand loyalty 1l.xlsx")
data
ml<- metacor (
cor,
9 n,
10 studlab,
11 data = data,
12 sm = "COR")
13 ml
14 forest (ml)
15 funnel (ml)
16 bl<- InfluenceAnalysis(ml, random = TRUE)
17 plot(bl, "baujat™)

O Jo Uk W

18 sl<-metainf (ml, pooled = "random")

19 print(sl)

20 m.reg <- metareg(ml, ~year)

21 bubble(m.reg, studlab = TRUE, bg = "lightblue")

Lines 16-17 are commands for generating a Baujat plot. Lines 18-19 are
commands for conducting sensitivity analysis. Line 20 is the command for meta-
regression. Finally, Line 21 is the command for bubble plot. We strongly encourage
readers to consult the meta and readxl packages further explanations on the
commands provided in Figure 4.

By the way, the metacor function is used to analyze single correlations for this
paper. This function is applicable to the single-group design. In other words, there is
no comparison between two groups here. Common (fixed) and random effects meta-
analysis of correlations can be calculated in two ways. First, they can be computed by
Fisher's z transformation of correlations (ZCOR in R command language). Second, they
can be computed by untransformed correlations (raw scores) (COR in R command
language) (Balduzzi et al., 2019). The example presented in this article uses
untransformed correlations (COR) as effect sizes as inputs for conducting the example
meta-analysis of this article.

Results of meta-analysis in text outputs
From Figure 5, the results of the analyses can be divided into four major
sections from top to bottom.
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Figure 5

Results of Meta-analysis in Text Outputs.

COR 95%-CI SW (common %W (random

) )
Salem and Salem 0.4100 [0.3045; 0.5155] 4.8 9.0
Khan 0.3700 [0.2608; 0.4792] 4.4 9.0
Ibraham and Aljarah 0.2600 [0.1672; 0.3528] 6.2 9.2
Yadav and Rahman 0.0900 [-0.0111; 0.1911] 5.2 9.1
Laksamana 0.3800 [0.2807; 0.4793] 5.4 9.1
Bilgin 0.6300 [0.5794; 0.6806] 20.7 9.5
Ahmed and Hussain 0.4000 [0.2957; 0.5043] 4.9 9.0
Ismail 0.4300 [0.3440; 0.5160] 7.2 9.2
Algharabat 0.2400 [0.1475; 0.3325] 6.2 9.2
Karamian et al. 0.8000 [0.7601; 0.8399] 33.2 9.6
Tariqg 0.2500 [0.0882; 0.4118] 2.0 8.2
Number of studies combined: k = 11
Number of observations: o = 3513
COR 95%-CI Z p-value
Common effect model 0.4229 [0.5199; 0.5659] 26.42 < 0.0001
Random effects model 0.3916 [0.2737; 0.5096] 6.51 < 0.0001

Quantifying heterogeneity:
tau”2 = 0.0370 [0.0170; .1147]; tau = 0.1932 [0.1304; 0.3386]
I72 = 97.3% [96.4%; 89.1%]; H 6.14 [5.26; 7.16]

Test of heterogeneity:
Qo d.f. p-value
377.07 10 < 0.0001

Details on meta-analytical method:
- Inverse variance method
- Restricted maximum-likelihood estimator for tau”2
- Q-Profile method for confidence interval of tau”2 and tau
- Untransformed correlations

Section one summarizes the names of 11 individual studies, correlations, Cls,
and common and random weights of individual studies. Section two summarizes the
number of studies (k= 11) and the total sample size (n = 3,513 samples). Section three
summarizes pooled effect sizes for both common and random effects models. The next
two sections summarize heterogeneity values. Finally, the last section summarizes
details on the meta-analytical method of the example study. Here, the random effect
model may be selected because the heterogeneity is high (97.3%). Another reason
that the random effect model is used is that the distribution of effect sizes of the
studies is not normal (Spineli & Pandis, 2020). One solution is to identify outliers and
remove the necessary outliers (i.e. studies deemed as outliers). In this article, the
problem of heterogeneity is solved by using outlier analysis removing studies that may
be identified as outliers based on the outlier analysis.

Between-study heterogeneity and other required statistics

Between-study heterogeneity refers to the degree of similarity of the pooled
effect sizes (e.g. correlations) of studies that are included in the meta-analysis (Linden
& Honekopp, 2021). If the values of the effect sizes are close together, it could be
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considered that the degree of heterogeneity is low. This is desirable. On the other
hand, if they are not close together, it would mean that the degree of heterogeneity is
high. This is certainly not desirable. Heterogeneity levels can be measured by
Cochran's Q-statistic, Higgin's & Thompson's #, and Tau-squared 7°. R provides the
outputs for all these statistics and their p-values where required (see Figure 5). In
general, we do not want heterogeneity to be significant. The degree of heterogeneity
could be classified as low, moderate, or high. Moderate to low are desirable levels of
heterogeneity. These are expressed as percentages (%), see the levels of
heterogeneity at the end of this section, with cut scores at 25% (low heterogeneity),
50% (moderate heterogeneity), and 75% (high heterogeneity). One way to address
high heterogeneity is to conduct an outlier analysis (identifying extreme values) as
mentioned earlier. If outliers are found, a researcher may consider taking those outliers
out, and reconduct the meta-analysis again without outliers.

Forest plot

A forest plot is a graphical representation of the findings of a meta-study
(Dettori et al., 2021). In the preceding section, the results of the meta-analysis are
shown as text outputs. R also displays graphic outputs, a forest plot, for example.
Based on Figure 6 below, eleven studies were included (no outliers excluded) in the
forest plot. From left to right, the first column is called Study. This column contains
studies included in the meta-analysis at hand. The second column is called Total. This
column includes the number of sample sizes of the eleven studies included in the meta-
analysis at hand. The third column contains individual studies’ effect sizes, and at the
end the pooled effect size using visual representations. The next column is COR,
symbolizing correlation (r). This column includes the effect sizes of individual studies
and the pooled effect size of the study. The remaining columns include Cls and
common (fixed) and random weights, both expressed in %. In short, based on the
forest plot, the relationship between social media marketing activities (SMMA) and
band loyalty (BY) is positive. The bottom left of the diagram showed heterogeneity (p
<.0l)and # = 93%. One solution that could reduce the level of heterogeneity is to
exclude studies identified as outliers. This is done later.

Funnel plot

An idea of a funnel plot is to graphically illustrate whether the studies are spread
out asymmetrically. Based on Figure 7, it is obvious that the eleven studies included
in the example study are asymmetric. This is certainly not desirable. Again, if outliers
(studies) are taken out the results may improve. Let’s wait until outlier analysis is

Journal of Research Methodology, 2024, 37(1), 67-88. 77



Gamon Savatsomboon, Ong-art Chanprasitchai, Anirut Pongklee, Sujin Butdisuwan,
Piyapun Santaveesuk, and Kanokwan Noppan

conducted later to see if the funnel plot is still asymmetric when reanalyzed with the
outliers removed. The expectation is the antithesis.

Figure 6
Forest Plot (Outliers Not Removed).
Weight Weight

Study Total Correlation COR 95%-Cl (common) (random])
Salem and Salem 240 _.._ 041 [0.30;0.51] 6.8% 9.0%
Khan 241 —- 0.37 [0.26;0.47] 6.8% 9.0%
Ibraham and Aljarah 389 s 026 [0.16;0.35] 11.1% 9.2%
Yadav and Rahman 371 - 0.09 [-0.01;0.19] 10.6% 9.2%
Laksamana 286 —ﬂ— 0.38 [0.28; 048] 8.1% 9.1%
Bilgin 547 j 0.63 [0.58;0.68] 15.6% 9.3%
Ahmed and Hussain 250 - 040 [0.29;0.50] 7.1% 9.0%
Ismail 346 - 0.43 [0.34:0.51] 99%  92%
Algharabat 400 3 i 024 [0.15;0.33] 11.4% 9.2%
Karamian et al. 313 i MW 080 [0.76;0.84] 8.9% 9.1%
Tariq 130 —ﬁi 0.25 [0.08;0.40] 3.6% 8.6%
Common effect model 3513 5} 0.43 [ 0.40; 0.45] 100.0% -
Random effects model | -=i3|=- 0.41 [0.27; 0.54] - 100.0%
) ) 0.5 0 05
Heterogeneity: I~ =96%, 1 =0.0728, p <0.01 COR
Figure 7
Funnel Plot (Outliers Not Removed).
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Baujat plot, identifying potential outliers

A Baujat plot can be used to identify potential outliers of the study. Based on
the Baujat plot below, potential outliers could be visually examined. However, it is
probably challenging to identify the exact number of outliers. Thus, it is recommended
that a function of the dmetar package is used to identify outliers of the study. This is

done in the next section.

Figure 8
Baujat Plot for Identifying Potential Outliers.
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Outlier analysis, identifying and removing outliers

Here, outlier analysis was performed to detect outliers using the dmetar
package. Five outliers (out of eleven) were detected; namely, "Ibraham and Aljarah’,
"Yadav and Rahman®, "Bilgin", "Algharabat’, and "Karamian et al." If outliers were found,
a researcher could take them out from his/her analysis. Doing so could lead to
improving the level of heterogeneity of his/her study. Based on Figure 9, it can be seen
that both common (fixed) and random effects are significant (based on confidence
intervals (Cls) presented in Figure 9). Also important, the heterogeneity tests were
conducted, and the F threshold and p =0.52 (p>0.05) passed the criteria, meaning
after excluding the outliers, the remaining studies’ effect sizes (value) are close. Here,

the level of heterogeneity is at a moderate level (acceptable). In short, the
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heterogeneity level improved drastically (from 96% to 0%) after taking out the
identified outliers. In fact, the improvement is excellent.

Figure 9

Forest Plot (Outliers Already Removed).
Weight Weight

Study Total Correlation COR 95%-Cl (common) (random)
Salem and Salem 240 —l— 0.41 [0.30;051] 16.1% 16.1%
Khan 241 1 0.37 [0.26; 0.47] 16.1% 16.1%
Laksamana 286 0.38 [0.28;0.48] 19.2% 19.2%
Ahmed and Hussain 250 —F— 0.40 [0.29; 0.50] 16.7% 16.7%
Ismail 346 —l- 043 [0.34;0.51] 233%  23.3%
Tariq 130 —I—IF 0.25 [0.08; 0.40] 8.6% 8.6%
|
|
Common effect model 1493 <> 0.39 [0.34; 0.43] 100.0% -
Random effects model | | | <3|> 0.39 [0.34; 0.43] - 100.0%

- . 044 02 O 02 04
Heterogeneity: /= = 0%, t~ < 0.0001, p = 0.52 COR

ldentifying publication bias through funnel plot

The idea of the funnel plot is to illustrate whether the included studies of a
meta-analysis are not asymmetrical. If the funnel plot illustrates that the studies are
not asymmetrical, it basically means that there is no publication bias. In other words,
a symmetrical funnel plot is desirable because it indicates an absence of both biases
and heterogeneity (Simmonds, 2015). Based on Figure 10, it appears that the included
studies in this article are not asymmetrical; therefore, no publication bias. Please note
that the heterogeneity is at 0%. This is a clear indication that publication bias does not
exist. However, this is already confirmed by the text outputs presented earlier in Figure
5. The funnel plot has two major components: correlation (i.e., effect sizes) and
standard error.

The former represents the effect sizes of the included studies. The latter
indicates the level of asymmetry or the degree of heterogeneity (approaching zero
preferable). Based on the text outputs (presented in Figure 5), the p-value of the
heterogeneity is nonsignificant. This indicates clearly that there is no publication bias.
In summary, both the text outputs and funnel plot confirm that publication bias is not
a problem for the study at hand.
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Figure 10

Funnel Plot (Outliers Removed) of Effect Sizes (Correlation).
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Sensitivity analysis

Sensitivity analysis aims to test whether a single study dominates the pooled
effect size of the meta-analysis at hand. We certainly do not want that to happen.
Sensitivity analysis uses an analysis called influential analysis. The idea of influential
analysis is to omit one study at a time using the leave-one-out method that comes with
the meta package. Based on the analysis in Figure 9, the pooled effect is significant
(p<0.05). Let’s take a Salem and Salem study as an example. If a study by Salem and
Salem is omitted (taken out), we would expect the pooled effect size to be still
significant (p<0.05). If not, we can assume that the Salem and Salem study is an
influential study. The latter is not desirable. Again, an influential study refers to a study
that dominates the pooled effect size of the meta-study at hand. Before analyzing the
next leave-one-out round, the last study taken out (omitted) needs to be put back in.
Of course, an influential analysis requires a specific set of syntax. With the right
syntax, R will perform a desired sensitivity analysis for the researcher. There are two
possible sensitivity analysis outcomes. The first outcome, all selected studies pass the
sensitivity test, in which case, a researcher does not have to do anything further. The
researcher just needs to report the results of the sensitivity analysis without any
influential study. If, however, one or more selected studies do not pass the sensitivity
test, it would mean that one or more studies need to be taken out to make the meta-
analysis at hand free from any influential study.
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Figure 11
Sensitivity Analysis (Influential Analysis) Text Outputs.

Influential analysis (random effects model)

COR 95%-CI p-value taun2
Omitting Salem and Salem 0.3862 [0.3391; 0.4333] <0.0001 0.0000
Omitting Khan 0.3938 [0.3470; 0.4407] <0.0001 0.0000
Omitting Laksamana 0.3925 [0.3448; 0.4402] <0.0001 0.0000
Omitting Ahmed and 0.3881 [0.3409; 0.4354] <0.0001 0.0000
Hussain 0.3768 [0.3271; 0.4266] <0.0001 0.0000
Omitting Isamail 0.4008 [0.3562; 0.4454] <0.0001 0.0000

Omitting Tariqg
0.3901 [0.3471; 0.4332] <0.0001 0.0000

Pooled estimate tau I~2
0.0004 0.0%
Omitting Salem and Salem 0.0019 0.0%
Omitting Khan 0.0009 0.0%
Omitting Laksamana 0.0015 0.0%
Omitting Ahmed and 0.0025 0.0%
Hussain 0.0000 0.0%
Omitting Isamail
Omitting Tariqg 0.0020 0.0%

Pooled estimate

Details on meta-analytical method:

- Inverse variance method

- Restricted maximum-likelihood estimator for tau”2
- Untransformed correlations

Subgroup analysis

Subgroup group analyses below are divided by geographical region. Based on
Figure 12, studies from different countries are subdivided into three regions: South
East Asia, Middle East, and South Asia. Please note that the study called Khan would
not be counted as a group because there is only one study under the Middle East.
From left to right, the forest plot starts out with a study under which subgroups and
individual studies are classified. The second column is the total sample sizes of
individual studies. The third column presents the effect sizes of individual studies and
overall. The fourth column includes actual correlations pulled from individual studies.
The two pooled effect sizes are from the common (fixed) effect model and the random
effects model. Finally, the remaining columns include Cls and weights from both
common and random models. Here, we demonstrated how the meta package can be
used to conduct subgroup analysis. For example, the pooled effect sizes of subgroups
can be spelled out. However, subgroup analysis is an advanced analysis. Using
subgroup analysis is contingent upon the objective of the meta-analysis at hand and
the researcher’s ability to carry out subgroup analysis. For in-depth knowledge of
subgroup analysis and how to carry out a meta-analysis using R, researchers are
strongly recommended to study the work of Harrer et al. (2021).
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Figure 12
Forest Plot and Subgroup Analysis.
Weight Weight

Study Total Correlation COR 95%-Cl (common) (random)
|
Salem and Salem 240 —l— 041 [0.30;0.51] 16.1% 16.1%
Laksamana 286 —-— 038 [0.28; 048] 192% 192%
Ismail 346 —- 043 [0.34;0.51] 23.3% 23.3%
872 <JT":> 0.41 [0.35; 0.46] 58.5% -
== 0.41 [0.35; 0.46] - 58.5%
|
|
|
|
Khan 241 —-— 0.37 [0.26; 0.47] 16.1% 16.1%
|
|
|
|
Ahmed and Hussain 250 + 040 [0.29;0.50] 16.7% 16.7%
Tariq 130 —8— 0.25 [0.08;0.40] 8.6% 8.6%
380 *i:lf? 0.35 [0.26; 0.44] 25.4% -
= 0.34 [0.19; 0.47] - 25.4%
i
|
Common effect model 1493 <= 0.39 [0.34; 0.43] 100.0% -
Random effects model | : : <3|> 0.39 [0.34; 0.43] - 100.0%
. ) 04 02 0 02 04
Heterogeneity: I~ = 0%, t~ <0.0001, p =052 COR
Test for subgroup differences (common effect): ,.rj =130, df =2 (p = 0.52)
Test for subgroup differences (random effects): ;: =1.08,df =2 (p = 0.59)

Meta-regression and Bubble plot

The two topics, meta-regression and bubble plot, are advanced topics. Thus,
the decision rests with the researcher whether to conduct meta-regression and bubble
plot. It also depends on how sophisticated the researcher is in terms of their ability to
conduct meta-regression and bubble plot using R. The results of meta-regression can
be illustrated in two ways. However, these two ways go hand in hand. The first way
provides the results of the meta-regression analysis in text outputs, and the second
provides the results of the meta-regression in a graphic format (e.g. bubble plot). As
usual, the researcher needs to instruct R to conduct a meta-regression analysis. No
new data is required because meta-regression is performed using the same dataset at
hand. If a researcher wants to conduct a meta-regression analysis, he/she needs to
identify independent variable(s) carefully. Given, the example data used in this article,
a researcher could choose the year as an independent variable. Here, a researcher
would like to know if the independent variable (year), for example, has caused any
change in the pooled effect size of all studies included over times. Figure 13 is the
text output for meta-regression analysis. Based on Figure 13, the independent variable
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(year) is not the cause of change in the pooled effect sizes of all studies included in
the meta-analysis study (p > .05).

Figure 13

Text Output of Meta-regression.
Mixed-Effects Model (k = 6; tau”2 estimator: REML)

tau”2 (estimated amount of residual heterogeneity): 0 (SE = 0.0020)
tau (square root of estimated tau”2 wvalue): 0

I”2 (residual heterogeneity / unaccounted variability): 0.00%

H"2 (unaccounted variability / sampling variability): 1.00

R"2 (amount of heterogeneity accounted for): 100.00%

Test for Residual Heterogeneity:
QE (df = 4) = 3.3545, p-val = 0.5003

Test of Moderators (coefficient 2):
OM(df = 1) = 0.6943, p-val = 0.4047

Model Results:

estimate se zval pval ci.lb ci.ub
intrcpt -33.4630 40.6290 -0.8236 0.4102 -113.0945 46.1684
year 0.0168 0.0201 0.8332 0.4047 -0.0227 0.0562

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 **" 0.05 '.” 0.1 " 1

Based on the bubble plot presented in Figure 14, the independent variable
(year) is not the cause of change in the pooled effect sizes of all studies included in
the meta-analysis study (p > .05). Researchers could study meta-regression further
from the work of Tatsioni & loannidis (2017), for example.

Advanced Topics

What we have presented so far are the basics of meta-analysis, and some
advanced topics including meta-regression and bubble plot. However, there are more
advanced topics in meta-analysis. These advanced topics are worthy of learning; thus,
researchers are recommended to further study these advanced topics, because these
advanced topics would serve as advanced options for analyzing meta-analysis data for
their research. The results of the analyses would, of course, be more advanced,
leading to more sophisticated and stronger research works. These advanced topics
include: Cumulative meta-analysis, Power analysis, Multilevel meta-analysis, Structural
equation meta-analysis, Network meta-analysis, and Bayesian meta-analysis.
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Figure 14
Bubble Plot and Meta-Regression.
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Minimum Requirements for Publishing Using Meta-analysis

This section describes what needs to be included in the researcher’s
manuscript for publication using meta-analysis at the minimum. First, the researcher
needs to describe his/her systematic review by presenting the research problem
clearly. It may be easier and more acceptable to use the PICO template to identify the
research problem of a meta-analysis study. However, this article proposed and used
SRQ instead. The rationale for that was already provided earlier. In addition, it is
recommended that PRISMA be adopted as a protocol to execute the inclusion and
exclusion criteria of studies to be included in the researcher’s meta-analysis study. At
the end of PRISMA, how many studies are required to be included in the meta-analysis
at hand needs to be spelled out, which was also already discussed in this article earlier.
Next, critical text outputs of meta-analysis generated by R need to be included in a
report, summarizing and interpreting all the necessary statistics. In addition, the forest
plot needs to be presented, followed by the funnel plot. Finally, sensitivity analysis
should be conducted after the forest plot to ensure that no outliers are included in the
meta-analysis study. If there are outliers, they should be taken out. In the end,
sensitivity analysis can improve the level of heterogeneity of the meta-analysis study
at hand. The desirable level of heterogeneity would depend on the goodness of the
data. The reporting components recommended here in this article include only the
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basics. The scopes of meta-analysis studies may be different from researcher to
researcher. Therefore, reporting may vary. In short, this section provides brief
guidelines in terms of what to include in a report/manuscript aiming for publication.

Conclusions and Recommendations

We have demonstrated that R has all the required capabilities to perform basic
meta-analysis, and beyond. This article began by briefly introducing a systematic
review. Here, two important concepts were introduced: PICO and PRISMA. PICO is a
concept that helps researchers to identify their research problem, for those using
meta-analysis as a part of the research design. However, SRQ is used instead of PICO,
because PICO is not applicable for this article. Thus, SRQ was adopted as a framework
to identify the research question of this meta-analysis study. PRISMA is a procedure
that executes the inclusion and exclusion of studies to be used in the meta-analysis
study at hand. Next, the article illustrated what basic analyses are required to conduct
basic meta-analyses.

In addition, advanced topics of meta-analysis were also introduced. However,
this article does not provide a demonstration of how to conduct the analyses relating
to these advanced topics, because these topics are beyond the scope of this article.
Therefore, researchers should study these advanced topics on their own from various
sources, such as the meta package 'meta’ in a PDF format (https://cran.r-
project.org/web/packages/meta/meta.pdf). Another good resource is a book called
"'Doing Meta-analysis with R: A Hands-on Guide" written by Herrer et al. (2021). There
are also other R packages, such as metafor package that researchers should learn.
All available R packages designated for meta-analysis could be used in combination
under the R environment. In addition, free learning resources are abundantly available
on various websites. For those researchers who are less familiar with meta-analysis,
they should consider taking short courses or training programs, or both.

Finally, we encourage Thai academics and researchers to use R in their
teaching, research, and publications, because R is free, fully capable, and is
recognized worldwide. Thai academics and researchers could enjoy using R to publish
in world-leading journals, such as PLOS ONE (indexed on Scopus database and Web
of Science, H-index of the journal is 404), side by side with those international
researchers who use R to publish their researchers in those world-class journals.
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