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Abstract 

This study aimed to investigate the impact of various weighting methods for effect sizes on the outcomes of meta-

analyses. For this purpose, a representative meta-analysis example examining the effect of the 5E teaching method 

on academic achievement in science education was discussed. Two effect size weighting methods were explored: 

one based on the inverse of the sampling error variance and the other utilizing the reliability of measures in primary 

studies. The study also assessed the influence of including gray literature on the meta-analysis results, considering 

factors such as high heterogeneity and publication bias. The research followed a basic research design and drew 

data from 112 studies, encompassing a total of 149 effect sizes. An exhaustive search of databases and archives, 

including Google Scholar, Dergipark, HEI Thesis Center, Proquest, Science Direct, ERIC, Taylor & Francis, 

EBSCOhost, Web of Science, and five journals was conducted to gather these studies. Analyses were performed 

by utilizing the CMA v2 software and employing the random effects model. The findings demonstrated divergent 

outcomes between the two weighting methods—weighting by reliability coefficient yielded higher overall effect 

sizes and standard errors compared to weighting by inverse variance. Ultimately, the inclusion of gray literature 

did not significantly impact any of the weighting methods employed. 

 

Keywords: weighting methods, meta-analysis, reliability coefficient, gray literature 

 

Introduction 

Today, with the development of technology and the increase in globalization, science has become more 

rapidly developing and shared than in the past. As it is known, one of the essential features of scientific 

research is that it is reproducible and progresses cumulatively. The literature shows that many studies 

have been conducted in different fields within the framework of the same or similar research problems. 

For this reason, while there was no need to combine the findings in the past because the number of 

studies was less, over time, it has become necessary to combine these studies in many fields because of 

the increase in the number of studies conducted within the same framework and the repetition of studies. 

As a result, this necessity led to the birth of the meta-analysis method. 

The method used to combine findings from repeated studies has a long history (Hedges & Olkin, 1985). 

Simpson and Pearson's (1904) study was one of the first examples of meta-analysis and evaluated the 

effectiveness of smallpox vaccine (National Research Council, 1992). Since studies are frequently 

repeated, it has led to the development of statistical techniques for combining results in different fields. 

The combining estimates from different studies were not used much in educational or psychological 

research until Glass proposed it in 1976 because, in studies conducted in these fields, certain 

psychological constructs or variables were not measured on the same scale in all studies. In 1976, Glass 

suggested using the effect size index to combine the results of studies conducted with different scales, 

making the studies comparable and combinable regardless of which scale was used (Hedges & Olkin, 

1985). Glass (1976), the eponymist (Mutluer et al., 2020), called the combination of research findings 

in his study meta-analysis. 
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In meta-analysis, an overall effect size is calculated by non-weighting or weighting the effect sizes of 

primary studies (Fuller & Hester, 1999). To calculate the overall effect size, summing the effect sizes 

of the primary studies and dividing by the total number of studies, i.e., averaging the effect sizes, is a 

method used mainly in the past and is called non-weighting in the literature. In addition to the average 

effect size (overall effect size) without weighting, there are different weighting methods in the literature. 

These methods generally assume that the error arises from the sample and are based on sample size and 

sampling error variance. Weighting the effect sizes in primary studies by sample size to obtain the 

overall effect size was proposed by Hunter and Schmidt (1990). Hunter and Schmidt (2004) stated that 

if the effect size in the population was assumed to be fixed across studies, to make the best estimation 

of this effect size, it is necessary to work not with the arithmetic mean of the studies but with a weighted 

average in which each effect size was weighted by the sample size in the study. Hedges and Vevea 

(1998) proposed a method called inverse-variance weighting, in which the effect sizes of primary studies 

are weighted by the inverse of the sampling error variance. In this method, the calculation of weights 

varies according to random effects and fixed effects models. In the random effects model, in addition to 

the sampling error variance, the between-studies variance is also taken into account.  There are studies 

on the effects of weighting methods in the literature (Englund et al., 1999; Marín-Martínez & Sánchez-

Meca, 2009; Schmidt et al., 2009; Shuster, 2010; Yıldırım & Şahin, 2023). In these studies, the effects 

of methods such as non-weighting, weighting by sample size, and weighting by the inverse of the 

sampling error variance were compared and examined. 

In meta-analysis studies in the literature, primary studies are generally weighted by the inverse of the 

sampling error variance based on the sample size, and it is assumed that the error variance is caused 

only by the sample. However, there are sources of error variance other than the sample. The reliability 

coefficient is an index that also includes other sources of random error. The error can be caused by the 

measurement tool or the individual performing the measurement, as well as the environment in which 

the measurement is made and the construct of the trait. Rosenthal (1991) also stated that it is wise to 

weight studies in proportion to the quality of the studies using any weight between zero and one. 

Based on the research on weighting in the literature, this study, unlike other studies, aimed to examine 

how the overall effect size and standard error obtained from the meta-analysis were affected by 

weighting with the reliability coefficient in addition to weighting with the inverse of the sampling error 

variance because assuming that the error is caused only by the sample is not exactly the right approach.  

No other study using weighting with a reliability coefficient was found in the literature. Using the 

reliability coefficient in synthesizing studies in meta-analysis and weighting effect sizes is this study's 

original and innovative aspect that will contribute to the literature. In this respect, the study differs from 

other methodological meta-analysis studies. The study discusses how these weighting methods change 

the results of meta-analysis. The research is essential since not many studies in the literature use a 

different weighting technique other than weighting by sampling error variance. In addition, the fact that 

weighting by reliability is used for the first time in this research by formulating weighting by reliability 

coefficient makes the research essential. 

In the literature, it is frequently observed that meta-analysts in educational research do not include 

unpublished studies such as papers, reports, and theses (Altunoğlu et al., 2020; Bozdemir et al., 2017; 

Yeşilpınar Uyar & Doğanay, 2018). Such studies are called gray literature. In addition to this situation, 

it has been observed that there are also studies that include only theses in meta-analysis studies 

(Alacapınar & Ok, 2020; Basit, 2020; Başpınar, 2021; Saraç, 2018). However, there are meta-analyses 

that included both published and unpublished studies (e.g., Fabiano et al., 2021; Toraman et al., 2018; 

Özdemir, 2023).  For this reason, it is another question of how the inclusion and exclusion of gray 

literature in meta-analysis studies affect the meta-analysis results. Based on this, how the inclusion of 

gray literature under different weighting methods affects the meta-analysis results is also examined 

within the scope of this study. Although there are studies in the literature that examine the effect of the 

inclusion of gray literature (Hartling et al., 2017; Moher et al., 1996), what makes this research different 

from other studies is that it examines this effect in the context of two weighting methods. This study is 

essential since reviewing the impact of gray literature under different weighting methods is a new issue. 
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Aim 

This study aims to examine how the meta-analysis results are affected when the studies are weighted by 

sampling error variance and reliability in examining the effect of the 5E teaching method on academic 

achievement in science education by meta-analysis. In addition, within the scope of the research, it is 

also examined how the inclusion and exclusion of gray literature affect the meta-analysis results when 

weighting is done by sampling error variance and reliability in examining the effect of the 5E teaching 

method in science education on academic achievement by meta-analysis. 

 

Method 

 

Research Model 

In this study, meta-analysis was conducted by using the weighting method with the reliability 

coefficient, which is different from the weighting method with the inverse of the sampling error variance 

since the error in measurement and evaluation processes is not only caused by the sample. Thus, a new 

weighting method was proposed to find a solution to the existing problem. According to Karasar (2013), 

basic research aims to add new knowledge to existing knowledge, and there are different levels of basic 

research. These are explication, elaboration, determination of cause-effect relationship, and theory 

development levels. A study at the explication level tries to determine exactly what an existing problem 

is, what variables are affected by it, and what the most appropriate approaches to explain the situation 

might be. In this context, the research is at the explication level of the basic research type. On the other 

hand, it was also examined how the inclusion of gray literature in meta-analysis studies affected the 

results of meta-analysis when the methods of the inverse of sampling error variance and weighting with 

reliability were considered. From this point of view, the research also has a descriptive purpose since an 

existing situation is tried to be revealed. 

 

Data Collection Process 

Primary studies constitute the study data in meta-analysis. In the meta-analysis study to be conducted, 

the study data consists of the studies to be selected according to the determined criteria. In order to 

strengthen this meta-analysis study methodologically, PICO (Participant/Population, Interventions, 

Comparisons, Outcomes) was followed. According to PICO, we need to determine which participants, 

interventions, control groups/comparisons, and outcomes will be taken into account and which we are 

interested in when constructing the problem. (Higgins & Green, 2008). Therefore, databases were 

searched with the keywords given in Table 1 to select primary studies to be included in the meta-

analysis. In addition, the journals in Table 1 were also included in the search. 

 

Table 1 

Databases, keywords and number of studies 

Databases Keywords Number of Studies 

Google Scholar “5E” + “fen” + “başarı” 1678 

Dergipark 5E AND fen AND başarı 61 

HEI Thesis Center 5E AND fen AND başarı 125 

Proquest 5E AND fen AND başarı 37 

Science Direct 5E AND fen AND başarı 0 

Science Direct 5E AND science AND achievement 84 

ERIC 5E AND fen AND başarı 0 

ERIC 5E AND science AND achievement 47 

Taylor & Francis 5E AND fen AND başarı 0 
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Taylor & Francis 5E AND science AND achievement 261 

EBSCOhost 5E AND fen AND başarı 268 

EBSCOhost 5E AND science AND achievement 130 

Web of Science 5E AND fen AND başarı 0 

Web of Science 5E AND science AND achievement AND Turkey 53 

Journal Name   

Science Education 930 

Journal of Research in Science Teaching 1036 

Journal of Science Teacher Education 696 

International Journal of Science and Mathematics Education 1149 

Studies in Science Education 157 

Total 6712 

 

The databases presented in Table 1 were selected because these databases are frequently used in meta-

analysis studies in the field of education (Arık & Yılmaz, 2020; Batdı & Batdı, 2015; Becker & Park, 

2011; Lazonder & Harmsen, 2016; Sosa et al., 2011; Warfa, 2016 and Xie et al., 2018). The journals in 

Table 1 were selected because they have a high impact factor in the field. The databases were searched 

with relevant keywords, and all articles in the journals were searched without using keywords, and their 

full texts were analyzed. These full texts were analyzed according to the criteria determined. The criteria 

for selecting the study data for the meta-analysis study are listed as follows: 

i. The period should be between January 2005 - December 2020, 

ii. Papers, articles, dissertations, reports, etc., must have been conducted in a sample of Turkey, 

iii. Designed as a weak experimental design, quasi-experimental design, true experimental design, 

or one of the mixed methods research that used one of the experimental designs in the 

quantitative research step, 

iv. The language of publication must be Turkish or English, 

v. Primary studies must have been conducted at the 4th, 5th, 6th7th, 8th, 9th, 10th,11th, or 12th 

grade or at a higher education level and must be in the field of science, physics, chemistry and 

biology, 

vi. The teaching in the treatment group must have been done with the 5E teaching model or with 

the 5E teaching model supported by additional applications, 

vii. In the control group, traditional methods such as lecture, question and answer, discussion, 

demonstration, exhibition etc., must have been used, and if not stated in the study, when the 

authors were contacted via e-mail/message, it was confirmed in their response that they used 

traditional methods. 

viii. As a data collection tool, tests such as multiple-choice achievement tests, concept tests, 

conceptual understanding tests, tests composed of open-ended items, and concept maps, which 

measure academic achievement and report reliability scores, must have been used.  

ix. The dependent variable must be academic achievement or concept knowledge.  

x. Report sufficient quantitative data and sample size to allow calculation of the effect size. 

Primary studies to be included in the meta-analysis were identified according to the search criteria made 

with keywords in the databases. The PRISMA (Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses) flowchart for the process of identifying these studies is given in Figure 1 (Liberati et 

al., 2009). 
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Figure 1 

PRISMA flowchart 
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According to the PRISMA flowchart in Figure 1, 112 studies and 149 effect sizes were finally included 

in the meta-analysis.  The studies included in the meta-analysis could not be presented in the article due 

to page limitations. Therefore, they are shown in the original thesis mentioned in the footnote on the 

article's first page. Those who want to access the primary studies can access the thesis presented in the 

references. 

 

Coding of Data  

The coding of the 112 studies included in the meta-analysis and the 149 effect sizes obtained from these 

studies were made in Microsoft Excel. The descriptive variables considered in the coding made in 

Microsoft Excel are: "publication code, name of the study, colophon (author surnames, year of 

publication), publication type, publication language, publication year, place of publication, volume-

number, authors, database, index, models used, additional application in the treatment group, techniques 

used in the control group, research design, subject area, grade level, course area (science, physics, 

chemistry, biology), data collection tool, dependent variable, reliability coefficient, range of 

difficulty/mean difficulty, population-sample, number of activities, class hours, piloting status (yes/no), 

the piloting status of achievement test (yes/no), data analysis method, application time, school type". 

The categorical variables determined for coding and the number of studies and effect sizes in the 

categories of these variables are given in Table 2.  

 

Table 2 

Number of studies and effect sizes for coded categorical variables 
 Number of 

studies (f) 

Number of 

effect sizes (f) 

 Number of 

studies (f) 

Number of 

effect sizes (f) 

Study Type Study Language 

Article 48 55 English  23 26 

Proceeding 9 11 Turkish 89 123 

Master’s Thesis 37 45 Databases 

Doctoral Thesis 18 38 Google Scholar 67 80 

Publishing Time Dergipark 2 2 

2005-2009 25 32 ERIC 6 7 

2010-2014 46 69 Taylor & Francis 1 2 

2015-2020 41 48 HEI Thesis Center 27 48 

Study Design Science Direct  5 5 

True experimental 3* 3 Web of Science 3 4 

Quasi experimental 96* 124 Proquest 1 1 

Poor experimental 14 22    

Grade Level Subject   

4. and 5. 10 13 Science 1 1 

6., 7. and 8.  50 63 Physic 44 57 

9.,10., 11. and 12. 36* 51 Chemistry 36 52 

High education 18* 22 Biology 31 39 

Academic Year   School Type   

Unspecified 14 20 Unspecified 4 4 

(2001-2002)-(2007-2008) 28 36 Public 102 134 

(2008-2009)-(2013-2014) 46 66 Private 5 10 

(2014-2015)-(2019-2020) 24 27 Public and Private 1 1 

Total 112 149  112 149 

*One of the studies used both true experimental design and quasi-experimental design. 

 

The statistics related to effect sizes were also coded in the same file for performing the meta-analysis 

study. Since some primary studies reported effect sizes directly, Cohen d, Hedges g, and 2 effect sizes 
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were taken directly, and the sample size of the treatment groups and the sample size of the control group 

were also coded. In addition, in some primary studies, the statistics required to calculate effect sizes 

were coded, and thus effect sizes were calculated. For the true and quasi-experimental designs that 

calculated statistics such as mean and standard deviation, the mean and standard deviation for the post-

test of the treatment group and the mean and standard deviations for the post-test of the control group 

were coded. If the research was conducted in a weak experimental design, the means and standard 

deviations for both the post-test and pre-test of the treatment group were included in the coding. In 

addition, if mean and standard deviation values were not reported in the studies that also used analyses 

such as t-test, ANOVA, Mann Whitney U Test, ANCOVA, MANOVA, MANCOVA, Wilcoxon 

Signed-Rank Test, and Kruskal-Wallis H Test, statistics related to these analyses were coded, and effect 

sizes were calculated according to these statistics. Finally, correlation was coded for primary studies 

that reported correlation coefficient as correlation directly means effect size. 

 

Data Analysis 

In the meta-analysis examining the effect of the 5E teaching method on academic achievement in science 

education, it was examined how the overall effect sizes were affected when weighting with the inverse 

of the sampling error variance and reliability were applied. In addition, it was also examined how the 

overall effect sizes were affected when gray literature was included and was not included. CMA program 

and random effects model were used to obtain the overall effect sizes. Two different types of weighting 

were used in the CMA program. The first one is weighting by the inverse of the sampling error variance 

(Hedges & Vevea, 1998), and how it is calculated is shown in Equation 1 (Borenstein et al., 2009); 

 

                                                                    𝑤𝑖
∗ =

1

𝑉𝑦𝑖
∗                                                (1) 

In Equation 1, wi* represents the weight of the relevant study for the random effects model, 

while Vyi* is the sum of the sampling error variance (Vyi) of the relevant study to be weighted and the 

variance between studies (T2). For weighting by reliability coefficient, the weighting is as in Equation 2 

for fixed effects and random effects models. However, within the scope of the research, meta-analysis 

was conducted according to the random effects model. 

 

                  𝑤𝑖 = 𝑟𝑎𝑡 𝑤𝑖
∗ = 𝑟𝑎𝑡 + 𝑇2                                     (2) 

 

 

In Equation 2, while 𝑤𝑖 represents the weight of the related study, 𝑟𝑎𝑡 represents the reliability 

coefficient for the measurements obtained with the achievement test used in the related study. T2 

represents the variance between studies and is used to calculate 𝑤𝑖
∗ in the random effects model. 

The weighting types determined were used both for the cases where gray literature was included in the 

meta-analysis and for the cases where it was not included, and the overall effect sizes and standard errors 

obtained were interpreted. There were 149 effect sizes in the meta-analysis when gray literature was 

included, while there were 55 effect sizes when gray literature was excluded. In addition to interpreting 

the effect of the inclusion and exclusion of gray literature on the meta-analysis results, it was examined 

whether there was a significant difference between the effect sizes between the studies in the gray 

literature and the articles. Accordingly, a Q test based on analysis of variance was performed. 

Before conducting the meta-analyses, the heterogeneity values for the data were examined with Q, p(Q), 

T2, I2, H2 and R2 statistics. For the I2 statistic, 25% is interpreted as low, 50% as medium and 75% as 

high heterogeneity (Higgins et al., 2003). H2 and R2 statistics of 1 is an indication of homogeneity of 

effect sizes. Publication bias was examined with the funnel plot and trim-and-fill method by Duval and 

Tweedie (Duval & Tweedie, 2000a; 2000b), Rosenthal's fail-safe N, Begg and Mazumdar's rank 

correlation test and Egger's regression intercept methods. The number of missing studies calculated in 
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Rosenthal's fail-safe N method was compared with the criterion value of 5k+10 (k=number of studies) 

(Rosenthal, 1979). In Begg and Mazumdar's rank correlation and Egger's regression intercept methods, 

the significance of the correlation and intercept were interpreted, respectively (Begg & Mazumdar, 

1994; Egger et al., 1997). 

 

Results 

Heterogeneity 

Within the scope of the study, firstly, heterogeneity and publication bias regarding the primary studies 

included in the meta-analysis were examined. The heterogeneity statistics, Q, p(Q), T2, I2, H2 ve R2, were 

analyzed and given in Table 3. 

 

Table 3 

Heterogeneity statistics 
k Q df p T2 I2 H2 R2 

149 1102.69 148 0.000* 0.455 %86.578 7.450 7.796 

*p < .001 

 

When Table 3 is analyzed, it is seen that the Q value is significant. While this is an indicator of 

heterogeneity, an I2 value higher than 75% is an indicator of high heterogeneity (Higgins et al., 2003). 

Besides, the fact that the T2 value is quite different from 0 indicates the presence of variance between 

studies. In addition, the fact that H2 and R2 statistics are quite different from 1 indicates that effect sizes 

are heterogeneously distributed (Higgins & Thompson, 2002). When all statistics are handled together, 

it is observed that heterogeneity exists. In addition to statistical evidence, there is also theoretical 

evidence for the existence of heterogeneity. The fact that the studies included in the meta-analysis belong 

to different populations is also a source of heterogeneity. For example, the research data has a wide 

range of education levels from secondary school to higher education. Furthermore, the regions where 

the primary studies were conducted differ from each other in many aspects, such as climate and culture. 

Moreover, the subject areas in the primary studies differ from each other in physics, chemistry, biology, 

and science. Based on this, when the statistical and theoretical evidence of heterogeneity is considered 

together, it can be said that the weighting methods in this study were compared under a condition where 

heterogeneity exists. 

 

Publication Bias 

The study analyzed publication bias using the funnel plot and Duval and Tweedie’s trim-and-fill method, 

Rosenthal's fail-safe N method, Begg and Mazumdar's rank correlation, and Egger's regression intercept 

method. The funnel plot is given in Figure 2. 
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Figure 2 

Funnel Plot 

 

 

 

The funnel diagram in Figure 2 shows that studies (filled dots) had to be added to adjust the symmetry 

of the plot. This indicates publication bias and the diagram is evaluated together with Duval and 

Tweedie’s trim-and-fill results in Table 4. 

 

Table 4 

The results of Duval & Tweedie’s trim-and-fill  
 Studies Trimmed  Overall 

Effect 

Lower 

Limit 

 Upper 

Limit Q Value 

Observed Values  1.347 1.228 1.466 1102.690 

Adjusted Values 48 0.912 0.777 1.046 2379.926 

 

In Table 4, it was observed that 48 studies were added to make the funnel plot symmetrical and the 

added studies changed the overall effect. In addition, in Rosenthal's fail-safe N method, it was observed 

that the number of missing studies that should be added for the overall effect size to be non-significant 

was 177019, and this value was greater than the criterion value of 755 (5k+10) (Rosenthal, 1979). When 

Begg and Mazumdar's rank correlation results were analyzed, it was seen that Kendall's tau value was 

0.326 and significant.  Finally, in Egger's regression intercept method, the intercept was found to be 

3.834 and significant. The fact that these statistics are significant is an indicator of publication bias. 

When all statistics are evaluated together, it is observed that there is publication bias. Based on this, it 

can be said that the weighting methods in this study were compared under a condition where publication 

bias exists. 

 

 

Meta-Analysis Results 
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In this study, the effect of weighting with the inverse of the sampling error variance and reliability in 

the presence of high heterogeneity and publication bias on meta-analysis results was examined. We also 

examined the effect of the inclusion and exclusion of gray literature on the meta-analysis results and the 

results are presented in Table 5. 

 

Table 5 

The results of meta-analysis in different conditions (weighting methods and gray literature) 
Gray Literature Included 

Weighting 

Methods 

Number of 

Effect Sizes 
Cohen d SE Variance 

Lower 

Limit 

Upper 

Limit 
Z p 

Inverse 

variance 149 1.347 0.061 0.004 1.228 1.466 22.217 0.000 

Reliability 
149 1.474 0.119 0.014 1.242 1.707 12.426 0.000 

Gray Literature Excluded 

Inverse 

variance 55 1.281 0.076 0.006 1.132 1.431 16.780 0.000 

Reliability 
55 1.324 0.152 0.023 1.026 1.622 8.705 0.000 

 

When Table 5 was examined, it was seen that the largest overall effect size was obtained in the weighting 

method with a reliability of 1.474, and the smallest overall effect size was obtained in the weighting 

method with the inverse of sampling error variance with 1.347 when gray literature is included. When 

the standard error values were analyzed, it was seen that the lowest standard error value was obtained 

from weighting with a sampling error variance of 0.061. The highest standard error value was found in 

weighting by reliability coefficient, which was 0.119. Variance values also changed in parallel with the 

standard error values. When evaluated in terms of confidence interval, the narrowest confidence interval 

was found in the sampling error variance method, again in parallel with the standard error. In addition, 

the confidence interval was wider for the weighting method with the reliability coefficient. When the 

significance of the overall effect sizes was analyzed, it was observed that the overall effect sizes were 

significant in both methods.  In addition, forest plots of both methods are presented in Appendix A and 

Appendix B, respectively. When the forest plots were analyzed, it was seen that the primary studies 

were more homogeneous in terms of confidence intervals due to the narrow range of weights in the 

reliability weighting method. On the other hand, when the weighting method with sampling error 

variance was used, it could be said that the forest plot was more heterogeneous due to the wide sample 

range. 

In the case where gray literature was not included, the largest overall effect size was obtained from 

weighting methods with a reliability coefficient and was found to be 1.324. The lowest overall effect 

size was found to be 1.281 for the weighting by sampling error variance method. When the standard 

error values were analyzed, it was seen that the lowest standard error value was obtained from weighting 

with sampling error variance and was 0.076. The highest standard error value was found in weighting 

by reliability coefficient, which was 0.152. Variance values also changed in parallel with the standard 

error values. When the confidence intervals were evaluated, it could be said that the confidence interval 

was wider when weighting by reliability coefficient than when weighting by sampling error variance. It 

was observed that the meta-analysis study with the narrowest confidence interval was the meta-analysis 

using the weighting method with sampling error variance.  When the significance of the overall effect 

sizes was analyzed, it was seen that the overall effect sizes were significant in both methods. 

In addition to interpreting the effects of the inclusion and exclusion of gray literature on the meta-

analysis results, it is also necessary to interpret the significance of these effects. In this context, Analog 

ANOVA was conducted to examine the significance of the effects. The results are given in Table 6. 
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Table 6 

Analog ANOVA results of gray literature and articles for weighting methods 
Weighting Method  Q values df (Q) p 

Inverse Variance 

NGrayLiterature = 94 

NManuscript = 55 

Within Group 1101.062 147 0.000 

Between Groups  1.629 1 0.202 

Total 1102.690 148 0.000 

Reliability 

NGrayLiterature = 94 

NManuscript = 55 

Within Group 240.668 147 0.000 

Between Groups  1.597 1 0.206 

Total 242.265 148 0.000 

 

When Table 6 was examined, it was seen that the p-values for the intergroup Q values in the inverse of 

the sampling error variance and reliability weighting methods were 0.202 and 0.206, respectively. In 

this respect, it was clear that the difference between the average effect size obtained from the studies in 

the gray literature and the average effect size obtained from the articles was not significant in all 

weighting methods. Therefore, it can be said that the meta-analysis results obtained with and without 

the inclusion of gray literature did not differ significantly from each other. 

 

Discussion 

When the weighting methods were compared with each other, both when gray literature was included 

and not included in the meta-analyses, it was seen that the weighting method with the smallest overall 

effect size was the weighting method with the sampling error variance. The weighting method with the 

largest overall effect size was the weighting method with a reliability coefficient. The fact that the 

overall effect size obtained from weighting with sampling error variance is lower than the effect sizes 

obtained from weighting with reliability coefficient does not indicate that the weighting method with 

reliability coefficient synthesizes effect size more accurately than the weighting method with sampling 

error variance. The reason for the difference in the overall effect sizes between the two weighting 

methods may be that weighting by sampling error variance deals with the sampling error, whereas 

weighting by reliability coefficient deals not only with sampling error but also with sources of random 

error, including sampling error. In addition, the fact that the overall effect sizes are larger in the 

weighting method with reliability coefficient may be due to the fact that, as Rosenthal (1991) states, the 

contribution of studies that are weaker in terms of quality weight and have smaller effect sizes to the 

average effect size is less than other studies. 

A similar situation is observed when standard error values are examined in the context of weighting 

methods. It was observed that the standard error values obtained from weighting by reliability coefficient 

were the highest, while the standard error values obtained from weighting by sampling error variance 

were the lowest, both in the conditions where gray literature was included and not included. The fact 

that the standard error values obtained from weighting with sampling error variance were lower than the 

standard error values obtained from weighting with reliability coefficient can be explained by the fact 

that it deals only with the dimension of the error arising from the sample. This is because weighting with 

the reliability coefficient addresses not only sampling error but also other sources of random error 

sources. Therefore, the standard error values obtained from the weighting methods with sampling error 

variance and reliability coefficient differ from each other. In parallel with the standard error, the 

narrowest confidence intervals were observed in the weighting method with sampling error variance in 

all studies, while the widest confidence intervals were observed in the weighting method with reliability 

coefficient. This is because the confidence interval is calculated directly using the standard error. The 
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fact that the lower and upper limit values obtained from weighting with sampling error variance are 

lower than the other lower and upper limit values and the confidence intervals are narrower can be 

explained by the fact that only the error arising from the sample is considered in parallel with the overall 

effect size and standard error. 

When the meta-analysis results were compared according to the inclusion and exclusion of gray 

literature, it was observed that the overall effect size had different values and the overall effect sizes 

were higher when the gray literature was included. However, it was concluded that this difference was 

not significant in both weighting methods. Although the difference was not significant, the reason why 

the overall effect sizes were higher when the gray literature was included might be due to the fact that 

the effect sizes of the primary studies in the gray literature were larger than the scanned studies. In 

addition, higher average effect sizes may have been obtained due to the larger sample sizes of these 

studies where effect sizes might be larger. 

Like the overall effect size, the standard error also took different values according to the inclusion of 

gray literature. In general, standard error values were higher when gray literature was not included. The 

standard error is expected to decrease as the sample size increases with the inclusion of gray literature. 

Conn et al. (2003) stated that when gray literature was included, the overall effect size was estimated 

with less error than when gray literature was not included, which is similar to the results of weighting 

with sampling error variance and reliability coefficient in this study. Moher et al. (1996), similar to the 

results of this study, found that there was a slight difference due to the reporting language of the studies 

but that this was not a significant bias and that the inclusion of non-English language publications may 

reduce the error and increase the accuracy of estimation. As stated by Conn et al. (2003) and Moher 

(1996) in their studies and as found in this study, the reason for the decrease in the standard error and 

more accurate estimations may be the increase in the number of included studies. Hartling et al. (2017) 

have also observed that the studies included in the gray literature generally constitute a very small part 

of the meta-analysis sample, and therefore, the results are not affected much by the inclusion of the gray 

literature. However, in this study, the studies in the gray literature constitute a larger portion of the 

studies rather than a small portion of the studies. Despite this, the effect of the inclusion of gray literature 

is not significant and is similar to Hartling et al. (2017). Contrary to the results of this study, Corlett 

(2011) also stated that ignoring the gray literature might lead to biased results. Although Corlett (2011) 

did not statistically examine the effect of gray literature, the reason why he made such a suggestion is 

that he worked in the tropics and gray literature is the only source in the tropics. Based on the findings 

of this study and the literature, it is obvious that it is important to investigate the impact of gray studies 

in order to make a correct decision about whether there is bias in a meta-analysis study. 

 

Conclusions, Suggestions and Limitations 

The study results showed that the overall effect size changed with the inverse of the sampling error 

variance and when weighted by reliability. It was also concluded that the standard error was highest 

when weighted by the reliability coefficient because it included all random errors. In this regard,  meta-

analysts may also be recommended to try weighting with a reliability coefficient because it is thought 

that weighting by reliability may provide a more accurate confidence interval. 

When the results regarding the inclusion of gray literature were examined, it was observed that the 

results were not significantly different in the inclusion and exclusion cases. In this study, although there 

was no significant difference between the overall effect sizes according to the inclusion of gray 

literature, it is recommended that researchers should also scan the gray literature in all weighting 

methods since the estimation accuracy will increase due to the lower standard error when gray literature 

is included. 

When the weighting methods were compared with each other, it was seen that weighting with sampling 

error variance gave the closest results when gray literature was included and not included. Therefore, 

when weighting with sampling error variance, the exclusion of gray literature may be less important for 

educational research. However, since clinical research requires more precise results, it may be 

recommended to include the gray literature since these studies have little differentiation. The weighting 
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method with the highest differentiation was found to be weighting with a reliability coefficient. 

Although this differentiation is not significant, there may be significance between the inclusion and 

exclusion of gray literature in other studies. For this reason, researchers are strongly recommended to 

review the gray literature and examine the significance of the difference when using weighting with a 

reliability coefficient. 

Within the scope of this study, the results were compared with each other by weighting with reliability 

coefficient in addition to weighting with sampling error variance used in classical meta-analysis. Other 

researchers can compare meta-analysis results by formulating different weighting methods or choosing 

not to weight. They can also contribute to the mathematical formulation of the weighting method with 

reliability. In addition, other researchers can choose another study topic instead of the effect of the 5E 

teaching model on science achievement, which was selected as the subject of the meta-analysis study in 

this study, or they can compare the methods in this study in fields such as sports sciences, health 

sciences, etc. instead of using data in the field of education. 

In the present study, there is a situation of publication bias and high heterogeneity, which are the 

limitations of the study. Other researchers can examine the method of weighting effect sizes with the 

reliability coefficient developed in this study under different conditions. For this purpose, they can 

design a simulation study and test this new method under conditions of different sample sizes, number 

of studies, estimation methods, heterogeneity, publication bias, fields, etc. As a result, this study is 

expected to encourage new studies on weighting the measures from which effect sizes are obtained with 

reliability coefficients in synthesizing studies in meta-analysis and to add the options of the reliability 

of measures for weighting effect sizes to meta-analysis softwares.  
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APPENDIX 

APPENDIX A 

The forest plot for inverse variance method 
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APPENDIX B 

The forest plot for reliability coefficient method 
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