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Abstract: Experimental studies have a considerable impact on the educational 

policies and practices of many countries. In Turkey, policymakers are planning to 

initiate a STEM education reform in K-12 schools based on experimental studies. 

However, the methodological flaws in these studies may lead to biased outcomes 

and may mislead the STEM education community. Despite the importance of 

methodological quality, to the best of our knowledge, there are no studies that 

investigate the methodological quality of experimental STEM education articles 

published in scholarly journals. Therefore, in this study, we conducted a 

methodological review to examine the methodological quality of experimental 

STEM education articles published in refereed Turkish journals from 2014 to 2020. 

During the targeted period, we located 68 articles. We analyzed these articles by 

developing a coding framework. We found that the selected articles suffer seriously 

from various methodological flaws. We discuss the findings in light of the literature 

on methodological quality and suggest ways to improve the rigor of the 

experimental designs used. Ultimately, we discuss some implications for authors, 

journals editors, policymakers, and curriculum developers. 

1. INTRODUCTION 

Experimental research findings have a considerable impact on the decisions taken by the 

policymakers about the educational practices that should be adopted in their own countries 

(Borman et al., 2005; Slavin, 2008). For instance, in the USA, Finn and Achilles (1999) 

conducted an experiment to investigate the effect of class size on elementary students’ academic 

achievement and found out that the students in small classes (13–17 students) had superior 

performances compared to the students in regular classes (22–26 students). Finn and Achilles’ 

(1999) findings initiated the educational reform entitled class-size reduction and led many states 

to reduce the number of students in the classrooms to improve student learning. In another 

experimental study, Schweinhart et al. (1993) examined the benefits of pre-school programs to 

children who live in poverty and who are at the risk of failing at school. They revealed that the 

pre-school students had significantly higher achievement scores, high school graduation rates, 

and earnings, while they had less crime rates and welfare use compared to the non-preschool 

students as of age 27. Their findings urged the legislators to deliver publicly funded programs 

in many states and localities in the USA. 

Given the impact of experimental studies on educational policies and practices (Borman et al., 

2005; Slavin, 2008), using rigorous methodological designs and techniques is of crucial 
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importance in establishing that the observed effects in an experiment are caused by the 

treatment (e.g., a specific teaching technique, a newly developed curriculum, or an instructional 

program) but not by the extraneous variables. On the other hand, the flaws or errors in an 

experimental study may lead to false reports in the literature; other researchers may build 

theories or conduct other experiments by using these spoiled findings; and as a result, a great 

deal of time, money, effort, and other resources may be wasted (Gravetter et al., 2021).  For 

instance, the United States Department of Education (2020) announced that almost 1.5 billion 

dollars were invested between the years 2018 and 2020 to support high-quality STEM (Science, 

Technology, Engineering, and Mathematics) education for students. In return for this, it expects 

researchers to conduct experiments with random assignments (i.e., randomized trials) and 

prioritizes researchers whose grant applications involve such rigorous methodological designs 

(Hedges & Schauer, 2018) because only in such designs it can be ascertained that the observed 

effects on important student outcomes such as academic achievement are caused by STEM 

education practices but not by other extraneous variables. 

In Turkey, traditional educational practices being implemented in schools are not considered 

sufficient for students in solving real-world problems and gaining the knowledge and skills that 

are compulsory for maintaining their future careers (Akgündüz et al., 2015). For this reason, 

the Ministry of National Education (2016) is planning to initiate a STEM education reform in 

the near future to help students gain the technical knowledge and skills needed in the 

contemporary workplace and consequently to better prepare them for real life. Unfortunately, 

an action plan for implementing STEM education in Turkey has not been prepared yet (Ministry 

of National Education, 2018). However, the Ministry of National Education (2016) advocates 

the conduction of research studies on STEM education as a first step in developing this action 

plan. Thus, examining the methodological quality of experimental STEM education articles 

may help educational policymakers and curriculum developers determine a clear STEM 

education road map for students in all educational stages. With this idea in mind, in this study, 

we aimed to conduct a methodological review of experimental STEM education articles 

published in refereed Turkish journals to reveal whether current research practices in these 

journals are in agreement with the canons of educational research as described in commonly 

used methodology textbooks such as Creswell and Creswell (2018), Frankel et al. (2012), Gall 

et al. (2007), Cohen et al. (2018), and Johnson and Christensen (2020). 

1.1. Significance and Research Questions 

Although plenty of researchers conducted content analysis studies to determine the trends in 

STEM education research (e.g., Aydın Günbatar & Tabar, 2019; Brown, 2012; Çavaş et al., 

2020; Çevik, 2018; Daşdemir et al., 2018; Elmalı & Balkan Kıyıcı, 2017; Kaya & Ayar, 2020; 

Li et al., 2020; Mizell & Brown, 2016), there is a dearth of studies that explore the 

methodological quality of educational research articles published in refereed journals (e.g., 

Horton et al., 1993; Shaver & Norton, 1980; Sung et al., 2019; Wallen & Fraenkel, 1988). What 

is more, to the best of our knowledge, there are no studies that investigate the methodological 

quality of experimental research articles on STEM education. Thus, this study attempts to fill 

this gap by analyzing the experimental STEM education articles published in refereed Turkish 

journals with respect to the following categories: formulating purpose statements, research 

questions, and hypotheses; clarifying contribution to the literature; describing the type of 

experimental design;  describing the sample, sampling strategy, and the population; establishing 

instrument validity and reliability and describing their types; fulfilling the basic assumptions of 

the parametric tests used; attending to minimum sample size in experimental and control 

groups; and reporting effect sizes and statistical powers for the parametric tests used. 

Since a methodological review of experimental research on STEM education in refereed 

Turkish journals had not been undertaken before, the findings of the study first provide the 
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researchers and other stakeholders with a snapshot of prevailing research reporting practices in 

Turkish journals. Second, they inform the STEM education community about the state-of-the-

art and the soundness of experimental research practices in these journals. More importantly, 

since “a periodic review of common research practices in a scholarly discipline aids in 

improving those practices” (Horton et al., 1993, p. 858), our findings may enhance the quality 

of experimental research articles that will be published in these journals. Based on our findings, 

the editors and editorial board members of these journals may increase their article publication 

standards by ensuring that information about the above categories is provided by the authors 

who intend to publish their manuscripts in these journals. As authors pay increased attention to 

ensuring methodological rigor in their research manuscripts, deficiencies in their research 

reporting practices may diminish, and this may pave the way for more meaningful and 

consistent research on STEM education in Turkish journals. 

In the transition from traditional education to STEM education, the Ministry of National 

Education (2016) deems it very significant to prepare and implement a good action plan 

considering the common sense of all stakeholders in the educational arena. Thus, the findings 

of our study may benefit but much to the Ministry of National Education. If publishing high-

quality research articles becomes a standard practice for refereed journals in Turkey, the 

research findings about STEM education in these journals may point curriculum developers in 

the Ministry of National Education in the right direction. Frankly, the rigorous research findings 

accumulated from these journals may help curriculum developers design relevant STEM 

education materials and optimal STEM learning environments for students and help them 

integrate STEM education into Turkish school curricula in the best possible way.  

Due to the above considerations, we conducted a methodological review to determine whether 

authors’ experimental research reporting practices on STEM education in refereed Turkish 

journals are consistent with the commonly suggested research methods and procedures. 

Through this purpose, we sought to find answers to the following research questions: 

1. Which research components do authors typically report in their articles? 

a. Do they report how they contribute to the scholarly literature? 

b. Do they report purpose statements? 

c. Do they report research questions? 

d. Do they report hypotheses? 

e. Do they report the type of experimental research design used? 

f. Do they describe the sample, the sampling strategy, and the population? 

g. Do they report instrument validity and reliability and describe their types? 

h. Do they report the basic assumptions that must be fulfilled for the parametric tests used? 

i. Do they attend to the minimum sample size required for experimental and control 

groups?  

j. Do they report effect sizes and statistical powers? 

2. METHOD 

2.1. Research Design 

We conducted a methodological review to determine the methodological quality of 

experimental STEM education articles published in refereed Turkish journals. Methodological 

reviews describe the research designs, methods, and procedures used in scientific research and 

they foreground the strengths and weaknesses of methodological tools used in such research 

(Dochy, 2006). They are used in many fields to “improve research practice, inform debate, and 

identify islands of practice” (Randolph et al., 2013, p. 2). In these reviews, the focus is on 

identifying how research studies are conducted (i.e., the research methodologies used) rather 

than on identifying which research outcomes (i.e., the findings) are presented (Shukla, 2017). 
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Taking all these together, our methodological review helped us uncover authors’ prevailing 

research reporting practices in the articles published in Turkish journals, determine the 

publishing standards of these journals, and suggest ways to improve the methodological quality 

of the articles published in these journals.  

2.2. Data Sources 

To locate the STEM articles published in refereed Turkish journals, we first formulated the 

following search terms (i.e., keywords or descriptors): STEM, STEM education, integrated 

STEM education, FeTeMM, FTMM (Turkish equivalents of STEM), FeTeMM eğitimi, FTMM 

eğitimi (Turkish equivalents of STEM education), entegre FeTeMM eğitimi, and entegre 

FTMM eğitimi (Turkish equivalents of integrated STEM education). Next, we typed these 

keywords in the following databases: TR Index (https://trdizin.gov.tr/), DergiPark 

(https://dergipark.org.tr/tr/), and Google Scholar (https://scholar.google.com.tr/). TR Index and 

DergiPark are national databases in Turkey, while Google Scholar is a search engine that is 

widely used all over the world. Our reason for using Google Scholar is that it “provides a simple 

way to do a broad search for scholarly literature, including peer-reviewed papers, theses, books, 

abstracts and articles” (Fraenkel et al., 2012, p. 55). More importantly, Google Scholar searches 

the entire internet. By this means, we were able to locate the articles that were not produced by 

the TR Index and DergiPark. In Google Scholar, we limited our search to “Turkish pages” to 

locate the articles published in Turkish journals and not to locate too many references. However, 

we used Google Scholar only as a supplement to TR Index and DergiPark and not as a substitute 

for them. 

We delimited our search to the articles published till December 30, 2020. Our search elicited 

many studies with different research designs such as survey studies, correlational studies, 

theoretical papers, literature reviews, meta-analysis studies, scale development studies, and 

content analysis studies. However, to act in accordance with the purpose of the current study, 

we considered only the articles that used purely experimental research designs and the articles 

that combined experimental research designs with qualitative research designs (i.e., mixed 

methods studies). Thus, in the current study, 44 purely experimental research articles, 24 mixed 

methods articles, and in total 68 STEM education articles from 52 different journals underwent 

content analysis. 

2.3. Coding Framework 

To formulate the coding categories that are pertinent to our study, we first developed a tentative 

coding framework based on previous research on methodological quality (e.g., Horton et al., 

1993; Shaver & Norton, 1980; Sung et al., 2019; Wallen & Fraenkel, 1988). Namely, we first 

used the predetermined categories developed by past researchers. As we coded the journal 

articles selected for our study, we had to make some changes to some of the codes or categories 

included in the tentative coding framework. Namely, we added some new codes or categories, 

deleted some of the codes or categories that were specified a priori, and refined some of these 

a priori codes or categories until the remaining codes and categories totally reflected the 

structure of our data. A final coding framework was developed when we were able to code all 

the journal articles exhaustively and explicitly with the codes and categories at hand. The 

categories and codes included in our final coding framework are explained below. 

2.3.1. Contribution to the literature 

Contribution to the literature refers to relating the intended study to previous studies in a 

planned way (Nelson & Shaver, 1985). In other words, it refers to situating the intended study 

in the context of the existing body of literature simply to “avoid reinventing the wheel” (Orne, 

1981, p. 1). There are four ways to report how a piece of research contributes to the literature: 

i) filling a gap or void in the literature, ii) replicating past research, iii) extending past research, 

https://trdizin.gov.tr/
https://dergipark.org.tr/tr/
https://scholar.google.com.tr/
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and iv) developing new ideas in the scholarly literature (Brown & Dant, 2008). Filling a void 

refers to examining concepts or ideas not addressed in the existing literature (Creswell, 2015). 

Replication refers to repeating a past study using a different group of participants and under 

different conditions such as different places, abilities, and socioeconomic status (Fraenkel et 

al., 2012). Extending past research refers to broadening a published study to a new topic or field 

or simply carrying out the study more deeply and exhaustively, for example, by incorporating 

new variables into the study (Ary et al., 2014; Creswell, 2015). Developing new ideas in the 

scholarly literature means dealing with new problems (i.e., problems that have not been 

explored before) that concern researchers and practitioners (Brown & Dant, 2008). 

2.3.2. Purpose statement 

Creswell and Creswell (2018) defined a purpose statement as a passage that conveys the overall 

intent of a research study in one or more sentences. They emphasized that a good purpose 

statement must be clear, specific, and informative and proposed the following design features 

in writing a good purpose statement: (i) words such as purpose, intent, aim, and objective should 

be used to draw attention to the central topic of the study, (ii) the study should be narrowed to 

a single phenomenon, concept, or idea, (iii) action verbs such as examine, explore, discover, 

develop, generate, and understand should be used to convey how the topic of the study will be 

learnt, (iv) directional language should be avoided and instead, neutral words or phrases should 

be used, (v) working definitions should be formulated especially for the terms that are not 

normally known by a large number of people in the research community, (vi) words that specify 

the research design of the study should be used, (vii) the participants of the study should be 

mentioned, (viii) the research site should be identified, and (ix) the research participants and 

sites should be delimited. In the current study, the journal articles that did not consider any one 

or more of these design features in their purpose statements were categorized as articles having 

unclear purpose statements. 

2.3.3. Research question 

A research question is a statement that is used to narrow the purpose statement to specific 

questions that a researcher attempts to answer by carrying out a study (Plano Clark & Creswell, 

2015). Research questions are “concrete questions, carefully composed in order to address the 

research objectives, to constitute a fair operationalization and embodiment of a valid set of 

indicators for addressing the research objectives, providing answers which address the research 

purposes with warranted data” (Cohen et al., 2018, p. 165). The journal articles analyzed in the 

present study were divided into two as articles containing research questions and articles not 

containing research questions. 

2.3.4. Hypothesis 

A hypothesis is a prediction of the anticipated findings from scientific research (Fraenkel et al., 

2012; Gall et al., 2014). Stating a hypothesis in a research study helps to ponder more 

thoroughly and precisely on the findings anticipated from a study, build a body of knowledge, 

and notice whether relationships between different variables are, or are not, examined (Fraenkel 

et al., 2012). There are two opposing hypotheses as null hypothesis (H0) and alternative 

hypothesis (H1) and hypothesis testing works under the premise that the null hypothesis is true 

(Gravetter et al., 2021). More precisely, researchers start with the null hypothesis, cast their 

research in the form of a null hypothesis, and turn to the alternative hypothesis when their data 

do not support the null hypothesis (Cohen et al., 2018). Simply put, “the null hypothesis is the 

focal point in hypothesis testing because it is the null hypothesis, not the alternative hypothesis, 

that is tested directly” (Johnson & Christensen, 2020, p. 514). In the current study, the journal 

articles were categorized into two as articles reporting a hypothesis and articles not reporting a 
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hypothesis. Articles reporting a hypothesis were further categorized into two as articles 

reporting a null hypothesis and articles reporting an alternative hypothesis.   

2.3.5. Type of experimental research design 

In experimental research studies, the effect of a treatment or an intervention (an independent 

variable) on an outcome (a dependent variable) is tested by attempting to control for all other 

factors (extraneous variables) that may influence that outcome (Creswell & Creswell, 2018).  

Experimental research studies provide the best way to establish cause-effect relationships 

between different variables (Fraenkel et al., 2012). Namely, they produce the strongest evidence 

of causality (Johnson & Christensen, 2020). In the current study, we considered the typology 

proposed by Fraenkel et al. (2012) and Johnson and Christensen (2020) and divided the 

experimental research designs used in the articles selected for analysis into three types: true 

experimental designs, quasi-experimental designs, and weak experimental designs. In true 

experimental designs, there are both experimental and control groups and the study participants 

are randomly assigned to these groups. In quasi-experimental designs, there are again 

experimental and control groups, but the study participants are not randomly assigned to these 

groups. In weak experimental designs, there is either no control group (i.e., there is only an 

experimental group) or the study participants are not randomly assigned to the groups (i.e., the 

groups are pre-existing or intact/static groups). Thus, true experiments are the most rigorous 

experimental design types, while weak experiments are the least rigorous ones. 

2.3.6. Sampling strategy 

The strategy used while selecting a sample from a population is called the sampling strategy 

(Johnson & Christensen, 2020). Educational research textbooks describe two main types of 

sampling as random sampling (probability sampling) and nonrandom sampling (nonprobability 

sampling). In these textbooks, the most commonly reported random sampling strategies are 

simple random sampling, systematic sampling, stratified sampling, and cluster random 

sampling, while the most commonly reported nonrandom sampling strategies are convenience 

sampling, purposive sampling, and quota sampling (Ary et al., 2014; Cohen et al., 2018; 

Johnson & Christensen, 2020; Mills & Gay, 2016). In the present study, when coding the 

selected articles, we considered the abovementioned strategies. For the articles that did not 

report any specific strategy, we coded only the main sampling strategy used. For the articles 

that did not provide any information about the main or specific sampling strategy used, we used 

the code “not reported”. 

2.3.7. Sample description 

Sample description refers to the information given about societal, demographic, economic, and 

other characteristics of the subjects who take part in a research study (Erdoğan, Marcinkowski, 

& Ok, 2009). In the current methodological review study, the subjects recruited were pre-

service teachers and K-12 students. The socio-demographic characteristics of the pre-service 

teachers were age, gender, university fund type (privately versus publicly funded university), 

department studied, year level, cumulative grade point average, and type of high school 

graduated (traditional high school, foreign language intensive high school, or vocational and 

technical high school). Location of the university (the region or city where the university is 

located) was also another characteristic reported in the articles that recruited pre-service 

teachers as participants.  

The socio-demographic characteristics of the K-12 students included their age, gender, 

ethnicity, educational stage (preschool, elementary school, middle school, and high school), 

school fund type (privately versus publicly funded school), giftedness, achievement level, 

attitude level, English language proficiency, English as a second language, special education 

status, at-risk status, and high school type (traditional high school or inclusive STEM high 
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school). K-12 students’ familial characteristics included socio-economic status (SES), 

economic status, and residence (state, region, city, district, or village). K-12 students’ other 

characteristics as reported in the selected articles were class size and educational opportunity.  

To operationalize the extent of sample description in each journal article, we used the following 

categorization including three levels: poor description, mediocre description, and rich 

description. Poor description refers to articles that describe at most three different 

characteristics of the sample. Mediocre description refers to articles that describe four, five, or 

six different characteristics of the sample. Rich description refers to articles describing more 

than six different characteristics of the sample. 

2.3.8. Population 

The notion of science rests entirely on the idea of generalization (Fraenkel et al., 2012). In 

quantitative studies, researchers obtain information from a small group of individuals and 

usually wish to generalize their findings to a larger group of individuals (Fraenkel et al., 2012). 

This larger group, which includes all possible members of a group of people, events, or objects, 

is called a population (Ary et al., 2014). Briefly, population refers to the “set of all the 

individuals of interest in a particular study” (Gravetter et al., 2021, p. 4). Defining a population 

helps researchers determine the extent of generalizability of their findings (Mills & Gay, 2016). 

In respect to this, Fraenkel et al. (2012) emphasized that researchers should avoid narrowly 

defined populations as much as possible because in such studies the usefulness of the obtained 

findings is severely restricted. They also remarked that it is not worth spending a considerable 

amount of time, energy, and money on studies that produce low applicable findings.  

In the present study, the selected STEM articles were categorized into two as those that reported 

a population and those that did not report a population. Moreover, for those that reported a 

population, we also evaluated population sizes.    

2.3.9. Instrument validity and reliability 

Instrument validity refers to the “appropriateness, correctness, meaningfulness, and usefulness 

of the specific inferences researchers make based on the data they collect” (Fraenkel et al., 

2012, p. 148) and instrument reliability refers to the “consistency of the scores obtained” 

(Fraenkel et al., 2012, p. 154). In the current study, we first categorized whether the authors of 

the selected journal articles developed their own instruments or used pre-existing instruments 

developed by others. Next, we coded the availability of validity and reliability information 

about the instruments used by the authors no matter who developed these instruments. In other 

words, we also paid particular attention to coding availability of validity and reliability 

information for the articles in which already developed instruments were administered. This is 

because even formerly developed instruments with perfect validity and reliability do not 

guarantee that they will function in the same way in the latter studies. Differences in participants 

and contexts may make earlier validity and reliability coefficients non-transferable to novel 

participants and contexts. Moreover, validity is always contingent upon the goals and 

interpretations of the researchers (Fraenkel et al., 2012).  

We further categorized the journal articles with respect to the types of validity and reliability 

used in them. We delimited our analysis of instrument validity to the following three major 

types: content validity, criterion-related validity, and construct validity (Ary et al., 2014; Cohen 

et al., 2018; Fraenkel et al., 2012; Mills & Gay, 2019). Similarly, we considered the following 

commonly reported reliability types in the educational literature when categorizing the selected 

articles: internal consistency (i. Cronbach’s alpha, ii. Kuder-Richardson, and iii. split-half), test 

re-test, equivalent-forms, and interrater agreement (Ary et al., 2014; Creswell, 2015; Fraenkel 

et al., 2012; Johnson & Christensen, 2020; Mills & Gay, 2019).   
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2.3.10. Basic assumptions of parametric tests 

Experimental research studies involve comparing scores obtained from two or more groups or 

under different conditions (Gravetter et al., 2021). Parametric tests are a subcategory of 

inferential statistics tests and are usually used to compare differences between the groups or 

conditions (Pagano, 2013). However, they require the fulfillment of several assumptions about 

the population and nature of data (Pallant, 2016).  

In the present study, to examine how well the selected journal articles fulfilled the basic 

assumptions required for conducting parametric tests, we used the judgment tree proposed by 

Sung et al. (2019). According to this tree, t-tests and between-groups ANOVAs must meet the 

basic assumptions of normality and homogeneity of variance. Thus, articles that examined these 

assumptions and that did not report any violations were categorized as fulfilling the 

assumptions. However, if the articles did not examine normality and homogeneity of variance 

for t-tests and between-groups ANOVAs, we considered the following two criteria: (1) Are the 

number of participants in each group or cell equal to or greater than 30? (2) Are there an equal 

number of participants in each cell or group? Articles that met these criteria were also 

categorized as fulling the assumptions because t-tests and ANOVAs are robust with respect to 

violations of the normality and homogeneity of variance assumptions (Howell, 2017; Pagano, 

2013).  

According to Sung et al.’s (2019) judgment tree, to conduct repeated-measures ANOVA and 

mixed-design ANOVA, homogeneity of regression slopes in addition to normality and 

homogeneity of variance must be met (Hair et al., 2019; Kirk, 2013). Thus, the journal articles 

that met the three assumptions for repeated-measures ANOVA and mixed-design ANOVA 

were categorized as fulfilling the basic assumptions; otherwise, they were categorized as not 

fulfilling the basic assumptions. Similarly, to conduct ANCOVA, researchers must satisfy the 

sphericity assumption in addition to normality and homogeneity of variance (Hair et al., 2019; 

Kirk, 2013). Thus, articles meeting these three basic assumptions for ANCOVA were also 

coded as fulling the basic assumptions. 

2.3.11. Sample size 

Sample size refers to the number of participants in a research study (Frey, 2018). It is important 

to note that by sample size we refer to the final sample size, not to the designated sample size 

(Shapiro, 2008), because the number of participants in a designated sample may be much fewer 

if a considerable number of individuals drop out of experimental research studies. Authors of 

commonly used educational research textbooks (e.g., Ary et al., 2014; Fraenkel et al., 2012; 

Mills & Gay, 2016) recommend a minimum of 30 participants in each cell or group (i.e., 

experimental and control groups). Including a minimum of 30 participants in each group is 

significant because a sample size less than 30 for each group may lead to low statistical power 

and this may, in turn, endanger the validity of experimental research (Cheung & Slavin, 2012). 

A summary of commonly used experimental research designs and the sample sizes needed to 

conduct the corresponding statistical tests are presented in Table 1. 
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Table 1. The required sample size for statistical tests conducted under different experimental research 

designs when statistical power is 0.80, effect size is moderate, and α = 0.05 (Sung et al., 2019, p. 18). 

 
Within-subject 

design 
Mixed design Between-subject design 

Experimental  
Paired  

t-test 

Multi-factor 

ANOVA 

(2*2 levels, 

interaction) 

Multi-factor 

ANOVA 

(2*2 levels, 

interaction) 

Independent 

t-test 

ANOVA 

(2 levels) 

ANOVA 

(3 levels) 

ANCOVA 

(2 levels) 

Multi-factor 

ANOVA 

(2*2 levels, 

interaction) 

Pre-experiment 34        

Quasi-experiment         

   Pre test    128 128 159   

   Gain Score    128 128 159   

   ANCOVA       128  

   Counterbalance 34 30       

   Multi-factor  30 34     179 

True-experiment   34 128 128 159 128 179 

Upon examining the selected articles, we used the following categories for the number of 

participants in each group or cell: 10–19, 20–29, 30–49, 50–99, and 100 and above. 

2.3.12. Effect size  

Effect size is a measure that quantifies the magnitude of difference between two groups (Coe, 

2021). In experimental research, it refers to the treatment effect (Gravetter et al., 2021). It 

supplements statistical significance because statistical significance alone does not provide 

enough evidence for the importance of the findings (Warner, 2013). Besides, studies with large 

sample sizes can easily reach statistical significance even if the difference between the groups 

has little or no practical significance at all (Pallant, 2016). On the other hand, effect size is 

independent of sample size (Gravetter et al., 2021). Thus, it is not influenced by very small or 

large sample sizes. For this reason, reporting effect sizes in addition to statistical significance 

tests plays a crucial role in adopting a more rigorous approach to determining the effectiveness 

of experimental interventions and consequently encouraging a more scientific approach to the 

accumulation of research findings (Coe, 2021). As effect sizes are valuable means to report and 

interpret educational effectiveness, in this study, we categorized the selected articles into two 

as those that reported effect sizes and those that did not report effect sizes. 

2.3.13. Statistical power 

Statistical power refers to the “probability that the test will identify a treatment effect if one 

really exists” (Gravetter et al., 2021, p. 275). In experimental studies, it refers to the 

experiment’s sensitivity to detect a treatment effect that really exists (Pagano, 2013). Statistical 

power is dependent upon three factors: sample size, effect size, and alpha level set by the 

researcher. It should be cautioned that in studies that are carried out with a quite small sample 

size (e.g., 20 participants), non-significant results may be obtained because of low statistical 

power. Thus, statistical power demonstrates how much confidence researchers should have in 

the results when they fail to reject the null hypothesis (Pallant, 2016). Besides, Cohen (1998) 

recommended that the power of a statistical test should be at least 0.80 (i.e., 80% probability of 

detecting an effect if there is actually one). Similarly, Sung et al. (2019) pointed out that if the 

power of a statistical test is less than 0.50, then obtaining a significant or non-significant result 

will be similar to guessing. Accordingly, given the importance of reporting statistical power, in 

this study, we categorized the selected journal articles into two as those that reported statistical 

power and those that did not report statistical power. 
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2.4. Data Analysis 

Content analysis is used to analyze “written or visual materials for the purpose of identifying 

specified characteristics of the material” (Ary et al., 2014, p. 488). This research method helps 

to study human behavior indirectly usually through analysis of documents such as textbooks, 

essays, and magazine articles (Fraenkel et al., 2012). It is commonly used by educational 

researchers for several reasons such as revealing textbook biases, prejudices, and propaganda; 

analyzing error types in learners’ writings; identifying prevailing practices; determining the 

difficulty level of a textbook content; and finding out the importance given to and the interest 

shown in some topics compared to the other ones (Ary et al., 2014). In the current study, we 

used this method to reveal the methodological quality of experimental STEM education articles 

published in refereed Turkish journals. When conducting our content analysis, we followed the 

steps recommended by Ary et al. (2014). These steps are explained below. 

Specifying the phenomenon to be investigated: The phenomenon that we investigated in our 

content analysis was the methodological quality of publications on STEM education in the 

scholarly literature. More clearly, the phenomenon explored was Turkish educational 

researchers’ prevailing research reporting practices. By examining this phenomenon, we aimed 

to determine the consistency between authors’ research reporting practices and the commonly 

suggested research methods and procedures by well-known methodology textbooks.  

Selecting the media from which the observations are to be made: The media selected for 

investigating the phenomenon of methodological quality were peer-reviewed articles published 

in Turkish journals. However, not all articles on STEM education were subjected to content 

analysis. That is, we only analyzed purely experimental STEM education articles and mixed 

methods articles on STEM education that used any type of experimental research design in their 

quantitative dimensions. There are several reasons for delimiting our analysis to peer-reviewed 

journal articles on STEM education in which experimental designs are used either completely 

or partially. First, journal articles provide the most recent research for the audience (Stebbins, 

2006). Second, they are primary sources because the authors report their findings directly to the 

readers through them (Fraenkel et al., 2012). Third, they are expected to maintain higher 

standards to ensure quality (Creswell, 2015). Last and foremost, experimental research is “the 

only type of research that directly attempts to influence a particular variable”, and consequently, 

is “the best way to establish cause-and-effect relationships among variables” (Fraenkel et al., 

2012, p. 265). It is for this reason that policymakers and other stakeholders consider 

experimental research findings when making decisions about nationwide educational practices 

(Gall et al., 2007). 

Formulating coding categories: Based on previously developed coding frameworks (e.g., 

Horton et al., 1993; Sung et al., 2019; Wallen & Fraenkel, 1988) and recommendations of well-

known methodology textbook authors (e.g., Creswell, 2015; Frankel et al., 2012; Cohen et al., 

2018; Johnson & Christensen, 2020) for conducting more rigorous research, we designed a 

comprehensive coding framework that comprises the following categories: formulating purpose 

statements, research questions, and hypotheses; clarifying contribution to the literature; 

describing the type of experimental design;  describing the sample, sampling strategy, and the 

population; establishing instrument validity and reliability and describing their types; fulfilling 

the basic assumptions of the parametric tests used; attending to minimum sample size in 

experimental and control groups; and reporting effect sizes and statistical powers for the 

parametric tests used. In the previous section, these coding categories were defined and 

explained in some detail. 

Deciding on the sampling plan to be used: STEM education research does not have a long 

history in Turkey. Several researchers (e.g., Aydın Günbatar & Tabar, 2019; Daşdemir et al., 

2018; Elmalı & Balkan Kıyıcı, 2017) indicated that, in Turkey, STEM education research was 
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first initiated in 2014. Similarly, Özcan and Koca (2019) expressed that STEM education 

research in Turkey has gained momentum only over the past 5 years. Furthermore, our extensive 

review of literature also shows that there are a limited number of research studies on STEM 

education in Turkey. More importantly, we could locate a significantly fewer number of 

refereed journal articles on STEM education that employed an experimental research design. 

This extensive literature review helped us decide on the sampling plan to be used. Namely, in 

our content analysis, we attempted to locate the entire population of experimental STEM 

education articles published in refereed Turkish journals and thereby aimed to obtain an almost 

perfectly representative sample. 

Training the coders: The first and second author of the current study coded the methodological 

quality of the journal articles. Before the actual coding, the two authors conducted sample 

coding for several experimental articles (different from the 68 articles selected for actual 

analysis) published in refereed Turkish journals. They independently coded the sample articles. 

Next, they held several sessions to discuss their independent coding and resolve the conflicting 

codes. These sessions also helped to clarify the meanings of the categories, make them more 

complete, and consequently revise and refine the coding framework. After the training session, 

the two authors separately coded all articles with respect to methodological quality by using the 

final form of the coding framework. In the first round of coding, the intercoder agreement 

(Miles et al., 2014) between the two coders was around 80%. Miles et al. (2014) recommended 

that “intercoder agreement should be within the 85% to 90% range, depending on the size and 

range of the coding scheme” (p. 85). Thus, the coders first identified the conflicting codes and 

re-examined the corresponding articles. In the second round of coding, the intercoder agreement 

reached 93%. The two authors discussed the rest of the conflicting codes periodically until they 

negotiated and arrived at a full consensus. 

Analyzing the data: Once we have finalized coding our data, we counted the frequency of each 

code under each category. We also calculated percentages for these codes. Next, as 

recommended by Fraenkel et al. (2012), we assigned a label for each article (i.e., A1–A68) to 

facilitate data analysis. In these labels, the letter A stands for “Article” and the numbers ranging 

between 1 and 68 denote articles’ IDs. The frequencies and percentages about each code under 

each category helped us summarize and interpret our research data. Namely, through 

frequencies and percentages, we were able to reveal refereed Turkish journals’ trends in STEM 

education regarding methodological quality. More specifically, we could detect the decreasing 

and increasing trends in authors’ use of research methods and procedures to improve the rigor 

of their articles. 

2.5. Trustworthiness of the Study 

To establish the trustworthiness of our study, we applied the following criteria proposed by 

Lincoln and Guba (1985): credibility, transferability, dependability, and confirmability. To 

ensure credibility, we explained our rationale for using a methodological review, thickly 

described the categories of our coding framework, examined previous research findings on the 

methodological quality of journal articles, and compared our findings with these previous 

research findings in the discussion section. Moreover, we used both data and investigator 

triangulation, spent prolonged time reading the full texts of the articles (over 3 months) to 

become familiar with the data and to obtain rich data for analysis, and finally, we used peer 

debriefing. That is, we had an associate professor review our data and examine our codes and 

categories. He has considerable experience in experimental research and methodological 

reviews. Through his review and examination, we received constructive feedback and thereby 

improved the quality of our findings.  

To ensure transferability, we clearly described how we selected the articles for content analysis, 

explained our potential inclusion criteria, and described the main characteristics of the articles 
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so that other researchers who would like to examine the methodological quality of experimental 

studies may evaluate whether the findings drawn from the articles analyzed in the current study 

are applicable to other scientific documents such as books and proceedings. To establish 

dependability, first, we tried to maintain consistency across the entire study period including 

the starting point of research, data collection, and analysis. Meanwhile, we described each of 

the research steps transparently. Second, we explained our data analysis process as clearly as 

possible and used tables to report our findings to help other researchers evaluate the whole data 

coding process and replicate our study if desired. To achieve confirmability, we tried to do our 

best to control our biases and paid careful attention to shaping our findings solely by the data 

collected from the journal articles. More specifically, we used Ahern’s (1999) ten tips to achieve 

reflexive bracketing. 

3. FINDINGS 

In this section, we report the findings related to the methodological quality of experimental 

STEM education articles published in refereed Turkish journals. In what follows, we present 

the number and percentage of articles with respect to each category of our coding framework. 

3.1. Contributions to the Literature 

Articles’ contribution types to the STEM education literature are presented by year of 

publication in Table 2. 

Table 2. Articles’ contribution types to the STEM education literature.  

Contribution to the literature 
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Filling a gap or void in the 

literature 
1  50 1  25 - - 1  17 5 38 3 27 11 39 22 32 

Replicating past research - - - - - - - - - - - - - - - - 

Extending past research - - - - - - - - - - - - 1 4 1 1 

Developing new ideas in the 

scholarly literature 
- - - - - - 2 33 6 46 2 18 8 29 18 26 

Not reported 1 50 3 75 4 100 3 50 2 15 6 55 8 29 27 40 

Note. Numbers inside the parentheses are percentages and the 2018, 2020, and Total columns do not add up to 

100% due to round-off errors. 

As shown in Table 2, by and large, less than half of the articles (40%) did not report how they 

contributed to the STEM education literature. Besides, only one article (A14) was designed to 

extend the findings of past research. More strikingly, none of the articles attempted to replicate 

past research. When the articles are examined on a yearly basis, it can be seen that 50% or more 

of the articles did not report how they contributed to the literature in 2014, 2015, 2016, 2017, 

and 2019. Encouragingly, this percentage decreased drastically in 2018 (15%) and 2020 (29%). 

It also appears that filling a gap or void in the literature was a more standard reporting practice 

for the articles published from 2014 to 2020 because, in each year excluding 2016, at least one 

article used this contribution type. On the other hand, developing new ideas in the literature 

seems to be a more recent practice since it was only used in the articles published from 2017 to 

2020. 

3.2. Purpose Statements 

The breakdown of articles with respect to the formulation of purpose statements and publication 

years are presented in Table 3. As indicated in Table 3, it is encouraging to find that, all told, 

most of the articles (81%) contained clearly formulated purpose statements. Besides, the pattern 

across the 7-year period indicates that each year at least 50% of the articles provided purpose 

statements and this percentage reached its peak in 2018 (85%), 2019 (91), and 2020 (82%). On 
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the other hand, eight out of 68 articles (A2, A7, A14, A15, A36, A46, A47, and A52; 12%) 

included unclear purpose statements. 

Table 3. Articles’ formulation of purpose statements.  

Formulation of purpose 

statements 

2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Purpose statement is clear 1 50 3 75 3 75 4 67 11 85 10 91 23 82 55 81 

Purpose statement is not clear - - - - - - 1 17 2 15 1 9 4 14 8 12 

Purpose statement is not 

formulated 
1 50 1 25 1 75 1 17 - - - - 1 4 5 7 

Note. Numbers inside the parentheses are percentages and the 2017 column does not add up to 100% due to round-

off errors. 

3.3. Research Questions 

The distribution of articles with regards to the formulation of research questions and publication 

years are given in Table 4. 

Table 4. Articles’ formulation of research questions.  

Formulation of 

research questions 

2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Research questions 

are formulated 
- - 3 75 2 50 6 100 13 100 7 64 21 75 52 76 

Research questions 

are not formulated 
2  100 1 25 2 50 - - - - 4 36 7 25 16 24 

Note. Numbers inside the parentheses are percentages.  

As depicted in Table 4, overall, about three-quarters of the articles (76%) formulated their 

research questions. When the articles are examined on a yearly basis, it can be seen that none 

of the articles specified research questions in 2014, while at least half of them specified research 

questions from 2015 to 2020. Notably, all of the articles reported research questions in 2017 

and 2018, while there was some decrease in articles’ research question reporting percentages in 

2019 (64%) and 2020 (75%). 

3.4. Hypotheses 

The distribution of articles with respect to the formulation of hypotheses and publication years 

are given in Table 5. 

Table 5. Articles’ formulation of hypotheses.  

Formulation of 

hypotheses 

2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Hypotheses are 

formulated 
- - - - 1 25 2 33 - - - - - - 3 4 

Hypotheses are not 

formulated 
2 100 4 100 3 75 4 66 13 100 11 100 28 100 65 96 

Note. Numbers inside the parentheses are percentages and the 2017 column does not add up to 100% due to round-

off errors. 

It appears from Table 5 that formulation of hypotheses is not an accepted standard for 

experimental research articles published in refereed Turkish journals. All in all, only three out 

of 68 articles (A55, A58, and A62) formulated hypotheses. One of these articles (A62) was 

published in 2016 and the remaining two articles (A55 and A58) were published in 2017. 

Furthermore, the hypotheses formulated in these articles were all in null hypothesis (H0) form. 
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3.5. Types of Experimental Research Designs 

The distribution of articles by experimental design types and publication years is presented in 

Table 6. 

Table 6. Distribution of experimental design types. 

Experimental design types 
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Weak experimental design 2 100 2 50 2 50 3 50 4 31 6 55 9  32 28 41 

Quasi-experimental design - - 2  50 2 50 3 50 9 69 5 45 17 61 38 56 

True experimental design  - - - - - - - - - - - - - - - - 

Not specified - - - - - - - - - - - - 2 7 2 3 

Note. Numbers inside the parentheses are percentages. 

As given in Table 6, altogether, more than half of the STEM education articles (56%) used 

quasi-experimental designs and roughly 40% of the articles used weak experimental designs. 

However, none of the articles adopted true experimental designs. In two articles (A68 and A28) 

experimental research designs were used but their types were not specified. An examination of 

the trend over the targeted period reveals that the emphasis on weak experimental designs 

declined gradually from 2014 to 2020 and that quasi-experimental designs became more 

prevalent in the articles published in recent years, especially in 2020. 

3.6. Sampling Strategies 

The classification of articles by sampling strategy and year of publication is presented in Table 

7. 

Table 7. Sampling strategies used in the articles. 

Sampling strategies 
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

I 

Stratified random 

sampling 
1 50 1 25 - - - - - - - - - - 2 3 

Not specified - - - - - - 1 17 - - - - 4 14 5 7 

II 

Convenience sampling - - 1 25 1 25 1 17 2 15 6 55 11 39 22 32 

Purposive sampling - - - - - - 1 17 1 8 1 9 2 7 5 7 

Not specified - - - - - - 1 17 - - - - 1 4 2 3 

Not reported 1 50 2 50 3 75 2 33 10 77 4 36 10 36 32 47 

Note. I represents random sampling strategies and II represents nonrandom sampling strategies. Numbers inside 

the parentheses are percentages and the 2017 and Total columns do not add up to 100% due to round-off errors. 

As seen in Table 7, on the whole, nearly half of the articles (47%) did not report the sampling 

strategy used. Meanwhile, about one-third of them (32%) used samples of convenience, 

generally intact classrooms that are easily available to the STEM education researchers, and 

only 10% of them used random sampling strategies. From 2014 to 2020, each year at least one-

third of the articles did not report their sampling strategies. Convenience sampling was used in 

all years excluding 2014 and the tendency to use this sampling strategy increased drastically in 

2019 (55%) and 2020 (39%). A year-by-year examination also shows that, excluding 2020, 

each year either one or none of the articles used random sampling strategies. Purposive 

sampling was used in 2017 and thereafter. In 2017, 2018, and 2019 one article and in 2020 two 

articles reported the use of this sampling strategy.    

3.7. Description of Samples 

As mentioned previously, the selected STEM education articles recruited either K-12 students 

or pre-service teachers as their subjects. The level of description of K-12 students in the selected 

articles is presented in Table 8. 
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Table 8. The level of description of K-12 students in the selected articles. 

Level of description 
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Poor description - - 2 67 1 25 1 33 2 25 1 17 8 36 15 32 

Mediocre description 1 100 - - 3 75 2 67 6 75 5 83 14 64 31 66 

Rich description - - 1 33 - - - - - - - - - - 1 2 

Note. Poor description refers to reporting at most three different sample characteristics, mediocre description refers 

to reporting four, five, or six different sample characteristics, and rich description refers to reporting more than six 

different sample characteristics. Numbers inside the parentheses are percentages. 

As shown in Table 8, overall, 31 out 47 articles (66%) provided mediocre description, about 

30% of the articles provided poor description, and only one article provided rich description for 

their samples. It also appears from this table that there was not a detectable pattern in terms of 

sample description across the 7-year period. The level of description of pre-service teachers in 

the selected articles is presented in Table 9. 

Table 9. The level of description of pre-service teachers in the selected articles. 

Level of description 
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Poor description - - - - - - 1 33 1 20 - - 1 17 3 14 

Mediocre description 1 100 1 100 - - 2 67 4 50 4 80 3 50 15 71 

Rich description - - - - - - - - - - 1 20 2 33 3 14 

Note. Numbers inside the parentheses are percentages and the Total column does not add up to 100% due to round-

off errors. 

As given in Table 9, altogether, 15 out of 21 articles (71%) provided a mediocre description 

and three articles provided a rich description for their samples, while the remaining three 

articles poorly described their samples. A year-by-year examination shows that there is an 

increasing trend towards mediocre description in 2017 and 2018 and towards rich description 

in 2019 and 2020.   

3.8. Populations 

The breakdown of articles with respect to defining a population and year of publication is 

presented in Table 10. 

Table 10. Articles’ description of their populations. 

Description of populations 
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Population is defined 1 50 1 25 - - 2 33 - - 1 9 3 11 8 12 

Population is not defined 1 50 3 75 4 100 4 67 13 100 10 91 25 89 60 88 

Note. Numbers inside the parentheses are percentages. 

As demonstrated in Table 10, nearly 90% of the articles did not define their populations. 

Moreover, it appears that reporting populations became an almost overlooked research 

reporting practice, especially in the last three years. Of the eight articles that reported 

population, six described very narrow populations (i.e., A4, A6, A10, A39, A53, and A67). 

That is, these articles reported their populations as only the schools or faculties from which the 

samples were selected. 

3.9. Validity and Reliability of Data Collection Instruments 

The selected STEM education articles either used the instruments that were developed in 

previous studies (i.e., pre-existing instruments) or developed their own instruments to collect 

their own data. Eighty-nine pre-existing instruments (74%), 32 self-developed instruments 

(26%), and altogether 121 different instruments were used in these articles. Unfortunately, for 

the pre-existing instruments, only three articles (i.e., A30, A49, and A53) reported the validity 
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of data collected from their own samples, while the rest of them solely reported the validity of 

data obtained from the original studies. The validity types reported for the instruments used in 

the STEM education articles are shown in Table 11. 

Table 11. The validity types reported for the instruments used in the STEM education articles. 

Validity of the instruments 
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Likert scale                 

Construct validity 1 50 - - 1  100 7 70 7 41 11 85 15 60 42 62 

Content and construct validity - - - - - - -  - - - - 1 4 1 1 

Not reported 1 50 - - - - 3 30 10 59 2 15 9 36 25 37 

Achievement test                 

Content and construct validity - - 2 40 - - 3 100 6 60 3 75 7 39 21 50 

Content validity - - - - - - - - - - - - 2 11 2 5 

Construct validity 1 100 - - - - - - - - - - 2 11 3 7 

Not reported - - 3 60 1  100 - - 4 40 1 25 7 39 16 38 

Questionnaire                 

Content validity - - - - - - 1 100 - - - - - - 1 17 

Not reported - - - - 4 100 - - - - - - 1 100 5 83 

Performance test                 

Content validity - - - - - - - - - - - - 2 100 2 100 

Semantic differential scale                 

Construct validity - - - - 1 100 - - - - - - - - 1 100 

Ability test                 

Not reported - - - - - - - - - - - - 1 100 1 100 

Note. Thirty-two articles used only one instrument, 24 articles used two different instruments, 10 articles used 

three different instruments, and 2 articles used 5 different instruments. Numbers inside the parentheses are 

percentages. 

As presented in Table 11, the STEM education articles mainly used Likert scales and 

achievement tests as data collection instruments. Overall, for a large proportion of the Likert 

scales (62%), only construct validity was reported. Both content and construct validity were 

provided for only one Likert scale. On the other hand, for a considerable proportion of Likert 

scales (37%), validity information was not provided. On a yearly basis, construct validity again 

seems to be a more standard validity reporting practice for the articles that used Likert scales 

as data collection instruments. Altogether, for half of the achievement tests used (50%), both 

content and construct validity were reported. On a yearly basis, reporting content and construct 

validity was also a predominant practice for the achievement tests used in the articles published 

from 2014 to 2020.  

Pre-existing instruments used in the articles were Likert scales, achievement tests, 

questionnaires, and semantic differential scales. Sixty-seven pre-existing Likert scales were 

used in the articles. For 29 of them (40%), reliability information from both the original studies 

and their own data were reported. For 27 of them (40%), only reliability information from the 

original studies was provided. For 7 of them (10%), only reliability information from their own 

data was reported. For 4 of them (6%) reliability information was not provided. Sixteen pre-

existing achievement tests were used in the articles. For 11 of them (65%), only reliability 

information from the original studies was provided. For 4 of them (24%), reliability information 

from both the original studies and their own data was reported. For one of them (6%), only 

reliability information for its own data was provided. For the remaining one (6%), reliability 

information was not provided. Five pre-existing questionnaires were used in the articles. For 4 

of them (80%), only reliability information for their own data was provided and for the 

remaining one (20%), reliability information was not reported. Finally, one pre-existing 

semantic differential scale was used in A61 and reliability information from both the original 

study and its own data was reported.  
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Self-developed instruments used in the articles were achievement tests, performance tests, 

ability tests, and Likert scales. Twenty-six self-developed achievement tests were used in the 

selected STEM education articles and for 22 of them (85%), reliability information was 

provided. Two self-developed performance tests were used in A15 and reliability information 

was provided for both of them. One self-developed Likert scale was used in A22 and one self-

developed questionnaire was used in A57 and reliability information was reported for both 

instruments. Finally, one self-developed ability test was used in A11. However, reliability 

information was not reported for this instrument. The reliability types reported for the 

instruments used in the selected STEM education articles are given in Table 12. 

Table 12. The reliability types reported for the instruments used in the STEM education articles. 

Reliability of the instruments 
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Likert scale                 

Cronbach’s alpha  1 50 - - 1 100 8 80 15 88 13 100 23 92 61 90 

Cronbach’s alpha and test-retest - - - - - - - - 1 6 - - 1 4 2 3 

Internal consistency not specified - - - - - - - - 1 6 - - - - 1 1 

Not reported 1 50 - - - - 2 20 - - - - 1 4 4 6 

Achievement test                 

KR-20 1 100 1 20 - - 1 33 9 90 2 50 12 67 26 62 

Cronbach’s alpha - - - - - - - - 1 10 2 50 3 17 6 14 

Inter-rater agreement - - - - - - - - - - - - 2 11 2 5 

KR-21 - - - - - - 1 33 - - - - - - 1 2 

Internal consistency not specified - - 1 20 1 100 - - - - - - - - 2 5 

Not reported - - 3 60 - - 1 33 - - - - 1 6 5 12 

Questionnaire                 

Cronbach’s alpha - - - - 3 75 - - - - - - - - 3 50 

Inter-rater agreement - - - - -  1 100 - - - - 1 100 2 33 

Not reported - - - - 1 25 - - - - - - - - 1 17 

Performance test                 

Inter-rater agreement - - - - - - - - - - - - 2 100 2 100 

Semantic differential scale                 

Cronbach’s alpha - - - - 1 100 - - - - - - - - 1 100 

Ability test                 

Cronbach’s alpha - - - - - - - - - - - - 1 100 1 100 

Note. Thirty-two articles used only one instrument, 24 articles used two different instruments, 10 articles used 

three different instruments, and 2 articles used 5 different instruments. Numbers inside the parentheses are 

percentages and the 2017 and 2020 columns for achievement tests do not add up to 100 due to round-off errors. 

Table 12 indicates that the selected STEM education articles mainly used Likert scales and 

achievement tests as data collection instruments and that they mostly used internal consistency 

estimates when reporting reliability. More specifically, for most of the Likert scales (93%), 

Cronbach’s alpha estimates were calculated. Similarly, for more than half of the achievement 

tests (64%), Kuder-Richardson formulas (KR-20 and KR-21) were used. When examined per 

year, it can be seen that the tendency to use Cronbach’s alphas and KR-20s for reporting 

reliabilities of Likert scales and achievement tests is especially more evident in the last three 

years (i.e., between 2018 and 2020). On the other hand, other methods such as test-retest and 

inter-rater agreement were seldom used to report reliabilities of data collection instruments. 

3.10. Basic Assumptions of Parametric Tests 

Table 13 demonstrates the extent to which the basic assumptions of the parametric tests are 

fulfilled in the selected articles. As shown in Table 13, the STEM education articles mainly 

used paired-samples t-test (55%) and independent-samples t-test (28%) as parametric tests. 

However, only less than half of the articles using paired-samples t-test (46%) could fulfill the 

corresponding basic assumptions. Similarly, only 37% of the articles using independent-
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samples t-test satisfied the basic assumptions related to this test. On an annual basis, there seems 

to appear a stable trend for the STEM education articles towards not fulling the basic 

assumptions of parametric tests. For the paired-samples t-test, every year, at least nearly half of 

the articles did not check the basic assumptions. For independent-samples t-test, this is far more 

manifest because, each year excluding 2019, articles not fulling the basic assumptions 

outnumbered the ones that fulfilled the basic assumptions. 

Table 13. The fulfillment of basic assumptions of parametric tests used in the STEM education articles. 

Fulfillment of basic assumptions  
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Paired-samples t-test                 

Fulfilled - - 2 67 - - 2 50 1 14 4 57 8  57 17 46 

Not fulfilled 2 100 1 33 - - 2 50 6 86 3 43 6 43 20 54 

Independent-samples t-test                 

Fulfilled - - - - - - - - 1 17 3 100 3 38 7 37 

Not fulfilled - - 1 100 - - 1 100 5 83 - - 5 63 12 63 

One-way between-groups ANOVA                 

Fulfilled - - - - - - 1 100 1 100 - - 1 100 3 100 

Not fulfilled - - - - - - - - - - - - - - - - 

One-way repeated-measures 

ANOVA 
                

Fulfilled - - - - - - - - - - - - - - - - 

Not fulfilled - - - - - - - - - - - - 1 100 1 100 

One-way ANCOVA                 

Fulfilled - - - - - - - - - - - - - - - - 

Not fulfilled - - - - - - - - 1 100 - - - - 1 100 

Two-way ANCOVA                 

Fulfilled - - - - - - - - - - - - 1 100 1 100 

Not fulfilled             - - - - 

One-way mixed-design ANOVA                 

Fulfilled - - - - - - - - - - - - - - - - 

Not fulfilled - - - - - - - - - - - - 2 100 2 100 

Two-way mixed-design ANOVA                 

Fulfilled - - - - - - 1  50 - - - - - - 1 33 

Not fulfilled - - - - - - 1  50 1 100 - - - - 2 67 

Note. Thirty-four articles used only one parametric test, 15 articles used two different parametric tests, one article 

used three different parametric tests, 16 articles used nonparametric tests, one article used hierarchical linear 

modeling, and the remaining one used the Wald test for multi-group analysis. Numbers inside the parentheses are 

percentages and the 2020 column for independent-samples t-test does not add up to 100 due to round-off errors. 

3.11. Sample Sizes 

The number of participants used in each group or cell of the selected articles is categorized in 

Table 14. As can be calculated from Table 14, overall, 60% of the articles had less than 30 

participants in their experimental and/or control groups. In 38% of the articles, the number of 

participants in each group ranged between 20 and 29 (38%), while only three articles used 100 

or more participants in each group. Table 14 also shows that there does not appear an increasing 

and deliberate attempt to use at least 30 participants in experimental and control groups from 

2014 to 2020.   
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Table 14. The number of participants used in each group or cell. 

Number of participants 
2014 2015 2016 2017* 2018* 2019* 2020 Total 

n % n % n % n % n % n % n % n % 

10–19 participants - - - - - - - - 3 19 4 33 9 32 16 22 

20–29 participants 2 100 - - 2 50 3 43 7 44 4 33 10 36 28 38 

30–39 participants - - 1 25 - - 1 14 6 38 - - 5 18 13 18 

40–49 participants - - 1 25 - - 1 14 - - 1 8 1 4 4 5 

50–99 participants - - 1 25 - - 2 29 - - 3 25 3 11 9 12 

100 or more participants - - 1 25 2 50 - - - - - - - - 3 4 

Note. In columns marked with *, A38 (2019), A40 (2018), A45 (2018), A46 (2018), and A53 (2017) were counted 

twice due to unequal number of participants in the experimental (EG) and control groups (CG). In A38, EG = 20 

and CG = 13. In A40, EG1 = 28, EG2 = 33, and CG = 26. In A45, EG = 28 and CG = 30. In A46, EG = 34 and 

CG = 22. In A53, EG1 = 30, EG2 = 26, and CG = 22. Numbers inside the parentheses are percentages and the 

2017, 2018, 2019, and Total columns do not add up to 100% due to round-off errors. 

3.12. Effect Sizes 

The STEM education articles’ reporting of effect sizes for the parametric tests they used are 

presented in Table 15. As depicted in Table 15, overall, more than half of the articles did not 

report effect sizes for the paired-samples t-tests (65%), independent-samples t-tests (63%), and 

two-way mixed-design ANOVAs (67%) they used. For one-way between-groups ANOVA, 

one-way repeated-measures ANOVA, and one-way ANCOVA, none of the articles reported 

effect sizes. All of the articles that used two-way ANCOVA (i.e., A27) and one-way mixed-

design ANOVA (i.e., A15 and A24) reported effect sizes. When examined on a yearly basis, it 

can be seen that, each year excluding 2018, more than half of the articles did not report effect 

sizes for the paired-samples t-tests they conducted. Moreover, on a yearly basis, more than 60% 

of the articles that used independent-samples t-test did not report effect sizes. 

Table 15. Articles’ reporting of effect sizes for the parametric tests used. 

Effect sizes reported 
2014 2015 2016 2017 2018 2019 2020 Total 

n % n % n % n % n % n % n % n % 

Paired-samples t-test                 

Reported - - 1 33 -  1 25 4 57 3 43 4 29 13  35 

Not reported 2 100 2 67 -  3 75 3 43 4 57 10 71 24 65 

Independent-samples t-test                 

Reported - - - - -  1 100 2 33 1 33 3 38 7 37 

Not reported - - 1 100 -  -  4 67 2 67 5 63 12 63 

One-way between-groups ANOVA                 

Reported - - - - - - - - - - - - - - - - 

Not reported - - - - - - 1 100 1 100 - - 1 100 3 100 

One-way repeated-measures 

ANOVA 
                

Reported - - - - - - - - - - - - - - - - 

Not reported - - - - - - - - - - - - 1 100 1 100 

One-way ANCOVA                 

Reported - - - - - - - - - - - - - - - - 

Not reported - - - - - - - - 1 100 - - - - 1 100 

Two-way ANCOVA                 

Reported - - - - - - - - - - - - 1 100 1 100 

Not reported - - - - - - - - - - - - - - - - 

One-way mixed-design ANOVA                 

Reported - - - - - - - - - - - - 2 100 2 100 

Not reported - - - - - - - - - - - - - - -  

Two-way mixed-design ANOVA                 

Reported - - - - - - 1 50 - - - - - - 1 33 

Not reported - - - - - - 1 50 1 50 - - - - 2 67 

Note. Numbers inside the parentheses are percentages. 
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3.13. Statistical Powers 

Regrettably, of the 68 articles reviewed, none reported the statistical power of the parametric 

tests used. This indicates that statistical power is an overlooked statistical measure for the 

experimental STEM education articles published in national indexed journals. 

4. DISCUSSION and IMPLICATIONS 

In this study, we examined the methodological quality of experimental STEM education articles 

published in the refereed Turkish journals from 2014 to 2020. In this way, we attempted to 

reveal the degree to which current research reporting practices in these journals are in agreement 

with the standards of educational research described in the commonly used methodology 

textbooks. In what follows, we discuss the findings in light of the literature on methodological 

quality. 

4.1. Contributions to the Literature 

The present study found that 40% of the articles did not clarify how they contributed to the 

STEM education literature. This implies that national indexed journals are largely lacking a 

systematic effort to build a cumulative knowledge base in the area of STEM education. What 

is more, researchers who are publishing in these journals may not be aware that similar or 

related research might have been or is being conducted elsewhere by other colleagues and it is 

most likely that they will continue to conduct isolated studies in the future. The researchers’ 

failure to relate their studies to past research may have serious consequences on the quality of 

STEM education research. As emphasized by Nelson and Shaver (1985), not clarifying 

contributions to the literature may lead to the “repetition of unproductive prior research and a 

disconnectedness of studies on similar topics” (p. 410). Thus, conducting isolated studies on 

STEM education may highly be counterproductive to knowledge building in this area.  

We also found that none of the articles reported a direct or systematic replication of previous 

research. Although replication can be used as a strategy to compensate for weaknesses in 

generalizability (Horton et al., 1993), it was not accepted as a research reporting practice by the 

STEM education researchers who publish in the refereed Turkish journals. Several other 

researchers also found that replication is a neglected practice in educational research. For 

instance, Horton et al. (1993) examined the methodological quality of articles published in the 

Journal of Research in Science Teaching from 1985 to 1989 and found that only four of them 

(3%) replicated past research. Similarly, Shaver and Norton (1980) examined two social studies 

journals and found that only four (13%) and three (14%) of the articles in these journals 

replicated previous research. 

4.2. Purpose Statements, Research Questions, and Hypotheses 

We found that around 80% of the STEM education articles contained clearly formulated 

purpose statements. It is encouraging to find that a large proportion of the articles included 

purpose statements. These statements clarify the primary objective or focus of our research and 

thus are the most important ones in research studies. Moreover, they signal the procedures we 

should use during data collection and they point to the types of findings we expect to obtain in 

our research (Creswell, 2015). 

It is also good news that roughly 75% of the articles formulated their research questions. 

Research questions hint at the methodology used in a research study and to the data analysis 

methods that are relevant to that study (Aktemur, 2015). For example, the research question 

“what is the effect of X on Y?” infers an experimental research methodology and subsequently 

the statistical tests used during the analysis of data such as t-tests, ANOVAs, and ANCOVAs. 

Therefore, it can be said that three-quarters of the STEM education articles enabled the audience 
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to easily determine whether the research methodologies and corresponding data analysis 

procedures used in them were correct or not. 

On the other hand, the findings revealed that only three (4%) articles formulated their 

hypotheses. It seems that formulating a hypothesis is not within the STEM education authors’ 

research reporting routines. Hypotheses refer to researchers’ expectations about how specific 

phenomena work and affect, while experiments are procedures conducted to confirm, rebut, or 

ascertain the validity of these hypotheses (Horváth, 2016). Thus, hypotheses are an important 

key tenet of experimental designs. For this reason, well-formulated hypotheses are compulsory 

for carrying out more rigorous experimental studies. 

4.3. Types of Experimental Research Designs 

It is sobering to find that none of the STEM education articles used true experimental designs. 

One possible reason for the absence of true experimental designs in the STEM education articles 

might be that researchers find it difficult to obtain random samples of students for their studies. 

However, as argued by Campbell and Boruch (1975), school settings do provide natural 

laboratories in which random assignment could usually be used.  

We also found that the most frequently used research design was a quasi-experimental design 

(56%). This finding is in line with the findings of previous research that examined the design 

quality of experimental studies (e.g., Sung et al., 2019) or research trends in education (e.g., 

Baydaş et al., 2015; Duman et al., 2015). For instance, Sung et al. (2019) investigated the 

quality of experimental designs in mobile learning research from 2006 to 2016 and revealed 

that 63% of the articles used a quasi-experimental design. Baydaş et al. (2015) examined 

educational technology research trends from 2002 to 2014 and similarly found that 48% of the 

experimental studies used a quasi-experimental design. Moreover, Duman et al. (2015) 

analyzed research trends in the mobile-assisted language learning articles published from 2000 

to 2012 and found that 12 out of 26 experimental studies (46%) employed a quasi-experimental 

design.  

Alarmingly, we found that almost half of the articles (41%) used weak experimental designs. 

However, an important drawback of weak experimental designs is that they are subject to 

numerous threats to validity. Mills and Gay (2019) cautioned that weak experimental designs 

should be avoided as much as possible. They further indicated that the findings obtained from 

studies using weak experimental designs are very questionable and thus “they are not useful for 

most purposes except, perhaps, to provide a preliminary investigation of a problem” (p. 310). 

Weak experimental designs provide little or no control of extraneous variables (Ary et al., 2014) 

and consequently, it is almost impossible to refute rival hypotheses or explanations. Thus, 

extreme caution must be exercised in interpreting and generalizing the findings obtained from 

the weak experimental STEM education articles that were analyzed in the current study. 

4.4. Description of Sampling Strategies, Sample Characteristics, and Populations 

The present study found that 42% of the articles used nonrandom sampling strategies. More 

specifically, nearly one-third of the articles (32%) used convenience sampling. These high 

percentages signal that many of the articles published in national indexed journals from 2014 

to 2020 used biased samples because such samples almost always differ systematically from 

the population with respect to particular characteristics (Johnson & Christensen, 2020). 

Besides, it is a major error to use significance tests in studies where samples are obtained 

nonrandomly (Wallen & Fraenkel, 1988). Random sampling is the fundamental basis of 

inferential statistics and “one must raise serious questions about the use of inferential statistics 

when the lack of randomness makes probability statements indeterminate” (Shaver & Norton, 

1980, p. 8). In the present study, only seven articles (10%) used random samples. Thus, it can 

be said that only these articles can appropriately use the significance tests.  
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We also found that almost 90% of the articles did not define their populations and only a very 

small portion of the articles provided rich descriptions for their samples (i.e., one article for K-

12 students and three articles for pre-service teachers). Providing rich descriptions for the 

samples being studied is crucial because it offers researchers some basis for deciding whether 

their findings are generalizable to the relevant contexts (Shaver & Norton, 1980). More 

explicitly, describing the details of experimental studies or the contexts of nonexperimental 

studies as vividly as possible may help other researchers evaluate the applicability of particular 

findings to their own situations (Fraenkel, 1987). Thus, our findings demonstrate that relevant 

generalizations beyond the samples described may indeed not be possible for most of the STEM 

education articles published in the national indexed articles. These findings are not surprising 

given that such reporting practices were found to be extremely widespread in many of the 

previous studies conducted on methodological quality (e.g., Aktemur, 2015; Horton et al., 1993; 

Shaver & Norton, 1980; Wallen & Fraenkel, 1988). 

4.5. Validity and Reliability of Data Collection Instruments 

Sound measurement is the keystone of rigorous research and it is very significant for high-

quality experimentation (D’agostino, 2005). In addition, sound measurements rely on the 

validity and reliability of instruments. Thus, improving the validity and reliability of 

instruments enhances the rigor of research and the quality of experiments in particular 

(D’agostino, 2005). In the current study, the selected STEM education articles mainly used 

Likert scales and achievement tests as data collection instruments. Despite the emphasis on 

using valid instruments, validity information was not documented for 37% and 38% of these 

Likert scales and achievement tests, respectively. Therefore, a considerable proportion of the 

Likert scales and achievement tests used in the STEM education articles might have jeopardized 

the validity of conclusions drawn from these articles. Frankly speaking, the STEM education 

articles might have used faulty Likert scales and achievement tests and these instruments might 

have yielded biased outcomes (D’agostino, 2005). Similar findings were obtained in previous 

studies about the documentation of instrument validity (e.g., Sung et al., 2019; Wallen & 

Fraenkel, 1988). For instance, Wallen and Fraenkel (1988) examined articles published in 

Theory and Research in Social Education over an eight-year period and found out that only 

30% of the articles empirically checked the validity of instruments used. Similarly, Sung et al. 

(2019) revealed that only 24% of the mobile-learning articles provided information about 

instrument validity.  

Encouragingly, we found that reliability information was provided for 94% of the Likert scales 

and 88% of the achievement tests used in the STEM education articles. More specifically, 

Cronbach’s alpha reliabilities were reported for all types of instruments without any exceptions. 

However, test-retest reliability and inter-rater reliability were seldom reported and split-half 

reliability was never reported in these articles. These reliability types deal with different kinds 

of test consistencies. For instance, test-retest reliability measures the stability of scores over 

time and in high-quality journals, it is almost always reported in company with internal 

consistency reliability (Johnson & Christensen, 2020). Moreover, Mills and Gay (2016) stress 

that test-retest reliability is particularly crucial for instruments that are used for making 

predictions because predictions are based to a large extent on the assumption that the scores are 

stable over time. 

4.6. Basic Assumptions of Parametric Tests 

In this study, we used Sung et al.’s (2019) judgment tree to determine how well the selected 

STEM education articles fulfilled the basic assumptions of the parametric tests used. We found 

that 17 out of 37 articles (46%) met the basic assumptions of the paired-samples t-test and 7 out 

of 19 articles (37%) met the basic assumptions of the independent samples t-test. Moreover, for 
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one-way repeated-measures ANOVA, one-way ANCOVA, and one-way mixed-design 

ANOVA, the basic assumptions were not satisfied by any one of the articles. This finding shows 

that the selected STEM education articles largely overlooked the significance of basic 

assumptions when conducting certain parametric tests. However, violation of the basic 

assumptions gives rise to invalid probability inferences from these parametric tests (Aron et al., 

2019). For instance, ANCOVA mandates that the relationship between the dependent variable 

and the covariate must be the same for each group (i.e., homogeneity of regression slopes). 

Unequal regression slopes demonstrate that there is an interaction between the treatment and 

the covariate and that the findings will be misleading in case ANCOVA is conducted 

(Tabachnick & Fidell 2019).  

Similarly, one-way repeated-measures ANOVA necessitates that “variance of the population 

difference scores for any two conditions are the same as the variance of the population 

difference scores for any other two conditions” (i.e., sphericity; Pallant, 2016, p. 287). If this 

assumption is violated, one-way repeated-measures ANOVA will become too liberal and 

provoke inflation of Type I error rates (Tabachnick & Fidell, 2019). In such cases, significance 

tests such as Greenhouse-Geisser or Huynh-Feldt may be used as alternatives to avoid biased 

conclusions (Tabachnick & Fidell, 2019). Nevertheless, the articles that violated the basic 

assumptions of one-way repeated-measures ANOVA (i.e., A22), one-way mixed-design 

ANOVA (i.e., A15 and A24), and two-way mixed-design ANOVA (i.e., A43 and A56) did not 

report the use of such corrective measures.  

Our findings show, by and large, that fulfilling the basic assumptions of the statistical tests is 

not a cut-and-dried practice for most of the STEM education articles that we examined. The 

findings also demonstrate that the STEM education articles failed to make appropriate 

adjustments when they did not meet the basic assumptions of the parametric tests and therefore, 

they seriously threatened the validity of findings on STEM education. 

4.7. Sample Sizes, Effect Sizes, and Statistical Powers 

Although many educational research textbooks (e.g., Ary et al., 2014; Fraenkel et al., 2012; 

Mills & Gay, 2016) recommend a minimum of 30 participants in each of the experimental and 

control groups, the current study revealed that the most proportion of the articles (38%) had 

20–29 participants in their groups. This shows that using 20–29 participants for each cell might 

have been accepted as a sample size standard for the STEM education articles published in 

national indexed journals. What is worse, 22% of the articles had 10–19 participants in their 

groups. This is especially alarming because studies that recruit an inadequate number of 

participants for each cell or group are most likely to produce low statistical power (Cheung & 

Slavin, 2012). For instance, a medium effect size (0.2 < d < 0.8), as most commonly reported 

in educational research studies, with 25–30 participants produces a statistical power of 0.47 

(Cohen, 1988). Since this value is below 50%, it appears that for 60% of the selected STEM 

education articles, the probability of correctly detecting a real treatment effect is worse than 

guessing. This alerts that the selected STEM education articles may highly be prone to Type II 

errors.  

Moreover, due to the existence of between-persons errors, recruiting a fewer number of 

participants for between-subjects designs may have far more serious consequences on the 

accuracy of findings compared to within-subject designs and mixed-designs (Privitera, 2019). 

For between-subjects designs and the related parametric tests (e.g., independent-samples t-tests, 

between-groups ANOVAs, and ANCOVAs) at least 128 participants must be recruited to obtain 

a statistical power of 0.80 when there is a medium effect size (see Table 1). In the present study, 

we found that 19 articles (28%) used independent-samples t-tests, three articles used between-

groups ANOVAs (4%), and 2 articles (3%) used ANCOVAs for their between-subjects designs. 

Since such parametric tests were often used in STEM education articles, future studies in this 
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area must recruit a greater number of participants to achieve the widely accepted standard of 

statistical power of 0.8 for these tests.  

Our findings also indicated that more than 60% of the articles did not report effect sizes for 

each of the parametric tests used (see Table 15). This demonstrates that the authors of these 

articles relied solely on statistical significance tests when reporting their findings. However, 

statistical significance tests alone would be misleading and may lead to many different 

conclusions. Namely, studies with large sample sizes can readily reach statistical significance 

despite demonstrating very small practical significance. Conversely, studies with very few 

sample sizes may not achieve statistical significance despite having very large practical 

significance. Unlike statistical significance tests, effect sizes are not contingent upon sample 

sizes (Gravetter et al., 2021). Besides, since effect sizes add “a more exact numerical statement 

of facts” (Hanel & Mehler, 2019, p. 469), they are more informative than statistical significance 

(Cohen, 1994). Thus, for a more accurate interpretation of findings, STEM education 

researchers who publish in national indexed journals should pay more attention to 

supplementing statistical significance tests with effect sizes. 

Ultimately, we found out that none of the STEM education articles reported statistical powers 

for the parametric tests they conducted. This suggests that the authors of these articles may not 

have sufficient knowledge and awareness of statistical power. There are several software 

packages such as G*Power, PASS, Power and Precision, and nQuery to calculate powers of 

statistical significance tests based on sample sizes, effect sizes, and the alpha levels. There are 

also different ways to assess statistical power. For instance, G*Power 3 allows for the 

calculation of the following five different types of power analysis: a priori power analyses, post 

hoc power analyses, compromise power analyses, sensitivity analyses, and criterion analyses 

(Faul et al., 2007). Currently, the use of statistical power analysis is absent in the national STEM 

education literature. However, given the accumulated body of information about statistical 

power and the diversity of computer programs available, there is not any reason to overlook 

statistical power when planning research studies and analyzing their findings. 

4.8. Implications 

Our findings demonstrate that the experimental STEM education articles published in the 

refereed Turkish journals from 2014 to 2020 suffer from serious methodological flaws. Thus, 

the methodological quality of these articles should remain a concern for the STEM education 

community including authors, journal editors, editorial board members, reviewers, 

practitioners, readers, and particularly for policymakers and curriculum developers who are 

responsible for developing and reforming national curricula in the Ministry of National 

Education. 

To improve the methodological quality of STEM education articles, first, authors should 

develop some competence and awareness in experimental research designs. Universities or 

other institutions may design workshops and deliver some training to the authors to have them 

gain substantial expertise in experimental research methodology. In these workshops, several 

novel and fruitful approaches may be used to help the authors gain a more thorough 

understanding of experimental research designs. For instance, LaCosse et al.’s (2017) active-

learning approach may be used. LaCosse et al. (2017) examined the impact of project-oriented 

active-learning techniques on psychology undergraduates’ understanding of research methods 

and found that these techniques increased the participants’ understanding significantly. 

Scholarly journals are a primary means for disseminating research findings. Thus, to improve 

the rigor of STEM education research, editors, editorial board members, and reviewers may 

adopt clear and efficient quality guidelines or criteria such as the standards and procedures 

specified by the What Works Clearinghouse (2020a, 2020b), the Consolidated Standards of 
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Reporting Trials (Schulz et al., 2010), and the Study Design and Implementation Assessment 

Device (Valentine & Cooper, 2008). They may use these guidelines, standards, or criteria as 

requirements for the manuscripts submitted to the journals. Meanwhile, authors may use the 

coding framework developed in the current study and similar evaluation tools developed in 

previous studies such as the Checklist for the Rigor of Education-Experiment Designs (Sung et 

al., 2019) to check the experimental design quality of their manuscripts and remedy the 

deficiencies existing in their manuscripts before submission. Thus, the coding framework 

proposed in the present study may particularly serve experimental research authors as an 

effective self-checking and self-improvement tool.   

Ultimately, using valid designs is significant for maintaining the sustainability and 

practicability of STEM education research. Using rigorous experimental designs will 

undoubtedly contribute to the development of theories and practices in the area of STEM 

education. On the other hand, the deficiencies in the experimental designs will be an obstacle 

to the sustainability of STEM education research. In addition, these deficiencies may mislead 

the STEM education community about the effectiveness of STEM education practices. In the 

current study, we found that the selected articles had considerable deficiencies in their research 

designs. Thus, policymakers and curriculum developers in the Ministry of National Education 

should be very cautious when using the findings of the STEM education articles published in 

the national journals and ruminate much on these findings before implementing STEM 

education curricula in K–12 schools. This is because initiating such reforms in educational 

environments requires too much time, energy, and resources and if STEM curricula do not lead 

to superior outcomes, contrary to the existent literature, then all the investment will be wasted. 
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