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In this research, a meta-analysis study was conducted to determine the
effect of student and teacher-centered practices in science lessons on
students' scientific process skills. To this end, the literature related to the
studies conducted in Turkey and abroad was searched. For this purpose,
articles, master's, and doctoral theses published between 1999-2020 in
national and international databases were scanned. As a result of the
literature review, it was deemed appropriate to include a total of 100
studies in the meta-analysis. In the meta-analysis study, subgroup
analysis was performed in the fields of science, publication year,
education levels, sample size, application period and publication types.
As a result of the meta-analysis, it was determined that student-centered
practices had a positive effect on students' SPS in science lessons
compared to teacher-centered ones. It was also found out that 93 of the
100 studies included in the study had a positive effect size and 7 had a
negative effect size value. Of the positive studies, 6 were at the level of
weak effect, 23 at the level of small effect, 21 at the level of medium
effect, and 43 at the level of large effect. In light of the findings obtained,
student-centered practices in science education appear to have a stronger
effect on developing students' scientific process skills than teacher-
centered practices.

Introduction

The aim of science education is to develop students' problem-solving skills, evaluation
of knowledge and logical reasoning skills to reach higher cognitive skills (Glaze, 2018).
Considering the developments in technology in the 21st century, individuals' access to
information becomes much easier and as a result, individuals are expected to be more
productive (Topcu & Ciftci, 2018). In this context, changes are made in science programs by
taking into account the developments and changes in science. Scientific and technological
developments both cause differences in the needs of individuals and also necessitate changes

* Correspondency: ozgekol@beykent.edu.tr


mailto:Correspondency:

The Effects of Studies in the Field of Science on Scientific Process Skills: A Meta-Analysis Study O.Kol, S.Yaman

in learning and teaching approaches. With the change in learning and teaching approaches; it
is aimed to raise individuals who can produce knowledge and use this information actively. In
this context, individuals are expected to have high characteristics such as critical approach to
problems, communication skills and entrepreneurship. In the curricula that are updated to
raise individuals with these characteristics, the aim is to transfer knowledge and enable
individuals to acquire values and skills by considering individual factors. The field-specific
skills part of the curriculum which is in use in Turkey to reach these goals mentions Scientific
Process Skills (SPS), life skills, engineering, and design skills (T.R. Ministry of National
Education Board of Education and Discipline [MoNE], 2018).

SPS have been recognized by Science-A Process Approach — SAPA curriculum Project
developed through the American Association for the Advancement of Science-AAAS. SPS
includes adaptation to different disciplines and also skills that can be transferred to other
fields, which are desired behaviors in a scientist (Mutlu, 2012). In the science lesson
education program, which was last updated in 2018 (MoNE, 2018), SPS includes the skills
that scientists use in their studies such as making observations, measuring, classifying,
recording data, forming hypotheses, using data, creating models, making inferences,
changing, and controlling variables, and experimenting (Koksal, Koray, & Acikgiil-Firat,
2020). These skills can be defined as the ability to establish complex and organized thinking
and/or action schemes to achieve an objective (Tavares, Vieira, & Pedro, 2017).

The fact that SPS has been included in the secondary science education curriculum applied in
Turkey since 2005 has caused an increase in the number of studies conducted in this field.
Considering that studies on SPS started about 60 years ago in developed countries, it can be
said that there are a large number of studies conducted on the field. It is possible to compare
the results of many of these studies conducted independently in different countries, with
varying levels of education and subject areas. It means that the results of many studies can be
generalized and provide a general tendency to shed light on new studies. It is only possible for
researchers to provide clarity for a new study with the results obtained from research
synthesis. Meta-analysis is a synthesis of individual studies on the same research topic, can be
used to achieve these goals (Sad, Kis, Demir, & Ozer, 2016).

Meta-Analysis

In general, meta-analysis can be defined as a characteristic analysis of the result
statistics of the quantities of effect sizes (such as correlation coefficients or p values) in
studies conducted in different ways (Lipsey and Wilson, 2001). The aims of meta-analysis
can be explained as increasing the sample size by bringing together studies with small sample
sizes, improving effect size estimations by increasing statistical power, and generalizing the
findings by combining them (Biiylikoztiirk et al., 2014), to evaluate the inconsistencies in
different sources, and examining the reasons of these (Kavale, 2001) and to reveal new
research topics that can be examined in line with the data obtained (Franke, 2001). Steps
planned meticulously should be followed within a specific system to achieve these goals. The
steps followed in meta-analyses are briefly as follows (Bakioglu and Ozcan, 2016):

Choosing the subject area to be researched,

Putting forward the hypotheses relating to the subject,

Establishing the inclusion and exclusion criteria of the study,

Collecting the data from studies that meet the requirements and transforming the
results into a standard form,
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e Bringing together the results of the study with suitable methods,
e Reporting the analysis results.

Screening Studies for SPS in Science Education

When the literature was reviewed, it was found that the study of meta-analysis, in
which SPS is discussed directly in the field of science, is almost nonexistent. In this sense, it
is expected that this research will contribute to the literature. Because, knowing the common
results and effect levels of these studies will make an important contribution to the structuring
of new studies, together with the fact that SPS, one of the most basic skills and concepts of
science education, has been discussed in many studies. When the literature is scanned, it has
been determined that the number of studies on SPS by researchers who take into account the
field-specific skills included in the science curriculum is quite high, but the number of studies
on meta-analysis is limited. For example, in their study in which they researched the effects of
research and inquiry-based learning approach on students’ SPS when compared with
conventional teaching method, Miranti, Abdurrahman and Ertikanto (2018) conducted a meta-
analysis of 15 experimental studies. According to the average effect size of this study, it was
found that the relevant approach had a moderate level of effect on SPS. Ramdhayani,
Purwoko, and Muntari (2019) conducted a meta-analysis of a total of 12 national journal
articles in their study in which they examined the effect of the project-based learning model
on students' SPS compared to the traditional teaching method. According to the average effect
size of these 12 studies, it has been determined that the relevant approach has a moderate
effect on SPS. Aktams, Higde, and Ozden (2016) conducted a meta-analysis by considering 3
articles and 8 thesis studies in their studies, in which they examined the effect of students on
SPS by using inquiry-based learning method. According to the average effect size of these 11
studies, it has been determined that the relevant approach has a moderate effect on SPS.
Kozcu Cakir (2017) examined the effect of the SE learning model on students' SPS compared
to the traditional teaching method, and 5 articles and 1 thesis were included in the meta-
analysis. According to the results of the 6 studies analyzed, it was determined that the 5E
learning model had a very large effect on improving students' SPS. In a study conducted by
Alemli (2019), the effects of research and inquiry-based learning approach on academic
achievement, conceptual understanding, attitude and SPS were discussed. Only in 6 of the 36
studies analyzed, average effect size was found by including SPS effect size in the analysis.
As a result of the study, a low significant difference was found in terms of SPS in favour of
experimental group students. Karakus and Yalgin (2016) examined the effects of
argumentation-based learning in science education on academic achievement and SPS.
According to the results of the 15 studies analyzed, it was found that argumentation-based
learning in science education had a large effect on developing students’ SPS. While
differences in such studies were generally in favour of experimental group, it has been found
that effect sizes of studies were significantly different from each other. These differences in
the results may be due to the limited number of meta-analyses on SPS, as well as the small
number of studies that were included in the meta-analyses. Therefore, the fact that there are
few meta-analyses and also these analyses have not been conducted with large samples was
effective in conducting this study because the selected sample may not always represent the
population accurately. In this context, by conducting a larger study on SPS, the number of
studies and also study sample will increase and thus it will be possible to increase the level of
significance, which is very important in quantitative studies.

The teacher-centered approach processes a process in which the teacher transfers the available
information, and the student is the passive recipient of the information. In this process,
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individuals are growing up lacking skills such as creative thinking, analytical thinking and
problem-solving skills (Ag¢ikgoz, 2002). In the student-centered approach, it is ensured that
the individual is actively involved in the learning process by supporting the individual in
developing responsibility and the ability to access information (Elen et al., 2007). The large
number of studies examining the effects of student and teacher centred approaches on SPS,
which have been conducted on student groups studying different subject areas of science in
Turkey and other countries, has created the need to conduct a meta-analysis of these studies.
The cumulative increase in the number of studies has brought along differences in results.
This situation has necessitated the gathering, analysis, and interpretation of study data because
in studies conducted, there are a lot of differences such as the level of education and number
of students included in the study, the duration of experimental practices and subjects
discussed. Even if studies are mostly carried out independently, it has been emphasized in
many studies that more research should be done on the subject discussed. However, it is
clearly revealed that there is a need for comprehensive and highly reliable studies in order to
interpret the knowledge gained with a holistic perspective by making differences in studies
and to provide a guide for researchers who will conduct future studies (Akgoz, Ercan, and
Kan, 2004). For this reason, it was decided to conduct this meta-analysis to provide a more
precise judgment about the effects of student and teacher centred approaches applied in
science lesson on students’ PSP and to make more effective assumptions for the future.

In this context, the study aims to conduct a meta-analysis to examine the experimental studies
in which teacher and student-centred approaches were used between 1999 and 2020 and show
the effect size of students on SPS. Sub-problems of the study are as follows:

Do the effects of teacher and student-centered approaches on students' SPS differ in terms of:

(1) Type of the study,

(2) The year of application,

(3) Application period,

(4) Level of education,

(5) Sample size, and

(6) Publication type as national-international

Method

This research was carried out using the meta-analysis method. Meta-analysis is the
process of making use of statistical methods to bring together the results of studies conducted
independently on the same subject and to make sense of the difference between these studies,
and to get more reliable and more sensitive results by enlarging study groups (Dempfle, 2006;
Littel, Corcoran, and Pillai, 2008; Petitti, 2000). In this method, the investigated studies'
results are converted into a standard unit of measurement, and the results are evaluated
according to effect sizes by comparing with statistical procedures. As a result, it shows the
effect level of a selected application on the chosen dependent variable. Effect size results
obtained from the analysis determine the tendencies in the field and guide future studies in the
planning process (Balemen, 2016).

Data Collection

The studies examined within this study's scope include national and international
master's, doctoral theses, and articles published in peer-reviewed journals. To access the
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master's and doctoral theses published in Turkey, the research was carried out using the
keyword SPS, the study's dependent variable, found on the Higher Education Board's website
(YOK) National Theses Screening Centre. In this scan, 492 theses were reached. They were
examined in terms of their suitability for meta-analysis. Then 434 of them were not included
in this meta-analysis due to their field of study, study subject, and the study group was not
suitable. Thus, 56 master’s and doctoral theses were included in the meta-analysis. Of the
master’s theses in this study, since 4 had 2 experimental and 1 control group and 1 had 3
experimental and 1 control group, they were included in the analysis as different studies.
Similarly, since 3 of the doctoral theses had 2 experimental and 1 control group, each were
included in the analysis as a separate study. When there is more than one control group and
the experimental group in Solomon designs or factorial designs, each comparison is processed
as a different data (Ekemen, 2019).

The articles of researchers in Turkey published in national and international journals were
accessed using Google Scholar and ULAKBIM Social Sciences Database. At the end of this
review, 56 studies were reached; some of them were not included in the scope of the research
because it was determined that there was no experimental and control group and some of
them were missing data. A total of 13 articles published in journals were analyzed by
including them in national publications at the end of these scans. Since two different units
were discussed in one of these articles and 2 experimental and 1 control groups were used for
each unit, they were coded as separate studies in this study. ProQuest Dissertations and Thesis
Global, Educational Resources Information Center (ERIC), Ebsco, Base, Bioone, DOAJ and
Semantic Scholar databases were used to access international articles and theses. At the end
of these scans, a total of 17 articles and 12 doctoral theses published in international journals
were included in this research as international publications. This number is limited to studies
whose full text has been reached from the relevant databases at the end of the scans. The
search criteria for the studies are also presented in detail in the text. Of these 17 articles, since
2 had 2 different methods and used 2 experimental and 1 control group and since another
article had 3 experimental and 1 control group, these studies were included in the analysis as
separate studies. The studies published in international journals by researchers in Turkey and
abroad were taken in the category of international studies in terms of type of publication,
while others were included in the category of national studies. As a result, the data of 100
studies, which used SPS variable, included data suitable data for meta-analysis and were
published as postgraduate thesis or scientific articles, were analyzed. The following figure
shows the basic procedures regarding the steps of the study:
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Studies searched from nine different databases (separately searched with the keywords BSB
and SPS)

(1) YOK-National Thesis Center: 492

(2) ProQuest Dissertations and Thesis Global: 422
(3) Google Scholar: 32

(4) Ulakbim: 24

(5) Eric and Ebsco: 36

(6) Base, Bioone, DOAJ and Semantic Scholar: 22

Exclusion:

Studies in the social field: 362
-Studies in the field of mathematics: 216
Other areas: 92

Studies reached after iterations: 358

Exclusion :
Studies outside the specified criteria: 146

Studies reached after reading the abstracts: 212

Exclusion:

= Studies using student-centered approach in
both experimental and control groups: 110

Studies reached by re-reading the full texts: 102

Exclusion:

Studies that do not include the
necessary values for analysis in the
findings: 2

Final studies wused in
research: 100

Figure 1. Flowchart of the Study

Analysis Characteristics

The fact that the inclusion criteria are too broad may reduce the reliability as a result
of weakening the quality of the studies to be obtained. The fact that the criteria are too narrow
may cause the results to be obtained based on a limited number of studies and generalizations
cannot be made (Lam and Kenedy, 2005). For this reason, in addition to taking care that the
inclusion criteria were not too narrow or too broad, it was aimed to conduct the study based
on current studies. Below are the criteria looked for in the studies included in the meta-
analysis:
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e The studies were published between 1999 and 2020,

e Having been conducted in one of the fields of science (physics, chemistry or biology
courses),

e The study has been published in Turkish or English (abstract and data),

e The studies are master thesis, doctoral thesis or research article published in scientific
refereed journals,

e BSB scores being the dependent variable of the research,

e Studies are designed according to a full experimental or quasi-experimental design,

e One of the current/alternative learning approaches in the experimental group; in the
control group, one of the traditionally accepted or presentation-based teaching
approaches was used,

e In the findings, the values needed for meta-analysis such as arithmetic mean, standard
deviation, number of students, and t-value related to the SPS tests of the experimental
and control groups are included.

Data Coding

A coding form suitable for the study was prepared to determine whether the studies
recorded for SPS, which was the dependent variable and keyword of the study, complied with
the inclusion criteria of the research and to compare the included ones with each other. The
coding form consisted of three parts. The first part included the name of the study, year of the
study, and type of the study in order to specify the identity of the study; the second part
included the level of education and experimental study durations to identify the content of the
study; the third part included statistical data of the experimental and control groups such as
pre-test and post-test arithmetic mean, standard deviation and sample size. To determine the
rater reliability for the data to be analysed, the codes were entered separately in the data
coding form by two researchers who were experts in science teaching. While one of these
researchers is continuing doctorate studies in science teaching, the other researcher is working
as a faculty member in the related field. While determining the data's consistency, Miles and
Huberman's (1994) formula for percentage of agreement was used. According to this formula,
the agreement level of the codes given by the researchers was found as 96%. Considering that
the rater reliability is ensured if the agreement exceeds 70% between the coding (Yildirim &
Simsgek, 2011), it was decided that the reliability level of the coded data was appropriate to
start the meta-analysis.

Variables of the Study

e Dependent Variable: The dependent variable of the study is the students' SPS scores
in lessons related to science.

e Independent Variables: The study's primary independent variable is active/student-
centred learning approaches and traditionally accepted or presentation-based/teacher-
centered methods/approaches applied in experimental and control groups. The other
independent variables of the study are the type of research, years of application,
duration of application, education level of students (primary school, secondary school,
high school, and university), sample sizes of the experimental study, and types of
national-international publications.
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Data Analysis

Since the arithmetic means of the SPS levels of the participants in studies included in
the meta-analysis were obtained with different scales, and an analysis was made by using the
study effect method due to group differences (Lipsey & Wilson, 2001). With the study effect
method, a "d" value called effect size is found by processing the difference between the
experimental and control groups' SPS scores. While obtaining the effect size, standard
deviation, arithmetic mean, F, t, or r value of studies carried out independently are converted
with the "d=(X- Xc)/SD" formula (Glass, 1976). If the effect size value is negative, it means
that the control group has a high mean score; if it is positive, it means that the experimental
group has a high mean score (Ozdemirli, 2011). Cohen' d values examined in this study; It is
the data obtained as a result of dividing the difference (X) between the mean BSB scores of
the experimental and control groups by the combined standard deviation (SD) value (Glass,
1976). Cohen's (1988, p. 40) effect size classification is given below:

e .20-.50 small,
.50-.80 moderate,
e .80and + large.

Since each study's effect size value may be different during the analysis phase, it is calculated
separately, and a heterogeneity test is conducted to explain this difference in the values. In
this study, since there was only 2 study at the primary school level, the effect size value was
calculated by combining the research with studies at the secondary school level. Primary
education expression was used for the data in these two groups. Chi-square homogeneity test
(Q statistic) is used to determine the heterogeneity between the studies used in the research.
The result of heterogeneity is used to decide for the model to be used while calculating the
overall effect. In the heterogeneity test, p-value and Q value are found. To determine whether
the study is heterogeneous or not, p-value should be smaller than the .05 significance value or
the Q value should be smaller than the value corresponding to the degree of freedom in the
chi-square table. If the study result is decided to be heterogeneous, the data analysis is done
according to Random Effects Model (REM). In order for the meta-analysis result to be
homogeneous and the Fixed Effects Model (SEM) to be used, the p value should not be less
than .05 significance value or the Q value should not be less than the value in the chi-square
table (Field, 2001). For this reason, a computer package program was used in the creation of
tables, graphics and figures with analysis.

Results regarding the general effect size

Before starting to calculate the effect sizes of studies on BSB, it should be decided
which meta-analysis model will be used. For this purpose, the homogeneity/heterogeneity of
the studies in which SEM and REM and SPS tests were applied for the data included in the
study were tested. The results of these procedures are shown in Table 1.
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Table 1. Findings Related to Effect Sizes of Studies on Fixed Effects and Random Effects
Model

95% Confidence

Mean effect Degree of 2 Level . of Standard interval for ES
. freedom | homogeneity
size (ES) (df) Q) error (Se) Lower Upper
limit limit
FEM .60 .02 .56 .65
REM 74 99 87.96 821.95 07 60 87

When the studies were analysed, the mean effect size value was found as .60 according to
FEM and as .74 according to REM. As a result of the homogeneity test, conducted to examine
the homogeneity of the effect sizes of studies included in the study, Q statistical value was
found as 821.95. Heterogeneity test Q statistical value was between 113.15 and 124.34 values
which correspond to df=99 at 95% confidence interval in y2 critical values table. The result
that Q=821.95 value was much higher than this value shows that the research data were
heterogeneous. According to these data, the effect sizes of the studies included in the study
are heterogeneous. Since the research was significant according to heterogeneity test results,
REM was used (Dinger, 2014). This result shows that the analysis of the studies in the meta-
analysis should be made according to REM.

The analyses conducted by REM show that the upper limit of 95% confidence interval was
.87, while the lower limit was .60, and the mean effect size was .74. This value indicates that
the studies' effect sizes included in the meta-analysis are homogeneous according to REM.
The distribution of the effect sizes of all studies included in the meta-analysis is shown in
Table 2.
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Table 2. Distribution of Effect Size Values of Studies

No ES Se S? p No ES Se S? p

1 -.64 15 .02 . 51 73 .29 .08 .01
2 -.48 15 .02 . 52 73 .27 .07 .01
3 -.16 22 .05 46 53 .75 27 .08 .01
4 -.15 31 .10 .64 54 .76 .33 A1 .02
5 -.04 16 .03 .81 55 e .28 .08 .01
6 -.03 22 .05 .90 56 .78 .19 .04 .

7 -.02 A3 .02 .90 57 .78 .21 .07

8 . 27 .07 1.00 58 .80 27 .07 .

9 .02 .20 .04 .94 59 .83 .30 .09 .01
10 .02 21 .05 .93 60 .89 .22 .05

11 .08 .20 .04 .70 61 91 .26 .07

12 .08 .36 A3 .82 62 91 .30 .09

13 10 .25 .06 .68 63 91 .25 .06

14 .10 27 .07 .70 64 .92 .26 .07 .
15 A5 .26 .07 .57 65 .93 .36 13 .01
16 .16 .19 .03 .39 66 .93 .32 .10

17 21 .26 .07 42 67 .93 .32 .10

18 21 .24 .06 .38 68 .93 .21 .04

19 22 18 .03 .23 69 .98 .28 .08

20 .23 .23 .05 31 70 .98 .33 A1

21 27 .32 .10 .40 71 .98 .27 .07

22 .28 22 .05 .20 72 1.01 .29 .08

23 31 .24 .06 21 73 1.02 .30 .09

24 31 .23 .05 A7 74 1.05 .28 .08

25 .33 .30 .09 .28 75 1.07 .20 .04

26 .33 .30 .09 27 76 1.08 .30 .09

27 .34 .23 .05 A4 77 1.08 .26 .07

28 34 A0 .01 . 78 1.09 .35 12

29 .36 .23 .05 A2 79 1.10 27 .07

30 37 .22 .05 .10 80 1.11 .33 A1

31 .39 22 .05 .07 81 1.16 .28 .08

32 42 21 .05 .05 82 1.18 .33 A1

33 43 22 .05 .05 83 1.20 .24 .06

34 46 A4 .02 . 84 1.28 .25 .06

35 A7 .18 .03 .01 85 1.28 .27 .08

36 A7 .26 .07 .07 86 1.30 31 10

37 .48 21 .05 .02 87 1.31 .27 .08

38 .49 14 .02 . 88 1.33 37 14

39 .50 .25 .06 .04 89 1.35 .25 .06

40 .55 .26 .07 .04 90 1.36 .30 .09

41 .57 .23 .05 .01 91 1.38 .25 .06

42 .58 .24 .06 .02 92 151 .35 13

43 .59 .25 .06 .02 93 1.52 .25 .06

44 .59 31 .10 .06 94 1.56 .27 .07

45 .63 .29 .08 .03 95 1.71 .29 .08

46 .64 .29 .09 .03 96 1.85 .37 14

47 .66 27 .07 .01 97 2.19 .33 A1

48 .66 .26 .07 .01 98 2.21 .23 .05

49 .69 21 .05 . 99 2.80 42 .18

50 72 .30 .09 .02 100 4.16 21 .05

Note: ES: Mean effect size, Se: Standard error, S2: Variance, p: Significance value.

Considering Table 2, it was determined that the smallest effect size value was -.64, the highest
effect size value was 4.16, and its range was very close to the maximum score (4.80). In
addition to this, it was found that a great majority of the studies' effect size values ranged
between .00 and 1.00. It was found that the effect sizes of eight studies were smaller than .00,
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while the effect sizes of four studies were greater than 2.00. Figure 2 includes the graph
showing the effect size values for students’ SPS scores:

Study name Subgroup within study Statistics for each stud Std diff in means and 95% CI
Std diff  Standard Lower Upper
in means i limit  limit
Ablin-Stone Blank . X 0,458
Anar Blznk -
Akezy, Bahtaci Blank -
Akturk Blank -
Antsyass 3 Blank
Blank -
Blznk -
Blank E N
Blank
Blank
Blank -
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Blank -
Blank
Blank
Blank
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Blank -
Blank -
Blank E N
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Colzk Blank -
Comert Blank
Dawson = Blank
Dawson b Blank
Blank
Dogan Blank
Dogruluk Blank ——
Durel Blank -
Erkeo Blank ——
Evmez s Blank ——
Evmezb Blank -
Ewsrs Blank -
Gencoglan Blank
Gazer Blank -
Guevara Blank =
Guhekin Blank
Guney Blank
Hak, Cheol Blank -
Halimatus Blank
Harshzp, Nasution Blank -
Havuz Blank E
Hos! Blank S
Inzl Blank
Irznz Lue Leh Fing 2 Blank -
Irzne Lue Leh Fing b Blank -
Izgi Blank -
Blznk E =
Blank -
Blank 3
Blank ——
Blank
Blank -
Blank
Blank
iholilurrahman Blank
Kirilmazkayz 2 Blank B
ijryimazkaya b Blank —-
Koray, Ozdemir Koksal, Fresiey Blank E 3
Krystynisk Blank
Kula Blank
Longo Blank »
Maidon Blank ]
Mzlozzi 2 Blank -
Wallozzi b Blank
Webeoi Blank -
Mutlu Blank Hil—
Miyers = Blank =
Myers b Blank =
Oner Blank [ ]

e Blank =
Parim 2 Blank =i
Parim b Blank -
Finksn Amita Tri Frasasti Blank -
Roselyn Chebii Blank HE-
Sahbaz a Blank -
Sshbsz b Blank -

Blank -
Blank E
Blank -
Blank -
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L
-8,00 -4,00 0,00 4,00 8,00

Figure 2. Forest Plot Showing the Distribution of Effect Size Values of Studies

According to the graph, the lowest effect size — .64 by Myers (2004); the highest effect size
with 4.16 was found in the studies conducted by Asabe & Yusuf (2013). While only seven of
the 100 studies included in the study had negative effect sizes, ninety-three had positive effect
sizes. The following figure shows the normal distribution table of the studies examined in the
study.
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Figure 3. Normal Distribution Graph of Effect Sizes
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According to the graph, it was found that the effect size values of the studies included in the
analysis were mostly around the normal distribution line. It shows that the studies were
normally distributed. The most important problem that threatens the validity of the meta-
analysis process is stated as publication bias. While the funnel plot is often considered the
best tool to use in detecting publication bias, the forest plot also provides a visual summary of
the datasets (Sterne, Becker, & Egger, 2005). The figure below is the funnel graph showing
the distribution of effect sizes of studies included in the meta-analysis.
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Figure 4. Funnel Graph of Effect Sizes

A skewed and asymmetrical distribution occurs in studies with publication bias. When the
graph is examined, it can be seen that there isn't an uneven and asymmetrical distribution; in
other words, it can be seen that the effect sizes of the studies concentrate within the funnel,
and the studies outside the funnel are distributed evenly on both sides. Based on this result, it
can be said that there is no publication bias in the study.

Results

This part includes the results of the data obtained by combining the research problems
with the meta-analysis method.

=
@i Participatory Educational Research (PER)

-480-



Participatory Educational Research (PER), 9 (4);469-494, 1 July 2022

Findings of effect sizes according to the independent variables examined in the study

The findings regarding whether effect sizes differ according to the type of studies are
shown in Table 3.

Table 3. Effect Sizes of Studies According to Their Types

ES (95% ClI)

Variable Q P ES N Se Lower limit Upper limit
Study 10.71 .005

Article .88 32 14 .60 1.15
Master .82 43 .09 .64 1.00
Doctorate 41 25 A1 21 .62

Considering the publication types related to BSB, the chi-square table of the studies included
in the study, the critical value for the two degrees of freedom of the 95% confidence interval
was determined to be 5.99. The homogeneity value (Q) of the studies evaluated as three
subgroups for the publication type is 10.71. Since the homogeneity value between the groups
was greater than the critical value, it was determined that there was a statistically significant
difference according to the publication types in which the studies were conducted. In the
study, the articles with the highest effect size value of .88; it was determined that the lowest
effect size value with .41 belongs to doctoral theses. As a result of the analysis, it was found
that the effect size values of both articles and postgraduate theses were significantly higher
than those of doctoral theses.

Table 4. Effect Sizes According to Publication Years of Studies

ES (95% Cl)

Variable Q p ES N Se — —
Lower limit Upper limit

Year 4.14 126

2009 and before .55 30 A1 .34 75

2010-2014 73 39 .08 .56 .89

2015 and beyond .92 31 .16 .61 1.23

According to the findings in Table 4; according to the publication years of the experimental
studies, the highest effect value belongs to the studies between the years 2015-2020 with .92.
This is followed by studies between the years 2010-2014 with an effect value of .73. Studies
with the lowest effect size value of .55 for the years of publication are the studies between the
years 1999-2009. According to the 95% confidence interval in the chi-square table, the
critical value for these studies was found to be 5.99. Since the homogeneity value (Q)
between the groups, which was created by considering the working years, is lower than the
critical value, it can be said that there is no statistically significant difference in terms of SPS
according to the working years.

Table 5. Effect Sizes According to the Education Levels of the Studies

ES (95% ClI)

Variable Q p ES N Se — —
Lower limit Upper limit

Level 2.03 .362

Primary education .70 61 .06 .58 .82

High school 43 8 27 -10 .95

University .86 31 A7 .54 1.19

When Table 5 is examined, it has been determined that the most studies on SSB have been
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done at primary education level with 61 publications according to education level. This is
followed by university-level studies with 31 publications. It is seen that the studies conducted
at the high school level are limited to 8. In terms of the level of effect size, it is the highest of
the studies conducted at the university level with .86; it was determined that it had the lowest
effect with a value of .43 in high school levels. Considering the chi-square table, it is seen that
the critical value in the 95% confidence interval is 5.99. As a result of the analyzes made for
the education level, the homogeneity value (Q) between the groups was determined as 2.03.
In this context, since the homogeneity value is less than the critical value, it can be said that
there is no statistically significant difference in terms of SPS according to the education level.

Table 6. Effect Levels According to the Duration of the Study

ES (95% ClI)

Variable Q p ES N Se — —
Lower limit Upper limit

Duration 5.59 232

0-4 weeks 74 14 12 .50 97

5-8 weeks .59 32 12 .36 81

9-12 weeks .78 22 11 57 1.00

13 and + weeks .60 21 A1 .39 81

Unspecified 1.32 11 .35 62 2.01

According to the findings in Table 6; According to the experimental study times, the highest
effect value with 1.32 belongs to the studies whose application period is not specified. This is
followed by studies with an effect value of .78 and a duration of application between 9 and 12
weeks. These are the studies with the lowest effect size value of .59 and lasting between 5 and
8 weeks. Considering the chi-square table, it is seen that the critical value in the 95%
confidence interval is 9.48. As a result of the analyzes made for the application period, the
homogeneity value (Q) between the groups was determined as 5.59. Since the homogeneity
value is less than the critical value, there was no statistically significant difference in terms of
BSB according to the application time.

Table 7. Effect Sizes According to the Number of Persons Conducted the Studies

ES (95% ClI)

Variable Q p ES N Se — —
Lower limit Upper limit

Sample 2.98 225

30-54 .88 26 10 .68 1.08

55-79 .78 42 .07 .64 .92

80 and + .58 32 14 .30 .86

According to Table 7, the highest rate among the 100 experimental studies in which SPS was
measured belongs to the studies with 42 studies and 55-79 participants. This is followed by 32
studies and studies with 80 or more participants. The lowest rate was found in 26 studies
including 30-54 participants. Among these studies, it was determined that the highest effect
value was .88 and belonged to the studies with 30-54 participants. The lowest effect level was
found in studies including 80 and more individuals with .58. According to these data, it can be
said that the effect size shows a certain downward trend as the number of participants
increases. When the confidence interval is accepted as 95%, the critical value is 5.99; Since
the homogeneity value (Q) was determined as 2.98 among the groups formed according to the
number of participants, it can be said that there is no significant difference.
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Table 8. Effect Levels of Studies According to Study Type as National or International
Publication

ES (95% ClI)

Variable Q p ES N Se — —
Lower limit Upper limit

Study type .85 .357

National .78 69 .07 .66 91

International .64 31 15 .35 .92

When we look at the types of studies on BSB, 69 of the studies included in the analysis are
national; It has been determined that 31 of them belong to international publications. The
effect size of national studies was .78; The effect size value of international studies was
determined to be .64. Considering the chi-square table, it is seen that the critical value in the
95% confidence interval is 3.84. The homogeneity value (Q) of the studies considered as two
subgroups according to the types of studies is .85. In this context, since the homogeneity
value is less than the critical value, it can be said that there is no statistically significant
difference in terms of SPS according to the types of studies.

Discussion and Conclusion

This study analysed the results of experimental studies which were conducted to find
out to what extent current/alternative learning approaches and conventional or presentation-
based teaching methods/approaches on different subject areas of science affected SPS. As a
result of the statistical data of 100 national and international studies, approaches in which
students were active were used in the experimental group and methods/approaches in which
teachers carried out presentation-based practices were used in the control group in these
studies examined. The aim was to compare the analysis of subcategories in the study with the
results of previously conducted studies on this subject. Average effect size of the 100 studies
which met inclusion criteria was found as .74. In the study conducted by Aktamis, Higde, and
Ozden in 2016, the average effect size was .74; In the study conducted by Kozcu Cakir in
2017, the average effect size value was determined as 1.67, but since there was no moderator
analysis in both studies, a comparison could not be made. In the study conducted by
Ramdhayani, Purwoko, and Muntari in 2019, the average effect size was determined as .44,
but it could not be discussed in detail because there was no moderator analysis in its content.
In a meta-analysis by Miranti, Abdurrahman, and Ertikanto (2018) which included 15 studies,
it was concluded that inquiry model had an effect size value of .51 in developing students’
SPS when compared with conventional teaching method. In a study conducted by Alemli
(2019), average effect size was found as .48; while it was found as .88 in a study conducted
by Akkaya (2019) and as 1.12 in a study conducted by Karakus and Yalgin (2016).
Considering that effect size was .74 in this meta-analysis which included 100 studies, it is
possible to say that there are significant effect size differences between the results obtained. It
is possible that the differences in these studies, the lowest of which had .48 effect size and the
highest of which had 1.12 effect size may be caused by the sample sizes of studies,
application periods, changes in educational levels and the fact that national/international
studies or practitioners do not have sufficient experience about SPS.

Although the year range of this meta-analysis was large, it was found that the number of
studies in which SPS was measured was not as common as academic achievement. Significant
difficulties are considered as the fact that measuring SPS requires experience, takes time in
terms of application, and requires providing equipment and environment for experiments in
which hypotheses will be tested (Costu, Ayas, Calik, Unal, & Karatas, 2005). For these
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reasons, it can be said that the scope of the study was narrow. Another limitation is the fact
that the data in the accessed studies are missing; that is, the statistical results required for
calculation effect size are not given or they are not given completely. This will cause a
negative effect on generalizing the results of the study.

The studies included in the meta-analysis were grouped in sub-categories and comparisons
were made. The first comparison is on the publication type of studies and a classification of
scientific article, master’s thesis and doctoral thesis was made. It was found that effect size
values differed significantly in terms of type of study and this difference was in favour of
master’s theses and articles when compared with doctoral theses. When the literature was
reviewed, it was found that in the meta-analysis by Karakus and Yalgin (2016), articles on
SPS were not included in the study; while only articles were included in the study by Miranti,
Abdurrahman, and Ertikanto (2018) and therefore it was not possible to make comparisons
with the results of these studies. It was found that the results of Akkaya (2019) and the results
of the present study were different from each other. Unlike this study, Akkaya stated that the
studies included in the meta-analysis did not differ significantly in terms of the publication
type (article, master’s, doctoral). In addition, Akkaya stated that the publication type with the
lowest effect size was articles, while the publication type with the highest effect size was
master’s theses. The results of Akkaya’s study and the present study showed significant
differences and the reason for this difference is thought to be the different number of studies
included in the meta-analyses. There were 6 articles conducted between 2006 and 2018 in
Akkaya’s study, while there were 32 articles in the present study between 1999 and 2020. It is
thought that this quantitative difference was an important factor in the emergence of the
difference between the results.

The second comparison of the study was about whether effect size differed by the years
studies were conducted in. In the present meta-analyses, studies conducted between 1999 and
2020 were classified as 2009 and before, between 2010 and 2014 and 2015 and after. In this
classification, the effect size of the studies conducted in 2015 and beyond was found to be
higher than the studies in other categories. It was also found that effect size value increased as
the year of studies increased, while this difference was not statistically significant. This result
can be associated with student centred education entering teaching programs in schools
affiliated with the Ministry of National Education in 2005 (Acat and Dénmez, 2009) because
2005 education program that was put into effect in 2005 was effective in the emergence of
many new practices in education in Turkey. This may have caused new studies to plan
designs with high internal and external validity by considering the recommendations of
previous studies. Thus, experimental designs were planned more carefully, and effect level of
learning products may have increased. When the literature was reviewed, it was found that
while some of the results of the present study were in parallel with some of the results of
Akkaya (2019), the result that effect size increased as study year increased was different.
While the highest effect size was found in most recent studies in Akkaya’s study as in the
present study, the lowest effect size was found in earliest studies in the present study and in
moderate category studies in Akkaya’s study. This may have resulted from the fact that
groups were dated differently in both studies.

Another variable in which the effect size values were compared was the level of education the
study was conducted on. According to the results, although the level of education with the
highest effect size was university, the level of education with the lowest effect size was high
school. This result is in parallel with the results of the study conducted by Miranti,
Abdurrahman, and Ertikanto (2018). The reason for this difference can be said to result from
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the developmental differences in individuals. According to the cognitive development theory
of Piaget, schemas of individuals are formed by the knowledge gained from the environment
throughout the development process. If the new information acquired does not match the
existing schema, an imbalance occurs, and mental development is provided as a result of the
elimination and regulation of the imbalance. Individuals’ experience is extremely important in
regulation skills. Since the fact that university students will have more knowledge than the
other levels of education and this will increase their experience, it can be said that the students
at this level have higher cognitive development. It can be said that student centred teaching
practices are understood and internalized more easily by university students.

When the application periods of experimental studies were compared in terms of categories, it
was found that the effect size between them was not significant. It was found that 11 studies,
the application periods of which were not found since they were not explained in the studies,
had higher effect size than the studies in other categories. In studies with a specific
application period, no conclusion was reached on whether effect size increased or decreased
according to application period. The fact that there was no tendency in effect size value in
terms of application period was also found in Akkaya (2019)’s study. The fact that the effect
size of 32 studies with 5-8 weeks of applications (.59) in the present study was significantly
higher than the effect size value of 18 studies (.98) analyzed within the same period of time
by Akkaya is an important difference between the two studies. The fact that there were no
studies in literature according to the application periods of studies limits discussing the
reasons of this situation.

When comparisons were made according to the number of students in experimental studies,
no significant difference was found between effect size values. According to the result of this
study, the decrease in the number of students in the experimental study does not cause a
significant difference; however, it contributes to the increase in the effect size for developing
SPS of the students. In other words, the fewer the number of students in an experimental
study is, the more possible it will be to increase the effect size of studies conducted. When
compared with the results of Akkaya’s (2019) study, it was found that the results obtained did
not match. The most important factor in the emergence of this situation can be shown with the
fact that the number of studies on a group of 0-29 was 1. Since only the results of 1 study
were given in this category, it was not possible to compare the effect size values obtained
with the results of this study. Since there were no other studies to compare in literature, it was
considered that the data obtained as a result of this study were valid. When factors that
threaten internal validity such as the decrease in the number of students in the study, loss of
subjects, and choosing subjects are checked, this facilitates the design and conduct of
experimental studies. Although large samples are generally better than small samples, very
large sample may lead to wrong conclusions, especially in experimental studies (Mills and
Gay, 2019).

In another analysis in this study, effect sizes of national and international studies were
compared. 31 of the studies were in international category and the effect size of the remaining
69 national studies was partly higher when compared with international studies. Since there
were no meta-analyses in literature to compare this finding, it was not possible to discuss the
findings. However, close effect size values of national and international studies were
evaluated as the results within the scope of this variable being more consistent with each other
when compared with other studies.

d""-i.ﬁr,

£ ;

Participatory Educational Research (PER) ‘@K
1.%. Ve

Acaeri

-485-



The Effects of Studies in the Field of Science on Scientific Process Skills: A Meta-Analysis Study O.Kol, S.Yaman

Recommendations

This study discussed the effects of applications carried out by different subject areas
and science methods on students' SPS levels; other variables such as academic achievement,
attitude and motivation were not included. It can be recommended to determine the effects of
SPS on different dependent variables by using meta-analysis. Besides, while studies
conducted in science were included in the present study, studies conducted in the fields of
mathematics and engineering were not included. Considering that STEM (Science,
Technology, Engineering, and Mathematics) became popular recently, researchers planning to
conduct meta-analysis studies in the future can bring together studies in the fields of
technology, mathematics, and engineering and conduct analyses.

When studies conducted in science education were examined, it was found that SPS was
affected more in some and less in others. Many factors such as the practitioner, duration of
application, and sample may have been effective in the emergence of different results. The
experience of practitioners, especially about measuring SPS, has an important place in
conducting the process. Individuals should be made active while conducting SPS's
experiences, and they should not try to perform the steps precisely as they are given in the
teacher's instructions. Different researchers have found that meaningful learning does not
occur in studies where the instructions are made as they are given (Abell and Volkmann,
2003; Hofstein et al., 2005; Renner, 1986; Roth, 1994). In this context, to apply the
experimental design effectively, competencies of teachers of science and academics should be
found, and their deficiencies should be dealt with through in-service training.

In this study, the overall effect size studies on the effectiveness of the student-centred learning
approach in science on SPS was calculated as .78. According to Cohen's effect size
classification, the values between .50 and .80 are accepted as a moderate level of effect;
therefore, the overall effect size of .78 is accepted as a moderate level of effect. This effect
size value calculated is criterion-related with SPS for researchers. In future studies on SPS,
researchers can compare the effect size values of their studies with the results of this study.
Besides, it was found that student-centered approaches in which SPS is measured positively
affect science lessons compared with traditional methods. Therefore, it can be recommended
for science teachers who expose their students to active learning environments to determine or
measure SPS's outcomes.

Considering the sample sizes in the studies included in the meta-analysis, it was found that
studies were mainly conducted at secondary education and university level, and there were
few studies conducted on primary education and high school student groups. In this context, it
can be recommended for researchers who will conduct new studies to carry out studies on
student groups at primary education and high school level. In addition, it can be said that
instead of conducting the experimental design in which SPS is measured on huge groups,
running this design on participants between 30 and 54 will have positive effects on sample
size.

Some of the studies planned to be included in this study were not accessed. Although some of
them were accessed, they were excluded due to the missing data in them. For the
generalizability of quantitative research data, researchers need to share their studies conducted
with experimental design. Due to the nature of scientific research, it is an expected situation
to present the data in a complete and unbiased way. In this context, it can be said that
researchers' being careful about the basic statistics they need to present in scientific studies,
juries, and editors and referees to control theses and articles more carefully will contribute to
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decreasing errors. In Turkey, the concept of SPS began to be used with the Science and
Technology lesson which went into effect in 2005. Most of the studies on SPS, which is
considered a relatively new concept, are master's studies. That may cause them to have a
higher margin of error when compared with doctorate studies. An increase in the number of
doctorate studies can also decrease the level of error that can be seen in results. In line with
this suggestion, effect sizes can be compared again in the future by taking into account the
results of doctorate studies which increase in the following years.

References
(*) marked studies involved in the meta-analysis.

*Ablin-Stone, K. (2008). The effect of two different approaches to teaching life science on
student achievement. PhD Thesis, Idaho State University, Moscow.

*Acar, E. N. (2011). The effect of project-based learning on pre-service science teachers'
scientific process skills and attitudes towards biology. Master Thesis, Onsekiz Mart
University, Canakkale.

Acat, M. B., & Dénmez, 1. (2009). To compare student centred education and teacher centred
education in primary science and technology lesson in terms of learning environments.
Procedia - Social and Behavioural Sciences, 1(1),1805-18009.

Acikgdz, K. U. (2002). Active learning. Educational World Publications.

*Akcay, H., & Baltaci, A. (2017). Evaluation of multiple writing activities for learning in
astronomy teaching. Mersin University Journal of Education Faculty, 13(1), 138-151.

Akgdz, S., Ercan, 1., & Kan, 1. (2004). Meta-analysis. Journal of Uludag University Faculty
of Medicine, 30(2), 107-112.

Akkaya, M. (2019). The effect of inquiry-based teaching on scientific process skills: A meta-
analysis study at national level. Master Thesis, Ibrahim Cegen University, Agr1.
Aktamis, H., Higde, E., & Ozden. B. (2016). Effects of the inquiry-based learning method on
students' achievement, science process skills and attitudes towards Science: A meta-

analysis science. Journal of Turkish Science Education, 13(4), 248-261.

*Aktirk, C. (2019). The effect of gems program on 6th grade students’ basic scientific
process skills and attitudes in the unit of force and motion. Master Thesis, Ordu
University, Ordu.

Alemli, A. (2019). Investigation of the effectiveness of inquiry-based learning approach in
science education with meta-analysis method. Master Thesis, Kastamonu University,
Kastamonu.

*Altan, S. T. (2015). Developing success and scientific process skills in primary school
students with the method of inquiry-based learning. Master Thesis, Marmara
University, Istanbul.

*Artayasa, I. P., Susilo, H., Lestari, U., & Indriwati, S. H., (2017). The effectiveness of the
three levels of inquiry in improving teacher training students' science process skills.
Journal of Baltic Science Education, 16(6), 908-918.

*Asabe, M. B., & Yusuf, S. D. (2016). Effects of science process skills approach and lecture
method on academic achievement of pre-service chemistry teachers in Kaduna State,
Nigeria. ATBU, Journal of Science, Technology & Education (JOSTE), 4(2), 68-72.

*Athuman, J. J. (2017). Comparing the effectiveness of an inquiry-based approach to that of
conventional style of teaching in the development of students' science process skills.
International Journal of Environmental & Science Education, 12(8), 1797-1816.

d""-i.ﬁr,

£ ;

Participatory Educational Research (PER) ‘@K
1.%. Ve

Acaeri

-487-


https://www.researchgate.net/journal/Procedia-Social-and-Behavioral-Sciences-1877-0428

The Effects of Studies in the Field of Science on Scientific Process Skills: A Meta-Analysis Study O.Kol, S.Yaman

*Aydogdu, B., & Ergin, O., (2008). The effects of different experimental techniques used in
science and technology lessons on students' scientific process skills. Ege Journal of
Education, 9(2), 15-36.

*Bahadir, E. (2011). Investigation of the effect of using collaborative learning based scientific
letters on the teaching of 8th grade "states of matter and heat unit" on students'
attitude, achievement and scientific-literacy. Master Thesis, Erzincan University,
Erzincan.

*Bahsi, A. (2019). Investigation of the effects of STEM activities on 8th grade students’
scientific process skills, scientific epistemological beliefs and science achievement.
Master Thesis, Adiyaman University, Adiyaman.

Bakioglu A., & Ozcan S. (2016). Meta-analysis. Nobel Publisher.

Balemen, N. (2016). The effectiveness of project-based learning in science education: A
meta-analysis study. PhD Thesis, Gazi University, Ankara.

*Barut, D. B. (2020). The effect of TGA activities supported by concept networks on pre-
service science teachers' laboratory attitudes, anxieties and scientific process skills.
Master Thesis, Gazi University, Ankara.

*Basdas, E. (2007). The effect of science activities with simple materials on scientific process
skills, academic achievement and motivation in primary school science education.
Master Thesis, Celal Bayar University, Manisa.

*Bayar, M. F. (2019). The effect of common knowledge construction model on science
process skills and academic achievement of secondary school students on solar system
and eclipse. Online Science Education Journal, 4(1), 4-19.

*Bodur, Z., & Yildirnrm, M. (2018). The effect of out-of-class activities on the academic
achievement and scientific process skills of middle school seventh grade students.
Marmara University Atatiirk Faculty of Education Journal of Educational Sciences,
47(47), 125-140.

*Bozkurt, O. (2012). The effect of inquiry-based learning approach in science education on
students’ academic achievement and scientific process skills. Mustafa Kemal
University Journal of Social Sciences Institute, 9(18), 187-200.

Biiytikoztiirk, S. Cakmak, E.K., Akgun, O.E., Karadeniz, S., & Demirel, F. (2014). Scientific
research methods. Pegem Academy.

*Cahyaningtyas, R. N., Wilujeng, 1., & Suryadarma, I. G. P. (2017). The effect of science
learning based on an integrated scientific approach to local potential on the science
process skill of the student. Unnes Science Education Journal, 6(2), 1601-1605.

*Can, B., & Pekmez, E. S. (2010). The effect of nature of science activities on the
development of science process skills of seventh grade primary school students.
Pamukkale University Journal of Education, 27(27), 113-123.

*Chebii, R., Wachanga, S., & Kiboss, J. (2012). Effects of science process skills mastery
learning approach on students' acquisition of selected chemistry practical skills in
school. Creative Education, 3(8), 1291-1296.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Academic Press.

Costu, B., Ayas, A., Calik, M., Unal, S., & Karatas, F. O. (2005). Determination of science
teacher candidates' competence in preparing solutions and using laboratory materials.
Hacettepe University Faculty of Education Journal, 28(28), 65-72.

*Comert, H. (2019). Investigation of the effect of argumentation-based teaching on 8th grade
students' academic achievement, conceptual understanding and scientific process
skills in terms of learning styles: acids and bases. PhD Thesis, Marmara University,
Istanbul.

£ .m."d
£ ;
‘@E Participatory Educational Research (PER)
Qo
Acadel?*

-488-



Participatory Educational Research (PER), 9 (4);469-494, 1 July 2022

*Cakar, S. (2019). The effect of robotic coding applications on learning products in the 4th
grade science lesson "microscopic organisms and our environment™ unit. Master
Thesis, Biilent Ecevit University, Zonguldak.

*Celik, P. (2013). The effect of problem-based learning on prospective teachers' success in
physics course, learning approaches and scientific process skills. PhD Thesis, Dokuz
Eyliil University, Izmir.

*Colak, O. (2014). The effect of inquiry-based science teaching method on science literacy
and some sub-dimensions. Master Thesis, Trakya University, Edirne.

*Dawson, C. C. (1999). The effect of explicit instruction in science process skills on
conceptual change: the case of photosynthesis. PhD Thesis, University of Northern
Colorado, Greeley.

Dempfle, A. (2006). Evaluation of methods for meta-analysis of genetic linkage studies for
complex diseases and application to genome scans for asthma and adult height.
Inaugural Dissertation, Philipps-University Marburg.

Dinger S. (2014). Applied meta-analysis in educational sciences. Pegem Academy.

*Dogan, 1. (2019). The effect of STEM activities on 7th grade students' scientific process
skills, Science and STEM attitudes and their success in the electrical energy unit. PhD
Thesis, Balikesir University, Balikesir.

*Dogruluk, M. (2010). The effect of problem-solving method on student achievement in
teaching "force and motion” unit of eighth grade science and technology lesson.
Master Thesis, Celal Bayar University, Manisa.

*Durel, E. (2018). The effects of out-of-school science activities on science teachers, teacher
candidates and students. Master Thesis, Trakya University, Edirne.

Ekemen, H. (2019). The effect of brain based learning on academic success and student’s
attitude: A meta analytic study. Master’s Thesis, Necmettin Erbakan University,
Konya.

Elen, J., Clarebout, G., Leonard, R. & Lowyck, J. (2007). Student-centred and teacher centred
learning environments: What students think. Teaching in Higher Education, 12(1),
105-117.

*Erkog, S. S. (2019). The effect of science education based on quantum learning model on the
academic achievement and scientific process skills of 5th grade students. Master
Thesis, Amasya University, Amasya.

*Evmez, S. (2018). The effects of science games developed within the scope of science lesson
on middle school students. Master Thesis, Trakya University, Edirne.

*Ewers, T. G. (2001). Teacher-directed versus learning cycles methods: effects on science
process skills mastery and teacher efficacy among elementary education students.
PhD Thesis, Idaho State University, Moscow.

Field, A. P. (2001). Meta-analysis of correlation coefficients: A Monte Carlo comparison of
fixed-and random-effects methods. Psychological Methods, 6(2), 161-180.

Franke, G. (2001). Applications of meta-analysis for marketing and public policy: A review.
Journal of Public Policy & Marketing, 20(2), 186-200

*Gengoglan, D. M. (2017). The effect of the authentic case-based argumentation-based
science learning approach on the achievement, attitude and scientific process skills of
8th grade students on "acids and bases". Master Thesis, Kahramanmaras Siit¢ii Imam
University, Kahramanmaras.

*Gezer, S. U. (2014). The effect of reflective inquiry-based general biology laboratory
activities on preservice science teachers' perceptions of self-efficacy in laboratory use,
critical thinking dispositions and scientific process skills. PhD Thesis, Marmara
University, Istanbul.

d""-i.ﬁr,

£ ;

Participatory Educational Research (PER) ‘@K
1.%. Ve

Acaeri

-489-



The Effects of Studies in the Field of Science on Scientific Process Skills: A Meta-Analysis Study O.Kol, S.Yaman

*Guevara, C. A. (2015). Science process skills development through innovations in science
teaching. Research Journal of Educational Sciences, 3(2), 6-10.

*Giiltekin, Z. (2009). The effect of project-based learning practices in science education on
students' views on the nature of science, scientific process skills and attitudes. Master
Thesis, Marmara University, Istanbul.

*Giiney, T. (2015). The effect of inquiry-based simulation supported science laboratory
applications on scientific process skills: Force motion unit example. Master Thesis,
Kirikkale University, Kirikkale.

Glass, G. V. (1976). Primary, secondary, and meta-analysis. Educational Researcher, 5(10),
3-8.

Glaze, A. L. (2018). Teaching and learning science in the 21st century: Challenging critical
assumptions in  postsecondary science. Education Sciences, 8(12), 1-8.
http://doi.org/10.3390/educsci8010012

*Harahap, F., Nasution, N. E. A., & Manurung, B. (2019). The effect of blended learning on
student’s learning achievement and science process skills in plant tissue culture course.
International Journal of Instruction, 12(1), 521-538.

*Havuz, A. C., (2019). The effect of inquiry-based learning approach on cognitive and
affective skills of classroom teacher candidates. Master Thesis, Amasya University,
Amasya.

Hofstein, A., Navon, O., Kipnis M., & Naaman, M. (2005). Developing students' ability to
ask more and better questions resulting from inquiry-type chemistry laboratories.
Journal of Research in Science Teaching, 42(7), 791-806.

*Hosbas, A. A. (2018). The effect of life-based learning approach on learning products in
science teaching. Master Thesis, Kirikkale University, Kirikkale.

*Inal, P. (2013). The effect of inquiry-based learning on the academic achievement,
conceptual understanding, attitudes, scientific process and communication skills of
primary school students. PhD Thesis, Marmara University, Istanbul.

*{zgi, S. (2020). The effect of science, technology, engineering and mathematics (STEM)
approach based on 5E model on the subject of electrical energy transformation on the
academic achievement and scientific process skills of 7th grade students. Master
Thesis, Hatay Mustafa Kemal University, Hatay.

*Jong-Hak, H., & Hyeong-Cheo, L. (2014). The impact of e-NIE based lesson on science
process skills and scientific attitudes of elementary students. Journal of the Korean
Society of Earth Science Education, 7(2), 253-265.

*Karaca, D. (2011). The effect of learning science by doing and writing on the academic
achievement and scientific process skills of pre-service teachers in the general physics
laboratory course. Master Thesis, Mehmet Akif Ersoy University, Burdur.

*Karademir, E. (2009). The effect of computer assisted instruction on students' academic
achievement levels, scientific process skills and attitudes in the electricity unit of
science and technology lesson. Master Thesis, Eskisehir Osmangazi University,
Eskisehir.

Karakus, Y., & Yal¢in, O. (2016). The effect of argumentation-based learning on academic
achievement and scientific process skills in science education: A meta-analysis study.
Anadolu University Journal of Social Sciences, 16(4), 1-20.

*Karapmar, A. (2016). The effect of inquiry-based learning environment on prospective
teachers' scientific process skills, inquiry skills and scientific thinking skills. Master
Thesis, Celal Bayar University, Manisa.

*Karatekin, P. (2012). The effect of TGA technique on students' achievement, attitude and
scientific process skills in biology laboratories of science and technology teacher
candidates. Master Thesis, Celal Bayar University, Manisa.

Participatory Educational Research (PER)

-490-



Participatory Educational Research (PER), 9 (4);469-494, 1 July 2022

*Karatz, M. P. (2008). The effect of teaching the unit of “force and motion" in primary school
science and technology lesson with problem-based learning approach on students'
scientific process skills, achievements and attitudes. Master Thesis, Mugla University,
Mugla.

Kavale, K. A. (2001). Decision making in special education: The function of meta-analysis.
Exceptionality, 9(4), 245-268.

*Kaya, G., & Yilmaz. S. (2016). The effect of open inquiry-based learning on students'
achievement and the development of scientific process skills. Hacettepe University
Journal of Education Faculty, 31(2), 300-318.

* Keskin, A. (2010). The effect of using laboratory in primary school science teaching on
students' scientific process skill development. Master Thesis, Yiiziincii Y1l University,
Van.

*Kholilurrohman, A., & Suryadarma, I. G. P. (2019). The effect of modified free inquiry
approach on student's process skill and science attitudes. Journal of Science Education
Research, 3(1), 67-80.

*Kirilmazkaya, G. (2014). The effect of web-based inquiry-based science teaching on pre-
service teachers' concept learning and development of scientific process skills. PhD
Thesis, Firat University, Elazig.

* Koray, O., Koksal, M. S., Ozdemir, M., & Presley, A. 1., (2007). The effect of creative and
critical thinking-based science lab applications on academic achievement and
scientific process skills. Elementary Education Online, 6(3), 377-389.

Kozcu Cakir, N. (2017). Effect of 5E learning model on academic achievement, attitude and
science process skills: meta-analysis study. Journal of Education and Training
Studies, 5(11), 157-170.

Kéksal, M. S., Koray, O., & Acikgiil-Firat, E. (2020). Science teaching (systematic and
evidence-based education). Nobel Academic Publishing.

*Krystyniak, R. A. (2001). The effect of participation in an extended inquiry project on
general chemistry student laboratory interactions, confidence, and process skills. PhD
Thesis. University of Northern Colorado, Greeley.

*Kula, S. G. (2009). The effect of inquiry-based science learning on students' scientific
process skills, success, concept learning and attitudes. Master Thesis, Marmara
University, Istanbul.

Lam, R. W., & Kennedy, S. H. (2005). Using meta-analysis to evaluate evidence: Practical
tips and traps. Canadian Journal of Psychiatry, 50, 167-174

Lipsey M. W., & Wilson. D. B. (2001). Practical meta-analysis. Sage Publications.

Littel, H. J., Corcoran, J., & Pillai, V. (2008). Systematic reviews and meta-analysis. Oxford
University Press.

*Longo, C. M. (2012). Effects of an inquiry-based science program on critical thinking,
science process skills, creativity, and science fair achievement of middle school
students. PhD Thesis, Western Connecticut State University, Danbury.

*Maidon, C. H. (2001). A comparison of a fifth-grade elementary school science research-
based curriculum and an activity centered traditional curriculum: effects on
conceptual knowledge, process skills and attitude. PhD Thesis, North Carolina State
University, Raleigh.

*Mallozzi, F. N. (2012). The effects of using interactive student notebooks and specific
written feedback on seventh grade students’ science process skills. PhD Thesis,
Western Connecticut State University, Danbury.

*Meseci, B. (2013). Teaching scientific process skills with activities developed for the
particulate structure of matter unit and its effectiveness in the teaching process.
Master Thesis, Amasya University, Amasya.

d""-i.ﬁr,

£ ;

Participatory Educational Research (PER) ‘@K
1.%. Ve

Acaeri

-491-



The Effects of Studies in the Field of Science on Scientific Process Skills: A Meta-Analysis Study O.Kol, S.Yaman

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded
sourcebook. Sage Publication.

Mills, G. E., & Gay, L. R. (2019). Educational research: Competencies for analysis and
applications. Pearson. One Lake Street, Upper Saddle River, New Jersey.

Miranti, H., Abdurrahman, A., & Ertikanto, C. (2018). Description of meta-analysis of
science learning through inquiry model in improving students’ science process
skills. International Conference on Mathematics and Science Education of Universitas
Pendidikan Indonesia, 3, 504-508.

MoNE (2018). T.R. Ministry of National Education Board of Education and Discipline,
Primary school science course curriculum and guide (grades 6, 7 and 8). Ankara:
Directorate of State Books.

*Mutlu, S. (2012). The effects of science and technology education focused on scientific
process skills on elementary school students' scientific process skills, motivation,
attitude and achievement. Master Thesis, Trakya University, Edirne.

*Myers, B. E. (2004). Effects of investigative laboratory integration on student content
knowledge and science process skill achievement across learning styles. PhD Thesis,
University of Florida, Gainesville.

*Osman, K., & Vebrianto, R., (2013). Fostering science process skills and improving
achievement through the use of multiple media. Journal of Baltic Science Education,
12(2), 191-204.

*Oner, A. (2015). The effect of elective science applications course on the scientific process
skills, attitudes and motivations of 7th grade students in science and technology
course. Master Thesis, Ibrahim Cegen University, Agr1.

*Ozdemir, H. (2011). The effect of laboratory applications based on the guess-observe-
explain strategy on pre-service science teachers' understanding of acids-bases. Master
Thesis, Pamukkale University, Pamukkale.

Ozdemirli, G. (2011). The effectiveness of cooperative learning method on student's
mathematics achievement and attitude towards mathematics: A meta-analysis study.
Master Thesis, Cukurova University, Adana.

*Parim, G (2009). The effects of research-based learning on learning the concepts of
photosynthesis and respiration, success and development of scientific process skills in
primary school 8th grade students. PhD Thesis, Marmara University, Istanbul.

Petitti, D. B. (2000). Meta-analysis, decision analysis and cost effectiveness analysis:
methods for quantitative synthesis in medicine. Oxford University Press.

*Prasasti, P. A. T., & Listiani, 1. (2018). SETS-based guided experiment book: Empowering
science process skills of elementary school students. Journal Pendidikan Biologi
Indonesia, 4(3), 257-262.

*Ping, I. L. L., Halim, L., & Osman, K. (2019). The effects of explicit scientific
argumentation struction through practical work on science process skills. Jurnal
Penelitian dan Pembelajaran IPA, 5(2), 112-131.

Ramdhayani, H. G., Purwoko, A. A. & Muntari, M. (2019). Meta-analysis: the effect of
applying project-based learning models to students’ science process skills. Journal of
Physics: Conference Series, 1321(3), 1-4.

Renner, J. W. (1986). Rediscovering the lab. The Science Teacher, 53(1), 44-45.

Roth, W. M. (1994). Experimenting in a constructivist high school physics laboratory.
Journal of Research in Science Teaching, 31(2), 197-223.

*Sakdiah, H. (2014). Efek model pembelajaran inquiry training berbantukan handout dan
sikap ilmiah terhadap kemampuan siswa berbasis keterampilan proses sains (KPS).
Jurnal Pendidikan Fisika, 3(2), 124-131.

Participatory Educational Research (PER)

-492-


https://iopscience.iop.org/volume/1742-6596/1321
https://iopscience.iop.org/issue/1742-6596/1321/3

Participatory Educational Research (PER), 9 (4);469-494, 1 July 2022

Saputro, A. D., Irwanto, R. E., Atun, S., & Wilujeng, 1. (2019). The impact of problem-
solving instruction on academic achievement and science process skills among
prospective elementary teachers. Elementary Education Online, 18(2), 496-507.

*Siahaan, S. A., Sahyar, S., & Simanjuntak, M. P. (2017). The effect of scientific inquiry
model with adobe flash program and scientific attitudes students' science process skills
at senior high school. Advances in Social Science, Education and Humanities
Research, 104, 388-393.

*Soyleyici, H. (2018). Investigation of the effect of problem-based learning on secondary
school students' scientific process skills, attitudes and achievements: light unit
example. Master Thesis, Trakya University, Edirne.

Sterne, J. A. C., Becker, B. J., & Egger, M. (2005). The Funnel Plot. H. R. Rothstein, A. J.
Sutton, & M. Borenstein (Ed.), Publication Bias in Meta-Analysis: Prevention,
Assessment and Adjustments in (p. 75-98). Chichester, UK: Wiley.

*Siinkiir, O. M., & Aribas, S. (2020) The effect of reflective thinking-based activity practices
supported by guess-observe-explain method in science and technology / science lesson
on achievement, permanence, attitude towards substance and change learning domain,
scientific process skills and academic risk-taking behaviors. Electronic Journal of
Social Sciences, 19(76), 1789-1809.

Sad, S. N., Kis, A., Demir, M., & Ozer, N. (2016). Meta-analysis of the relationship between
mathematics anxiety and mathematics achievement. Pegem Journal of Education and
Instruction, 6(3), 371-392.

*Sahbaz, O. (2010). The effects of different methods used in primary school 5th grade science
and technology lesson on students' scientific process skills, problem solving skills,
academic achievement and remembering. PhD Thesis, Dokuz Eyliil University, [zmir.

*Sensoy, O., & Yildirim, H. 1. (2017). The effect of inquiry-based learning approach on
creative thinking and scientific process skills. Cumhuriyet International Journal of
Education, 6(1), 34-46.

*Tanriverdi, G. (2012). Investigation of the effect of 7e learning model-centered physics
laboratory applications on students' learning products in science and technology
teaching. Master Thesis, Kirikkale University, Kirikkale.

Tavares, R., Vieira, R., & Pedro, L. (2017, November). A preliminary proposal of a
conceptual educational data mining framework for science education: Scientific
competences development and self-regulated learning. In 2017 International
Symposium on Computers in Education (SIIE) (pp. 1-6). IEEE.

*Ting, K. L., & Siew, N. M., (2014). Effects of outdoor school ground lessons on students'
science process skills and scientific curiosity. Journal of Education and Learning,
3(4), 96-107.

*Tokur, F. (2011). The effect of TGA strategy on pre-service science teachers' understanding
of plant growth and development. Master Thesis, Adiyaman University, Adiyaman.

Topgu, M. S. and Citfci, A. (2018) 21st century skills and STEM. A., D. ilkir Ozgelik and M.
N. Tugluk (Edt.) 21st century skills in education and industry (pp.103-123), Ankara:
Pegem.

*Torun, B. (2016). The effect of digital story use on secondary school 6th grade cell subject
on student achievement, attitude and scientific process skills. Master Thesis,
Kastamonu University, Kastamonu.

*Tirker, E. (2011). The effect of applying the scientific process skills approach using the
model on the success of students, the development of scientific process skills and their
motivation. Master Thesis, Karadeniz Technical University, Trabzon.

d""-i.ﬁr,

£ ;

Participatory Educational Research (PER) ‘@K
1.%. Ve

Acaeri

-493-



The Effects of Studies in the Field of Science on Scientific Process Skills: A Meta-Analysis Study O.Kol, S.Yaman

*Ulu, C. (2011). The effect of using research inquiry-based science writing tool on
conceptual understanding, scientific process and metacognitive skills in science
teaching. PhD Thesis, Marmara University, Istanbul.

*Ulukok, S. (2012). The effect of computer-assisted problem-based learning method on pre-
service teachers' higher-order thinking skills. Master Thesis, Kirikkale University,
Kirikkale.

*Uzun, F. (2013). The effect of the context-based approach-based general physics laboratory
course on pre-service science teachers' achievement, scientific process skills,
motivation and recall. Master Thesis, Marmara University, Istanbul.

*Unaldi, O. (2012). The effect of science education based on scientific process skills on
students' attitudes towards science and technology lesson and scientific process skills.
Master Thesis, Ankara University, Ankara.

Volkmann, M. J., & Abell, S. K. (2003). Rethinking laboratories-tools for converting
cookbook labs into inquiry. The Science Teacher, 70(6), 38-41.

*Yildinm, Z. (2018). Comparison of the effects of physical activity-based games and
computer games on 9th grade students' success in physics (force, Newton's laws of
motion and friction force) and their scientific process skills. Master Thesis, Dicle
University, Diyarbakir.

Yildirm, A., & Simsek, H. (2011). Qualitative research methods in the social sciences.
Seckin Publisher.

*Yildiz, N. (2010). The effect of experimental applications on the success, attitude and
scientific process skills of students in solving problem-based learning scenarios in
science education. Master Thesis, Marmara University, Istanbul.

=
£ ;
‘@‘ Participatory Educational Research (PER)

-494-



