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Introduction

Many studies on education focus on determining how students learn
and on setting out more effective educational approaches, models, methods,
and techniques. This may be due to the lack of certain knowledge about
how the learning is formed, the excessiveness of the variables involved, and
the fact that research findings have different results. Researches on learning
might give different results because of people being influenced by many char-
acteristics of themselves and because all kinds of external factors influence
those (Riding & Rayner, 2013). A student can have different levels of learning
for different subjects or even for different subjects within a course (Felder &
Brent, 2005). In addition, due to the increase in knowledge by time and the
fact that the technology has a great deal of influence on daily life, there may
occur differences between research results. Additionally, the effect of teaching
on learning is one of the least debated topics. This is because researchers are
almost certain that learning would be very limited and incomplete without
teaching (Schunk, 2013).

Today, a variety of educational models have been developed and imple-
mented at different levels of teaching in order to transfer the increasing fund
of knowledge to the students in the most effective way (Bayram, Patli, and
Savci, 1998). The influence of the theories of cognitive development theo-
rists on the educational sciences increased and they were adopted all over
the world in the 1950s. Thus, the focus was on studies aimed at increasing
the effect of teaching and learning. The competition for space research was
influential in this process, interest in science increased and research-based
learning and teaching approaches were adopted. One of the mostimportant
of these approaches is the learning cycle (LC) (Ayas, 1994). LC was developed
by Robert Karplus. In 1977, on the basis of the theory of mental development
introduced by the famous educator and psychologist Piaget (Karamustafao-
glu & Yaman, 2006). LC models were particularly important in the program
which was developed by Karplus and his colleagues within the scope of the
Science Improvement Study. This program is a research-based approach
that centers on student-centered learning (Abraham, 2005). One of the most
applied models of LC is the research-based learning, also known as 5E. This
model, which is quite popular in the constructivist approach, consists of five
steps (Carin & Bass, 2005; Ozsevgec, Cepni, & Bayri, 2007). Based on the 5E
model, alternative models such as 3E, 4E and 7E have been developed and
used at every stage of science education (Eisenkraft, 2003). The steps for
these models are displayed in the table below:
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Abstract. This meta-analysis has two
objectives: (a) to address the main effects of
learning cycle models on students’ success
in science; and (b) to address potential
moderators of the effect of LC models. This
meta-analysis was conducted by calculat-
ing the effect size of 75 studies, including
theses and journal papers associated with
the implementation of LC models published
in Turkey. The studies were selected accord-
ing to the following criteria: experimental
studies on LC models in science courses at
different educational levels. The studies,
which were included within this scope, were
carried out between the years of 2004-2016.
As possible moderators of LC models; ef-
fects, type of publication, educational level,
period, sample size and the year of con-
struction were investigated. This moderator
analysis indicates that there are significant
differences among the effect sizes of the
research. Nevertheless, the values of the
general effect size of the researches provide
a positive outlook to increase the students’
science success of the LC models. Consider-
ing the effects of LC model on the students’
science success, this research could be help-
ful to both researchers and practitioners in
the field of science education.
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Table 1. Steps of learning cycle models.

3E 4E 5E 7E
Engage Elicit
Explore Engage
Explore Engage
Explore Explain Explore
Explain Explain
Explain Elaborate Elaborate
Evaluate
Evaluate Evaluate Evaluate Extend

All of those models emphasize that the learning should be done according to constructivist understanding. The
constructivist learning is a student-centered theory that examines the nature of knowledge and how information
is acquired. In this theory, individuals form their own concepts and adapt them to new situations by utilizing their
previous experience and prior knowledge (Acisli, 2010). The LC models can be addressed in the constructivist theory.
Constructivism is based on the fact that the learner constructs his own knowledge rather than reproducing the
knowledge of another (Moussiaux & Norman, 2003). The 5E model is an important part of the constructor tradition
because it involves rational learning (Tinker, 1997). The 5E model allows students to be more curious and get more
familiar with the real world, and helps them to develop problem-solving skills. It also allows them to reflect upon basic
information and to develop the skills necessary to learn, analyze and synthesize this knowledge (Yoon & Onchwari
2006). This model allows students to learn in real life, by letting them take their own learning responsibilities, learn
by experience and transfer information (Biyikh & Yagci, 2015).

In the very step of 5E learning model, in “elicit” step, it is attempted to get the students’attention and reveal the
preliminary information and the teachers get the opportunity to understand the current concepts of the students. What
isimportantin this step is not to let students find the right answer, but to encourage them to put forward different ideas
and toimprove their ability to ask questions. Asking interesting questions to students, reading an attention-grabbing
story, showing a video or experiment can be done in this step (Ekici, 2007; Newby, 2004). Unanswered questions in
the previous step are resolved in the explore step. In this step, the student activity is at its highest. Students reach
out to some information on their own by researching, using various sources, experimenting or discussing (Kabapinar,
Sapmaz, & Bikmaz, 2003; Ozmen, 2002). “Explain” is the step where the teacher helps students combine the results
of their experiences, explain the results that they’ve found and created new concepts by making explanations at the
basic knowledge level. Students describe the concepts they understand, use their own abilities and explain the events
by expressing their own approach (Ekici, 2007). The deepening step allows students to apply their new definitions,
explanations and skills to new but similar situations and encompasses the experimental inquiry, investigation projects,
problem solving and decision-making activities.”Evaluate”is the step that students are expected to demonstrate their
understanding, the change in their behavior, how much of the new concepts and skills have been learned, and that
they evaluate their own self-development (Linn & Miller, 2005; Ozmen, 2002).

The 3E model was developed on the 5E model based on Piaget’s theory of mental development. This model is
based on explore, explain and evaluate. Explore corresponds to the step of entering and discovering, explain cor-
responds to the explaining and expanding, evaluate corresponds to the evaluating step on the 5E model. The 4E
model consists of four consecutive stages of engage, explore, explain and evaluate. This model helps teachers who
use the constructivist learning approach in their lessons (Bybee, 1997). The first step of the 4E LC model which is the
engage step is the step where the mental assimilation and explain in the 3E LC model occur. In this step, students
collect data on the concept or subject they will learn using scientific process skills such as observation, interpretation,
and prediction. Explore step is where the connection happens. In this step, the students organize the information
obtained with the help of the advisor, present it to the class and discuss it together. Explain step is the step that the
structure in Piaget’s model is performed. In this step, the counselor helps the students to extend the meaning of the
concept and to apply this concept to their daily life by allowing the concept to be implemented in various places
(Marek & Cavallo, 1997). In the final step which is evaluate, students are subjected to performance evaluation rather
than traditional evaluation.

The 4E model is a very effective way to implement the constructivist theory easily within the classroom (Bybee,
1997). Students find this model fun and interesting. This model enhances the motivation of students and encourages
high-level thinking skills, encourages them to think about the subject, and enables them to learn by experimenting
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(Yilmaz & Huyugtizel Cavas, 2006). The 7E model is the reinterpreted version of the 5E model developed separately
by Bybee (2003) and Eisenkraft (2003). Studies on the 7E learning model show that it contributes to the develop-
ment of critical thinking in students (Mecit, 2006) and shows that students develop scientific process skills. At the
same time, it gives more successful results in the lessons carried out in the laboratory (Kanli, 2007) compared to the
teacher-centered (TC) models.

When the national and international literature is examined, it is stated that LC models can be used to improve
many skills of students. According to the traditional teaching methods (no constructivist approach), these models
improve academic success (Ceylan & Geban, 2009; Chen, 2008; Kunduz & Secken, 2013), metacognition (Feyzioglu
& Ergin, 2012), attitude (Aktas, 2013; Mecit, 2006) and high-level cognitive skills (Aydin & Yilmaz, 2010). The purpose
of this research is to determine the effect size of LC models by comparing students’ science success with LC models
(3E, 4E, 5E, and 7E) and TC models.

Two sets of research questions guided this meta-analysis. Firstly, the main effects of LC models on outcomes
including success in science were addressed. Secondly, potential moderators of the effect of LC models were indi-
cated. A first category of moderators include the LC model used in the research. In the second category of modera-
tors, whether the effect of LC models differs across the study types (journal paper, master’ theses, dissertations) was
examined. Thirdly, the effect of the level of school, where the research was conducted (primary school/middle school/
high school/ undergraduate), was examined. In the fourth category of moderators, the effect of LC models according
to sample sizes (0-50/51-75/76-100/101 and above) was investigated. Lastly, the effect of LC models based on the
time of the research (2005 and before/2006-2010/2011 and later) was examined.

Methodology of Research
General Background

The research is a meta-analysis study. Meta-analysis is a quantitative technique that integrates the results of a
number of different primary studies to analyze and synthesize them into a coherent product (Schroeder, Scott, Tol-
son, Huang, & Lee, 2007). Although meta-analysis is not a primary research study, it shares common traits in terms of
formulating a problem, collecting data, coding the data, analysis, and interpretation (Cooper & Hedges, 1994). Meta-
analysis is a method of screening literature in scientific research. This method is described as the synthesis of existing
research on a particular research hypothesis (Jupp, 2006). Meta-analysis is a method that quantifies the generalizations
obtained from different researches and suggests new emphasis for future researches by exploring the deficiencies
in existing researches. It is also accepted as an analysis of the analysis of other studies (Cohen, Manion, & Morrison,
2007).The studies in this research included theses and dissertations about the LC models applied in 2004-2016 years
and the articles of the refereed journals in Turkey available during research. In the analysis, the random effects model
was used, and the effect sizes were recalculated using the free-effects model.

Collection of the Data

The studies examined in the research include the published theses and dissertations about the LC models between
2004-2016 years and the articles published in the refereed journals in Turkey. The reason for choosing 2004 as a start-
ing year is that very few studies have been done before and the data of these studies are not available. The reason for
ending with 2016 year is that it is the time when data analysis has begun. In order to reach the theses, keywords were
used to make research on the website of the Council of Higher Education’s (YOK) National Thesis Screening Center.
39 master theses and 37 dissertations were found in this way. The full text of the three works with restriction is not
accessible; the authors were contacted and requested for research data for analysis. One study was reached in this
way. Two of the theses were not reached despite all attempt. It was examined the suitability of data obtained from
75 theses accessed for meta-analysis and it was found out that the data of 18 do not have a data format that can be
analyzed. Thus, 57 studies were included in the scope of the studies to conduct a meta-analysis.

Between October 2016 and January 2017, Ondokuz Mayis University Library Database, Google Academic and
Turkish Academic Network and Information Center (ULAKBIM) Social Sciences Database were used to access the
journal papers published in national and international journals. 24 papers were reached at the end of this review;
but since 2 publications were included in the study as theses, 4 papers were excluded from the analysis because they
do not have the data format that can be analyzed. At the end of this examination, a total of 18 papers published in
the journals were included in the meta-analysis study. One of these papers examines the animation technique, while
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another examines the effect of peer learning on science success. However, these applications were based on the 5E
learning model and since this situation is stated in the research, they are included in the study. As a result, analysis
was made with 75 studies from theses, dissertations, and journal papers that included the learning-cycle approach
and appropriate data for meta-analysis.

Analysis Inclusion Criteria

The criteria used for inclusion into meta-analysis study are given below in detail:

a) Theresearch must be conducted in Turkey between 2004 and 2016

b) Itmustbean article published in master’'these/dissertations or scientific refereed journal which is written
in Turkish or English language.

¢) It must consider science success as one of the dependent variables in studies,

d) The studies must be designed according to true or quasi-experimental design,

e) One of the LC models to the experimental group and the TC models to the control group or the applica-
tions stated in the current curriculum must be applied. Applications (model, technique, method, strategy,
or approach) used for the control groups were generally not well-defined in most studies, but TC models
meant more teacher-dominated instruction with passive student participation.

f) Mean and standard deviations of the science success scores of experimental and control groups must

be given in the findings
The simple size in the experimental and control groups must be given.
Assessment tools used in studies must have adequate levels of validity and reliability.

zZQe

Coding of Data

Rater reliability is an important criterion in coding data analyzed in meta-analysis studies. For this purpose, it
is expected that the coding of at least two different raters in the studies and the percentage of correspondence be-
tween these coding is expected to be high (Acikel, 2009; Akcil & Karaagaoglu, 2001). For this purpose, a coding form
(Appendix2) has been developed. This form consists of three parts. First part; the name of the work, the name of the
author(s), the publication year, and the type of work (thesis or article). In the second part entitled “study content’, the
subject area (physics, chemistry, biology) in which the LC models are applied, as well as the level of learning and ex-
perimental work are included. The third partis the“study data” which refers to the mean, standard deviation obtained
from experimental and control groups and the size of the study group.

The data were entered simultaneously onto the coding form by two different researchers. One of these research-
ersis continuing his graduate education in science education and the other researcher is a lecturer in the related field.
The Miles and Huberman (2002) formula was used to determine the percentage of consensus on data that researchers
independently code. The consistency level of the researchers’ codes was found to be 96%. For incompatible encod-
ings, the data were analyzed together, and coding of the data was maintained until a consensus was reached. Three
data that could not be agreed on, were removed from the coding form. It was decided that the reliability level of the
coded data was sufficient since it was taken into consideration that 70% or more of the correspondences were suf-
ficientin such coding (Yildinm & Simsek, 2011).

Variables

Dependent Variable: The dependent variable examined in the research is the science success score from which
the effect of the LC models is researched.

Independent Variables: The basic independent variable of the research is the different model of the LC models. The
3E, 4E, 5E and 7E LC models applied within this approach were addressed separately. Since only 1 study is available
for 3E, this research is not included in the study. In addition, TC models that are influenced by the control group are
another independent variable. The moderator variables discussed in this research are; the number of students in the
study groups, the duration of the experimental work, and the field of the applied courses (physics, chemistry, biology
or science). In these areas, studies conducted in primary and middle schools within the scope of science lessons are
coded as physics, chemistry or biology according to the subjects of the research. Since there is more than one field
related to three different studies, random assignment of each field is performed in the coding. The mesh-terms or key
words used in the search were LC models, constructivist approach, Karplus’ learning model, science success, science
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course, science teaching, science learning.
Validity

The validity level of the data obtained from the sources studied in the meta-analysis studies is related to the
ability of the data collection tools used in these studies to measure what they are trying to measure (Petitti, 2000).
For this reason, it has appeared that assessment tools used in studies have high levels of validity which is a common
criterion for acceptance of publications and thesis in Turkey.

Data Analysis

The researches that satisfied the criteria stipulated were then uploaded into the Comprehensive Meta-Analysis
(CMA) software program, and analysis was performed with this program (Hunter & Schmidt, 2004). The standard unit
of measurement in the meta-analysis is the effect size. The effect size increases as the difference between the mean
scores of the variables examined in the experimental and control groups increases and as the standard deviation
decreases (Aron & Aron, 1997). Developed by Glass, this method is especially preferred in psychology, social sciences
and educational studies. Standardized magnitude of impacts, defined as Hedges’ g or Cohen’s, can be used to deter-
mine the effect size of the independent variables discussed in the research. In this research, Cohen’s values, which are
calculated by dividing the difference between the science success scores of the experimental and control groups by
the combined standard deviation, are taken into account (Schulze, 2004). This formula makes it possible to translate
the data obtained from independent studies into a standard system and to compare the effect sizes obtained in a
meaningful way. The significance level of the statistics used in the research was chosen as .05. Cohen’s effect size
classification is as follows: “00 < d < .20 weak; .21 < d < .50 small; .51 < d < 1.00 moderate; 1.01 < d strong” (Cohen,
1988). For graphics, Hedges' g value given by CMA program was preferred.

Chi-square homogeneity test (Q statistic) was used to test for accurate heterogeneity among the studies included
in the research. This test tests the null hypothesis that is assert that it has same effect on any study that includes the
independent variable effect (Higgins, Tompson, Deeks, & Altman, 2003). The combination of meta-analysis and studies
with different effect sizes has a significant effect on the selected model. There are two types of models in meta-analysis:
Fixed and random effects model. “n” the constant-effect model (SEM), the parameters of the universe are taken into
account. In this model, the standard deviation value for universe magnitude is assumed to be zero. In addition, the
fixed effect model is based on the assumption that each study has only one actual effect size (Borenstein, Hedges,
Higgins, & Rothstein, 2009 as cited in Ustiin & Eryilimaz, 2014). In the random effects model (REM), it is accepted that
the effect sizes of the universe get different values in different studies.

While deciding which model was going to be preferred in the analysis of the studies, it was checked whether
the effect size values were homogeneous or heterogeneous. When the data shows heterogeneous distribution, it is
suggested to be used a random effects model and when it has a homogeneous distribution, it is suggested that the
fixed effect model should be preferred (Ellis, 2010). It is found out that the factors affecting the study differ in each
of the studies examined in this research. It is also claimed that the basic assumption of the fixed effect model, which
predicts only one true effect size for all studies in the meta-analysis, is not realistic for many situations (Borenstein et
al,, 2009 as cited in Ustiin and Eryilmaz, 2014). Finally, intra-group, inter-group and total heterogeneity values -which
were obtained when the fixed effect model was applied in the meta-analysis method- were higher than the critical
value. Because of these differences, it was decided to use the random effects model in this research. The effect sizes
were recalculated using the free-effects model.

Results of Research
Findings of General Effect Size
In order to be able to calculate the magnitude of the effects of the studies on which the LC models are ap-
plied, the meta-analysis model to be used first has to be determined. For this purpose, the homogeneity of the LC

models with the fixed and random effects models and the homogeneity of the studies and the overall effect size
are given in Table 2.
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Table2.  Findingsabout the effect size of the meta-analysis in accordance with the fixed effect model and the
random effect model.
Effect Size Homogeneit Standard Error Effect Size (ES)
iz eity r )
Model (ES) SD Level (Q) z (Se) : )
Lowest Highest
FEM 1.12 74 784.25 37.48 .03 90.56 1.06 118
REM 1.22 12.39 10 1.03 1.42

According to the fixed effects model, the average effect size is calculated to be 1.12. The homogeneity test
resultant Q statistical value for examining the homogeneity of the effect sizes of the studies included in the research
was found to be 784.25. According to this result, the effect sizes of the studies within the scope of the research are
heterogeneous. This effect size has been regarded as “the effect at a strong level” according to the Cohen’s (1988)
classification.

As a result of analysis made according to the random effects model; the upper limit at 95% confidence inter-
val is 1.42, the lower limit is 1.03 and the average effect size is 1.22. According to this result, the effect sizes of the
studies included in the research are homogeneous according to the random effects model. This effect size that
was calculated, has been regarded as “the effect at a strong level” according to Cohen’s classification. The graph
below shows the distribution of the effect sizes of the studies studied in the research.

—
Study narBabgroup within s(udy Statistics for each study Std diff in means and 95% CI

Std di d——towerUpper —_—

in means error Variancelimit limitZ-Valup-Value
3,000 4,000 1,852 0,378 0,143 1,111 2,592 4,899 0,000
10,000 4,000 1,755 0,265 0,070 1,236 2,274 6,627 0,000
17,000 4,000 0,610 0,296 0,087 0,031 1,189 2,064 0,039
41,000 4,000 0,965 0,268 0,072 0,439 1,491 3,596 0,000 ——
42,000 4,000 1,755 0,265 0,070 1,236 2,274 6,627 0,000 —i—
1,000 5,000 1,634 0,252 0,064 1,139 2,128 6,477 0,000
2,000 5,000 0,909 0,170 0,029 0,576 1,242 5,351 0,000 =it
5,000 5,000 1,255 0,262 0,068 0,742 1,767 4,797 0,000 ==
7,000 5,000 1,306 0,337 0,113 0,646 1,966 3,880 0,000 il
8,000 5,000 1,312 0,285 0,081 0,754 1,870 4,609 0,000 =il
9,000 5,000 1,025 0,251 0,063 0,534 1,517 4,087 0,000 —i-—
11,000 5,000 1,111 0,305 0,093 0,514 1,708 3,646 0,000 1
12,000 5,000 0,944 0,301 0,091 0,353 1,534 3,132 0,002
13,000 5,000 -0,167 0,334 0,112-0,822 0,487-0,502 0,616 —i—
14,000 5,000 1,857 0,358 0,128 1,155 2,559 5,184 0,000 ——
15,000 5,000 0,942 0,167 0,028 0,615 1,269 5,653 0,000 ——
18,000 5,000 2,878 0,368 0,136 2,156 3,600 7,814 0,000 -
19,000 5,000 0,799 0,210 0,044 0,387 1,210 3,803 0,000 ——
20,000 5,000 0,797 0,164 0,027 0,475 1,119 4,849 0,000 =i
21,000 5,000 1,693 0,259 0,067 1,185 2,200 6,533 0,000 -
22,000 5,000 1,521 0,379 0,143 0,779 2,263 4,017 0,000 ——-
23,000 5,000 2,346 0,330 0,109 1,699 2,993 7,107 0,000 ——
25,000 5,000 0,085 0,133 0,018-0,174 0,345 0,643 0,520 -
26,000 5,000 1,093 0,243 0,059 0,617 1,569 4,500 0,000 -
27,000 5,000 1,882 0,292 0,085 1,309 2,454 6,442 0,000 -
29,000 5,000 2,326 0,286 0,082 1,765 2,886 8,134 0,000 —i—
30,000 5,000 3,708 0,389 0,151 2,946 4,469 9,541 0,000 -HE—
31,000 5,000 0,782 0,164 0,027 0,460 1,103 4,766 0,000 -
32,000 5,000 2,878 0,368 0,136 2,156 3,600 7,814 0,000 -
33,000 5,000 0,818 0,237 0,056 0,353 1,284 3,446 0,001 ——
34,000 5,000 0,892 0,332 0,110 0,242 1,541 2,689 0,007 =l
35,000 5,000 1,119 0,285 0,081 0,560 1,678 3,923 0,000 —li—
36,000 5,000 2,184 0,276 0,076 1,643 2,725 7,916 0,000 —i—
37,000 5,000 1,406 0,316 0,100 0,787 2,026 4,449 0,000 ——
38,000 5,000 1,217 0,318 0,101 0,595 1,840 3,832 0,000 —i—
39,000 5,000 0,818 0,237 0,056 0,353 1,284 3,446 0,001 i
40,000 5,000 -0,333 0,274 0,075-0,870 0,203-1,217 0,224 -
43,000 5,000 0,997 0,253 0,064 0,501 1,494 3,935 0,000 —-
44,000 5,000 2,673 0,252 0,064 2,178 3,16710,596 0,000 —i—
47,000 5,000 0,620 0,324 0,105-0,015 1,254 1,914 0,056 -
48,000 5,000 0,921 0,317 0,101 0,300 1,543 2,905 0,004 —_—
51,000 5,000 1,012 0,306 0,094 0,413 1,612 3,308 0,001 il
52,000 5,000 -0,916 0,292 0,085-1,488-0,345-3,141 0,002 ——
53,000 5,000 0,742 0,267 0,071 0,219 1,265 2,780 0,005 —i—
54,000 5,000 1,095 0,331 0,110 0,446 1,743 3,308 0,001 —i—
55,000 5,000 1,493 0,333 0,111 0,840 2,147 4,478 0,000 ——
56,000 5,000 0,630 0,309 0,095 0,025 1,235 2,040 0,041 —-r
57,000 5,000 1,381 0,213 0,045 0,963 1,799 6.476 0,000 i
59,000 5,000 1,554 0,356 0,127 0,856 2,253 4,360 0,000 -
60,000 5,000 2,009 0,320 0,102 1,383 2,636 6,285 0,000 —it
61,000 5,000 2,032 0,142 0,020 1,753 2,31014,291 0,000
62,000 5,000 1,860 0,261 0,068 1,348 2,372 7,121 0,000
63,000 5,000 0,164 0,275 0,076-0,376 0,703 0,596 0,552
65,000 5,000 1,824 0,303 0,092 1,230 2,417 6,025 0,000
67,000 5,000 0,807 0,279 0,078 0,261 1,353 2,896 0,004
68,000 5,000 0,070 0,252 0,064-0,425 0,564 0,277 0,782 i
69,000 5,000 3,712 0,292 0,085 3,140 4,28412,726 0,000
70,000 5,000 1,475 0,291 0,085 0,904 2,045 5,064 0,000 -
71,000 5,000 0,289 0,318 0,101-0,334 0,913 0,911 0,362 —i—
73,000 5,000 1,369 0,266 0,071 0,849 1,890 5,156 0,000
74,000 5,000 1,554 0,357 0,128 0,854 2,254 4,351 0,000 —i—
75,000 5,000 0,577 0,276 0,076 0,036 1,117 2,092 0,036 —i-
76,000 5,000 0,879 0,260 0,067 0,370 1,388 3,384 0,001 —_—
4,000 7,000 4,024 0,519 0,269 3,007 5,040 7,755 0,000 ——
6,000 7,000 0,794 0,195 0,038 0,410 1,177 4,060 0,000 —t
16,000 7,000 -2,493 0,350 0,123-3,179-1,807 -7,122 0,000 -
24,000 7,000 1,791 0,233 0,054 1,334 2,248 7,678 0,000 —r
28,000 7,000 0,595 0,217 0,047 0,170 1,020 2,747 0,006
45,000 7,000 2,228 0,321 0,103 1,599 2,857 6,946 0,000 =
46,000 7,000 0,627 0,269 0,072 0,100 1,155 2,333 0,020
49,000 7,000 0,320 0,395 0,156-0,454 1,093 0,810 0,418 —_—
58,000 7,000 1,121 0,263 0,069 0,606 1,637 4,266 0,000 —r—
64,000 7,000 0,356 0,224 0,050-0,084 0,796 1,586 0,113 —i—
66,000 7,000 0,648 0,211 0,044 0,235 1,061 3,073 0,002 H-—
72,000 7,000 1,995 0,306 0,094 1,396 2,595 6,522 0,000 =i

1,120 0,030 0,001 1,062 1,17937,480 0,000 T
-akoo -2koo obo * 2%bo 4,bo

Figure1: A Forest Plot showing science success with the use of the learning cycle models.
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The graph below shows the distribution showing the slope of the effect levels of the studies covered by the

research.
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Figure2: Funnel Plot showing publication bias.

Funnel graphic of the researches that have been included in the analysis can be seen in Figure 3. According
to the graphic, the researches are seen on a symmetrical basis, in other words, they concentrate on one single side.
It can be said that there is not any publication bias in the research because when publication bias exists, a skew

and asymmetric range is observed in the graphic.

Findings about Effect Size of Independent Variables

Table 4 shows the findings regarding whether effect sizes differ depending on different fields of science.

Table4. Findings about effect levels of learning models.

ES
Q p ES n Se
LC models Lowest Highest
1.02 .599
4E 1.38 5 .25 .89 1.87
5E 1.26 58 11 1.05 1.47
7E 97 12 32 .35 1.60

The results of the analysis have shown that 4E learning model has the highest impact value with 1.38, and the
7E learning model has the lowest impact value with .97. According to the chi-square distribution, the critical value
at the 95% significance level has been found to be 5.99. The homogeneity value (Q) between the groups formed in
the LCmodels used is 1.02. The homogeneity value between groups is smaller than the critical value. For this reason,
there was no statistically significant difference in terms of science success between groups formed according to
the LC models applied in the experimental study. In terms of impact sizes, the greatest difference was found in the
7E model applications (range 1.25) while the lowest difference was found in the 5E model applications (range .42).
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Table5.  Findings about the effect size in different types of publications.

ES
Q p ES n Se
Type of publication Lowest Highest
2.39 .302
Journal paper 1.1 18 .20 72 1.50
Master theses 1.09 29 14 .83 1.36
Dissertations 1.44 28 19 1.07 1.80

As seen in Table 5, when the percentage values are examined according to the LC models and the publica-
tion type of the study, the highest rate belongs to the master’s theses with 39.47% followed by dissertations with
36.84%. The journal papers have the lowest rate with 23.68%. When the effect value is considered, the disserta-
tions have the highest effect value with 1.44%. In the chi-square distribution, the critical value was found to be
5.99. The homogeneity value (Q) between the groups formed according to the publication types of the studies
was found to be 2.39. Because the homogeneity value between the groups is smaller than the critical value, it has
been determined that there is no significant difference in science success according to the publication types. When
lower and upper effect size values are examined, it is determined that dissertations varied less than other studies.

Table6. Findings about the effect size in different subjects.

ES
. Q p ES n Se
The subject of the .
Lowest Highest
course
.50 781

Physics 1.28 38 A7 .96 1.60

Biology 1.23 16 14 .95 1.50
Chemistry 1.1 21 18 17 1.46

When the distributions of subject areas of the studies were examined, it was determined that the most studied
subject was physics (51%), then. chemistry (28%); and biology (21%). According to the results of the research, it was
determined that the highest effect value is 1.28 and the lowest effect value is 1.13. The critical value according to
chi-square distribution is 5.99. The homogeneity value (Q) between the groups is 0.50. There was found no statisti-
cally significant difference between the groups in terms of the homogeneity value of the group and the science
success scores of the group. Moreover, it was determined that the most homogeneous effect sizes are in subject
of Biology and the most heterogeneous effect sizes are in subject of Chemistry according to the range values.

Table7.  Findings about the effect size at different educational levels.

ES
Q p ES n Se
Educational level Lowest Highest
0.92 0.821
Primary School 1.49 7 0.09 0.89 2.08
Middle School 1.18 29 0.03 0.86 1.50
High School 1.21 29 0.03 0.86 1.56
Undergraduate 117 10 0.04 0.80 1.54
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According to the data in Table 7, the LC models were applied at the middle and high school levels at most. It
was also determined that it was applied at the primary school level at least. The findings reveal that the highest
impact value was at primary school level with 1.49 and the lowest impact value at middle school level with 1.18.
The critical value for chi-square distribution was determined to be 7.814. The homogeneity value (Q) between the
groups formed according to the learning model used is 0.92. Since the homogeneity value between the groups was
smaller than the critical value, there was found no statistically significant difference between the groups formed
according to the topic studied in terms of science success.

Table 8. Findings about the effect size depending on the study implementation period.

ES
Q p ES n Se
Period Lowest Highest
3.77 .287
3-5 week 1.15 25 14 87 1.43
6-8 week 1.42 27 20 1.02 1.82
9 vet + week 1.26 10 29 69 1.83
Unspecified 91 13 A7 .58 1.25

As a result of analysis, it was determined that studies which took more than 9 weeks to apply have the least
proportion. It was also determined that researches which took more than 9 weeks to apply have the least propor-
tion. It was found out that the highest impact level (1.42) among these studies belongs to those that cover a period
of 6-8 weeks while the lowest impact level (.91) belongs to those whose periods of applications were not specified.
The critical value according to the chi-square distribution is 7.81. It was determined that the homogeneity value (Q)
between the groups formed according to the length of the experimental work done was 3.77. It was determined
that there was found no statistically significant difference between the groups because the homogeneity value
between the groups was smaller than the critical value. In addition, it was determined that according to the range
values, the studies with the most variable impact size were those that lasted 9 weeks or longer while those that
showed the least difference in terms of impact size are those which took 3 to 5 weeks to apply.

Table9.  Findings about effect size of the sample size of studies.

ES
Sample size Q p ES n Se
Lowest Highest
113 .769
0-50 1.15 21 15 .86 1.44
51-75 115 29 .20 77 1.53
76-100 1.29 14 A7 .96 1.62
101-+ 1.43 1 27 .89 1.96

According to the table, the maximum number of students who applied the LC models is 50-75. This is followed
by 21 studies involving between 0 and 50 students. The studies in which 101 or more students participated have
the least proportion. The results of the analysis show that the studies in which 101 and more students participated
have the highest impact value with 1.43 while the studies in which between 0 and 50 students participated have
the lowest impact value with 1.15. The critical value in the chi-square distribution is 7.81 and the homogeneity
value (Q) between the groups is 1.13. Since this value was smaller than the critical value, it was determined that
the sample size did not make any significant difference in terms of science success. When the range values of the
studies are examined, it was determined that, in terms of impact sizes, the studies which involved 101 and more
students had the highest variability while the lowest variability belonged to those which involved 0- 50 students.
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Table 10. Findings about effect size of the years in which the research.

ES
Year Q p ES n Se
Lowest Highest
.99 .607
...... -2005 .86 3 AT -.07 1.78
2006-2010 1.30 34 14 1.03 1.57
2011-...... 1.18 38 15 90 147

As a result of analysis, it is determined that LC models have been mostly applied since 2011. It was also found
that the studies carried out before 2005 have the lowest rates. According to the meta-analysis results, the highest
impact value (1.30) was found in the studies carried out between 2006 and 2010 while the lowest impact value
(.86) was found in the studies carried out in and before 2005. The critical value according to chi-square distribution
was found to be 5.99. The homogeneity value (Q) between the groups is .99. The homogeneity value between the
groups is less than the critical value. This means that there was no statistically significant difference between the
groups according to the years when the study was carried out. Besides, the ranges of the impact size values in the
studies reveal that the studies carried out before 2005 had the highest variability while those carried out between
2006 and 2010 had the lowest variability.

Discussion

In the research, an analysis was made by using the experimental study results in order to determine the ef-
fect of LC models (4E, 5E and 7E) used in different subject areas of science education in Turkey on science success
of students. Since the data obtained by reviewing the databases and libraries were heterogeneously distributed,
the random effects model was used. 3E model with an insufficient number of data and the studies with missing
data were not included in the survey. In these studies, which were analyzed according to the statistical data of 75
researchers, LC models were used in the experimental group and TC models were used in the control group. The
reason that there is a large number of studies on LC models can be the effect of the student-centered curriculum
in the science class started in 2000 (Bozdogan & Altuncekic, 2007). The aim of this research is to analyze the effect
level of these models which have a specific sub-structure and application culture in Turkey according to different
variables and determine the general effect level. Similarly, Ural, & Bumen (2016) analyzed the studies regarding the
constructivist approach to science education. The researchers analyzed three studies of the LC model and found
that they were effective in increasing science success. Apart from this work, Balta & Sara¢ (2016) analyzed the 7E LC
model; Sarag (2017) analyzed the 5E model and they stated that the effect on science success is significant. Unlike
these studies, the effect of all LC models on science success was examined in this research.

In the majority of the studies included in the research, the effect size of the LC models (ES=1.23) was found
to be significantly higher than the TC models. A total of 75 studies were carried out. In 71 (the LC models) of the
studies showed higher science success compared to the other 4 studies (TC models). TC models were proved to
be more effective than 3 studies of 5E and 1 study of 7E. According to this finding, it can be asserted that the LC
models have a higher effect on the science success of the students than the TC models in the field of science. This
result was interpreted as 5E models give less variable results than other models (4E and 7E). It can be argued that
this was due to the fact that the vast majority of examinations were made regarding the 5E model. The increase in
the number of samples of the past few days provides a certain amount of contribution to the level of homogeneity
(Privitera, 2012). As this model is widely-known and experienced by the researchers compared to the 7E and 4E
models, the change ratio in the results may be lower. This result shows that LC models have a strong effect on the
science success levels of students according to the Cohen (1988) effect size classification.

It was found that the highest effect size from the three learning models belongs to 4E with 1.38, and the low-
estimpact value belongs to 7E with 0.97. In the study of the effect, it was determined that the overall effect size of
the science success level of 7E model was found to be 1.2 in national and international studies by Balta and Sarag
(2016). When the Q values of this research were examined, it was determined that the difference between the effect
sizes of these three models did not make a significant difference in science success levels of the students. In other
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words, it was found that in the case of giving a content related to the sciences, it is not a matter whether which of
these three models are used and it is also found that all three models have similar effect levels. When the range
values of effect sizes are compared, it can be said that the most heterogeneous studies belong to 7E and the most
homogeneous studies belong to 5E model.

It was found that dissertations have a higher effect size than both the journal papers and master’ theses,
depending on the effect sizes of the works. In addition, it was found that the effect sizes of papers and theses are
close to each other. Besides, it was found that the effect size of dissertations gave more heterogeneous results
compared to the theses and papers. This can be due to the fact that the number of dependent variables handled
in dissertations is higher than in other types of studies. In addition, the high effect of studies on doctoral level
LC models may be due to the fact that researchers have better control over the process. In the study conducted
by Sarac (2017) on the meta-analysis of the 5E model, it was seen that the effect size of dissertations was slightly
greater than that of master’ theses.

The results obtained for the other moderator variables addressed in the research are as follows: The subject
with the highest effect level of the LC models is physics, and the subject with the lowest is chemistry. Unlike the
results of this research, Sara¢ (2017) suggested that the highest effect size in the subject fields of the 5E model is
biology and the lowest effect size is in the field of chemistry.

According to education levels, the effect sizes of studies done at primary school level were higher than the
other education levels. It was found that the lowest effect value emerged at the university level. Similarly, Sarag
(2017) also proved that 5E model is more effective at the primary school level; while it is less effective at the uni-
versity level as the decrease in the number of studies may alter the data (Privitera, 2012).

It was determined that the lowest effect value according to the effect sizes of the working periods belongs
to the studies carried out for three to five weeks, and the highest effect value belongs to the studies for 6-8 weeks.
From these results, it can be said that the change between the length of the experimental period and the effect
size values is not directly proportional. However, according to Hsieh, Acee, Chung, Hsieh, Kim et al. (2005), an in-
crease in the duration of the application in an experimental study contributes to an increase in the effect level of
the study. It can be said that the opinions of the authors are partly confirmed as the works of which the duration
is not specified are not taken into account.

It was pointed out that the increase in the sample size in the studies examined and the effect size values of
the LC models tend to increase. Particularly, the effect size of the participants with 101 or more participants was
found to be significantly higher than in the smaller number of participants. Hedges (1994) noted that the increase
in sample size is an important variable on effect size. In experimental studies, if the number of students does not
increase as much as in the screening studies, it may stabilize the effect value and possibly decrease it after a certain
point. It is thought that the effect of the number of students can be more clearly demonstrated by carrying out a
larger experimental study.

When the effect sizes are examined according to years of the studies, it is seen that the studies between 2006
and 2010 have higher effect sizes. Another point that is noteworthy in the findings is the level of change in the
effect size related to the studies in 2005 and before. In applications during these years, it is seen that the value of
the effect size is larger than the others. Toraman and Demir (2016) stated that the constructivist approach’s effect
on attitude is higher than the value of the effect size in the studies after 2010. It can be said that this situation is
caused by the fact that student-centered models entered our curricula after 2005 and that researchers did not
have enough experience in this area.

Conclusions

The major contribution of this analysis is to combine 75 outcomes of the fields of science education about
LC models. Also, this research aids in identifying different variables that need further attention in the literature on
LC models in science education. The results demonstrate clear distinction between LC models and TC models on
science success in science education. The results of the research show that LC models have a strong effect on the
science success levels of students. The average effect, although slightly favoring LC models, was heterogeneous
and should be interpreted cautiously. The results obtained from this study consist of significant information that
can be used to increase the homogeneity levels of the effect sizes of LC models in the field of science education.

Although the findings of the study suggest that the 4E model has a greater impact on increasing success level
in science education, they also indicate that the 5E model, which has a great deal of accumulation of knowledge
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which is more experienced in Turkey, has clearer standards. Based on the standard error values, the error difference
between the effect sizes which occur in the 5E model is smaller than that in other models. This situation makes the
5E model more preferable in the field of science education to a significant extent.

Another result of the study is that journal papers and master’s theses display a smaller effect size than the
dissertations do. In Turkey, the process of dissertations is examined by thesis monitoring committees, which consist
of three scholars, for at least three times and evaluated by juries that consist of five scholars (YOK, 2016). Journal
papers are published according to blind reviewing process, whereas; master’s theses are carried out under the
control of an advisor and are only evaluated by a thesis defense jury for once. This allows for dissertations to be
more controlled and for researchers to make changes throughout the process. Thereby, it becomes possible for
the studies conducted to have a greater impact on the success level in the field of science.

According to the moderator of the study field, the reason why the greatest effect size is in the field of physics
is because there are more studies carried out in this field. The researchers have planned their experimental studies
in a better manner and controlled the process in a stricter way by examining the previous examples. This result
also supports the finding that the decrease in the number of standard errors in a certain field of study is due to
the increase in the number of studies in that certain field.

According to the education level, which is another moderator, it is observed that the LC model implementations
in the elementary schools, where seven - the least number of studies were conducted, have a greater impact than
the studies conducted at other education levels. Considering the fact that the range value of the effect size of the
studies carried out in the elementary schools is the highest one, this situation needs to be examined individually.
According to the duration moderator, it is observed that the studies, which take about 6-8 weeks, have a greater
impact than the studies carried out for a longer or shorter period of time. It is believed that this situation results
from usually planning the studies in the duration of a unit. The reason why short-duration studies have a smaller
effect size may be because the students need a certain amount of time in order to adapt to a new implementation.

According to the moderator of number of students, the studies with the greatest effect size are those whose
student number is higher than 101. This result suggests that the increase in the number of samples in experimen-
tal studies positively affects the effect size. Even though effect size analyses are used to eliminate the problems
resulting from the number of samples, the results of this meta-analysis indicate the significance of these variables.

Also, the results of this research demonstrate that the LC models are more effective than widely used in science
education in Turkey. The most important conclusion resulting from the analysis of this research seems to be the
positive effect of LC models on science success, if the quality of the research is categorized as simple size, period
of research, subject etc. Educators use LC models throughout many other parts of the world. This combination of
theory and practice makes LC models one of the most distinguished of all educational practices. This meta-analysis
study first supplied similar results about the general effect of LC models on science success. Then this meta-analysis
went further by analyzing potential moderators of the main effects.

Recommendations

Meta-analyses studies are useful tools for characterizing the evidence base for educational practices objectively,
but they have some limitations. Also, the fact that meta-analysis cannot be conducted due to some experimental
risks such as controlling sample sizes, missing value, and outlier data. Small samples lead to the sensitivity of data
analysis. Additionally, it is impossible for any meta-analysis to evaluate (and code) the quality of experimental
design (intervention of LC models in this research) used in studies.

When the results of the research are examined, it can be claimed that the effect of the experimental studies
carried out with the LC models, over the 6-8-week time period, will contribute to the increase in the effectiveness
of the results. For this reason, it is suggested that researchers should not keep the experimental period of study
very short. Considering that the most effective models for increasing science success are 4E, 5E, and 7E respectively,
it can be argued that the application of models with fewer steps would be beneficial for researchers compared
to the less effective multi-grade models. It can be stated that these models give more effective results in large
student groups than small groups. It can be said that this situation is due to the increase in interaction and sharing
between the students. LC models give more effective results in physics subjects than biology and chemistry. It also
helps give explanations to why the studies at high school level are higher than other levels.

There are a lot of studies that examine the effects of LC models on the science success aimed at the science
teaching. These studies need to consider the variable not mentioned in the research and in terms of variables that
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are not discussed in the research and the effect sizes should be examined with new criteria. Dependent variables
of LC models outside of science success in this research such as motivation, self-efficacy, scientific process skills,
problem solving can also be examined in the research. The studies analyzed in this research include the research
carried out in Turkey. It may be possible to increase the global validity level of the research by including in inter-
national studies.

It has been pointed out that some of the studies examined during the data collection process for this research
have missing or inadequate information. Considering the positivist nature of the sciences, the variables and the
process must be well monitored in such studies and also the data must be presented completely. Such incomplete
and incorrect data lead to the loss of the validity of the studies. For this reason, researchers must fulfill the require-
ments of experimental studies and they must be careful with their design and presentation of their findings. More
studies that take into account the specific characteristics of LC models are needed. Because, the results of this
meta-analysis clearly show that there is a need for research on this topic in science education settings.

Acknowledgements

Alimited part of this research was presented at the X. European Conference on Social and Behavioral Science,
19-22 May 2016, Sarajevo.

References

Abraham, M. R. (2005). Inquiry and the learning cycle approach. N. J. Pienta, M. M. Cooper, & T. J. Greenbowe (Eds.), Chemists’
guide to effective teaching (pp. 41-52), New Jersey. Upper Saddle River Pearson Prentice Hall, 2005.

Acikel, C. (2009). Meta-analysis and evidence-based place. Bulletin of Psychiatry and Clinical Psychopharmacology, 19 (2), 164-172.

Akgil, M., & Karaagaogluy, E. (2001). Meta-analysis of the envy. Hacettepe Medical Journal, 32 (2), 184-190.

Ayas, A. (1994). Assessing two new approaches used in the development and implementation of science curriculum programs.
I. Educational Sciences Congress, April 28-29, Cukurova University, Adana.

Aydin, N, & Yilmaz, A. (2010). The effect of constructivist approach in chemistry education on students’ higher order cognitive
skills. Hacettepe University Journal of Education Faculty, 39, 57-68.

Balta, N., & Sarag, H. (2016). The effect of 7E learning cycle on learning in science teaching: A meta-analysis study. European
Journal of Educational Research, 5 (2), 61-72. http://dx.doi.org/10.12973/eu-jer.5.2.61

Bayram, H., Patli, H., & Savci, H. (1998). Learning ring model in science teaching. Atattirk Education Journal of Educational Sciences,
10, 31-40.

Bethel, E. C,, & Bernard, R. M. (2010). Developments and trends in synthesizing diverse forms of evidence: Beyond comparisons
between distance education and classroom instruction. Distance Education, 31 (3), 231-256.

Borenstein, M., Hedges, L.V., Higgins, J.P.T., & Rothstein, H.R. (2009). Introduction to meta-analysis. United Kingdom: John Wiley
and Sons, Ltd. Publication.

Bozdogan, A. E., & Altuncekic, A. (2007). Opinions of prospective science teachers about the availability of the 5E teaching model.
Kastamonu Education Journal, 15 (2), 579-590.

Bulut, H. (2012). Sexual reproduction and meiosis 7E model for the investigation of the effect of success. Master’s Thesis, Atatiirk
University, Erzurum

Bybee, R. W. (2003). Why the seven E’s. Retrieved 20 February 2010, from http://www.miamisci.org/ph/Ipintro7e.html.

Carin, A, & Bass, J. (2005). Teaching science as inquiry. New Jersey: Pearson Prentice Hall.

Ceylan, E., & Geban, 0. (2009). Facilitating conceptual change in understanding state of matter and solubility concepts by using
5E learning cycle model. Hacettepe University Journal of Education Faculty, 36, 41-50.

Chen, J. H. (2008). Research of elementary school student’s learning achievements with the implementation of 5E learning cycle
based on nanotechnology curriculum. Master’s Thesis, National Pingtung University of Education, Taiwan.

Cohen, J. (1988). Statistical power analysis for the behavioural sciences. New York: Academic Press.

Cohen, L., Manion, L., & Morrison, K. (2007). Research methods in education (6th Ed.). New York: Routledge.

Cooper, H., & Hedges, L. (1994). Research synthesis as a scientific enterprise. In H. Cooper & L. V. Hedges (Eds.), the handbook of
research synthesis (pp. 3-14). New York: Russell Sage.

Eisenkraft, A. (2003). Expanding the 5E model: A proposed 7E model emphasizes “transfer of learning and the importance of
eliciting prior understanding. The Science Teacher, 70 (6), 56-59.

Ellis, P. (2010). The essentials of effect sizes. New York: Cambridge University Press.

Felder, R. M., & Brent, R. (2005). Understanding student differences. Journal of Engineering Education, 94 (1), 57-72.

Feyzioglu, E.Y, & Ergin, 0. (2012). The effect of 5E learning model instruction on seventh grade students’ metacognitive process.
Turkish Journal of Science Education, 9 (3), 78-86.

GOk, G. (2014). The effect of 7E learning cycle instruction on 6th grade students’ conceptual understanding of human body
systems, self-regulation, scientific epistemological beliefs, and science process skills. Dissertation, Middle East Technical
University, Ankara, Turkey.

77

~



Journal of Baltic Science Education, Vol. 17, No. 1, 2018

/8

EFFECTS OF LEARNING CYCLE MODELS ON SCIENCE SUCCESS: A META-ANALYSIS |SSN ]648_3898
(P. 65-83)

/Print/

ISSN 2538-7138 /oniines

Hedges, L. V. (1994). Statistical considerations. In H. Cooper & L. V. Hedges (Eds.), the handbook of research synthesis (pp. 29-39).
New York: Russell Sage Foundation.

Higgins, J. P, Tompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring inconsistency in meta-analyses. British Medical Journal,
2,557-560.

Hsieh, P, Acee, T., Chung, W. H., Hsieh, Y. P, Kim, H., Thomas, G.D,, ... & Robinson, D. H. (2005). Is educational intervention research
on the decline? Journal of Educational Psychology, 97 (4), 523-529.

Hunter, J. E., & Schmidt, F. L. (2004). Methods of meta-analysis: Correcting error and bias in research findings (2nd Ed.). California:
Sage Publication.

Jupp, V. (2006). The Sage dictionary of social research methods. London: Sage Publication.

Kabapinar, F. M., Sapmaz, N. A., & Bikmaz, F. H. (2003). Active learning and teacher methods, teaching science. Ankara University
Educational Sciences Faculty Education Research and Application Center (EAUM) Publications.

Kunduz, N., & Secken, N. (2013). Development and application of 7E learning model based computer-assisted teaching materials
on precipitation titrations. Journal of Baltic Science Education, 12 (6), 784-792.

Linn, R. L., & Miller, D. M. (2005). Measurement and assessment in teaching (9th Ed.). Saddle River, NJ: Prentice Hall.

Marek, E. A., & Cavallo, A. M. L. (1997). The learning cycle: Elementary school science and beyond. Portsmouth, NH: Heinemann.

Mecit, O. (2006). The effect of 7E learning cycle model on the improvement of fifth grade students’ critical thinking skills. Dis-
sertation, Middle East Technical University, Ankara.

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

Moussiaux, S. J., & Norman, J.T. (2003). Constructivist teaching practices: Perceptions of teachers and students. Retrieved from www.
ed.psu.edu, 11.07.2017.

Newby, D. E. (2004). Using inquiry to connect young learners to science, national charter schools institute. Retrieved 20 April 2008,
from http://www.nationalcharterschools.org/uploads/p df/resource_20040617125804_ Using%20Inquiry.pdf.

Ozmen, H., (2002). Developing and implementing guide materials for chemistry teachers for the chemical reaction unit. Dis-
sertation, Karadeniz Teknik University, Trabzon.

Ozsevgeg, T., Cepni, S., & Bayri, N. (2007). The effectiveness of the 5E model on retentive conceptual learning. Edu7, 2 (4), 1-17.

Petitti, D. B. (2000). Meta-analysis, decision analysis, and cost-effectiveness analysis (2nd Ed.). New York: Oxford University Press.

Privitera, G. J. (2012). Statistics for the behavioral sciences. California: Sage Publications, Inc.

Riding, R., & Rayner, S. (2012). Cognitive styles and learning strategies: Understanding style differences in learning and behavior.
New York: Routledge.

Saglam, M. (2006). An investigation of guide material development and its effectiveness according to 5E model for the sound
and light unit. Dissertation, KTU, Trabzon.

Sarag, H. (2017). The effect of 5E learning model usage on students’learning outcomes: Meta-analysis study. The Journal of Limit-
less Education and Research, 2 (2), 16-49.

Schroeder, C. M., Scott, T. P, Tolson, H., Huang, T. Y., & Lee, Y. H. (2007). A meta-analysis of national research: Effects of teaching
strategies on student achievement in science in the United States. Journal of Research in Science Teaching, 44 (10), 1436-1460.

Smith, M. L, & Glass, G. V. (1977). Meta-analysis of psychotherapy outcome studies. American Psychologist, 32(9), 752-760.

Schunk, D. H. (2013). Learning theories: An educational perspective (6th Ed). Boston: Pearson Education.

Schulze, R. (2004). Meta-analysis a comparison of approaches. Gottingen: Hogrefe and Huber Publishers

Tinker, 1. (1997). Street foods: Urban food and employment in developing countries. Oxford University Press.

Toraman, C., & Demir, E. (2016). The effect of constructivism on attitudes towards lessons: A meta-analysis study. Eurasian Journal
of Educational Research, 62, 115-142. http://dx.doi.org/10.14689/ejer.2016.62.8

Ural, G., & Bimen, N. (2016). A meta-analysis on instructional applications of constructivism in science and technology teaching:
A sample of Turkey. Education and Science, 41 (185), 51-82. http://dx.doi.org/10.15390/EB.2016.4289

Ustiin, U., & Eryllmaz, A. (2014). A research methodology to conduct effective research syntheses: Meta-analysis. Education and
Science, 39 (174), 1-32. http://dx.doi.org/100.15390/EB.2014.3379.

Yaman, S., & Karamustafaoglu, S. (2006). Investigation of logical thinking skills and attitudes scale towards chemistry of prospec-
tive teachers. Journal of Education Faculty, 8 (1), 91-106.

Yildinm, A., & Simsek, H. (2011). Qualitative research methods in the social sciences. Ankara: Seckin Publishing.

YOK (Yiiksek Ogretim Kurulu-Council of Higher Education). (2016). Post-graduate education and training regulations. Re-
trieved 05 January 2017, from http://www.yok.gov.tr/documents/18755141/21995093/10_lisansustu_egitim_ve_
ogretim_y%C3%B6netmeligi.pdf.



Journal of Baltic Science Education, Vol. 17, No. 1, 2018

|SSN ]648_3898 /Print/ EFFECTS OF LEARNING CYCLE MODELS ON SCIENCE SUCCESS: A META-ANALYSIS

ISSN 2538-7138 /onines " esE®

Appendix1: Studies Investigated in Meta-analysis

Acish, S. (2010). The examination of the influence of the materials generated in compliance with 5E learning model on physics
laboratory applications. Dissertations, Ataturk University, Erzurum.

Acish, S. (2014). General physics laboratory applications in the materials developed by the 5E learning model to examine the
effects on students’ academic achievement and the science process skills. Ondokuz Mayis University Journal of Education
Faculty, 33 (2), 628-641.

Adgul Yalcin, F, & Bayrakgeken, S. (2010). The effect of 5E learning model on pre-service science teachers’ achievement of acids-
bases subject. International Online Journal of Educational Sciences, 2 (2), 508-531.

Aksoy, G., & Glirbiz, F. (2013). An Example for the effect of 5E model on the academic achievement of students: In the unit of
“force and motion. fnonu University Journal of Education Faculty, 14 (2), 1-16.

Aktag, M. (2013). The effect of the 5E learning model and cooperative learning method on attitude toward biology lesson. Gazi
University Journal of Education Faculty, 33(1), 109-128.

Altinay, O. (2009). The effects of the teaching method based on the 5e model on eighth grade students’ understanding of the
concepts of related to genetics, DNA, gene, and chromosome. Master’ Thesis, Balikesir University, Balikesir.

Andag, K. (2007). The effect of 5E model of constructivist learning approach supported by reviewing strategy on student’s
achievement, the permanence of knowledge and attitude in pressure issue. Master’ Thesis, Dicle University, Diyarbakir.

Arslan, H.O. (2014). The effect of 5E learning cycle instruction on 10th grade students’ understanding of cell division and repro-
duction concepts, Dissertation, Gazi University, Ankara.

Avcioglu, O. (2008). Investigation of the effects of 7E model on success, in the subject of Newton laws of second grade high
school students’ physics classes. Master’ Thesis, Gazi University, Ankara.

Aydemir, N. (2012). Effectiveness of 5E learning cycle model on high school students understanding of solubility equilibrium
concept. Dissertation, Middle East Technical University, Ankara.

Aydin, N. (2009). The effect of constructivist approach on students’ higher order cognitive skills. Master’ Thesis, Hacettepe Uni-
versity, Ankara.

Aydogmus, E. (2008). The effects of 5E model on success of the students during the instruction of work-energy chapter at physics
course of tenth grade. Master’ Thesis, Selcuk University, Konya.

Ayvaci, H. S., & Yildiz, M. (2013). The evaluation of the effectiveness of the teaching process conducted through a laboratory
material designed in accordance with 5E model: The refraction of light. Journal of Bayburt Education Faculty, 8 (1), 1-20.

Bal, E. (2012). The effect of 5E Model based laboratory approach on the attitudes and successes of prospective science teachers
in physics laboratory course. Master’ Thesis, Kastamonu University, Kastamonu.

Balci, A. S. (2007). Effect of applying constructivism in science teaching. Dissertation, Selguk University, Konya.

Bilgin, ., Yusuf, A. Y., & Coskun, H. (2013). The effects of 5E model on the 4th grade Students’ success about substance and their
opinions on the model. Kastamonu Education Journal, 21 (4), 1449-1470.

Biyikli, C. (2013). The effect of 5E learning model designed according to learning experiences on the science process skills, level
of learning and attitude. Dissertation, Hacettepe University, Ankara.

Biyikli, C., & Yagci, E. (2015). The effect of learning experiences designed according to 5E learning model on level of learning and
attitude. Abant Izzet Baysal University Journal of Faculty of Education, 15(1), 302-325.

Ceylan, E. (2008). Effects of 5E learning cycle model on understanding of state of matter and solubility concepts. Dissertation,
Middle East Technical University, Ankara, Turkey.

Coskun, H. (2011). The effect of 5E learning model on achievement, attitude, critical thinking and intellectual structure of 4th
grade students in the “let’s learn about substance” unit. Master’ Thesis, Mustafa Kemal University, Hatay.

Cekig Toroslu, S. (2011). Effect of 7E learning model integrated with real-life context based instruction on students’ conceptual
achievement, misconceptions and science process skills about ‘energy’. Dissertation, Gazi University Ankara.

Cekilmez, S. (2014). The effect of 7E model on success and attitude of the students during the instruction of electric chapter at
physics course of second level of high school. Master’ Thesis, Necmettin Erbakan University, Konya.

Cepni, S., & Coruhluy, T. S. (2014). Investigation the effects of learning environment enriched with 5E model on students’achieve-
ment. Uludag University Journal of the Education Faculty, 27(2), 349-369. http://dx.doi.org/10.19171/uuefd.45874

Demirci, N. (2015). The effect of metacognitive inquiry based learning on 4th grade students’academic achievement, scientific
process skills, and metacognitive processes in science course. Master’ Thesis, Adnan Menderes University, Aydin.

Demirezen, S. (2010). The effect of 7E model to student’s achievement, development of scientific process skills, conceptual
achievement and retention levels in electrical circuit’s subject. Dissertation, Gazi University, Ankara.

Demirezen, S., & Yagbasan, R. (2013). The effect of 7E model on misconceptions about simple electrical circuits. Hacettepe Uni-
versity Journal of Education Faculty, 28(2), 132-151.

Dindar, A. C. (2012). The effect of 5E learning cycle model on eleventh grade students’ conceptual understanding of acids and
bases concepts and motivation to learn chemistry. Dissertation, Gazi University, Ankara.

Ekici, F. (2007). The effect of instructional material designed according to 5E learning cycle which is based on constructivist ap-
proach on 11th grade students’understanding of redox reactions and electrochemistry. Dissertation, Gazi University, Ankara.

Ercan, S. (2009). The effect of constructivist approach 5E learning model on teaching material cycle. Master’ Thesis, Gazi Univer-
sity, Ankara.

Erdogdu, S. (2011). The effect of teaching electricity subjects according to 5E model on students’success and attitudes. Disserta-
tion, Selcuk University, Konya.

/9

~



Journal of Baltic Science Education, Vol. 17, No. 1, 2018

EFFECTS OF LEARNING CYCLE MODELS ON SCIENCE SUCCESS: A META-ANALYSIS |SSN ]648_3898
(P. 65-83)

/Print/

ISSN 2538-7138 /oniines

Ergin, I. (2009). The effect of the 5E model on the academic achievement and recall of students: An example of a slanting motion.
Mehmet Akif Ersoy University Journal of Education, 18, 11-26.

Ergin, I., Unsal, Y., & Tan, M. (2006). The effect of 5E model on students’ academic achievement and attitude levels: Horizontal
shot motion example. Ahi Evran University Education of Journal, 7(2), 1-15.

Ersoy, i.(2011). Handling of the topic of electrical and magnetism, 5E deepening stage model for evaluation of effects on student
achievement of the materials developed. Dissertation, Selguk University, Konya.

Ersoy, I, Sarikog, A., & Cerit Berber, N. (2013). Effectiveness of materials prepared on electric magnetism subject considering
elaboration stage of 5E model. Buca Education Faculty Journal, 35, 144-154.

Ezberci, E. (2014). The effect of 5E learning cycle model supported with teaching activities that activate metaconceptual processes
on 7th grade students’ conceptual understanding of moon phases. Master’s Thesis, Gazi University, Ankara.

Gonen, S., & Andag, K. (2009). The influence of the constructivist learning approach supported by the review strategy on the
students’ access to the pressure and the permanence of their knowledge. Dicle University Ziya Gdkalp Education journal,
12, 28-40.

Gll, S. (2011). The effect of course software based on 5E model on students’ achievements, attitudes and remedy of misconcep-
tions. Dissertation. Atatlrk University, Erzurum.

Glrbiiz, F. (2012). The effect 7E model on academic achievement and retention of knowledge in the unit of “electricity in our
life”in 6th grade science and technology. Master’ Thesis, Atatlirk University, Erzurum.

Hirga, N. (2008). An investigation of effects on conceptual change of developed materials based on 5E model in unit“work, power
and energy”. Dissertation, Ataturk University, Erzurum.

Huyuglizel Cavas, P. (2004). Teaching the unit ‘electricity which directs our life’in the science lessons of primary school within
the approach of learning cycle. Dissertation, Ege University, izmir.

istanbuloglu, B. (2014). The effects of students’ success of computer based 5E learning cycle model. Master’s Thesis, Kirikkale
University, Kirikkale.

Kanli, U. (2007). The effects of a laboratory based on the 7E model with verification laboratory approach on students’ develop-
ment of science process skills and conceptual achievement. Dissertation, Gazi University, Ankara.

Kaynar, D. (2005). The effect of 5E learning cycle approach on sixth grade students understanding of cell concept, attitude toward
science and scientific epistemological beliefs. Master’s Thesis, Middle East Technical University, Ankara.

Kaynar, D., Tekkaya, C., & Cakiroglu, J. (2009). Effectiveness of 5E learning cycle instruction on students’achievement in cell concept
and scientific epistemological beliefs. Hacettepe University Journal of Education Faculty, 37, 96-105.

Keskin, V. (2008). Effectiveness of constructivist 5E learning cycle model on high school students’learning of simple pendulum
concepts and attitudes. Master’ Thesis, Marmara University, Istanbul.

Kolomug, A. (2009). Animation aidet instruction on “rate of chemical reactions” unit in grade 11 in regard to 5E model. Disserta-
tion, Ataturk University, Erzurum.

Kbseoglu, F., & Timay, H. (2010). The effects of learning cycle method in general chemistry laboratory on students’ conceptual
change, attitude and perception. Ahi Evran University Journal of Kirsehir Education Faculty, 11 (1), 279-295.

Kunduz, N. (2013). The effect of teaching with animations and educational games on academic achievement in subject of pre-
Cipitation titration. Master’s Thesis, Hacettepe University, Ankara.

Kugk, Z. (2011). Effect of enriched 5E model on grade 7 students’ conceptual change: A case for electric current. Master’s Thesis,
Karadeniz Teknik University, Trabzon.

Meseci, B., & Karamustafaoglu, S. (2015). The effect of the activities supported by 4E model which is aimed at granular nature of
matter on academic success. Karaelmas Journal of Educational Sciences, 3 (1) 1-12.

Meydan, A. M. (2015). The effect of the 7E learning method implemented in the subject of the structure of atom on the academic
achievement and attitude of students. Master’ Thesis, ibrahim Cecen University, Agri.

Nas, S. E.,, Cepni, S., Yildinm, N., & Senel, T. (2007). Effect of worksheets on student achievement: Acid base sample. Yeditepe
University Journal of Education Faculty, 2, 1-17.

Onder, E. (2011). The effect of constructivist 5E learning strategy used in the unit‘reproduction, growth and development in liv-
ing beings’in science and technology course on the success of 6th grade students. Dissertation, Selgcuk University, Konya.

Ozbayrak, 0. (2013). Misconceptions in chemistry education: Compounds. Dissertation, Dokuz Eyliil University, izmir.

Ozsevgec, T. (2007). Determining effectiveness of guided materials about force and motion unit based on the 5E model for
elementary students. Dissertation, Karadeniz Teknik University, Trabzon.

Oztiirk, N. (2013). The effect of activities based on 5E learning model in the unit titled light and sound at the sixth-grade science
and technology lesson on learning outcomes. Dissertation, Gazi University, Ankara.

Pabugcu, A. (2008). Improving 11th grade students’ understanding of acid-base concepts by using 5E learning cycle model.
Dissertation, Gazi University, Ankara.

Saka, A. (2006). The effect of 5E model on removing science student teachers’ misconceptions about genetics. Dissertation,
Karadeniz Teknik University, Trabzon.

Saygin, 0., Atilboz, N. G., & Salman, S. (2006). Effects of constructivist approach on the success of the teaching the biology: The
basic unit of viability cell. Journal of Gazi Education Faculty, 26(1), 51-64.

Sarag, H. (2015). The Effect of multimedia supported applications designed according to 7E model on students’learning products
at fifth grade science course ‘changing states of matter’ unilt. Dissertation, Dumlupinar University, Kitahya.

Temiz, B. (2010). The effect of 5E model supported with case study on 6th grade students’ academic success in the unit ‘the
systems of body structures’and attitude towards science. Master’ Thesis, Gazi University, Ankara.

80

B\ =g



Journal of Baltic Science Education, Vol. 17, No. 1, 2018

|SSN ]648_3898 /Print/ EFFECTS OF LEARNING CYCLE MODELS ON SCIENCE SUCCESS: A META-ANALYSIS

ISSN 2538-7138 /onines " esE®

Toprak, F. (2011). The effects of 3E and 5E teaching models practiced in general chemistry laboratory of science education on
students’academic success scientific process skills and their attitude to the course. Master’ Thesis, Ondokuz Mayis Univer-
sity, Samsun.

Ural Keles, P. (2009). Determining effectiveness of guided materials based on the 5E model enriched with conceptual change texts,
games and drama students: A sample of classification of living things. Dissertation, Karadeniz Teknik University, Trabzon.

Ultay, N. (2012). Designing, implementing and comparing ‘acids and bases’instructional tasks based on REACT strategy and 5E
model. Dissertation, Karadeniz Teknik University, Trabzon.

Yalcin, E. (2010). The effect of ‘the teaching method of 5E on the life of 8th class students on understanding the electric subject
and attitudes to science. Master’ Thesis, Sakarya University, Sakarya.

Yazman, . (2013). The effect of Jigsaw technique which is a cooperative learning method and 5E model to the academic achieve-
ments and permanency on the let’s get to know coils with working and energy subject of grade seventh students who
educate science and technology course. Master’ Thesis, Kafkas University, Kars.

Yerdelen-Damar, S. (2013). The effect of the instruction based on the epistemologically and metacognitively improved 7E learn-
ing cycle on tenth grade students’achievement and epistemological understandings in physics. Dissertation, Kastamonu
University, Kastamonu.

Yildiz, E. (2008). The effects of metacognition during the instruction based on conceptual change used with 5E model: An ap-
plication regarding the force and motion subject in the 7th grade. Dissertation, Dokuz Eylul University, Izmir.

Yenice, E. (2014). Researching the effect of 7E learning model of constructivist approach on students’ academic success on the
topic of ‘mitosis and meiosis division” at 8th grade science and technology class. Master’ Thesis, Kafkas University, Kars.

Yilmaz, H., & Huyugiizel, Cavas, P. (2006). Method of 4E learning cycle student’s electricity understanding the effect of the subject.
Journal of Turkish Science Education, 3 (1), 2-18.

Yorik, Z. N. (2008). Effects of science, technology, society and environment (STSE) approach teaching chemistry with using the
5E learning model. Master’s Thesis, Hacettepe University, Ankara.

Yurt, Y. (2012). Effect of model 5E on 6th grade elementary students’achievement and attitude in science and technology course.
Master’s Thesis, Mehmet Akif University, Burdur.

Ziyafet, E. (2008). The effect of 5e methods on student achievement and attitude for teaching periodic table in science lesson.
Master’s Thesis, Gazi University, Ankara.

Appendix2: List of included studies, codes applied, and effect sizes

Model N
Study Level Subject field Period Effect size
Treatment  Control Treatment  Control
Agisli (2010) 5E TC u P 6-8 week 41 41 2.30
Acisli (2014) 5E TC U P 6-8 week 30 30 1.29
Aggiil Yalgin et al. (2010) 5E TC U c 3-5 week 20 23 1.28
Aksoy & Gurbtiz (2013) 5E TC M P 3-5 week 27 30 1.10
Aktas (2013) 5E TC U B 6-8 week 32 30 2.31
Altinay (2009) 5E TC M B 3-5 week 42 42 1.84
Andag (2007) 5E TC M P 6-8 week 37 40 0.80
Arslan (2014) 5E TC H B 3-5 Week 114 14 0.08
Avcioglu (2008) 5E TC H P 3-5 week 18 18 -0.16
Aydemir (2012) 5E TC H C 6-8 week 53 56 1.37
Aydin (2009) 5E TC M C 9 + week 150 150 2.02
Aydogmus (2008) 5E TC H P 3-5 week 35 35 1.35
Ayvaci et al. (2013) 5E TC U P Unspecified 48 50 0.79
Bal (2012) 5E TC U P 6-8 week 30 30 1.45
Balci (2007) 4E TC M B 6-8 week 31 31 0.95
Bilgin, et al. (2013) 5E TC P c Unspecified 79 81 0.79
Biyikli (2013) 5E TC P S 9+ week 30 30 2.84
Biyikli et al. (2015) 5E TC P S 9+ week 30 30 2.84
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Model N
Study Level Subject field Period Effect size
Treatment  Control Treatment  Control
Bulut (2012) 7E TC H B 3-5 Week 58 55 0.78
Coskun (2011) 5E TC P C 9+ week 79 81 0.77
Ceylan (2008) 5E TC H C 6-8 week 59 60 2.65
Gekig Toroslu (2011) 7E TC H P 9+ week 50 45 0.64
Gekilmez (2014) 7E TC H P 6-8 week 34 33 1.10
Gepni et al. (2014) 5E TC M P Unspecified 35 37 1.01
Demirci (2015) 5E TC P S 3-5 Week 35 35 0.98
Demirezen (2010) 7E TC H P 6-8 week 29 29 0.61
Demirezen et al. (2013) 7E TC H P 6-8 week 29 29 -2.45
Dindar (2012) 5E TC H C 6-8 week 40 38 1.08
Ekici (2007) 5E TC H C 6-8 week 24 25 0.92
Ercan (2009) 5E TC H B 3-5 Week 27 23 1.09
Erdogdu (2011) 5E TC H P 3-5 Week 29 33 1.80
Ergin (2009) 5E TC H P 3-5 Week 44 40 2.16
Ergin et al. (2006) 5E TC H P Unspecified 44 40 1.61
Ersoy (2011) 5E TC M P 9+ week 20 20 0.60
Ersoy et al. (2013) 5E TC M P Unspecified 20 20 0.87
Ezberci (2014) 5E TC M P 3-5 Week 27 26 0.16
Gonen et al. (2009) 5E TC M P Unspecified 37 40 0.80
Gl (2011) 5E TC H B 6-8 Week 20 21 1.52
Giirbliz (2012) 7E TC M P 3-5 week 24 21 3.95
Hirga (2008) 5E TC H P 6-8 week 21 21 1.07
Huyugtizel Cavas (2004) 4E TC M P 3-5 week 40 39 1.73
istanbuloglu (2014) 5E TC M P 3-5 week 30 26 0.79
Kanli (2007) TE TC U P 6-8 week 43 38 0.35
Kaynar (2007) 5E TC M B 3-5 week 80 80 0.93
Kaynar et al. (2009) 5E TC M B 3-5 week 77 76 0.90
Keskin (2008) 7E TC H P 6-8 week 31 32 220
Kolomug (2009) 5E TC H C 6-8 week 36 36 3.66
Kdseoglu et al. (2010) 4E TC U C Unspecified 20 20 1.81
Kunduz (2013) 7E TC H C Unspecified 44 45 0.58
Kiglk (2011) 5E TC M P 3-5 week 23 23 1.46
Meseci et al. (2015) 4E TC M C Unspecified 25 23 0.59
Meydan (2015) 7E TC M C 6-8 week 13 13 0.30
Nas et al. (2007) 5E TC M C Unspecified 26 24 1.38
Onder (2011) 5E TC M B 9+ week 22 22 0.90
Ozbayrak (2013) 5E TC H C Unspecified 30 30 0.73
Ozsevgeg (2007) 5E TC P P 3-5 week 37 31 1.86
Oztiirk (2013) 5E TC M P 6-8 week 25 17 1.52
Pabugcu (2008) 5E TC H C 6-8 week 42 39 1.67
Saka (2006) 5E TC U B 3-5 week 22 22 0.61
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Model N
Study Level Subject field Period Effect size
Treatment  Control Treatment  Control
Saygin et al. (2006) 5E TC U B 6-8 week 24 23 1.19
Sarag (2015) 7E TC P C 9+ week 48 50 0.79
Temiz (2010) 5E TC M B 6-8 week 20 20 0.28
Toprak (2011) 5E TC u C 9+ week 20 30 1.55
Ural Keles (2009) 5E TC P B 6-8 week 26 29 0.56
Uttay (2012) 5E TC u C 3-5 week 32 33 0.86
Yalgin (2010) 5E TC M P 3-5 week 35 35 1.24
Yazman (2013) 5E TC M P 3-5 week 24 31 -0.32
Yerdelen-Damar (2013) 7E TC H C 3-5 week 52 51 1.77
Yildiz (2008) 5E TC M P Unspecified 25 27 -0.90
Yenice (2014) 7E TC M B 3-5 week 32 32 1.97
Yilmaz et al. (2006) 4E TC M P Unspecified 40 39 1.73
Yoriik (2008) 5E TC H C 3-5 week 33 30 0.06
Yurt (2012) 5E TC M P 6-8 week 64 64 3.68
Ziyafet (2008) 5E TC M C 3-5 week 25 20 1.82

Model: TC-Teacher-centered models
Level: P-Primary; M-Middle; H-High; U- Undergraduate School
Subject field: B- Biology; C- Chemistry; P- Physics; S- Science
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