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Abstract

The aim of this study is to compare the 5E learning model with traditional learning methods in terms of their effect on
students' academic achievement, retention and attitude scores. In this context, the meta-analytic method known as the
‘analysis of analyses’ was used and a review undertaken of the studies and theses (N=14) executed in Turkey over the
period 2008-2014 on the 5E model. The goal of the review was to determine the efficacy of the 5E instructional model
in terms of academic achievement, retention and attitude scores. The treatment effect method was used in the data
analysis and the Comprehensive Meta-Analysis (CMA) statistical program, the MetaWin and Microsoft Excel 2010
Office programs were employed for the effect size calculation. The effect size values resulting from the analysis were
interpreted according to Cohen classification (1992). When academic achievement, retention and attitude scores in the
studies implementing the 5E instructional model were calculated according to the random effects model, effect size
values were found to be ES;cgemic achievement=1,132, ESretention: 1,417 and ES.inge=0,552, respectively. In regard to
academic achievement and retention, it can be inferred that these effect sizes of the 5E learning cycle were large and
medium with respect to attitude, while both were positive and significant. It can therefore be said that the 5E model has
a positive effect on academic achievement, retention and attitude scores.

Keywords: 5E learning cycle model, academic achievement, retention, attitude, meta-analysis
1. Introduction

Constructivist learning theory is based on a philosophical understanding quite different from objectivist methodology, in
terms of what knowledge is and what it means to know something. The objectivist view lies at the foundation of the
perspective in the belief that knowledge or meaning does not exist in the external world independent of the individual;
that is, it is not passively transmitted from the outside world into the mind of the individual but, rather, it is effectively
constructed by the individual in the mind (Duffy & Jonassen, 1991; Cunningham, 2001; cited in Deryakulu, 2001). In
designing teaching processes based on the constructivist theory of learning, one of the most useful forms used is the 5E
instructional model developed by Bybee, a leading scientist in the Biological Science Curriculum Study (BSCS) (Bybee,
1997). This model is based on 5 different stages of learning: Engage, Explore, Explain, Elaborate and Evaluate.

In the process of meeting the goals defined in science education, it can be seen that the 5E teaching model is preferred
by educators, due to its foundation in the constructivist theory of learning and its status as a planned methodology in
science education that offers students effective learning opportunities. Research on the 5E instructional model supports
the view that this methodology can result in significant gains in the process of learning science. Some of the positive
behavior and skills achieved by using the 5E instructional model in science education have been expressed in terms of
attaining increased success in teaching science with the model, helping students to retain better concepts in their minds,
achieving the development of improved attitudes and behaviour toward lessons, developing reasoning skills and
superior processing skills (Lawson, Abraham, & Renner, 1989; Brooks & Brooks, 1993; Brown, Collins & Duguid,
1989; Boddy, Watson & Aubusson, 2003).

Furthermore, activities prepared in line with the model can rescue students from passivity and encourage them to be
research-minded, active participants (Aggiil-Yal¢in & Aving-Akpinar, 2010). The model, in which the student plays an
active role and the teacher is a guide, is focused not on the product but on the process of learning. In addition, by
directing students in the process of learning by experiencing, the model associates the learning environment with the
actual world outside the classroom (Dikici, Tirker & Ozdemir, 2010). It is for this reason that, in the 5SE model, the
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student is able to understand and interpret the topic on his/her own, thereby rendering the learning process meaningful
and permanent.

Most of the research in Turkish and international literature on the 5E instructional model has engaged with students'
academic achievement, their attitudes toward their lessons, conceptual changes and the adequacy of learning
environments designed within the framework of the 5E model. In the instruction based on the 5E instructional model
designed by Evans (2004), it has been reported that students actively participated in the classes while the units were
studied, so taking on responsibilities. However, it was also stated that the teacher needed more time for classroom
preparation in order to implement the 5E instructional model. Newby (2004) finds that the implementation of the 5E
instructional model renders students more comfortable in the learning environment and that their achievement levels
increase when experiments are included in the lessons.

Boddy, Watson & Aubusson (2003) have developed a unit study based on the 5E model which students found to be
interesting and entertaining and then exhibited improvements in the scientific processing skills as an outcome of their
work with the model. Similarly, Liu, Peng, Wu and Lin (2009) found, in their research, that a student group exposed to
the 5E model recorded improvements in their scientific knowledge and perceptions. At the same time, Wilder &
Shuttleworth (2004) found that, at the end of an instructional period using this model, students inquired into the
knowledge they had already brought into the learning environment. That is, when they were exposed to real-life
situations, the students used their observations and data to offer scientific explanations, and that, with regard to
scientific concepts, they passed through an accurate interpretation process.

Another research study on the 5E model of instruction has been produced by Saunders and Stringham (1998). The
results of this study reveal that the observation that students became motivated and excited about discovering
knowledge with the help of experiments. Similarly, Moseley and Reinke (2002) report that, with the help of activities
they have prepared based on the 5E model, students have been able to discover concepts of science and associate these
concepts with situations in real life as they implemented them. Ergin (2006) has also made a comparison of students
being exposed to the 5E model of instruction as opposed to those who have been taught by traditional methods, finding
a significant positive difference in the group of students learning the material via the 5E model.

In the Turkish literature, Balci (2005) has designed an instruction based on the 5E instructional model finding, at the
end of the instruction, that students registered significant learning and exhibited conceptual changes independent of
content. In a parallel study by Cepni, Kixgk and Bacanak (2004), materials were developed for and used in different
stages of the model.

In learning settings designed in keeping with the 5E model, students are more active than the teacher; it has been
concluded that, in this situation, students are able to use their critical thinking, problem-solving, discussion and
teamwork skills more effectively, and that the social communication in which the students engage with their peers is at
its highest levels. Again, other research conducted in this area has shown that students interact with their friends, using
what they have learnt in similar situations (Arends, 2001; Windschitl, 2000), recording their observations and thoughts
regarding different activities and asking appropriate questions during subsequent opportunities for inquiry (Trowbridge,
Bybee & Powell, 2000).

It may be said that the 5E instructional model not only increases the curiosity to explore, but encompasses skills and
activities that satisfy students' expectations, leading them to focus on active learning and understanding. Research has
shown that the 5E instructional model engages students in the activity at hand at every stage, so supporting them in
making their own conceptualizations (Martin, 2000). As an effective tool that enhances the thoughts of the student about
the nature of science and advances laboratory skills (Koseoglu & Tiimay, 2010), the SE instructional model stands out
as a helpful and regulating model in the teacher's quest to structure the learning environment. Encouraging
experience-based learning, increasing students' curiosity to explore, helping the student to construct the knowledge and
independent of the content to create consistent conceptual change, the 5E instructional model is believed to contribute
to the development of students' advanced level scientific processing skills.

1.1 Purpose and Significance of the Research

The present meta-analytical study was conducted to examine how the 5E instructional model compared with traditional
teaching methods in terms of students' academic achievement and their retention and attitude scores. The 5E model is
based on a constructivist approach that relies upon building new knowledge on a foundation of old knowledge. Studies
carried out on this subject have been conducted for the purpose of investigating the impact of the 5E model on different
school subjects and variables (Oztiirk, 2008; Acisl, Yalin & Turgut, 2011; Turgut & Giirbiiz, 2011; Uzunéz, 2011;
Kanli & Yagbasan, 2008).

However, the present study encompasses an investigation into the subject by examining the relevant research (articles,
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theses) on the basis of the defined criteria set forth in the works, in an attempt to produce an article of quality in its own
right. Since the paper is a meta-analytical review of the research that has already been executed, it is believed that the
investigation will lead to more comprehensive and generalised conclusions. Meta-analysis is known as the "analysis of
analyses" and is based upon a combination of the results of studies that have been carried out independent of each other
(Glass, 1976). It is then expected that contributions made to the literature will, in this respect, offer researchers the
opportunity to approach any new studies they may undertake from a new and different perspective. In this context, the
present study thus seeks to answer the following questions:

1) How does the 5E instructional model compare with traditional teaching methods in terms of academic achievement
with respect to effect size values?

2) What is the effect value of the model in question with respect to students' retention scores?
3) What is the effect value of this model with respect to students' attitudes?
2. Method

This study used the meta-analytical method to calculate the effect size of the impact of the 5E instructional model on
academic achievement, retention and attitudes. This method combines the results of independently conducted studies to
reach a general conclusion (Glass, 1976, p.3). In this context, a review was made of the articles on the 5E instructional
model printed and made accessible on the Google Scholar database of the Board of Higher Education’s National Thesis
Centre between the years 2008-2014. A total of 161 (118 articles and 43 theses) publications were accessed and the
appropriate analysis performed. Based on the inclusion criteria for the studies collected, 14 were reviewed in the
research (Academic achievementy. 3 Retentiony.s and Attitudey.g). Some of the studies were excluded from the research
because they did not reflect the relevant nature of experimental research.

On the other hand, following the review of the existing literature, the studies accessed were examined in terms of their
suitability according to the inclusion criteria. In this sense, consideration was given to studies that suited the following
criteria: having been conducted in the period 2008-2014; containing statistical values such as sample size (n); arithmetic
means (X) and standard deviation (ss) that would lead to establishing effect size values; and the use of a pretest-posttest
and control group model. In the meta-analysis, a coding system was used through which the studies were to be identified
under two headings, "Study Identity" and statistical information, set forth as "Study data." The goal of the review was to
determine the efficacy of the 5E instructional model in terms of academic achievement, retention and attitude scores.

2.1 Data Analysis

The statistical data of the works included in this meta-analytic study were calculated according to Hedges’ d. This value
is the foundation of the analysis that was carried out. Moreover, the effect size values for the studies analysed were
subjected to a heterogeneity test using an appropriate model. To this end, heterogeneity was explored using the
commonly applied Cochran's Q test, which measures chi-square distribution with (k-1) degrees of freedom. Chi-square
tests are used in analysis to test the null hypothesis that all studies are conducted to evaluate the same effect (Higgins,
Thompson, Deeks & Altman, 2003). Additionally, to calculate the difference between study and control group mean
values in experimental studies, expressed as d=(Xe-Xc)/SD (Hunter & Schmidt, 1990; cited in Camnalbur & Erdogan,
2008), the statistical analysis method of examining study effect was used.

At this stage, the Fixed Effects Model (FEM) and the Random Effects Model (REM) were used to combine the effect
size values. The effect size values resulting from the analysis were interpreted according to Cohen’s classification (1992,
p- 99). These values were classified as < 0.20 for a small effect size, 0.50 for a moderate effect size and > 0.80 for a
large effect size. In addition, all of the analysis in the study was performed with the Comprehensive Meta Analysis
(CMA) statistical program and the MetaWin package program. To ensure the reliability of the study, the works to be
analysed were evaluated by an expert in the field independent of the author and the results attained were recorded.
Interrater reliability between the interpretations of the two encoders was examined for consistency using Miles and
Huberman's (1994) intercoder reliability formula [agreement / agreement + disagreement) x 100]; this was calculated as
100%.

3. Results

The effect sizes related to the academic achievement, retention and attitude scores set forth in the studies and included
in the analysis are presented in Table 1. Studies published in the Turkish literature on implementations of the 5E
instructional model have been included in the meta-analysis. Moreover, when all the studies analysed are considered, it
can be seen that the number of students whose academic achievement, retention and attitude scores were calculated
were 336, 149 225, respectively; with the scores of the control group being 324, 137, 211, respectively.
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3.1 Analysis Results Regarding the Academic Achievement Scores in the Studies

The homogeneous distribution value, mean effect sizes and confidence intervals based on statistical models of the
academic achievement scores in the studies on the 5E instructional model included in the meta-analysis are given in
Table 1. In the analysis of these studies according to the fixed effects model, standard error was calculated as 0.084; the
upper limit of the confidence interval of 95% was found to be 1.121, the lower limit 0.791. Mean effect size was
calculated as 0.956. These values show that academic achievement scores were better than recorded with traditional
teaching methods. Furthermore, the results of the Z-test yielded z=11.350, indicating that the analysis was of statistical
significance.

At the same time, the results of the homogeneity test yielded a Q-statistic of 93.709, while the chi-square (y2) table
indicated 95% significance and the value at 12 degrees of freedom was found to be 21.026. Thus, the critical value of x2
distribution of ()2(0.05=21.026<93.709) was seen to exceed the Q-statistic. This finding indicates that the distribution of
the studies' effect sizes is heterogeneous. For this reason, it was thought that the analysis should be performed not with a
fixed effects model, but according to the random effects model, so that errors stemming from the heterogeneous quality
of the sample could be eliminated.

Table 1. Homogeneous distribution values, mean effect sizes and confidence intervals of the studies included in the
meta-analysis that contains academic achievement, retention and attitude scores

Typeof  Type of 95% Confidence Interval

Test Model n z P Q df SE ES Lower Limit  Upper Limit
Ach. FEM 13 11.350 0.000 93.709 12 0.084 0.956 0.791 1.121
Achiev. REM 13 4.748 0.449 11975 12 0238 1.132 0.665 1.599
Retention FEM 5 8.185 0.000 41.535 4 0130 1.065 0.810 1.320

REM 5 3.255 0.311 4.792 4 0435 1417 0.564 2.270
Attitude FEM 8 4711 0.000 42.302 7 0.098 0.464 0.271 0.657
REM 8 2.252 0.43113 7.018 7 0245 0552 0.071 1.032

Ach. Achiev.: Academic Achievement

Based on this distribution, when the 13 studies on the 5E instructional model were compared according to the random
effects model, it was found that standard error was 0.238 and the upper limit of the 95% confidence interval was 1.599,
while the lower limit was 0.665, and the effect size value was ES=1.132. Statistical significance, according to the Z-test,
was found to be Z=4.748 (p=0.449). The effect size of ES=1.132 was found to be large and significant. Accordingly, it
can be said that the applications under review and their use in the teaching process have a positive effect on academic
achievement.

3.2 Analysis Results Regarding the Retention Scores in the Studies

The general effect sizes of students' retention scores in the studies on the 5E instructional model are presented in Table 1.
In the analysis of the 5E model performed according to the fixed effects model, standard error was calculated as 0.130;
the upper limit of the confidence interval of 95% was found to be 1.320, the lower limit 0.810. Mean effect size was
calculated as 1.065. These results may be interpreted in favour of the 5E instructional model, meaning that students'
retention scores when taught with 5E were better than when traditional teaching methods were used.

The homogeneity test performed yielded a Q-statistic of 41.535, with the chi-square (y2) table indicating 4 degrees of
freedom at a 95% significance level with a critical value of 9.488. Thus, it is seen that the Q-statistic (41.535) exceeds
the critical value of the chi-square distribution (x2(0.95=9.488), which indicates effect size heterogeneity. From this
observation, it was decided that the effect of the retention scores should be analysed according to the random effects
model.

The results of the ensuing analysis led to the calculation of an effect size of ES=1.417. This value indicates a positive
and significant effect size for the 5SE model. According to the classification by Cohen (1992), this is to be considered a
large effect size. It may then be said that the 5E model had a positive impact on the retention scores of students. In
addition, the Z-test was used to determine statistical significance and the result was Z=3.255. This result may be
interpreted to mean that the analysis at p=0.311 had no statistical significance.

3.3 Analysis Results Regarding the Attitude Scores in the Studies

Table 1 shows the statistical values for students' attitude scores in the studies on the 5E instructional model that were
included in the meta-analysis. A careful look at the table indicates that the homogeneity test yielded a Q-statistic value
of 42.302 and a 2 distribution critical value of 14.067. In view of this result, it was observed that the Q-statistic value
exceeded the y2 distribution critical value (Q=42.302>%2(4514.067). For this reason, the effect sizes of the 5E
instructional model attitude scores were compared using the random effects model.
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In the analysis of the 5E model performed according to the random effects model, standard error was calculated as
0.245; the upper limit of the confidence interval of 95% was found to be 1.032, the lower limit 0.071. Mean effect size
was calculated as 0.552. This result may therefore be interpreted in favour of the 5E instructional model, meaning that
students' attitude scores when taught with 5E were better than when traditional teaching methods were used. The effect
size, according to Cohen's (1992) classification, may then be accepted as moderate. Lastly, the z-test calculation found
z=2.252, but at p=0.431 the analysis indicated no statistical significance.

4. Discussion

At the conclusion of the meta-analysis, analysis of the results was supported by the relevant literature and
recommendations were set forth in the light of the results. The purpose of the study was to undertake a review of the
quantitative studies carried out in Turkey and published in the national and international literature on the subject of the
effect of the 5E instructional model on students' academic achievement, retention and attitude scores. When the data of
the studies on students' academic achievement scores in response to the use of the 5E instructional model were
examined according to defined criteria, it was observed that analysis performed on the basis of the fixed and random
effects models indicated effect sizes that favoured the 5E model as opposed to other teaching methods (ESgem=0.956,
ESREM:1-132)-

These values, by Cohen's (1992) classification, indicate a large, positive and significant effect size. The results may be
interpreted to mean that the 5E instructional model has a high impact on academic achievement. At the same time, in
spite of the negative effect coefficients that were seen in the studies fitting the criteria of the analysis (Uzun¢z, 2011,
Keskin, 2008), as well as the positive effect values of studies that did not fit the criteria but were excluded from the
analysis for various reasons while yielding values that showed the use of the 5E model to increase students'
achievement scores (Tuna & Kacar, 2013; Aysegiil Yal¢in & Bayrakceken, 2010; Aktas, 2013b; Hirga, Calik & Seven,
2011; Agigli, Altun Yal¢in & Turgut, 2011; Turgut & Giirbiiz, 2011; Polat & Bas, 2012; Oztiirk, 2008; Kiibra Giiler,
2010; Sakall1, 2011; Harurluoglu, 2011), the results proved to be consistent with the conclusions drawn by articles,
papers, Master's and Doctorate theses in the national and international literature (Bilgin, Coskun & Aktag, 2012; Liu,
Peng, Wu, & Lin, 2009; Qarareh, 2012; Odom & Kelly 2001; Higsan, 2008; Pabugu, 2008). It is for this reason that it
can be said the result of the meta-analysis of students' academic achievement is markedly consistent with the existing
literature.

The 5E instructional model was also examined in terms of students' retention and attitude scores in studies using both a
study group and a control group where the model was compared with traditional teaching methods. The meta-analysis
of studies that included retention and attitude scores revealed effect sizes of 1.065eention, 0-464atituqe aCcording to the
fixed effects model and of 1.417 gention and 0.522.4inge according to the random effects model. These results may be
interpreted in favour of the 5E instructional model, meaning that students' retention and attitude scores when taught
with 5E were better than when traditional teaching methods were used. In addition, it may be said that students'
retention and attitude scores using the random effects model showed, according to Cohen's (1992) classification, a
positive and significant large and moderate effect size, respectively. This observation may be interpreted to mean that
the use of the 5E model in the school environment has a positive impact on students' retention and attitude scores.

The results of the analysis of the retention scores are also consistent with the studies included in the analysis (Tuna &
Kacar, 2013; Oztiirk, 2008; Kiibra Giiler, 2010; Sakalli, 2011; Harurluoglu, 2011). At the same time, it can also be
observed that the use of the 5E model in the school environment has a positive effect in terms of students' attitude
scores. The results of the analysis are consistent with other studies included in the analysis that have also exhibited
positive effect coefficients (Aktas, 2013; Hirca, Calik & Seven, 2011; Turgut & Giirbiiz, 2011; Uzun, 2011; Oztirk,
2008; Keskin, 2008) as well as with studies that were not included in the analysis (Saglam, 2006). For this reason, it
may be said that the meta-analysis is supported by the literature in the conclusions drawn regarding the effects of the 5E
model on students' retention and attitude scores. However, it has been observed that, in some studies where the effect of
the 5E instructional model on students' attitude toward their lessons has been examined, this method did not result in a
significant difference in student's attitudes toward their classwork (Kilavuz, 2005; Ozsevgeg, 2006; Ekici, 2007; Tiryaki,
2009).

To conclude, according to the results of the meta-analysis performed on instruction based on the 5E model, it has been
observed that the 5E instructional model is generally effective in terms of students' academic achievement, as far as
their retention and attitude scores are concerned. In the light of these findings, it may be suggested that more
concentrated use of the 5E model will contribute to ensuring that students experience a more productive and effective
course of education in their classes and their academic work.
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