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Abstract

The purpose of this study was to investigate the effects of SE inquiry learning activities on students’ achievement,
attitude toward chemistry. A non-equivalent control group design was used to the quasi-experimental research in
this study. A total of 34 (8 males and 26 females) undergraduates in Turkey voluntarily participated in the study.
The 5E Inquiry Learning Activities were applied to the experimental group and lecture-based traditional
activities were applied to the control group. The both two groups were taught by the same instructor and used
same books. The Chemical Equilibrium Concept Test (CECT) and the Attitude toward the Subject of Chemistry
Inventory (ASCI) were applied to both groups as pre-test and post-test. The results of the study revealed that SE
inquiry learning activities were more effective in improving the achievement in chemical equilibrium compared
to lecture-based traditional activities. In addition, the results showed that there was no statistically significant
mean difference between experimental and control groups with respect to attitude toward chemistry.

Keywords: 5E Inquiry Learning Activities, achievement, attitude, chemical equilibrium, lecture-based
traditional activities

1. Introduction

The student-centred paradigm emerged with constructivist approach with the reforms made in education. With
this paradigm, students take on more active roles in learning, they design their own research, and they learn from
each other by interacting with each other in group work. Teachers, on the other hand, play the roles of an
arranger, a guide and a leader rather than a source of correct answers in the classroom (Anderson, 1997). One of
the best methods usable in creating student-centred learning environments is inquiry-based learning (Marshall,
Smart, & Horton, 2010). While inquiry-based learning provides students with opportunities to structure the new
knowledge and to try their thoughts, it also assures that students form evidence-based thoughts and to inquire the
thoughts critically. Due to this property, inquiry learning is regarded as an approach which is student-centred and
which supports the configuration of knowledge (Koseoglu & Tumay, 2015).

Inquiry-based learning helps learners to develop inquiry skills, which are among the basic skills of the 21
century (Kong & Song, 2014). Inquiry-based learning is defined as learning by asking questions, and by
researching, and as the process of learning by analysing the knowledge and transforming the data into useful
knowledge (Perry & Richardson, 2001). Inquiry-based learning is a method of learning which is based on
constructivist theory and which is effective in students’ learning and in developing upper-order thinking skills. In
this method, students go through such processes as making observations, collecting evidence, making guesses,
doing experiments, testing the probable explanations and interpreting the findings by using the techniques
scientists use in scientific research (Colburn, 2000; NRC, 2000; Keselman, 2003; Pedaste, Mieots, Leijen, &
Sarapuu, 2012).

Students work like scientists in the process of inquiry-based learning and find answers to the questions and
problems about which they are curious through research that they themselves configure. Therefore, the use of the
method especially in science classes will raise students’ motivation, their solving creative problems, their
reaching real information and permanent learning (Lord & Orkwiszewski, 2006; Wilke & Straits, 2005). Besides,
scientific inquiry-based learning environments are also influential in increase in students’ beliefs in their
capabilities in learning a subject and in becoming aware of having responsibilities for their own learning (Wilke
& Straits, 2005). In a similar way, Alvarado and Herr (2003) point out that students’ interest in and motivation

1



jel.ccsenet.org Journal of Education and Learning Vol. 6, No. 1; 2017

for the course increases, their conceptual understanding deepens, and thus they can set up associations between
their present knowledge with their participation in inquiry-based learning environments.

It is pointed out that there are three types of inquiry-based learning as structured, guided, and open inquiry
(Colburn, 2000). This study uses the method of guided inquiry. Guided inquiry is a method in which teachers act
as guides with their questions, students plan their own questions and processes, and they form new concepts by
associating with previous knowledge (Colburn, 2000); because on examining constructivist approach, a
comparison of the types of inquiry learning shows that guided inquiry learning is more compatible with
constructivist learning and that it produces more effective learning outputs than the other types of inquiry
learning (Brown & Campione, 1994; cited in Koseoglu & Tumay, 2015; Minner, Levy, & Century, 2010; cited in
Koseoglu & Tumay, 2015).

One of the models used in implementing inquiry-based learning in science classes is the SE Model. The SE
learning model assures that students are active in classes, they have the opportunity to research and analyse, and
that they reach knowledge by creating discussion environments and by continuously inquiring (Gunduz Bahadir,
2012). 5E learning cycles model is composed of five inquiry stages. The sages are: engagement, exploration,
explanation, elaboration and evaluation. The first stage of the SE learning model—the stage of engagement—is
the most important stage of the model. At the stage of checking prior knowledge and arousing curiosity the
knowledge that students acquired in the previous years is brought to light. At the stage of exploration students
are active and they find probable answers to the questions they are curious about by researching and inquiring.
At the stage of explanation teachers have a big job. They ask students questions to teach the concepts formed at
the previous two stages, they associate the subjects of chemistry with real life, and they try to eliminate students’
misconceptions by detecting them and by making explanations. At the stage of elaboration students have the
opportunity to adapt their knowledge into new situations and to use it in real life. The final stage is the stage of
evaluation. At this stage, whether or not the gains targeted at the beginning of the course have been obtained or
to what extent the gains have been obtained is found by using different complementary measurement and
evaluation techniques. This stage is important in two ways. It assures that students exhibit their learning status
and development and receive feedback. And it also assures that teachers see the extent to which students have
developed and they have attained the goals of teaching. Evaluation is made not only at the end of the course but
in the whole process (Bybee et al., 2006; Ozturk, 2013; Wilder & Shuttleworth, 2005).

Students do a mental activity to solve a number of problems in the process where the SE learning cycles
model—which is based on inquiry—is used. Working in pairs or in groups of three, students ask questions, and
they share their opinions in response to explanations offered as answers to the questions. Students’ answers to
open-ended questions help to uncover their misconceptions. Recording the data gathered for the whole class by
using all facilities of technology with experiments and observations assures that students make a comparison of
their data with others’ by going through a mental process and that they inquire the aspects that their data agree
and disagree with others’ data. Thus, students’ scientific process skills begin to develop. Besides, it also becomes
possible for students to use the materials they are familiar with—that is to say, to associate their new experiences
with their previous experiences and to structure the knowledge (Colburn, 2007).

Students acquire not only science subjects but also such skills as logical thinking, asking questions, researching
the answers and solving daily problems in science classes taught through inquiry-based learning (Germann,
1994). This study also uses the guided inquiry learning method to enable students to learn the factors affecting
the chemical equilibrium because, by using students’ process of knowledge acquisition and their problem solving
skills, inquiry-based learning aims to make students research knowledge within life and to develop skills and
attitudes enabling them to generalise the knowledge (Wilder & Shuttleworth, 2005). Students should also be
given opportunities to design research, form hypotheses, interpret the results, and to create their own knowledge
and comprehension (Roth & Roychoudhury, 1994). A number of studies have shown that inquiry-based learning
facilitates students’ understanding of the concept of the nature of science, contributes to the development of
scientific process skills and to an increase in their attitudes towards and achievement in science courses; and
those studies point out that it is the best method in science education (Backus, 2005; Coll, Dalgety, & Salter,
2002; Deters, 2005; Ertepinar & Geban, 1996; Gibson & Chase, 2002; Holloway, 2015; Khan, Hussain, Ali,
Majoka, & Ramzan, 2011; Khishfe & Abd-El-Khalick, 2002; Lord & Orkwiszewski, 2006; Ryder, Leach, &
Driver, 1999; Sandoval, 2003; Saunders & Shepardson, 1987). Therefore, it was aimed to investigate the effects
of 5E inquiry learning activities on students’ achievement and attitudes toward chemistry in this study.
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2. Method
2.1 Research Design

This study employs non-equivalent control group design. Participants are not assigned into groups randomly in
this design. One of the groups present is set as the experimental group, and the other as the control group (Gay,
Mills, & Airasian, 2012).

2.2 Study Group

A total of 34 undergraduate students in total participated in the research. The study was conducted in 2015-2016
academic year with students attending a state university in Turkey. 6 of the participants were male whereas 28 of
them were female. Two classes were included in the research, and one of them was set as the experimental group
(n = 18), and the other as the control group (n = 16) randomly. Convenience sampling—one of the non-random
sampling methods—was used in this research.

2.3 Data Collection Tools
2.3.1 Chemical Equilibrium Concept Test (CECT)

Chemical Equilibrium Concept Test (CECT) developed by the researchers was used in order to determine
students’ conceptual achievement in chemical equilibrium as pre-test prior to the application and as post-test
after the application. 16 multiple choice questions containing two stages were prepared about the factors
influencing chemical equilibrium in the process of test development. Expert opinion was obtained from two
chemistry lecturers so as to attain content validity. The required modifications were made in accordance with
expert’ recommendations and after reliability analyses, item discrimination and item difficulty indices. In
consequence, Cronbach Alpha internal coefficient was calculated as .73 for 16-question CECT test. For each
stage of the questions, the correct answers given by students were coded as “1”, and incorrect answers as “0”. If
students answered one of the stages correctly and the other incorrectly, again they received “0” for their incorrect
answer.

2.3.2 Attitude toward the Subject of Chemistry Inventory (ASCI)

Attitudes toward the Subject of Chemistry Inventory (ASCI) was developed by Bauer (2008) so as to evaluate
attitudes toward Chemistry course, and was adapted into Turkish by Sen, Yilmaz and Temel (2016). ASCI
containing 8 items is composed of two sub-parts labelled as cognitive (items 1, 2, 3 and 6), and as affective
(items 4, 5, 7 and 8).

2.4 Treatment

The study continued for 5 weeks in total. The classes were taught in 3 hours a week in both the experimental and
the control groups. The pre-tests were administered to both groups in the first week and the post-tests were
administered to both groups in the final week. What had been learnt in the previous class was revised in the first
five minutes at the beginning of each lesson, and thus, students’ prior knowledge was brought to light. At the end
of the lessons, evaluation was made on what students had learnt.

2.4.1 Experimental Group: 5E Inquiry Based Learning

Although different methods of teaching were developed to implement inquiry-based learning, science educators
usually prefer the SE instructional model (Bybee, 1997). Therefore, the SE instructional model—a modification
of learning cycle—was used for inquiry-based science teaching in this study (Bybee, 1997; Bybee et al., 2006).
Students worked in pairs or in groups of three in this process. At the first stage—the stage of engagement—of
the 5E inquiry learning, students generated questions for scientific researches and problems in accordance with
the goals of the course. In this process, the instructor led students by helping them to generate questions. Then, at
the stage of exploration, students did research in relation to the answers to the questions they had generated at
the previous (engagement) stage. While the students worked in cooperation with hands on, minds on activities,
the instructor participated in the process as the facilitator. Thus, it was made sure that the students observed the
factors affecting chemical equilibrium by doing experiments and that they collected data. In this process, the
instructor led them by asking questions. The students were encouraged to collect data from different sources. In
consequence, the students collected various data and created a model for themselves. At the explanation stage of
the SE model, the students associated their explanations for the concepts based on the individual and group
activities with scientific knowledge. They were asked to explain the concepts in their own words in this process.
In corrections and explanations made by the instructor, students’ experiences were taken into consideration, and
it was assured that the students structured the concepts. In addition to that, efforts were made to eliminate the
students’ misconceptions. At the stage of elaboration, the students were given opportunities to apply the learnt
3
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knowledge and concepts to different situations, and they were asked to explain the new experiences they had.
Here especially, the students analysed the factors affecting chemical equilibrium with different reactions. Besides,
the students observed the differentiation with the same reaction by changing the factors affecting a reaction in
the experiments they did. They associated the data they obtained through these observations with the questions
they asked at the stage of engagement, and thus they formed a general framework for the newly learnt
knowledge. The SE evaluation stage is the stage where students evaluate what they have learnt in accordance
with the goals of the course. Yet, the evaluation was not made at the end of the process only. It was made at
every stage of the SE model. In this process, it was observed by the instructor that the students applied the new
knowledge, concepts and skills to the subject of solubility equilibrium. Moreover, the students also made
evaluations about themselves and about the process in the report they prepared at the end of the experiments
(Goldston, Dantzler, Day, & Webb, 2013; Wilder & Shuttleworth, 2005).

2.4.2 Control Group: Traditional Teaching Method

The same instructor taught the lessons to the experimental and the control groups. The same course book was
used in both groups. The factors affecting chemical equilibrium was taught through lecture-based traditional
activities. Lecture and questioning methods were used in classes. Prior to each lesson, the students studied the
subject. The whole of the classroom environment and the learning process were configured by the instructor. The
instructor made the students take notes, explained the necessary concepts by writing on the board, and the
questions on the factors affecting the chemical equilibrium were answered in writing.

3. Results

Independent t-test was used in finding whether or not there were any significant differences between students’
pre-test scores for CECT and ASCI administered prior to teaching with S5E Inquiry Learning Activities. Yet, the
assumptions such as the independence of observations and normality assumptions were examined prior to the
t-test. The skewness and kurtosis values were calculated for normal distribution. Following the analyses, it was
found that the skewness and kurtosis values remained in the +2 and -2 interval, and it was regarded that the data
had normal distribution (George & Mallery, 2003). Having found that the t-test assumptions were satisfied, the
independent samples t-test results were checked and it was found that equal variances assumption was met
p > .05. On examining the differences between the groups, it was found that there were no significant differences
between the experimental group and the control group in terms of their achievement (Mg, = 5.5, SD = 2.94;
Meon. = 5.06, SD =2.79; t (32) = .44, p = .66, two-tailed) and affective attitudes scores (Mg, = 18.67, SD = 3.55;
Mcon, = 17.63, SD = 3.20; ¢t (32) = .894, p = .378, two-tailed), but it was found that there were significant
differences between students’ cognitive scores (Mg, = 14.33, SD = 3.66; Mc,,, = 17.38, SD = 4.57; t (32) =
-2.15, p = .039, two-tailed) . For this reason, gain scores (posttest-pretest) were used in order to determine the
effects of SE inquiry learning activities on students’ cognitive attitudes.

Whether or not there were any significant differences between the experimental group and the control group
students’ posttest, affective attitudes posttest and cognitive attitudes gain scores were analysed with independent
samples t-test. Consequently, it was found that equal variances assumption was satisfied. It was found in
consequence that there were significant differences between the experimental group and the control group
achievement (Mg, = 10.72, SD = 2.78; Mcon, = 7.31, SD = 2.68; t (32) = 3.63, p = .001, two-tailed). The
magnitude of the differences in the means (mean difference = 3.41, 95% CI: 1.50 to 5.32) was very large
(etasquared = .29). However, it was found that there were no significant differences between the students’
cognitive gain scores (Mg, = 1.11, SD = 2.81; Mc,n, = 2.19, SD = 4.28; ¢ (32) = -.877, p = .387, two-tailed) and
their affective attitude (Mg, = 17.56, SD = 4.19; M¢,,, = 17.19, SD = 4.05; ¢ (32) = .260, p = .797, two-tailed)
scores (see Table 1).
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Table 1. The results of independent samples t-test

Levene’s Test for Equality of .
t-test for Equality of Means

Variances
95% Confidence
. Sig. Mean Interval of the
F Sig. t df ) . .
(2-tailed) Difference Difference
Upper Lower
CECT Equal
Post-test variances .14 71 3.63 32.00 .00 341 1.50 5.32
assumed
Cognitive Equal
Gain Scores  variances 1.13 .30 -.88 32 39 -1.08 -3.58 1.42
assumed
Affective Equal
Post-test variances .63 43 .26 32 .80 0.37 -2.52 3.26

assumed

4. Discussion

This study analysed the effects of 5E Inquiry Learning Activities on undergraduate students’ achievement and on
their attitudes towards Chemistry course by using non-equivalent control group design. 34 university students in
total were included in the research. In this research the lessons were taught through 5E inquiry learning activities
in the experimental group whereas they were taught through leacture-based traditional activities in the control
group. The data were then analysed through independent samples t-test. According to the results obtained, it was
found that the achievement of undergraduate students in the experimental group was higher than that of
undergraduate students in the control group in terms of factors affecting chemical equilibrium. This finding
obtained through experimental procedures is parallel to the ones obtained in previously conducted studies (Aho,
Huopio, & Huttunen, 1993; Basaga, Geban, & Tekkaya, 1994; Chang & Mao, 1998; Celik & Cavas, 2012;
Nwagbo, 2006). It was found in Hwang, Wu, Zhuang and Huang (2013) that the experimental group students
learning through inquiry-based mobile learning were more successful and had less cognitive load than the
control group students learning in traditional teaching methods. Koksal and Berberoglu (2014) found that
guided-inquiry learning increased students’ understanding of science concepts and their inquiry skills when
compared to traditional teaching method. Additionally, at the end of the application, the researchers also found
that the experimental group students’ attitudes towards science were higher than those of control group students.
It was found in Sen (2015) that process-oriented guided inquiry learning method increased high school students’
achievement in electrochemistry course in contrast to traditional teaching method. The researcher’s interviews
with the students demonstrated that the majority of the students liked the method and that the method motivated
them in positive ways.

Another finding obtained from this research was about students’ attitudes towards chemistry course. As different
from the findings obtained in many studies in the literature, this study found that there were no significant
differences between the experimental group and the control group students’ cognitive and affective attitudes.
Similar results were obtained in studies concerning the effects of learning cycles model on students’ attitudes
(Gonen, Kocakaya, & Inan, 2006; Koseoglu & Tumay, 2010; Nuhoglu & Yalcin, 2006). One of the reasons for
this result could be the fact that the application was done in a very short time—in five weeks. Apart from that,
the restricting the study to only the factors affecting chemical equilibrium did not cause a change in students’
attitudes towards chemistry course. Another reason for the result could be the negative views held by some
students’ in relation to SE inquiry learning activities. In this way, students can resist against the new experiences
with which they are not pleased (Felder, 1997). Yet, in many studies in the literature, it was found that
inquiry-based learning developed students’ attitudes in positive ways (Chin & Kayalvizhi, 2005; Celik & Cavas,
2012; Gibson & Chase, 2002; Koksal & Berberoglu, 2014; Tatar & Kuru, 2009). It was also found in Tatar and
Kuru (2009) that students’ attitudes in inquiry-based science classes were significantly higher than the ones in
teacher-centered science classes. In Gibson and Chase (2002), on the other hand, the students participating in
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inquiry-based science camp stated that they liked the activities in the summer camp, that the science concepts
which they learnt by researching increased their interest in science and created a positive atmosphere for learning.
Cheng, Yang, Chang and Kuo (2016) pointed out that the SE mobile inquiry learning approach increased the
learning motivation of the university students in the experimental group. Celik and Cavas (2012) researched the
effects of inquiry-based learning on primary school students’ academic achievement, on their scientific process
skills and on their attitudes towards science course in terms of the subjects of reproduction, growth and living
organics. At the end of the study, it was found that inquiry-based learning method employed in the experimental
group increased students’ academic achievement, their scientific process skills and their attitudes towards science
and technology.

In conclusion, it was found that the guided inquiry-based learning used in this study increased students’
achievement, but that it did not influence their attitudes. Consequently, it may be said that the students in the
experimental group understood the subject of factors affecting chemical equilibrium better than the students in
the control group, and that they had fewer misconceptions in this matter.

5. Implications

e Science teachers usually have difficulties in organising inquiry-based teaching activities in their classes and in
forming the stages of the SE teaching model (Glasson & Lalik, 1993; Gunckel, 2011). Teachers may be offered
in-service training in this respect.

e Teachers themselves firstly should have positive attitudes towards and high levels of self-efficicacy in 5E and
Inquiry learning activities so that they can use them in their classes. The curricula in Educational Faculties
should be re-designed in a manner that prospective teachers can frequently implement the examples of such
activities.

o With the spread of the use of SE Inquiry Activities, students’ perception that science courses such as chemistry
are learned by memorisation can be hindered.

e The formation of misconceptions can be hindered by giving examples for the applications of SE Inquiry
activities in real life and by working in small groups.
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