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Abstract. This study aimed to examine the effects of guided inquiry-based learning (GIBL)
implementations applied to fourth-grade students in a Turkish rural school on both students and an
elementary teacher. It was designed as a case study using qualitative data in the form of structured
students’ views journaled by the teacher, used video recordings, and observations by the researcher. 15
GIBL experiments with 5E learning model in a structured classroom rather than laboratory were
conducted with 42 students. The results of student’s views showed positive effects of GIBL
implementations on the learning of concepts, interest to science, group work and the attitude of their
teacher. GIBL implementations helped the teacher to realize her role regarding the students, awareness of
the required competencies, skills, and self-confidence.
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INTRODUCTION

Learning based on inquiry has been defined as a student-centered learning approach in which
students desire to discover their environment. Inquiry based learning (IBL) with an
interdisciplinary perspective in which each student is responsible for their own learning,
transferring their knowledge provided by active involvement. Bell, Smetana and Binns (2005)
decribed IBL as IBL as an active learning process in which students answer research questions
through data analysis” ( p. 35). In student-centered science instruction, learning science concepts
from experiments based on collaboration in daily life is of utmost importance in the cognitive
structuring of the learning. The American National Science Standards [National Research Council
(NRC), 2012] described this kind of learning as, “Science is not just a body of knowledge that
reflects current understanding of the world; it is also a set of practices used to establish, extend,
and refine that knowledge” (p. 26). IBL has been defined as “activities of students in which they
develop knowledge and understanding of scientific ideas, as well as an understanding of how
scientists study the natural world” (NRC, 2000, p. 23). Also, in science, technology, engineering
and mathematic (STEM) practices, NRC (2012) indicated the role of IBL as follows: ‘Students will
themselves engage in the practices and not merely learn about them second-hand. Students
cannot comprehend scientific practices, nor fully appreciate the nature of scientific knowledge
itself, without directly experiencing those practices for themselves’ (p. 31). Therefore, what new
teaching models are invented, IBL is on the agenda being main skeleton of them not just only in
science, technology, engineering and mathematic practices, it is considered as well as in social
science.

There are many factors influencing the success of IBL practices such as teacher
competencies and learning environment. Generally, laboratories in the schools are places in
which science is practiced and many studies have shown the positive effects of IBL laboratory
practices. For instance, students’ level of knowledge increases (Bryant; 2006), they could improve
their perceptions and understand the nature of science more easily (Garnett & Hacking, 1995;
Dori, Sasson, Kaberman & Herscovitz, 2004; Hofstein & Lunetta, 1982; Hodson, 1990; Lunetta,
1998; Lazarowitz &Tamir, 1994; Tobin, 1990). They acquire, internalize, and change cognitive

1 This study has been conducted using some data from the thesis of Ayca Demirkiran with a master’s degree at
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knowledge (Campbell & Neilson, 2009), they develop scientific process skills (Aydin & Sahin,
2009; Throwbridge, Byee, & Powell, 2004) and research type laboratories are very effective in
the students' learning of science consisting problem solving and testing hypothesis (Hofstein &
Walberg; 1995). In contrast to those results, some research argued that laboratory practices
without aim, and motivation didn’t provide academic achievement and learning (Duschl &
Grandy, 2005; Darling-Hammond, & Hudson, 1990). Furthermore, teachers' failures to explain
the results of the laboratory and material problem (Akerson & Dickinson, 2003; Songer, Lee &
Kam, 2001) was insufficient, the laboratory studies in IBL being student-centered, give more
responsibility to the student, provide scientific process skills, can be used at many levels of
education and provide learning in its concepts (Leonard; 1989). The significance of laboratories
in science education considering the exotic atmosphere, the smell of acid or bases in the
environment, various experimental instruments or animal and plant samples, it should be
included as a separate class schools that stimulates the creativity and exploration ability of the
students (Lanza, 2007). Unfortunately the physical and economic conditions of the school restrict
the construction of separate laboratories or cause limited materials in the laboratory notably
schools of urban regions. In this manner teachers competencies have prominent for the IBL
implementations such as creating a learning environment that helps students build conceptual
science (Lotter, Rushton, & Singer, 2013).

The other competencies of teacher having substantial role during IBL practices are ; content
knowledge and the beliefs of teachers (Herrington, Bancroft, Edwards, & Schairer, 2016; Lumpe,
Czerniak, Haney, & Beltyukova, 2012; Rushton, Lotter, & Singer, 2011; Thomas & Pedersen,
2003), their conceptual knowledge (Chaney, 1995; Darling-Hammond, 2000; Druva & Anderson,
1983), their education degrees (Ingersoll, 2003; Furtak, 2005), experience (Wenglinsky; 2000),
the habits of primary teachers (Abd-El-Khalick et al., 2004), and their self-confidence (Harlen &
Holroyd, 1995; Kind, 2009). As a result of the practical implementation, teachers’ concern
regarding student-centered educational implementation decreased (Gillies & Nichols, 2015), and
teachers with a high level of self-competency are more successful at practical implementations
(Enderle, et al,, 2014; Granger, Bevis, Saka, Southerland, Sampson, & Tate, 2012; Lumpe, Haney,
& Czerniak, 2000; Morrison, 2013).

Although there have been many research studies concerning IBL practices, the studies
investigating the effects of inquiry-based practices from both students’ and researchers’
perspectives (Ronnebeck, Bernholt & Ropohl, 2016) were not substantial. In this research, a
GIBL approach was implemented in the regulated classroom environment rather than a science
laboratory. The insuffient materials, crowded classrooms and labrotory in the schools were one
of the reasons of why most of the teachers can’t do experiments in thier classroom (Yildiz,
Aydogdu, Akpinar & Ergin, 2006). The teacher has recently graduated and the sample group in
one classroom concists of 42 students. The research aim was to determine the effects of GIBL
implementations on fourth-grade students and their teacher. The research questions were;

a-What are the effects of GIBL implementations on the students’ learning of concepts,

interest in science, group work, and the attitude of their teacher?

c-What are the effects of learning environment before and after the GIBL applications on

the students?

d-What are reflections of teacher based on her competencies in relation to implementing

GIBL?

The research are trying to find a solution to factors which are restricting IBL practices such as
learning environment, crowded classrooms and inexperienced teachers to apply it on
elementary levels of schools in rural regions.

Theoretical Background
Inquiry-Based Learning and Students

In the mid-nineteenth century, it was discussed that: the generalizations about students based on
classroom observations were created and that students should learn how to observe in the
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natural environment and conclude from these observations. The increasing importance of science
in modern society and the emergence of mental development in modern life gave rise to the
popularity of science. Herbert Spencer (1820-1903), demonstrated the importance of the
laboratory in the practical learning of students to draw conclusions based on observations as well
as the words in the books. Charles Eliot (1869-1895) indicated that laboratories should aim to
develop students' ability to make inferences and obtain knowledge independently. Smith and Hall
(1902) argued that all chemistry courses at the university level should be laboratory-based so as
to pave a way for the students to learn the basic principles and concepts of chemistry in a
meaningful way with the applications in the laboratory. Smith argues that laboratory practice
improves students' thinking skills and recognizes the need for ample time for laboratory practice,
and suggests that the teacher directs students by asking questions and providing material and
suggestions. On the other hand, Hall concluded that the students focused only on the expected
results in the confirmatory laboratory practices which did not give them scientific skills.
However, in guided discovery applications, it is appropriate for the student to investigate the
answer of questions he/she does not know and Hall defined this application as inquiry-based
learning.

At the beginning of the 20th century, with the help of John Dewey, it became more
important to teach with student-centered, practical skills that enable students to improve as
individuals who are sensitive to everyday problems and produce solutions. However, with the
increasing need for science in the security and economic fields after the 1950s, the necessity of
public interest in science to create a desire to become a scientist began to be discussed while
science courses needed reform in schools. IBL was implemented as a teaching and learning model
in classrooms by using problem-based, discovery and project-based learning. Schwab (1962)
stated that scientific concepts and scientific procedures should not be separated from each other
in that the scientific invention should be learned learned in a noteworthy way by working on its
own invention rather than by the teacher. Schwab stated that the discussion of the students and
the teacher during the practice which was a strong supporter of IBL to deepen and to develop the
thought. In 1970, science education aimed to educate individuals who gained scientific
knowledge and scientific processes and who could solve problems faced in science literacy and
daily life. Herron (1971) argued that how and in what detailed scientific inquiry should be
examined for science education. He revealed limitations of the activities as high-level scientific
inquiry, limitations of curricular materials which are flexible and specific among different science
disciplines and relations of scientific problems with the students’ political, sociological and
psychological aspects.

Project 2061 (Science for All Americans: AAAS, 1989) aimed to identify criteria for training
science-literate students, an objective which was achieved in 1996 through the work of NRC.
Therefore NRC clarified roles of IBL on student as indicated below;

"Students at all grade levels and in every domain of science should have the opportunity
to use scientific inquiry and develop the ability to think and act in ways associated with
inquiry, including asking questions, planning and conducting investigations, using
appropriate tools and techniques to gather data, thinking critically and logically about
relationships between evidence and explanations, constructing and analyzing alternative
explanations, and communicating scientific arguments” (NRC 1996, p. 105).

Depending on the changing global world requirements and results of economical
competitions between countries, standards in the education system of the USA changed again and
these standards were designed to help students acquire the ability to learn and understand the
natural world and science, use scientific processes to make individual decisions, and use their
science literacy skills to increase their productivity in their individual careers. One of the three
dimensions of NRC scientific and engineering practices includes asking questions (for science)
and defining problems (for engineering), developing and using models, planning and conducting
investigations, analyzing and interpreting data, using mathematics and computational thinking,
constructing explanations (for science) and designing solutions (for engineering), engaging in
argument from evidence, and obtaining, evaluating, and communicating information (NRC, 2012,
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p. 16). Therefore, IBL has again major role in new education model which is STEM that involves
asking questions, seeking knowledge, discovering something regarding a phenomenon, and
making sense of and learning how to connect concepts.

According to the literature, the effectiveness of IBL was indicated in many kinds of research.
With IBL practices, students develop conceptual learning (Aydin & Sahin, 2009; Ates, 2005;
Hassard, 2005; Hofstein et al.,, 2001; Blank, 2000; Renner, Abraham, & Birnie, 1998; Lawson,
1995), adopt concept-based practices (Wilke & Straits, 2005; Mayer, 2004), are better able to
learn about the nature of science (Campbell & Neilson, 2009, p. 4), and are provided with different
kinds of learning opportunities (Wu & Hsieh;2006). Students also develop interest in and positive
attitudes toward lessons (Gillies & Boyle, 2010; Kask & Rannikmae, 2006; Abd-El-Khalick, et al.,
2004 ; Duschl & Grandy, 2005; Hofstein, Nahum, & Shore, 2001). At the same time, experimental
practices develop students’ communication skills (Aydin, 2016; Duschl & Grandy, 2005;
Trowbridge, Bybee & Powell, 2004), critical thinking (Hofstein et al, 2001), creativity,
collaborative learning (Gillies & Nichols, 2015; Russell & Weaver, 2011), and manipulative skills,
which are all currently defined as 21st-century skills (Lanza, 2007; French & Russell, 2002).

In addition to the many positive effects of IBL on student learning, there are some
arguments about the efficiency of models of IBL applications; confirmative, structured, guided
and open inquiry. In the confirmative inquiry, the teacher gave questions and procedure, and
generally results were known. It can be implemented to a certain goal, for instance, to teach
collecting data, recording data or to experience certain ideas like gravity or presence of air
pressure. In the structured inquiry, questions for investigation and procedure are given again by
the teacher but the explanation of results is done with the findings and conclusion of students. In
the guided inquiry different than confirmative and structured inquiry, the only investigated
research question is given. The procedure of research, results, and explanations are the
responsibility of students. In the open inquiry questioning, investigation, testing, obtaining data,
analyzing and comprehension of results were taken place by students, contributing a high level
of thinking and discussions of students (Banchi & Bell 2008). The role of teacher and the
responsibility of students in GIBL argued in that one group underlined the role of teachers as only
giving the materials and problem solving (Colburn, 2000) and the other group pointed out the
formation of hypothesis and testing (Farrell, Moog & Spencer 1999). In fact, Schwab (1960) and
Herron (1971) explained the levels of inquiry applications in the laboratory environment many
years ago. Depending on the classification of inquiry levels; if all the steps of scientific method are
given in the applications, it implies the level 0 that means confirmatory inquiry. If question and
procedure are given by the teacher, it is called level 1 which means structured inquiry, and when
the only problem is given it was called as level 2 being guided inquiry (Buck, Bretz & Towns,
2008). In contrast to other levels’ problems, hypothesis, procedure, data collection, and analysis
of data and conclusion of results were all done by students in level 3 which is open inquiry. Banchi
and Bell (2008) explained the role of students in GIBL where students have had numerous
opportunities to learn and practice different ways to plan experiments and record data. In
addition to this, each student didn’t individually get to manipulate the variables, the direction of
the investigation, including the procedure and data analysis were directed by the students
collectively.

Depending on the kinds of inquiry scientist explained the results of experiences. In this
condition, Mayer (2004) indicated that open IBL that only consisted of hands-on activities was
not adequate in students’ learning science concepts and he recommended IBL activities that
contained scientific concepts. This was echoed by the findings of Roth and Carnier (2006), who
compared the science lessons in Czechoslovakia, Japan, Australia, the Netherlands and the United
States based on the TIMMS (1999) results and determined that learning only through activities
was not sufficient; it was necessary to present concepts in theoretical background. Aydin & Sahin
(2009) indicated that there was no significant difference regarding the scientific process skills
between 8t grade student groups that were applied with GIBL activities and open IBL activities
on both photosynthesis and respiration units but they also investigated that the group that was
applied GIBL learned concepts dealing with photosynthesis better than the group with open IBL.
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Kirschner, Sweller & Clark (2010) commented that the use of scientific concepts and content
knowledge was dependent on the student needs during the activities.

Thefore, students in sample of this research have only experience with confirmative and
structured inquiry practices with experiments, they have no experiences with GBL to produce
hypothesis, to construct procedure of experiment, to collect data, to analyze and to conclude data
in other words scientific process skills and also depending on arguments in literature scientfic
concepts given by the teacher during applications were compared before and after the
applications to see the effect of GBL on students. Teacher in this research hasn’t got ample
experiences about practicing high level IBL so GIBL was chosen.

Inquiry-Based Learning Environments

The educational philosophy of Johann Heinrich Pestalozzi underlies many current reform
movements in education as follows:

Education should be based on the natural development of the cognitive skills of children. The
role of educators is to determine how these cognitive competencies will be developed and to
carry out education in the way that enables this natural development. Compared to
memorizing, research and experiments, and compared to passive listening, being involved
with activities are more effective. The main aim of education should be to support independent
working. The classroom environment should be arranged in such a way as to provide the
individuals to discuss their knowledge and understanding. The lessons should not be
conducted in a form that encourages memorizing. The teacher’s role should not be to listen to
what the students memorized and then evaluate it, but it should be to provide the knowledge
and skills to handle materials and so as to evaluate their cognitive development (as cited by
Keller, 2001, p.162).

Using the tools and resources in the classroom environment to promote the interaction of
the students with each other and to provide multiple learning strategies rather than using them
for demonstration supports student learning in the class (Puntambekar & Hubscher, 2005). In
other words, the classroom environment affects the achievement and attitudes of the students
(Fraser, 1998) and interactive inquiry-based classrooms engage students in practices and
enables them to understand more concepts, generate better explanations and it increases their
productivity with their classmates (Eslinger, White, Frederiksen & Brobst, 2008; Metz,
2004; White & Frederiksen, 1998, Wolf & Fraser, 2008). Lin, Hong & Cheng (2009) indicated that
students are more involved in learning, asking questions and responding to them in structured
classrooms implementing inquiry-based practices. Whether the classroom environment or
laboratories are more appropriate for inquiry structured learning environment is a question to
be considered. By the mid-19th century, debates had begun concerning the difference between
science and other classes in that the former involve the development of generalizations based on
observation, which means that students need to learn how to observe nature and arrive at
conclusions from their observations. Science eventually gained significance, and the modern
world emphasized mental development, thus adding to the popularity of science. Then, in the
19th century, Herbert Spencer (as cited by Flick & Lederman, 2004) demonstrated the
importance of laboratories, which in addition to words in books assist students in learning
through practice so that they can infer based on observation. He argued that students learn
science better when they observe directly and make inferences about objects and phenomena
themselves. Arguing that laboratory practices improved students’ thinking skills, Charles Eliot (as
cited by Flick, Lederman, 2004) noted that laboratories should improve students’ inference skills
and their ability to obtain knowledge independently. In contrast, Hall (as cited by Flick, Lederman,
2004) concluded that students simply focus on expected outcomes in laboratory applications that
validate previous experiments, but this fails to help them acquire scientific skills. He maintained
that students should investigate and discover answers to their questions in directed discovery,
by themselves, a practice he called IBL (Flick & Lederman, 2004).

During the 1990s, science course practices emerged from the classroom and laboratory;
students’ social environments gained importance along with improvement in their critical
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thinking, communication skills, and pedagogical motivation (Duschl & Grandy, 2005). It is the
reality that if the aim of science education is to teach students that ‘how scientist work’ separate
laboratories or classrooms environment are required to promote support student’s observations,
engaging experiments, getting data, group work, using computers. Sun, Looi & Xie (2017) engaged
different learning environment in which computer-supported collaborative guided inquiry were
used about osmosis and diffusion to provide activity design, employs modelling and visualization
tools and they attained computer-based collaborative inquiry promoted students’ conceptual
understanding. Thomas & Meldrum (2018) used undergraduate physics laboratories for GIBL
and students were stimulated the cognitive processes of scientific inquiry. Whitworth, Maeng &
Bell (2013) mentioned the differentiation of planning of IBL depending on needs and readiness
of student, learning environment, cirruculum, assesment and management of students. In our
country, when the teachers are asked why they don't do any experiments in science courses,
mostly the reasons are short class duration time, over-populated classrooms, the low capacity of
the students, and the lack of laboratory materials (Yildiz, Aydogdu, Akpinar & Ergin, 2006).
Therefore, in the current study, by solving the problems of inadequate materials, crowded
classrooms, and laboratories, we aimed to see the effects of GIBL in clasrrom environement on
both students and teachers.

Teacher’s Role in Inquiry-Based Classrooms

The teacher is the most significant factor in obtaining the expected results in IBL practices.
Zuckerman, Chudinova, and Khavkin (1998) described three practices for science instruction
with inquiry: (a) instruction begins by introducing ideas that are central and general to the
discipline, (b) students invent and adapt cultural tools for thinking about these ideas (models,
schemes, and symbols designed by students under the teacher’s guidance), and (c) problems are
solved in cooperation with peers, helping students to present explicitly their own naive theories
and see the phenomenon from others’ point of view (p. 202). The most fundamental factors for
IBL are initially teachers’ competency in concepts and content knowledge, experience, their
pedagogical attitude toward students, their own learning style, and their willingness. According
to the research concerning the teacher dimension of IBL practices, while a positive relationship
is posited between the teacher’s competency in conceptual knowledge and students’ concept
learning (Kind, 2009; Appleton, 2003; Appleton, 2002; Darling-Hammond, 2000; Harlen,1997;
Chaney, 1995; Druva & Anderson, 1983), the suggestion that a teacher’s higher level of conceptual
knowledge, such as a master’s degree, will be more successful in IBL practices has been disproved
by Ingersoll (2003) and Furtak (2005). Ingersoll noted that although 42% of American science
teachers have a master’s degree, the underlying factor behind the lack of success in supporting
the students’ development is that, among other factors, teachers have too many classes and
insufficient time for preparation. Wenglinsky (2000) indicated that increased professional
experience, particularly laboratory skills, using and having students use models, utilizing
technology in lessons, and frequently assessing students with quizzes help students to become
more successful. Eick and Reed (2002) stated that factors leading teachers to use IBL are their
learning styles and experiences as students. In a study including opinions of six science teachers
conducting IBL practices, Wallace and Kang (2003) collected teachers’ comments that some
students lack the maturity to conduct IBL activities, students are lazy, laboratory activities can be
canceled when the program time is insufficient, and that the school culture is not suitable for IBL
practices. Another study found that ‘it was difficult for teachers to change their habits, that middle
and secondary teachers’ laboratory usage level is higher than that of primary teachers’ (Abd-El-
Khalick, et al., 2004, p. 13), and that when both experimental and traditional methods are applied
together during IBL practices, there was not enough time (Booth, 2001; Borko, 2004; Robertson,
2006). While researchers have noted that for teachers to be successful at IBL practices, they need
to receive training (Posnanski, 2010; Crawford, 2007; Morrison, 2013), three experienced
teachers with master’s degrees and IBL training answered all questions during IBL practice that
should have been researched by students (Furtak, 2005). This was because these trained teachers
understood very little about IBL in terms of implementing their classroom practices (Wee,
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Shepardson, Fast, & Harbor, 2007); thus, teachers should be experienced in IBL practices in the
classroom.

Another significant factor in helping teachers to be willing to attempt IBL practices is that
students should also be experienced in IBL (Lotter, Rushton, & Singer, 2013; Newman, Abell,
Hubbard, McDonald, Otaala, & Martini, 2004). Teachers implementing inquiry lessons have a
greater effect on the students’ performance (Rénnebeck, 2016). Therefore, the primary teachers
have an important role to improve the student’s attitude and interest in learning science. The
factors which affect the elementary teacher teaching science are self-efficacy, which is the
combination of feelings and beliefs about their knowledge, abilities and experiences (Van
Aalderen-Smeets, Molen &Asma, 2012) and self-confidence consisting of science knowledge,
skills related to daily lives of individuals, and familiarity with science (Appleton, 2002;
Mulholland & Wallace, 1996). However, reflecting the changes in negative self-efficacy in
classroom teaching requires long-term practices (Palmer, 2006). Even though pre-service
teachers learned and practiced IBL, they have not learned how to adapt inquiry practices in an
actual class environment, which requires a different process of planning and preparation from
the traditional model and orchestrating the students takes more time and effort more than
traditional instruction (Crawford, 1999; Fradd & Lee, 1999). In this research, the first question
was ‘what are the effects of GIBL experiments on students and elementary teachers’, and
researcher was undertaken by elementary teacher and experiments were carried out in a
classroom environment with 42 students rather than in a laboratory. It is also unique in that an
experienced teacher (researcher) was involved in the practice of counseling and supervision of
the academics, and in the evaluation of teachers’ and researcher’s practices in their findings.

METHODS

Research design

The research was conducted as a case study Case study is a methodology in qualitative studies
and Yin (2009) defined a case study as: “an empirical inquiry that investigates a contemporary
phenomenon in depth and within its real-life context, especially when the boundaries between
phenomenon and context are not clearly evident” (p.18). Examining GIBL practices with 42
students was the phenomenon and students in a public school without laboratories with newly
graduated teacher were considered in a real life-context. The use of qualitative methods in case
studies have the ability to bring a deep understanding of a case and to provide intrinsic
knowledge and details regarding a problem or issues of interest to a researcher (Stake, 1995).
According to Creswell & Clark (2007), it is a qualitative approach where the investigator reports
a situation or multiple situations in detail using multiple data collection tools. The GIBL
experimental applications were implemented in one group in a real-life context, and the data
were obtained from various sources, such as observations, drawings, and views before, during
and after the implementations. the research is situation analysis being another form of case study
(Bogdan & Biklen,1998) and instrumental case study was used to detect the effects of GIBL on
both students and teacher to understand the ways of solutions to reduce the limitations of GIBL
practices to attain all students in elementary education (Stake, 2005). The qualitative data about
views, feelings, thought process, emotions in details about GIBL (Strauss and Corbin, 1998) were
used to respond to the research questions.

Participants

The participants consisted of 42 students comprising 18 females, and 24 males, in the fourth
grade of a public school in a rural area of Istanbul province. This class was selected through
purposeful sampling, which was suitable for the research purpose and provided continuity in
attendance. In purposeful sampling, “the researcher selects individuals and sites because they can
inform about and provide understanding of the study’s research problem and central
phenomenon” (Buyukozturk et al., 2014, p. 125). Purposeful sampling enables in-depth research
by selecting substantial cases in terms of knowledge based on the research’s purpose
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(Buyukozturk et al., 2014; Maxwell, 2008). In the research, typical purposeful sampling was used
because students, teacher and learning environment represent the similar properties observed
in many elementary school, students and teachers in Turkey (Patton, 2002). The teacher who
implemented GIBL practices was a new graduate from elementary education and she has
attended a master’'s program with the advantage of recently gained knowledge and the
disadvantage of a lack of experience. During the research, she continued her master’s program
attending a 14-week course entitled applying GIBL practices in science, nature and human
behavior. She and author prepared experiments together and they did experiments before the
implementations with students.

Implementation

The research was conducted during 12 continuous weeks depending on the science course
curriculum. The GIBL applications were conducted with nine groups of five students; however,
due to the continuity of student attendance at all lectures, the data from 42 students were used.
Before the implementations, a pilot study was conducted with the most familiar experiment of
germination. The students tried to discover the requirements for a seed to germinate such as
water, light, heat, oxygen during the six lecture hours within the given problem using the 5E
learning model. It is a learning model that first took place in the American Science Education
programme in 1960 as a 3E model, and later on, Bybee and Landes developed as a 5E learning
model. [tis based on a constructive approach. This model consists of five stages which are engage,
explore, explain, elaborate, and evaluate (Bybee and Landes, 1990). In this pilot study the
students encountered the topics of what hypothesis is, how they should observe, what control
group is, the importance of gathering data, and how sharing responsibilities affects the
experimental results.

In line with the GIBL collaborative learning model, 15 experiments were conducted after
the pilot study. In the collaborative learning model, each member had a role of group leader,
assistant, reporter, technician, or presenter (Luckie, Maleszewski, Loznak & Krha, 2004). The
responsibilities of the different roles were as follows; the group leader ensures that all the work
of the group members is completed on time; technicians collect the materials and cleaning of class
after the experiments; reporters write up the hypothesis, observations, results and the
experiment report; assistants help the leader; and the representatives explain the results of
experiments and conclusions to the other group members. In each experiment, the role of the
group member’s changes, and after five experiments, the groups are disbanded and completely
new groups are formed. Collaborative learning assists students in learning cognitive learning
strategies (Salovaara, 2005) and influences their Igaining knowledge earning by being active and
explaining things to each other (Scholer & Hatton, 2008). Low prior knowledge and minimally
guided instruction have a negative effect on the student learning process in inquiry-based
applications (Yang, Lin, She & Huang, 2015; Kirschner, Sweller & Clark, 2010); thus, before the
experimental application, nine lecture hours were spent on the theoretical explanations of
concepts, content knowledge, referring goals, objectives and concepts stated in the curriculum.

In favor of learning the science concepts and fulfilling the concept errors, according to the
findings, starting a class with activities rather than the words, asking questions to the students to
draw attention on the concepts, coming up with explations, making simple presentations, while
conducting the activity checking students whether they get the concepts clearly at the end of the
activity or another part of the activity, and repeating the concepts frequently during the process
are the important factors. (Trowbridge, Byee & Powell, 2004; Ekborg, 2003). In light of
eliminating the concept errors, the students' attitudes toward the class and social stimulants are
more effective than cognitive stimulants (Leach & Scott,1999; Hewson, 1981), furthermore, the
studies based on the learning cycle are helpfull for fulfilling the concept errors (Krantz, Barrow,
2006; Balci, Cakiroglu & Tekkaya, 2006; Wilder & Shuttleworth, 2005), and getting the
knowledge of the concepts (Atkin & Karplus, 1962; Ates, 2005; Blank, 2000; Lawson,1995;
Renner, Abraham & Birnie,1998).
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The 15 experiments implemented with GIBL and their objectives are presented in Tablel
and the lesson plan with the 5E learning model is given in Appendix1. The target school had no
science laboratory to accommodate these applications; therefore, the researcher brought some
laboratory materials from the university such as beaker, graduated cylinder, test tubes, and
magnets into the classroom and regulated students’ tables for group work, hanged banners
related with matter on the walls for GIBL experiments. This unit was selected because it allowed
sufficient time for the GIBL application to be implemented. Also, students could have many
misconceptions, such as the molecular structure of matter (Griffiths & Preston, 1992; Nakhleh &
Samarapungavan,1999) and dissolutions (Calik, Ayas, Unal, 2006) along with providing daily life
experiments with simple materials, thus allowing the topics to be easily integrated into daily life
(Appendix 2, 3, 4). Colburn (2000) suggested undertaking inquiry-based activities for young
students by orienting activities toward concrete, observable concepts, centering activities around
questions that students can answer directly via investigation and emphasizing activities using
materials and situations familiar to the students and choosing activities suited to students’ skills
and knowledge to ensure success in aspects, such as dissolution and solution along with providing
daily life experiments with simple materials, and thus the topics can be integrated into daily life
easily.

Table 1. The name and objectives of GIBL experiments

Exp. No Experiment name Objectives

1 How do we get to know matter? Explanation of matter by using the five sense
organs

2 Which materials do magnets like? Magnetization property of matter

3 Floating or sinking Floating and sinking characteristic of matter

4 Did the material absorb water? Water absorption properties of matters

5 Let us measure mass Mass and volume are the common
characteristics of matter

6 Our world is filled with air. Gas has certain volume

7 What substance comes out of the bottle? Movement of gas molecules

8 Let us measure volumes of liquids Measuring volume of liquids

9 How is the volume of solids measured? Measuring volume of solid materials

10 Measure the temperature Using thermometer and learning measurement

11 How did the temperature change? Heating and cooling

12 Do all materials melt? Melting property of matter

13 Let us make ice-cream Freezing property of matter

14 Let us make a drink Differentiation of pure matters and mixtures

15 Does the dissolved material disappear? Separation of mixtures

Data Gathering Tools

In order to undertake an in-depth investigation of GIBL experiments’ classroom implementations

on the students and the teacher in this study; more than one type of qualitative data was gathered;
this is referred to as triangulation. The aim of gathering qualitative data based on different
sources is designed to eliminate the risk of the researcher’s ‘systematic error’ (Maxwell, 2008).
In addition, “a key strength of the case study method involves using multiple sources and
techniques in the data-gathering process” (Soy, 1997, p. 2). The triangulation in this research is
the data obtained on the implementations of the GIBL experiments in classroom environment on
students who drew pictures before and after applications, student’s views and journal notes of
researcher.

Student Drawings

Before the implementation and at the end of the research, to identify changes in perceptions of
the learning environment including teacher and students, the students were asked to express
their opinions through drawings (Thomas & Pedersen, 2003). The researcher asked students the
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following questions about the key points on drawings: What are the learning materials and where
are they? What is your teacher doing? Where is she in the classroom? and What are you doing
during the activity? A key aspect of the drawing activity is that emotions and opinions are used
as a tool for expression. For children, it is not easy to express with words what they know, see,
experience, feel and think. Since the students are unrestricted in the way they draw, this offers a
way in which they can express their emotions and opinions about the activity in which they were
engaged. In a child’s world, there is a vast freedom in terms of view and understanding, where
rules cannot enter, everything can be an expression of the child’s desire (Arnheim, 2007). In this
research, information was gained concerning how the implementation of GIBL in changed
learning environment and the role of the teacher with the help of the students’ drawings.

Students Views

The data in the current research was gathered from structured views with students after
implementations to examine the effect of GIBL experiments on the basis of their learning, the
process of the experimental implementation, difficulties faced and the role of teacher in relation
to the students. The student’s views form comprised five questions prepared by researcher and
two experts in the science education field based on the literature and research of Baskurt (2009),
Feyzioglu and Demirel (2013). As a pilot study, the questions on paper was administered to 40
students in a different school, and the necessary adjustments were made. The following items
were included in the form;

1. Please write your opinions regarding the implementation of the unit on matter with
experiments.

2. How were the experiments conducted in this unit, ‘We get to know matter’, different from those
conducted in other units?

3. Please write about what you liked when you were conducting the experiments in the unit?

4. Please write about what you did not like when you were conducting the experiments in the
unit?

5. What is your opinion of the guidance provided by your teacher when you were conducting the
experiments?

Journal entries

To obtain data on the GIBL application, the teacher was asked to maintain a journal and write up
her observations after each lesson. The researcher asked the teacher to respond to the following
questions when taking notes in her journal: what did you learn about your competencies in
applying GIBL and what did you notice about the changes in the students’ concept learning,
interest to science, feelings, and behavior? In addition to the journal entries of the teacher, video
recordings and the researcher’s notes were used to obtain detailed effects of the GIBL. The
researcher being participant observer directly witnessed the activities and reactions of both the
teacher and students and used her own knowledge, experiences and expertise to analyze the
information (Merriam, 2013). Also, the researcher collected the missing data in relation to the
research problems from the teacher and evaluated the results. To collect all data, legal permission
was obtained from the students, school manager and related institutions.

Data Analysis

Depending on Marshall and Rossman (2011) credibility, transferability and dependability are the
main issues to determine the trustworthiness of qualitative study. In order to ensure the
trustworthiness of this study; the checking of data codes was done by three experts other than
researcher and used video records, researcher notes, teacher’s diary, pictures and views for
internal and external consistency to answer the research questions to provide the reliability of
the analysis (Patton, 2014). Triangulation were carried out by collecting data continuously from
various sources (Lincoln & Guba, 1985). The basic process of content analysis is to bring together
similar data within the framework of certain concepts and themes and present them in a form
that the reader can understand (Yildirim & Simsek, 2012). The categorized content analysis and
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frequency analysis were carried out together (Bilgin, 2014). In terms of transferability, Merriam
(1998) indicated that the findings of a qualitative study should be applied to other or broader
areas. The unit ‘matter’ was chosen that was common unit for both and science teachers,
implemented experiments with GIBL could be used by teachers and teacher candidates and also
the outcomes of research would be the reasons of improvements in teacher education program.
The researcher having 20 years teaching experiences and academic studies about inquiry
managed the collection of data from both teacher and students to ensure confirmability.

The research achieved construct reliability by gathering triangulated data, and the expert
analysis of each data source provided external reliability. The validity of research was provided
by the use of different data tools and to eliminate the risk of the researcher’s systematic error
(Maxwell, 2008), and the research data were collected from different sources, including the
students, teacher and researcher, and the students’ views were produced with the help of the
literature, expertise and pre-test results. The aim of systematically gathering qualitative data was
to discover a theory on completion of the research (Glaser & Strauss, 1967). Therefore,
observations of researcher, video records and diary entities of the teacher provided for
continuous data collection during the implementation period.

In this study, the reliability of the codes for all three data groups was determined using the
Miles and Huberman (1994) formula: reliability = Consensus / (Consensus + Disconsensus), and
the drawing analyses’ reliability was calculated as an average of 90%. This result indicated that
codes of the research were reliable. The experts coded the student views separately, and
determined the frequency values of the obtained categories. The categories were generally
defined using the question number and initial letters of the theme. For example, 1TH: The teacher
helped us. The 1 is the question number and the first letters of teacher ‘T’ and helped ‘H’.

The student drawings were analyzed by the researcher, an assistant professor, and a
professor with expertise in drawing analysis. First, they examined all the pictures to observe the
differences between pictures that were produced before and after the implementation. They
produced a rubric consisting of three categories; teacher’s position, student’s position, and
experiment materials as shown in Table 3. Later, they defined the themes for each category; for
example, the first category was dealing with teacher’s position and it was divided into themes,
such as the teacher is / next to / behind the table, the teacher is in front of the board, the teacher
is at her table with experiment materials, the teacher goes around the groups, and the teacher’s
table is in the middle of the classroom. Depending on the themes, if a student’s drawing included
the teacher sitting at her table, the analyst would add +1 for the pre-test of student rubric paper
and if it was not considered on the post-drawing, 0 was given on the rubric of same student.
Finally, the total points were calculated for the rubric results of both pre- and post-
implementation drawings.

The teacher’s journal and video recordings of the 15 experimental applications and the
researcher’s observation notes during eight lessons are purposefully selected samplings. Three
experts coded and evaluated them through content analysis, under the following subtitles:
content knowledge, conceptual knowledge, asking questions, problem-solving ability, transferring
knowledge to daily life, IBL application skills, and science teaching methods and techniques, and
classroom management. Teacher journal notes were coded as N, video recordings as V, and the
researcher’s notes as A; lessons were then given number codes, for instance, N5, V5, and A8. In
the coding of themes, P was used for IBL practices, A for attitude, and E for teacher’s self-
evaluation. For example, in the teacher’s daily journal for the fifth lesson, data on student attitude
was coded N5A, data regarding IBL practices during the researcher’s eighth lesson observation
was coded A8P, and the teacher’s self-evaluation in the fifth lesson video recording was coded
V5E. From the data received from three sources in the teacher dimension, the teacher’s daily
journal notes were considered as the focus data; however, the researcher’s observation notes and
each lesson’s video recordings were also coded and evaluated according to themes. Inter-theme
relation obtained from the three data groups was conducted.

)
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RESULTS

This section includes results of the data obtained to determine student’s views, changes
in student perceptions about the learning environment and the teacher’s reflections regarding

guided inquiry implementations.

Results of GIBL applications on students

The categories, themes and percentages on data from student views are displayed in Table 2.

Table 2. Student views regarding GIBL applications

Categorizes Themes Samples f %
Easy unit 1LE: We learned it very well by experiment. 17 41%
Student Learn well 1LF: The topics were a lot of fun. 9 21%
interest to ) o
science lecture  Funlesson 1EU: It was a very easy unit. 9 21%
3DE: We enjoyed doing different experiments. 21 50%
Enjoy 2CL: We learned the concepts regarding matter. 19 45%
experiments
2EL: Our learning is meaningful when we do 15 36%
. Learning experiments.
Learning
concepts with ~ Names of 3DM: We made experiments using different 10 24%
experiments materials materials.
2LM: We learned the names of the experiment 8 1%
materials.
Group work
3GW: We enjoyed working with classmates 6 14%
3TG: Our teacher guided us during the experiment. 5 12%
Difficulties of 4ND: There is nothing [ do not like. 15 36%
] group working ] ) )
Collaborative 4NM: Some of our friends did not bring the 14 33%
working experiment materials to class
Enjoy group 4DC: The class got dirty and disordered. 9 21%
working
4GG: There were too many students in the groups. 4  10%
5EB: It was very beneficial. 24 57%
Teacher’'srole  Helping 5TH: The teacher helped us in every way and spends 19 29%
students an effort for this.
5TP: The teacher helped us to conduct the 6 14%

experiments.

Four categories regarding the GIBL applications emerged from the student data obtained
from the student’s views. As shown in Table 2 the category, student interest to science course,
41% of students gave the response; we learned it very well by doing experiments overall. For
example,

“1LE- Experiments on matter are conducted and we understand better. ... this is the first time that |
really understood a science topic. “

Of the students, 21% stated that: “it was an easy unit and that the topics were a lot of fun.” The
following extracts indicate that students enjoyed the lessons like;

“1LF-Doing the experiment and measuring it was fun. We enjoyed it a lot. It is very nice to get to
know matters by smelling and touching them with your eyes closed.”
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Other students (17%) used expressions similar to the extract below which revealed that they
were affected by the teacher’s role in GIBL applications such as,
“1TH- Our teacher asked us questions and we asked her questions, she helped us and this was very
useful. Our teacher helped us when we weren’t able to do something. “

The second category of learning concepts with the experiments; students’ frequent (50%)
attitudes of enjoyment as displayed by the following samples:
“3DE- we enjoyed different experiments very much. Doing experiments was a lot of fun. Each group
made a different experiment. We made different experiments in each lesson. I enjoyed it very much.
I liked the experiments that we made with our teacher.
The students (45%) expressed that they had learned concepts for instance:
“2CL-we learned melting and freezing. We learned the words solid, liquid, and gas. I learned the
difference between boiling and evaporating. “
In differentiating the unit from others, the results showed meaningful learning (36%) and
recognizing experiment materials (19%), for example:
“2EL-We tried to validate the topic we are learning by doing. I can keep the unit ‘Let us get to know
matter’ better in my mind. We made the experiments for better understanding.
While most experimental materials were from daily life, equipment, such as test tubes, beakers,
and spirit lamps, provided from the university greatly attracted students’ attention, and they
expressed this as follows:
“2LM- It was very enjoyable to see corn pop in the test tube. It was very nice to see different
experiment materials.” “3DM—I liked it very much to do experiments using equipment. “Thus, using
various experimental materials in lessons is effective for students.
The sentence “3GW-having group work with my friends and adding more knowledge to the science
lesson” indicates that students found group work useful (14%). The teacher’s effective guidance
during experiments (12%) was expressed as follows:
“3TG—I liked the experiments we did with my teacher. My teacher was very helpful and I liked this
very much.”
Regarding the third category, Difficulties students encountered with applications, 36% of the
students stated there was nothing they disliked in the unit; for example,
“4ND—in the unit ‘Let us get to know matter,’ there is nothing I did not like about the experiments.”
Some dissatisfaction with other students’ failure to bring experimental materials was expressed
(33%); for instance;
“4NM—our classmate [X] did not bring experiment materials. The person who was going to bring
the lemon did not come to school that day.” Some students (21%) cited disadvantages of GIBL
applications as the classroom being untidy and dirty after the experiments and that some
students did not behave cooperatively:
“4DC— I do not like that they make the classroom dirty and do not help those who clean it, and they
misbehave during the experiments. Additionally, 10% of students expressed discomfort in the
crowded student groups:
“4GG—when the groups were overcrowded, sometimes there was disorder. I was disturbed by the
noise because we were too crowded.”
The students’ opinions on the fourth category, Teacher’s role during GIBL applications were ‘very
good’ (57%) indicating that the teacher helped with every aspect and showed great effort (29%)
and now they could do experiments with the teacher (14%)
“5TH-Good, because she behaves very nicely; I like my teacher very much. She asked what we were
doing, and I liked this very much. “5TP-Our teacher’s help during the experiments was very useful.
Now I can do the experiments. “The role of teacher was pointed out as the help she gave during the
experimental practices.”

Results on effects of GIBL experiments in student drawings dealing with learning
environment

Data from drawings were analyzed according to three main themes: teacher’s position, students’
position and experimental materials. Student drawings prior to applications were coded as 1 and
those after applications as 2.
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Table 3. Results regarding analyses of the student drawings about the learning environment

Categorizes Theme 1st Drawing 2nd, Drawing
f % f %
The teacher is / next to / behind the table 18 429 3 14.3
The teacher is in front of the board 10 23.8 2 4.8
The teacher is at her table with experiment 0 0 18 42.9
Teacher’s materials
position The teacher walks round the groups 0 0 19 45
The teacher table is in the middle of the 0 0 1 2.4
classroom
Experiment materials on student tables 1 2.4 13 7
The students walk around 4 9.5 0 0
The students sit at their desks 16 38 5 12
Student’s The student is at the board with the board 8 19 0 0
position pen
The student is in front of the teacher table 5 12 0 0
Students are doing the experiment at each 0 0 20 4.8
table
Students are observing the teacher 0 0 5 12
Students are cleaning the classroom 0 0 4 9.5
Laboratory materials (beaker, spirit lamp, 0 0 37 88
test tube, clamps, magnet, scaled cylinder,
sandglass)
Daily life materials (orange, lemon, jug, clock, 3 7 42 100
. milk, coke, juice, corn, salt, sugar, balloon,
Experiment

water container, paper boat, glass, fruit

Materials
press, stone etc.)
Experiment book 0 0 12 28.6
The name of the experiment, materials, how 0 0 8 19
itis done and the results are written on the
board

Table 3 shows that the teacher’s position and classroom perceptions changed with the
applied GIBL experiments. In initial drawings, the teacher’s position was determined in relation
to the teacher’s desk and the board (42,9%), but in the final drawings, experimental materials
were depicted on the teacher’s desk (42, 9%), and she was consulting with groups (45%), which
shows the change in the teacher’s role from the student perspective. In the initial drawings, the
teacher figure was less prominent than in the final drawings, in which the student perspective of
GIBL applications (f = 28) gave the teacher figure greater prominence (45%), thus underlining
positive results. The examination of the students’ position in drawings reveals the transfer from
teacher-centered to student-centered instruction with the GIBL applications; in the initial
drawings, 16 students are sitting at their desks, but this figure drops to 6 in final drawings. In the
initial drawings, students were shown at the board (19%), in front of the teacher’s table (12%),
and moving around the classroom (12%). In final drawings, students are conducting experiments
at each table (4, 8%), the experimental materials are on the teacher’s table (7%), and the students
are at the same desk as their group members, thus indicating GIBL experiment applications
including collaboration and concrete materials. While in initial drawings, daily-life experiment
materials appeared in only three drawings, they were included in 42 of the final drawings.
Similarly, no initial drawings included laboratory materials that the researcher brought to the
classroom; however, of the final drawings, 77.08% included laboratory materials. Furthermore,
instructional methods and techniques different from those used in traditional science instruction
attracted students’ attention and affected their attitudes. Using laboratory materials in the
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classroom environment was effective; students did not focus on experimental materials in initial
drawings, but they did in final ones.

Results of GIBL applications on the teacher

Table 4. The reflections of GIBL experiments implementation on teacher

Categorizes Themes Examples
Content knowledge N5P: While doing the experiment, they saw
that sugar was not melting, but blackening.
Conceptual knowledge When their estimation was not correct at the
Practicing Asking questions end of the experi'me?nt, they 'experie.nced
conceptual contradiction. In this situation I
GIBL Problem solving ability understood that I should support the lesson

Science teaching methods and
techniques

Transferring knowledge to daily life

Class management

with mind maps, conceptual texts.

A7P: The teacher also has a misconception in
melting and dissolving concepts.

Awareness of
the changes
in student

Motivation

Creativity

N3A: The students did not want to leave the
experiments when I told them the lesson
was over and each group should put the

attitude materials together. None of the students felt
a need to go out for the break and continued
the experiments.
Need to do research N8E: Some questions that my students asked
Reduce misconceptions led me to make detailed research on science
Teacher’s Content knowledge subjects. I obtained more knowledge on
self- Need to read mixtures such as cologne.  have understood
evaluation Self-esteem that I need to read articles, books and

Practicing experiments

journals and do research regarding the

experiments for the coming weeks.

Based on the data presented in Table 4, the teacher seemed to have misconceptions about

some concepts in the unit and lack of knowledge in the field; “N5P-I asked the students: Have the
materials dissolved in water kept their characteristics in the water? They answered that they did
not see materials such as sugar and salt in the water. Upon asking the reasons, after a variety of
answers, using the clues, they stated that the granular materials broke up into small particles and
dispersed. When I asked them whether they lost their characteristics, they answered that they did
not as we still could taste them. I asked the students what concept dissolution was. They answered if
it gets lost in the water, as sugar and salt dissolved in our experiment, it is dissolution. However,
when I asked about lemon juice and orange juice, they thought a lot but could not find the solutions.
Afterwards, they understood that they also dissolved in the water, looking at the drinks they had
made. But when I asked about chickpeas, they answered easily and said that they did not dissolve. In
order to confirm that the students understood the concept solution, I asked about the drinks to
exemplify the solutions. This time, using the definition of dissolution, they answered ‘water with
sugar’ and ‘water with salt”
“V7P-A7P—in the mixture experiments, one group put juice into milk and made a mixture. The juice
stayed on top of the milk. When it was stirred, they dispersed into each other. When it was shaken, it
foamed. The teacher asked the reason for this event. [X] Answered: “there is acid in milk; therefore,
it effervesced. “The teacher did not ask how he knew there was acid in the milk [in order] to correct
the misconcept. The same teacher’s journal regarding the lesson said, “G7P—... It effervesced
when it was shaken. When I asked about the reason, [X] said there was acid in the milk and a factor
for effervescing was acid. “
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Science experiments in the classroom environment based on research do not only allow
the comprehension of an experiment, but they also help establishing relations with other subjects
for the students. In other words, the teacher did not realize that students had not learned the
acid-base concept and that she herself lacks in-depth knowledge regarding matter. The teacher’s
lack of content knowledge also caused her to have difficulties creating and answering questions
to guide students, for example: “A7P-during the melting, dissolving experiments, a student asked,
V7A: ‘Teacher, then is tea a solution?’ The teacher had difficulty answering. Additionally, the datum
“N7P—Today I had difficulty answering some student questions; I should have made more detailed
research on materials such as cologne indicates that the teacher needed content knowledge for GIBL
practices”. In addition to this, the following examples indicated that the teacher needs to use other
science instructional methods and techniques along with experimental applications, “9NP—in the
experiment ‘Does all matter dissolve?’ each group put a little sugar in the test tube. Before heating
it, they were asked to guess what would happen to the sugar. They said it would dissolve. In the
experiment, they saw that sugar did not dissolve, but blackened. When their estimations were not
correct at the end of the experiment, they faced contradictions in the concepts. In this case, although
initially I was teaching theoretically, I understood that I should support the lesson with mind maps
and concept texts in the experiments. “INP: At the end of the experiment, ‘How Do We Recognize
Matter?’, the students made componential analysis tables on the characteristics of matter. These
tables, which are an alternative assessment technique necessary for research-based learning, were
useful for the students.”

Additionally, based on the following, certain necessary information should be provided at
the appropriate time during the experiment: “A5P—in the experiment ‘Let us Measure the Volume
of Liquids’, the teacher realized that the students did not have any previous knowledge of how to use
the graduated cylinder during the applications. She told them about the graduated cylinder and
explained how it is used. “ As for classroom management: “3NP—although the groups were
crowded, giving different tasks to each student made it easier to control the class. “The reflections
about lack of experience came from “N1P—when some students did not bring the materials, I had
difficulty in arranging the groups. I could not decide whether I should do the experiment with three
groups or whether I should divide the whole class into three groups. “ Concerning preparation:
“4NP—As I had not done the experiment ‘Did it absorb the water?” before, 1 had difficulty in
classroom management. “

While GIBL applications develop students’ positive attitudes toward science lessons, they
can also increase the teacher’s application experience and raise their motivation to create
solutions for their problems. Students’ positive attitudes increase the teacher’s motivation as
well. Sample data are as follows; ““N5A—When I told them the lesson was over and asked each
group to put the materials together, the students did not want to leave the experiments. For the first
time, they did not feel the need to go out for their break and continued with the experiments.
Although today I have some problems in science experiments based on research, I believe in the
future I will not experience these. “A12A—“The experiment environment in the laboratory to be
created in the classroom was a big event for them. They observed the evaporation of the water
without blinking an eye. “N12A—I brought beakers, test tubes (5), and clamps to the classroom.
Students’ focus was on these materials.” The materials had great significance for catching the
attention level of the lesson. “N2A—Some students drew the results in the experiment books in
drawings. I had never thought of this. I observed that the drawings in experiment books helped them
to develop positive attitudes towards the science course.” “N2A—Today the students did experiments
with iron powder and magnets, very creative experiments that [ was not expecting at all... and I had
as much fun as they did.” Here, it can be said that creating an experimental environment in the
classroom positively affected students’ interest in and attitudes toward the lesson. Teacher
evaluated themselves on GIBL applications in the following: raising awareness of conducting
experiments with daily-life materials at schools without laboratories, doing more research,
raising awareness of the need for in-depth knowledge, gaining various pedagogical skills such as
effective listening, and of the significance of guidance and empathy. Sample data regarding more
research: “2NE—from the aspect of teaching career, since the first day up to today, I have found
opportunities to read more articles in the field of Science and Technology and to rearrange the
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experiments by adding more creativity to them. N10E—with the feedback from my students
watching the experiments on TV more [video recordings of experimental lessons], and I enabled
them to become more science and technology literate in their daily lives. NSE—some questions my
students asked led me to make more detailed research on science topics. I obtained more information
on mixtures such as cologne. I realized that I need to read a lot of articles, books, and journals and
make research regarding the experiments in the coming weeks. “Sample data on the teacher
needing to perform experiments herself before classroom application are as follows:

A 4E—in the ‘Did it absorb the water?’ experiment, the teacher had difficulties both with the
questions and also classroom management because she had not done the experiment beforehand.
N4E—my limitations in this subject caused difficulties in classroom management, as I had not done
the experiments beforehand.” The teacher questioned herself in her daily journal, citing reasons
for her lack of experience, and the results of this, and what she should do. For example;

N3E—at my university education, we could not do experiments, as there were not sufficient
materials. Since I was unable to practice with learning based on inquiry, I had difficulties with the
applications in the beginning. I also had some difficulties in linking the topics to real-life examples. 1
believe the reason for this is that I do not read enough scientific books.

This indicates that besides benefitting students, GIBL applications help make teacher aware of
self-evaluation and development. “ N5E—I believe that after today’s experiment, I can make the
applications more easily. My self-esteem has increased. “In other words, the teacher used
applications more easily as she practiced; thus, as she gains experience, applications will become
easier and more productive.

GIBL applications help teacher gain many skills in pedagogical approaches besides teaching
science. From the researcher’s notes, these skills are as follows: A15E—after the applications
finished, I asked the teacher what the applications helped her gain. She answered that she gained
skills of effective listening, guidance and helping, feelings of empathy, making up her deficiencies
regarding the concepts of the experiments, and also they helped her develop her self-confidence. This
is also indicated in the following teacher notes: G15E—when the class was too crowded, I had
difficulties in managing all the groups. However, changing the organization from the traditional
arrangements, different experiment materials, and the activities I engaged in with the students
particularly motivated my students whose academic achievement was not very good.

DISCUSSION and CONCLUSIONS

GIBL practices with experiments improved some competencies related to science teaching
and the teacher’s pedagogical attitudes (Avraamidou & Zembal-Saul, 2010) as shown in the
responses of the students. In this study, the most important outcomes resulting from the GIBL
experimental practices, the students gained learning of concepts significantly through
experiments (Aydin-Parim & Sahin, 2009; Ates, 2005; Hassard, 2005; Hofstein et al., 2001; Blank,
2000; Renner et al,, 1998; Lawson, 1995), they learned while having fun, and the teacher helped
them perform experiments. Furthermore, the students stated that they learned the names of
experimental materials they had not seen before. They understood concepts regarding matter
(e.g., melting, dissolution, burning) more concretely with experiments in which they actively used
their five senses (Campbell & Neilson, 2009, p. 4). Students liked following the unit’s experiments:
in which the experiments differed, but sometimes were related, and they discussed this with the
other students (Aydin, 2016; Duschl & Grandy, 2005; Trowbridge et al., 2004), they conducted
experiments in groups (Gillies & Nichols, 2015), and the teacher guided them through the
experimental process. However, some students commented on negative aspects concerning
group members not bringing the required experimental materials to school, the classroom being
untidy and dirty after experiments, and too many students in a group. The most significant and
prominent concepts in student responses were that they liked the experiments very much and
had a lot of fun, indicating that GIBL practices increased their interest in the lesson and their
motivation (Gillies & Boyle, 2010; Kask & Rannikmae, 2006; Duschl & Grandy, 2005; Abd-El-
Khalick et al,, 2004; Hofstein et al., 2001). The students’ drawings reflected the classroom’s
different arrangement (Llewellyn, 2002), their participation in a new practice, their use of
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experimental materials (e.g., a scaled cylinder, beaker glass that they had not seen before),
keeping an experimental notebook, being involved in group work, and the changes in the
teacher’s role (Table 4). When the teacher rearranged the learning environment and used
different practice materials, she saw that this made students willing to learn, aroused their
curiosity, and attracted their attention (Schunk, 2014, p. 140). Therefore, GIBL experiments can
provide changing learning environments that motivate students learning (Lin, Hong, Cheng,
2009; Eslinger, White, Frederiksen, & Brobst, 2008; Fraser; 2008; Wolf & Fraser, 2008; Metz,
2004; Puntambekar & Hubscher, 2005; White & Frederiksen, 1998). The implementation of
guided inquiry-based activities with the fourth-grade students in undertaking the experiments in
a controlled classroom environment, had the effect of increasing their curiosity and their
attention to what would happen at the end of experiments. While doing experiments, the students
asked questions and engaged in different experimental designs which had not been proposed by
the teacher. In this way, the students supported the development of the teacher.

This research demonstrated that the students’ willingness and motivation also increased
the teacher’s motivation (Newman, Abell, Hubbard, McDonald & Martini, 2004). For example, the
teacher was not expecting the students to experiment with iron powder and magnets (Gilles &
Nichols, 2015) and the students engaged in other experiments that were not planned by the
teacher. Even though the class had ended, the students did not want to end their experiments and
they identified experiments as fun game.Furthermore, in this research, even though there wasn’t
any science laboratory in the school and the class population was crowded, it could be seen that
students’ interest, attention, and curiosity towards science class increased when the teacher
planned activities that students could directly take an active role and involve in discussions,
design their own experiments and rearrange the learning environment accordingly.

The significant experience that the teacher acquires from the practices is that although at
the beginning she treats the subjects theoretically, she can integrate different methods and
techniques in experimental practices. This could be exemplified as follows: the students
estimated sugar would melt as a result of burning, but when they saw it blackening, the teacher
used a concept map. Also, she used a componential analysis table with regard to characteristics
of matter and showed results with the drawings in students’ laboratory notebooks, she watched
the video-recorded experiments for feedback that she used to link experiments to real-life
situations. However, as she experienced difficulties in responding to student questions during
practices, she did not ask an in-depth question requiring inquiry. Instead, she inferred that in
GIBL, students not only learn concepts of the experiment they are performing, but also establish
relationships to other concepts. In addition, to having difficulties in asking and answering
questions, the teacher also had misconceptions about dissolving, mixing, and melting. She had not
performed the ‘absorbing water’ experiment in advance and because she had not experienced
GIBL in a classroom environment, she had difficulties forming and answering questions. For
successful GIBL practices, the teacher must create questions to guide students toward
meaningful, in-depth learning and develop their creativity and thinking skills to discover and
answer such questions themselves (Aydin & Sahin, 2009; Howes, Lim, & Campos, 2009).
According to data obtained from these practices, the teacher had difficulty asking questions due
to lack of experience, and lack of contextual and conceptual knowledge (Cheung, 2008; Appleton,
2003; Appleton, 2002; Darling-Hammond; 2000; Druva & Anderson, 1983; Hmelo-Silver, Duncan,
& Chinn, 2007; Wee, Shepardson, Fast & Harbor, 2007; Furtak, 2005; Kind, 2009; Wenglinsky,
2000). The fact that acceptance to elementary teacher training faculties based on entrance
examination scores in mathematics and literature often means that the pre-existing science
knowledge of the teacher candidate is deficient. During undergraduate education, teacher
candidates receive only 30 hours of physics, 30 hours of chemistry, and 30 hours of biology. This
period of time is not sufficient for learning all science topics in depth. Similarly, as in the example
of science and technology practices, many universities experience problems in applied training.
For a teacher to have only just adequate conceptual knowledge and only no misconceptions, is
not enough for GIBL practices to be successful. Teacher need to research for all science topics, be
able to utilize various resources such as journals and cartoons, and they should be science literate.
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For example, when the student said that milk was acid, the teacher needed to know the acid and
base concepts that were not covered in the ‘Matter’ unit.

Another difficulty for the teacher was classroom management. According to student
opinions and data from teacher notes, the reasons for classroom-management problems were
lack of experience, the crowded classroom, and students neglecting to bring experimental
materials. In crowded classrooms and in schools without laboratories (Cheung, 2008), asking
students to bring experimental materials has caused difficulties in GIBL practices for the teacher
and students. Similar to that found in the literature, Alake-Tuenter, Biemans, Tobi, Wals,
Oosterheert, and Mulder (2012) explained, ‘Teacher have to also understand and respond to
individual pupils’ needs and to context variables such as available time, space, location and
materials’ (p. 27). As can be understood from the data, the problems of asking questions,
answering questions and classroom management were generally presented in the initial
practices, and the examples reveal how she evaluated herself regarding the reasons for this
situation. It was observed that as the teacher’s practical implementation increased, she relaxed
and her belief in her self-confidence changed positively. Their negative beliefs were the result of
insufficient content knowledge and experiences (Herrington et al., 2016; Gillies & Nichols, 2015;
Morrison, 2013; Rushton et al.,, 2011; Van Aalderen-Smeetset. at al.,, 2012; Enderle et. al., 2014;
Granger et al,, 2012; Lumpe et al,, 2012; Eick & Stewart, 2010; Palmer, 2006; Appleton, 2002;
Lumpe et al., 2000; Mulholland & Wallace, 1996).

Instructional outcomes made the teacher aware of her deficiencies, and it was likely that
she ameliorated these deficiencies as she observed the effect of her role on the students. Finally,
as reported, she became aware of the need to gain new skills and self-confidence; in fact, she
reflected that she obtained some skills during the research period and this was observed by the
researcher. Unfortunately, two years after this research was conducted, the researcher asked the
teacher who participated in this research whether she was engaging in inquiry-based
experiments in her courses, her answer was ‘No’ and she gave the reason as ‘I was too tired to
plan and undertake it in class.” | was shocked by the this answer. The other reason different than
that I mentioned before may be the changing properties of the new generation who did’'nt want
to take over compelling the body and to change her self beliefs is not possible with practices.

Implications

For elementary teachers to be successful in implementing and continuing GIBL practices, they
need to have specific competencies (Alake-Tuenter et al., 2012). Despite the issues of a crowded
classroom, absence of a laboratory, and the teacher being inexperienced, this research showed
that elementary school students enjoyed performing experiments in group work and they
showed their learning achievement by using the term ‘easy unit’. Thus, even in schools in areas of
very low socioeconomic levels, although it may be difficult for the teacher, GIBL can be
implemented. However, to be successful and sustainable from the instructional viewpoint teacher
training should increase theoretical science lessons and offer applied science courses.
Furthermore, teacher candidates should implement practices with a scientist or a mentor in the
classroom with the students. Furthermore, at the beginning of the inquiry practices, teacher
candidates should receive applied training, particularly in collaborative learning, communication
skills, and pedagogical approaches since this is an important factor changing their negative self-
beliefs and self-confidence and adopting a positive approach. Along with a high level of social
skills, teachers themselves should possess skills in inquiry, critical thinking, creativity and
problem solving.
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Appendix 1. Lecture plan

Lecture Name

Science and Technology

Name of Unit

Matter

Concepts

Sinking, floating

Duration

2 lecture hours

Learning Strategies,
Methods and Techniques

Guided Inquiry Based Learning, Experiment, 5 E Learning Model

Experiment materials, tools
and references

For each group: 1 big basin, 3 stone, paper clips, tissue, crown caps, ping-
pong balls, paper of different thicknesses, water, 1 plastic bag, 2 or more
metal coins, textbook, articles

5E Learning Model

Engage: Students are asked to guess whether the given materials (stone,
soda lids, paper clips etc.) would sink or float in water. After they wrote
their hypothesis in their notebooks the students were asked to try each
material in the basin there were given, and were expected to compare
their results with their hypothesis.

Explore: Each of the groups is asked to make a ship from the paper given
to them and to write their observations in their notebook.

Explain: Each group explains the results of their experiments. The teacher
asks the students to define the concepts of floating and sinking. If there
are misconceptions then the teacher explains them by asking questions
and all class discussions are completed.

Elaborate: The teacher asks the students how they will make the sinking
ships float and how they will sink the floating ships. The intention is to
find the importance of surface area and weight of objects for floating and
sinking.

Evaluation: The presentations and experiment reports are used for
evaluation.

Evaluation

During the presentations the students had some difficulties in speaking
such as a lack of lack of fluency and not completing sentences. But they
produced different materials other than given materials to explore
whether they are sinking or floating. Also students realized the reasons for
their erroneous hypotheses. When they were doing experiments they
were very happy and asked many questions about the surface area of
floating objects and raw material of the paper.
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Appendix 2: The students’ drawings of the learning environment before the implementation
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Appendix 3. The students’ drawing of the learning environment after the implementation
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Appendix 4. The photograph of students engaged in the GIBL implementation
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