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Article Info Abstract
Article History This study investigates how STEM teachers use inquiry-based learning (IBL) to
address achievement-related diversity in their classroom practices. Data were
Published: collected from three teachers who participated in a long-term in-service teacher
01 October 2021 training program. Teachers' views were elicited through interviews, in-class
Received: observation, and evaluat_ion forms. The data obtained were used in a narrative
02 Janu ar-y 2021 structure to greate a detailed case sFudy of each teacher_ and compare them._ It has
been determined that some strategies emphasize the diversity of success in IBL
Accepted: activities stand out more. Although these strategies are different, they enable IBL
23 May 2021 to progress in regularly and enable them to address the diversity of success in the
classroom. The lack of a wide variety of strategies used by teachers can be seen
Keywords as one of the crucial problems in case studies. In particular, the use of methods
that will lead to better use of time in the classroom by using out of group work
Inclusive education and evaluating them in terms of successful diversity may appear to be an
STEM education improvement in terms of achieving the desired goals.

Inquiry based learning

Introduction

Classroom contexts are complex and diverse in terms of students' educational and cultural backgrounds,
accessible resources, school culture, structure and size of classes. These are some of the factors that lead to the
emergence of diversity in classes and level differences between student achievements (Chin & Chia, 20086,
Meijier, 2010). This complex and diverse nature of classes both requires proper management and teaching
strategies as well as an effective learning process. These situations reveal the 'inclusive education approach.’
Inclusive education aims to reduce the barriers to learning and participation for all students, not only for those
with disabilities or who are classified as 'those with special educational needs' (Booth & Ainscow, 2002). It is
essential to ensure that every child and young person has access to, participation and regular use of inclusive
education (EC, 2015). This situation makes it imperative for teachers to recognize and use diversity in the
classroom.

Diversity and inclusive education studies in the classroom have been carried out for many different purposes in
the field for many years, and there has been a growing interest in diversity research in science and mathematics
classrooms (e.g. Lan & de Oliveira, 2019; Nasir & Cobb, 2006; Ramnarain, 2019; Ryu, 2019). The classroom is
a very complicated social and institutional place where one teacher endeavours to interact with lots of students,
maybe 30-40, to support them. There is unavoidable heterogeneity in terms of talking and thinking (Mortimer
et al., 2012) as well as achievement. For achievement, teachers must consider that students' starting points and
academic levels are different (Booth & Ainscow, 2002, EC, 2015; Larina & Markina, 2019). It is also
emphasized that responding to the students' needs by considering their different starting points is a generic
competence that teachers should gain in contemporary teacher training programs (Gonzalez & Wagenaar, 2003;
Starcic, 2010). It has been made clear that the interest comes from the growing diversity of classes in a
globalizing world, and that the reports of the No Child Left Behind (U.S. Department of Education, 2002) and
the European Commission on Progress towards Education and Training (2011, 2013 and 2015) are the
responsibility of all education stakeholders, such as science and mathematics teachers.

Despite the reform movements in the field of science education to support equity and to try to close gaps in
achievement, it is seen that there is a failure to reliably respond to the diversity of the student population
(OECD, 2014). Programme for International Student Assessment (PISA) reports can be presented as evidence of
this failure. For example, the PISA 2018 report (OECD, 2019) points out that a significant part of students, 24%
of 15-year-old students in mathematics and 22% of the students in science, do not attain the necessary
competence levels in these subjects in OECD countries. The EU commission’s 2015 Education and Training
Monitor showing that 22% of the 15-year-olds are underachievers in mathematics and 17% in science.
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Inquiry-Based Learning (IBL) has positive effects on the acquisition of knowledge, conceptual understanding,
and overcoming misconceptions and is thus a possible solution that can eliminate this adverse situation
(Gormally et al., 2009). Additionally, according to Miles and Ainscow (2010), IBL practices are considered
effective in addressing the diversity in classes. Brown (2017) also emphasized that IBL is a suitable approach to
account for diverse student characteristics. The success and role of IBL in addressing diversity related to success
have been emphasized in many studies. For example, Wilson et al. (2010) examined the effectiveness of
inquiry-based materials and teaching and achievement gaps by various demographic variables such as gender,
race/ethnicity, and socioeconomic status in terms of providing equitable opportunities to learn. Consequently,
they point out that students can actively work on scientific problems based on their abilities and backgrounds in
IBL classes. Therefore, the students will beneficially improve their skills and understanding compared to more
prevalent science teaching. Additionally, it has been shown that it supports all students in terms of success. In
the synthesis of IBL studies in Minner et al. (2010), the applications based on an inquiry led to a better
understanding of scientific content regardless of students' ethnicity, gender and social-economic status, and 51%
of the studies examined had a positive effect on students' science learning. Amaral et al. (2002) emphasize that
IBL positively affects students' motivation and attitudes, while according to Gormally et al. (2009) it increases
their self-esteem towards science lessons. In this way, IBL practices support all students whether they are at
different levels or not, in terms of characteristics such as success, motivation, belief and attitude. Colburn (2000)
places much responsibility for the success of IBL on the teacher, by emphasizing that teachers are the central
decision-makers in terms how an inquiry approach is construed and adapted in the classroom. In another study,
Larina and Markina (2019) categorized teachers' views on diversity and those who adopted the inclusive model
sharply criticized the idea of dividing students into "strong" and "weak" groups within or between classes. From
their point of view, such a classification renders the classroom's diversity inefficient for proper use. For them
diversity and individuality are the principles of the inclusive model and are seen as models for educating
everyone rather than excluding or stigmatizing "weak™ students.

Successful use of IBL for diversity in classroom success is possible, with teachers successfully applying it in
their classroom, as it emphasized the reports of the European Commission (EC, 2015). In this context, the
Supporting Mathematics and Science Teachers in Addressing Diversity and Promoting Fundamental Values
(MaSDiV) project that this study forms part of, is a study to develop modules for an inclusive science and
mathematics education across Europe. The project was carried out using the IBL approach, which is often
emphasized in the literature, to make the diversity of STEM teachers a positive part of science and mathematics
lessons. According to the MaSDiV approach, inclusive mathematics and science education includes access for
diverse learners in inquiry-based learning (IBL), using contexts to promote fundamental values and attention to
diverse cultural backgrounds. Starting from this context, this study of IBL to support diversity in the classes of
STEM teachers in Turkey attempts to understand how they use it. In this way, it will help us understand how
inclusive mathematics and science teaching in schools are handled, used, and encountered by teachers. The
research seeks answers to the questions are given below;

o How do lower secondary STEM teachers use IBL to address achievement-related diversity in
Turkey?

e What do the teachers face the key challenges with and use as enabling strategies for effective
classroom practices to address achievement-related diversity?

National Context and Diversity of Turkey

Subdivide text into unnumbered sections, using short, meaningful sub-headings. Please do not use numbered
headings. Please limit heading use to three levels. Please use 12-point bold for first-level headings, 10-point
bold for second-level headings, and 10-point italics for third -level headings with an initial capital letter for any
proper nouns. Leave one blank line after each heading and two blank lines before each heading. (Exception:
leave one line between consecutive headings.) Please margin all headings to the left.

Subdivide text into unnumbered sections, using short, meaningful sub-headings. Please do not use numbered
headings. Please limit heading use to three levels. Please use 12-point bold for first-level headings, 10-point
bold for second-level headings, and 10-point italics for third -level headings with an initial capital letter for any
proper nouns. Leave one blank line after each heading and two blank lines before each heading. (Exception:
leave one line between consecutive headings.) Please margin all headings to the left.

There are lots of factors of diversity in lower secondary schools in Turkey: language, religion, ethnic,
achievement-related and ability diversity, which mean that students are gifted, and have cultural and
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socioeconomic diversity (ERG, 2018; TEDMEM, 2019; Eurydice, 2019). For example, OECD treats
socioeconomic status in four parts namely the lower quarter, second quarter, third quarter, and an upper quarter
in Turkey (Yildirim et al., 2013). Besides, there are students at all level in mathematics and science literacy in
2015 (Tas et al., 2016). Additionally, the numbers of the ten main groups of foreigners who are not refugees
residing in Turkey in 2018 are 104,444 (Iraq), 99,463 (Syria), 67,522 (Turkmenistan), 65,027 (Azerbaijani),
44,313 (Iran), 39,283 (Afghanistan), 36,507 (Russia), 34,727 (Uzbekistan), 25,784 (Egypt), 25,645
(Kirghizstan) (Republic of Turkey Ministry of Interior Directorate General of Migration Management, 2019).

Science teaching curricula for lower secondary schools have aspects for IBL for nearly the last 15 years in
Turkey (MoNE, 2005; 2018). It is seen that every unit in the science curriculum contains acquisitions related to
it. Besides, textbooks include lots of inquiry-based activities (Kaya & Yilmaz, 2016). However, these activities
are mostly confirmation and structured inquiry activities. The curriculum structure is established so that students
may bring their daily life experiences into classrooms and, conversely, can take their school experiences out.
Research shows that teachers in the classroom cannot fully implement these ideas in the program (Tiiysiiz &
Aydin, 2009). Although teachers are generally aware of the program's understanding and proposed activities, it
is seen that this is not reflected in the classroom practices. The fact that the teachers do not have enough
information about the new methods and their use in the application process, the inadequacy of the existing
infrastructure (lack of equipment, crowd classes) are expressed as the reasons why the activities and
understanding in the program cannot be fully implemented (Dogan, 2010). Science teachers are expected to
improve students' reasoning skills and scientific thinking habits using socio-scientific issues in the new science
curriculum (MoNE, 2018). Using contexts in IBL provides opportunity to teachers for accomplish to improve
these skills.

Method
Research Model

The study was carried out using the case study design, which is one of the qualitative research approaches. Case
studies involve an in-depth investigation of one or more than one case (Stake, 1995). Creswell (2009) describes
a case study as an in-depth description of a case or multiple cases and its analysis. In the present study, IBL
using STEM teachers to address achievement-related diversity was taken as the case. To conduct an in-depth
analysis of this case, teachers' experiences and opinions were used. The whole participants' context handles
within their settings as holistic case studies (Yin, 2009), and these compare as multiple case studies in this
study. For that reason, the study was designed as a holistic multiple case design study. In this design, every
participant is handled as a case in their own context, and then the cross-case analysis drawn on as a single unit
of analysis (Yin, 2009).

Participants

All participants were members of an Erasmus+ project called MaSDiV, and the participant selection considered
some criteria. These included joining all meetings, filling the evaluation form following the module homework,
and obtaining in-class data (short clips, photos, students’ worksheets). Besides that, the reinforcement
contribution during the Continuous Professional Development (CPD) course is another selection criterion for
the case studies. In line with these criteria, we investigate teachers’ evaluation forms, classroom data, and face-
to-face discussion in all CPD courses. At the end of this process, we chose nine teachers (5 science, 4
mathematics) from two different rural cities in Turkey. The researchers interviewed them using the semi-
structured interview protocol. The protocol consists of three dimensions: teachers’ knowledge and experiences
concerning IBL, their understanding for the role and use of contexts in science and mathematics teaching, and
their experiences through the CPD. After that, three of the teachers were selected for the national case study
report for this paper. The efficiency of the interviews and class observations and the fact that they provided us
with a thick description for creating the case study reports have been considered in this selection. The detailed
descriptions about the participants are given below to fully understand the teachers’ background, school settings,
and relation to the project. Besides that, the given information could provide clarity of comparison of their
cases. Classroom research in general and especially data recordings are especially of ethical character. This
study follows the Turkish Research Council's most recent recommendations for scientific research and
publication ethics regulations (2012) in collecting and handling data. All teachers and caregivers were informed
about the right to terminate their participation at any phase of the research process without giving any reasons.
Before the study, the teachers and parents were asked to sign the informed consent form to participate in the
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study. Concerning all ethical issues, a university IRB committee approved all data collection and analyzing
processes.

Selma

Selma is a mathematics teacher and has eight years of teaching experience and has worked for one year in the
school where she carried out implements our project studies. One of her essential goals is to educate responsible
individuals who respect the fundamental values of society. Selma experienced inquiry-based learning, context,
and cultural diversity in the CPD course firstly.

There are 37 teachers (five science, six mathematics) and nearly 600 students in the school. Each classroom
includes between 30 and 35 students who are in a wide range of academic achievement diversity. For example,
in the same class, some students have faced problems related to the four arithmetic operations, while some have
good exam scores at the lower secondary school level. She also mentioned that parents have nearly same
socioeconomic status, and they are not sufficiently concerned with the students' education properly. For this
reason, she pointed out that the education of the student is limited to school only.

Biilent

He is a science teacher and has four years' teaching experience as well as has worked for two years in the school
intervention was carried out. There are 69 teachers (ten science, ten mathematics) and nearly 1700 students. The
students have been selected via academic average obtained at the primary school level to participate in the
school. The teachers focus on national exam success in terms of academic achievement. Nearly 40 students at
the school achieve high-level scores from the national college exam in every year. There are the diversities of
socioeconomic, religion, academic and student past experiences in the school.

The teacher has some experiences with inquiry-based learning. These come from in-services training programs
related to STEM education and problem-based learning. However, he first experienced the contexts for science
and mathematics subjects and the relationship between them and IBL during CPD.

Ceren

Ceren is a science teacher who has three years of experience and has just started her professional career. Her
current school where she began teaching is a village school. Since it is a village school, it has inadequate
facilities in terms of existing materials and laboratory equipment. The school serves as a primary and secondary
school, and there are 55 students at the secondary level. The total number of teachers is ten when primary and
secondary schools are added together. Ceren is the only science teacher in the school.

When Ceren evaluates the student's potential in the school, the students' academic level and their motivation
towards the courses are high. In terms of diversity in the school, cultural, economic, and success can be
considered to be diversity. The students come to school from a few different villages, so this situation creates
cultural diversity. At the same time, Ceren emphasizes that cultural diversity, which includes different mother
tongues and arises due to students being from other regions of Turkey, is true for most students and teachers.
This leads to teachers and students sometimes having difficulty in understanding each other. In terms of success,
the success of the student in school varies greatly. The teacher attributes this situation to the constant teacher's
change at the primary school level and emphasizes that it causes children's low reading skills. It is stated that
students who change teachers too many times at the primary school level are weaker in reading skills, but
students with less teacher exchange are better in this subject.

Ceren generally has contemporary views in terms of the inquiry-based learning approach. She sees the inquiry-
based learning approach as "an approach that engages students to more thinking, allowing them to think and
take the foundation of everyday life." Besides, under the teacher's guidance, it is emphasized that it is
appropriate for students to conduct research and manage the process in a particular framework. She has some
experiences that come from the undergraduate and postgraduate level related to IBL. She mentioned that she
was educated to prepare IBL-based science lesson plans at the undergraduate level.
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Data Sources

Multiple data sources were used in the study process (see Table 1). The interview transcriptions and classroom
observations are the primary evidence to construct the case study report. Moreover, evaluation forms about
classroom implementations of the teachers are drawn on as evidence.

Table 1. Data sources

Data sources Focus Details
Interviews (after the CPD) Memories and reflection on their 124 min audio recordings
classroom implementation and

experiences related to IBL and
achievement-related diversity

Indicator of teacher focus on diversity
or facilities to draw on a diversity of
the classroom

Evaluation forms (related to class These were used as a tool to self- The forms were filled by teachers
implementation) reflection of teachers' implementation. following their own IBL lessons.

Five classroom hours audio-video
recordings from the classroom.

Video recordings (during the IBL
lesson activities)

We used three of them for each of the participants. Additionally, the Rope Activity, one of the MaSDiV project
products (cf. MaSDiV, 2020) and Energy Resources and The Mars activities developed by teachers during
teacher training, were used in the research. Energy Resources is an activity with a socio-scientific context in
which the issue of whether the thermal power plants are installed or not is discussed, based on the positive and
negative effects. The event was planned and implemented to research small groups. Students decide based on
large and small group discussions from group interaction and individual thoughts based on research data. In the
process, students make judgments by presenting arguments about whether power plants should be established
considering their own culture and different cultures according to the positive and negative results of their
establishment. Besides, the groups collect or develop arguments to support the view they advocate, generate
ideas to raise social awareness (campaigns, symposia, etc.) and implement them. The Mars task is an IBL
activity based on the research question: ‘is there life in space?’ In this activity, students work on the possibilities
of living on Mars, how they could adapt to the presence of people on Earth if there were life, how to establish a
social structure there and what could be the variables to consider. Through the activity, each group chooses a
different research question and collects data about that question and tries to explain the context.

Data Analysis

The data obtained from different sources in the study were examined. The data analysis process consists of
examining, coding, searching link of different sources. The whole process, as Merriam (1988) mentioned, is
ongoing, recursive, and dynamic. In the first stage of data analysis, examining was done to reveal coding criteria
for teachers' course records, interview records and other documents, in line with the purpose of the study and the
diversity of the teacher's guidance. Then, coding was done using the criteria and by comparing these codings, it
tried to identify common supporting structures in different sources. Finally, narrative case studies were created
by bringing together analyses from different sources of data. Finally, by comparing case studies created
independently of each other, common points about how IBL was used by teachers to support all students in the
class and problems encountered were explained.

To ensure reliability and accountability, triangulation was attempted using multiple data sources (Patton, 1990).
Also, classroom observations and interview transcripts were undertaken to increase accountability directly to
presentations. Another essential concept is transferability (Yildinnm & Simsek, 2016). To transfer qualitative
study results in similar situations, the research process and findings have been explained in detail. The concept
of consistency comes to the fore to make qualitative data reliable (Lincoln & Guba, 1986).

The qualitative data in this study were provided by the authors of this research observing the study group in
pairs and reaching a conclusion by discussing and comparing the observation notes. As stated in the data
analysis section, when the rater compliance ratios (77% and 75%) are taken into consideration, the data obtained
are seen to be reliable. Finally, the confirmability of the data is another critical concept emphasized in
qualitative studies (Erlandson et al., 1993). They use the quotations of the participants in explaining the
qualitative data to minimize the researchers' prejudices and strengthen the findings.
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Findings

In this section, case studies of three teachers and a comparison are given under separate headings. In this way, a
general structure was attempted by explaining each teacher's case study in a narrative structure while cross-
comparing them.

Selma

The Rope Activity was practiced in the lesson. The activity has four parts: a rope puzzle, four children, more
rope puzzles, and design your rope puzzle. The teacher carried out the lesson in three phases. These phases are
introduction, inquiry, and sharing of understanding. The teacher organized the class for group work, which were
created as homogeneous in line with their achieving level, and explained the students' expectations for the
introduction phase's implementation process. The teacher organized the activity settings for achievement
diversity groups. The following quote is an example of teacher explanation in this stage. The quote [1] comes
from classroom practice.

I do not want to follow a specific solution, okay? Everyone will try to find an answer using
different ways. You can use an equation, practice, and trial-and-error method. It is your choice.
You must shape the answer to a question to take into consideration each idea in class. Okay?

After the initiation phase, the teacher and students studied activity in inquiry phases. The teacher supported the
students to accomplish the investigation process and did not respond to the students' idea as true or false. The
teacher tried to realize their mistakes and oriented low achievement students to alternative solutions ways to
achieve. This situation shows parallelism with the teacher's initiation explanation (quote 1) and the following
interview quote. The following quote is from the interview.

Interviewer: Did you make anything to involve low achievement students in the activity process?
Teacher: For example, | told them that they could predict rather than deal with addition extraction
and equations. | told them they could virtually achieve something drawing. In this way, | guided
them.

Lastly, all groups present their process and results in all classes in the sharing of understanding phases. The
teacher encourages students to express their solution ways without judgment as true or false in this stage.

"...now, it does not matter whether the answer to the first question is correct or not. | wonder only
what you thought, okay? Let us start with the first group and tell us how you solved it. You can
tell on the board." [Classroom observation]

The teacher faced some critical challenges in the inquiry stage. Classes are very crowded, and students'
achievements are not high, and it is difficult to know how each student can learn more quickly in crowded
classrooms. The teacher says the following:

"I carried out this practice in groups, so high academic level students responded to questions, and
low academic level students were more passive. Students' levels of understanding, their concerns
and their abilities differ from each other due to individual differences. For example, someone can
achieve it by music or drawing, so it is difficult to get involved in all of them. It is hard to learn
how all of them understand more easily because the classes are very crowded.”[Interview]

As mentioned above, the teacher tries to manage the process by providing alternative learning processes for low-
achieving students. Instead of answering students' explanations as true or false, the teacher encourages students
to engage in activity and provides them with the opportunity to choose a method for the solution of the problem.

Biilent
The teacher carried out the IBL activity related to whether there is life on Mars for the CPD course reflection.

The activity implementation consisted of three main stages, which was pointed out that in his' lesson evaluation
form. These are namely 1) introduction (setting up groups, giving the problem situation to students) 2) inquiry
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(reading and thinking about problem situation, studying in groups), and 3) sharing of understanding (making a
poster (optional) or present the group’s work) [Evaluation form].

While the teacher was carrying out the activity to address achievement diversity in the steps given above, he
focused on the following three strategies.

(1) The teacher set up groups that are heterogeneous in terms of achievement. According to the teacher,
this strategy has advantages. The teacher says in this situation that “... homogenous groups cause a
problem. Because, if all members of a group have low academic achievement, we cannot conclude at
the end of activity”, and “... heterogeneous groups addressing academic diversity compete in an
undesirable competition. For this reason, group pressure on the successful student is increasing.”
[Interview]

(2) The teacher endeavoured that each in the group has a voice.

(3) The teacher provided opportunities for students to do peer teaching within the group. In this process,
the teacher constructed different discussion groups. They investigated data and discussed to confirm
whether there is life on Mars [Evaluation form]. They prepared their written arguments collaboratively
in the process. After that, each in the group presented part of their arguments. The teacher managed the
process in this way. The following quote was from the classroom observations when the students
presented group ideas based on arguments.

“... Approximately 96% of the atmosphere is carbon dioxide, and the rest contains a small amount
of argon, nitrogen and oxygen. There, thus, is not able to be life on Mars.” [Classroom
observation]

The teacher faced some critical challenges throughout the implementation. The first one comes from the
achievement of diverse heterogeneous groups. High-achieving students became prominent and were made the
leader in these groups. According to the teacher, if the classroom is not effectively managed, activity may not
serve the purpose because the goal of the activity may not be available within a specific time. This problem
comes from students not being familiar with group working. The teacher thinks that crucial challenges are to
overcome with effective classroom management and that students adapt to the process. The following quote is
from the interview for this situation.

Interviewer: Which situations do you have difficulty in the activity process?

Teacher: Classroom domination, time, and low cooperative study habits of students and time are a
significant influence through the implementation process. It may not be sometimes possible that
activity is carried out in 40 minutes. When students are given adequate knowledge, and if the
classroom is managed effectively, it becomes useful. However, if there is a quarrel between two
students, you have difficulties following the course plan or teaching.

Ceren

The general flow of the lesson is given to demonstrate how to use IBL when addressing achievement-related
diversity. The teacher employed IBL activity related to renewable and non-renewable energy sources
[Evaluation form]. The activity process consisted of three characteristic main stages. These are namely 1)
introduction: Asking questions to get student attention and engage in the implementation process, 2) inquiry
process: Students carry out an investigation and construct their argument, and 3) sharing of understanding.

Firstly, the teacher started the lesson by asking questions about the energy sources, which they learned for a few
lessons to get the students' attention. For example, What are the sources of electric energy? Which criteria are
used to prefer renewable and non-renewable energy sources? This section can be considered as the start of IBL.
After this stage, the students were divided into heterogeneous groups considering their achieving level, carried
out the inquiry process, constructed their argument, and persuaded each other in groups. The teacher paid
attention to the heterogeneity of the groups and IBL to ensure diversity. She expresses this strategy, which she
used in her answer to the interview questions.

"Ensuring that the groups are heterogeneous was one of the factors that | have taken care of in
achievement-related diversity. | created the groups randomly. So, each group had students who
were successful, intermediate, and low."
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In the inquiry process in order to support the diversity of success through the inquiry-based learning approach,
the teacher "trying to increase student participation,” "each student contributing according to his / her level of
development" and "each student's goals are not at the same level" are indications that the teacher is successful in
this sense. In particular, the teacher's response to the question about the contributions of IBL students supports
this situation.

"IBL leads to all students working together. For this purpose, | am already using high-achieving
and low-achieving students for the inclusion of students at all levels (without actually making
such a distinction). As long as all of the students are included in the process, perhaps not all of
them achieved at the same level, but they all have an acquisition related to a topic. The size of this
may be larger for some students and less for some students. Anyway, my expectations are not the
same. | evaluate them according to their current capacity and level."

In the section of sharing the understanding, the students presented their views in mutual groups for about 20
minutes. Not only the teacher, but also the student took the teacher's role when she decided who accepts the
following turn-taking is a remarkable class observation regarding students' participation. Ceren had previously
done activities related to inquiry-based learning, and the in-class norm was established within the class,
especially in the sharing of understanding section. The teacher does not participate in these interactions unless
the students ask for the guidance of the teacher. The teacher takes the floor to summarize the general
understanding and targeted scientific concept at the end of this section. The next class observation note explains
this.

"Students discuss the information they get in group discussions. Students present some arguments
that will change their opinions in the course of the argumentation process. Some students in the
group are more involved in the discussion. Nevertheless, even though some students participate
more dynamically among the group, the group members allow each person to speak at least once;
for example, one of the students has a warning to the other group member, ‘Let Zeynep speak a
little. Let talk’”. [Classroom observation]

During the observation period, Zeynep was one of the students who never spoke. The group members give the
right to speak to a student who has no words to say something or to a student who has difficulty expressing
herself. Thus, students encourage other members of the group to contribute at all levels to show how diversity is
supported in the classroom.

The most challenging point for the teacher and the students in the practices was the students' expectancy related
to this work, whether they would be graded by the teacher. The students believe that they are always graded in
different practices in the classroom other than lectures. At the same time, whether they are graded or not affects
their motivation and fear of making mistakes. Also, the students found it challenging to decide what they would
write in their reflective diaries or the arguments they would present in group work because they were not sure
what the teacher's expectation is. Ceren describes this situation as follows:

"Because the expectations of the children are always focused on a grade or score. | said that my
expectation has just related to your participation regardless of any expected correct answer. | was
mentioned that | wonder what you think about this course and what you learned, | added".

In terms of the main challenges in IBL, it is seen that the expectations of the education system in the Turkey are
exam oriented. The teacher explains this situation as "the system [The teacher tries to explain that the Turkish
education system has many exams to pass secondary school to high school and as well as high school to
university. Besides that, every secondary school grade level has a national exam in every semester] leads us to
exam-oriented teaching. When students have such an expectation, this makes it difficult for us to make IBL
applications”. In response to this situation and to meet the students' expectations, the teacher uses rubrics to
solve these difficulties and thinks of it as a solution.

Comparison of Selma, Biilent and Ceren

First, even though the teachers carry out the lessons based on the same stages, there are some different strategies
used by three teachers in the case study to address the diversity of success in their classrooms. Although these
strategies differ, they show that teachers do not ignore the diversity of success in their classes. Consider these
strategies in the context of inquiry-based learning.
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At the outset, while three teachers use the inquiry-based learning approach, they consider the students'
differences in achievement. In the interviews and class observations, it was noted that the teachers formed
heterogeneous groups in general. Especially in Biilent and Ceren’s classes, this situation is seen. At the same
time, Biilent and Ceren emphasized why they preferred the heterogeneous group rather than the homogenous
one. For example, according to Biilent, "homogenous groups cause a problem. Because, if all members of a
group are low in academic achievement, we cannot conclude at the end of activity”. Selma also mentioned that
a group work strategy was drawn on to accomplish the IBL activity. However, she said there was a problem
related to the high and low academic students within group working. The trouble encountered by Selma is seen
as a problem-related capacity of the class rather than homogeneity or heterogeneity of a group.

The teacher uses some strategies to support the low-level achievement student in different ways. On the one
hand, Selma provides for students to determine the most convenient method for them. Besides that, she
explicitly explains the new objectives to low-level students, and the teacher works with students as guidance. In
this way, she addresses achievement-related diversity in the IBL methods, which explain the process. On the
other hand, Ceren provides opportunities for students to do peer teaching and try to increase student
participation. Biilent also endeavours to allow each student in the group a voice in the inquiry process.
Furthermore, all of them guide the students to carry out an inquiry or to construct their argument. All the
teachers have different problems in terms of critical challenges, such as not knowing the students’ learning
features, habits, expectations, crowded class, time, and exam-oriented teaching. The teachers try to overcome
these challenges by effectively managing class, guiding, or using rubrics.

Conclusion and Discussion

As a result of interviews and in-class observations, it was determined that teachers used IBL by considering the
diversity of success among students. In particular, it has been found that IBL is perceived and used as an
approach that promotes student participation at all achievement levels. In parallel with this situation, it is
considered that IBL both has a positive impact on knowledge acquisition, conceptual understanding and
overcoming misconceptions (Gormally et al., 2009) and is a suitable approach to take into consideration
diversity in classes (Brown, 2017; Miles &Ainscow, 2010). It is also emphasized in the research that the
students who fail, especially in the class, are an element that has to support participation in the class (Rivet &
Krajcik, 2004). The fact that teachers in the case study have different expectations from low and high-level
students in IBL activities and the inclusion of all students in the group work are reflections of this situation.

It has been determined that some strategies to emphasize the diversity of success in IBL activities are prominent.
Although these strategies are different, they enable inquiry-based learning to progress in the usual flow and
enable them to address the diversity of success in the classroom. These strategies are presented in Figure 1.
When Figure 1 is examined, it is seen that although the teachers have similar IBL processes, some use more of
these strategies while others add different methods and try to engage all students. For the organization of
heterogeneous groups in terms of the achieving levels for teamwork, although there are disagreements about
how students should be organized in small group works, it is generally recommended to create heterogeneous
ability in terms of their achieving level of the groups. It can be presented as evidence for teamwork in a
heterogenous group that low-achieving students will be able to get assistance, encouragement, and stimulation
from high-achieving students. In contrast, high-achieving students have a chance to enhance their cognitive
abilities and presentation skills through interaction with low-achieving students (Cheng et al., 2008). A similar
situation can be addressed in peer teaching. A meta-analysis study conducted by Lou et al. (1996) indicates
parallel results: low-achieving students have a more effective process in heterogeneous than in homogeneous
groups. In heterogeneous groups, although successful students seem to be more active, giving students the right
to speak is one of the salient results. The teachers try to increase student’s participation and allow that each in
the group has a voice. For these situations, on the one hand, classroom dialogues contain interactive teaching
and dialogic learning allows students to talk about some issues which affect their learning (EC, 2015).

On the other hand, Lack, Swars, and Meyers (2014) reported that academically low-performing students tend to
avoid taking turns in interaction, taking a leadership role, and seeking explanations from their high performing
peers in their study. Thus, the teacher's effective contribution in facilitating discourse provides opportunities for
low-performing students to engage in discourse and contribute effectively for students with a low contribution
(Empson, 2003). For this study, it can be said that the teachers' strategies in the IBL approach affect the
formation of classroom norms and facilitate the students to engage in discourse.
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Figure 1. The general structure of IBL implementation of the teaches

Additionally, to support the diversity of success in the inquiry-based learning approach, the teachers try to
increase student participation; this situation has parallels with other research results. Since research (e.g., Baxter,
Woodward, & Olson, 2001; Lubienski, 2000) points out when a teacher does not try to facilitate the discussion
of topic content (mathematics), low-performing students do not have nearly any opportunities to make fruitful
contributions to the group. Therefore, it can be clearly said that the teachers give all students changes to engage
in the process. All teachers guide the students, especially low achievement students, to carry out the inquiry or
construct their argument. In this process, one teacher does not respond to the students' answers as true or false.
This strategy shifts further interaction from triadic interaction (initiation-respond-evaluation) to chain interaction
(initiation-respond-feedback...) (Mortimer & Scoot, 2003). In this way, students are enabled to interact with
both the teacher and each other, and they have opportunities to realize their mistakes in the process. In the
interaction, the teachers understand that the students cannot make inquiries; the teacher orients students to
alternative solution ways, which are possible ways appropriate to the student's level. In other words, the teachers
organize classroom activities for each student contributing according to their level of development. According
to Lack et al. (2014), to affect student acquisitions positively, specifically assigning tasks related to the
competence of low-performing students is one solution for low-status children. Therefore, it can be considered
that the teachers are successful in terms of addressing achievement-related diversity in this sense.

The lack of a wide variety of strategies used by teachers can be seen as one of the crucial problems in case
studies. In particular, the use of methods that will lead to better use of time in the classroom by using out of
group work and evaluating it for successful diversity may appear to be an improvement in terms of achieving
the desired goals. For instance, Meijier (2010) proposed that cooperative teaching, cooperative learning,
collaborative problem-solving, heterogeneous grouping and alternative ways of learning approaches appear to
be effective ways of dealing with diversity in school.

Unlike the other courses in terms of success in teachers' IBL activities, differentiation of expectations for each
student or students at different levels may be considered concrete research evidence. This is achieved by
conducting studies on similar IBL activities by determining how similar the most important one is from the
student's current position. However, it is seen that the main problems are crowded classes and issues of the time.
This situation shows itself as the most common problem in IBL activities. Besides, nationally-oriented, exam-
oriented teaching has been seen as a situation that reduces teachers' use preferences, in particular with IBL.
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