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ABSTRACT The aim of this study is to investigate the outcomes of a professional development program on
socioscientific issues (SSI) to enhance pre-service and mentor teachers' engagement with SSI supported
by technology-supported teaching. It aims to explore the learning outcomes for both groups and the
influence of their perspectives on science education on these outcomes. The method involves
collaborative SSI material development and implementation in classrooms. The study involved 11 senior
(10 female; 1 male) pre-service biology teachers and four biology teachers who mentored them in schools
during their Teaching Practice courses. The data was collected through semi-structured interviews,
reflective diaries, and meeting recordings and were analyzed using a thematic analysis approach. The
findings show that pre-service teachers gained multidimensional reasoning, technology integration
skills, and ethical and moral reasoning abilities, with gains influenced by their science teaching
perspectives. Mentor teachers with progressive views in science teaching understanding had greater
benefits, such as improved SSI understanding and student engagement techniques, than those with
traditional views.

Keywords:  Mentor teachers, Pre-service teachers, Professional development, Science teaching understanding,
Socioscientific issues

Uygulama ve aday 6gretmenler sosyobilimsel konularda isbirligine
dayali mesleki gelisim programindan neler 6greniyor?

0OZ Bu galismanin amaci, dgretmen adaylarinin ve uygulama dgretmenlerinin teknoloji destekli dgretimle
desteklenen ve sosyobilimsel konular 6gretimi ile ilgili anlayis ve pratiklerini artirmay1 amaglayan bir
mesleki gelisim programinin sonuglarini aragtirmaktir. Bu dogrultuda, her iki grup katilimemin mesleki
gelisim programindan elde ettigi kazanimlari ve fen Ogretimi anlayiglarinin bu kazanimlar iizerine
etkisini arastirmak amaglanmaktadir. Katilimcilar, biyoloji 6gretmenligi lisans programinda 6grenim
gdren 11 (10 kadin; 1 erkek) son smif dgretmen aday1 ve Ogretmenlik Uygulamasi I-11 derslerinde onlara
okullarda mentorluk yapan 4 biyoloji 6gretmenidir. Caligmada yar1 yapilandirilmis gériismeler, yansitic
giinliikler ve toplant1 kayitlar1 yardimiyla toplanan veriler tematik analiz yaklagimi ile analiz edilmistir.
Bulgular, 6gretmen adaylarinin ¢ok boyutlu muhakeme, teknoloji entegrasyonu becerileri ile etik ve
ahlaki muhakeme becerileri kazandiklarmi ve bu kazamimlarin fen &6gretimi perspektiflerinden
etkilendigini gostermektedir. Fen Ogretimi anlayisi acisindan ilerlemeci goriise sahip uygulama
ogretmenleri, katildiklar1 mesleki gelisim programindan geleneksel goriislere sahip olanlara kiyasla,
derin bir sosyobilimsel konular anlayisi ve 6grenci motivasyon teknikleri gibi daha fazla kazanim elde
etmislerdir.

Anahtar  Aday égretmenler, Fen egitimine bakis agilart, Mesleki gelisim program, Sosyobilimsel konular,
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INTRODUCTION

Recently, there has been a significant focus on integrating scientific knowledge with social issues in
science education to enhance scientific literacy (Chen & Xiao, 2021). Students should apply scientific
knowledge and reasoning to make decisions that benefit the global community, while also participating
in social debates and discussions on controversial issues, thus exercising their right to express their
opinions (Zeidler et al., 2005). Therefore, students need to understand and appreciate socioscientific
issues (SSIs) since these topics represent real-world problems at the intersection of science, society, and
ethics, thereby contributing to scientific literacy.

SSls are defined as multifaceted societal issues with no clear solutions are debatable, and are discussed
continuously (Sadler, 2004). They have no clear solution; therefore, scientists or other members of
society share their opinions and are willing to listen to the opinions of others and interpret them (Carson
& Dawson, 2016). The COVID-19 pandemic, the latest global health problem represents an example of
SSI with its controversial challenges and requires consideration of social, ethical, economic, and
political aspects of science to solve emerging problems (Reiss, 2020). When people make judgments on
such terrifying and abrupt health or environment-related issues, it is important to use scientific
knowledge, procedures, and evidence, especially when the matter in question is scientific. Therefore,
the pandemic has once again emphasized the importance of SSIs in science education.

SSls aim to enhance students' critical thinking abilities, such as analyzing issues from diverse
viewpoints, solving problems, applying informal logic, and making informed decisions (Sadler &
Zeidler, 2004). In addition, these issues promote the growth of conscientious individuals who are
knowledgeable about the issues that are happening in society and are capable of making the right moral
decisions (Sadler et al., 2006). Among those individuals, teachers are in a critical position to introduce
and integrate SSls into science classes. To enhance the quality of teaching SSls, teachers must have
adequate knowledge of SSlIs and skills in these issues (Tosunoglu & irez, 2019). Studies found that pre-
service (Foulk et al., 2020) and in-service teachers (Kutluca, 2021) are challenged when it comes to the
teaching of SSls. This is mainly because they do not have the pedagogical knowledge to implement SSls
with proper teaching techniques, and are unable to motivate students to discuss these issues. Research
has shown that many educators, particularly those still in training, feel unprepared to teach SSls due to
insufficient training in both content and pedagogy, leading to lower confidence in facilitating student
discussions (e.g. Chen & Xiao, 2021; Kinskey & Zeidler, 2021).

Pre-service teachers acquire pedagogical knowledge and skills by observing mentor teachers’ classroom
practices and through teaching practice courses (Anderson & Stillman, 2013). Mentor teachers are
essential for guiding pre-service teachers in creating and delivering lesson plans, impacting their
cognitive development. This interaction also enhances the professional growth of mentor teachers.
Various professional development programs aim to enhance instructors' teaching methods and
classroom strategies, focusing on their pedagogical skills, subject expertise, and adoption of innovative
approaches.

This study employed the “Extended Interconnected Model of Professional Growth (E-IMPG)”
(Coenders & Terlouws, 2015). This model illustrates a multifaceted process involving the interaction of
the Personal Domain, External Domain, Domain of Practice, and Domain of Consequences and
Developed Material Domain. The model describes how a teacher’s personal domain including
knowledge, attitude, and skills evolves through processes such as enactment and reflection in multiple
domains (External Domain, Material Development Domain, Domain of Practice, and Domain of
Consequences) (Coenders & Verhoef, 2019). In this study, the material domain which was planned to
be technology-supported, was expected to enhance pre-service teachers’ collaboration with their mentor
teachers and also among themselves. Within the E-IMPG model, pre-service teachers will collaborate
with their mentor teachers in technology-supported environments as a part of teaching practice courses
I and 11 to develop SSI materials and implement them in a classroom environment. The study anticipates
that pre-service teachers collaborate with mentor teachers to develop lesson plans and materials that are
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pertinent to SSls, and then implement these materials in the classroom. Additionally, mentor teachers
are anticipated to investigate classroom practices and materials, as well as acquire additional knowledge
regarding SSIs and technology-supported teaching experiences (Friedrichsen et al. 2021). Consequently,
the collaborative efforts of both groups is expected to result in positive outcomes. The research questions
are:

1. What are the outcomes of the PD for the mentor and pre-service teachers?

2. What is the relationship between the perspectives on science education of the mentor and pre-service
teachers and their outcomes from the PD?

3. What are the outcomes of PD for the pre-service teachers during their collaboration with the mentor
teachers?

4. What is the relationship between pre-service teachers' outcomes from their collaboration with mentor
teachers and the mentor teachers' perspectives on science education?

THEORETICAL FRAMEWORK

PD is essential for enhancing teachers' understanding of the subject matter and their teaching methods
(Eidin & Shwartz, 2023). The process of teacher education is long and growing in terms of teacher
career development. Many models have been put forward to facilitate this process. Guskey (1986)
proposed a framework linking professional development activities to enhance classroom practices,
which subsequently influence teachers' knowledge and beliefs. Guskey (1986) was highly criticized by
Clarke (1988) because his model of change was linear and did not identify the observed changes. As a
result, Clarke (1988) modified Guskey's (1986) model and introduced a new PD model. Clarke's (1988)
model encompasses identical components to Guskey's (1986) model. However, it differs from the model
proposed by Guskey (1986) in that the change takes place in a continuous cyclical manner and allows
for the possibility of adding or removing any component to the model.

Figure 1.
Extended Interconnected Model of Professional Growth Model (Coenders and Terlouw, 2015)

External Domain
i Developed
Personal Domain - Material Domain
* Enactment
» Reflection )
Domain of " Domain of Practice |

Consequences

Clarke and Peter (1993) further developed the model developed by Clarke (1988) from Guskey's (1986)
model and added two constructs to the model: analytic domains and mediation processes. Then, Clarke
and Hollingsworth (2002) generated The “Interconnected Model of Professional Growth (IMPG)” based
on the complex structure of teachers' professional activities and learning processes by considering the
components explained by Guskey (1986) in his model as interactive with each other. Clarke and
Hollingsworth (2002) identified four areas in which teachers experience change: the Personal Domain
(where teachers’ content knowledge, beliefs, and attitudes are embedded), the External Domain (all
sources of information or support emerging from outside the teachers’ daily professional world), the
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Domain of Practice (all kinds of professional experimentation, including the enactment of learning
material in class), and the Domain of Consequences (encompassing all salient outcomes of the
experimentation domain). Coenders and Terlouw (2015) suggested incorporating a fifth domain, known
as the Developed Material Domain, into Clarke and Hollingsworth's (2002) interconnected model of
four domains. This domain includes the processes of designing instructional materials to be used in the
classroom. This new model is referred to as the E-IMPG model (Figure 1). These domains can influence
one another through mediation processes of reflection and enactment. Since this study focuses on
developing and implementing SSI materials through the collaboration of mentors and pre-service
teachers, the E-IMPG model, which incorporates the material development domain, was chosen over
the IMPG model.

LITERATURE REVIEW
SSI-Based Instruction: Benefits and Challenges in Implementation

SSls are multifaceted, which are contentious social, and societal issues connected to scientific
phenomena and issues (Zeidler & Sadler, 2023). Understanding the nature of SSIs requires critical
thinking skills to assess scientific claims and arguments considering ethical, moral, social, economic,
and epistemological aspects (Kolste et al., 2006). While reasoning about SSls, one has to evaluate the
implications and consequences that come with the issues, ask questions, and analyze the data,
information, and sources that are being used (Dawson & Venville, 2010).

There are numerous advantages to incorporating SSIs into science classes, such as enhancing content
knowledge, and argumentation skills, and fostering informal, ethical, and moral reasoning (Dawson &
Venville, 2010;Khishfe & Lederman, 2006; Klosterman & Sadler, 2010). However, science teachers are
still reluctant to teach these topics. There are several difficulties that teachers face when using SSIs in
the classroom. Science teachers often avoid using SSI in their teaching due to factors such as inadequate
knowledge, lack of time, and insufficient skills in applying teaching strategies (Aivelo & Uitto 2019).

As stated, several factors may prevent teachers from including SSls in their teaching, these factors might
be related to (i) the inconsistencies between SSI pedagogy and teachers' identities and beliefs (Kiling et
al., 2017); (ii) limited experience in using argumentation as a teaching method (Tidemand & Nielsen,
2017); and (iii) content-oriented curricula, insufficient support for teachers and school environment
(Tidemand & Nielsen, 2017). Teachers' lack of confidence in teaching SSls is also a significant factor.
Teachers face challenges due to insufficient opportunities to enhance skills and understanding for
teaching SSI. Moreover, Tirkmen et al. (2017) identified inadequate understanding of SSIs as a
challenge for pre-service teachers. Nevertheless, they had the required tools, skills, methods, and
techniques, for instance, argumentation to address these concerns.

The lack of resources and tools that would facilitate teachers’ attempts to integrate SSIs into lessons has
been identified as the major factor that hinders the application of the SSI approach (Sadler et al., 2016).
In particular, it is necessary to conduct studies that would provide teachers with the means of enhancing
the pedagogical competencies required for SSI teaching.

PD Programs Related to SSIs: In-service teacher

PD models are beneficial for the enhancement of teaching skills. Hence, the most promising approach
to help teachers in the application of SSls and to prepare them for the enactment process is through PD
programs that empower teachers to include SSls in their teaching (Eidin & Shwartz, 2023; Zhang &
Hsu, 2022).

Some studies are devoted to the identification of effective approaches and resources for teaching SSls
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in literature (Badeo & Duque, 2022; Carson & Dawson, 2016; Friedrichsen et al., 2016). Various
professional development programs for teachers have encouraged the integration of SSls into their
classrooms (Mang et al., 2023; Leung, 2022). In their study, Peel et al. (2018) developed a PD aimed at
middle school science teachers who have different degrees of expertise and interest in in teaching
science. During the activity, the participants were able to successfully create an SSI unit. In this PD,
teachers participated as learners and engaged in various activities.

Eidin and Shwartz (2023) designed a 3-year PD program for 137 science teachers aiming at integrating
SSls into their teaching. The program was, refined annually, and proved to be effective in enhancing
teachers’ attitudes toward SSIs and argumentation. Likewise, Topgu et al. (2022) developed a PD
program with three stages: firstly, the teachers themselves become the students of SSI; secondly, the
analysis of the teaching model is conducted; thirdly, the development and realization of SSI lessons by
teachers underlines the significance of PD in raising the SSI awareness and confidence of teachers.

PD Programs Related to SSls: Pre-Service Teachers

Lumpe et al. (1998) found that pre-service teachers are more willing to use SSls than in-service teachers
because they have no experience. Research in the present context is quite limited but available research
is noteworthy. Yapicioglu and Aycan (2018) concluded that the nuclear power plant activities influenced
the pre-service teachers’ decisions as they developed views against nuclear power plants. The PD is
designed to positively influence pre-service teachers' attitudes towards SSI teaching. In a similar vein,
Kinskey and Zeidler (2021) showed, that PD programs can be useful in practical and teaching contexts,
thus helping pre-service teachers overcome difficulties in creating SSI-based lessons.

The PD programs that deal with SSls have benefits for teachers and depend on factors such as moral
decisions, SSI knowledge, and beliefs about science education. Cebesoy and Chang Rundgren (2023)
designed a Genetics and Biotechnology course and found that the pre-service teachers’ decision-making
was influenced by ethical and moral factors. Friedrichsen et al. (2021) analyzed secondary science
teachers within an SSI PD program by applying the IMPG model, which revealed that teachers’ beliefs
influenced their learning and curriculum planning. Topgu et al. (2022) classified the teachers into three
groups, enterprising, moderate, and hesitant, according to their adoption of SSI instructional methods
due to their motivation and individual beliefs. As for the findings of Leung et al. (2020), the pre-service
teachers at first understood SSls as a means for transmitting content, but after the PD they had developed
an awareness that the goals of education were broader. These studies suggest that the teachers’ views
and beliefs should not be ignored in the PD programs for successful SSI practice.

Overall, the collaborative relationship between in-service teachers and pre-service teachers plays an
important role in shaping the PD of both parts. However, despite its importance, this collaboration is
often hindered by several challenges. The challenges that arise in their interactions include mentor
availability, knowledge gaps, and institutional support. A lack of commitment from mentors can lead to
insufficient guidance, leaving pre-service teachers feeling unsupported (Dorsah et al., 2023). Mentor
teachers may face difficulties balancing their teaching responsibilities with the additional role of
mentoring, while pre-service teachers may struggle with navigating the feedback they receive and
understanding their role within the classroom (Dorsah et al., 2023; Hoben, 2021). These interactions are
further complicated by institutional constraints, such as limited resources or time for effective mentoring
(Baartman, 2020). Effective collaboration requires both groups to navigate a variety of issues, such as
role ambiguity, communication barriers, and differing expectations. Addressing these challenges is
crucial for fostering a productive mentor-pre-service teacher relationship, as doing so can lead to more
meaningful PD outcomes. By enhancing collaboration and aligning perspectives on science education,
both groups can experience improved growth and development in their professional practice.
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METHODOLOGY
Participants

The participants included 11 senior biology pre-service teachers (10 female and 1 male) at a public
university in Istanbul, Tiirkiye. Additionally, four in-service biology teachers who mentored these pre-
service teachers during the Teaching Practice I-11 courses were also part of the study. For all participants,
pseudonyms like PT1 and MT1 were used.

The pre-service teachers were randomly with mentor teachers in their practicum school. Each mentor
was responsible for two or three pre-service teachers during teaching practice. Table 1 shows the groups
established by the participant teachers. Both pre-service and in-service teachers have no prior experience
with SSI teaching.

Table 1.
Pre-service and Mentor Teachers’ Groups
Mentor teachers Pre-service teachers
MT1 PT6
PT7
MT2 PT2
PT10
PT11
MT3 PT3
PT8
PT9
MT4 PT1
PT4
PT5

Procedure

The procedure consisted of the “development” and “implementation” of the PD program for teaching
SSI and SSI classroom implementation.

PD Program for SSI Teaching

The PD program for teaching SSI in this study was designed using Coenders and Terlouw’s (2015) E-
IMPG model as the theoretical framework to capture the complexity of teacher learning. E-IMPG views
teachers as active learners, with professional development shaped by interactions across four domains:
Personal (teacher’s knowledge, skills, beliefs), External (new information or stimuli, such as the SSI
PD), Practice (classroom experimentation with new practices), and Consequences (perceptions of
outcomes from new approaches). The developed material domain represents the process and product of
SSI material development.

There were two phases of the PD program which (1) encompassed the theoretical aspects, and (2)
involved collaborative material development. The first phase focused on the theoretical aspect since the
participants had no prior knowledge of SSI. The process included the implementation of SSI in
classroom practices, emphasizing the significance of SSI education, and providing an opportunity for
experiencing SSI classroom activities. Phase 1 was carried out during the last three weeks of Teaching
Practice | and the first three weeks of Teaching Practices Il for preservice teachers. Mentor teachers
attended the theoretical phase online.

In the second phase, the pre-service teachers were required to collaboratively produce teaching materials
for SSI. During this stage, pre-service teachers were organized into small groups of 3-4 individuals,
based on the groups they were already a part of in the school. They were tasked with creating lessons
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and educational materials focused on the biology curriculum, incorporating technology. This process
took approximately 6-8 hours. During the second phase, pre-service teachers collaborated with their
mentor teachers, while the researchers offered guidance and assistance with lesson designs and
instructional materials.

SSI Implementation in the Classroom

During the SSI teaching, pre-service teachers implemented the modules they had developed. Their
mentor teachers and researchers observed the implementation process. Each pre-service teacher
completed the process within 3-4 weeks. The classroom implementation for all pre-service teachers was
carried out between March 2023 and June 2023.

After the SSI implementation, pre-service and mentor teachers held weekly feedback meetings online
or face-to-face. During these meetings, mentor teachers provided feedback on pre-service teachers'
instruction and discussed organizing upcoming lessons. The provided feedback should align with the
nature of SSI teaching and be related to lesson flow, learning outcomes, methods and techniques, class
and time management, and content improvement.

The study involved eleven pre-service teachers (PTs) implementing SSI (socio-scientific issues) topics
across various class levels and subjects.

PT1: Taught Antibiotics (11.1. Human Physiology) to 11th-grade students. Classroom management was
challenging, with some students losing interest. Technological problems occurred with Google Forms.

PT2: Covered Would you want to design your own baby in the future? (10.2. Heredity and Biological
Diversity) with 10th-grade students. Demonstrated effective classroom management and maintained
student interest. No technological issues were reported.

PT3: Addressed Vaccination (9.3. Living Things) with 9th-grade students. Initially struggled with
classroom management but improved by engaging students through questions.

PT4: Implemented Antibiotics (11.1. Human Physiology) with 11th-grade students. Managed the
classroom effectively and engaged students through questions. The technological infrastructure was
stable.

PT5: Conducted Vaccination (9.3. Living Things) with 9th-grade students. Utilized frequent questioning
for engagement and managed the class well. No technological problems were observed.

PT6: Taught Should a factory be built in your local area? (10.3. Ecosystem Ecology and Current
Environmental Issues) to 10th-grade students. Demonstrated strong classroom management and
engaged all students.

PT7: Addressed Should a factory be built in your local area? (10.3. Ecosystem Ecology and Current
Environmental Issues) with 10th-grade students. Exhibited excellent classroom management and
frequent questioning. The classroom experienced intermittent internet issues.

PT8: Taught Vaccination (9.3. Living Things) to 9th-grade students. Showed strong subject knowledge
and effective classroom management, but faced occasional internet issues.

PT9: Covered Organic Agriculture (11.2. Community and Population Ecology) with 11th-grade

students. Faced challenges with student participation and frequent mentor teacher interventions. The
technological infrastructure functioned well.
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PT10: Implemented Would you want to design your own baby in the future? (10.2. Heredity and
Biological Diversity) with 10th-grade students. Managed the classroom effectively and addressed
technological issues promptly.

PT11: Addressed The use of animals in experiments (9.3. Living Things) with 9th-grade students.
Demonstrated strong subject knowledge, though some students did not participate. Technological
infrastructure was functional.

The study included PTs across different subjects and grade levels, with a focus on SSI topics integrated
into the curriculum. The technological infrastructure generally supported the lessons, though occasional
issues were noted. This detailed description of the teaching context and technological support provides
insight into the sample's representativeness and the specific conditions under which SSI topics were
taught.

Data Collection

Interviews, pre-service teachers’ reflective diaries, and feedback meeting records were utilized to collect
data in the study. These tools were developed considing the E-IMPG Model (Clarke & Hollingsworth,
2002; Coenders & Terlouw 2015). The interviews were the primary data collection method in the study,
while additional methods were used to ensure data triangulation. Ethics committee permission for the
research was obtained from Marmara University (Institute of Educational Sciences, 06.12.2022 -
425028). Table 2 illustrates the research questions and data collection instruments.

Table 2.

Research Questions and Data Collection Instruments
Research questions Data collection tools
“What are the outcomes of the PD for the mentor and pre-service Interview Il (After PD) and Interview 111
teachers?” (After Implementation)
“What is the relationship between the science teaching Interview | (before PD), Interview Il
understanding of the mentor and pre-service teachers and their (After PD), and Interview Il (After
outcomes from the PD?” implementation
“What are the outcomes of PD for the pre-service teachers during  Reflective Diaries and feedback meeting
their collaboration with the mentor teachers?” records

“What is the relationship between pre-service teachers' outcomes Interview | (before PD), Reflective
from their collaboration with mentor teachers and the mentor Diaries, and feedback meeting records
teachers' perspectives on science education?”

Interviews

Interviews were used to explore what participants learned from the PD program and the relationship
between their outcomes and their perspectives on science education. Three different interviews were
conducted. The first interview was conducted before PD, the second was utilized after PD, and the third
was administered after classroom implementation. These interviews were adapted from Friedrichsen et
al. (2021). Since Friedrichsen et al. (2021) utilized the IMPG model, questions exploring participants'
developed material domain were not included in their study. In preparing questions related to the
Developed Material Domain, Coenders and Terlouw’s (2015) study was considered. Following the
preparation of the interview questions, ultimate improvements were made based on expert opinions, and
the questions were then included in the form. The interviews were conducted individually and online.

First Interview (Before PD) The first interview was utilized to assess pre-service and mentor
teachers' perspectives on science education and SSI before PD implementation. The interview questions
focused on the personal domain of E-IMPG.

Second Interview (After PD) The second interview was conducted with pre-service teachers
after PD implementation to explore changes in their perspectives on science education and SSI as well
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as the outcomes from the PD (theoretical and collaborative material development). Furthermore, the
questions in the second interview assessed the developed material domain, the “external domain”, and
the “personal domain” of E-IMPG.

Third Interview (After classroom implementation) The third interview was administered to
pre-service and mentor teachers to track changes in their perspectives on science education and SSI after
the classroom implementation. Additionally, the interview aimed to determine what they learned from
the classroom implementation. Table 3 shows exemplary questions in the interviews.

Table 3.
Exemplary Questions in the Interviews
Interviews Questions

First Interview (Before PD) How do you think students learn best?

How would you describe effective learning environment?
What do you think is the purpose of science education?
Why is science education important for a citizen/society?
How would you describe your role as a teacher in the classroom?
Second Interview (After PD)  Which aspects of your goals and beliefs about teaching and learning are
compatible with the SSI teaching approach?
When you evaluate the PD content and activities, do you think they contribute
to your future teaching profession? In which areas do you think these
contributions are?
Did the PD content and activities lead to any changes in your perspective on
teaching or in planning your classroom practices? If yes, how?
Third Interview (After Do you think you have learned anything new about SSI and science education
classroom implementation) during classroom implementation?
What do you think about SSI material development and understanding of
science teaching (compared to your ideas before PD) after SSI classroom
implementation?
After SSI classroom implementation, what do you think about the culminating
part of SSI teaching, and how would you engage students in the social aspect
of issues?

Reflective Diaries

The weekly reflective diaries were used to study PTs’ experiences with collaborative material
development. PTs’ were asked to express the challenges and benefits of the collaborative design process
and how they designed their modules. Also, they utilized G-Drive to record their diaries.

Feedback Meeting Records

The SSI modules were developed collaboratively by pre-service and mentor teachers. During the
process, they had weekly meetings to discuss the modules and give feedback to each other. The meetings
were recorded to observe their interactions and contributions to the module design

Data Analysis

In the current study, qualitative research design was utilized to explore what participants learned from

PD and the relationship between their outcomes and perspectives on science education. Data analysis
was conducted using theme analysis. Table 4 displays the steps involved in the data analysis.
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Table 4.
The Stages of Data Analysis
Stage Approach
Organization of data Categorization of data based on the E-IMPG Model Deductive
Inductive
Open coding Making sense of data using open coding Inductive

Categorization of themes Identification of the relationship between codes and themes  Inductive

Firstly, the interviews and feedback meeting records were transcribed. Semi-structured interviews,
reflective diaries, and feedback meeting records were analyzed using inductive and deductive analysis
techniques.

Using a deductive approach, the data were categorized based on the five domains of the E-IMPG model.
For example, the responses to the personal domain questions in the E-IMPG model were examined to
explore pre-service and mentor teachers' perspectives on science education and SSI. Furthermore, to
identify pre-service and mentor teachers’ outcomes of the PD, we focused on the questions related to
the external domain in the interviews, the reflective diaries, and the feedback meeting records.

The inductive approach involved identifying themes from the data obtained and, thus, new ideas and
trends can emerge from the study instead of using predetermined themes (Marshall & Rossman, 1995).
In this study, we used the inductive approach to identify pre-service and mentor teachers’ outcomes
from PD. Codes were generated through open coding (Glaser, 1978) and categories were derived from
the data by identifying their similarities and differences (Charmaz, 2006).

Credibility and transferability criteria were used to ensure the trustworthiness of the study (Lincoln &
Guba, 1985). Data triangulation and researcher triangulation ensured credibility criteria. Detailed
information regarding the research context was provided to resolve transferability. In order to determine
inter-coder reliability, two researchers evaluated the data from all participants separately and reached a
consensus rate of 80%. Then, the researchers engaged in a discussion until they reached a consensus on
all classifications and categories.

FINDINGS

Mentor Teachers’ Perspectives on Science Education and Outcomes of PD and Classroom
Implementation

To understand the participants' perspectives on science education, the first interview was administered.
The first interview was conducted with the participants before they were introduced to any theoretical
knowledge. To ascertain the outcomes that participants obtained from working together, the third
interview conducted after the implementation of classroom practices. Table 5 shows the outcomes that
mentor teachers gained through their interaction with pre-service teachers and their perspectives on
science education.

When considering the overall outcomes of all mentor teachers, it was observed that what they learned
after the PD and classroom implementation is closely related to their perspectives on science education.
Table 6 shows that MT3 and MT4 had a traditional perspective on science education, MT2 leaned
towards experiential learning, and MT1 held a progressive perspective. Upon reviewing the outcomes
of the mentor teachers, it became evident that MT1, who holds a progressive perspective on science
education, demonstrated an increased interest in SSI practices. MT1 shared plans for implementing the
SST approach in his/her future classes, stating, “T don't know which classes I will teach at different levels,
but I plan to do at least 2-3 such implementations in each class at least in one semester. | plan to include
both experiments and these SSI issues” (3rd interview). In this context, it was observed that s/he more
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easily integrated SSI practices in line with the perspective compatible with the nature of SSI.

Table 5.

Mentor Teachers' Perspectives on Science Education and Outcomes from Collaboration with Pre-service Teachers

Mentors Perspectives on Science Outcomes Quotes for outcome coding
Education

MT1 Emphasize that Interest in SSI teaching “I don't know which classes 1
communication  between will teach at different levels,
the teacher and the student but | plan to do at least 2-3
is an important factor that such implementations (SSI
determines the success of imp.) in each class at least in
learning, states that the aim one semester. | plan to
of science education is to include both experiments and
improve scientific literacy, these SSI issues.” (3rd
critical  reasoning, and interview)
problem-solving abilities,
and defines the role of the
teacher as a provider of
information and a leader for
students.

MT2 Defines an ideal Interest in SSI materials “I have never seen such a
environment for learning as lecture, we focus more on
one where students learn by content knowledge. But | will
doing, defines the goal of try to integrate these (SSI)
science teaching as the topics into my courses as
ability to comprehend much as possible” (3rd
nature, and defines the interview)
teacher’s role as the
provider of knowledge.

MT3 Describes an  effective Having information about SSI  “Let me put it this way, I wish
learning environment as we had more class hours so
one that incorporates Interestin SSI materials that we could teach all our
technology and teaching lessons in this way (SSI
materials, views the goals Having information about teaching)” (3rd interview)
of science education as technology integration
problem-solving, and Relating biology to everyday ‘It is more effective when the
acknowledges the teacher life lesson is planned with
as the provider of technology integrated SSI
knowledge. materials with the student

participation and relating the
content with their daily lives,
but as | said, the curriculum
is very intense and the lesson
time is very limited.” (3rd
interview)

MT4 Characterizes an effective Having information about SSI  “For example, I didn't know

learning environment as
one where the question-
and-answer technique is
employed, believes that
science education should
include its applicability to
everyday life and problem-
solving, and describes
his/her function in the
classroom as that of a
provider of information.

Having information about

technology integration

that there are such computer
games (referring to SSI-
based games), but I learned
about them.” (3rd interview)
“..Ididn't know about digital
platforms and stuff like that, |
saw it with the SSI training.”
(3rd interview)
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MT?2, on the other hand, reported plans to incorporate experimental practices from SSI modules into
his/her lessons, aligning them with an experiential learning perspective. This suggests that MT2
evaluates SSI practices through the lens of their existing educational approach, focusing more on
experiments and activities rather than fully embracing the broader nature of SSI. As MT2 remarked, “I
have never seen such a lecture; we focus more on content knowledge. But | will try to integrate these
topics into my courses as much as possible” (3rd interview). MT3 and MT4, who had a more traditional
perspective on science education, mentioned that they acquired information about new technologies
(WEB 2.0 tools) used in the classroom and gained an understanding of SSI during SSI classroom
implementation. In this context, it was observed that mentor teachers with a perspective on science
education that is not aligned with the nature of SSI tend to focus on the by-products of SSI
implementations rather than fully grasping the holistic nature of SSI.

When examining the outcomes achieved by mentor teachers (e.g., having information about SSI, interest
in SSI materials, having information about technology integration, and relating biology to everyday
life), it is evident that their focus was primarily on the external domain of the E-IMPG model.

Pre-Service Teachers’ Perspectives on Science Education and Outcomes of PD and Classroom
Implementation

To reveal the participants’ perspectives on science education, the first interview (before PD) was
conducted with the teachers before the theoretical training. The outcomes obtained from the PD and
classroom implementation were revealed through the second interview (After PD) and the third
interview after classroom interventions. Table 6 presents the outcomes and PTs’ perspectives on science
education.

In general, it can be noted that the PTs’ perspectives on science education are quite similar as they have
similar educational experiences. Most pre-service teachers stated that science teaching aims to apply
scientific knowledge to daily life. Only PT10 and PT11 focused on the consequences of decisions made
in the daily life of society. At this point, PT10 and PT11 understand that SSI encompasses not only
personal but also social implications. The majority of the pre-service teachers have described the role of
the teacher in the classroom as that of a facilitator. PT6 has also highlighted the role of teachers in
connecting knowledge with real life. While others have not specified the functions of teachers in the
classroom, PT2 identified the role of teaching morality. PT2 showed awareness of moral reasoning,
which is beneficial for the development of student’s character and is a significant element of SSI.

The pre-service teachers' outcomes are primarily concentrated on the cultivation of multidimensional
thinking, the integration of technology, and argumentation abilities. The majority of the pre-service
teachers focused on the aspect of multidimensionality in their learning progress. They have realized that
SSI is not unidimensional but has psychological, economic, and social components. Most pre-service
teachers also pointed to technology integration as an important area for teaching science and SSI. The
study involved pre-service teachers who were introduced to WEB 2.0 tools. The emphasis on technology
use in their achievements indicates that the training was positively received. Specifically, two of the pre-
service teachers emphasized argumentation in their outcomes. Ethical and moral concepts were not
emphasized by any participants except for PT7, who demonstrated a deeper understanding of the SSI
approach. Ethical and moral reasoning is a promising component of SSI, and PT7 highlighted its
importance by stating, “The questions we pose to students should not be mere superficial questions but
should instead be thought-provoking from ethical or various other perspectives” (2nd interview). PT7
further noted that “argumentation and other approaches we use in SSIs support scientific literacy.
Additionally, these topics align with ethical and moral values” (2nd interview).

The outcomes achieved by pre-service teachers are distributed across the personal (multidimensional

thinking, ethical and moral reasoning), external (interest in SSI topics, technology integration), and
practice (argumentation) domains of the E-IMPG model.
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Table 6.

Pre-Service Teachers’ Perspectives on Science Education and Outcomes from PD

Pre-
service
Teachers

Perspectives on Science Education

Outcomes

Quotes for Outcome Coding

PT1

PT2

PT3

PT4

PTS

PT6

PT7

Believes that an effective learning
environment involves student participation,
sees the aim of science education as the
development of conscious citizens and
awareness, and identifies the teacher’s role as
a guide.

Defines an effective learning environment as
student-centered defines the goal of science
education as the ability of students to
communicate their ideas and comprehend
nature, and asserts that the teacher should
teach moral lessons.

Describes an ideal learning environment as
one where students actively participate
explains the goal of science education as
making a connection between science and the
real world and describes the role of the teacher
in the classroom as a guide.

Stresses the significance of the student-
teacher relationship in developing an ideal
learning environment, identifies the goal of
science education as the development of
conscious citizens and scientific literacy, and
envisions the teacher as a guide.

A successful learning environment engages
students’ attention and offers them an
opportunity to express their thoughts, views
the role of science education as a process of
creating scientifically informed citizens and
increasing their scientific literacy, and
describes the teacher as a guide.

Describes an ideal learning environment as
student-centered, where students share their
opinions, focuses on the goal of science
education as nurturing scientifically literate
citizens, and describes the teacher in the
classroom as one who links science to
everyday life.

Describes an ideal classroom environment
that encourages student expression of
opinions utilizes resources and technology
effectively, aims to cultivate scientifically
informed citizens through science education,
and views the teacher as a facilitator.

Multidimensional
thinking

Multidimensional
thinking

Technology
integration

Argumentation

Multidimensional
thinking

Technology
integration
Multidimensional
thinking

Ethical and moral
reasoning
Technology
integration
Multidimensional
thinking
Argumentation
Interest in
topics

SSI

“Students need to be able to
make this judgment within
themselves. In other words, |
think it would be more logical
for them to think that there are
different factors in health-
related SSIs and make a
decision in this way when there
is a debate about vaccination in
the future.” (3rd Interview)

“lalso learned that I can look at
many different aspects of a topic

while explaining it” (2nd
Interview)
“Students understand better

with active participation. They
can keep up with the new
developing technology which is
very important” (2nd Interview)

“Argumentation has truly been
a turning point for me. | believe
I will implement its principles in
my courses (3rd interview)

When students connected the
content to everyday life and
approached various dimensions
of SSIs  from  different
perspectives, they began to think
and question in new ways during
the class” (3rd interview)

“I had already learned most of
the topics in educational
technologies. However, | hadn't
considered using them in my
classes. This has been very
useful in terms of planning, and
we now have materials, both for
my colleagues and myself." (2nd
interview)

“The students touched upon
many dimensions of SSIs from
the very first lessons." (3rd
interview)

"The questions we pose to
students should not be mere
superficial questions but should
instead be thought-provoking
from ethical or various other
perspectives.” (2nd interview)
“We use argumentation and
other approaches (e.g.
technology integrated) in SSls to
support scientific literacy.
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Table 6. (Continued)
Pre-Service Teachers’ Perspectives on Science Education and Outcomes from PD

Pre- Perspectives on Science Education Outcomes Quotes for Outcome Coding

service

Teachers

(...)PT7 (...) (... Additionally, these topics align

with ethical and moral values”
(2nd interview)

“In the courses I am currently
designing, | will be integrating
socio-scientific topics,
incorporating those that are
appropriate to the content, and
evaluating this integration
throughout the process” (2nd
interview)

PT8 Defines an effective learning environment as  Multidimensional "l tried to address all the
one that incorporates the use of learning thinking dimensions. Our topic was
materials, describes science education as vaccines, and | covered various
motivating students and helping them aspects, including
understand the practical applications of psychological, economic, and
science in their daily lives, with the teacher's tourism-related ones, along with
role being that of a facilitator. any examples that could come to

mind in our country.” (3rd
interview)

PT9 Describes an ideal learning environment as  Multidimensional “In the lessons, instead of just
one that incorporates the use of materials and thinking learning the content
questioning and answering interactions, theoretically, we can see how we
defines the aim of science education as can use it in our lives and where
making students aware of science and linking we can encounter it.” (2nd
it with everyday activities, and defines the role interview)
of the teacher in the classroom as that of a
facilitator.

PT10 An ideal learning environment is described as  Technology (Regarding how the goals and
one where students can express their ideas integration beliefs related to teaching and
democratically.  Believes that science Argumentation learning align with the SSI
education enhances students’ understanding approach)  "For  example,
of nature and how science is relevant in daily technology integration,
life and society, and maintain that the teacher questioning, or argumentation.”
is a facilitator. (2nd interview)

PT11 Defines an effective learning environment as  Multidimensional ~ "More dimensions emerged than
one that allows students to express their ideas  Thinking I had even found through
democratically, sees the aim of science Interest in SSI research, and all of them were
education as making science relevant to daily topics addressed in the classroom.”

life and society, as well as fostering
scientifically informed citizens, and identifies
the teacher’s role as a facilitator.

(3rd interview)

"This process made it clear that
I need to do much more reading
and research to identify SSI
topics and encouraged me to
follow current events and
ecology much more closely.”
(2nd interview)

Mentor Teachers' Perspectives on Science Education and Pre-service Teachers' Outcomes of
Collaboration

To ascertain the participants’ science teaching understandings, the first interview (before PD) was
conducted. Additionally, to establish the benefits of mentor teachers for pre-service teachers, data was
collected through the second interview (after PD), feedback meeting records, and reflective diaries of
pre-service teachers in developing SSI materials. Table 7 presents the outcomes of pre-service teachers
working with mentor teachers and participants’ perspectives on science education.
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Table 7.

Pre-service Teachers' Outcomes from Collaboration with Mentor Teachers and Participants’ Perspectives on
Science Education

Mentor Mentor Teachers’ Perspectives on  Pre- Pre-service Teachers’ Perspectives ~ Pre-service
Teachers  Science Education service on Science Education Teachers'
Teachers Outcomes
(During
Collaboration
with Their
Mentors)

MT1 Underscores the importance of PT6 Describes an effective learning To relate SSI
teacher-student interaction in an environment as student-centered in ~ materials to
effective learning environment. which students articulate their daily life
Defines the objective of science ideas, aims to produce  Question-
education is to foster the scientifically  literate  citizens answer
development of problem-solving through science education, and Time
and critical thinking abilities, and defines the teacher’s responsibility management
scientific literacy, and describes as linking science to life. Classroom
their functions in the classroom as  PT7 Describes an ideal classroom management
knowledge providers and setting where students can share
facilitators. their thoughts, together with the

use of materials and technology,
and considers the aim of science
education as producing
scientifically informed citizens
and explaining the function of the
teacher as a facilitator.

MT2 Defines an effective learning PT2 Emphasizes the learner-centered Content
environment as one where students approach, underlining that science  knowledge
learn by doing, describes science education aims to give students a Time
education as one of understanding voice and help them make sense of management
nature, and sees the teacher in the the world, and suggests that the Classroom
classroom as one who transfers teacher is there to teach students management
knowledge. right from wrong. Question-

PT10 Describes a successful classroom — answer
environment for presenting and Student
discussing ideas and defines the readiness
goals of science education as
learning about nature and applying
science to real-life and societal
problems. States that the teacher is
the leader in the classroom.

PT11 Describes an effective classroom
environment where students share
their ideas, and science education
connects science to daily and
societal life  and  fosters
scientifically literate citizens. Also
describes the teacher as a
facilitator in the classroom.

MT3 Outlines a good learning context PT3 Define an effective learning Content
that involves educational environment as one in which knowledge
technology and instructional students are actively involved and  Facilitating
materials, perceives the aim of engaged. Science education in student
science education as problem- school aims to make science engagement
solving, and views teachers as meaningful and applicable to Assessment
sources of knowledge. students' everyday lives. The (related to

teacher's function in this setting is  content
that of a facilitator, guiding and knowledge)
supporting  students in their
learning process.
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Table 7. (Continued)
Pre-service Teachers' Outcomes from Collaboration with Mentor Teachers and Participants’ Perspectives on
Science Education

Mentor Mentor Teachers’ Pre- Pre-service Teachers’ Perspectives on  Pre-service
Teachers Perspectives on Science service Science Education Teachers'
Education Teachers Outcomes
(During
Collaboration
with Their
Mentors)
(..)MT3 (... PT8 Describes learning as taking place (...)

place through the use of learning
materials and question-answer
interaction, stating that science
education in school means to have
students apply science to their
everyday lives, and sees the teacher as
a facilitator in the classroom.

PT9 An effective learning environment is
described as one where there is the use
of material and questioning, with the
goal of science education being to
enhance students’ understanding and
make connections between science and
their everyday lives. The teacher in the
classroom is seen as a facilitator.

MT4 Describes an ideal PT1 Defines an  effective learning Content
classroom  where  the environment as one that engages the knowledge
guestion-answer method is students and sees the role of science Time
used, believes that the education as producing informed management
purpose of science citizens and raising awareness. The Classroom
education is for everyday role of the teacher is described as management
life and problem-solving, facilitator. Question-
and views themselves as PT4 Depicts a good learning environment answer
instructors  who  convey by emphasizing the importance of Student
information. student-teacher interaction, explaining readiness

that science education aims to produce
responsible citizens and promote
scientific literacy, and describing the
teacher as a facilitator.

PT5 Describes  an ideal learning
environment as one where students are
active and feel free to share their
thoughts, for science education as a
means of producing scientifically
informed citizens, and for the teacher
as a facilitator.

The following outcomes for pre-service teachers were derived from their collaboration process with
mentor teachers: relating SSI materials to daily life, conducting question-answer activities, time
management, classroom management, content knowledge, planning lessons according to the student’s
readiness, and involving the students in the lesson. It was observed that the mentor teachers’ perspectives
on science education had a direct influence on the progress made by the pre-service teachers. For
instance, MT1 provided feedback to PT6 and PT7 during the material development process, suggesting
that they enhanced the SSI topics that would capture students' interest and offer alternative SSI
examples. MT1 emphasized the importance of using examples from the students' local environment,
particularly in the experimental design process. Additionally, MT1 provided feedback indicating that
using a question-and-answer approach would further enrich SSI discussions.
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“In the video, the highlighted point was that humans are the cause of environmental problems, but
our instructor (MT1) mentioned that we should also include non-human factors like volcanic
eruptions and other natural events by asking students questions. ” (PT6, Diaries)

“They also noted that the concept of the water footprint is currently popular and emphasized that
we should highlight this in the main activity as well.” (PT7, Diaries)

Quotes from feedback meeting:

PT6: "We want to design an experiment on water pollution, but our experiment is not fully developed
yet. If you were to demonstrate something like this, how would you design an experiment on the
characteristics of water pollution and its effects on living organisms? Could you help us with this?"

MT1: "Since there are many factors affecting pollution, for example, you could focus solely on the
air-related dimension and do a lot with that. For instance, at the very least, you could take a glass
of water—say, regular drinking water—and place it by the window for a week. This is a classic
experiment, perhaps you 've done it before. Even though the Bosporus is a place with strong currents,
it's also one of the dirtiest parts of the sea. There are many tour boats, ships, and ferries passing
through as well. So, you could conduct a study related to that in such a polluted area as | mentioned."

On the other hand, MT2 primarily provided feedback to PT2, PT10, and PT11 focused on improving
the content knowledge of their material.

“Even though we dedicated the second lesson plan entirely to theory, the instructor found it
insufficient. He/she mentioned that we needed to explain several points in more detail and
emphasized certain key aspects of the topic.” (PT10, Diaries)

“Following their suggestion to utilize resources like videos and animations, we decided to include
a short video explaining DNA replication.” (PT2, Diaries)

“In addition to everything else, the instructor mentioned that while we focused on DNA replication,
we should emphasize that it’s not just replication but also essential for the continuity and order of
life. They also pointed out that we frequently discussed incorrect replication or changes in gene
sequences, but asked us to include information about the importance of the cell division cycle
functioning smoothly.” (PT2, Diaries)

Quotes from feedback meeting;

MT2: "In this case, what we ultimately want to explain is which mechanism in the DNA we're
focusing on. We want to explain its double-helix structure and the replication mechanism."

MT?2: "During the explanation of the topic, I believe it’s essential to use either an animation or a
drawing on the board. Otherwise, this theory will feel very abstract. So, | strongly recommend
illustrating it to provide a more detailed explanation."

As for the outcomes of pre-service teachers, MT1’s perspective on science teaching was more
progressive than the others, which is to cultivate scientifically literate and critical thinking students, and
the contribution is in SSI and understanding the nature of SSI by connecting SSI materials to daily life.
Furthermore, MT1 discussed the issue of engaging students in lessons, which the other teachers did not
discussed. Another factor that can be attributed to MT1’s SSI-oriented outcomes is that the pre-service
teachers in their group held views on science teaching and learning that were consistent with SSI. For
example, PT6 described the teacher’s role in the classroom as that of linking science to life, which is
different from other pre-service teachers. Also, PT7 focused on the ethical and moral aspects of their
gains. Since ethical and moral reasoning is an important aspect of SSI, it can be said that PT7 fully
embraced the SSI model.
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The only exception was MT1 while MT2, MT3, and MT4 had more traditional perceptions on science
education. The pre-service teachers’ outcomes were in content knowledge, time management, classroom
management, question-answer techniques, student readiness, and student assessment. These outcomes
are not directly related to the characteristics of SSI.

DISCUSSION AND CONCLUSION

In this study, within the framework of E-IMPG, pre-service teachers and mentor teachers were given
training in the theoretical phase of the PD program and worked with pre-service teachers in the material
development phase to design SSI modules enhanced by technology. The purpose of the study was to
understand what pre-service and mentor teachers learned in this context and how they related it to their
perspectives on science education. During the PD program, pre-service teachers collaborated with
mentor teachers to design lesson plans and materials on SSI. The pre-service teachers then taught the
lessons they developed while the mentor teachers observed the lessons, gaining insights into SSI and
technology integration.

Upon analyzing the findings of the study, it can be concluded that the pre-service and mentor teachers
benefited in some ways from the PD program. The outcomes for pre-service teachers are usually defined
by the use of multidimensional thinking, technology integration, and argumentation. However, some
pre-service teachers, besides these outcomes, have shown higher-order gain in terms of characteristics
of SSI such as ethical and moral decision-making and interest in SSI topics. The study shows that the
achievements of pre-service teachers are influenced by their perspectives on science education. The pre-
service teachers who had perspectives closer to the nature of SSI included additional outcomes like
ethical and moral concepts in their gains, however, the pre-service teachers who had more traditional
perspectives on science education targeted simpler outcomes like identifying characteristics of SSI.
Similarly, Foulk et al. (2020) found that pre-service teachers stated their intention to integrate SSI into
their instruction.

After examining the results of the mentor teachers, it becomes evident that they aligned with the findings
of the pre-service teachers. Out of the four MTs involved in the study, one had a progressive perspective
on science education, one had an experimental view of learning, and the other two had a traditional
perspective on science education. The results reveal that the outcomes of science education with a
progressive perspective among mentor teachers are not similar to those of other approaches. MT1, who
had a progressive perspective on science education, showed more interest in SSI practices and
mentioned that they would also use the SSI approach in their classes. On the other hand, MT2, who had
an experiential perspective, stated that they would apply the experimental practices contained in the SSI
modules to their classes. MT 3 and 4, who held a traditional perspective on science education, mentioned
that they had learned about new technologies used in the classroom during SSI practices (WEB 2. 0
tools) and an understanding of what SSI is. Thus, it can be seen that the views of mentor teachers who
do not align with the nature of SSI in science teaching are limited in terms of the outcomes of SSI
practices and their perspectives on science education. Also, they lack an understanding of all the
dimensions of SSI. The results of this study are supported by the findings of Topcu et al. (2022). They
found that teachers' perspectives on science education shaped how they perceived the outcomes of the
PD, even though all the teachers received the same training.

During the PD, pre-service teachers and mentor teachers co-designed an SSI module after the theoretical
training. In the design process, pre-service teachers met with their mentor teachers and received
feedback from them. Therefore, it was deduced that the pre-service teachers’ perspectives on science
education influenced their progress in the collaborative design process of the SSI module with the
mentor teachers. The outcomes of pre-service teachers are as follows: using SSI materials in their
classroom, engaging in question-answer activities, managing time and classroom, improving content
knowledge, planning lessons based on students’ readiness, and engaging students in the lesson (Huang
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& He, 2023). MT1, who has a more progressive understanding of science teaching, offered feedback to
the pre-service teachers that is consistent with the nature of SSI, noting that SSI materials should be
connected to topics that can be talked about in students’ everyday lives. The other mentor teachers,
except MT1, had more traditional perspectives on science education and thus provided more general
instructional feedback than MT1. Therefore, it was deduced that the mentor teachers’ perspectives on
science education affect the gains of pre-service teachers.

The factors influencing the outcomes of pre-service teachers included not only the perspectives of their
mentors on science education but also those of the pre-service teachers themselves. Thus, it can be
argued that the outcomes had by the pre-service teachers in group MTL1in line with the SSI approach, as
their perspectives on science education are consistent with these views.

In conclusion, it was found that the PD program and collaboration offered several gains for pre-service
and mentor teachers, but these gains were related to their perspectives on science education. This finding
is supported by Friedrichsen et al. (2021) who emphasized the importance of teacher beliefs (Personal
Domain). They argue that the teachers’ attitudes and beliefs about science education influence the other
three domains outside the Personal Domain in the E-IMPG model.

Thus, it may be useful to determine the science education perspectives of both pre-service and mentor
teachers before initiating PD programs designed to enhance their progress. This can assist in making the
PD program more relevant to their needs. Furthermore, while pre-service teachers go through the same
education during their university training and therefore expectedly hold similar gains, the gains of
mentor teachers are likely to be insufficient. Hence, it is suggested to provide mentor teachers with
enhanced scholarly guidance during the PD program and develop various SSl-based PD models as
suggested by Topgu et al. (2022).

Finally, it is necessary to address some of the limitations of the study. These include the number of
participants and contextual factors (e.g., content, framework, school type, and environment). Future
studies on PD programs could explore how these different contextual factors impact the collaboration
between mentors and pre-service teachers within the model.
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TURKCE GENISLETILMIS OZET

Son yillarda bilimsel okuryazarlik kapsaminda fen egitiminde, toplumsal 6nemi olan konular ve bilimsel
bilgi arasindaki etkilesimler ve iligkiler iizerine odaklanilmaktadir. Giiniimiizde, 6grencilerin
sosyobilimsel konulara (SBK) duyarli olmalar1, kiiresel refahi saglamak i¢in bilime ve bilimsel bilgiye
dayali kararlar verebilmeleri ve SBK ile ilgili toplumsal tartismalarda s6z alabilmeleri, bilimsel
okuryazarligi saglama noktasinda Onem tagimaktadir. SBK’larin 6gretim kalitesini arttirmak icin
Ogretmenlerin ve aday 6gretmenlerin SBK ile ilgili yeterli bilgiye sahip olmalar1 ve bu konulara yonelik
yeterliliklerinin de yiiksek olmasi énemli bir unsurdur.

Ogretmen adaylar1, 6gretmenlik uygulamasi dersleri kapsaminda uygulama dgretmenlerinin simiflarinda
gerceklestirdikleri uygulama oOrneklerini ve Ogretimlerini gozlemleyerek Ogretmenlik yapmayi
ogrenmektedirler. Uygulama 6gretmenleri aday 6gretmenlerin 6gretimleri planlama, simif ortaminda
uygulama ve diisiinme siire¢lerinde rehber roliinde yer almaktadir. Ayn1 zamanda uygulama ve aday
ogretmenler etkilesim icerisinden bulunduklarindan dolay1 uygulama 6gretmenlerin mesleki gelisimleri
(MG) desteklenerek giincel yaklasimlar hakkinda fikir sahibi olmaktadir.

Bu aragtirmada Coenders ve Terlouw’un (2015) ortaya koydugu genisletilmis baglantili MG modeli (G-
MGM) kullamlmigtir. Clarke ve Hollingsworth’iin (2002) gelistirdigi baglantih MG modeli
(Interconnected Model of Professional Growth-IMPG) 6gretmenlerin MG siireglerinde aktif 6grenen
roliinde olduklar1 varsayimina dayanmaktadir ve Kisisel Alan (Personal Domain), Dig Alan (External
Domain), Uygulama Alani (Domain of Practice) ve Sonuglar Alam1 (Domain of Consequences)
arasindaki etkilesimlere dayanan karmagik bir siireci agiklamaktadir. Coenders ve Terlouw (2015),
modele Materyal Gelistirme Alan1 adinda besinci bir alanin eklenmesini 6nermistir.

Bu calismada “materyal gelistirme” alan1 6gretmen adaylarinin uygulama ogretmenleriyle ve aym
zamanda kendi aralarindaki etkilesimi artirmak i¢in teknoloji destekli olarak planlanmaktadir. G-MGM
kapsaminda 6gretmen adaylari 6gretmenlik uygulamasi dersleri kapsaminda uygulama 6gretmenleri ile
teknoloji destekli ortamlarda is birligi ile ¢calisarak SBK materyalleri gelistirmeleri ve sinif ortaminda
uygulayacaklardir. Bu model aday 6gretmenlerin uygulama 6gretmenleri ile SBK ile ilgili ders plan1 ve
materyal tasarlamalari, 6gretmen adaylarinin tasarladiklar1 materyalleri uygulamalari ayn1 zamanda
uygulama Ogretmenlerinin ise bu uygulamalar1 gbzlemleyerek SBK ve teknoloji destekli 6gretim
uygulamalar hakkinda bilgi sahibi olmalar1 beklenmektedir (Friedrichsen vd. 2021). Gelistirilen SBK
materyallerini incelemeleri ve SBK odakli planlanan dersleri gézlemlemeleri her iki gruba da yarar
saglayacaktir. Calismanin aragtirma sorulari; (1) Uygulama ve aday 6gretmenlerin MG modelinden elde
ettikleri kazanimlar nelerdir?, (2) Uygulama ve aday 6gretmenlerin fen egitimi yaklasimlar ile MG
modelinden elde ettikleri kazanimlar arasinda nasil bir iligki vardir?, (3) Aday Ogretmenlerinin,
uygulama Ggretmenleri ile yaptiklart ig birliginden elde ettikleri kazanimlar nelerdir? ve (4) Aday
Ogretmenlerinin uygulama Ogretmenleri ile yaptiklar1 is birliginden elde ettikleri kazanimlar ile
uygulama dgretmenlerinin fen egitimine bakis agilar1 arasinda nasil bir iliski vardir? seklindedir.

Calismaya Istanbul’da bulunan bir iiniversitede biyoloji dgretmenligi boliimiinde son siif dgrencisi
olan Ogretmenlik Uygulamasi 1 ve Ogretmenlik Uygulamasi II dersini alan 11 &gretmen adayi
katilmigtir. Ogretmen adaylarindan 1 kisi erkek geriye kalan 10 kisi kadindir. Uygulama gretmenleri
ise Ogretmenlik Uygulamasi I ve Ogretmenlik Uygulamasi II dersinde okullarda onlara rehberlik eden
Istanbul’da bir lisede 6gretmenlik yapan dért uygulama 6gretmenidir (biyoloji dgretmenleri).

Veri toplama siirecinde arastirmanin amaci dogrultusunda bu ¢alismada nitel arastirma yOnteminin
dogasina uygun olan veri toplama araclari kullanilmistir. Arastirmada goriismelerde kullanilan MG
oncesi, MG sonras1 ve US olmak iizere {i¢ gorliigme formu, uygulama ve aday dgretmen toplant1 kayitlart
ve son olarak giinliikler olmak iizere farkli veri kaynaklarindan elde edilen veriler G-MGM modelinin
boyutlaria gore tiimdengelim ve tiimevarim yaklasimi kullanilarak kategorize edilmistir.

556

W E RO R SRR ECIRUE| 2024, Volume 13, Issue: 5 (Special Issue) www.turje.org


http://www.turje.org/

AYDIN, HAN TOSUNOGLU, AGLARCI OZDEMIR ve DOGAN; Uygulama ve aday 6gretmenler sosyobilimsel konularda
isbirligine dayali mesleki gelisim programindan neler 6greniyor?

Nitel aragtirmalarda veri analizi verileri anlamlandirma siirecinde; katilimcilarin neler soyledigi,
arastirmacinin bunlardan neler ¢ikardigi, verilerin birlestirilmesi, indirgeme ve yorumlama agsamalarin
icermektedir. Bu ¢alismada nitel arastirma yontemlerinden olan tematik analiz kullanilmistir. Tematik
analiz, arastirmacilara elde edilen verilerin ayrintili, esnek ama karmagik sekilde agiklanabilmesine
olanak saglayacak kadar kullanisgh bir aragtirma amacit sunmaktadir.

Calismanin bulgular incelendiginde aday ve uygulama 6gretmenlerinin uygulanan MG programindan
belirli kazanimlar elde ettigi gozlenmistir. Aday 6gretmenlerin elde ettigi kazanimlar genel olarak ¢ok
boyutlu diisiinme, teknoloji entegrasyonu ve argiimantasyondur. Fakat bazi aday Ogretmenler bu
kazanimlar disinda sosyobilimsel konularin dogasi ile ilgili iist diizey kazanimlardan olan etik ve ahlaki
sorgulama, SBK konularin1 benimseme ve delile dayali tartisabilme kazanimlarini elde etmislerdir.
Uygulama o6gretmenlerinin MG programindan elde ettigi kazanimlar incelendiginde ise aday
Ogretmenler ile benzer bulgular gosterdikleri saptanmistir. Caligmaya katilan dort uygulama
ogretmeninden bir kisi ilerlemeci fen egitimine bakis ag¢isina, bir kisi yaparak- yasayarak 6grenme bakis
acisina sahipken kalan diger iki uygulama 6gretmeni geleneksel fen egitimine bakis agisina sahiptir.
Ilerlemeci fen egitimi bakis agisina sahip uygulama &gretmeninin MG programindan elde ettigi
kazanimlarin diger uygulama oOgretmenlerinin elde ettigi kazanimlardan net bir sekilde farklilik
gosterdigi gozlenmistir. Ek olarak aday 6gretmenlerin kazanimlarina etki eden faktoriin uygulama
Ogretmenlerinin fen egitimine bakis agilari haricinde kendi bakis agilarinin da etkili oldugu saptanmaistir.
Sonug olarak O6gretmenlerin MG’lerine yardimci olmak amaciyla uygulanacak MG programlar
uygulanmadan 6nce bu programa katilacak aday 6gretmen ve uygulama 6gretmenlerinin fen egitimine
bakis agilarinin saptanmasi ve MG programinin buna gore tekrardan yenilenmesi kazanglarin artmasi
yoniinden yararl olabilir. Ayni zamanda aday 6gretmenler iiniversite egitimi boyunca ayni egitimden
gectikleri icin kazanglar1 biiyilk oranda benzerlik gdstermesine ragmen uygulama Ogretmenlerinin
kazanglan yetersiz kalmustir.
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