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Abstract 

 
In Indonesia, scientific literacy has been a major goal of the school 

science curriculum. To achieve this goal, however, teachers need appropriate 

teaching resources. Previous studies in science education have documented 

that instruction based on socioscientific issues (SSI) is a pedagogical 

approach that has the potential to improve students’ scientific literacy 

competencies. However, its effective implementation in the classroom 

requires science teachers to have adequate pedagogical knowledge and skills. 

In this study, I designed and implemented a science methods course to equip 

pre- and in-service biology teachers with the theoretical framework and 

practical implementation of SSI-based instruction. Specifically, this study is 

divided into three parts: exploring in-service biology teachers’ perceptions 

about SSI, examining pre- and in-service biology teachers’ perceptions of 

SSI-based instruction after participating in an SSI teaching-oriented course, 

and exploring pre- and in-service biology teachers’ SSI-based teaching 

practices during the course. 

To explore biology teachers' perceptions about SSI, I surveyed 123 

in-service biology teachers using a questionnaire. I also used a survey to 

pilot the SSI-based biology instruction (BI) questionnaire. The results of the 

analysis indicated that the majority of the SSI topics identified by the 

teachers involved biology-associated content in the curriculum, such as 

environmental pollution, global warming, and biotechnology. Teachers also 
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used general methods such as discussion and cooperative learning to teach 

about these topics. Teachers also recognized environmental issues as 

important and interesting topics for implementing SSI lessons. The analysis 

of the SSI-BI questionnaire suggested that the 21 items could be divided 

into four scales: (1) core aspects of SSI-based instruction, (2) challenges in 

implementation, (3) pedagogical knowledge, and (4) attitudes and beliefs 

about SSI-based instruction. Building from these findings, I discuss how the 

topics the teachers selected reflected the characteristics of SSI and how the 

teaching and learning methods aligned with the framework of SSI-based 

instruction. I also explore the importance of each SSI-BI questionnaire scale 

for the successful implementation of SSI-based instruction. 

In the second part of this study, I engaged 45 pre- and in-service 

biology teachers in 8 weeks of an SSI teaching-oriented course. During the 

course, the teachers discussed the theoretical framework of scientific literacy, 

SSI and its teaching, and biology competencies in the Indonesian national 

curriculum. They also worked collaboratively in planning and implementing 

SSI teaching. Using data collected from the SSI-BI questionnaire (pre- and 

post-survey), interviews, and course assignments, I explored how the 

teachers’ engagement in the course had an impact on their perceptions and 

attitudes about SSI-based instruction. The results demonstrated that the 

course significantly affects the teachers’ perceptions of their pedagogical 

knowledge and attitudes about SSI-based instruction. They also recognized 

some core aspects of SSI-based instruction. However, teachers still 
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considered factors such as curriculum requirements, teachers’ competency, 

and students’ characteristics as challenges for the implementation of SSI 

teaching in school. In addition, teachers expressed concerns about their 

capacity in designing SSI lessons and managing the SSI discussion activities. 

The third part of the study focuses on SSI-based teaching practices. 

Six teachers from two classes of the course implemented their SSI lesson 

plans in science methods classrooms. Each class implemented three 

different SSI lessons designed for the senior secondary school classroom 

(Grades 10-12). The SSI observation protocol (OP) was used as an 

analytical framework to examine the six videos of the lesson 

implementations. The SSI-OP consists of five dimensions: the focus of 

instruction, teaching moves, the role of the teacher, the role of the students, 

and the classroom environment. To evaluate biology teachers’ reflections 

about their teaching, six videos of post-teaching reflections were analyzed. 

The result from the video analysis corroborated the data from the classroom 

observation and teaching materials. The quantitative analysis shows that the 

classroom environment category had the highest standardized score, while 

the teaching moves category was the lowest. Results from the qualitative 

analysis indicate that most activities suggested in the five dimensions of the 

SSI-OP were implemented. However, there were some inconsistencies 

between the lesson plan and the actual teaching. The teachers also 

acknowledged that their teaching and the classroom situation may have been 

more challenging when they implemented the lesson in the real school 
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context. 

Overall, this study indicates the potential of an SSI teaching-oriented 

course to improve pre- and in-service biology teachers’ perceptions of their 

pedagogical knowledge and attitudes about SSI-based instruction. This 

study also provides important evidence for how teachers practice SSI-based 

instruction and reflect on their teaching in the context of a science methods 

course. The findings of this study can lead science teacher educators and 

researchers to make more informed decisions regarding the content and 

activity of a science methods course to help pre- and in-service biology 

teachers improve their knowledge and skills in teaching SSI. 

 

Keyword: Socioscientific issues, biology instruction, pre-service teacher, in-

service teacher, perception, practice. 
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Chapter 1. Introduction 

1.1. Background of the Study: Science Education in 

Indonesia 

In this section, I briefly describe the present state of science 

education in Indonesia. I highlight the significant issue of students’ 

scientific literacy and the national science curriculum as a context of this 

study.  

Today, the Indonesian government and private sector are responsible 

for providing an education for 52 million schoolchildren and employing 

about 3.8 million teachers working in more than 300,000 schools (BPS, 

2017). That there are more students and even more teachers in the 

Indonesian education system than there are people in many countries in the 

world presents a growing challenge for policymakers and government 

officials developing measures to ensure a high-quality education for all 

students in the country. One crucial issue faced by science teacher educators, 

researchers, and teachers is low student performance in science. 

Indonesian students show low performance on both national and 

international assessments in science. Since first joining the Program of 

International Student Assessment (PISA) in 2000, Indonesia has 

consistently scored in the lowest achievement group. For example, in 2018, 

Indonesian students ranked in the 70th of the 78 countries participating in 
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the exam (OECD, 2018a). On similar assessments, such as the Trends in 

International Mathematics and Science Study (TIMSS), Indonesian students 

have also struggled in science, scoring far below the international average 

on assessments in 1999, 2011, and 2015. Even on the national exam, 

Indonesian students struggle in science. In 2019, the average science score 

for students at the junior secondary school was only 48.79 out of 100, and 

for senior secondary students, the average was 49.35 out of 100 for science 

(biology, physics, and chemistry).  

These low scores are indicative of students’ struggles to demonstrate 

their knowledge and understanding of science on these assessments and 

make clear that students need improved educational experiences to help 

expand their ability to perform well on these kinds of exams and to learn 

science. Currently, the initiative focused on developing the national 

curriculum is expected to address this issue and have an impact on science 

teaching and learning. In 2013, the Ministry of Education and Culture 

(MOEC) unveiled the new curriculum to improve the quality of the national 

education system. This curriculum was implemented nationally in 2015 and 

used as a guideline for all schools and teachers. 

The new curriculum competencies include spiritual, social, 

psychomotor, and cognitive domains. The spiritual and social domain 

emphasize developing students' affective and personal character, while the 

cognitive and psychomotor competencies focus on developing students' 

conceptual understanding, general and scientific process skills, problem-
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solving ability, and higher-order thinking skills (MOEC, 2016a). The 

curriculum competencies provide teachers with content objectives and 

suggestions about teaching strategies, instructional materials, and 

assessment methods to support teachers as they design their lessons.  

In practice, teachers must include cognitive and psychomotor 

competencies in their instructional objectives while also using constructivist 

and active learning strategies to engage students. Moreover, teachers should 

also pay attention to students’ spiritual and social competencies and 

designing the assessment to measure students’ achievement in each 

competency. While there is optimism among educators that the new 

curriculum will have a positive impact on students’ science achievement and 

improve teaching and learning practice, the complexity of these tasks 

requires adequate teacher preparation. 

Teacher education programs need to consider how science teachers 

can appropriately integrate the curriculum competencies in their classrooms 

and prepare teachers to design and implement their lessons. This study seeks 

to address this need by focusing on a pedagogical approach that can support 

teachers to meet the new curriculum demands while facilitating students to 

achieve the curriculum goals. 

1.2. Rationale of the Study 
 

The development of science and technology has improved the 

quality of human lives around the world, however, it also has some 
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consequences for human health and the environment. This issue has 

increased emphasis on promoting scientific literacy to equip people with a 

sufficient understanding of scientific knowledge and ideas for responding or 

making decisions regarding science-related issues (Aikenhead, 2006). 

Consistent with the call of scientific literacy, all reform and innovation 

programs in science education advocate the preparation of scientifically 

literate students as the primary goal of science education (e.g., American 

Association for the Advancement of Science [AAAS, 1993]; National 

Research Council [NRC, 1996]; Millar & Osborne, 1998).  

Due to the conception that scientific literacy is socially constructed 

and depends on the context or situations in which science may have a role 

(Miller, 1998), each country may have a different emphasis on the elements 

of scientific literacy in their school science curriculum. In Indonesian 

science education, the elements of scientific literacy are reflected in the two 

main competencies of the national curriculum: the cognitive and 

psychomotor competencies. These competencies emphasize the 

development of students’ problem-solving abilities, higher-order thinking 

skills, and understanding the interrelationship between science, technology, 

environment, and society (MOEC, 2016a). 

In science education literature, several studies have documented the 

use of socioscientific issues (SSI) as contexts for science teaching and 

learning, and these studies have indicated that doing so can support the 

promotion of scientific literacy in schools (Ratcliffe & Grace, 2003; Zeidler, 
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2014). For example, teaching SSI can foster students' understanding of 

important science content (Sadler et al., 2016) and development of decision-

making skills (Molinatti et al., 2010), scientific arguments (Khishfe et al., 

2017), and ethical reasoning (Berne, 2014), and SSI-based instruction may 

serve an ideal learning environment for students to cultivate character and 

values (Lee et al., 2013). These studies all investigated students' learning 

experiences and outcomes and the findings are relevant to the scientific 

literacy framework suggested in for science curriculum around the world. 

Already, a few SSI-based instruction models have been advanced, 

presenting key elements and frameworks to integrate SSI into science 

learning. For example, the SSI instructional framework developed by 

Presley et al. (2013) includes design elements, learner experiences, and 

teacher attributes as core aspects of SSI-based instruction. The SSI-based 

instructional model developed by Sadler et al. (2017) divided the learning 

sequence into three main steps: presentation of the focal issue, students’ 

engagement in both science ideas and socioscientific reasoning, and student 

revision and synthesizing of ideas and practices that they have encountered 

throughout the SSI learning. Another SSI-based instructional model was 

developed by Friedrichsen et al. (2016). This model begins with a focal 

issue and culminates with an activity that leads students to revise and 

synthesize their learning. 

To promote SSI-based instruction in Indonesian science education, I 

think it is important to provide opportunities for both pre- and in-service 
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teachers to explore the conceptual framework of SSI-based instruction, 

including instructional strategies and teaching materials that they can adopt 

for teaching SSI. To initiate this effort, I designed and implemented a 

science methods course to address SSI-based instruction. I selected graduate 

programs in biology education at teacher education institutions (TEI) as a 

suitable setting for this study. 

In Indonesia, TEIs are the primary institutions that provide programs 

for teacher preparation and training. Graduate programs in education at TEIs 

are available for pre- and in-service teachers. The more flexible curriculum 

in graduate programs allowed me to design and integrate content related to 

SSI teaching and learning into the course curriculum for teachers. Through 

this course, pre-service and in-service teachers were able to explore the 

conceptual framework and practical implementation of SSI teaching and 

learning, and subsequently were expected to improve their pedagogical 

knowledge and confidence to address SSIs in their current and future 

science teaching. 

Another consideration in selecting a research setting in graduate 

programs of TEIs was that much of the literature on effective SSI teaching 

and learning has been focused primarily on school context, while little 

research has addressed pre-service and in-service teacher participation in 

SSI teaching-oriented courses. In addition, there is a need to promote 

research on SSI teaching in Indonesia, particularly at TEIs. An analysis of 

science education research trends at TEIs indicates that studies on SSI 
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teaching have been less represented in the research (Faisal et al., 2020). 

Given that most educational research in Indonesia is administered and 

conducted by TEIs (Faisal & Martin, 2019), promoting SSI research in these 

institutions is expected to serve as an important site from which to facilitate 

the implementation of SSI teaching and learning both in universities and K-

12 schools. 

To conclude, as noted above, this dissertation argues that SSI-based 

instruction can serve as an effective pedagogical approach for facilitating 

the achievement of the Indonesian national curriculum competencies to 

enable students to become more scientifically literate. Given the important 

role of TEIs for Indonesian teachers' preparation and professional 

development, the promotion of SSI-based instruction in TEIs is necessary to 

support pre-service and in-service teachers in to be able to implement SSI-

based instruction in K-12 classrooms. This study was designed to 

understand Indonesian biology teachers’ perceptions about and practices in 

implementing SSI. Examining teachers’ perceptions of and practices in SSI-

based instruction is important because teachers are ideal candidates to 

introduce SSI-based instruction in current and future science classrooms. 

1.3. Outline of the Study and Research Objectives 

This study was conducted in the context of a science methods course 

in a graduate program in biology education at a public TEI in Indonesia. 

Specifically, this study is divided into three parts (Figure 1.1).  
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Figure 1.1 Outline of the study 

 
In the first part, I explored biology teachers' perceptions of SSI using 

an online survey. With this survey, I also validated an SSI-based biology 

instruction (BI) questionnaire. In the second part of this study, I designed 

and implemented a science methods course offered to two groups of biology 

teachers who enrolled in two sections of the course. The course was 

designed to provide pre-service and in-service biology teachers with 

opportunities to explore the theoretical framework and practical 

implementation of SSI-based instruction. The course consisted of two 

components: classroom lecture and activity sessions and SSI teaching 

practice sessions. I examined teachers' perceptions of SSI-based instruction 

after completing the course. In the third part of this study, I explored 
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teachers' SSI teaching practices as performed in the course and I examined 

teachers’ reflections about the SSI lessons they developed and taught. The 

research questions for this study are as follows: 

1. What topics do biology teachers consider to be SSIs?  

2. What methods do biology teachers use to teach and learn these SSI 

topics? 

3. To what extent do pre-service and in-service biology teachers’ 

participation in an SSI teaching-oriented course affect their perceptions 

about SSI-based instruction? 

4. What aspects of the SSI-based instruction do pre- and in-service 

biology teachers perform in SSI teaching practice?  

5. How do pre-service and in-service biology teachers reflect on their SSI 

teaching practice? 

 

1.4. Significance of the Study 

This study is significant to science teacher education and research on 

SSI in several ways. First, this study provides an important understanding 

about biology teachers’ perceptions about SSI. Most of the topics identified 

as SSIs by the teachers who participated in the study were biology 

curriculum topics, but the topics the teachers identified did not fully 

represent the characteristic and controversial nature of SSI topics. The 

methods that teachers used to teach and learn the topics were also common 

methods that did not reflect activities involving scientific practice and 

higher order thinking skills, which are generally associated with SSI-based 

instruction. These findings support the assumption teachers’ lack of 
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knowledge about SSIs limits their use of SSIs as part of their biology 

instruction. Thus, introducing SSI-based instruction in teacher education 

programs and promoting educational research on SSI is necessary. In 

addition, introducing SSI-based instruction as part of teacher preparation 

and professional development coursework and help teachers to more 

effectively implement SSI in K-12 classrooms, which can help to facilitate 

their students’ achievement of the national curriculum goals. 

Second, this study indicates the usefulness of a science methods 

course in improving pre- and in-service teachers’ perceptions of their 

pedagogical knowledge about and attitudes towards SSI-based instruction. 

Teacher participation in the course also helped to develop awareness about 

some core aspects of SSI-based instruction and challenges for implementing 

SSI lessons in real school contexts in Indonesia. I believe that these positive 

outcomes will contribute to these teachers’ teaching practice in the future, 

particularly when they intend to further develop and implement SSI 

teaching in their biology classrooms. Third, this study provides evidence 

regarding the significance of a course offered at a TEI in facilitating 

teachers’ practices in SSI teaching. Finally, this study also identified some 

difficulties and practical issues during teaching practice that could provide 

important information for science teacher educators and researchers to better 

prepare teachers to actually use SSI teaching to teach science. 

1.5. Overview of the Dissertation 
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This dissertation comprises six chapters. Chapter 1 briefly describes 

the background and rationale of the study, research objectives, and 

significance of the study. Chapter 2 presents the literature review that 

provides the theoretical basis for this study. The review includes topics on 

SSIs, some important aspects for the effective implementation of SSI-based 

instruction, and TEIs in Indonesia. Chapter 3 explores biology teachers' 

ideas about SSI and describes the scales and items of the SSI-BI 

questionnaire. Chapter 4 describes the pre- and in-service teachers' 

perceptions about SSI-based instruction. In Chapter 5, I focus the discussion 

on the pre- and in-service teachers' teaching practices in SSI. This chapter 

also presents some important findings from post-teaching reflection related 

to teachers' views on their implemented SSI lessons. In Chapter 6, based on 

these studies' findings, I draw conclusions and discuss the implications of 

this study. 
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Chapter 2. Literature Review 

2.1. Overview 

This chapter presents the literature review that provides the 

theoretical framework for this study in three sections. The first section 

describes studies related to the role of SSIs in science education. The 

discussion focuses on SSIs and scientific literacy, argumentation about SSIs, 

and SSIs in the context of the national science curriculum in Indonesia. The 

second section provides the theoretical framework used in developing the 

scales of the SSI-BI questionnaire used in this research. This literature 

review includes core aspects of SSI-based instruction, challenges in its 

implementation, pedagogical knowledge, and attitudes and beliefs about 

SSI-based instruction. The third section describes TEIs in Indonesia, 

including the important role of TEIs in teachers’ preparation and 

professional development and the science education research trends at TEIs. 

2.2. Socioscientific Issues in Science Education 

2.2.1. Socioscientific issues and scientific literacy 

The framework of scientific literacy 

With the growing challenges affecting society, it is crucial to prepare 

scientifically literate students who can actively take part in addressing these 

challenges. All reform movements in science education have advocated the 

preparation of scientifically literate students as a primary goal of science 
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education (e.g., American Association for the Advancement of science 

[AAAS, 1993]; National Research Council [NRC, 1996]), in which the 

vision is aimed to not only prepare students for future science-related 

careers but also seeks to enhance students’ capacity to be scientifically 

literate citizens (Roberts, 2007). 

In order to provide guidance on what knowledge and academic 

competencies students need to be scientifically literate, many organizations 

and scholars in science education have conceptualized the framework of 

scientific literacy. For example, the Organization for Economic Cooperation 

and Development (OECD; 2018b) defined scientific literacy as ‘‘the ability 

to engage with science-related issues, and with the ideas of science, as a 

reflective citizen” (p. 98). Engaging in critical discussion about science and 

technology-related issues requires three science-specific skills: explaining 

phenomena scientifically, evaluating and designing scientific enquiry, and 

interpreting data and evidence scientifically (OECD, 2018b). 

In addition, Miller (1998) described three elements of scientific 

literacy: knowledge of basic science concepts, understanding of the nature 

of scientific inquiry, and understanding of the impact of science and 

technology on individuals and society. Millar (2006) added that scientific 

literacy includes science knowledge and ideas and requires that people be 

able to make informed decisions about science-related matters. A 

scientifically literate individual also requires the ability to understand 

subject matter content, nature of science (NOS), and scientific inquiry 
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(Lederman et al., 2014). In the framework of scientific literacy for the 21st 

century, Choi et al. (2011) included five dimensions: content knowledge, 

habits of mind, character and values, science as a human endeavor, 

metacognition, and self-direction. 

To achieve the vision of scientific literacy in science education, some 

studies have pointed out the importance of the societal dimension as an 

essential component of science education practice. In this context, scientific 

literacy implies that an individual student must develop the ability to 

critically evaluate and apply information, make an appropriate decision, and 

participate in a debate or discussion about science-related issues (Arroio, 

2010; Hofstein et al., 2011; Zeidler & Nichols, 2009). That is, scientifically 

literate students should have appropriate value perceptions and 

understanding about the scientific enterprise, as these provide students a 

rational framework from which to evaluate SSIs (Peters-Burton & Baynard, 

2013).  

Defining socioscientific issues (SSIs) 

SSIs are complex societal issues with conceptual, procedural, and/or 

technological associations with science (Sadler et al., 2016). Possible 

solutions to these problems typically involve diverse social, political, 

economic, and value considerations (Oulton et al., 2004; Ratcliffe & Grace, 

2003; Sadler et al., 2007). Because SSIs do not have single correct answers 

or universal solutions, these issues provide opportunities for students to 



 

 １５ 

examine the relationships among science, technology, and society (Kolstø, 

2006; Zeidler et al., 2009). 

In addition, SSIs are ideal contexts for students to argue about 

dilemmas (Christenson & Chang-Rundgren, 2015) and to develop their 

skills reflecting critically on their own values and stances (Oulton et al., 

2004). An SSI can be very diverse in nature, ranging from global climate 

change to bioethical dilemmas, such as stem cell research (Sadler et al., 

2007). Learning science in the context of an SSI involves considering not 

only the science elements of an issue, but also dimensions such as policy, 

economics, culture, and the interactions of these considerations with 

scientific evidence. 

SSIs potentially meet the needs of enhancing scientific literacy in 

science education as they involve awareness towards relationships among 

science, technology, and society and allow students to be active participants 

in the decision-making process (Lee & Witz, 2009). Zeidler and Nichols 

(2009) pointed out two considerations in dealing with the role of SSIs in 

contextualizing science topics. First, students generally tend to think about 

the science topics that are relevant to them personally, thus, providing an 

issue that is personally or socially relevant to themselves is useful in a 

learning process. Second, SSIs have the potential to challenge students to 

negotiate an issue from a humanistic perspective, examining moral and 

ethical considerations together with scientific knowledge to make an 

appropriate decision. Students have to be able to reason about potential 
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benefits and risks in order to reach informed decisions. In addition, students 

can approach issues in a variety of ways that may differ from what teachers 

or curriculum developers anticipate (Stenseth et al., 2016). 

2.2.2. Argumentation about socioscientific issues 

A majority of studies concerning SSIs focus on students’ 

argumentation skills. Liu, Lin, and Tsai (2010) suggested that to prepare 

students to be scientifically literate, science teachers should not only handle 

the complex interactions of science, technology, and society but also engage 

students in the process of socioscientific argumentation. Although there has 

not been a precise definition in the literature for “argument”, it is commonly 

defined as an assertion or a claim and its accompanying justification (Driver 

et al., 2000). Osborne (2010) explained that the elements of an argument 

that support the claim may be subject to rebuttal or counter-argumentation 

and that an argument by itself requires the ability to compare, contrast, and 

distinguish different lines of reasoning. 

It has been argued that SSIs might provide ideal contexts to involve 

students in the practices of argumentation (Sadler & Zeidler, 2005). Some 

studies found socioscientific contexts useful for students to practice and 

improve their argumentation skills (Zohar & Nemet, 2002; Osborne et al., 

2004; Venville & Dawson, 2010). In addition, arguments can be used as a 

basis to cultivate decision-making in the context of an SSI (Khishfe, 2012). 

Through the cognitive process of comparison and contrast, argumentation 
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can help students develop new understandings of science (Osborne, 2010). 

Thus, giving students a chance to justify their claims and generate counter-

arguments and rebuttals can help them construct and reconstruct their own 

knowledge (Berland & McNeill, 2010). 

Research designs using SSI argumentation often include debates 

between peers and individual decision-making about an SSI (Zohar & 

Nemet, 2002; Venville & Dawson, 2010). Jimenez-Aleixandre and Erduran 

(2008) discussed five different dimensions of argumentation: (1) 

construction of scientific knowledge, (2) development of communicative 

competencies and critical thinking, (3) achievement of scientific literacy 

with a focus on talking and writing science, (4) enculturation into scientific 

culture in the sense of developing epistemic criteria, and (5) development of 

reasoning and rational criteria. 

Several authors, when dealing with the inclusion of SSIs in science 

classrooms, have pointed out the importance of context for improvement of 

argumentative skills (Zohar & Nemet, 2002; Khishfe et al., 2017). From a 

socio-cultural perspective, students can argue better in a specific context, 

along with when and how that context is experienced (Berland & Hammer, 

2012). The specific context of an SSI that students are dealing with adds to 

this cognitive demand and influences their reasoning and decision-making 

processes (Sadler et al., 2007). For example, Khishfe et al., (2017) found 

that the arguments used by participants about an SSI varied with the specific 

nature of the issue, while Sadler (2009) claimed that different types of 
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knowing and learning are stimulated and facilitated in different contexts. 

 

2.2.3. Socioscientific issues and the Indonesian science curriculum  

The competencies of the national curriculum 

The Indonesian government is highly centralized, giving the MOEC 

full authority to design the structure and to select all components to be 

included in the national curriculum. The competency standards of the 

national curriculum consists of two main categories of competencies, 

referred to as the main competencies (Kompetensi Inti) and basic 

competencies (Kompetensi Dasar). The main and basic competencies 

outlined in the curriculum provide teachers with guidance for designing 

instructional objectives. 

Table 2.1 Main competencies of the Indonesian national curriculum  

Spiritual Social Cognitive Psychomotor 
Refers to having 
students 
understand and 
practice religious 
beliefs and 
values in their 
daily lives  

Refers to shared 
social and cultural 
values, such as 
honesty, self-
discipline, 
responsibility, 
social awareness, 
cooperation, and 
tolerance  

Derived from 
revised Bloom’s 
taxonomy, 
emphasis in 
science is on 
having students 
analyze, evaluate, 
and create 
representations of 
understanding  

Refers to the need 
to have students 
develop their 
process skills, 
communication 
skills, and 
problem-solving 
abilities  

 

The main competencies (Table 2.1) target the development of 

students’ spiritual, social, cognitive, and psychomotor domains and are 

applicable to all subject areas at every grade level (MOEC, 2016b). In 
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addition to these four overarching main competencies, teachers should also 

incorporate basic competencies that are specific for each subject and grade 

level. The basic competencies specifically target the cognitive and 

psychomotor domains related to the subject matter. 

In the curriculum, the cognitive and psychomotor competencies are 

presented together and linked to the subject content. As this study 

specifically targeted biology subjects, below I share examples from the 

biology basic competencies to provide more understanding of the depth and 

breadth of the competency students should achieve when studying biology 

subjects (Table 2.2). 

Table 2.2 Example of biology basic competencies for senior secondary 
school  
Grade Cognitive competencies  Psychomotor competencies  Total of basic 

competencies 
10 Analyzing the various 

levels of biodiversity in 
Indonesia and how to 
preserve them  

Presenting data about 
biodiversity in Indonesia and 
proposing an appropriate 
conservation method  

22 

11 Analyzing the structure 
and function of plant 
cells, tissues, and organs 

Observing the structure of 
plant cells, tissues, and 
organs 

28 

12 Describing the effect of 
internal and external 
factors on the growth 
and development of the 
organism 

Making an experimental 
report about the influence of 
external factors on plant 
growth and development  

20 

 

At the secondary school level, teachers are tasked to address 70 basic 

competencies related to biology (Table 2.2). For example, in Grade 11, 

teachers need to involve students in activities focused on analyzing and 

observing the structure and function of different kinds of cells and 
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components of cells. In addition, the implementation of basic competencies 

requires teachers to actively engage students in science learning rather than 

relying on teacher-directed instruction. Basic competencies are also used as 

references to assess students’ learning outcomes. 

Biology content and competencies of the curriculum for SSI teaching  

Based on the national curriculum framework above, I identified 

some relevance between SSI-based instruction and competencies in the 

biology curriculum. First, the spiritual and social competencies of the 

national curriculum emphasize the students’ character values. Consistent 

with these competencies, some studies have indicated that SSI teaching 

approaches are useful in promoting character education and ethical 

deliberation in science leaning (Zeidler & Keefer, 2003; Saunders & Rennie, 

2013; Lee et al., 2013). 

In addition to the character education, the cognitive and 

psychomotor competencies of the national curriculum reflect some elements 

of scientific literacy, such as conceptual understanding, science process 

skills, problem-solving ability, higher-order thinking practice, and 

understanding the interrelationship between science, technology, 

environment, and society (MOEC, 2016b). A number of SSI pedagogical 

models have identified these elements as essential aspects of SSI-based 

instruction (Ratcliffe & Grace, 2003; Presley et al., 2013, Friedrichsen et al., 

2016; Sadler et al., 2017). 
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For science teaching in schools, the national curriculum requires all 

elementary and junior secondary school students to learn basic science. At 

these levels, science is taught as an integrated and thematic subject with no 

distinct separation between biology, physics, and chemistry. Students who 

select the science track at the senior secondary level (Grades 10–12) learn 

all science subjects—biology, physics, and chemistry—each year. Each 

science subject is taught independently and students take three classes each 

of biology, physics, and chemistry every week (Faisal & Martin, 2019). 

In senior secondary school, students in Grades 10–12 take biology 

each year and are expected to learn a wide range of content (Table 2.3). 

Table 2.3 Biology topics at the senior secondary school level  
Grade 10 Grade 11 Grade 12 
What is biology? 

Indonesian biodiversity 

Classification of 
organisms 

Characteristics and roles 
of viruses, archaebacteria, 
eubacteria, protista, fungi, 
plants, and invertebrates 
in human life 

Ecosystems, energy flow 
in ecosystems, 
biogeochemical cycles, 
and interactions within 
the ecosystem 

Environmental and 
climate change and waste 
recycling 

Structure and function of 
plant and animal cells 

Plant and animal tissue 

Human body system: 
skeleton and muscle 
system, circulatory 
system, digestive system, 
respiratory system, 
coordination system, 
reproductive system, and 
immune system 

 

Plant and animal growth 

Enzymes, photosynthesis, 
and cellular respiration 

Structure and function of 
genetic materials (DNA, 
RNA, genes, and 
chromosomes) and 
protein synthesis 

Cell division (plant and 
animal) 

Mendelian inheritance 

Mutation 

Evolution 

Biotechnology 

 

Students are first introduced to the definition and scope of biology as 
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a study of living things. In the first year, students focus on the classification 

of organisms, understanding the flow of energy in ecosystems, and learning 

about environmental topics such as climate change. In Grade 11, the 

discussion is narrowed to focus on the form and function of plants and the 

human body, with a particular focus on examining the different body 

systems. Finally, more complex topics such as metabolism, evolution, 

genetics, and biotechnology are taught in Grade 12. The biology learning 

topics listed in Table 2.3, such as biotechnology, environmental, climate 

change, and waste recycling, have the potential to be taught in the context of 

SSI. For example, some previous studies have used the issue of genetically 

modified organisms to engage students in a discourse about SSI (Chung et 

al., 2016; Cinici, 2016; Khishfe et al., 2017). 

2.3. Socioscientific Issue-Based Instruction 

In this section, I describe the conceptual framework used to develop 

the scales of the SSI-BI questionnaire. The literature review of the issues 

related to SSI-based instruction consist of four categories, including (1) core 

aspects of SSI-based instruction, (2) challenges in implementation, (3) 

pedagogical knowledge, and (4) attitudes and beliefs about SSI-based 

instruction. The literature review of each category is provided below.  

2.3.1. Core aspects of SSI-based instruction 

The SSI-based instruction framework developed by Presley et al. 

(2013) identifies design elements, learner experiences, and teacher attributes 
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as core aspects for teaching and learning science in the context of SSIs. 

Features of the design element of SSI-based instruction emphasize the 

importance of building instruction around a compelling issue, providing 

scaffolding for higher-order thinking practices (e.g., argumentation, 

reasoning, and decision making), and designing a culminating learning 

experience. For the aspect of required learner experiences, some SSI studies 

suggest activities, such as the need to engage students in constructing 

scientific argumentation practice (Venville & Dawson, 2010; Jimenez-

Aleixandre & Erduran, 2008), and activities of collecting and analyzing 

scientific data related to an SSI (Sadler, 2011). These activities not only 

achieve the SSI educational goals, but also reflect the main competencies of 

the national science curriculum in Indonesia (MOEC, 2016b).  

Further, for teacher attributes, the SSI education framework also 

identifies the necessity for teachers to understand the science content 

underlying the issue and have awareness of the social dimensions of the 

issue (Ratcliffe & Grace, 2003; Presley et al., 2013). High awareness of 

these core aspects can help support teachers to effectively design and 

implement SSI teaching and learning activities. 

2.3.2. Challenges of SSI-based instruction implementation 

Previous studies of SSI teaching have revealed a range of challenges 

that may hinder teachers from implementing SSI teaching. For example, Lee 

and Yang (2019) found that when addressing SSI in the science class for the 
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first time, teachers encountered some challenges in transforming their 

traditional role of teaching science content as specified in curriculum and 

actively engaging students in SSI discussion activities. In addition, some 

studies have also acknowledged the importance of the availability and 

accessibility of SSI teaching resources for teachers when they are 

implementing SSI teaching. For instance, an SSI pedagogical model with a 

clear instructional sequence is useful to guide teachers in SSI teaching 

implementation (Saunders & Rennie, 2013). In addition, science textbooks 

that include perspectives from social science disciplines on various topics 

may help teachers to identify relevant social issues for their SSI teaching 

(Morris, 2014). 

A study by Borgerding and Dagistan (2018) revealed several pre-

service science teachers’ concerns when teaching SSI, such as, lacking 

sufficient knowledge to appropriately identify an SSI from other 

controversial science issues and knowing how to integrate science content 

into SSI instruction. The need to adhere closely in scope and sequence to a 

curriculum with many learning objectives can also be a barrier for a teacher 

attempting to implement the full features of SSI teaching. I this case, lack of 

time and room to maneuver in the curriculum may limit teachers to only be 

able to use SSIs as a motivational instrument for students to learn biology 

content or to frame their teaching activities using an SSI-based approach 

(Tidemand & Nielsen, 2017). In the context of Indonesian science 

education, exploration of all of these SSI teaching challenges is also relevant 
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since the educational system has a national curriculum policy determined by 

MOEC that sets the goals and competencies of science education, the 

standards of science teaching and learning, the scope sequence for 

implementing the curriculum, and the process and procedures for 

developing science textbooks (Faisal & Martin, 2019). 

2.3.3. Pedagogical knowledge needed to implement SSI-based 

instruction 

Pedagogical knowledge is one of the elements of the pedagogical 

content knowledge (PCK) construct. A simple definition of PCK is that it 

represents the combination of teachers’ understanding of particular subject 

matter and pedagogical strategies that allow them to assist students to learn 

particular content knowledge in a meaningful way (Fraser, 2015). For 

instance, teachers use illustrative and well-labeled diagrams to help students 

visualize and internalize some abstract concepts of genetics (Mthethwa-

Kunene et al., 2015). In the domain of science education, Magnusson et al. 

(1999) proposed five components of PCK: (1) orientations towards teaching 

science, (2) knowledge of science curricula, (3) knowledge of instructional 

strategies, (4) knowledge of student understanding of science, and (5) 

knowledge of student assessment. In this study, I focus more on the 

pedagogical knowledge related to SSI-based instruction. 

Although SSI-based instruction shares common features with other 

pedagogical approaches, some existing SSI instructional models indicate 
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that teachers need to have specific pedagogical knowledge that allows them 

to design a learning environment that represents the features of an SSI 

classroom (Saunders & Rennie, 2011; Presley et al., 2013; Sadler et al., 

2017). In addition, having an understanding of the science content related to 

the SSI is also one of the prerequisites for teachers to effectively facilitate 

SSI discussions (Zeidler et al., 2011). Furthermore, as the teaching and 

learning process that teachers in Indonesian schools should follow is 

governed by the curriculum standards developed by the government 

(MOEC, 2016b), teachers need to understand how to align the competencies 

in the national curriculum and the element of SSI-based instruction. 

2.3.4. Attitudes and beliefs about SSI-based instruction  

Since there have been few studies directly measuring teachers’ 

attitudes and beliefs about SSI-based instruction, I considered studies related 

to pre-service and in-service science teachers’ attitudes and beliefs about 

science teaching. “Attitude” is defined as the feelings that a person has 

about an object, based on their knowledge and belief about that object (Kind 

et al., 2007). The object in this study refers to SSI-based instruction. In the 

context of teaching and learning science, learning experiences gained from 

participating in science methods courses potentially change pre-service 

teachers’ attitudes about science teaching (Kazempour & Sadler, 2015). 

In addition, a study conducted by Erden and Sönmez (2011) 

indicated that attitudes towards science teaching significantly affect the 
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frequency of science activities that teachers provide in their classroom, 

which is important as activities are essential for SSI teaching (Friedrichsen 

et al., 2016). Further, the word “beliefs” is used to characterize a teacher’s 

own particular system of thought about objects, people, and events and their 

characteristic relationships that affect their planning and interactive thoughts 

and decisions (Mansour, 2008). Beliefs are an important factor that affect 

teachers’ teaching practice in terms of how they teach science and why they 

teach science in certain ways (Fitzgerald et al., 2013). In SSI teaching, 

teachers’ beliefs affect how they decide to implement an SSI pedagogical 

strategy (Tidemand & Nielsen, 2017). 

Another study focused on graduate student teaching assistants’ found 

that beliefs affected the way the teaching assistants framed their 

instructional approach around controversial SSI issues (Gardner & Jones, 

2011). In addition, teachers’ beliefs about teaching and learning positively 

relate to their participation in continuing professional development 

programs (De Vries, Van de Grift, & Jansen, 2014). Moreover, a well-

designed and well-implemented professional development program can 

potentially positively affect teachers’ beliefs about teaching science and 

such beliefs may play an important role in the quality of their teaching and 

ultimately student learning (Lumpe et al., 2012). However, not all teachers’ 

beliefs turn into practices. The mismatch between teachers’ expressed 

beliefs and their observed practices may hinder putting their beliefs into 

practice (Mansour, 2008). In particular, for instructors new to SSI teaching, 
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factors such as control and autonomy, time and knowledge limitations, 

personal biases, and concern for their role in promoting social activism in 

the classroom can be a constraint and cause disconnection between their 

perspectives and practices (Gardner & Jones, 2011). 

2.4. Teacher Education Institutions in Indonesia 

2.4.1. Providing science teacher education programs①  

In Indonesia, there are both private and public TEIs. There are two 

kinds of public TEI. The most prestigious are universities that were 

historically founded as normal universities or teacher training colleges that 

focused solely on teacher preparation. However, today all of these 

universities have expanded their programs to provide both teacher education 

programs and additional programs of study in undergraduate or graduate 

degree programs in areas such as sciences, engineering, and humanities. The 

second type of public TEI are general universities that have historically 

included a small teacher education program. In addition to public TEIs, 

there are also private TEIs that focus solely on teacher preparation. 

Currently, the Ministry of Research, Technology, and Higher Education 

(MRTHE) oversees about 380 private TEIs and 40 public TEIs (MRTHE, 

2016). 

In order to improve the quality of teacher education programs, the 

MRTHE provides regulations for how TEIs should run all teacher 
                                            
①
 The review of the literature in this subsection is based on Faisal and Martin (2019). 
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preparation programs. The regulations stipulate required national minimum 

standards, including coursework and experience that enable students to meet 

all competencies and cover all curriculum content and provide guidelines for 

structuring all teaching and learning activities and evaluation procedures. In 

addition, the regulations set standards for requiring TEIs to employ faculty 

with specific qualifications, such as advanced degrees and teaching 

experience. The regulations also stipulate standards for physical facilities for 

the TEI, such as classrooms and laboratories. Finally, regulations are set to 

oversee management and financial matters such as tuition costs.  

There are no specific requirements necessary for enrolling in a pre-

service teacher education program in either a public or private TEI. 

However, prospective teachers can gain entrance to a public university via 

either a national selection process or a local selection process. The latter 

process is also used by private TEIs (MRTHE, 2017). In addition, a high 

school student who selects the non-science track for study in senior 

secondary school can choose to take the national or local exam in science in 

an effort to qualify for a position as a prospective science teacher in a TEI; 

however, this route is very difficult and not common. 

To receive teaching certification, prospective teachers must complete 

bachelor’s degree coursework at a TEI. Bachelor’s degree programs for pre-

service teachers generally require 4 years of coursework, the equivalent of 

140–160 credit hours, in both subject matter and pedagogical content. 

Prospective teachers also have opportunities to practice their teaching skills 
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via micro-teaching programs and practicums teaching at local schools near 

the end of their coursework. The teaching practicum is generally quite short, 

lasting between 8 and 10 weeks. During this time, prospective teachers 

design and teach four lessons to one or two classes. At the completion of the 

program, all graduates are eligible for employment in either a public or 

private school. 

Following graduation from a bachelor’s degree program, prospective 

teachers who have completed all requirements for initial certification can 

begin a process to be selected for employment. With this initial teaching 

certificate, candidates are eligible to be hired as a teacher in either public or 

private schools. Regardless of where or how K-12 educators are employed 

in Indonesia, all educators in public and private schools are managed by 

both the MOEC and Ministry of Religious Affairs. As such, all educators 

have to be formally registered as teachers and must meet the minimum 

national requirements for employment, which include completing a 

bachelor’s degree, submitting documentation demonstrating the completion 

of a teaching practicum, and evidence of having passed the national teaching 

exam with the minimum required score. 

2.4.2. Improving teachers’ competency through professional 

development programs② 

To support teachers to be successful in implementing target practices, 

                                            
②
 The review of the literature in this subsection is based on Faisal and Martin (2019). 
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the government encourages certified teachers to continuously improve their 

skills and knowledge through on-going teacher professional development 

(TPD). The TPD program is expected to help improve teacher quality and 

lead to increases in student achievement over time. In addition, participation 

in these TPD programs is required in order for teachers to retain their 

certification.  

One main TPD program run by TEI is the Teacher Professional 

Education program (Pendidikan Profesi Guru [PPG]). The PPG program can 

be conducted by any accredited TEI that has received official permission 

from the government. The PPG program is designed to be completed by in-

service teachers over a 1-year period during two semesters. During this time, 

teachers complete 36 to 38 credits of coursework. Teachers eligible to 

participate in the PPG program are those who have more than 5 years of 

teaching experience and who have passed general intelligence, content, and 

English exams. 

The PPG program integrates theoretical knowledge and practical 

teaching skills. Teachers engage in workshops to develop teaching materials, 

engage in peer-teaching activities, conduct school observations, and 

implement lessons designed to promote group reflection on best practices. 

The program also trains teachers to become more skilled in conducting 

classroom action research. At the end of the program, teachers must pass an 

exit exam. After completing the exam, teachers receive a professional 

teaching certificate (MOEC, 2016c).  
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To promote local TPD programs, some science education faculty 

from TEIs also collaborate with local teacher communities called Subject-

Based Teacher Groups (Musyawarah Guru Mata Pelajaran [MGMP]). These 

local teacher communities organize regular workshops and seminars and 

offer an effective forum to disseminate research findings and share ideas 

between science teachers and science teacher educators to solve important 

issues related to the teaching practices in schools. In addition, the MGMPs 

in each district also frequently arrange TPD programs to improve member 

capacity by inviting trainers from local universities or teachers from 

neighboring schools to share skills, create lesson plans and teaching 

materials, and learn about new instructional strategies.  

2.4.3. Trend of science education research at TEIs③ 

Recently, the government has introduced various policies to promote 

educational research initiatives and collaboration in higher education 

institutions, particularly at TEIs, to improve the quality of research 

outcomes and the positive impact on educational practices in Indonesia. 

Examining the trends in educational research is an important way of 

informing educational policy and developing a more comprehensive 

understanding of what kinds of research are being done and what areas may 

need more attention to improve educational outcomes. 

                                            
③ The review of the literature in this subsection is based on Faisal et al., (2020).  
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This subsection specifically describes the analysis results of the 

science education research projects at the top five public TEIs in Indonesia 

from 2014 to 2018. The analysis focuses on examining what impact 

government funding of research projects may have on science teaching and 

learning, teacher preparation and professional development, and general 

science education research outcomes. Some significant research project 

analysis findings in terms of research topic, subject or context, product and 

outcome, and content target are as follows. 

Topics of science education research at TEIs 

The analysis revealed that science education researchers at TEIs had 

the most significant interest in investigating topics involving scientific 

literacy, character, and cognition. It is not surprising that these topics have 

attracted much attention. Because Indonesian students have not performed 

well in science on both the national exam and international comparative 

assessments such as PISA and TIMSS, scientific literacy became a 

significant issue in the national curriculum reform in 2013. Moreover, there 

has been a strong recommendation from the government to promote 

character education in schools. By investigating these topics, researchers 

may be aiming to resolve the significant issues related to students’ low 

scientific literacy and the need to promote character education in schools by 

carefully examining the curriculum competencies from various contexts and 

perspectives. 
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The analysis also shows that some researchers investigated scientific 

literacy along with other variables such as 21st century skills, nature of 

science, SSIs, STEM, problem solving, and critical thinking, indicating that 

the various perspectives and frameworks used by researchers related to the 

concept of scientific literacy. In addition, in conducting their research, the 

researchers seemed to strongly consider the national education standards 

stipulated by the government. In the curriculum, the standards of teaching 

and learning science emphasize inquiry-based instruction, scientific 

approach, and process skills. The government also encourages teachers to 

integrate the element of information and communication technology into 

their teaching practice. Moreover, problem solving and critical-thinking 

skills are integral parts of the curriculum competency (MOEC, 2016b). 

Science education research subjects at TEIs 

In terms of research subject or context in science education, the 

analysis indicates that most of the projects targeted students as research 

participants or were conducted in the school context. In contrast, though all 

of the researchers in the projects were based at universities, the proportion 

of projects involving pre-service teachers or research contexts at universities 

was low. Promoting research at universities, however, is necessary in order 

for TEIs to build positive research cultures in their faculty and departments, 

particularly at TEIs that have a vision of being leading research universities. 

Another important finding related to research subjects is that science 
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teachers and their professional communities were the least commonly 

researched. This result indicates the shallow engagement and participation 

of teachers in TEIs’ research projects. Factors such as differences in 

employment conditions and work patterns may limit research partnerships 

between school teachers and TEI researchers. Although many challenges 

exist in building research partnerships between university-based researchers 

and teachers, as an essential partner of the government in the education field, 

science education researchers at TEIs need to consider the improvement of 

teachers’ pedagogical competency through research. 

Updating teachers’ knowledge and competency are also necessary to 

respond to the new educational standards in the curriculum that require a 

specific type of teaching transformation in schools. Another critical aspect 

of the relationship of research to school teaching is the increasing emphasis 

by the government on teachers having adequate skills in conducting 

research, particularly classroom action research. It has become one of the 

assessment components for the development of teachers’ professional skills 

in Indonesia. To learn and improve research skills, teachers need support 

and a research-rich environment where they can connect abstract concepts 

and practical elements of the research (Deem & Lucas, 2006). With the 

growth of educational research programs at higher education institutions, we 

may hope for a more comprehensive opportunity for research collaboration 

and partnership between TEI researchers and science teachers in schools. 
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Products and outcomes of science education research at TEIs 

In terms of the research products and outcomes, science education 

researchers are interested in creating teaching and learning material and 

designing pedagogical models and strategies to support students’ learning 

activities in schools. As I explained above, the curriculum standards for 

science subjects were designed to focus on science literacy and character 

education. To achieve these curriculum standards, the government suggested 

some essential instructional strategies and classroom environments for 

teaching science, improving students’ critical thinking, promoting inquiry-

based learning, integrating local content, and utilizing instructional 

technology. 

However, in the implementation process, factors such as insufficient 

support and resources may limit teachers’ capacity to translate all of the 

curriculum standards into their science classrooms. Another challenge is that 

the science content in the curriculum still covers an extensive range of 

science concepts, and this often makes transforming teaching to become 

more relevant to the curriculum competencies very challenging, particularly 

for teachers who are more familiar with lecture-based instruction. Because 

of this, teaching and learning materials and pedagogical strategies from TEI 

research can provide useful resources to guide teachers and students to 

achieve the new educational standards in the curriculum. 

However, research products and outcomes from TEIs will not 

significantly affect science teaching practice in schools unless they are 
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accessible to and applicable by teachers. Since this analysis also indicates 

the low involvement of teachers in research, it is crucial for science 

education researchers to ensure that all educational products from their 

research can be easily accessed and implemented by teachers. Also, as a 

supplement to curriculum materials, the educative features of a research 

product should be considered, as different features provide different 

teaching and learning experiences for teachers and students. Researchers 

may include various educative features in their research product; however, 

the most crucial aspect is how the features are relevant to educational 

standards in the curriculum (Arias et al., 2016). 

Content targets of science education research at TEIs 

The last topic of the analysis is the content targets of science 

education research. “Content target” refers to school and university subjects. 

Based on the analysis, science was the main content target of the research at 

TEIs, possibly due to the structure of the schools’ subjects in the curriculum. 

Science is a compulsory subject in elementary and junior secondary school. 

At these levels, students learn science as an integrated and thematic subject 

with no distinct separation between physics, chemistry, and biology content. 

As a subject taught at two different school levels, science has a higher 

chance of being investigated in TEI research projects.  

The subject of biology was least represented in the projects. This 

result indicates that research on biology education seems to attract less 
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attention. Thus, more interest and effort needs to be put into this research 

field both by biology education researchers and the government as a 

policymaker. This is necessary because physics, chemistry, and biology all 

have equal proportions and significance in the curriculum (MOEC, 2013). 

The subjects’ instructional standards and main competencies also were 

similar. In addition, physics, chemistry, and biology are included in the 

items of national examination and university entrance tests. Promoting equal 

research on these subjects may help to improve science teaching and 

learning practice in senior secondary schools and resolve the issue of 

students’ low performance in science. 
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Chapter 3. Biology Teachers’ Perceptions About 

Socioscientific Issues 

1.1. Introduction 

Over the last decade, the Indonesian government has enacted many 

policies to improve the national education system. One essential policy is 

the national curriculum reform in 2013, in which MOEC enacted a new 

national curriculum to respond to global challenges and rapid developments 

in science and technology. One main goal of the curriculum reform was to 

support Indonesian students' performance in science both in the national and 

international assessment programs and promote character education in 

schools (MOEC, 2013). 

In the international literature, several studies have recognized the 

significance of teaching and learning science in the context of SSIs to 

support the acquisition of complex competencies related to scientific 

literacy and the development of students’ character and values (Lee et al., 

2013; Dawson & Venville, 2013; Sadler et al., 2016; Chung et al., 2016). 

SSIs have been defined as complex societal issues with conceptual, 

procedural, and/or technological associations with science (Sadler et al., 

2016). An SSI tends to be controversial and often have the potential to affect 

the lives of individuals (Sadler, 2009). 

For science education in Indonesia, the national curriculum content, 
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particularly for biology subjects in senior secondary school, contains 

relevant topics for SSI teaching, such as biotechnology, climate change, and 

waste recycling. However, the term “SSI” and the social implications of the 

SSI-related topics are not explicitly described in the national science 

curriculum (MOEC, 2016a). Consequently, science teaching and learning in 

the context of SSIs may have not been widely implemented in the schools, 

and teachers lack the practical experience to teach SSIs. In addition, very 

little science education research published in Indonesia has focused on SSI 

teaching (Faisal et al., 2020), which may limit teachers’ perspectives about 

SSI. 

As the national biology curriculum contains some relevant topics for 

SSI teaching, and limited research has been conducted on SSI teaching in 

Indonesia, there is a need to explore Indonesian biology teachers' 

perceptions of SSIs. This study aimed to explore biology teachers’ 

perceptions about SSIs by focusing on the study to answer these questions: 

1. What topics do biology teachers consider to be SSIs?  

2. What methods do biology teachers use to teach and learn these 

SSI topics? 

2.1. Research Context and Methods   

This study aims to explore biology teachers’ perceptions about SSIs. 

This study also aims to validate the SSI-based BI questionnaire. The SSI-BI 

questionnaire includes four different scales: core aspects of SSI-based 
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instruction, challenges in implementation, pedagogical knowledge, and 

attitudes and beliefs about SSI-based instruction. These new scales of the 

SSI-BI questionnaire were created because there were no prior 

questionnaires that examined perceptions and attitudes about SSI-based BI. 

However, items were adapted and modified items from existing 

questionnaires. This new questionnaire could be a useful instrument to 

promote research on SSI teaching in Indonesia and to accumulate 

knowledge about how teachers from different educational contexts perceive 

SSI-based instruction. Participants consented to this research (Appendix 6). 

2.1.1. Research participants 

One hundred and twenty-three in-service biology teachers 

participated in the survey. They came from several local biology teacher 

communities. The survey aimed to explore biology teachers’ perceptions 

about SSIs and validate the SSI-BI questionnaire.  

Table 3.1 Demographic characteristics of the teacher respondents in the 
web- based survey 
Category Sub-category N % 
Age Age 21-30 37 30.1 
 Age 31-40 65 52.8 
 Age 41-50 19 15.4 
 Age 51 or more 2 1.6 
 Total 123 100 

Teaching experiences 1-5 years 37 30.1 
 6-10 years 46 37.4 
 11-15 years 24 19.5 
 16 years or more 16 13 
 Total 123 100 

Educational level Bachelor’s degree 86 69.9 
 Master’s degree 37 30.1 
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 Total 123 100 

Type of school Public school 99 80.5 
 Private school 24 19.5 
 Total 123 100 

As shown in Table 3.1, a large group of participants (52.8%) were in 

the 31- to 40-year-old group. In addition, 37.4% of participants had 7 to 10 

years of teaching experience. The majority of the participants also held a 

bachelor’s degree in education (69.9%) and worked in public schools 

(80.5%).  

2.1.2. Procedures of SSI-BI questionnaire development 

The development of the SSI-based BI questionnaire was carried out 

in three steps: (1) identifying questionnaire scales and developing the items, 

(2) initial review and revision, and (3) testing the validity and reliability of 

the questionnaire scales (Figure 3.1). The procedures of each step were 

designed to produce a valid and reliable instrument and are described below.  

 

Figure 3.1 Procedures in SSI-BI questionnaire scale development 
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Identifying questionnaire scales and developing the items  

In order to identify the SSI-BI questionnaire scales and develop the 

items, I reviewed the literature of science education, examining in particular 

science teaching and learning in the context of SSIs and the biology 

competencies in the national curriculum. As described in the theoretical 

framework of the questionnaire scale development (Section 2.2), four 

different scales were selected: core aspects of SSI-based instruction, 

challenges in implementation, pedagogical knowledge needed for 

implementation, and attitudes and beliefs about SSI-based instruction. These 

four scales were considered for inclusion in the questionnaire based on 

reviewed studies that recognized them as important factors to support the 

effective implementation of SSI-based instruction. In addition, these four 

scales were also suggested after performing the exploratory factor analysis 

(See Step 3: Testing the validity and reliability of the questionnaire scales). 

To create the items of each scale, I examined some existing 

questionnaires that measured perceptions both of science teaching and SSIs. 

I selected and modified some items from a prior instrument developed by 

Lee et al., (2006) that was used to explore science teachers' general 

perceptions of SSI teaching. The instrument was modified by Kara (2012) to 

examine pre-service biology teachers’ perceptions of SSI teaching after 

completing an SSI teaching and learning course. In some cases, I developed 

new items to complete the scale construct. The content of the new items was 

based on major findings from previous studies related to perceptions and 
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practices on SSI-based instruction (see Gardner & Jones, 2011; Ekborg et al., 

2013; Tidemand & Nielsen, 2017; Zangori et al., 2018). 

The SSI-BI questionnaire used a four-point Likert scale, which was 

successfully adapted to measure teachers’ attitudes towards science teaching 

(Erden & Sönmez, 2011). The positions on each scale were strongly 

disagree (1), disagree (2), agree (3), and strongly agree (4).  

Initial review and revision 

After completing the initial draft of 25 items, I engaged in an 

iterative discussion with other science education researchers to verify the 

face and content validity of the questionnaire. We carefully discussed the 

relevancy of each questionnaire scale to the conceptual framework of the 

SSI and its teaching and the alignment of each scale with the developed 

items. In addition to the questionnaire scales, we also reviewed the overall 

content and design of the questionnaire, including the information and 

questions (closed- and open-ended questions) that were provided in the first 

and second sections of the questionnaire. Some revisions were made based 

on this iterative discussion process. 

Following this step, I invited two biology teacher educators in 

Indonesia to review the clarity and readability of the questionnaire. This 

reviewing process mainly provided feedback about the general content and 

wording of the questionnaire to ensure the questionnaire was clear and 

readable for the research respondent. After this reviewing process, I asked 
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an Indonesian-English professional translator to translate the questionnaire 

into English. 

Testing the validity and reliability of the questionnaire items 

The SSI-BI questionnaire was then piloted to measure its construct 

validity and reliability. In the pilot study, an online survey was utilized 

because it provided the greatest possibility for contacting a substantial 

number of biology teachers from a wide range of backgrounds. To create the 

survey, the questionnaire draft (in Indonesian) was exported to the Google 

Form application. In order to elicit responses from secondary school biology 

teachers in Indonesia, I distributed the link to the online survey to some 

biology teachers’ associations to request their participation in the survey. I 

opened the online survey for three weeks. In the survey, I included a brief 

description of the research purpose, information necessary to complete the 

survey, and the requirements for teachers to participate in the survey. 

2.1.3. Data analysis 

Data from the online survey was analyzed using descriptive and 

inferential statistics. Teachers’ responses to the open-ended items (the 

second section of the SSI-BI questionnaire) related to SSI topics and 

teaching methods were exported to an Excel spreadsheet. The data was read 

and organized into several categories. The frequency distribution of this data 

was then further analyzed and described. Following this step, the factorial 

validity and reliability of the four questionnaire scales were examined. 
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“Validity” refers to the issue of whether the indicators that are developed to 

gauge a concept really measure that concept, and “reliability” refers to the 

consistency of items on a test measuring a single construct or concept 

(Bryman, 2012). 

The internal structure of the SSI-BI questionnaire was tested using 

exploratory factor analysis (EFA). Before conducting the EFA test, the 

results of a Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and 

Bartlett’s test of sphericity were examined to control the appropriateness of 

factor analysis. The initial eigenvalue was used to determine the number of 

meaningful factors (Pallant, 2010). Items were selected when the factor 

loading exceeded 0.5. The internal consistency reliability of the SSI-BI 

questionnaire was then tested using Cronbach’s alpha coefficient with 0.70 

being the minimum size of coefficient alpha (Johnson & Christensen, 2013). 

To perform the EFA and reliability test of the SSI-BI questionnaire, the data 

from the Excel spreadsheet were exported to an SPSSTM file. 

2.2. Results and Discussion 

This section is organized into two parts. The first part provides the 

teachers’ responses to the open-ended items, and the second part describes 

the scales and items of the SSI-BI questionnaire.  

2.2.1. Biology teachers’ perceptions about SSIs 

As explained in the method section above, the second part of the 

SSI-BI questionnaire included nine questions aimed at identifying biology 
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teachers’ familiarity with the term “socioscientific issues” and teachers’ 

perceptions concerning their teaching and learning about SSI-related topics. 

Teachers generally agreed with the definition of SSIs as “societal issues that 

are conceptually and procedurally associated with science and have ethical 

or moral dimensions.” 

Of the 123 biology teachers who participated in the online survey, I 

identified 65 (52.8%) who were familiar with the term “SSI.” In addition, 58 

(47.2%) of the teacher respondents had used SSI-related topics to teach 

biology content, and 20 (16.2%) had participated in a teacher professional 

development (TPD) program to learn about SSI-related topics. Teacher 

respondents who reported themselves as having already had SSI teaching 

and learning experience were then asked to provide one or more examples 

of issues that they identified as being related to SSIs and methods that they 

commonly used to teach and learn these topics. Fifty-nine teachers 

responded to this question. 

On the question of the SSI-related topics, there were 137 responses 

from the teachers. The wide range of the identified topics were organized 

into four different groups (Table 3.2). In the first group, the topics are 

closely related to environmental issues such as environmental pollution, 

global warming, and waste recycling. This group accounted for 55% of the 

total responses, indicating that teachers had the greatest interest in 

incorporating these topics into their biology teaching. 

Topics related to biotechnological issues were included in the second 
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group and constituted 25% of the teachers’ responses. Topics that mostly 

contained ethical and medical dimensions such as reproductive health, HIV, 

and transgender were included in the third group, covering 11% of the total 

response. Topics in the fourth group were represented by specific biology 

content areas studied in secondary schools, such as ecosystems, mutation, 

and evolution. Issues in this group were the least represented and accounted 

for only 9% of teachers' responses. 

Table 3.2 Teachers’ identification of SSI-related topics 

Category Selected issue N % 
Topic related to 
environmental issues 
 

Environmental pollution (38) 
Global warming (25) 
Human population and environment (3) 
Plastic pollution (3) 
Land clearing (2) 
Forest conservation (1) 
Acid rain (1) 
Mining (1) 
Waste recycling (1) 
Trash (1) 

76 55 

Topic related to 
biotechnology issues 
 

Biotechnology (28) 
Fermented food (4) 
Transgenic organisms (2) 

34 25 

Topic related to ethical 
and medical issues 
 

Drugs (4) 
Reproductive health (3) 
Health (3) 
Cancer (1) 
Transgender (1) 
HIV (1) 
Organ transplantation (1) 
Breastfeeding (1) 

15 11 

Other topics Viruses and bacteria (4) 
Ecosystem (4) 
Biodiversity (1) 
Mutation (1) 
Human digestive system (1) 
Evolution (1) 

12 9 

Total  137 100 
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Most of the topics listed in Table 3.2, however, reflect what 

Tidemand and Nielsen (2017) called a content-centered interpretation of SSI, 

where the topics do not really call for reflection or pose dilemmas for 

students to make decisions about; rather, the topics are more dominated by 

biology-associated content. For example, the Indonesian national curriculum 

specifies that pollution, waste recycling, and biotechnology are biology 

teaching topics for the senior secondary school level (MOEC, 2016a). 

Tidemand and Nielsen (2017) explain that teachers consider topics such as 

pollution, environment, and diseases as SSIs because these topics are 

potentially emerging as societal and ethical considerations.  

In the second section of the questionnaire, I also asked teachers to 

identify the SSI topic that they most want to include in their future science 

classrooms and the reason for selecting that topic. I identified 107 teachers’ 

responses to these questions. 

Table 3.3 Teachers’ reasons for selecting SSI-related topics 

Category N % 
The issue is important and interesting to discuss.  66 58.4 
The issue is related to the teachers’ daily experience. 60 53.1 
The issue has become a national and global concern. 56 49.6 
The issue is presented in the biology textbook. 41 36.3 
The issue has frequently been reported in the mass media. 29 25.7 

 

Interestingly, the analysis revealed that teachers had concerns that 

were similar to the issues that they had used in their prior biology teaching 

and learning activities, where teachers seem to pay a great deal of concern to 



 

 ５０ 

topics related to environmental issues. The majority of teachers saw the 

topics as being important and interesting to discuss (58%) and closely 

related to their daily life experience (53%; Table 3.3). 

In the school biology curriculum, topics such as ecosystems, 

Indonesian biodiversity, and pollution can be incorporated into 

environmental issues (MOEC, 2016a). Teaching these topics in the context 

of SSIs is important given that the demographic structure and geographical 

features of Indonesia are increasingly leading to environmental issues. 

Students should know the anthropogenic factors that cause environmental 

disruption and the consequences of that disruption so that they will develop 

positive attitudes and responsibility towards protecting the environment 

(Borgerding & Dagistan, 2018). 

Table 3.4 Pedagogical strategies and methods that teachers commonly use to 
teach and learn SSI-related topics 

Teaching and learning strategy N % 
Discussion 54 33.8 
Cooperative learning 47 29.4 
Case study  30 18.8 
Problem-based learning 6 3.8 
Debate  5 3.1 
Role play 4 2.5 
Project-based learning 3 1.9 
Discovery learning 3 1.9 
Inquiry  2 1.3 
Experiment  2 1.3 
Lecturing  2 1.3 
Mind mapping 1 0.6 
Video observation 1 0.6 

Total 160 100 
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For the question of teaching methods, I identified 160 responses 

from teachers (Table 3.4). It should be noted that there are a range of 

methods or strategies for SSI teaching and learning that have been reported 

in the literature. This question aimed to identify what methods or strategies 

are most commonly used by the teachers. The question was both closed- and 

open-ended, and teachers could provide more than one answer. 

As shown in Table 3.4, discussion and cooperative learning were the 

most common pedagogical strategies and methods used by the teachers to 

teach and learn about SSI-related topics, and they accounted for 33.8% and 

29.4%, respectively. In the SSI classroom, various cooperative learning and 

discussion methods were employed to actively engage students, including 

think-pair-share, role plays, fishbowl discussions, and jigsaw group 

discussions (Saunders & Rennie, 2013; Borgerding & Dagistan, 2018). 

Cooperative learning and discussion methods allow students to work 

collaboratively with their peers to develop an understanding of an SSI, 

confronting science principles and exploring the different social 

perspectives related to the SSI (Sadler et al., 2007; Klosterman et al., 2012). 

However, small-group discussion activities are also commonly 

employed in traditional science teaching as a simple way to be recognized as 

a student-centered approach. Likewise, cooperative learning is often 

implemented in other contextual science teaching approaches such as 

problem-based learning and project-based learning. 

In addition to these general methods, a few teachers identified 
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particular strategies such as case study (18.8%), debate (3.1%), and role 

play (2.5%). SSI teaching studies have suggested role play as an effective 

strategy to provide students with opportunities to experience multiple 

perspectives around the issues and develop their understanding of each 

perspective (Lee et al., 2013). The case study method is useful in presenting 

the selected SSI topic and providing opportunities for students to negotiate 

social dimensions regarding the issue (Sadler et al., 2016). In addition, the 

debate method, as one of the culminating activities in SSI teaching, is 

suitable to engage students in socioscientific reasoning and argumentation as 

they negotiate various dimensions of the SSI (Sadler & Zeidler, 2005). 

2.2.2. Components of the SSI-BI questionnaire 

Data from the pilot study were analyzed to test the validity and 

reliability of the questionnaire scales. From the analysis, Bartlett’s test of 

sphericity was significant (BTS value = 1.698, p = 0.000), and the initial 

measurement of the KMO value of adequacy was also found to be 

significant (0.861). This result suggested the appropriateness of the data to 

run the factor analysis. Following this test, the 25 items of the SSI-BI 

questionnaire were then factor analyzed with varimax rotation (Pallant, 

2010), resulting in four factors with initial eigenvalues greater than 1.0. The 

items were then selected when the factor loading was greater than 0.5. 

Based on the factor analysis, two items failed to have substantially high 

factor loading on any factor and two items did not load in the same factor. 
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These items were deleted and the factor analysis was recomputed with the 

remaining 21 items.  

The second factor analysis produced four factors where the total 

percentage of variance extracted was 68.75% over the 21 items (see Table 

3.5). This result supported the assumption that the 21 items that formed the 

four factors of the SSI-BI questionnaire were conceptually valid in their 

relationship to the theoretical framework of the SSI-based instruction. 

Table 3.5 Factor analysis of the SSI-BI questionnaire 

Factor Eigenvalues Percentage 
of variance Item Factor loading 

1. Core aspects of 
SSI-based 
instruction 

2.743 13.064 CA.1 0.673 
CA.2 0.635 
CA.3 0.745 
CA.4 0.713 
CA.5 0.797 
CA.6 0.710 

     
2. Challenges in SSI-

based instruction 
(CH) 

8.326 39.647 CH.1 0.770 
CH.2 0.823 
CH.3 0.807 
CH.4 0.821 
CH.5 0.831 
CH.6 0.819 

     
3. Pedagogical 

knowledge needed 
for SSI-based 
instruction (PK) 

1.580 7.526 PK.1 0.813 
PK.2 0.760 
PK.3 0.810 
PK.4 0.785 

     
4. Attitudes and 

beliefs about SSI-
based instruction 
(AB) 

 

1.789 8.519 AB.1 0.686 
AB.2 0.790 
AB.3 0.844 
AB.4 0.792 
AB.5 0.651 

 

The analysis was then continued by testing the item reliability using 
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Cronbach’s alpha coefficient. Analysis of item reliability found Cronbach’s 

alpha coefficient for each of the four factors greater than 0.7. This value 

indicates an acceptable level of internal consistency reliability (Johnson & 

Christensen, 2013; Table 3.6). The data analysis from the pilot study 

indicates that the development of SSI-BI questionnaire meets the criteria of 

validity and reliability. A detailed description of each questionnaire scale 

follows. 

Table 3.6 Internal consistency reliability (Cronbach’s alpha) of the SSI-BI 
questionnaire  

Scale Number of item Cronbach’s 
alpha reliability 

Core aspects of SSI-based instruction (CA) 6 0.836 
   
Challenges in SSI-based instruction (CH) 6 0.927 
   
Pedagogical knowledge needed for SSI-
based instruction (PK) 

4 0.874 

   
Attitudes and beliefs about SSI-based 
instruction (AB) 

5 0.888 

 

The scale of the core aspects of SSI-based instruction 

The first scale of the questionnaire is designed to examine the core 

aspects of SSI-based instruction. The core aspects reflect key features of 

science teaching and learning in the context of SSIs that distinguish it from 

traditional science teaching. Components of the core aspects in this scale 

refer mainly to the SSI-based education framework developed by Presley et 

al. (2013), which included design elements, learning experiences, and 

teacher attributes. Two items in the design elements emphasize the 
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importance for teachers to employ appropriate teaching strategies (Item 

CA.1) and facilitate students to access various learning resources in SSI-

based instruction (Item CA.2). In addition, two items in learning experience 

focus on collecting and analyzing scientific data (Item CA.3) and 

constructing scientific argumentation (Item CA.4) related to SSI. The last 

component of this scale was teacher attributes in SSI-based instruction. 

There are some characteristics that teachers should have in order to support 

implementation of SSI-based instruction. However, considering the main 

features of SSIs are that they are complex societal issues with conceptual 

and procedural associations with science (Sadler et al., 2016), two items of 

this component address the necessity for the teacher to understand the 

science content that underlies the selected SSI topic (Item CA.5) and have 

awareness of the social dimensions of the SSI (Item CA.6).  

The scale of the challenges in SSI-based instruction 

The second scale of the questionnaire is designed to examine the 

challenges associated with SSI-based instruction. This scale addresses 

various challenges that teachers may face when designing and implementing 

SSI-based instruction. Despite the promise that SSI teaching will help 

advance scientific literacy, research on this topic also has revealed a range of 

teachers’ challenges in designing and implementing SSI teaching activities. 

Six types of SSI teaching challenges from the previous research were 

included in this scale. 

The first challenge was transforming teachers’ teaching styles in 
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order to implement SSI-based instruction (Item CH.1). This challenge is 

also related to how teachers organize students’ learning activities in the SSI 

classroom (Item CH.3). Other challenges were the lack of SSI teaching 

materials (Item CH.2) and ideas for aligning components of SSI-based 

instruction with the biology competency of the national curriculum (Item 

CH.4). The two last challenges in this scale were the challenges in 

identifying appropriate societal issues (Item CH.5) and connecting these 

issues with biology content (Item CH.6).  

The scale of the pedagogical knowledge needed for SSI-based instruction 

The third scale of the questionnaire consists of four items designed o 

explore the pedagogical knowledge necessary to implement SSI-based 

instruction. The first item asks about perceptions about knowledge in terms 

of formulating SSI-related instructional objectives that can promote 

scientific literacy (Item PK.1). In line with the first item, an item asking 

about perceptions of knowledge of kinds of activities students need to 

engage in when learning biology using SSI was also included in this scale 

(Item PK.4). The content of Items PK.1 and PK.4 is closely related because 

different SSI teaching strategies or methods are more suitable to facilitate 

the achievement of particular learning outcomes. Another item of this scale 

asks about the perception of the knowledge needed to align standards of the 

national biology curriculum with elements of SSI-based instruction (Item 

PK.3). This scale also includes an item asking about perceptions about the 
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biology content knowledge necessary for implementing SSI-based 

instruction (Item PK.2).  

The scale of the attitudes and beliefs about SSI-based instruction 

This fourth scale of the questionnaire is specifically designed to 

measure attitudes and beliefs regarding SSI teaching. The attitude aspect of 

this scale covers interest in introducing SSI-based instruction in the future 

biology classroom (Item AB.1), willingness to collaborate with other 

biology teachers to develop SSI-based teaching materials (Item AB.2), and 

willingness to participate in professional development programs supporting 

teachers to implement SSI-based instruction (Item AB.3). The beliefs aspect 

in this scale emphasizes beliefs about the significance of the SSI-based 

instruction to support students to achieve the biology competencies in the 

national curriculum (Item AB.4) and beliefs about SSI-based instruction as 

an appropriate teaching strategy to promote students’ scientific literacy 

(Item AB.5).  

2.3. Conclusion 

This study reveals that SSIs are not a new idea in Indonesian science 

education. Nearly half of the biology teachers participating in this study 

reported that they already used SSI-related topics to teach and learn biology 

content. However, the topics they identified as having used in their classes 

did not involve SSIs that have the type of controversial nature that can 

engage students in higher-order thinking practices. Most of the identified 
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topics overlapped with specific biology topics covered in the curriculum, 

such as environmental pollution and biotechnology. This study also revealed 

that teachers commonly used discussion and cooperative learning as 

classroom strategies to teach these topics. This finding indicates teachers’ 

lack awareness of the main features of SSIs and their teaching. Also, future 

studies need to address topics related to environmental issues since biology 

teachers in this study recognized them as important and interesting topics to 

be taught that were closely related to their daily experience. 

Further, this study also has provided a valid and reliable 

questionnaire to measure teachers’ perceptions of SSI-based instruction. The 

questionnaire was specifically designed for the biology classroom. The SSI-

BI questionnaire analysis suggested that the 21 items of the questionnaire 

could be divided into four scales: (1) core aspects of SSI-based instruction, 

(2) challenges in implementation, (3) pedagogical knowledge, and (4) 

attitudes and beliefs about SSI-based instruction. The four scales will enable 

the researcher to measure different factors necessary to support SSI-based 

instruction implementation. The questionnaire scales can also be 

systematically analyzed to understand their interrelationship with each other 

in various research contexts such as teacher professional development and 

implementation of the new curriculum. 
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Chapter 4. Pre-Service and In-Service Biology 

Teachers’ Perceptions About Socioscientific Issue-

Based Instruction 

4.1. Introduction 

Previous studies have revealed that teachers have a variety of 

perceptions about SSI-based instruction. For instance, science teachers have 

described SSI teaching as a productive way to contextualize science for 

students and enable students to make cross-disciplinary connections 

between science standards and standards related to literacy, writing, and 

civics (Zangori et al., 2018). In another study, biology instructors recognized 

that SSIs can be an important aspect of science instruction and can support 

students in accessing relevant information and understanding the social 

implications of science when they learn using SSIs (Gardner & Jones, 2011). 

Pre-service biology teachers also perceived that SSI-based instruction can 

improve classroom discussions by providing students with opportunities to 

practice decision-making and problem-solving skills as they apply their 

understandings of science to everyday life situations (Kara, 2012). 

Research has also revealed a range of challenges involved in SSI 

teaching that may hinder teachers from implementing SSI teaching. Among 

these are challenges related to the curriculum demand for focusing on the 

subject content (Tidemand & Nielsen, 2017), uncertainty in discussing 
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value-laden issues (Sadler et al., 2006), and a lack of SSI teaching resources 

(Saunders & Rennie, 2013). Many teachers also express concerns about 

their limited capacity to manage SSI classroom discussions (Lee & Yang, 

2019) and appropriately select a useful SSI-related topic (Borgerding & 

Dagistan, 2018). 

This chapter presents my study on pre-service and in-service biology 

teachers’ perceptions of SSI-based instruction. To promote pre-service and 

in-service biology teachers’ positive perceptions about SSI-based instruction, 

I engaged them in an SSI teaching-oriented course. The course was designed 

to provide teachers opportunities to explore and share ideas about SSIs and 

their teaching and the relevancy of SSIs to the content and competencies of 

the national curriculum. Further, to apply their understanding of the SSI, 

teachers were provided opportunities through practice teaching. The overall 

course implementation also adapted some core features of teacher 

professional development programs, such as a focus on the content to be 

learned, inclusion of active learning experiences, consistency of the learning 

with teacher professional needs, and collective participation by educators in 

their professional learning (Desimone, 2009). 

This research is needed to better understand Indonesian biology 

teachers’ perceptions about SSI-based instruction because they play an 

important role in how SSIs will be taught in school science. Examining 

teachers’ perceptions will inform their awareness of the SSI educational 

framework. This research will contribute to the international literature by 
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expanding what is currently known about how teachers view SSIs in 

different educational contexts. The findings of this study will also help to 

establish SSI-based research as a topic of study in the Indonesian context. 

The research question of this study is:  

1. To what extent do pre-service and in-service biology teachers’ 

participation in an SSI teaching-oriented course affect their 

perceptions about SSI-based instruction?  

4.2. Research Context and Methods  

4.2.1. Research context 

The science methods course in this study was a compulsory subject 

(3 credits) that is taught in the first semester of the biology education 

program. The original course syllabus addressed various teaching and 

learning strategies and assessment methods for secondary school science. 

However, as the purpose of this study, the first half of the semester was 

specifically designed to introduce pre-service and in-service teachers to 

content related to scientific literacy, SSI, and scientific argumentation. The 

course content was created by reviewing some relevant literature and 

emphasizing research-based knowledge. 

The course consisted of two sections: classroom lecture sessions and 

SSI practice teaching sessions. The classroom lecture sessions were carried 

out over 4 weeks, taught as a 2.5-hour session every week. The sessions 

were taught following the regular class schedule of the course curriculum in 
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the TEI where this study was conducted. After participating in the classroom 

lecture sessions, teachers engaged in SSI teaching practice sessions, each 

corresponding to one grade level (10-12) of senior secondary school. This 

chapter presents the course content and activities in the classroom lecture 

sessions. The SSI teaching practice sessions will be described in Chapter 5. 

Classroom Environment Description 

The classroom environment was designed to engage teachers in 

collective activities throughout the course. At the start of the course, 

teachers were organized into five heterogeneous groups of four to five 

people and consideration was given to mix teachers into groups based on 

gender and teaching experiences. These arrangements were aimed at 

increasing interaction and discourse between teachers to support their 

learning processes. In addition to the classroom activities, teachers were 

provided assignments between each lecture session to support them to 

further explore the content of the coursework. The content and activities of 

each classroom lecture session are described below. 

The first classroom lecture session  

At the beginning of the lecture course, teachers were presented with 

the framework of scientific literacy for the 21st century. The definitions and 

frameworks draw from the structure of the Indonesian national curriculum 

competencies (MOEC, 2016b), PISA framework for scientific literacy 

(OECD, 2018), and from international literature studies on science 



 

 ６３ 

education (Choi et al., 2011; Osborne, 2014). In the first lecture session, 

teachers were led to discuss the importance of scientific literacy and how to 

promote its implementation in science teaching practice in school. The 

discussions focused on the vision of scientific literacy that enables students 

to deal with science-related issues in everyday life and have a sufficient 

understanding of key ideas about the nature and practice of science. 

In the first lecture session, teachers also discussed the Indonesian 

students' profile on scientific literacy by referring to PISA scores (from 2005 

to 2018) and students' science achievement on the national exam (from 2017 

to 2019). Teachers were encouraged to share ideas about the challenges of 

scientific literacy in Indonesian science education and what possible 

alternatives to support students’ achievement of the national curriculum's 

science competencies. 

The second classroom lecture session  

In the second lecture session, teachers discussed the situated learning 

perspective as a theoretical framework to introduce a new teaching and 

learning approach in the science classroom (Appendix 3). Teachers were 

presented the concepts of communities of practice and students’ discourses 

and identities in the science education context (Sadler, 2009). Teachers then 

discussed the potential of SSIs to develop classroom communities of 

practice. The discussion centered around the definition of SSIs as social 

issues that are conceptually related to science (Sadler & Zeidler 2005; 
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Zeidler, 2014); the controversial nature of SSIs, which are connections 

between science and society (Oulton et al., 2004; Levinson, 2006); some 

examples of SSIs that have been investigated in the science education 

research; and the positive effects of studying SSIs on the students’ learning 

(Sadler, 2009).  

Then, referring to the SSI definition, teachers selected one topic that 

they considered an SSI and tried to identify the related science content and 

social, economic, or environmental implications of the issue. Teachers were 

also required to explain the selected issues from the personal, societal, and 

global perspective. Each group of teachers prepared a 10-minute 

presentation for this assignment. 

The third classroom lecture session  

In the third lecture session, teachers discussed the framework of SSI-

based instruction. Teachers were presented three core aspects of SSI-based 

instruction (design elements, learner experiences, and teacher attributes) and 

various contexts, such as classroom, community, and national policy, as 

important factors that may influence the implementation (Presley et al., 

2013). Teachers were then challenged to connect the theoretical explanation 

of the SSI framework to their biology teaching and learning experience. For 

example, teachers tried to answer questions such as how the classroom 

environment in their school and what current government policies in science 

education could support the successful implementation of the SSI teaching.  
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During this lecture session, teachers also identified common features 

of SSI-based instruction from the existing SSI pedagogical model (Ratcliffe 

& Grace, 2003; Sadler et al., 2017) and some teaching and learning 

strategies for SSI classrooms such as role play, debates, group discussion, 

jigsaw method, forums, conferences, oral presentations, and written reports 

(Lee et al., 2013; Saunders & Rennie, 2013). The assignment for the third 

session consisted of teachers reviewing an example of an SSI learning 

scenario. 

The fourth classroom lecture session  

In the lecture fourth session, teachers discussed scientific 

argumentation. Teachers were introduced to the definition of argument and 

Toulmin’s argumentation pattern (TAP), which consist of claims, data, 

warrants, counter-positions, rebuttals, and common fallacies to avoid in 

argumentation (Sadler, 2006). Teachers were then asked to identify 

components of the argument from a series of excerpts taken from secondary 

biology textbooks. Following this activity, teachers explored the teaching of 

argumentation using appropriate pedagogical strategies to assist students in 

constructing an argument to make scientific claims and support the 

negotiation of an SSI. These strategies include posing open questions, 

constructing a case for argumentation, encouraging the use of data as 

evidence, encouraging listening and prompting justification, and using 

writing frames (Simon et al., 2006; Yilmaz et al., 2017). In their group, 
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teachers also discussed some examples of these scientific argumentation 

teaching strategies and shared their ideas in the whole-class discussion. 

4.2.2. Methods 

This study used an interpretative case study approach. A case study 

was considered because this research approach provides a framework to 

examine the pre-service and in-service teachers’ engagement in an SSI 

teaching-oriented course and the overall course implementations in terms of 

the research question. In addition, the case study approach employs a variety 

of data sources, such as questionnaires, interviews, and documents, which 

are necessary to answer the research questions (Creswell & Clark, 2007).  

Participants 

This study was conducted in the graduate program in biology 

education in a public TEI in Indonesia. At the beginning of the semester, 52 

graduate students who were either pre-service or in-service biology teachers 

enrolled for this course and were divided into two classes (Classes A and B). 

The criteria for involving teachers in the data collection and analysis were 

having bachelor's degrees in science or biology education and having 

completed all the course sessions (classroom sessions and SSI practice 

teaching sessions). The teachers also signed a human subject consent forms 

to participate in the pre- and post-surveys, video recordings during the 

practice teaching and post-teaching reflection, and interviews at the end of 

all course sections.  
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Forty-five teachers met the requirements and consented to participate 

in the data collection process. Fourteen were in-service biology teachers 

who taught in public and private secondary schools and had various 

amounts of teaching experience, ranging from 1 to 15 years. Before the SSI 

course implementation, teachers were informed of necessary information 

related to their participation in this study, including the purpose of the study, 

benefits and disadvantages of participating, why they had been selected to 

participate, and their right to withdraw themselves at any stage of the data 

collection process without consequences. 

Data collection  

The data collection process employed a mixed-methods design, 

which combines quantitative and qualitative methods (Greene, 2008). The 

questionnaire was used at the beginning and at the end of the course to 

collect the quantitative data. To collect the qualitative data, teachers were 

asked to complete two course assignments (first and second classroom 

sessions) and participate in semi-structured interviews (12 teachers) at the 

end of the course. These methods enabled triangulation of the data from 

different sources, which can help improve data validation (Johnson & 

Christensen, 2013). The data collection processes were implemented 

sequentially during the study (Figure 4.1).  
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Figure 4.1 Data collection process 

 

- SSI-BI Questionnaire 

In social survey design, the questionnaire is the main instrument for 

gathering data (Bryman, 2012). The questionnaire may be designed to 

measure different characteristics of the research participants, such as their 

feelings, attitudes, beliefs, values, perceptions, and behavioral intentions 

(Johnson & Christensen, 2013). In this study, the SSI-BI questionnaire was 

developed to measure teachers’ perception of SSI-based instruction. 

Teachers completed the SSI-BI questionnaire before engaging in (pre-survey) 

and after completing the course (post-survey). The SSI-BI questionnaire 

used four-point Likert-type items ranging from strongly disagree to strongly 

agree (See Appendix 1).  

- Interviews  

The interview, which serves as an inquiry into the respondents’ 

opinions about a particular event, is one of the important sources of 

information in qualitative research (Yin, 2003). The flexibility of the 
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interview and the capacity to provide a rich and detailed view of the 

interviewees’ points of view have resulted in its being widely employed by 

qualitative researchers (Bryman, 2012). Interviews may vary in their 

approach, such as being unstructured and semi-structured. In this study, a 

semi-structured interview was selected to focus the interview on 

predetermined issues regarding the research questions while preserving the 

possibility of posing additional questions to follow up on the interviewees’ 

responses (Bryman, 2012).  

The interview questions were designed to complement the 

questionnaire's data and to gain detailed explanations about the teachers' 

perceptions of and attitudes and beliefs about SSI-based BI. The interview 

was conducted 1 week after the completion of all course sessions. Twelve 

teachers were selected for the interviews based on their length of their 

teaching experience and their engagement as teachers and students in the 

SSI lesson implementation (Table 4.1). This was aimed at eliciting diverse 

perspectives from teachers in order to provide understanding of BI in the 

context of SSIs. 

The interview process was set up in a one-on-one format (Creswell, 

2013). Each interview lasted 20-25 minutes and followed an interview guide. 

Before the interview, the purpose of the interview was explained to the 

teachers, and they were informed of their right to skip any questions and 

withdraw themselves from the interview. The researcher then reflected on 

some examples of the content and activities from the course so that the 
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teachers could recall the meanings of their individual experiences as they 

engaged in the course. This reflection activity was also important to provide 

context for the conversation between the researcher and teachers during the 

interview. All interviews were audio-recorded and transcribed verbatim. The 

full interview protocol is provided in Appendix 2. 

Table 4.1 Demographic information of the interviewed teachers  

No Teaching experience Role in lesson 
implementation 

1 1 year as biology teacher in private high school Teacher 
2 Pre-service biology teacher Teacher 
3 12 years as science teacher in public middle 

school 
Student 

4 Pre-service biology teacher Student 
5 Pre-service biology teacher Student 
6 2 years as science teacher in private middle 

school  
Teacher 

7 Pre-service biology teacher Student 
8 Pre-service biology teacher Student 
9 Pre-service biology teacher Student 
10 3 years as science teacher in public middle 

school 
Teacher 

11 Pre-service biology teacher Teacher 
12 1 year as biology teacher in private high school Student 

 

- Course assignment 

During the course, teachers worked on several course assignments, 

both as individuals and in groups. Course assignments were collected to 

describe the teachers’ understanding of SSI-based instruction. The 

assignment was to review an SSI lesson plan. Each teacher was provided an 

example of an SSI lesson plan, and they were asked to give a comment or 
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question individually related to the component and design of teaching and 

learning activities in the lesson plan (Appendix 4). Data from the one of the 

four course assignments was used to corroborate and augment the data from 

the questionnaire and interviews.  

Data analysis 

Data analysis consisted of quantitative and qualitative methods. The 

quantitative method was used to analyze data from the questionnaire, and 

the qualitative method was used to analyze data from the interviews and 

course assignments. The following sub-section describes each of the data 

analyses.  

- Quantitative analysis  

Data from the questionnaire were analyzed to describe teachers' 

perceptions of SSI-based instruction. In the first step, the questionnaire data 

were exported to an Excel spreadsheet. The frequency of the teachers' 

responses and the mean score of each SSI-BI questionnaire item was then 

calculated using SPSS software. A paired-sample t-test was performed 

between the mean scores of pre- and post-surveys to examine the different 

teachers' perceptions before and after participating in the SSI teaching-

oriented course. Comparing these mean scores raised some important 

findings related to teachers' perceptions that could be more deeply explored 

using qualitative data sources. 

- Qualitative analysis 
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The qualitative data analysis used an inductive approach where the 

data was open-coded and constantly compared to find consistent and 

prominent themes (Miles, Huberman, & Saldaña, 2013). Although the 

inductive analysis does not attempt to fit the data into a pre-existing coding 

frame, researchers are not able to free themselves from their theoretical and 

epistemological commitments (Braun & Clarke, 2006). The SSI-based 

education framework and some research findings regarding SSI teaching 

were used as a theoretical basis for focusing the analysis. 

The interview data analysis followed the two main stages of the 

coding process explained by Miles, Huberman, and Saldaña (2013). In the 

first stage, 12 of the interview recordings were prepared and transcribed 

verbatim. The interview transcripts were refined to correct 

mispronunciations and incomplete sentences. Then, in order to enhance the 

data credibility, the interview transcripts were sent back to the teachers to 

confirm the accuracy of the transcripts. Before the coding process, the 

transcripts were read several times to understand the contents of the 

interviews (Creswell, 2007). 

Following this step, I assigned codes to the interview transcripts 

using manual coding to yield a series of codes about teachers’ views of the 

SSI-based instruction and its implementation. The list of the emerging codes 

from the first stage was re-read to ensure consistent coding across the 12 

interview transcripts and revised when necessary. Then, I asked another 

science education researcher to reexamine the interview transcripts using the 
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emerging codes list. We resolved the discrepancies of the coding process 

through the iterative discussion and developed several categories. The 

categories that emerged were used as a coding frame to examine the text 

generated in the course assignments. In the final step, the relevant categories 

were interpreted and described following the four scales of the SSI-BI 

questionnaire.  

4.3. Results 

The results are presented in a manner that incorporates quantitative 

and qualitative data trends. The data from the questionnaire is presented first 

and followed by the results from the interviews and course assignments. In 

presenting the qualitative data, different data sources are coded using letters: 

“I” for interview data and “CA” for a course assignment. In addition, the 

data are also identified by a number that indicates the data sequence in the 

data source. For example, the code “I 1” denotes data from the first 

interview, “CA 1-3” refers to data from the first course assignment for group 

three, and “CA 2-20” means that the data is from course assignment two for 

student number 20. In presenting the quantitative data, the results of the t-

test analyses are presented first and followed by statistics descriptive of each 

questionnaire scale.  

4.3.1. Teachers’ perceptions of the SSI-based instruction 

To understand whether the pre-service and in-service teachers’ 

participation in a science methods course that addressed SSI teaching 
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affected their perception of SSI-based instruction, the mean scores of the 

pre- and post-surveys were compared using a paired t-test analysis at the 

0.05 significance level. Table 4.2 shows the t-test results of the teachers’ 

responses to the SSI-BI questionnaire.  

Table 4.2 Comparison of the t-test scores of the SSI-BI questionnaire scale 
between pre- and post-surveys 
 Paired Difference 

t df p Mean Std. 
Dev 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

Pair 1 
(Pre.CA-
Post.CA) 

-.66 2.77 .41 -1.49 .16 -1.64 44 .114 

Pair 2 
(Pre.CH-
Post.CH) 

-.22 3.17 .47 -1.17 .73 -.46 44 .641 

Pair 3 
(Pre.PK-
Post.PK) 

-2.00 2.32 .34 -2.69 -1.30 -5.76 44 .000 

Pair 4 
(Pre.AB-
Post.AB) 

-.80 1.98 .29 -1.39 -.20 -2.70 44 .010 

 

Table 4.2 shows that the t-test revealed that there were significant 

differences in the mean value for two scales, pedagogical knowledge (PK) 

and attitudes and beliefs (AB) about SSI-based instruction. The t value was 

calculated for pedagogical knowledge, t(44) = -5.76, p < 0.05, and for the 

attitude and belief scale, t(44) = -2.70, p < 0.05. These results indicate that 

teachers’ participation in the SSI-teaching oriented course may support them 

to develop an understanding of the SSI pedagogical aspects and create 
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positive attitudes and beliefs about SSI-based instruction. However, no 

significant difference was found for scales of core aspect (CA), t(44) = -1.64, 

p > 0.05, and challenges of SSI-based instruction implementation, t(44) = -

.46, p > 0.05. The following subsection describes the detailed results of each 

SSI-BI questionnaire scale.  

4.3.2. Perceptions of the core aspects of SSI-based instruction 

The scale of core aspects (CA) of the SSI-BI questionnaire includes 

six items, and it was developed to assess teachers' perceptions of design 

elements (Items CA 1 and CA 2), learning experience (Items CA 3 and CA 

4), and teacher attributes (Items CA 5 and CA 6) of the SSI-based 

instruction. Although the t-test results show no significant difference in the 

mean values between pre- and post-surveys (p = 0.114), reviewing the mean 

values of individual items revealed a positive shift for five items. This 

indicates an improvement of teachers' awareness of some core aspects of the 

SSI-based instruction after participating in the course (Table 4.3). 

Table 4.3 Teachers’ perceptions of the core aspects of SSI-based instruction 

Item  SD D A SA Mean 
1. Integrating an SSI into the biology 

classroom requires teachers to employ 
appropriate instructional strategies 

Pre 0 1 21 23 3.49 
Post 0 0 19 26 3.58 

2. Integrating an SSI into the biology 
classroom requires students to access 
various learning resources (textbooks, 
magazines, and web searches). 

Pre 0 1 20 24 3.51 
Post 0 2 12 31 3.64 

3. Students need to engage in data 
collection and analysis activities 
related to an SSI when they learn 

Pre 0 3 25 17 3.31 
Post 0 1 30 14 3.29 
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Item  SD D A SA Mean 
biology. 

4. Students need to engage in 
constructing scientific arguments 
related to an SSI when they learn 
biology. 

Pre 0 6 23 16 3.22 
Post 0 0 24 21 3.47 

5. Teachers need to understand the 
science content of the issues when 
teaching biology using an SSI as a 
context. 

Pre 0 1 12 32 3.69 
Post 0 0 9 36 3.80 

6. Teachers need to be aware of the 
social dimensions of the issues when 
teaching 

Pre 0 1 19 25 3.53 
Post 0 0 16 29 3.64 

SD = strongly disagree; D = disagree; A = agree; SA = strongly agree 

 

In addition, examining teachers’ responses to the individual items 

suggests that after participating in the course, most teachers tended to 

strongly agree with the necessity to employ appropriate teaching strategies 

(M1 = 3.58) and various learning resources (M2 = 3.64) to teach SSIs and 

the importance of understanding the science content (M5 = 3.80) and the 

social implications of the SSI (M6 = 3.64). 

The questionnaire results above suggest that teachers had a high 

awareness of some SSI teaching aspects before and after participating in the 

course. The course assignments and interview analyses provided a deep 

understanding of the teachers’ perceptions. Teachers identified the main 

features of SSI-based instruction that they thought were different from the 

common biology teaching and learning approach implemented in school. 

First, teachers explained the role of an SSI as a starting point for 

students to learn the science concepts and the criteria in selecting the SSI 
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topic. Teachers acknowledged that SSIs can provide relevant contexts for 

science learning; therefore, selecting SSI topics that align with the biology 

curriculum and students’ experiences is important to effective 

implementation. The following interview excerpts and comments in the 

course assignments show the teachers’ ideas about this aspect. 

If students learn about pollution, I think using the issue of 
household waste is relevant. The issue is closely connected to 
the students’ daily lives. Thus, the students’ learning will be 
more enjoyable. (I 1) 

The SSI presented in the classroom should connect to the 
biology topic and be based on students’ experiences. Students 
will be enthusiastic in learning biology and gaining information 
about that issue. (I 2) 

What I understand about SSI-based instruction is that teachers 
introduce the issue at the beginning of the lesson. In the 
instructional objectives, teachers also describe the 
interrelationship between the selected SSI and biology learning 
topic. (I 7) 

A specific SSI will raise students' curiosity and interest if the 
issue is directly related to their daily life and society. (CA 2-3) 

The genetic engineering issue [the example of an SSI used in 
the course assignment] is applicable for biology curriculum in 
Grade 9, particularly for the biotechnology topic. (CA 2-1) 
 

Second, the teachers generally recognized debate and role play as 

culminating experiences for an SSI classroom. They explained that setting 

up the classroom activities in a debate or role play allows students to see the 

issue from a different perspective from their peers. Teachers also 
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acknowledged that students might find pros or cons about an SSI and its 

risks and benefits for human life when discussing an SSI. The teachers’ 

perceptions of this aspect can be seen in the following interview excerpts 

and comments in the course assignments. 

Students can engage in a group discussion, debate, or role play. If we 
want students to justify claims or construct a counterargument that is 
different from their peers, I think the debate is an appropriate method. 
(I 2) 
 
For the issue involving multiple parties, role play seems to be the 
right choice, even though only one or two students often dominated 
the discussion in this classroom setting. (I 3) 
 
There are some activities that I think, after presenting the SSI, 
teachers can use to facilitate students’ debates about the issue by 
dividing them into pros and cons groups. (I 7) 
 
The teacher can use several methods such as group discussion, 
debate, posing a critical question about the risks and benefits of the 
issue, or asking students to create a poster showing the positive or 
negative impact of the issue. (I 8) 
 
Teaching an SSI using the cooperative jigsaw strategy and role-play 
method will allow students to search for information about the issue, 
share their opinions, and improve their communication skills. (CA 2-
16) 
 
The role-play method is most suitable for SSI teaching because each 
student has a different role...so they can discuss the issue from many 
aspects. (CA 2-18) 

 
Third, teachers recognized the necessity to prepare or identify 

various learning resources, such as video, presentation, articles, and 
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websites, for SSI-based instruction. In the interviews, teachers reported that 

in many schools, students still mainly used a single textbook as reference for 

their science learning, and since the science textbook covers mostly pure 

science content, it is not sufficient to support the implementation of SSI-

based instruction. The following interview excerpts and comments in the 

course assignments indicate teachers’ concern about the importance of 

employing various learning resources for SSI teaching. 

The information about the SSI may not be explained in the 
textbook. I prefer to find information about the issue from 
official websites. For instance, if students need information 
about the number of cases of a particular disease, I will 
recommend accessing the Ministry of Health website. By using 
an official website, students will get valid information related 
to the issue. (I 4) 

I think a good choice is using a video to show examples of an 
SSI and then asking students what they already know about the 
issue presented in the video…. When we use video from the 
internet, important considerations are that the video is 
interesting and not too long and the content is easy to 
understand. (I 6) 

In my experience, in some schools students have no internet 
access, or the school may not have sufficient teaching facilities. 
It will be helpful if the teacher can create a student worksheet 
that includes information or data about the SSI from different 
sources. (I 10) 

It is better if teachers provide information about genetic 
engineering and facilitate students to find the information from 
different sources. Students will better understand the scientific 
concepts of the social aspects of this issue. (CA 2-21) 

Introducing the science concepts of an SSI using a video is 
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helpful, particularly for junior secondary school students.... 
They need real examples to understand the issue. (CA 2-5) 

 

In terms of student learning experiences, teachers identified most of 

the teaching and learning activities that were needed to promote SSI 

argumentation. For example, teachers explained that students could engage 

in argumentation by exploring multiple views about the SSI and then 

presenting their own views on such issues. Students need to search for valid 

information or data about the issue from articles published on the internet or 

reported in the mass media to support their arguments about the SSI. The 

following interview excerpts show teachers’ views about the SSI learning 

experience. 

In the SSI classroom, students not only learn about the 
biological concepts from the textbook or teacher presentations, 
but also they can use the concepts to support their positions on 
the issue. (I 4) 

After presenting the societal issue to the students, we also need 
to explain various perspectives about the issue and then 
facilitate students’ development of their arguments with theory 
and data. (I 7) 

Students are expected to develop their arguments or counter-
arguments using data from different sources. It depends on the 
teacher. They can provide the data in the student worksheets or 
ask students to search for the data in the internet. (I 9) 

When students discuss the SSI topic around them, they interact 
with each other, sharing ideas…. Students may have different 
perspectives on and personal experiences involving that issue. 
(I 12) 
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The last core aspect is teacher attributes. Teachers identified several 

attributes and roles to effectively implement SSI-based instruction. For 

example, understanding the science content related to the SSI and 

positioning themselves as the students’ learning facilitator. In the interviews 

and course assignments, teachers explained: 

The most important thing is understanding the biology content and 
its connection to the issue being discussed. It will be problematic if 
the biology content and the issue are far from what is required in the 
curriculum. (I 4) 

 
Teachers should find an interesting issue to attract students' attention. 
I think there are many interesting issues, for example, in vitro 
fertilization and air pollution. (I 6) 

 
About the teachers' role, I think teachers should encourage students 
to express their ideas about the issue by asking a simple question, so 
all students in a class can actively participate in the discussion. (I 9) 

 
In the professional development program, I was often informed that 
the teacher is a facilitator for students' learning, and I think this role 
is very important for SSI teaching, where teachers select a relevant 
issue and provide learning resources. (I 3) 
 
Before presenting the genetic engineering issue's moral aspect, 
teachers need to explain the principles of genetic engineering 
technology. (CA 2-15) 
 
In my opinion, the teacher does not need to determine students' roles 
regarding the SSI. The teacher just provides different roles and 
guiding questions for the discussion. Let students select their own 
roles. In this way, the discussion will occur naturally. (CA 2-24) 
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4.3.3. Perceptions of the challenges in SSI-based instruction  
 

The scale of challenges (CH) of the SSI-BI questionnaire includes 

six items designed to understand teachers’ perception of certain SSI 

teaching challenges. The item content of this scale is presented in negative 

statements. Similar to the core aspect scale, the t-test result of this scale 

shows no significant difference in the mean values between pre- and post-

surveys (p = 0.641). However, examining the mean values of the individual 

items revealed some interesting findings. After participating in the course, 

teachers seemed to better recognize factors such as accessing SSI teaching 

materials (M2 = 3.22), identifying relevant social issues (M5 = 3.18), and 

connecting biology content and SSI (M6 = 3.16) as challenges that may 

hinder biology teachers from implementing SSI-based instruction (Table 

4.4).  

Table 4.4. Teachers’ perceptions of challenges in SSI-based instruction 

Item  SD D A SA Mean 
1. I think it will be difficult for a biology 

teacher to transform their teaching 
style in order to implement SSI-based 
instruction. 

Pre 1 7 34 3 2.87 
Post 0 7 35 3 2.91 

2. I think it will be difficult for a biology 
teacher to access relevant teaching 
materials to implement SSI-based 
instruction. 

Pre 0 4 33 8 3.09 
Post 0 5 25 15 3.22 

3. I think it will be difficult for a biology 
teacher to organize students’ learning 
activities to implement SSI-based 
instruction. 

Pre 0 9 29 7 2.96 
Post 1 8 29 7 2.93 

4. I think it will be difficult for a biology 
teacher to align components of SSI-

Pre 0 7 32 6 2.98 
Post 1 8 28 8 2.96 
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Item  SD D A SA Mean 
based instruction with the national 
biology curriculum standards. 

5. I think it will be difficult for a biology 
teacher to identify appropriate social 
issues to implement SSI-based 
instruction. 

Pre 0 4 30 11 3.16 
Post 0 4 29 12 3.18 

6. I think it will be difficult for a biology 
teacher to appropriately connect 
biology content and SSI issues in the 
same lesson. 

Pre 0 4 33 8 3.09 
Post 0 4 30 11 3.16 

SD = strongly disagree; D = disagree; A = agree; SA = strongly agree 

In general, the questionnaire results show that most teachers 

recognized the challenges of the SSI teaching implementation for biology 

teachers in school. In the interview, teachers identified various challenges of 

SSI teaching. The three major categories of challenges were the curriculum 

requirements, teacher competency, and student characteristics. Most 

teachers acknowledged that in a particular case, curriculum structure could 

be an obstacle to implementing SSI teaching. Teachers explained that the 

national curriculum covers a great deal of biological content and 

competency and needs to be completed by the end of the semester. The 

biology content is dominated by scientific concepts and procedures, which 

do not directly correspond to the SSI. Teachers also need to follow the 

national standards to create instructional objectives and lesson plans for 

their teaching. The following interview excerpts show teachers’ views about 

this challenge. 

The curriculum requires teachers to create a lesson plan for each 
meeting, so it is important to carefully design the sequence of 
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teaching and learning activities, from the beginning to the end of the 
SSI lesson. Teachers also need to consider how many weeks are 
necessary to completely implement SSI teaching because each of the 
biology learning topics in schools already has a time allocation based 
on the curriculum. (I 4) 
 
I think one of the challenges for teachers is selecting an appropriate 
learning topic in the school biology curriculum. Not all biology 
topics can be taught with this approach [SSI teaching]. For example, 
our group selected the in vitro fertilization issue, and we found it 
difficult to connect this issue with the biology topic and competency 
in the curriculum. We also found limited information about this issue 
provided in the textbook. (I 5) 
 
The biology content and competency in the curriculum needs to be 
completed within a certain period, which can be a challenge for 
teachers when they want to implement SSI teaching. They need to 
manage their SSI learning scenario…, so all of the learning topics in 
the curriculum can be delivered by the end of the semester. (I 12) 
The second category is challenges related to teacher competency.  

The teachers interviewed explained that the implementation of SSI-

based instruction in schools may present challenges for teachers. They 

recognized that teachers are not familiar with the student-centered 

approaches for SSI teaching, such as managing debate activities and 

engaging students in SSI discussion. The following interview excerpts 

provide teachers’ views about these challenges. 

The biggest challenge is presenting the controversial aspect of the 
issue, particularly when teachers want to use the debate method. The 
pro and con groups of students need to understand their positions on 
the issue. (I 2) 

 
For the implementation in the school, I think the challenge for 
teachers are providing guiding questions for the students to discuss 
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the SSI.... If teachers do not provide specific questions, students 
discussions about the issue may be far from what they [the teachers] 
expected. (1 3) 

 
As I know, in the SSI classroom, we can use debates or the role-play 
method. In my experience, I never use debates in my class; I think it 
is difficult to implement them. Other teachers may have the same 
opinion as me. (I 4) 

 
Based on my experience, in many schools teachers teach the biology 
using lecturing and then engage students in a group discussion to 
complete the worksheet. Sometimes they employ laboratory 
activities or simple experiments. (I 7) 
 
I think there are many important issues around us, but it is difficult 
to discuss them in class. Not all teachers are aware of the social 
implications of the issue. (I 10) 

 

The third category is challenges related to the student characteristics. 

In the interviews, several teachers stated that high school students might 

lack the motivation to find and read more information about the SSI. 

Teachers also explained that since students still mainly use a single textbook 

to learn science, they may not have sufficient biological content knowledge 

to discuss the science and social dimensions of the SSI. The following 

interview excerpts are examples of teachers’ views about these challenges. 

I have been teaching for almost 10 years, and I think it is 
difficult for junior secondary school students to discuss SSIs.... 
Maybe the most challenging thing is to encourage them to read 
the science content about the issue. (I 3) 

It is important to encourage students to express their opinions. 
In my experience, many students lack the capacity to argue or 
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express their opinion in the classroom discussion. Only a few 
vocal students want to speak and share their ideas. (I 9) 

If teachers want to use SSIs in their biology classroom…I think 
they first need to ensure that their students have high learning 
motivation and academic competency. I have tried to 
implement a similar approach to SSIs, but it did not go well. I 
spent a lot of time on helping students understand the subject 
content. (I 11) 

 

4.3.4. Perceptions of the pedagogical knowledge needed for SSI-based 

instruction  

The scale of pedagogical knowledge (PK) on the SSI-BI 

questionnaire, which consists of four items, was designed to measure 

teachers' perceptions of their knowledge concerning some of the 

pedagogical aspects needed to implement SSI-based instruction. The results 

of the t-test indicate that teachers' perceptions of their pedagogical 

knowledge improved significantly after participating in the course (p = 

0.000). This means that after participating in the course, teachers perceived 

themselves as having sufficient knowledge to create instructional objectives 

representing scientific literacy competency (M1 = 3.22), understand the 

biology content necessary for teaching an SSI (M2 = 3.24), align an SSI 

with the components of the biology curriculum (M3 = 3.11), and create 

instructional activities (M4 = 3.27; Table 4.5). 
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Table 4.5. Teachers’ perceptions of the pedagogical knowledge they need to 
implement SSI-based instruction 

Item  SD D A SA Mean 
1. I understand how to formulate SSI-

based biology instructional 
objectives that can promote 
students’ scientific literacy. 

Pre 1 19 19 6 2.67 
Post 0 0 35 10 3.22 

2. I understand the biology content 
knowledge necessary for 
implementing SSI-based 
instruction (e.g., biology facts, 
concepts, and principles). 

Pre 0 14 26 5 2.80 
Post 0 1 32 12 3.24 

3. I understand how to align 
components of the national biology 
curriculum standards with SSI-
based instruction. 

Pre 1 18 22 4 2.64 
Post 0 3 34 8 3.11 

4. I understand what kinds of 
activities students need to be 
engaged in when learning using 
SSI-based biology instruction. 

Pre 2 15 21 7 2.73 
Post 0 0 33 12 3.27 

SD = strongly disagree; D = disagree; A = agree; SA = strongly agree 

 
Although the questionnaire result shows that teachers felt confident 

about their understanding of SSI pedagogical aspects, in the interviews and 

course assignments, some teachers expressed concerns about their capacity 

to design SSI lesson: 

Designing SSI lessons requires extra effort..., [including] 
selecting the issue and preparing a lesson plan and teaching 
materials, and I think I still lack the capacity to do these tasks. 
(I 5) 

Do SSI lesson plans look like this? Can we make an SSI lesson 
plan that follows the format suggested in the curriculum? (CA 
2-11) 

What kind of learning method aligns well with SSI teaching? 
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(CA 2-4) 

I think seven meetings for one learning topic is too much…. 
Four meetings are enough; then students can learn another 
topic. (CA 2-14) 

In particular, teachers were concerned about how to effectively 

manage the SSI discussion activities: 

Because this is the new approach [SSI teaching], it is not easy 
to implement it... The most challenging thing for me is how to 
end the SSI discussion. (I 12) 

I am not sure that I can set up classroom situations to actively 
engage students. My big concern is how to manage the various 
classroom activities involved in SSI teaching and ask the kinds 
of questions that can stimulate students to think critically about 
an SSI. (I 4) 

How can students be supported in the role-play activities so 
they can reach a consensus about the issue being discussed? 
(CA 2-6) 

What are the differences of the questions designed to attract 
students’ attention to the genetic engineering issue from the 
personal, social, and global contexts? (CA 2-19) 

 

4.3.5. Attitudes and beliefs about SSI-based instruction 

The fourth scale of the SSI-BI questionnaire measures pre- and in-

service biology teachers’ attitudes and beliefs about SSI-based instruction. 

The t-test result of this scale indicates that teachers’ attitudes and beliefs 

about SSI-based instruction improved significantly after participating in the 

course (p = 0.010). In addition, examining the mean values of the individual 

items indicates that all items have a positive trend (Table 4.6). 
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Table 4.6 Teachers’ attitudes and beliefs about SSI-based instruction 

Item  SD D A SA Mean 
1. I am interested in introducing SSI-

based instruction into my biology 
classroom. 

Pre 0 2 17 26 3.53 
Post 0 0 15 30 3.67 

2. I am willing to collaborate with 
other biology teachers to develop 
SSI-based teaching materials. 

Pre 0 2 26 17 3.33 
Post 0 0 19 26 3.58 

3. I am willing to participate in 
professional development programs 
supporting teachers to implement 
SSI-based instruction. 

Pre 0 1 28 16 3.33 
Post 0 0 23 22 3.49 

4. I believe SSI-based instruction will 
help students to be able to meet the 
national biology curriculum 
standards. 

Pre 0 0 29 16 3.36 
Post 0 0 24 21 3.47 

5. I believe SSI-based biology 
instruction is an appropriate teaching 
strategy to promote students’ 
scientific literacy. 

Pre 0 1 25 19 3.40 
Post 0 0 20 25 3.56 

SD = strongly disagree; D = disagree; A = agree; SA = strongly agree 

The questionnaire results above show that after participating in the 

course, teachers had positive attitudes about introducing SSIs into their 

biology classrooms (M1 = 3.67), working collaboratively in their 

professional learning communities to develop SSI teaching materials (M2 = 

3.58), and participating in professional development programs to learn about 

SSIs (M3 = 3.49). Consistent with the questionnaire results, in the 

interviews, teachers also showed high interest in developing and 

implementing SSI teaching. They explained that SSIs are a new and 

interesting pedagogical approach, and introducing such teaching into the 

biology classroom would be beneficial for students' learning. Some teachers 
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also considered SSI topics in designing and conducting their thesis research. 

The following interview excerpts show teachers' attitudes about SSI-based 

instruction. 

I think [the use of] SSIs is a new approach to teaching 
science.... It is also interesting to introduce it to the students. 
Honestly, I just know this teaching approach from our course. 
(I 3) 

I am interested in this teaching approach [SSIs]. I think this is a 
good topic for my thesis research. If my research is about 
science teaching and learning, [using] SSIs will be one of my 
first considerations. (I 4) 

When we discussed this pedagogical approach [SSIs] in the 
class, I realized that there is a teaching method like this..., 
using real problems in society. Even though I have just learned 
about this method, I think it will be interesting to implement it. 
(I 5) 

I am interested in SSI teaching.... As we know, the government 
now encourages teachers to employ a student-centred approach. 
(I. 6) 

I want to use SSIs in my class.... I think SSIs will help students 
become more enthusiastic about learning science. (I 10) 

The questionnaire results also show that teachers had strong beliefs 

about the potency of SSI-based instruction to help students meet the national 

biology curriculum standards (M4 = 3.47) and promote scientific literacy 

(M5 = 3.56). In the interviews, teachers identified some SSI learning 

outcomes related to the scientific literacy that students can achieve. Teachers 

believed that through SSI teaching, students can practice argumentation 

skills, develop critical perspectives about information from the mass media, 
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and improve confidence in discussing societal issues. Teachers also 

recognized that SSI teaching is relevant to the national curriculum goals, 

emphasizing an active-learning strategy and allowing students to connect 

what they learn in class with the problems that they might encounter in their 

daily life. The following interview excerpts indicate teachers' beliefs about 

SSI-based instruction. 

SSI-based instruction can support the promotion of scientific 
literacy in schools because it encourages students to think 
critically... It is important to develop this competency in the 
classroom. (I 1) 

I think SSI teaching includes some aspect of scientific literacy: 
The most related aspect is when students discuss and share 
their perspectives about the issue. Students will understand 
science easily when they connect it with problems around them 
or with the news they hear from mass media. (I 2) 

As I know, one purpose of the science curriculum is to ask 
teachers to apply the scientific concepts to daily life problems. 
I think using SSIs is appropriate to achieving this purpose. (I 3) 

Because this teaching method [SSI teaching] requires students 
to explore the social aspects of the issue, it might be [a] 
positive [influence on] developing their confidence in arguing 
about the issue and practicing critical thinking skills. (I 9) 

I think that SSIs can improve student scientific literacy and that 
they are appropriate for biology teaching. (I 7) 

SSIs can motivate students to learn science…. They can learn 
many aspects of science while improving their awareness of 
the societal issues around them…and their ability to argue will 
be challenged. (I 12) 
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4.4. Discussion 

This study shows the potential of the SSI teaching-oriented course in 

facilitating teachers to create positive perceptions and awareness about SSI-

based instruction. In this section, I discuss some important findings 

regarding the four scales of the SSI-BI questionnaire. 

The first scale is the core aspects of SSI-based instruction. The 

questionnaire analysis suggest that teachers had a high awareness of some 

SSI teaching aspects before and after participating in the course. Teachers’ 

awareness was also reflected in the interview and their comments in the 

course assignments. Teachers acknowledged that SSI can provide relevant 

context for science learning and the importance to select SSI topics that 

align with the biology curriculum and students’ experiences. Introducing an 

SSI in the classroom that is personally or socially relevant to students is 

useful in contextualizing science topics (Zeidler & Nichols, 2009). By using 

a focal issue, students are expected to confront the social dimensions of the 

focal issue and engage in scientific practice to explore the underlying 

science content (Friedrichsen et al., 2016). In addition, the science teaching 

and learning practice in Indonesian schools need to follow standards and 

competency determined by MOEC (Faisal & Martin, 2019). 

Consistent with SSI literature, teachers in this study suggested 

debate and role-play methods for the SSI classroom. Teachers explained that 

these methods allow students to discuss the issue from a different 
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perspective. Teachers specifically identified teaching and learning activities 

that were needed to promote SSI argumentation. The appropriate teaching 

strategies are particularly important in engaging students in higher-order 

thinking practices and designing a culminating activity in the SSI classroom. 

For example, one feature of the SSI classroom is students’ engagement in 

the SSI discourse (Zeidler et al., 2011); in order to encourage students to 

participate in this activity, debates have been widely recognized as an 

effective strategy (Molinatti et al., 2010; Lee, & Grace, 2012). 

Further, teachers pay particular attention to the necessity to prepare 

various learning resources and positioning themselves as the students’ 

learning facilitator to support the implementation of SSI-based instruction. 

Since the SSI discourse involves multiple perspectives that include social, 

ethical, and political dimensions, it is essential to support students’ learning 

activity by providing various sources of information such as the internet, 

newspapers, and scientific articles, rather than depending solely on the 

textbook (Ratcliffe & Grace, 2003). Other important teaching materials are 

SSI lesson plans with clear sequences of teaching and learning activities 

(Saunders & Rennie, 2013) and SSI worksheets that include guiding 

questions for the context of students’ discussion (Chung et al., 2016) and 

case descriptions to facilitate students’ problem-solving activities (Zangori 

et al., 2018). Without SSI teaching materials, teachers will focus on teaching 

factual and conceptual aspects of science (Day & Bryce, 2011). 
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The second scale is the challenges in SSI-based instruction. The 

questionnaire analysis shows that most teachers recognized the challenges 

of the SSI teaching implementation for biology teachers in school. In the 

interview, participating teachers considered factors such as curriculum 

requirements, teachers’ competence, and students’ characteristics as SSI 

teaching challenges. 

Teachers acknowledged that a great deal of biological content and 

competency in the national curriculum, and the requirements for teachers to 

follow the national standards in designing their teaching and learning 

activities, could be an obstacle to implementing SSI teaching. The 

curriculum are the peripheral factors that significantly influence the core 

aspects and classroom environment of SSI-based instruction (Presley et al., 

2013). The rigidity of the curriculum structure may hinder teachers’ 

inclusion of social and ethical dimensions of science in their classroom 

(Levinson, 2006). In addition, the high curriculum demand for subject-

specific content is a potential time constraint for teachers in implementing 

the key features of SSI teaching because most of their teaching time is 

allocated to covering the curriculum requirements rather than to 

implementing SSI teaching (Kara, 2012). 

The participating teachers also recognized that teachers in schools 

may not be familiar with the student-centered approaches for SSI teaching. 

Some features of SSI-based instruction such as the use of a complex and 

socially relevant issue as a central theme and engaging students in higher-
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order thinking practices (Presley et al., 2013; Saunders & Rennie, 2013) 

require teachers to adapt constructivist teaching approaches to be successful 

in the implementation. For example, engaging students in diverse SSI 

discourse contexts such as small-group discussions, debates, and making 

consensus had a positive impact on their ability to understand the key ideas 

of others and value diverse perspectives (Chung et al., 2016). This teaching 

activities can be challenging, particularly for teachers who are familiar with 

teacher-centered pedagogical methods (Cotton, 2006). 

In addition, teachers acknowledged that high school students might 

lack the motivation and biological content knowledge to discuss the science 

and social dimensions of the SSI. The controversial and open-ended nature 

of SSIs often makes them difficult topics to be discussed in the regular 

science classroom (Levinson, 2006). Teachers in other studies have also 

been concerned that students may find it difficult to critically examine 

arguments about SSI (Ekborg et al., 2013), to discuss the controversial 

science topics (Borgerding & Dagistan, 2018), and to successfully engage in 

SSI learning tasks (Seow & Ho, 2016; Dina et al., 2020). 

The third scale is the pedagogical knowledge needed for SSI-based 

instruction. The questionnaire analysis shows that teachers perceived 

themselves as having sufficient knowledge of some SSI pedagogical 

aspects, including biology content knowledge necessary for implementing 

SSI teaching and how to align components of the national biology 

curriculum standards with SSI-based instruction. Knowledge about science 
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content related to the issue is necessary for teachers to present the science 

dimension of the issue and to contribute to the ideas and knowledge in SSI 

discussions (Zeidler et al., 2011). For example, the teacher should 

understand the basic concepts of genetics and molecular biology in order to 

teach an SSI lesson involving the issue of how sexually transmitted diseases 

have an impact on individuals and communities (Sadler et al., 2016). 

In addition, since the term “SSI” is not explicitly described in the 

science curriculum (MOEC, 2016b), teachers need to carefully consider 

what SSI topics are well suited to the biology content and competencies in 

the national curriculum. Teachers may be reluctant to implement SSI-based 

instruction if they perceive that the lesson content is not connected to the 

national curriculum objectives that form the basis for their teaching 

evaluation (Sadler et al., 2006). In addition, in the SSI-based instruction, 

selecting appropriate issues is important due to the issue of providing a 

context for students’ learning. To select an SSI, a teacher can consider 

criteria such as the authenticity, relevancy, and the controversial nature of an 

issue that allows for open discussion and then deal with a problem based on 

science and technology (Hancock et al., 2019). 

However, in the interview and course assignments, teachers 

expressed concerns about their capacity to design SSI lesson. Teachers were 

particularly concerned about their capacity to effectively manage the SSI 

discussion activities. Previous studies also revealed teachers’ concerns for 

handling discussions of value-laden issues in SSI classes (Sadler et al., 
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2006). This is due to the uncertainty of the SSI classroom discourses, where 

students may change the discussion directions to different social, ethical, or 

moral perspectives, thus shifting teachers out of their mastery of knowledge 

both related to subject content and SSI being discussed (Day & Bryce, 

2011). 

The fourth scale is attitudes and beliefs about SSI-based instruction. 

The questionnaire analysis indicates that teachers had more positive 

attitudes and beliefs about SSI-based instruction after participating in the 

course. In the context of teaching and learning science, this result is 

consistent with the previous studies, which found that learning experiences 

gained from participating in science methods courses can potentially change 

pre-service teachers’ attitudes about science teaching (Kazempour & Sadler, 

2015). Teachers’ participation in the professional development programs 

also positively affects their attitudes (van Aalderen-Smeets et al., 2017) and 

beliefs (Lumpe et al., 2012) about science teaching. 

In the interviews, teachers also showed high interest in developing 

and implementing SSI teaching for their biology classroom. Teachers also 

believed that SSI teaching can help students achieve some competencies 

related to scientific literacy in the national curriculum. Teachers’ positive 

attitudes towards science teaching will influence their science classroom 

practice (Erden and Sönmez, 2011). In addition, in SSI teaching, teachers’ 

beliefs affect how they decide to implement an SSI pedagogical strategy 
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(Tidemand & Nielsen, 2017). The aspect of beliefs is also likely to affect 

biology instructor in framing their instructional approach around 

controversial SSI issues (Gardner & Jones, 2011). 

4.5. Conclusion 

This study showed that teachers’ perceptions of their pedagogical 

knowledge and attitudes about SSI-based instruction significantly improved 

after participating in the SSI teaching-oriented course. However, teachers 

expressed concerns about their capacity to design SSI lesson. Teachers were 

particularly concerned about how to effectively manage students’ SSI 

discussion activities and how to identify the relevant science content and 

controversial aspects of the SSI. This concern was also reflected in teacher 

responses in various course assignments. Nevertheless, teachers 

demonstrated great interest in further developing and implementing SSI 

teaching in their classrooms in the future. Teachers believed that SSI-based 

instruction would be beneficial for students and would help students to 

achieve the content and competency standards required by the national 

curriculum. 

This study also showed that teachers’ perceptions of the core aspects 

and challenges of SSI-based instruction did not change significantly after 

they participated in the course. This indicates that teachers already had a 

high level of awareness about some aspects of SSI teaching and already 

recognized some challenges associated with implementing SSI-based 
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instruction in biology classrooms. Teachers recognized the importance of 

SSI for science learning and they identified debate and role-play methods as 

useful for teaching SSI. Also, teachers understood the importance of 

positioning themselves as facilitators of students’ learning and reported the 

value of using various learning resources and the need to have a good 

understanding of the science content being discussed as an SSI-related topic. 

In addition, teachers identified several SSI teaching challenges related to 

curriculum requirements, teacher competence, and student characteristics. 

These findings suggest that science teacher educators and 

researchers should consider the extent to which the SSI teaching-oriented 

course components in this study could be further developed and 

incorporated into their formal curriculums. In addition, teacher preparation 

and professional development programs must support teachers to expand 

knowledge and develop skills not only for teaching SSIs, but also for other 

pedagogical approaches to promoting scientific literacy. This study also 

raises important questions for policymakers about the goals of curriculum 

revision and increasing the flexibility of the curriculum so that it can allow 

teachers to adopt new pedagogical approaches. 
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Chapter 5. Pre-Service and In-Service Biology 

Teachers’ Teaching Practice on Socioscientific Issues  

5.1. Introduction 

This chapter presents my study on pre-service and in-service biology 

teachers’ teaching practice on SSIs. Many science education studies have 

shown that engaging students in SSI-based instruction is an effective 

strategy to promote student scientific literacy (Ratcliffe & Grace, 2003; 

Zeidler, 2014). However, to effectively implement the key elements of SSI-

based instruction, teachers need to have sufficient pedagogical content 

knowledge for both their subject matter and instructional strategies (Zeidler 

et al., 2011).  

Different types of professional development programs have been 

employed to support science teachers in implementing SSI-based instruction. 

For instance, Lee and Yang (2019) involved two science teachers in 

collaborative action research to introduce various strategies and resources 

for teaching SSIs and guide them in the implementation. This study found 

that collaborative action research provides teachers opportunities to 

understand teaching SSIs and overcome classroom implementation 

challenges. In another study, Saunders and Rennie (2013) designed two full-

day professional learning workshops to introduce teachers to the SSI 

pedagogical model for ethical thinking. This study found that professional 
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development helps teachers increase their pedagogical knowledge and 

understanding of SSI teaching and learning. 

In addition, several studies have also shown that teacher education 

programs can help teachers explore and reflect SSI teaching aspects. For 

example, Borgerding and Dagistan (2018) found that pre-service teachers 

engaging in a science methods course tended to adopt the SSI discussion 

strategies employed in the course and had more ideas about methods and 

approaches for teaching controversial science issues. In addition, engaging 

pre-service biology teachers in a science methods course can raise their 

awareness of SSIs. Teachers believed that SSIs are necessary for biology 

teaching and that such teaching is beneficial for students’ learning (Kara, 

2012). 

In other studies, Cinici (2016) designed and implemented 

argumentation-integrated activities in a science methods course to provide 

pre-service teachers opportunities to discuss and construct decisions about 

the SSI of genetically modified organisms (GMOs). The study suggests that 

such activities support pre-service teachers in adopting a scientific 

perspective and a balanced risk perception of GMOs. Further, Namdar (2018) 

integrated inquiry-based activities into an environmental education course 

that allowed pre-service teachers to explore an SSI related to global climate 

change (GCC). At the end of his study, pre-service teachers showed an 

improvement in their understanding of GCC and awareness about several 

benefits and challenges of teaching GCC. Teachers also reported that they 
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felt more confident to teach about GCC in their future classrooms. 

These previous studies indicate that providing teachers training 

opportunities and professional development can have important implications 

for their SSI-based teaching professional knowledge and practice. In 

Indonesia, TEIs are the leading institutions for teacher training and 

preparation. Science teacher educators at TEIs are responsible for preparing 

pre- and in-service teachers to effectively implement the national science 

curriculum and meet the national goal of educating students to be 

scientifically literate. This research seeks to explore Indonesian pre- and in-

service biology teachers’ experiences planning and implementing SSI-based 

instructional activities in a science methods course offered at a national TEI. 

This research is needed to better understand Indonesian biology 

teachers’ practices in implementing SSI because pre- and in-service teachers 

are ideal candidates to promote the implementation of SSI-based instruction 

in their current and future classrooms. Examining teachers’ practices will 

inform their readiness to implement this pedagogical approach and provide 

science teacher educators an understanding of the challenges and potential 

benefits of introducing SSIs in Indonesian science classroom contexts. The 

research questions for this study are as follows:  

1. What aspects of the SSI-based instruction do pre- and in-service 

biology teachers perform in SSI teaching practice?  

2. How do pre-service and in-service biology teachers reflect on 

their SSI teaching practice? 
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5.2. Research Context and Methods  

5.2.1. Research context 

In this study, the SSI teaching practice employed three phases: 

planning, lesson implementation, and post-teaching reflection. The 

following sub-section describes each phase. 

SSI teaching planning  

Four sessions of classroom activities were devoted to preparing 

teachers for SSI teaching practice. Teachers from two classes were 

organized into six groups comprised of seven to eight teachers. Each group 

prepared an SSI lesson plan and supporting teaching materials 

(presentations, instructional media, and reading material) for the different 

grades of the secondary school level (Figure 5.1). 

 

Figure 5.1 The planning phase of the SSI teaching practice 

Before the classroom discussion, each group examined the specific 
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biology content and competency in the national curriculum based on their 

grade and selected one topic most related to an SSI. In class, teachers 

discussed questions such as what makes their selected issue as an SSI, how 

to formulate the instructional objectives, how to set up a classroom 

environment that reflects aspects of SSI-based instruction, what kinds of 

activities may be included in the lesson plan to encourage argumentation 

discourse, and how to prepare supporting teaching materials. Teachers were 

encouraged to review the course content and the references from the 

classroom sessions. After completing this classroom activity, each group 

continued working for 1 week to improve their SSI lesson plan and decided 

who will teach their lesson plan. 

SSI lesson implementation 

The SSI lessons were designed for the senior secondary school 

classroom. The two classes in the course each implemented three different 

lessons, with one lesson every week. The SSI lessons represented various 

biology topics and grades at the senior secondary school level (Figure 5.2). 

During the lesson implementation, one member of each group took the role 

of a teacher to implement their SSI lesson plan. Each lesson implementation 

was allotted 90 minutes, a typical one-class period for biology subjects in a 

senior secondary school. 

In order to develop an understanding between teachers, prior to 

their engagement in the lesson implementation, each group was provided 30 
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minutes at the beginning of each lesson to generally describe their planned 

teaching and learning activities, the targeted biology content, and SSI topic 

coupled to the national curriculum competency and to organize the 

classroom setting based on their learning scenario. I also explained that the 

purpose of the teaching practice was not to assess teachers’ teaching skills. 

Instead, the purpose was to understand the overall classroom environment in 

terms of SSI-teaching aspects. 

 

Figure 5.2 The lesson implementation of the SSI teaching practice 
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SSI post-teaching reflection  

Soon after the lesson implementation, teachers conducted a post-

teaching reflection. The discussion was started by providing the first 

opportunities for the model teacher to reflect on their teaching practice, 

particularly how they translated all components of their lesson plan into 

actual teaching. The teachers then exchanged views and provided feedback 

to one another as they engaged as teachers and learners in the lesson 

implementation. If it was necessary, I gave suggestions about the overall 

classroom environment. At the end of all teaching practice, each teachers’ 

group submitted the final draft of their lesson plan and teaching materials. 

5.2.2. Methods 

A mixed-methods design was used for the data collection process by 

combining quantitative and qualitative methods (Greene, 2008). To collect 

the data, I video-recorded the lesson implementation and post-teaching 

reflection and collected teachers’ teaching materials (lesson plans, 

PowerPoint presentations, reading material, and students’ assignments). The 

following sub-section describes the research participants and the data 

collection and analysis. 

Research Participants 

The 45 pre- and in-service biology teachers who engaged in the SSI 

teaching practice had completed the classroom sessions, which were 

specifically designed to introduce the theoretical framework of scientific 
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literacy, SSI, and scientific argumentation. For the SSI teaching practice, six 

teachers took roles as model teachers, and the remaining teachers acted as 

secondary school students. The six model teachers in the SSI teaching 

practice represented different genders and level of teaching experience.  

Data Collection 

The data collection process was conducted in 3 weeks following the 

SSI lesson implementation. The data collection process consisted of 

observation, video recording of the lesson implementation and post-teaching 

reflection, and documentation of the teachers’ teaching materials (Figure 

5.3). 

 

Figure 5.3 Data collection process 

- Observation 

Observation is a typical method for gathering data in a case study, 

and can be either participant- or non-participant observation (Cohen et al., 

2007). Participant observation means the observer is involved in the study's 
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activity and has a particular role in their interaction with the research 

participants. In non-participant observation, the observer directly observes 

the studied events or phenomena as a passive observer without interaction 

with the research participants. In observing the SSI lesson implementation, I 

used non-participant observation to avoid any unintended interaction with 

the teachers that could distract them from the classroom situation. The main 

purpose of the classroom observation was to identify significant aspects of 

the classroom environment related to SSI teaching and provide important 

information to guide the post-teaching reflection in order to compare the 

observer’s understanding of the observed events with the teachers' point of 

view. Information from the classroom observation can complement video 

recording data. 

In addition to the classroom observation, six video recordings of the 

lesson implementation and post-teaching reflection allowed further detailed 

observation and analysis. In SSI and science teaching practice research, 

video recordings of classroom activities have been widely used as primary 

and secondary data sources. For example, Gardner and Jones (2011) used a 

video recording to examine how graduate teaching assistants framed their 

SSI lesson. Further, Ødegaard et al., (2014) employed several video 

recordings from six different science classrooms to identify the variations 

and patterns of inquiry-based science and literacy activities. To examine 

science teachers' teaching practice, Fitzgerald et al., (2013) also used video 

recording to document the actual classroom situation, including aspects such 



 

 １０９ 

as teachers' pedagogical strategies and teacher-student interactions. 

In this study, video recording was used to document the six SSI 

lesson implementations and post-teaching reflections. The lesson video 

observation was focused on identifying the items suggested in Topçu et al.’s 

(2018) SSI observation protocol (SSI-OP). The dimensions and items of the 

observation protocol are described in the data analysis section. In addition, 

to characterize teachers’ SSI teaching practices and to provide qualitative 

data related to observation protocol items, I also paid particular attention to 

observing the SSI topic and biology content that teachers taught, the 

instructional strategies they employed, and both directions of interactions 

between teachers and students, both during the class and small-group 

discussions.  

- Documents 

In qualitative studies, documentary information is a data collection 

object that can take various forms such as letters, reports, memos, and 

formal studies (Yin, 2003). In addition, different kinds of documents were 

distinguished between personal (written and visual documents) and official 

documents (state and private sources; Bryman, 2012). In this study, the 

document data refer to teachers' written documents during their SSI teaching 

practice, such as lesson plans, presentations, and reading materials. Much of 

these document data were qualitative and unstructured. I collected all of 

these documents at the end of each SSI lesson implementation. These data 
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were used as secondary data sources to corroborate and augment evidence 

from video recordings. These documents helped to understand the teachers' 

interpretations of some aspects of SSI teaching and how teaching and 

learning activities described in the lesson plan were consistent with the 

classroom implementation.  

Data Analysis 

The SSI teaching exercise aimed to provide opportunities for 

teachers to practice teaching biology using SSIs and experience the SSI 

classroom environment both from the perspectives of both teacher and 

student. The data sources consist of video recordings of the lesson 

implementation and post-teaching reflection. Additionally, secondary data 

sources such as observation notes, lesson plans, and teaching materials were 

also used as references to complement the analysis of the video recording. 

The analytical framework to examine the SSI lesson implementation used 

the SSI-OP developed by Topçu et al. (2018; Table 5.1). The analysis aimed 

to describe and characterize the SSI-based instruction aspects that teachers 

performed in the lesson implementation and to identify challenges that 

teachers encounter in the classrooms. 

The SSI-OP was selected for several reasons. First, the instrument 

provides a comprehensive pedagogical dimension to analyze the classroom 

implementation of SSI-based instruction. Second, the SSI-OP can be used to 

assess different SSI teaching strategies, including use for a single SSI lesson 
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as was implemented in this study. Third, the SSI-OP is applicable to use 

with both novice and experienced teachers. The SSI-OP consist of 22 items 

divided into five dimensions: focus of instruction, teaching moves, the role 

of the teacher, the role of students, and the classroom environment. The 

description of each item is presented in Table 5.1. 

Table 5.1 Item descriptions of the SSI-OP dimensions for video analysis 
(Topçu et al., 2018) 

Dimension Number 
of items Item description 

Focus of 
instruction 

6 1. Teacher promoted conceptual scientific 
understanding. 

2. Teacher related science content to the real world. 
3. Teacher considered nature of science (NOS) themes 

associated with the issue. 
4. Teacher focused on risks and benefits of the issue. 
5. Teacher focused on social dimensions of the issue 

(e.g., political and economic). 
6. Teacher focused on higher order practices (e.g., 

argumentation, reasoning, and scientific modelling). 
 

Teaching 
moves 

7 1. Teacher provided scaffolding for higher-order 
practices. 

2. Teacher provided opportunities for students’ 
reflections about their learning. 

3. Teacher related what students learn to prior 
knowledge. 

4. Teacher presented the issue first and continued 
focusing on the issue. 

5. Teacher used current media to connect content to the 
issue. 

6. Teacher assessed students’ conceptual scientific 
understanding (summative or formative). 

7. Teacher assessed students’ higher-order practices 
(summative or formative). 

 
Role of 
teacher 

2 1. Teacher acted as learning facilitator instead of 
authority. 

2. Teacher knew the science content related to the 
issue. 
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Dimension Number 
of items Item description 

Role of 
students 

5 1. Students engaged in higher-order practices. 
2. Students negotiated social dimensions of the issue. 
3. Students assessed risks and benefits of the issue. 
4. Students collected and/or analyzed scientific data 

related to the issue. 
5. Students confronted the ethical dimension of the 

issue. 
 

Classroom 
environment 

2 1. The classroom environment was collaborative and 
interactive. 

2. Students and teachers showed respect to each other. 
 

- Quantitative analysis 

The SSI-OP scoring method using a 3-point scale (0, 1, and 2) based 

on the occurrence of the items in the observation. A score of 0 indicated the 

item description was not observed, 1 when it was observed once, and 2 

when it was observed two or more times. For the quantitative analysis, I 

followed the calculation method of the SSI-OP. Due to the varied number of 

items in each dimension, a standardized score was selected to allow 

comparison of scores across dimensions. Items within the protocol were 

scored separately, then summed over each dimension to calculate a total 

dimension score. These total dimension scores were divided by each 

dimension’s maximum possible score, resulting in a standardized score for 

each dimension. For example, the focus of the instruction dimension 

includes a total of six items. Use of a 3-point scale (0, 1, and 2) resulted in a 

maximum possible score of 12 points. Because the maximum possible score 

for the dimension was 12, the standardized score in this dimension was 1 

(12/12). The same procedure was followed for the other four dimensions. 
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I and another science education researcher examined six video 

recordings of the SSI lesson implementations and identified the presence or 

absence of the SSI-OP items. In the first step, we observed and analyzed one 

video together to develop a shared understanding of how to identify the 

items in the video and how to annotate teacher and student actions and 

interactions observed in the video (rather than a transcription of participant 

talk). In this step, we had some iterative discussion about the observation of 

the items, such as whether the poster-making activity at the end of the lesson 

was grouped in the item of students’ reflections about their learning (Item 2) 

or teacher assessment of students’ higher-order thinking practices (Item 7) in 

the teaching moves dimension. We decided to include such activity in Item 2 

since the teacher did not actually assess the students’ poster.  

We also discussed whether a certain activity of students and teachers 

could be identified with more than one item. For example, when presenting 

a science concept related to the issue at the beginning of the lesson, this 

activity could be categorized as Item 1, the focus of instruction dimension 

(teacher promoted conceptual scientific understanding), or as Item 2, the 

role of teacher dimension (teacher knows the science content related to the 

issue). We decided to include such activity into both items. However, after 

further observation and analysis, we found various examples of classroom 

activities that represented two items. Therefore, in the second step of coding, 

we observed and analyzed the remaining five video recordings 

independently. A comparison of the observation results of 22 items revealed 
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inter-rater consistency of 82%, and these discrepancies were easily resolved 

through discussion. Thus, it was established that researchers were able to 

effectively apply the protocol independently and accurately.  

- Qualitative analysis 

In order to provide examples of the contextual classroom situations 

for each observed item, we identified segments of video representing 

classroom activities, such as presentation, discussion, and debate. After 

selecting these examples, a transcript was made of the audio recording. 

Field notes of classroom observations were also used to support video 

analysis. Through an iterative process, we determined the most 

representative classroom activities and made descriptions of each. In order 

to understand the teachers’ views and interpretations about components of 

the SSI-based instruction as they engaged in the lesson implementation, 

video recordings of the post-teaching reflections for all six lessons were also 

recorded and analyzed. 

The reflection was conducted immediately after the lesson 

implementation. The conversations in the post-teaching reflection were 

transcribed verbatim and analyzed with an inductive coding approach 

(Miles, Huberman, & Saldaña, 2013). In the coding process, the transcripts 

were carefully read to look for evidence in which the teachers identified 

some challenges that occurred during the lesson implementation, how they 

translated the theoretical framework of SSI-based instruction into the lesson 
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plan and actual teaching, why they selected a certain SSI topic and teaching 

method, and what suggestions they thought useful to improve the 

implementation of the SSI instructional practice. Using the resulting codes 

of the initial analysis, I re-read each transcript to ensure a consistent coding 

process. Following this step, I combined some codes into one representative 

theme. The emerging themes from the analysis then were sorted by each of 

the SSI-OP dimensions for a more detailed explanation. I also examined the 

lesson plan and teaching materials to corroborate the findings of the analysis.  

5.3. Results 

This section presents teachers’ SSI teaching practices. The general 

characteristics of the six-lesson implementation are presented first, followed 

by the standardized score comparison across the SSI-OP dimensions and 

teachers’ lessons. The following sub-section presents the quantitative and 

qualitative analyses based on the five dimensions of the SSI-OP. Data from 

the lesson observation is presented first and followed by post-teaching 

reflection analysis and teacher teaching materials. Presenting the results in 

this manner provides a better interpretation among the variety of data 

sources and offers a more comprehensive explanation to discuss the research 

findings. 

5.3.1. General characteristics of the lesson implementation 

In the planning phase, all teacher groups were expected to prepare a 

90-minute SSI lesson; however, the amounts of time teachers used to 
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implement the lesson plans varied. The longest classroom duration was 

Lesson Implementation 5 (105 minutes), and the shortest was Lesson 

Implementation 3 (41 minutes). All teachers spent a relatively short time at 

the beginning of the lesson describing the instructional objectives, 

introducing the issue to the students, orienting students to the science 

content related to the issue, and explaining the sequence of instructional 

activities. Overall, teachers used around 15-20 minutes for these activities. 

Table 5.2 Outline of the six SSI lesson implementations 

Session Class 
duration 

Biology topic/School grade SSI topic 

1 (Class A) 75 minutes Air pollution/Grade 10 Chlorofluorocarbons 
(CFCs) and global 
warming 
 

2 (Class A) 55 minutes Human digestive 
system/Grade 11 
 

Vegetarian diet 

3 (Class A) 41 minutes 
 

Biotechnology/Grade 12 Cloning 

4 (Class B) 56 minutes 
 

Virus/Grade 10 HIV/AIDS 

5 (Class B) 105 minutes Human reproduction 
system/Grade 11 
 

In vitro fertilization 
(IVF) 

6 (Class B) 92 minutes Mutations/Grade 12 Antibiotic resistance 
 

 

In contrast, a considerable amount of time was used for the main 

activities. For example, in Lesson Implementation 5, the teacher used about 

20 minutes for group discussion and 45 minutes for group presentations and 

classroom discussion. Similarly, in Lesson Implementation 6, the teacher 

spent around 50 minutes for classroom debate and 20 minutes for students to 
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complete an SSI poster. Teachers selected various SSI topics that aligned 

with the biology curriculum content of senior secondary school levels, such 

as HIV/AIDS, in vitro fertilization (IVF), and vegetarian diets (Table 5.2). 

Further, in terms of methods and strategy for teaching SSI, teachers 

used various small-group and whole-class discussions. Teachers employed 

specific instructional strategies such as the jigsaw method, role play, and 

debate (Table 5.3). 

Table 5.3 Teachers’ teaching methods in the SSI lesson implementation 

Session  Teaching Method 
1 

(Class A) 
The teacher used small-group and whole-class discussions. The teacher 
grouped students into three different roles: government officials, 
household consumers, and electronics company managers. Each group 
explored and shared social perspectives related to the issue of CFCs. 
The question for the starting point of discussion was, “Should the 
production of household electronic devices contain CFCs be 
restricted?” 

2 
(Class A) 

The teacher used cooperative jigsaw method. The teacher organized 
students into four groups representing different roles:  a representative 
of the ministry of health and welfare, a representative of the animal 
husbandry department, a group of vegetarian societies, and a non-
vegetarian community. In the discussion, students explored various 
social perspectives to their respective roles to respond to the issue of 
vegetarian diets. 

3 
(Class A) 

The teacher used the class debate method. The teacher divided students 
into pros and cons groups to discuss the cloning issue. Students argued 
from positions where they either agreed or disagreed with cloning 
technology. The debate considered the implications of the issue from 
the medical and ethical perspectives. 

4 
(Class B) 

The teacher employed an expert panel discussion, where students 
represented different roles, such as government officials, 
representatives of medical professionals, and human rights activists. In 
the discussion forum, students attempted to reach a consensus on how 
to resolve the discrimination issue for people with HIV/AIDS. 

5 
(Class B) 

The teacher used small-group and whole-class discussions. Students 
were organized into three groups representing different roles: 
government officials, representatives of medical professionals, and 
local communities. The question for the starting point of discussion 
was, “Would you support the establishment of a new IVF clinic in the 
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Session  Teaching Method 
city?” In the discussion, students considered the personal and social 
perspectives of the issue. 

6 
(Class B) 

The teacher used the class debate method for the issue of antibiotics 
resistance. Students argued whether they for or against the use of 
antibiotics for strep throat treatment. In the class debate, students 
considered the risks and benefits of antibiotics and their implications 
from personal and social perspectives. 

 

5.3.2. Quantitative analysis of the lesson implementation 

The quantitative analysis shows different mean scores for each 

dimension of the SSI-OP. As shown in Table 5.4, the mean score of the 

classroom environment dimension was the highest (1), indicating teaching 

and learning activities occurred in a collaborative and interactive way. In 

contrast, the teaching moves dimension gained the lowest score (0.55), 

suggesting that teachers may face some challenges in implementing certain 

features of SSI teaching.  

In addition, comparing the total score between teachers’ lessons 

shows that the highest total score was Lesson Implementation 5 (4.17) and 

the lowest was in Lesson Implementation 3 (3.26). This result might be 

related to class duration. For example, the teacher in Lesson Implementation 

5 spent more than 100 minutes, which allowed him to engage students in the 

various SSI learning practices. Overall, the lesson observation shows that all 

teachers performed the five dimensions of the SSI-based instruction 

suggested in the SSI-OP (Table 5.4).  
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Table 5.4 Standardized score for each SSI lesson implementation 

Observation 
categories 

Number 
of items 

Maxim
um 

score 

Standardized score of each lesson 
implementation (LI) 

Mean  

1 2 3 4 5 6 
 

1. Focus of 
instruction  

6 12 0.66 0.66 0.58 0.66 0.83 0.75 0.69 

2. Teaching 
moves  7 14 0.50 0.57 0.43 0.57 0.64 0.57 0.55 

3. Role of 
teacher  2 4 0.75 1 0.75 1 1 0.75 0.88 

4. Role of 
students  5 10 0.6 0.6 0.5 0.7 0.7 0.6 0.62 

5. Classroom 
environment  2 4 1 1 1 1 1 1 1.00 

 
Total score 

  3.51 3.83 3.26 3.93 4.17 3.67  

 

The following sub-section presents the quantitative and qualitative 

analysis of the six-lesson implementation and post-teaching reflection based 

on the five SSI-OP dimensions. The exemplars of the classroom activities 

representing items of each SSI-OP dimension were also included. 

5.3.3. Focus of instruction  

The focus of the instruction dimension consists of six items 

emphasizing the main features of SSI-based instruction, such as promoting 

student conceptual scientific understanding and engaging students in higher-

order thinking practices, such as argumentation, reasoning, and decision-

making. In the lesson implementation (LI), teachers performed different 

activities representing these dimension items (Table 5.5). 
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Table 5.5 Item scores in the focus of instruction dimension 

Item Total 
score The exemplar of the classroom activities 

1. Teacher 
promoted 
conceptual 
scientific 
understanding  

7 - At the beginning of the lesson, the teacher 
explained the layers of the atmosphere, types of 
greenhouse gases, how greenhouse effect the 
Earth's atmosphere, and CFCs (LI 1). 

- The teacher introduced the issue of vegetarian 
diets by connecting it with the concept of the 
nutrition elements in food, sources of nutrients 
and their functions in the human body, the food 
pyramid, and the new slogan of a healthy lifestyle 
from the Indonesian Ministry of Health (LI 2). 

2. Teacher related 
science content 
to the real 
world 

6 - By showing a picture of different types of foods 
(rice, grains, fruits, vegetables, bread, meat, fish, 
eggs, noodles, etc.), the teacher asked students 
what kinds of foods they have for lunch, what the 
dominant nutrition elements of their foods are, 
and how those nutrition elements may affect their 
body and activities in the class (LI 2). 

- At the beginning of the lesson, the teacher asked 
the students whether they ever experienced a 
fever. After getting students' responses, the then 
teacher explained that fever is one of the human 
body’s immune system responses where the body’ 
temperature is raised enough to kill off certain 
bacteria (LI 6). 

3. Teacher 
considered 
nature of 
science (NOS) 
themes 
associated with 
the issue 

6 - In the students’ reading material, the teacher 
provided some data such as the national success 
rate of the IVF program (25-30%), a clinic with 
the highest success rate (52%), and the success 
rate of IVF in different age groups (LI5). 

- In the students’ reading material, the teacher 
included information about the discovery of 
penicillin by Alexander Fleming and penicillin 
research for medications against many bacterial 
infections (LI 6). 

4. Teacher 
focused on 
risks and 
benefits of the 
issue 

11 - The teacher arranged the group discussion around 
the risk and benefits of a vegetarian diet both 
from the medical and social perspectives (LI 2). 

- The teacher asked the pros and cons group to 
consider the risks and benefits of cloning in the 
classroom debate (LI 3). 
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Item Total 
score The exemplar of the classroom activities 

5. Teacher 
focused on 
social 
dimensions of 
the issue (e.g., 
political and 
economic) 

10 - The teacher encouraged students to not only 
focus on the environmental effects of CFCs but 
also to consider the economic impact if the use of 
CFCs is banned. The teacher asked a question: 
“Could you identify the impact of the government 
group’s proposed CFC use regulation on the 
home appliances industry and their workers?” (LI 
1). 

- In the classroom discussion session, the teacher 
asked each group of students to offer a solution 
for discrimination problems that HIV/AIDS 
patients experience based on their role by 
considering personal and social implications (LI 
4). 

6. Teacher 
focused on 
higher order 
practices (e.g., 
argumentation, 
reasoning, and 
scientific 
modelling)  

10 - When facilitating the group discussion, the 
teacher suggested that the group that represented 
the medical professionals explain how HIV 
spreads to support their position that HIV cannot 
be transmitted by shaking hands or hugging an 
AIDS patient (LI 4). 

- The teacher suggested that each group, which 
each represented different roles, include 
information such as testimonies of couples who 
have used IVF, expert opinions, data, and 
regulations about the IVF program in a 
PowerPoint presentation (LI 5). 

 

The analysis revealed that all items in the focus of instruction 

dimension were observed across the six-lesson implementation. In most 

classrooms, the instructional activities item that focuses on the risks and 

benefits of the SSIs were observed more frequently than other items (score: 

11). For example, in LI 2, the teacher asked students to consider the health 

risks and benefits of a vegetarian diet by highlighting the nutrition elements 

in food and their functions in the human body. In LI 3, the risks and benefits 

of cloning technology were explored by explaining the positive and negative 
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impacts of cloning. 

The risks and benefits of the SSIs were observed being discussed 

along with the social implications of the issue (score: 10) and the promotion 

of higher-order thinking practices (score: 10). For example, in LI 1, there 

was a discussion of the issue of chlorofluorocarbons (CFCs) in terms of the 

environmental and economic impact a ban of the use of CFCs for home 

electronic appliances, while in LI 4, the teacher tended to focus on the social 

implications of the issue of HIV/AIDS both for the patient with HIV/AIDS 

and society. In addition, to focus the instruction on higher-order thinking 

practices, the majority of the teachers arranged classrooms for role-play and 

debate activities and suggested that each student include a theoretical 

explanation of how HIV spreads (LI 4) and supporting data about IVF 

programs (LI 5) when they argued about the issue. 

 

Figure 5.4 Classroom activities that reflect the focus of the instruction 
dimension: a. The teacher introduced the issue of vegetarian diets (LI 2). b. 
The teacher guided the group discussion about the issue of IVF (LI 5). 

In contrast, the instructional activities item that focuses on 

a b 
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promoting scientific conceptual understanding was less often represented in 

the lesson implementations (score: 7). The majority of the teachers taught 

science concepts related to the SSIs only at the beginning of the lesson, with 

allocated time ranging from 10 to 15 minutes. For example, the teacher in LI 

1 started the lesson by explaining layers of the atmosphere and the chemical 

structure of CFCs. In LI 2, the nutrition elements in food and their functions 

were described to provide a theoretical basis for the vegetarian diet issue. 

The beginning of the lesson was also generally used to relate science 

content to the real world by providing explanations and examples of how the 

learned science content could be used outside of the school contexts (score: 

6). For example, in LI 2, the teacher explained the concept of food nutrients 

in relation to daily human activities. The teacher in LI 6 explained the 

concepts of the immune response in relation to fever symptoms. To 

determine whether nature of science (NOS) themes were included in the 

lesson or not (score: 6), I corroborated the observation data by reviewing the 

reading material provided in each lesson. In the reading material, the teacher 

included some NOS themes such as data on the success rate of IVF (LI 5) 

and medical professionals’ opinions about using antibiotics (LI 6). 

The post-teaching reflection (TR) analysis provided some 

understanding of the instructional focus during the lesson implementation. 

Some groups seemed to planned multiple lessons on the targeted biology 

topic of the curriculum with the implemented lessons being specifically 

designed to discuss the social implications of the issue related to the 
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learning topic rather than to teach the science content. As some teachers 

explained:  

What we planned was for the concepts of pollution and 
examples of land, water, and air pollution to have been taught 
in the previous meeting. (TR 1) 

We thought we should focus to the social aspects of the 
issue…so we designed this meeting to teach the issue of CFCs 
and their effects on the atmosphere. (TR 1) 

In the planning, we spent several meetings considering the 
topic of viruses and selected the sub-topic of the infectious 
diseases caused by viruses in order to present the issue of HIV. 
(TR 4) 

At the beginning of the lesson, I need to remind students of a 
previously learned topic about mutation before showing the 
antibiotic resistance video. (TR 6) 

Our group did not focus on the presentation of biology content 
because we allocated 60 minutes for the class debate and 
created a poster. (TR 6) 

Although the lesson implementation shows that teachers' lessons 

tended to focus on the social aspects of the issue and higher-order thinking 

practices, examining the lesson plan indicated an inconsistency between 

classroom activities and the formulated instructional objectives. Most of the 

instructional objectives emphasized the domain of understanding both 

concepts and procedures, such as “through discussion, students will be able 

to identify the effects of CFCs on the atmosphere" (LI 1), "after the lesson, 

students will be able to describe the procedures of IVF in relation to the 

human reproductive system" (LI 5), and "after the lesson, students will be 
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able to explain the gene mutations caused by antibiotic resistance" (LI 6). 

This shows that teachers are less familiar with the instructional objective 

that reflects the social aspect of science learning and higher-order thinking 

activities. 

5.3.4. Teaching moves  

Teaching moves refer to decisions made and actions taken by 

teachers during the lesson. The teaching moves dimension consists of seven 

items representing teaching activities teachers employ in the SSI classroom 

setting, such as providing scaffolding for higher-order practices, using 

media to connect science content to the issue, and presenting the issue at the 

beginning of the lesson. Table 5.6 presents the total score for each item and 

the example of teaching activities that the teacher performed during the 

lesson implementation. 

The analysis revealed that the teaching activities items related to the 

scaffolding for higher-order thinking practices and activities that focused on 

the issue were observed more frequently than other activities (total score of 

12). In the lesson implementation, teachers provided various scaffolding for 

student engagement in higher-order thinking practices. For example, the 

teacher in LI 2 arranged the discussion using a jigsaw strategy that enabled 

students to play different roles in discussing the vegetarian diet issue. In LI 

4, the teacher provided reading material that included information necessary 

for students to support their perspectives about the best social solution for 
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HIV/AIDS patients. Further, to provide students a learning context, all 

teachers introduced the issue at the beginning of the lesson and continuously 

focused on the issue throughout the lesson. To support this activity, the 

teacher used different instructional media such as a picture showing some 

examples of cloned animals (LI 3) and a video describing gene mutations in 

bacteria (LI 6). 

Table 5.6 Item scores in the teaching moves dimension 

Item 
Total 
score The exemplar of the classroom activities 

1. Teacher provided 
scaffolding for higher-
order practices 

12 - The teacher employed a jigsaw 
discussion strategy that enables each 
group of students (representatives from 
the ministry of health and welfare, the 
department of animal husbandry, a 
vegetarian society, and a non-vegetarian 
community) to see the issue of vegetarian 
diets from different perspectives (LI 2). 

- In the reading material, the teacher 
included some information about the 
negative attitudes of people, the social 
stigma, and psychological and social 
problems of patients with HIV/AIDS so 
students could use such information to 
support their position or perspective 
about the best social solution for patients 
with HIV/AIDS in the classroom 
discussion session (LI 4). 

2. Teacher provided 
opportunities for 
students’ reflections 
about their learning  

6 - At the end of the lesson, the teacher 
provided 5 minutes for students to write 
down their perspectives about the 
vegetarian diet issue (LI 2). 

- At the end of the lesson, students worked 
in their group to complete a poster with 
the theme of using antibiotics wisely. The 
activity took 22 minutes (LI 6). 

 



 

 １２７ 

Item 
Total 
score The exemplar of the classroom activities 

3. Teacher related what 
students were learning 
to prior knowledge 

5 - In presenting the HIV/AIDS issue, the 
teacher connected the issue with the 
students' prior learning about concepts of 
virus structure, how viruses reproduce, 
and some infectious diseases caused by 
viruses (LI 4). 

- The teacher had students recall some 
important concepts in human 
reproduction, such as the sperm and 
ovum structures, the fertilization process, 
and male and female reproductive 
structures in a video about IVF 
technology (LI 5). 

4. Teacher presented the 
issue first and 
continued focusing on 
issue 

12 - At the beginning of the lesson, the 
teacher used a picture of cloned animals 
(sheep and dog) to introduce the cloning 
issue and engaged students in a pros and 
cons discussion about cloning throughout 
the lesson (LI 3). 

- At the beginning of the lesson, the 
teacher presented the issue of antibiotic 
resistance using a video. To engage 
students in reasoning practice, the teacher 
divided students into two groups, either 
agreeing or disagreeing about the use of 
antibiotics when they get strep throat (LI 
6). 

5. Teacher used current 
media to connect 
content to the issue 

11 - The teacher used a video about the effect 
of CFCs on the atmosphere from 
YouTube (LI 1). 

- The teacher used articles from the 
internet about cloning and some 
examples of cloned animals (LI 3). 

6. Teacher assessed 
students’ conceptual 
scientific understanding 
(summative or 
formative) 

 

0 Not observed 

7. Teacher assessed 
students’ higher-order 
practices (summative or 
formative) 

0 Not observed 
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Although all teachers designed structured activities and provided 

reading materials to support higher-order thinking practices, explicit 

instruction about how to argue about the issue was lacking in several lessons 

(LI 1, LI 3, and LI 6). In addition, scaffolding in the form of guiding 

questions to initiate discussion or debate about the issues needed to be more 

specific. Some of the teachers created questions that were too general about 

whether students agreed or disagreed about the issue. For example, in LI 3, 

the question to initiate the debate was, “Do you agree with the use of animal 

cloning technology? Please explain your opinion.” This kind of question is 

too general to facilitate students to deeply consider the different social 

implications of the issue and see the issue from various perspectives. 

 

 

Figure 5.5 Classroom activities that reflect the teaching moves dimension: a. 
The teacher presented the issue of antibiotic resistance using a video (LI 6). 
b. The teacher employed a jigsaw discussion strategy that enabled each 
group of students to see the vegetarian diet issue from different perspectives 
(LI 2). 
 

In the post-teaching reflection, teachers gave comments about 

classroom activities related to the scaffolding for higher-order thinking 
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practices. Teachers acknowledged the importance of explicit instruction to 

facilitate SSI discussion:  

Our group was not sure what we needed to discuss as 
representatives of household consumers when responding to 
the CFC issue because the teacher only asked whether we were 
for or against the issue. (TR 1) 

I think I should have explained to students that they needed to 
include data and theories when they argued about the 
vegetarian diet issue and asked them to write down their 
arguments. (TR 2) 

Teachers also recognized the challenges in creating the reading 

materials in supporting the SSI discussion: 

I think one of the challenges was creating the SSI reading 
material. Our group had a great deal of discussion about the 
information and data that needed to be included in the reading 
material and how to organize it. (TR 2) 

We were unsure how to select and present the proportional 
information between the pro and con group in the reading 
materials. (TR 6) 

Further, teachers enriched their presentation and reading material 

with information from various sources to help students connect the science 

content to the issue (score: 11). For example, the teacher in LI 1 used a 

video from YouTube in his presentation to show the effects of CFC pollution 

on the atmosphere. The teacher in LI 3 included articles about cloning from 

the internet in the reading material. 

Teaching activities that related what students were learning to prior 
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knowledge were not observed in LI 1 and LI 3 (score: 5). Teachers in other 

lessons performed this activity by having students recall previously learned 

concepts in relation to their current teaching topic using words such as “as 

we learned in the previous meeting about…” or “do you still remember the 

process of….” In LI 4, the teacher connected the learning topic of 

HIV/AIDS to some important concepts about viruses, such as their 

structures and replication processes. The teacher in LI 5 connected the 

process of human fertilization with the SSI topic of IVF technology. 

For the students LI 5 connected the process of human fertilization 

activities at the end of the lesson (score: 6). In LI 2, the teacher asked 

students to write down their perspectives on the vegetarian diet issue, while 

in LI 6, students worked in their groups to complete posters about the use of 

antibiotics. Examples of posters are provided in Figure 5.6. 

Figure 5.6 Posters about the use of antibiotics that students created in LI 6 

As no assessment activities involving conceptual understanding and 

higher-order thinking practices were observed in any of the lessons 

implemented, the total score of these two items was 0. Teachers were 
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observed spending a great deal of instructional time on SSI discussion and 

used the ends of the lessons for reflection activities rather than assessing 

student learning outcomes. Nevertheless, teachers acknowledged that 

assessment is important for student learning. However, they had no clear 

ideas about conducting assessments in SSI teaching. In the post-teaching 

reflection, some teachers commented: 

I thought, we could assess posters that students created about 
the issue, but our group did not discuss how to assess it. (TR 1) 

Actually, I planned to assess the students' written personal 
perspectives about the issue of vegetarian diets. (TR 2)  

I divided students into groups representing different roles 
because I wanted to assess how they argued about the issue in 
these roles, but it was difficult to assess. (TR 5) 

Teachers’ recognition of the importance of assessment also appeared 

in their lesson plans. Five teacher groups included assessment activities in 

their lesson plans. However, the assessment content and procedures were not 

explicitly described. 

5.3.5. Role of teacher  

The role of teacher dimension consists of two items representing 

particular characteristics that a teacher needs to effectively implement SSI-

based instruction. Some examples of the characteristics needed for this role 

are teachers being knowledgeable about the science ideas that underlie the 

issue and positioning themselves as students' learning facilitators. The total 

score of the two items and examples of the teaching activities that teachers 
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performed during the lesson implementations are presented in Table 5.7. 

Table 5.7 Item scores in the role of teacher dimension 

Item Total 
score 

The exemplar of the classroom activities 

1. Teacher acted 
as learning 
facilitator 
instead of 
authority 

12 - The teacher facilitated group discussion by 
providing reading materials containing 
information related to the vegetarian diet issue, 
such as the nutrients found in food and their 
functions in the body and the definition of a 
vegetarian diet (LI 2). 

- During the class debate, all students were involved 
and encouraged to speak their opinions and respect 
differing views from their peers about the use of 
antibiotics for strep throat treatment (LI 6). 

2. Teacher knows 
the science 
content related 
to the issue 

9 - The teacher presented how HIV is transmitted, 
how the virus infects a type of white blood cell in 
the body's immune system (T-helper cell), and how 
HIV reproduces (LI 4). 

- The teacher explained IVF procedures using an 
illustrated schematic to help students understand 
the science concepts related to the IVF issue (LI 
5). 

 

Teachers were observed exhibiting prominent roles as learning 

facilitators (score: 12). During the lesson, the teacher employed different 

strategies and teaching materials to facilitate student learning. For example, 

in LI 6, all students were involved in a class debate about the use of 

antibiotics for strep throat treatment. The teacher provided all students with 

an opportunity to give their opinions and respond to their peers' arguments 

during the class debate. In LI 2, the teacher included information about the 

nutrients found in food and their functions in the body in reading materials 
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that students could use when discussing the vegetarian diet issue. 

Further, in managing the SSI discussions, teachers in all lessons 

chose to place students in pro and con groups themselves for debate 

activities (LI 3 and LI 6) and chose students’ roles in role plays (LI 1, LI 2, 

LI 4, and LI 5) rather than allowing students to select their own positions. 

Teachers also took a neutral position during the discussion without 

expressing their stances or values about the issue being discussed. In 

addition, the teacher in LI 3 reviewed the positive and negative effects of 

cloning at the end of the class debate, and the teachers in LI 4 and LI 5 

provided some social considerations about the issues to close the class 

discussion activity. 

 

Figure 5.7 Activities that reflect the role of teacher dimension: a. The 
teacher encouraged students to speak their opinions about using antibiotics 
for strep throat treatment (LI 6). b. The teacher explained IVF procedures 
using an illustrated schematic to help students understand the science 
concepts related to the IVF issue (LI 5). 

In all lesson implementations, teachers positioned themselves as 

learning facilitators; however, in the post-teaching reflections, teachers 
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identified some important aspects related to this role. First, teachers 

highlighted the time allocation used to implement the planned learning 

activities:   

I think we needed to consider how to move students from the 
home group to the expert group and back to the home group 
[jigsaw method], so we did not spend much time on this 
activity. (TR 2) 

It is important to allocate an appropriate amount of time for 
students to discuss information about the issue provided in the 
reading material, particularly for high school students. (TR 6).  

 
The second aspect is related to student grouping and directing the 

SSI discussions. Teachers realized that organizing students into groups and 

managing SSI discussions is not an easy task: 

In school, the teacher needs extra effort to organize group 
activities because students tend to select smart and vocal 
friends to be their groupmates. (TR 1) 

For practical reasons, I decided to determine which students 
should be placed in the pro and con groups. This allowed me to 
divide students into proportional groups. (TR 6) 

In the class debate activity, as we did, I think the challenge is 
maintaining students’ interactions between the pro and con 
groups. (TR 3) 

I still lack the ability to facilitate a class discussion that enables 
students to participate actively. I did not implement the lesson 
plan well. (TR 4) 

The second item in this dimension related to the teachers' knowledge 

and understanding of the science content underlying the issue (score:  9). 



 

 １３５ 

This teacher role was most frequently observed at the beginning of the 

lesson. For example, before engaging students in the discussion, the teacher 

in LI 4 explained how HIV is transmitted, and the teacher in LI 5 presented 

the IVF procedures. During the group discussion and class debate, teachers 

contributed less about the scientific ideas related to the issue, particularly in 

LI 1, LI 3, and LI 4. This may be due to teachers not being familiar with the 

science content underlying the issue being discussed. In the post-teaching 

reflections, teachers explained the limitations of the information about the 

issue that was presented in the textbooks and expressed challenges in 

teaching the science concepts related to the issue: 

In the textbook, there is no explanation about CFCs that 
includes the chemical structure. They are just mentioned as 
examples of greenhouse gases. (TR 1) 

I do not know much about the nucleus transfer in cloning, and 
the procedure of cloning is also very complex…. In the 
textbook, cloning was included in the sub-topic of 
biotechnology. (TR 3) 

IVF was briefly discussed in the textbook as a part of the topic 
of reproductive technology. (TR 4) 

5.3.6. Role of student  

The role of the student dimension consists of five items that 

represent a particular activity of students as participants in SSI classrooms. 

Some of these activities include engaging students in scientific ideas and 

practices related to the issue and exploring and negotiating social aspects of 

the issue. Table 5.8 presents the total score of the five items and examples of 
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students' learning activities during the lesson implementation.  

Table 5.8 Item scores in the role of student dimension 

Item 
Total 
score The exemplar of the classroom activities 

1. Students 
engaged in 
higher-order 
practices 

11 - Students engaged in informal reasoning practice about 
CFCs’ effect on the atmosphere. Students explained 
that reducing CFC emissions is the right decision. 
They cited data about ozone layer depletion caused by 
emissions of CFCs over the last 50 years. Other 
students argued that eliminating CFCs' use may 
negatively affect the home appliance industry and its 
workers. They counter-argued that air pollution is 
mostly caused by greenhouse gas emissions from 
fossil fuel combustion (LI 1). 

- Students engaged in a debate about whether they 
agreed or disagreed with using antibiotics when 
treating strep throat. The students who agreed 
explained that antibiotics such as penicillin can 
effectively kill bacteria that cause strep throat, and 
using penicillin is safe as long as its use follows a 
doctor's prescription. The group who disagreed 
counter-argued that some people have no access to 
health facilities and since antibiotics are inexpensive 
and people can get them quickly, they may use them 
without a doctor's prescription (LI 6). 

2. Students 
negotiated 
social 
dimensions 
of the issue 

10 - In discussing the HIV/AIDS issue, some students 
considered that a person’s HIV status should not be 
disclosed because of stigma and discrimination against 
persons living with HIV/AIDS. Other students felt that 
status disclosure should be encouraged to prevent the 
spreading of HIV effectively and address the 
psychosocial impacts of HIV infection (LI 4). 

- Two social considerations that emerged in the 
discussion about IVF were the high cost of IVF 
treatment and its chances of success. Some students 
said that IVF technology is not affordable for low-
income couples, and therefore traditional medical 
treatment and spiritual therapies can be an appropriate 
alternative to help couples with infertility problems 
(LI5). 

 
3. Students 

assessed 
risks and 
benefits of 

11 - In the jigsaw discussion, students explored both the 
health benefits of a vegetarian diet, such as the 
reduced risk of cardiovascular disease, and potential 
risks, such as not knowing how to compensate for 
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Item 
Total 
score The exemplar of the classroom activities 

the issue  nutrients that they are not getting from animal 
products (LI 2). 

- In the classroom discussion, most students who 
supported IVF technology emphasized the benefits of 
IVF in helping couples with infertility problems to 
have babies. Other students highlighted the health 
risks for patients who underwent more than one cycle 
of treatment before they were successful and the risks 
to mothers and babies in cases of multiple pregnancies 
(LI 5). 

4. Students 
collected 
and/or 
analyzed 
scientific 
data related 
to the issue 

0 Not observed 
 
 
 
 

5. Students 
confronted 
the ethical 
dimension 
of the issue 

5 - In the classroom debate, most students tended to focus 
on ethical considerations of the potential of human 
cloning in terms of creating an embryo genetically 
identical to an existing person and the creation of 
embryos for research purposes (LI 3). 

- When presenting their opinions about IVF, the group 
representing local government officials highlighted the 
regulation related to the ethical aspects of IVF, such as 
mature egg cells and sperms being from legal spouses 
and using the uterus of the woman who donated the 
egg cells for normal gestation (LI 5). 

 

The lesson implementation analysis revealed that the items of 

engagement in higher-order thinking practices and assessing the risks and 

benefits of the issue were observed more frequently than in other activities 

(score: 11). This result is consistent with the focus of instructional activity 

(first dimension) that the teacher implemented in the classroom. During the 

lesson, students were observed engaging in various discourses that reflected 

higher-order thinking practices. For instance, in LI 1, students engaged in a 
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role-play activity to practice informal reasoning about CFCs’ effect on the 

atmosphere. In LI 6, the class debate setting required students from the pro 

and con groups to engage in argumentation about the use of antibiotics for 

strep throat treatment.  

The risks and benefits of the issue were also mentioned in most of 

the classroom discourses. For example, in LI 2, the students mentioned that 

a benefit from a vegetarian diet could be a reduced risk of cardiovascular 

disease, while a risk from such a diet could be a deficiency in nutrients from 

animal products if they are not compensated by other sources. In LI 4, 

students pointed out that a benefit of IVF technology could be helping 

couples with infertility problems to have babies, while a risk could be 

multiple pregnancies resulting from IVF treatment. 

 

Figure 5.8 Classroom activities that reflect the role of student dimension: a. 
The students engaged in informal reasoning practice about the effect of 
CFCs on the atmosphere (LI1). b. The students confronted the ethical 
dimensions of cloning (LI 3). 

 

Further, the analysis showed that in all lesson implementations, 
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students were interested in exploring and negotiating the social dimensions 

of the issues (score: 10). For example, in LI 4, the students negotiated the 

social implications of the status of persons living with HIV/AIDS being 

disclosed. In LI 5, the students highlighted the high cost of IVF in terms of 

helping low-income couples with infertility problems. 

The analysis also indicated that the students included ethical 

considerations in discussing a specific SSI topic (score: 5). For example, in 

LI 3, the students considered the ethical aspects of cloning technology in 

creating embryos for research purposes, and in LI 5, the students discussed 

the ethical aspects of IVF in terms of the source of egg cells and sperm. 

Because cloning and IVF contain inherent ethical dimensions, discussing 

such issues in the classroom allows students to confront the issues’ ethical 

aspects. 

In the post-teaching reflection, teachers acknowledged that their 

teaching and learning experience as pre- and in-service teachers had 

supported their active engagement during the lesson implementation and 

that their experience helped them to understand the learning tasks and 

follow the instructional activities. However, teachers recognized that 

implementing SSI teaching in the real school context may be challenging for 

students. Teachers need extra effort to actively engage students in the SSI 

discussion and higher-order thinking practices. Some teachers commented: 

For a high school classroom, the students’ participation may 
look different from this class. I think most of the students still 
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have low motivation to read academic content. (TR 1) 

If we want to implement this teaching approach in school, I 
suggest the teacher prepare well the reading material and make 
sure the students can understand the content. (TR 3). 

To discuss SSIs in school, students need extra guidance from 
the teacher…. I think high school students do not have deep 
knowledge about SSIs. (TR 5) 

Regarding our interaction and participation in the lesson, I 
think it will not be the same as the real school classroom. (TR 6) 

The item activity of collecting and analyzing scientific data was not 

observed in all lesson implementations (score: 0). Students were not 

observed engaging in observation or laboratory work activities to collect 

data about the SSI they were studying. Students also did not analyze the 

existing data provided on the homepage of a particular institution or public 

database. These classroom activities are consistent with the teaching and 

learning process described in the lesson plan. None of the six lesson plans 

included data collection and analysis activities. All teachers’ groups focused 

their lesson implementations on classroom activities such as presentation, 

discussion, and debate.  

However, to support students' discourse in the classroom, they were 

given some reading material that provided data related to the discussed SSI 

topics, such as data about the increasing of the average global temperature 

(LI 1), data about HIV transmission cases in Indonesia (LI 4), and data 

about the success rate of IVF in Indonesia (LI 5). 

5.3.7. Classroom environment  
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The classroom environment dimension consists of two items 

representing a classroom situation when the SSI-based instruction took 

place. In a typical SSI classroom, the predominance of pedagogical 

strategies such as group discussions, presentations, and argumentation 

combined with a collaborative and interactive atmosphere of respectful 

discourse. Table 5.9 presents the total score of the two items and examples 

of learning activities representing the classroom environment during the 

lesson implementation. 

Table 5.9 Item scores in the classroom environment dimension 

Item Total 
score 

The exemplar of the classroom activities 

1. The classroom 
environment is 
collaborative 
and interactive  

12 - Throughout the lesson, students showed enthusiasm 
about being involved in both the group and 
classroom discussions. In the group activity, 
students discussed the information in the reading 
materials about the environmental effects of CFCs 
and prepared their arguments about the issue. In the 
class debate, each group presented their arguments, 
while other groups provided their counter-
arguments. At the end of the lesson, students 
worked collaboratively to create a poster with the 
theme “Save the Environment” (LI 1). 

- In the group activity, all students actively 
contributed to the ideas about the risks and benefits 
of IVF and the social implications of such assisted 
reproductive technology. Students also worked 
collaboratively to prepare a three-slide presentation 
for classroom discussion explaining their IVF issue 
perspectives (LI 5). 

2. Students and 
teachers show 
respect to each 
other  

12 - The teacher gave students sufficient time to discuss 
the vegetarian diet issue and encouraged them to 
express their opinions both when they were in the 
home group and expert group (jigsaw discussion). 
Students listened actively and acknowledged 
diverse perspectives that may have been different 
from their views (LI2). 
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Item Total 
score 

The exemplar of the classroom activities 

- In the class debate, students followed teachers' 
instructions to voice their opinions and respond to 
other students' views respectfully. Teachers paid 
attention and valued the opinions of both the pro 
and con groups about the issue of antibiotics 
resistance (LI 6). 

 

   The classroom environment is an essential component for effective 

science teaching, as it sets the situations where students will learn about and 

engage with science. All classroom environments in the lesson 

implementation occurred interactively and created positive environments for 

students to work collaboratively with their groups (score: 12).  

 

Figure 5.9 Activities that reflect the classroom environment dimension: a. 
Students are enthusiastically involved in both the group and classroom 
discussion sessions (LI 1). b. Students follow the teacher’s instructions to 
voice their opinions and respond to each other’s views respectfully (LI 6). 

  For example, in LI 1, students examined information in the reading 

material to prepare their arguments about the CFC issue. Students also 

worked collaboratively to create a poster about the environment. In LI 5, 

students worked with their groups to prepare presentations explaining their 
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views about the IVF issue. The groups' representatives presented their 

PowerPoint in the whole-class activity, while other groups gave their 

comments. 

   The teacher and students also showed respect to one another in their 

interaction (score: 12). For instance, when students engaged in the jigsaw 

discussion to explore the vegetarian diet issue, they paid attention to all 

opinions that emerged in the discussion (LI 2). In the class debate, students 

followed the teacher’s instructions to express their opinions and respond 

respectfully to other students' perspectives (LI 6). 

5.1. Discussion 

This study aimed to explore teacher teaching practice on SSIs in the 

context of a science methods course. In this section, I discuss the general 

characteristics of the teachers’ lessons and some important findings from the 

lesson implementations and post-teaching reflections regarding the five 

dimensions of the SSI-OP. 

The classroom observation and lesson video analysis revealed that 

although all teachers were planning 90-minute SSI lessons, teachers spent 

different amounts of time on the classroom implementations, ranging from 

40 minutes to 100 minutes. Since SSI teaching is a new approach for 

teachers, some may find difficulties implementing SSI instructional 

activities. Consistent with this finding, previous studies have revealed that 

novice teachers struggled to adopt the student-centered approach and main 
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SSI-based instruction features (Sadler, 2009; Saunders and Rennie, 2013). A 

minimum teaching experience on SSI can also raise challenges for teachers 

to manage their instructional time in the classroom (Kinskey & Zeidler, 

2020). 

The analysis also shows that teachers who spent a longer 

instructional time tended to have a higher total score on the five dimensions 

of the SSI-OP. Longer instructional time allows teachers to implement 

various SSI teaching and learning practices. Most teachers spent 

considerable time on the main activities, such as engaging students in the 

class debate and role-play method. This observation result is consistent with 

a study by Topçu et al. (2018) showing that sufficient time is an important 

factor for teachers to successfully implement SSI-based instruction features. 

In addition, several studies have also shown that designing multiple weeks 

of SSI lessons can help teachers implement different SSI teaching aspects 

and engage students in various higher-order thinking practices (Lee et al., 

2013; Sadler et al., 2016; Zangori et al., 2018). 

In the lesson implementation, teachers used various SSI topics 

aligned with the school biology curriculum, such as HIV/AIDS, IVF, and 

vegetarian diets. The results show that teachers were able to identify a 

specific issue reflecting the characteristics of an SSI and connect the issue to 

the content and competency of the national biology curriculum. It is 

particularly important given biology teaching practice in Indonesian schools 

needs to follow the standards in the national curriculum (MOEC, 2016b). 
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However, most of the SSI topics that teachers used reflected the 

global context rather than national or local-based issues. The social and 

cultural contexts of an SSI need to be considered in order to take advantage 

of the issue for science learning (Sadler & Zeidler, 2005). The selected SSI 

should be related to the real world (Dawson & Venville, 2009), and teachers 

should build social aspects of the issue that can grab student attention 

(Klosterman & Sadler, 2010). Borgerding and Dagistan (2018) explained 

that the controversies embedded in SSIs are located in society and that SSIs 

may be based on societally denied science such as anthropogenic causes of 

climate change or societally accepted science such as whether stem cell 

technology should be used.  

In Indonesia, there are many societal issues that have the potential to 

be explored and utilized for science learning. Indonesia is one of the most 

densely populated countries in the world, with many geographical 

differences and a great deal of religious, ethnic, cultural, and social diversity. 

Some meaningful SSI topics that emerge from Indonesian realities include 

volcanic eruptions, earthquakes, poverty, mass vaccination, alternative 

medical treatments, birth control/family planning, and tourism in historical 

places (Wiyarsi & Çalik, 2019). 

Another important finding from this study is that teachers focused 

their lessons on discussing the social aspects of the issue and promoting 

higher-order thinking practices rather than teaching the science content. It 

seems that, in a single SSI lesson, it is difficult for teachers to focus on both 
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social dimensions and the science content of the issue. Although the lessons 

tended to focus on the social aspects of the issue and higher-order thinking 

practices, however, most of the instructional objectives in the teachers’ 

lesson plan emphasized the domain of understanding both concepts and 

procedures. In the national curriculum, an “instructional objective” is 

defined as a set of competencies (affective, cognitive, and psychomotor) that 

students may achieve after completing a lesson that should be described by 

teachers in their lesson plan (MOEC, 2016b). To create SSI instructional 

objectives, teachers can refer to previously investigated learning outcomes 

of SSI teaching studies that reflect the element of scientific literacy. 

Teachers in this study successfully provided various scaffolding such 

as a structured activity (debate and role-play) and SSI reading material to 

help students explore the social aspects of the SSI and engage in higher-

order thinking practices. In previous literature, when teaching SSIs, teachers 

organize students’ learning activities using group work (Ekborg et al., 2013) 

and employ methods such as role-plays, debates and expose students to 

multiple perspectives (Sadler et al, 2006). Although teachers can use many 

methods and strategies in addressing SSI, there is a commonality through 

the literature emphasizing that SSI cannot be addressed effectively from a 

teacher-centered approach (Saunders & Rennie, 2013).  

However, in some lessons, teachers did not provide explicit 

instruction about how to argue about the issue, and the guiding questions to 

initiate discussion or debate are too general. Students also did not engage in 
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data collection and analysis activities related to the SSI. Ratcliffe and Grace 

(2003) suggested that engaging students in higher-order thinking skills such 

as argumentation is an important characteristic of SSI-based instruction. In 

an SSI classroom when students confront the scientific ideas of the issues, 

they are able to practice scientific argumentation (Dawson & Venville, 

2013). Moreover, constructing an argument requires students to provide 

scientific data to support their claim (Simon, Erduran & Osborne, 2006).  

Teachers also used different instructional media such as pictures and 

videos to introduce students to the issue. Instructional media is one of the 

teaching materials that are necessary to make connections between the SSI 

being discussed in the classroom and the real world (Sadler, 2011). Teachers 

can utilize information related to SSI from media, such as excerpts from 

newspapers and magazines, video from the internet, and news from TV, to 

present the issue (Ratcliffe & Grace, 2003). Using questions and have 

students consider the risks and benefits of SSI are also a useful way to 

introduce SSI topics (Genel & Topçu, 2016). 

In addition, teachers were not able to effectively teach the scientific 

ideas they selected for the SSI discussion. Teachers acknowledged the 

challenges they faced in teaching the science concepts related to the issues 

and the limitations of the information about the issues presented in the 

textbooks. One prerequisite for the effective implementation of SSI teaching 

is that teachers be knowledgeable about the science ideas that underlie the 

issue (Zeidler et al., 2011). This can equip teachers to manage the SSI 
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discussions and make contributions to the scientific ideas and knowledge in 

the classroom. 

5.1. Conclusion 

This study showed that the participating teachers implemented most 

of the activities suggested in the five dimensions of the SSI-OP. Teachers 

scored the highest on items in the classroom environment domain, which 

indicates that the classroom activities tended to be highly collaborative and 

interactive. In contrast, teachers scored the lowest on items in the teaching 

moves domain, suggesting that teachers may face some challenges in 

implementing certain features of SSI teaching. Teachers designed lessons 

that tended to focus on social dimensions rather than on the promotion of 

science conceptual understanding. During the lessons, teachers selected 

various topics that aligned with the content and competency of the biology 

curriculum. Teachers also employed various scaffolding to engage students 

in higher-order thinking practices, such as the role-play method and class 

debate, and provided SSI reading material. 

However, teachers in all lessons failed to assess students’ learning 

outcomes and support students to engage in data collection and analysis 

activities related to the SSI topic of study. Teachers also demonstrated 

limited capacity to guide students in arguing about SSI-related issues and 

were not able to effectively contribute to students’ discussions of the 

scientific ideas selected for the SSI discussion. There were also some 
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inconsistencies between the lesson plan and the actual teaching. Teachers 

acknowledged that their teaching and the classroom situation may have been 

more challenging when they implemented the lesson in the real school 

context. 

This study yields two important contributions to science teacher 

educators and researchers. First, this study highlights the need to design 

courses that allow teachers to explore SSI both from the curriculum 

perspective and from an issues perspective. Second, addressing some 

practical issues that emerge during the SSI teaching practices is an important 

research area if teacher educators and researchers in TEIs are to improve 

their educational programs, particularly in dealing with the complexity of 

curriculum competency and current issues related to science teaching 

practice in school.  



 

 １５０ 

Chapter 6. General Conclusion and Implications 

6.1. Summary and Conclusion  

SSI-based instruction is considered a potentially useful pedagogical 

approach for helping teachers to address the scientific literacy competencies 

outlined in the national curriculum through their classroom teaching 

practices. In this study, I promoted SSI-based instruction in a public TEI in 

Indonesia. This study first employed a survey to gain an overview of 

biology teachers’ initial perceptions concerning their teaching of and 

learning about SSI-related topics. I then designed and implemented an SSI 

teaching-oriented course and examined teachers’ perceptions about and 

practices when using SSI-based instruction that was developed by teachers 

themselves to be implemented as an assignment for the course. 

Specifically, in the first part of this study, I explored biology teachers’ 

perceptions about SSIs in terms of what topics they identified as being 

related to SSIs and what methods teachers reported that they commonly 

used to teach and learn these topics. For this purpose, I used an online 

survey and distributed a link to the survey to several biology teacher 

associations to invite a wide range of teachers to participate in the survey. 

One hundred and twenty-three biology teachers responded to the survey 

request. Survey results revealed teachers perceived a wide number of topics 

to be SSI related; however, most of the identified topics also overlapped 
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with specific biology topics covered in the curriculum, such as 

environmental pollution and biotechnology. The survey also revealed that 

teachers commonly used discussion and cooperative learning as classroom 

strategies to teach these topics. These findings suggest that teachers were 

not well aware of the main features of SSIs and more specific methods for 

SSI teaching. This finding was not surprising since the biology curriculum 

for senior secondary school does not explicitly discuss SSIs and very little 

science education research published in Indonesia has focused on SSI 

teaching. 

Survey analysis also revealed that teachers recognized 

environmental issues as important and interesting issues to be taught in the 

biology classroom. In the Indonesian context, many environmental issues 

can be explored for science learning; for instance, deforestation of the 

rainforest and coral reef destruction are critical issues. However, integrating 

SSIs into the science classroom requires teachers to ensure that the selected 

issues are well aligned with both the content and the competencies of the 

national curriculum. This is important for teachers and students since the 

teaching and learning practices in schools need to follow the curriculum 

standards. 

In the second part of this study, I engaged 45 pre- and in-service 

biology teachers in a science methods course designed to provide teachers 

with theoretical knowledge and practical SSI teaching experience to 

improve their understanding of the theory and practice of SSI-based 
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instruction. Participants in the class included first-semester students from 

the biology education graduate degree program. During the course, teachers 

engaged in various activities such as classroom discussion, SSI practice 

teaching, and post-teaching reflection. Data were obtained from the SSI-BI 

questionnaire, semi-structured interviews, and course assignments, which 

were used to examine participating teachers’ perceptions about SSI-based 

instruction. The teachers completed the SSI-BI questionnaire before (pre-

test) and after (post-test) participating in the course to assess what impact 

course participation had on teachers’ pedagogical knowledge and 

perceptions about SSIs. 

Questionnaire analysis showed that teachers’ perceptions of their 

pedagogical knowledge and attitudes about SSI-based instruction 

significantly improved after participating in the SSI teaching-oriented 

course. However, during the interviews, teachers expressed concerns about 

their capacity to design SSI lesson. Teachers were particularly concerned 

about how to effectively manage students’ SSI discussion activities and how 

to identify the relevant science content and controversial aspects of the SSI. 

This concern was also reflected in teacher responses in various course 

assignments. Nevertheless, teachers demonstrated great interest in further 

developing and implementing SSI teaching in their classrooms in the future. 

Teachers believed that SSI-based instruction would be beneficial for 

students and would help students to achieve the content and competency 

standards required by the national curriculum. 
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The questionnaire results also show that teachers’ perceptions of the 

core aspects and challenges of SSI-based instruction did not change 

significantly after they participated in the course. This indicates that teachers 

already had a high level of awareness about some aspects of SSI teaching 

and already recognized some of the challenges associated with 

implementing SSI-based instruction when teaching biology in school. Data 

from interviews provide support for this interpretation, as teachers reported 

during interviews that they recognized the importance of SSIs for science 

learning and identified the debate and role-play methods as useful for 

teaching SSIs. Also, teachers understood the importance of positioning 

themselves as facilitators of students’ learning and reported the value of 

using various learning resources and the need to have a good understanding 

of the science content being discussed as an SSI-related topic. Finally, 

teachers identified several SSI teaching challenges related to curriculum 

requirements, teacher competence, and student characteristics. 

In the third part of this study, I analyzed teachers’ SSI practice 

teaching and evaluated teachers’ reflections about their teaching. The data 

sources for this analysis consisted of six video recordings of six lessons 

implemented by teachers and the post-teaching reflection sessions focused 

on each lesson. Additionally, my field observation notes, teacher lesson 

plans, and all teaching materials developed by the teachers for each lesson 

were used to complement the analysis of the video recordings. The 

quantitative and qualitative analyses of the lesson implementations focused 
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on identifying and describing how frequently and to what degree teachers 

enacted 22 different practices described on the SSI-OP. The SSI-OP is made 

up of five dimensions of SSI-based instructional activities: focus of 

instruction, teaching moves, role of teacher, role of students, and classroom 

environment. 

Generally, the observation of SSI practice teaching sessions as 

implemented during the six SSI lessons showed that teachers implemented 

lessons ranging from 40 to 100 minutes in duration, and all of the teachers 

spent considerable time on the main activities in their lesson, such as group 

discussion and class debate. In terms of SSI topics, teachers selected various 

topics that aligned with the content and competencies of the biology 

curriculum described in the national curriculum for Grades 10-12. 

Quantitative analysis showed that teachers scored the highest on items in the 

classroom environment domain, which indicates that the classroom 

activities tended to be highly collaborative and interactive. In contrast, 

teachers scored the lowest on items in the teaching moves domain, 

suggesting that teachers may face some challenges in implementing certain 

features of SSI teaching. 

Qualitative analysis of the six lessons revealed that teachers 

designed lessons that tended to focus on social dimensions rather than on the 

promotion of scientific conceptual understanding. It appeared to be difficult 

for teachers to focus on both the social and scientific dimensions in a single 

SSI lesson. Another important finding was that teachers in all lessons failed 
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to assess students’ learning outcomes. Teachers had some ideas about the 

need to assess students; however, they were unsure about which method or 

strategy was most appropriate for assessing learning in an SSI-based lesson. 

Teachers also demonstrated limited capacities in guiding students to argue 

about SSI-related issues. Analysis showed teachers were able to provide 

guiding questions to initiate discussion and debate and successfully created 

reading materials to support students to prepare their arguments about SSI-

related content. However, teachers were less successful in facilitating 

student learning, as they were not able to effectively contribute to students’ 

discussions of the scientific ideas related to the SSI. Teachers also failed to 

support students to engage in data collection and analysis activities related 

to the SSI topic of study. 

Overall, these three related studies have enabled me to present 

important insights about Indonesian biology teachers’ perceptions about 

SSIs and about how participation in an SSI teaching-oriented course 

influenced pre- and in-service biology teachers’ perspectives about SSI-

based instruction and improved teachers’ practical knowledge about how to 

plan for and implement SSI-based instruction in the context of secondary 

biology content lessons (Figure 6.1). However, this research uncovered 

some important SSI teaching challenges encountered by teachers during 

their development and implementation of SSI-based lessons that need to be 

considered more deeply to better develop teacher education and professional 

development programs offered at TEIs in the future. This research has also 
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demonstrated a need for more research on SSI teaching and learning in 

Indonesian contexts. 

 

Figure 6.1 Important findings of this study 
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6.2. Implications and Limitations 

6.2.1. Implications of the study 

This study has several implications, particularly for science teacher 

education and future research in the field of SSI-based instruction. First, this 

study showed that the majority of topics identified as SSIs by teachers 

involved specific biological topics in the curriculum and that teachers 

employed common methods to teach and learn the topics. This finding 

indicates teachers’ lack of awareness of the main features of SSIs and their 

teaching. Also, future studies need to address topics related to environmental 

issues, since the biology teachers in this study recognized them as important 

and interesting teaching topics that were closely related to their students’ 

daily experience. 

Second, this study showed that pre- and in-service biology teachers 

held positive perceptions of their pedagogical knowledge and were well 

aware of some core aspects of SSI-based instruction. These findings suggest 

that the course content and activities such as classroom discussion, practice 

teaching, and post-teaching reflection appeared to facilitate these teachers’ 

positive outcomes. Therefore, TEIs should consider the extent to which the 

components of the SSI teaching-oriented course in this study could be 

further developed and incorporated into their formal curriculums. This study 

also showed that teachers had positive attitudes towards SSI-based 

instruction. Given that some teachers in this study were members of local 
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teacher communities, this finding is important for the dissemination of the 

ideas of SSI teaching to teacher professional communities. 

Third, pre- and in-service biology teachers in this study identified 

curriculum demands and teachers’ competency as challenges for SSI-based 

teaching implementation in schools. Most teachers mentioned that the 

national curriculum still covers a great deal of biological content and that 

teachers need to follow the national standards when creating instructional 

objectives and lesson plans for their teaching. This finding raises important 

questions for policy-makers about the goals of curriculum revision and 

increasing the flexibility of the curriculum so that it can allow teachers to 

adopt new pedagogical approaches. Additionally, teachers in this study 

recognized that biology teachers in schools may find it difficult to identify 

the controversial aspects of SSIs and to employ appropriate methods for SSI 

teaching. This finding indicates that teacher preparation and professional 

development programs at TEIs must support teachers to expand knowledge 

and develop skills not only for teaching SSIs but also for other pedagogical 

approaches to promoting scientific literacy. 

Fourth, although the integration of SSI in science classrooms 

requires teachers to consider social and cultural contexts of issues, the issues 

that teachers used in their SSI practice teaching reflected the global context 

more than Indonesian national and local contexts. This finding was not 

surprising, since the science methods course in this study put more emphasis 

on the alignment between SSIs and the content and competencies of the 



 

 １５９ 

national curriculum. Therefore, in order to help teachers identify issues that 

are meaningful in the Indonesian context, science teacher educators and 

researchers at TEIs need to design courses that allow teachers to explore 

SSIs both from the curriculum perspective and from an issues perspective. 

Fifth, this study documented that most of the common features of 

SSI-based instruction were implemented in the practice teaching; however, 

some practical issues still exist. Teachers did not seem to have clear ideas 

about assessment in the context of SSI teaching and data collecting and 

analyzing activities related to SSIs. Teachers also felt that it was difficult to 

teach the science content underlying the issues and create reading material 

for SSI discussion. Supporting teachers through research collaboration in 

addressing these issues is an important research area if teacher educators 

and researchers at TEIs are to improve their educational programs, 

particularly in dealing with the complexity of curriculum competency and 

current issues related to science teaching practice in school. 

6.2.2. Limitations of the study  

This study has several limitations. The first part of this study was 

designed to examine biology teachers’ perceptions about SSIs; however, 

since I employed only a questionnaire to collect the data, it was difficult to 

deeply explore why teachers perceived particular topics to be SSI topics and 

how they differentiated their pedagogical approaches to teaching these 

topics from other biological content. Future studies can use different data 
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sources to clarify teachers’ responses. In addition, as the pilot study of the 

SSI-BI questionnaire only involved in-service biology teachers, future 

studies are recommended to examine the questionnaire scales using larger 

and more diverse samples representing both pre-service and in-service 

teachers. 

In the second part of this study, I compared pre- and in-service 

biology teachers’ perceptions of SSI-based instruction before and after 

participating in the SSI teaching-oriented course. However, the small 

number of teachers who completed all course sessions and voluntarily 

participated in the data collection process limits the generalization of this 

study’s findings. In addition, the SSI course implementation in this study 

occurred during only 8 weeks of the semester. Future studies may engage 

teachers in a longer period of time to give them a deeper understanding 

about scientific literacy and SSI teaching and to better prepare them to be 

competent in and confident about addressing SSIs in biology classrooms. 

Further, during the course, pre- and in-service biology teachers also 

prepared a single SSI lesson and implemented their lesson plans with an 

audience of their peers. Given that there are various approaches and lengths 

of instruction in implementing SSI teaching, future studies can discuss how 

we can support teachers to design and implement a multi-day series of SSI 

lessons. In addition, future studies can explore how teachers’ perceptions 

towards and practices in SSI-based instruction may change once they are 

practicing SSI teaching in real high school classrooms. Last, in this study, I 
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did not explore how teachers perceived the course content and activities, so 

future research could look into this context. 
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국문 초록 

인도네시아 생명과학 예비 교사와 현직 교사의 

과학 관련 사회 쟁점(SSI)에 대한 

인식과 수업 실행 촉진 방안 

파이살 

서울대학교 대학원 

과학교육과(생물전공) 

 

인도네시아에서는 과학 문해력이 과학과 교육과정의 주요 목

표이다. 이 목표를 성취하기 위해 적절한 교육자료가 필요하다. 과

학 관련 사회 쟁점(SSI) 교육은 학생들의 과학 문해력을 향상시킬

 수 있는 잠재력을 가진 교육학적 접근법이라는 것에 대한 선행 

연구들이 있다. 하지만 교실에서 효과적인 구현을 위해서는 과학 

교사가 적절한 교육 지식과 기술이 있어야 한다. 본 연구에서는 

생명과학 예비교사와 현직교사에게 SSI 기반 교육의 이론적 프레

임 워크와 실제 구현을 제공하기 위해 ‘Science Methods Course’

을 설계하고 구현했다. 구체적으로 본 연구는 SSI에 대한 현직 생

명과학 교사의 인식 탐색, ‘Science Methods Course’에 참여한 

후 SSI 수업에 대한 예비교사와 현직교사의 인식 검토, 예비교사

와 현직교사의 SSI 수업 실행 조사 이렇게 세 부분으로 나뉜다. 

이 연구의 첫 번째 부분에서는 SSI에 대한 생명과학 교사의 

인식을 탐색하기 위해 설문지를 사용하여 123명의 생명과학 현직

교사를 대상으로 설문 조사를 실시했다. 또한 SSI 기반 생명과학 

수업(BI) 설문지를 시험하기 위해 설문 조사를 하였다. 분석 결과, 

교사들이 생각한 SSI 주제의 대부분은 환경 오염, 지구 온난화 및 

생명 공학과 같은 교육 과정의 생물학 내용과 관련이 있었다. 또

한 교사들은 토론과 협력 학습과 같은 일반적인 방법으로 이러한 

주제에 대해 가르쳤다. 교사들은 SSI 수업에서 환경 문제에 대한 

주제가 중요하며 흥미롭다고 인식했다. SSI-BI 설문지 분석에 따

르면 21개 항목은 (1)SSI 기반 수업의 핵심 측면, (2)실행의 과제, 
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(3)교육학적 지식, (4)SSI 기반 수업에 대한 태도와 신념의 네 가

지 척도로 나눌 수 있다. 이러한 연구 결과를 바탕으로 교사들이 

선택한 주제가 SSI의 특성을 어떻게 반영했는지, 교수-학습 방법

이 SSI 기반 수업의 프레임워크와 어떻게 일치하는지 논의하고자 

한다. 또한 SSI 기반 수업을 성공적으로 구현하기 위해 각 SSI-BI 

설문지 척도의 중요성을 탐색하고자 한다. 

이 연구의 두 번째 부분에서는 ‘SSI teaching-oriented Course’ 

8주 동안 45명의 생명과학 예비교사와 현직교사가 참여하였다. 이 

과정에서 교사들은 인도네시아 국가 교육과정에서 과학적 문해력, 

SSI 및 교육, 생물학 역량의 이론적 프레임워크에 대해 논의하였

다. 또한 교사들은 SSI 수업을 계획하고 실행하는 것에도 참여하

였다. SSI-BI 설문지(사전 및 사후 설문 조사), 인터뷰, 과제에서 

수집한 데이터를 사용하여 교사의 ‘SSI teaching-oriented Course’ 

참여가 SSI 기반 수업에 대한 인식과 태도에 어떤 영향을 미치는

지 조사했다. 결과적으로 이 과정이 SSI 기반 수업에 대한 교육적 

지식과 태도에 대한 교사의 인식에 상당한 영향을 미치는 것으로 

나타났다. 또한 교사들은 SSI 기반 수업의 몇 가지 핵심 측면을 

인식했다. 그러나 교사들은 여전히 교육과정 요건, 교사의 능력, 

학생의 특성과 같은 요소들이 학교에서 SSI 수업을 실행하기 위한 

과제라고 하였다. 또한 교사들은 SSI의 논란이 되는 측면을 식별

하는 방법을 결정하고, 고차원적 사고 연습의 교육 목표를 공식화

하고, SSI를 국가 교육과정의 구성 요소와 일치시키고, SSI 교육을 

위한 적절한 수업을 설계하는 것을 어려워하였다. 

연구의 세 번째 부분은 SSI 기반 수업 실행에 중점을 두었다. 

‘Science Methods Course’ 두 개의 반에서 6명의 교사가 SSI 수

업 계획을 시행했다. 각 반에서 고등학교 수업(10-12 학년)을 위

해 고안된 세 가지 SSI 수업을 실행하였다. SSI 관찰 프로토콜(OP)

은 수업 실행에 대한 6개의 비디오를 검토하기 위한 분석 프레임

워크로 사용되었다. SSI-OP는 5가지 관점으로 구성된다: 수업의 

초점, 수업의 흐름, 교사의 역할, 학생의 역할, 교실 환경. 수업에 

대한 생명과학 교사의 성찰을 평가하기 위해 수업 후 6개의 성찰 

비디오를 분석하였다. 비디오 분석 결과는 수업 관찰 및 교육 자

료의 데이터를 확증했다. 양적분석에 따르면 교실 환경 범주가 표

준화 점수에서 가장 높았고 수업의 흐름 범주가 가장 낮았다. 질
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적분석의 결과에서는 SSI-OP의 5가지 관점에서 제안된 대부분의 

활동이 구현되었다. 그러나 수업 계획과 실제 수업 사이에 약간의 

불일치가 있었다. 또한 교사들은 실제 학교 맥락에서 수업을 시행

했을 때 교사의 교수법과 교실 상황이 더 어려울 수 있다고 하였

다. 

전반적으로 본 연구는 SSI 기반 수업에 대한 교육적 지식과 태

도에 대한 생명과학 예비교사와 현직교사의 인식을 향상시키는 

‘SSI teaching-oriented Course’의 잠재력을 보여준다. 본 연구는 

교사가 어떻게 SSI 기반 수업을 실행하고 ‘Science Methods 

Course’ 상황에서 교사의 교수법을 반영하는지에 대한 중요한 증

거를 제공한다. 본 연구의 결과는 과학 교사 교육자와 연구자가 

SSI 교육에 대한 생명과학 예비교사와 현직교사들의 지식과 기술

을 향상시키는 데 도움이 되는 ‘Science Methods Course’의 내용

과 활동에 대해서 좀 더 정보에 근거한 결정을 내리도록 이끌 수 

있다. 

 

키워드: 과학 관련 사회 쟁점(SSI), 생명과학 수업, 예비 교사, 현직 교

사, 인식, 실행. 

학생 번호: 2016-365 
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Appendix 
 
Appendix 1.  
 

Socioscientific issues (SSI)-Based Biology Instruction (BI) 
Questionnaire 

 

Student ID: __________________________  

Thank you for your participation in this questionnaire. The purpose of this 

questionnaire is to examine pre-service and in-service teachers’ perceptions 

of socioscientific issues (SSI)-based biology instruction. This questionnaire 

consists of 41 items; 11 items ask for demographic information, 9 items ask 

for your teaching and learning experience in SSI, and 21 items measure four 

different subscales related to your perceptions about SSI-based instruction.  

It should take 20-25 minutes to complete this questionnaire. Your responses 

will not be used for any purpose other than this research. In addition, your 

responses will be kept confidential and anonymous.  

 

Faisal 
Lecturer at State University of Makassar, Indonesia.  
Doctoral Candidate at Biology Education, Seoul National University, South Korea. 
 

Professor Sonya N. Martin, Seoul National University, Earth Science Education  
 
There are no right or wrong answers in this questionnaire. Please choose the 
answer that best reflects your opinion. For open-ended questions, please briefly 
write your opinion. 
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Section 1: Demographic information 
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Section 2: Experience in Socio-Scientific Issues (SSI) 
 

Socioscientific Issues (SSI) are societal issues that are conceptually 

and procedurally associations with science and have ethical or moral 

dimensions. In the following section, you will be asked to describe your 

biology teaching and learning experiences related to SSI topics. 
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Section 3: Perception on Socioscientific Issues (SSI)-based Biology 
instruction  
 

In this section, you are asked to share your perceptions about socioscientific 

issues (SSI)-based biology instruction, including the core aspects, 

challenges to the implementation, pedagogical knowledge, and attitudes and 

beliefs about SSI-based Instruction. Please circle [O] whether you Strongly 

Disagree (SD); Disagree (D); Agree (A); or Strongly Agree (SA) for each 

statement. There are no ‘right’ or ‘wrong’ answers. If you want to change 

your answer, cross it out [X] and circle another.  

 

Core aspects of SSI-based instruction Strongly 
Disagree Disagree Agree Strongly 

Agree 
1. Integrating an SSI into the biology 

classroom requires teachers to employ 
appropriate instructional strategies. 

    

2. Integrating an SSI into the biology 
classroom requires students to access 
various learning resources (textbooks, 
magazines, and web searches). 

    

3. Students need to engage in data 
collection and analysis activities related 
to an SSI when they learn biology. 

    

4. Students need to engage in constructing 
scientific arguments related to an SSI 
when they learn biology. 

    

5. Teachers need to understand the science 
content of the issues when teaching 
biology using an SSI as a context. 

    

6. Teachers need to be aware of the social 
dimensions of the issues when teaching 
biology using an SSI as a context. 

    

Challenges in SSI-based instruction Strongly 
Disagree Disagree Agree Strongly 

Agree 
7. I think it will be difficult for a biology 

teacher to transform their teaching style 
in order to implement SSI-based 
instruction. 

    

8. I think it will be difficult for a biology 
teacher to access relevant teaching 
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materials to implement SSI-based 
instruction. 

9. I think it will be difficult for a biology 
teacher to organize students’ learning 
activities to implement SSI-based 
instruction. 

    

10. I think it will be difficult for a biology 
teacher to align components of SSI-
based instruction with the national 
biology curriculum standards. 

    

11. I think it will be difficult for a biology 
teacher to identify appropriate social 
issues to implement SSI-based 
instruction. 

    

12. I think it will be difficult for a biology 
teacher to appropriately connect 
biology content and SSI issues in the 
same lesson. 

    

Pedagogical knowledge to implement 
SSI-based instruction 

Strongly 
Disagree Disagree Agree Strongly 

Agree 
13. I understand how to formulate SSI-

based biology instructional objectives 
that can promote students’ scientific 
literacy. 

    

14. I understand the biology content 
knowledge necessary for implementing 
SSI-based instruction (e.g., biology 
facts, concepts, and principles). 

    

15. I understand how to align components 
of the national biology curriculum 
standards with SSI-based instruction. 

    

16. I understand what kinds of activities 
students need to be engaged in when 
learning using SSI-based biology 
instruction. 

    

Attitudes and beliefs about SSI-based 
instruction 

Strongly 
Disagree Disagree Agree Strongly 

Agree 
17. I am interested in introducing SSI-

based instruction into my biology 
classroom. 

    

18. I am willing to collaborate with other 
biology teachers to develop SSI-based 
teaching materials. 

    

19. I am willing to participate in     
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professional development programs 
supporting teachers to implement SSI-
based instruction. 

20. I believe SSI-based instruction will 
help students to be able to meet the 
national biology curriculum standards. 

    

21. I believe SSI-based biology instruction 
is an appropriate teaching strategy to 
promote students’ scientific literacy. 
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Appendix 2 
 
Semi-structured Interview Protocol 
This interview includes five predetermined questions designed to understand 
the participants' perceptions of the SSI-based biology instruction. The 
interview process will take 20 to 25 minutes. All participants will have a 
break if they wish and can skip questions or move on to other questions and 
abandon participation during the interview. The researcher will conduct the 
interview in a one-to-one format. The researchers will take notes during the 
session and record the interviews. 
 
Statements to be delivered to the participants 
"Hello, my name is ________ and participant _______ is here to participate 
in an interview for our research project. During this interview, I will ask 
you some questions about Socioscientific Issues (SSI)-based instruction. 
This interview takes 20 to 25 minutes. During the interview, you can ask for 
a break if necessary. The interviews will be recorded for translation and 
post-interview. Also, during the interview, the researchers may have some 
notes. Researchers will not share this note or the recording with anyone 
other than our research team. Later, the researchers will quote your 
interview in the paper and the participants' name will not be mentioned. 
Your identity will always be protected. You can skip any questions you may 
have experienced during the interview, or you can ask the researcher to stop 
the meeting at any time if you want to stop the interview.  Do you have any 
questions? (Gives the waiting time). Good. I'll start now. "  
 
Interview Questions  
1. What do you think about socioscientific issues (SSI)-based instruction? 
- Do you think SSI-based instruction is different from other teaching 

strategies? 
- Do you think the SSI-based instruction is suitable for achieving the 

biology competencies of the national curriculum? Why? 
2. What do you think are the main challenges that biology teachers may 

face when implementing socioscientific issues (SSI)-based instruction? 
3. What do you think the positive impacts for students if they learn biology 

in the context of socioscientific issues (SSI)? 
4. Do you feel confident teaching biology using socioscientific issues (SSI) 

in the real biology classroom situation?  
5. Are you interested to further develop or implement socioscientific issues 

(SSI)-based instruction? Why?   
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Appendix 3. Teaching material of the classroom session 2  
 
Ø Topic: Socioscientific issues (SSI) as a context for biology learning.  
Ø Time: 2.5 hours. 
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Appendix 4. Course assignment 3  
 
Description. 

This assignment is provided at the end of classroom session 3. The 

assignment asks graduate students to review an example of the SSI learning 

scenario. The graduate students then gave comments or questions 

individually. The SSI learning scenario was adapted from the previous SSI 

teaching study by Chung et al. (2016). 
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Appendix 5. Teaching material of lesson implementation 2  
 

Ø Biology topic/ Grade: Human digestive system/ 11 
Ø SSI topic: Vegetarian diet 
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Appendix 6. Consent Form  
 

Seoul National University 

Consent for Participation in Research (18 years or older) 
 
Subject of Research:  
Research Title: Promoting Indonesian pre-service and in-service biology 

teachers’ perceptions and teaching practices on 
socioscientific-issues (SSI) 

Investigators’ Name:  
- Principal investigator: Faisal (Doctoral student, Biology Education, 

Seoul National University). 
- Research Advisor: Prof. Sonya, N. Martin (Earth Science Education, 

Seoul National University).   
 

This research will take place in the context of a science methods 
course in the graduate program in biology education at a public teacher 
education institution in Indonesia. The course is specifically designed to 
introduce the content related to scientific literacy, SSI, and scientific 
argumentation. The course consisted of two sections: classroom sessions 
and SSI teaching practice. The course will be carried out over 8 weeks, with 
one 2.5-hour session every week. You are being asked to participate in this 
research because you are pre-service and in-service biology teachers. 

This research will be conducted only for the participants who 
voluntarily reveal the intention of involvement, and before your decision is 
made, it is important to understand the contents and purpose of the research. 
Please read the following carefully before deciding if you want to 
participate or not. If you have any questions about the research, the 
researcher will explain in detail. 

1. What is the purpose of this research? 
The purpose of this research is to examine pre-service and in-service 
biology teachers’ perceptions of SSI-based instruction before and after 
participating in an SSI teaching-oriented course, and explore their SSI 
teaching practices during the course.  

2. How many people will participate in this research? 
About 30 to 40 pre-service and in-service biology teachers will be asked 
to participate in this research. 
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3. What happens if I participate in the research? 
If you consent, you will be asked to participate in various activities 
during the research such as: 

a. Engage in the eight sessions of the course, and each session lasted 150 
minutes. During the course, you will engage in various teaching and 
learning activities such as presentation, small group discussion, planning 
and implementing an SSI lesson, and post-teaching reflection. 

b. Participate in pre- and post-survey. The pre-survey questionnaire 
consists of 41 items: 20 items ask for your demographic information and 
teaching and learning experience on SSI, and 21 items measure four 
different subscales related to your perceptions about SSI-based 
instruction. The questionnaire of the post-survey only includes 21 items 
of the SSI-based instruction scales. The pre-survey will take 20-25 
minutes and post-survey will take 15-20 minutes to complete. 

c. Participate in a semi-structured interview at the end of the all course 
section. During the interview, we will discuss your perception about 
SSI-based instruction. The interview will take 20 to 25 minutes and will 
be audio recorded. We will arrange a convenient time for the interview.  

d. All your personal information that we collected in this research will be 
kept confidential and anonymous.  

e. This research will take place in the Graduate School of Education, State 
University of Makassar, Indonesia. 

4. How long will this research take place? 
This research is planned to take about ten weeks. In the first week, you 
will be asked to participate in pre-survey. The second to ninth week will 
be used to implement the course program. In the tenth week, you will 
complete the post-survey and engage in the interview.     

5. Can I stop participation at any time? 
Yes, you can stop participating in this research at any time without any 
consequences. If you would like to stop participating in the research, 
please tell the researcher immediately. 

6. Are there any side effects or risks? 
There are no anticipated side effects or risks to participating in this 
study. If you have any questions about possible hazards during your 
participation, please contact the researcher immediately. 

7. Do participants benefit from participating in this research?  
There is no financial benefit for your participation in this study. 
However, the information provided by you may help to improve science 
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teaching and learning in Indonesia. 

8. Are there any disadvantages if I choose not to participate in this 
study? 
There are no disadvantages to you if you choose not to participate in this 
study. 

9. Is confidentiality of personal information obtained during research 
protected? 
Any personal information collected about you during this research 
will be protected and managed by principal investigator Faisal in the 
Biology Education (+82 10-4869-7303 and his research advisor Prof 
Sonya N. Martin in the Earth Science Education Department (+82 2-
880-1372), Seoul National University. They will do their best to 
ensure confidentiality for all personal information obtained through 
this research is protected. 
Your name and other personal information will not be used in 
reporting the findings of this research. However, if the law requires it, 
your personal information may be shared with the monitoring staff of 
the IRB without violating the confidentiality for securing personal 
information. They can directly read results of the research to verify 
the reliability of the research procedure. By signing this consent form, 
you acknowledge that you have been informed of this research and 
consented to it. 

10. Will I be paid for participating in this research? 
If you participate in this research we will provide a small gift of the 
Seoul National University souvenir as our appreciation, worth (4,500) 
KRW. 

11. What should I do if I have questions about research? 
If you have any questions about this research or if you have problems 
while participating in the research, please contact the researcher. 

Name: Faisal    Name: Sonya N. Martin 
Tlp: +82 10-4869-7303   Tlp: +82 2-880-1372 
Email: faisal84@snu.ac.kr     Email: sm655@snu.ac.kr  

 

If you have any questions about your rights as a research participant at any time, 
please contact the following SNU Bioethics Review Board. 

Seoul National University Bioethics Review Board (SNUIRB) 
Phone: +82 02-880-5153 
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Research Title: Promoting Indonesian pre-service and in-service biology 
teachers’ perceptions and teaching practices on 
socioscientific issues (SSI) 

Principal investigator: Faisal (Doctoral student, Biology Education, Seoul 
National University). 

 
 

Consent Form (For Research Participant) 

1. I have read the instruction above and discussed it with the researcher. 

2. I have heard about the risks and benefits and have received satisfactory 

answers to my questions. 

3. I voluntarily agree to participate in this research. 

4. I consent to the collection and analysis of information obtained from 

this research to the extent permitted by current legislation and the IRB 

Regulations. 

5. If a delegated representative conducts research or manages the result, or 

if the health authorities, the school authorities, and the SNU IRB survey 

the research process, I agree they may read my personal information 

directly. 

6. I understand I can withdraw my participation from this research at any 

time and I know that this decision will have no disadvantage for me. 

7. My signature means that I have received a copy of this consent form 

and will keep a copy until the end of the research. 

 

_______________  _________________   ________________ 
Name of Participant Signature         Date (year/month/day) 
 

 

_______________  _________________   ________________ 
Name of Researcher Signature         Date (year/month/day) 
 

 

____________________    _________________  __________________ 
Name of Research Director  Signature          Date (year/month/day) 
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Research Title: Promoting Indonesian pre-service and in-service biology 
teachers’ perceptions and teaching practices on 
socioscientific issues (SSI) 

Principal investigator: Faisal (Doctoral student, Biology Education, Seoul 
National University). 

 
 

Consent Form (For Researcher) 

1. I have read the instruction above and discussed it with the researcher. 

2. I have heard about the risks and benefits and have received satisfactory 

answers to my questions. 

3. I voluntarily agree to participate in this research. 

4. I consent to the collection and analysis of information obtained from this 

research to the extent permitted by current legislation and the IRB 

Regulations. 

5. If a delegated representative conducts research or manages the result, or 

if the health authorities, the school authorities, and the SNU IRB survey 

the research process, I agree they may read my personal information 

directly. 

6. I understand I can withdraw my participation from this research at any 

time and I know that this decision will have no disadvantage for me. 

7. My signature means that I have received a copy of this consent form and 

will keep a copy until the end of the research. 

 

_______________  _________________   ________________ 
Name of Participant Signature         Date (year/month/day) 
 

 

_______________  _________________   ________________ 
Name of Researcher Signature         Date (year/month/day) 
 

 

____________________    _________________  __________________ 
   Name of Research Director   Signature           Date (year/month/day)  
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