
Chapter 8
Teachers’ SSI Professional Development
in a Reflection-Based In-service Program

Wen-Xin Zhang and Ying-Shao Hsu

Abstract Teachers’ professional development (PD) of teaching SSI has gained
importance because the SSI-based interventions have demonstrated fruitful bene-
fits for students’ higher order thinking and the potential to promote connections
between school science and real life. The contradictory and multiple perspectives in
the SSI context presents many pedagogical challenges for teachers while teaching
students how to discuss and deal with these issues in the classroom. Thus, we devel-
oped a PD program and used a systematic measurement to explore the teachers’
discourse when they engaged in this experience. The case study invited 12 in-service
teachers to participate; they were separated into three groups based on the teachers’
backgrounds. All teachers’ discourse in the group was collected and analyzed based
on epistemic frame theory. The results indicated that (a) teachers’ epistemic frames
related to knowledge and skills were the most common forms of discourse and
(b) engaging teachers in reflective practice was helpful for promoting their tacit
discourse, including epistemology, and identity discourse. These findings suggest
that an effective PD program needs to engage teachers in reflective practice in a
long-term program and that interacting with teachers from diverse fields might be
helpful for promoting their multidisciplinary perspective for teaching SSI.
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8.1 Introduction

Many educational documents have stressed promoting students’ scientific literacy
and responsible research and innovation (Owen et al., 2012) due to the transformation
from normal science to post-normal science (Eryasar & Kilinc, 2021; Kilinc et al.,
2017). Rather than normal science, which focuses on detecting the causal-effect rela-
tionships between variables, post-normal science stresses the risks and uncertainties
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that need to be considered among science, technology, and society. Such a transfor-
mation shifts the educational goal to cultivating students’ functional literacy in order
to connect the scientific knowledge learned from school and real life (Chen & Xiao,
2021; Simonneaux & Simonneaux, 2008). The shifted education goals in science
also resulted in the infusion of socioscientific issues (SSI) into classroom courses
(Evagorou & Dillon, 2020; Levinson, 2013; Zeidler et al., 2019).

SSI are real-life problems caused by continued development and innovation in
science and technology. These innovations not only bring conveniences to people,
but also challenge values and insight moral and ethical uncertainty in society. Due to
contradictions between science and society, people, as responsible citizens or scien-
tists, are expected tomake informed decisions about SSI consideringmultiple aspects
(including science, environment, and society) at the personal, national, and global
levels (Presley et al., 2013; Zeidler, 2014; Zeidler et al., 2019). SSI are inevitable
and real-life problems that students need to be concerned about and prepared to deal
with (Sadler, 2004). Thus, infusing SSI into the classroom can immerse students in
authentic problems and prompt them to engage in higher order thinking practices to
mediate contradiction between the issues.

Although many studies have explored the benefits of engaging students in SSI-
based learning, the absence of studies on teachers’ professional development (PD)
regarding SSI teaching has been an issue of concern (Evagorou & Dillon, 2020).
Several studies have demonstrated some design principles to help teachers’ profes-
sional development for SSI teaching such as engaging teachers in co-design lesson
practices (Friedrichsen, Ke et al., 2020), or reflective orientation practices (Leung
et al., 2020). These studies used various tools (i.e., written survey and semi-structured
interviews) to explore teachers’ beliefs about SSI and their knowledge of SSI
teaching. Few studies adopted assessment tools or techniques to systematically
measure teachers’ interacted discourse during the SSI PD program even though it is
an important factor that influences teachers’ PD for SSI teaching.

To address this gap, this chapter will introduce an SSI PD program to promote
teachers’ professional understanding and pedagogical practices in SSI teaching. We
used an analytic epistemic frame (Shaffer et al., 2009; see Chap. 1 for details) to
systematically examine in-service teachers’ performance during the SSI PDprogram.
Specifically, this study aimed to investigate what opportunities could be provided in
the PD program to stimulate teachers’ reformation of their epistemic frame for SSI
teaching, including their skills, knowledge, value, identity, and epistemology. The
results can not only help to elaborate our SSI PDprogrambut also that of other teacher
education programs. The research question guiding the current study is:What are the
effects of the different activities of the PD program on teachers’ epistemic frame?
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8.2 Literature Review

8.2.1 The Teachers’ SSI Teaching and Effective SSI PD
Programs

Nielsen et al. (2020) addressed three main research themes of SSI teaching in teacher
education. The first theme refers to how teachers’ backgrounds and beliefs affect their
uptake and quality of SSI teaching. Several researchers have indicated that teachers’
background (including knowledge, skills, and attitude) might influence how they
enacted SSI in their classrooms (Kilinc et al., 2017; Leung, 2021; Saunders&Rennie,
2013). Tidemand and Nielsen (2017) found that their participants, biology teachers
in Denmark, generally held a content-centered belief of SSI and infused SSI into
their classroom as a vehicle to teach factual content. Kilinc et al. (2017) found that
teachers’ resistance to conducting dialogic discourse in the SSI teaching practice
was likely because of their worries about unsatisfactory knowledge related to the
multiple aspects of the central issues and socioscientific factors.

The second theme is related to effective SSI teaching. The complex nature
of the central issues and the multiple goals of teaching mean that SSI teaching
usually incorporates and considers various teaching focuses. Generally, teachers
are expected to build SSI teaching with compelling, controversial, and ill-structured
problems that involvemultiple perspectives (Friedrichsen, Sadler et al., 2020; Owens
et al., 2019; Presley et al., 2013; Zeidler, 2014). This requires the use of various
scaffolds/tools/strategies to present the issue in contextualized and authentic ways
(Furman et al., 2020), to engage students in higher order thinking practices, and to
build a safe communicated environment for students’ negotiation and discussion of
their perspectives on the SSI (Sadler, 2011; Topçu et al., 2018).

The third theme involves effective SSI PD programs and education needed to
improve teachers’ or student teachers’ uptake and quality of teaching. Friedrichsen
and her colleagues engaged teachers in a collaborative professional development
environment to co-design and enact the SSI teaching practices (Friedrichsen,Ke et al.,
2020; Friedrichsen, Sadler et al., 2020). They identified three types of profiles that
teachers would hold after an appropriate PD activity, namely embracers, dismissers,
and explorers. Garrido Espeja and Couso (2020) conducted their PD program with a
long-term process (twomonths) and prompted pre-service teachers in a practice cycle
of design-implementation-reflection (D-I-R). They found that teachers’ experience
in the D-I-R program improved the quality of their designed lesson plans, including
what issues teachers selected, the scaffoldings they used to support students’ SSI
learning, and the assessment they employed to assess students’ learning of the SSI
topic. These studies provide insights that long-term PD, collaborative design and
enactment of SSI teaching practice, and engagement of reflection practice seem to
play a positive role in effective SSI PD programs.
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8.2.2 Epistemic Frames for Professional Teaching

Epistemic frame theory describes a mechanism that learners can adopt to effectively
transfer their understanding of the original context to a new situation (Shaffer, 2006a,
2006b). The epistemic frames included five elements: skill, knowledge, value, iden-
tity, and epistemology. These elements had interconnected relationships and then
co-influenced an individual’s professional practice and innovative thinking.

SSI teaching practice is also professional practice. Teaching is a complex profes-
sional practice in which educators (including novices and experts) engage students in
various learning activities to construct their understandings of a subject. The profes-
sional practice “that involves uncertainty…therefore, requires decision and judg-
ment” (Shaffer, 2006b, p. 95). Therefore, teachers, as professionals, are expected
to make a series of pedagogical decisions and reflect on the previous decisions to
support students’ engagement in a more effective and meaningful learning context
(Phillips et al., 2021). Making pedagogical decisions requires a professional to effec-
tively synthesize their knowledge, skills and practice, beliefs and values, and their
teaching goals to plan and enact the teaching practices, which were related to the five
elements mentioned above. Therefore, in an SSI PD program, teachers are learners
who need to construct their understanding of SSI to make pedagogical decisions
to teach SSI in their classroom. Specifically, SSI PD programs need to cultivate
teachers’ SSI pedagogical stance, which implies reconceptualizing their epistemic
frame towards that of professionals.

Furthermore, improving the epistemic frame is a process of enculturation to
enhance a person’s naïve understanding of the epistemic frame in a particular commu-
nity of practice (Jones, 2019, June). Through the interaction with other community
members, newcomers become communitymembers, continue to develop their exper-
tise, and form their epistemic frame, which can be transferred to different contexts.
Therefore, the successful construction of teachers’ epistemic frame relies on how
and what the members in the community discuss, interact, and communicate with
each other (Bressler et al., 2019).

The literature review provides the insights into SSI teaching practices with multi-
pedagogical principles that require teachers to make pedagogical decisions based
on their beliefs and backgrounds and various pedagogical strategies/tools to engage
students in meaningful, effective ways of knowing about SSI and related practices.
However, these requirements might be a burden for teachers because of their lack of
understanding of SSI teaching, their skills to design and enact SSI teaching plans, and
their beliefs or epistemology of SSI teaching. Obviously, teachers need an effective
PD program to improve their professional awareness and insight into teaching SSI
that overcome the burden and challenges. Several studies indicated that long-term
PD (Garrido Espeja & Couso, 2020), collaborative design of SSI teaching prac-
tice (Friedrichsen, Ke et al., 2020; Friedrichsen, Sadler et al., 2020), and reflection
practice (Leung, 2021; Leung et al., 2020) were positive principles in improving
teachers’ professional knowledge and practices of SSI teaching. Notable gaps still
exist as there is no systematic assessment to measure the effects of pre-service and



8 Teachers’ SSI Professional Development in a Reflection-Based … 123

in-service PD programs. SSI teaching is a complex practice and teachers should take
various pedagogical considerations into account. Hence, the PD program usually
consists of several activities with different objects to improve teachers’ PD. It is
required to examine these different activities, which were expected to bring different
effects on reforming teachers’ epistemic frame, and even understanding how the
tasks interact with one another. In addition, to get insights from the viewpoints of the
learning community, it should be explored that teachers’ interacted discourse in the
learning community plays an essential role in reforming their epistemic frame of SSI
teaching. In order to address these gaps, this study used the epistemic frame theory
(Shaffer et al., 2009), which is introduced in Chap. 1, to explore what and how a PD
program shapes teachers’ understanding of SSI teaching through social interaction in
a small learning community composed of an expert teacher and some native teachers.
The investigation of what and how group members interacted with each other in the
PD program, especially those different activities, would be used to refine our PD
program and provide some insights for other teacher education programs.

8.3 Method

8.3.1 Context of Study

The new curriculum standards in Taiwan stress cultivating students’ abilities to solve
problems found in their real lives. Although many in-service teachers have perceived
the potential of teaching SSI to promote students’ scientific literacy, most of them
have no idea of how to integrate SSI into their school courses (Nielsen et al., 2020;
Tidemand&Nielsen, 2017). Thus, our research team collaboratedwithmany govern-
mental organizations and teachers’ learning communities in Taiwan, such as theEarth
Science Education Resource Center and the Ocean Education Resource Center, to
prepare in-service teachers’ SSI teaching practice via a workshop. Due to the prac-
tical challenges and time limitations, this study developed a short-term PD program
(five hours) to improve teachers’ SSI teaching. The SSI PDprogramwas conducted in
a workshop that comprised three stages, namely, the understanding of SSI teaching,
experiencing and reflecting on an SSI-based learning module, and designing an SSI
lesson (Table 8.1 outlines the activities and time allotments). The first stage summa-
rizes how the research team introduced a lecture regarding SSI teaching and the
socioscientific issues-based learning (SSIBL) framework (Levinson, 2018) to the
in-service teachers (Activity 1). The purpose in this stage was to improve teachers’
understanding of SSI and pedagogical strategies for teaching SSI via some particular
examples of teaching practices based on the SSIBL framework.

The second stage comprised two activities (Activity 2 and 3), whichwere designed
based on reflective practice. Farrell (2012, p. 7) argued that the reflection-on-practice
enables teachers to stop and look “where they are at that moment and then decide
where they want to go (professionally) in the future”. Reflection can help teachers
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Table 8.1 SSI PD program

Stage Activity Time (h)

Stage 1: Understanding the SSI Activity 1
The research team provides a lecture to
introduce SSI-based teaching and
learning to the in-service teachers about
the properties of SSI and pedagogical
strategies via a particular framework of
SSI teaching, the SSIBL

1

Stage 2: Experiencing and reflecting on
an SSI-based learning module

Activity 2
Teachers experienced being students
while collaboratively engaging in an
SSI-based learning module

1

Activity 3
Teachers were asked to analyze and
reflect on the SSI-based learning module
based on what they had learned in the
first activity

1

Stage 3: Designing an SSI lesson Activity 4
In-service teachers co-designed their SSI
lessons

2

to connect their skills, knowledge, and epistemology. Through this process, teachers
have opportunities to learn how to think and act in innovative ways and to develop
their epistemic frame of a professional practice simultaneously (Burhan-Horasanlı &
Ortaçtepe, 2016; Schön, 1983; Shaffer, 2006b). Rooted in this perspective, the goal
of the second stage is engaging teachers in reflective practices. The teachers first
experienced as students a particular SSI-based learning module (as presented in
Chap. 4) related to coastline management (Table 8.1 Activity 2). Then, in Activity
3 (including three discussion tasks, some examples as shown in Figs. 8.1 and 8.2),
teachers were required to collaboratively analyze and reflect on the pedagogical
strategies used in the SSI teaching practices. They were provided guiding questions
in this activity to promote their discussion and reflection (Figs. 8.1 and 8.2 present
the guiding questions in detail).

The third stage (Activity 4) requested the teachers to co-design a new SSI lesson.
We asked each group to select an appropriate issue based on their understanding
of the nature of SSI. Then, they were guided with a three-stage framework of
SSIBL, including ask, enact, and act (Levinson, 2018), to arrange their SSI lesson
collaboratively.



8 Teachers’ SSI Professional Development in a Reflection-Based … 125

Fig. 8.1 Task 1 of Activity 3

8.3.2 Participating Teachers

A total of 12 in-service teacher volunteers participated in the study, including three
experienced teachers who had conducted an SSI-based learning module (used in the
second stage in Table 8.1) in their classroom and nine in-service teacher volunteers
who were interested in implementing SSI in their classrooms. These teachers’ expe-
rience of teaching ranged from five years to more than 20 years. One taught in special
education, three taught social studies including geography and citizenship studies,
and five taught earth science. All of the experienced teachers taught earth science.

This study adopted the heterogeneous grouping approach to categorize these 12
teachers into each group to increase the discussion and negotiation across different
disciplines based on their experience and teaching subjects. Thus, in each group,
one experienced and three inexperienced teachers who teach different subjects were
grouped to complete the PD program collaboratively. It should be noted that due to
the time limitation, in Activity 2 (Table 8.1), at the beginning we asked experienced
teachers to introduce the learning module to other members. The new teachers were
encouraged to propose questions about the learning module to help the experienced
group leaders to clarify it quickly and effectively.
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Fig. 8.2 Task 2 of Activity 3

8.3.3 Data Collection and Analysis Process

This study was based on the assumption that teachers’ epistemic frame of under-
standing can be changed via interaction with other people. Thus, each group’s verbal
discourseswere audio-recordedwhen teachers discussed andnegotiated in the second
and third stages of the PD program (Table 8.1). All verbal audio-recordings were
transcribed and used as the primary data source in further analysis. The discourse
was segmented by utterance defined as when a teacher expressed a single mean-
ingful sentence during group discussion.We developed a coding rubric in an iterative
process to analyze the transcriptions and to establish teachers’ epistemic frame for
SSI teaching. First, we generated the coding rubric based on the epistemic frame
theory comprised of five codes for the elements: skills, knowledge, identity, values,
and epistemology. Then, three coders read a randomly selected transcript indepen-
dently and checked that the a priori codes were appropriate for this transcript. Based
on the discussion to refine and confirm the list of codes and coding strategies, the
finalized coding rubric was established as shown in Table 8.2.
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Table 8.2 Coding rubric of the epistemic frame for SSI teaching

Element Definition Examples

Skills: the practices
developed within a
community

Any utterance regarding
teaching strategies and enacting
SSI teaching, including
designing the material,
curriculum, and constructing
the learning environment

We then used this activity to
check and measure their
understanding of coastal
engineering (GP-A2-U 11)

Knowledge: the
understandings shared by
people in the community

Any utterance related to the
understandings used in
teaching SSI, such as
understandings of SSI,
understandings of teaching
strategies for SSI, the
knowledge of their students,
and prediction of their
students’ performance

This activity is a kind of
assessment to measure
students’ concepts after the
activity (GP-A2 U 15)

Identity: the ways that
community members see
themselves

Any utterance that refers to
how teachers see themselves in
teaching SSI, including their
personal teaching goals for SSI
teaching and personal
properties

I don’t understand this. I lack
knowledge [in this field]. I just
guess there are land crabs there,
but I don’t know if it
[engineering] benefits them
[the land crabs] (GP-A2-U 347)

Values: the beliefs
community members hold

Any utterance expressing the
beliefs or orientation the
teachers hold about teaching
SSI, including the perceptions,
necessities and essentials of
SSI teaching

[I think that] Teachers must
focus on different points based
on their students’ properties
and backgrounds. They refined
the learning module for their
students (GP-A2-U 71)

Epistemology: the particular
ways of thinking about or
justifying teaching actions

Any utterance related to
reasoning or justifying their
decision about strategy use and
practice, especially the
effectiveness of the teaching
strategies or practices

I heard that Ms. Liu conducted
this module in half of the
semester because she spent
much time constructing a safe
environment and actively
preparing her students to
engage in discussions. As I see
it, her students showed better
performance than mine
(GP-A2-U 87)

Note A label behind an example means: group-activity-utterance number

The skill element is about pedagogical strategies teachers used to plan, design,
and enact the learning activities, material, and environment. The knowledge element
is related to teachers’ understanding of the instructional strategies, assessment, goal,
and objectives of the SSI curriculum, and students’ background relevant to SSI
learning. The identity element refers to what teachers see in teaching SSI and that
the value connects to teachers’ personal beliefs and orientation of SSI teaching. The
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epistemology element is usually related to teachers’ pedagogical decisions or justi-
fication of the SSI teaching. A random selection of a group’s discourse in the third
stagewas used to confirm the inter-rater reliability of the coding rubric. The pair-wise
agreement of the three coders demonstrated an acceptable value range from 0.94 to
0.99.

Then, this study employed descriptive analysis (including frequency and
percentage in Activity 2–4) and Chi-square analysis to compare the percentages
of each element across activities to explore the in-service teachers’ epistemic frame
in the SSI PD program.

8.4 Results

This study found that all groups exhibited 1,097 utterances related to the epistemic
frame of SSI teaching in the SSI PD program (326, 365, and 406 in each teacher PD
group). Teachers’ discourse regarding the five elements of the epistemic frame from
Activities 2, 3, and 4 is presented in Table 8.3. It should be noted that we calculated an
hourly rate in the three activities 2–4 because the teachers hadmore time to engage in
Activity 4 (2 h as shown in Table 8.1) than others. When considering the time factor,
teachers had the maximum discourse per hour in Activity 3 compared with the other
two activities (hourly rate in Activity 2–4 is 163, 418, and 258, respectively). Also,
the teachers focused most of their utterances on the knowledge about SSI teaching
in all activities (396). The second largest number of utterances was related to skill
(203.5), in which teachers expressed how they would enact SSI-based teaching for
their students. Furthermore, 115 utterances indicated that teachers tried to explain
or justify their pedagogical strategies usage and practice (epistemology element)
whereas the participating teachers expressed 95.5 utterances related to their evalua-
tion and appraisal of the SSI teaching or the pedagogical strategies employed in their
teaching practice (value element). The identity-related discourse was the relatively
minor utterance discussed in the SSI PD program (29).

Table 8.3 The Chi-square analysis of teachers’ epistemic frame in three activities

Activity 2 Activity 3 Activity 4 χ2 df p

Total f % f % f %

Skill 203.5 53 26 80 39 70.5 35 5.56 2 0.062

Knowledge 396 53 13 215 55 128 32 99.59 2 < 0.001

Identity 29 11 38 15 52 3 10 7.72 2 0.021

Value 95.5 25 26 40 42 30.5 32 3.56 2 0.168

Epistemology 115 21 18 68 59 26 23 34.78 2 < 0.001

Total 839 163 19 418 50 258 31

Note The number of frequencies above was the average of frequencies per hour
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To explore the function-specific discourses across the PD program, we compared
teachers’ discourses in three activitieswith different purposes by applyingChi-square
analysis to the average frequencies per hour for each of the five epistemic elements.
For this analysis,we assumed that the expected frequencies in the three activitieswere
equal becausewedid not have anyprevious evidence to know the exact expected value
in the three activities. Based on this assumption, the significant results indicated there
was a significant frequency between these activities. Table 8.3 summarizes the Chi-
square results, which indicated that the average frequencies (per hour) of teachers’
discourses were significantly different amongst the three activities in three elements,
including knowledge (χ2(2)= 99.59, p < 0.001), identity (χ2(2)= 7.72, p= 0.021)
and epistemology (χ2(2) = 34.78, p < 0.001). The percentages shown in Table 8.3
indicate that teachers’ knowledge, identity, and epistemology discourses in Activity
3 were higher than other activities.

8.5 Discussion

This study found that teachers paid more attention to talking about knowledge and
skills of SSI teaching than the other three epistemic elements when they attended the
SSI PD program. The identity, value, and epistemology discourses were expressed
much less in the activities. This finding revealed that the PD program was successful
in terms of evoking teachers’ thoughts about SSI teaching knowledge and skills
but should make more effort to help teachers to consider the value, identity, and
epistemology of SSI teaching. Besides, the comparison of the different discourses
of epistemic frames in the workshop activities revealed that teachers had significant
discrepancies in their discourse across the three activities. Teachers showed more
discourse related to knowledge, identity, and epistemology than expected in specific
reflection activity (Activity 3).

After rethinking the design of the PD program, the lack of directed guidance
and time limitation might be the factors that affected teachers’ discourse. It is not
surprising that teachers showed more discourse regarding knowledge and skills in
the PD program. Although this study provided a short-term PD program to in-service
teachers, concreate teaching material allowed the teachers to imagine what and how
to design an SSI lesson and then promote their knowledge and skill discourses in
the PD program. This finding is similar to that of Bayram-Jacobs et al. (2019) who
demonstrated that a short-term PD program could successfully improve teachers’
knowledge of SSI teaching.

However, this study also found that teachers’ discourses related to value, iden-
tity, and epistemology were fewer. It implies that these implicit elements are hard
to express in words (Fuchs, 2001; Polanyi, 1966) if an individual is not required to
talk about them explicitly. Thus, prompting teachers’ deliberate discourse related to
these tacit thoughts was crucial to stimulating them to engage in deep and sophis-
ticated discussion about SSI teaching. Engaging teachers in reflection-on-practice
may be one good choice. The findings from Chi-square analysis in this study that the
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teachers demonstrated discourses of epistemic frame differently between Activity 2,
Activity 3, and Activity 4 seems to confirm our speculation. We found that teachers’
discourses referring toknowledge, identity, and epistemologyhadmore than expected
frequencies when they engaged in Activity 3, a reflective practice. Reflective prac-
tice can help teachers conduct a series of systematic problem-solving processes that
they need to deliberate their pedagogical actions and justifications (Dewey, 1933).
These deliberate thoughts prompt the teachers to stop their activity and then detect
their cognitive condition of SSI teaching (Farrell, 2012). Hence, in these reflection
processes on pedagogical decisions and justification, teachers have opportunities
to externalize their implicit thoughts (identity, value, and epistemology) and then
elaborate on them.

The second factor that might help explain teachers’ unsatisfied discourses in the
PD program was the time limitation, especially the low frequencies of tacit elements
(value, identity, and epistemology). Nielsen et al. (2020) indicated that long-term PD
programs for teachers’ SSI teaching are necessary to secure the uptake and quality
of SSI teaching. As shown in the Friedrichsen, Ke et al. (2020) study, a long-term
program over 6 months in which teachers were asked to co-design their SSI unit
and encouraged to enact it in their classroom demonstrated its value. Many benefits
were gained for teachers through this collaborative design of SSI teaching. We argue
the necessity of long-term PD because the complicated nature of SSI is a challenge
for teachers. Many studies have indicated that SSI learning is a complex and chal-
lenging context for students who need effective multiple scaffolds or guidance, such
as collaborative learning (Zhang & Hsu, 2021) and metacognitive prompts (Hsu &
Lin, 2017). To effectively infuse SSI in the classroom, teachers should understand the
nature of SSI and how to deal with it based on their higher order thinking. They then
need to transfer these epistemic understandings to design and enact the teaching prac-
tice. These complex, challenging processes imply that the profession of SSI teaching
cannot be improved with short-term workshops because teachers need not only to
construct their knowledge of SSI teaching but also the value, identity, and episte-
mology of SSI teaching, just as Jones (2019, June) indicated that improving teachers’
epistemic frame is an enculturation process. The construction of a professionally
epistemic frame needs long-term interactions with other community members with
diverse backgrounds and expertise.

8.6 Conclusion and Limitations

This study aimed to promote teachers’ PD in SSI education.We sought a practical and
systematic assessment to explore teachers’ interacted discourse during the SSI PD
programbased on the epistemic frame theory. The results indicated that the short-term
PD program effectively promoted teachers’ epistemic discourse, especially in the
knowledge and skills elements. However, teachers’ discourse related to tacit elements
such as value, identity, and epistemology were unsatisfied. According to the findings
of this study, we assumed that an effective PD program needs to engage teachers in
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deliberate discussion such as reflection-on-practice to promote teachers’ discourse
related to those tacit elements. Burhan-Horasanlı andOrtaçtepe (2016) suggested that
there are three types of reflective practices: reflection on/in/for. This study prompted
teachers to reflect-on-action (i.e., look at previous experience) and reflect-in-action
(i.e., awareness in the moment). Reflect-for-action means that teachers consider the
implementation of what they learn at the moment in the future. We assume that
reflection for action helps teachers transfer their acquired knowledge and skills to
a new situation. Thus, PD program developers should consider infusing reflection-
for-action practice into their programs and future research.

A long-term PD program is necessary to improve teachers’ pedagogical knowl-
edge about and practice in SSI education. Due to the practical challenges and time
limitations, this study developed a short-term PD program to improve teachers’ PD
of SSI teaching. Although Bayram-Jacobs et al. (2019) indicated the positive effects
of a short-term PD program on teachers’ pedagogical content knowledge (PCK) of
SSI teaching, this study demonstrated that the short-term PD program maybe not be
valid for those more tacit elements especially value, identity, and epistemology. A
possible solution could be a further activity that asks teachers to implement the SSI
lesson they designed in the classroom. This could provide an operational response
to teachers’ SSI lessons and promote their reflection on SSI teaching. Several cycles
of experiencing SSI lessons, designing SSI lessons, and implementing SSI lessons
could be conducted to elaborate teachers’ PD of SSI teaching.

This study demonstrated a primarily systematic analysis to examine the effects of
a PD program on teachers’ epistemic frame of SSI teaching. Further analytic tech-
niques might be required to explore the dynamic, temporal, and sequential features
of how teachers reframe their epistemic frame of SSI teaching. It should be noted
that we assumed that each activity operated independently of the other to explore the
effect of different activities on teachers’ SSI PD. The dynamic effects of different
activities can be explored in future research to investigate the cumulative effects
on promoting teachers’ SSI PD (i.e., teachers’ productive discourse on Activity 3
might be due to the effects of Activity 1 and Activity 2). In addition, it is not enough
to just categorize teachers’ discourses about SSI teaching into five elements. For
example, teachers’ knowledge of SSI teaching can be further divided into several
categories. Studies related to teachers’ PCK of SSI teaching proposed diverse exper-
tise, including instructional strategies, assessing students’ SSI learning, goal, and
objectives, students’ prior knowledge, and performance (Bayram-Jacobs et al., 2019;
Han-Tosunoglu & Lederman, 2021; Lee, 2016). Further analytic techniques can be
used for exploring teachers’ epistemic frames in detail. For example, the epistemic
network analysis is an analytical technique that can be utilized to capture the dynamic,
temporal, and sequential features when teachers construct and refine their epistemic
frames (Bressler et al., 2019; Csanadi et al., 2018).
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