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ABSTRACT KEYWORDS
Specialized science courses (SSCs) integrate content knowledge (CK) Pedagogical content
with pedagogical content knowledge (PCK) and prepare pre-service  knowledge; instructional
teachers (PSTs) for reform-oriented teaching. Studies of individual strategies; pre-service
SSCs report positive short-term outcomes, including an increase in ‘ead.‘elfs? (Sjc'ence education;
self-efficacy and CK. However, few studies explore the longer-term zzﬁ_ﬁﬁlzg cycontem courses;
impact of SSCs on classroom teaching. We carried out an exploratory

case study of three PSTs from a Norwegian teacher education program

that included SSCs. In the context of their field practicum, we com-

pared PSTs' teaching of topics taught in SSCs (aligned lessons) with

topics not taught in SSCs (unaligned lessons). Data collection con-

sisted of field observations of one aligned and one unaligned lesson

as well as stimulated recall interviews based on video recordings. In

our analyses, we compared PSTs use of instructional strategies in

aligned and unaligned lessons and how their knowledge for teaching

informed these instructional decisions. We found that SSCs supported

PSTs in using more topic-specific instructional strategies when teach-

ing aligned lessons. In the aligned lessons, their teaching was better

informed by knowledge of students’ understandings in science. We

also examined PSTs’ perceptions of how they drew upon SSCs in their

classroom teaching. They reported that SSCs had a major impact on

their CK, PCK and self-efficacy for science teaching. Through this study,

we provide unique insights into how PSTs draw on SSCs in their class-

room teaching. We include implications for further research and the

design of SSCs.

Overcoming the gap between theory and practice is a major challenge for pre-service
teachers (Allsopp et al., 2006; Grossman et al., 2009). The challenge is evident in the
Nordic context (Rasmussen & Dorf, 2010), and for the subject of science (Thompson
et al., 2013). In reform-oriented science teaching, teachers consider students and content
rather than delivery of content only, and they implement inquiry teaching (Anderson et al.,
1994; Sawada et al., 2002). One challenge for teacher educators is to develop pre-service
teacher’s (PSTs) theoretical and practical knowledge to prepare them to teach this way
(Cochran-Smith & Villegas, 2016; McDonald et al., 2013). Another challenge occurs when
PSTs attempt to introduce reform-oriented teaching practices in schools that may not be
familiar with such practices (Crawford, 2007; Thompson et al., 2013).
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To address these challenges, researchers and policymakers call for teacher education
programs to shift toward a focus on teaching practices rather than theoretical knowledge
about teaching (Blue Ribbon Panel, 2010; Darling-Hammond et al., 2017; Jenset, 2018).
This movement provides a rationale for the inclusion of specialized science courses (SSCs)
in teacher education programs. SSCs are science content courses, designed specifically for
PSTs, in which instructors model reform-oriented teaching of science topics aligned with
the grade levels that PSTs will teach. PSTs learn science content while also engaging in
pedagogical discussions. These courses are built on the assumption that teachers tend to
teach in the ways that they have been taught (Cochran-Smith & Villegas, 2016).

Teacher education programs can be an important starting point for developing science
teachers’ pedagogical content knowledge (PCK) (Friedrichsen et al., 2009). However, we have
scarce evidence about the effects of teacher education coursework on developing reform-
oriented teaching practices (Jenset, 2018; Stroupe & Gotwals, 2018). SSCs aim to support
PSTs’ development of PCK for reform-oriented science teaching. Many Nordic science
teacher education programs for primary and middle school levels include SSCs. These
programs focus on the development of teaching experts rather than content experts
(Rasmussen & Dorf, 2010). However, separate science content and methods courses tend to
be the international norm (Etkina, 2010; Fones et al., 1999). In this study, we addressed a gap
in the literature on whether and how PSTs use what they have learned in their teacher
education program (Cochran-Smith & Villegas, 2016; Jenset, 2018), specifically the influence
of SSCs on PSTs’ practice. We carried out an exploratory case study of three PSTs from
a Norwegian teacher education program that included SSCs. The study takes place within
a subsequent field practica in a local school. We contrasted the PSTs’ teaching of topics that
were taught in prior SSCs (aligned lessons) with topics not taught in their SSCs (unaligned
lessons). Moon phases and seasons are an example of an aligned lesson; the PSTs learned
about moon phases in a SSC and later taught this topic in their school practicum. An
unaligned lesson is a lesson taught by the PST (e.g., animal cells and oxygenation); however,
the PST had not learned the topic in a SSC. Specifically, we aimed to explore two questions: (1)
In three Norwegian science PSTs’ practica in lower secondary school (ages 13-16), what were
the differences, if any, between lessons aligned and unaligned with specialized science courses?
(2) What were these PSTs’ perceptions of how they drew upon specialized science courses?

Theoretical framework

Shulman (1986) proposed pedagogical content knowledge (PCK) as an important part of
a teacher’s knowledge base. Teachers have specialized knowledge for teaching specific topics
to specific students (Shulman, 1986). In the current study, PCK serves as the theoretical
framework as we are examining PSTs’ specialized knowledge for teaching specific science
topics. Some PCK researchers view PCK as topic-specific knowledge for teaching (e.g., how to
teach a specific topic such as photosynthesis) (Gess-Newsome, 2015; Mavhunga, 2020), while
others view PCK as specialized knowledge at the discipline level (e.g., how to teach argumen-
tation in science courses) (Davis & Krajcik, 2005). In this study, we examine both topic-
specific and science-specific PCK. Magnusson et al. (1999) conceptualized topic-specific PCK
as consisting of four components comprised of knowledge of science curricula, students’
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Figure 1. The refined consensus model of PCK. Reprinted with permission from Springer Nature,
Repositioning pedagogical content knowledge in teachers’ knowledge for teaching science, by
A. Hume, R. Cooper, & A. Borowski (Eds.) COPYRIGHT 2020

understanding in science, instructional strategies, and assessment of scientific literacy. To
examine science-specific PCK, we use the same Magnusson categories (Friedrichsen et al.,
2009).

The most recent PCK model in science education (Figure 1) distinguishes between three
realms of PCK: enacted PCK, personal PCK, and collective PCK (Carlson et al., 2020).

Each realm refers to the context in which PCK is manifested: in the classroom during
enactment, in the individual teacher’s knowledge base, and collective knowledge held
among colleagues or published in the field. The model weaves together knowledge (personal
and collective PCK) and skills (enacted PCK) for science teaching. In this study, we
researched personal and enacted PCK as we conducted stimulated recall interviews and
related this to collective PCK from SSCs. High quality PCK is characterized by integration
of PCK components (Abell, 2008; Chan & Hume, 2019). Integration between knowledge of
students’ understanding of science and knowledge of instructional strategies is a critical step
in developing highly integrated PCK (Akin & Uzuntiryaki-Kondakci, 2018; Park & Chen,
2012). In the current paper, this integration is studied in the realm of enacted PCK.

Literature review

SSCs are university courses designed specifically for education majors to support the
development of science content knowledge (CK) and PCK. The main goal of the courses
is to develop CK, while PCK is addressed through course instructors’ modeling of reform-
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oriented instructional practices, and by explicitly focusing on K-12 students’ common
misconceptions related to the topic. In contrast, science teacher education programs are
often based on content courses characterized by lectures in a science discipline, lab sessions,
and separate science methods courses (Etkina, 2010; Fones et al., 1999). Such programs,
though cost-effective, often provide PSTs with poorly taught CK of limited relevance for
their future career and limited PCK for specific topics (Bergman & Morphew, 2015; Fones
et al., 1999). Grossman et al. (2009) called for teacher education to undo divisions between
university and K-12 schools. One should not assume that learning about teaching practices
through reading articles or writing papers is enough to prepare PSTs for classroom teach-
ing, particularly student-centered or reform-oriented teaching (Horn & Campbell, 2015;
Sun & van Es, 2015). In line with this, SSCs integrate CK and PCK in some of the following
ways:

¢ using a constructivist epistemology, requiring that learners are active in the knowl-
edge-building process (McLoughlin & Dana, 1999).

e being student-centered by engaging PSTs in their own learning process and connecting
the course to science classroom teaching at relevant levels (Etkina, 2015).

¢ implicitly learning about instructional strategies, such as through implementing scien-
tific practices like inquiry (Bergman & Morphew, 2015; Cochran-Smith & Villegas,
2016; Knaggs & Sondergeld, 2015).

o explicitly presenting instructional strategies and addressing issues regarding different
approaches to teaching (McLoughlin & Dana, 1999).

¢ using a variety of ways, building on the premise that teachers tend to teach in the same
way in which they learned the content. (Avard, 2009; Bergman & Morphew, 2015;
Cochran-Smith & Villegas, 2016).

Case studies of courses or programs using pre/posttests of content knowledge, beliefs, or
teaching practices were often used in evaluating SSC outcomes. One outcome of SSCs was an
increase in PSTs’ content knowledge. Studies of specialized physics courses (Etkina, 2010;
Menon & Sadler, 2016) and a specialized astronomy course (Bell & Trundle, 2008) reported an
increase in content knowledge test scores at the end of the courses. Additionally, PSTs have
highlighted group work and discussion in specialized physics courses as helpful in their
concept learning (Doster et al., 1997). PSTs with more prior knowledge in the topic were
most comfortable with the reformed teaching model used in the SSC (Doster et al., 1997).

A second outcome is that reform-oriented learning in SSCs supported the development
of PSTs’” knowledge of and approaches to teaching science. Cochran-Smith and Villegas
(2016) reported how PSTs adopted constructivist views of teaching and learning through
experiences like problem-based learning, role playing, analyzing video cases, and perform-
ing collaborative research. Similarly, Varelas et al. (2008) reported on four SSCs for
elementary PSTs characterized by a focus on student understanding and a balance between
attention to key concepts and science as inquiry. Participating PSTs noticed how construc-
tivist instructional tools (i.e., concept maps, group work and projects) facilitated meaning
and connection making. Although the main goal of the courses was CK learning, PSTs
noticed curricular, instructional and assessment features and made connections to future
classroom practice. Only one longitudinal study traced PSTs” knowledge and practices from
SSCs into classrooms. Etkina (2010) evaluated a physics teacher education program
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featuring interactive-engagement pedagogy and frequent opportunities to practice instruc-
tion. Using an observation protocol (RTOP) over three years, she found the program
supported PSTs in enacting reformed teaching practices in school practica.

A third outcome of SSCs was the development of self-efficacy for science teaching.
Research has documented critical links between self-efficacy beliefs and teaching practices
(Menon & Sadler, 2016). Several studies utilized the Science Teaching Efficacy Belief
Instrument (STEBI-B) (Enochs & Riggs, 1990) as pre/posttests of PSTs’ self-efficacy. The
studies reported gains in self-efficacy for teaching science from specialized courses in
physics (Menon & Sadler, 2016), geoscience (Posnanski, 2007), and an integrated science
course (Knaggs & Sondergeld, 2015). These gains in self-efficacy were attributed to imple-
mentation of constructivist instructional methods in the SSCs (Posnanski, 2007), such as
using activity-based curriculum, pedagogically oriented assignments, and having opportu-
nities to collaborate with both instructors and peers (McLoughlin & Dana, 1999). All of the
studies reviewed above report PSTs’ self-efficacy gains at the completion of the SCCs; there
were no longitudinal studies that studied PSTs’ self-efficacy as they taught in classrooms.

Need for follow-up classroom research of PSTs’ practice

Jenset (2018) reported overall thin evidence of the effects of teacher education coursework
due to the lack of longitudinal research on actual teaching practice. We identified only one
study (Etkina, 2010) evaluating the influence of SSCs on PSTs’ teaching practice in actual
classrooms. However, this study looked at teaching practices at a general level and did not
compare classroom lessons to topics taught in the SSCs, and PSTs were not interviewed to
capture a nuanced picture of the impact from the SSCs. By studying the impact of SSCs on
classroom teaching in a field practicum setting, the current study addresses these gaps. The
current study also is a response to calls for research on what aspects of science teacher
preparation matter in terms of PSTs perspectives and teaching practices (Wilson et al.,
2001; Zeichner, 2010).

Context

The current study was undertaken in a Norwegian five-year teacher education program for
primary and lower secondary school teachers (grade 5-10, ages 10-16). At the end of the
program, PST's earned an undergraduate and master’s degree. In each year of the program,
PSTs enrolled in specialized content courses for teachers in three subjects of choice. PSTs
chose one subject as their main subject. The program align with the Nordic teacher
education model due to its focus on teaching methods rather advanced CK in the subject.
PSTs do not earn a degree in a subject, but they complete a 45 ECTS master thesis in
teaching methods for the subject (European Credit Transfer and Accumulation System, 60
ECTS is equivalent to one-year full-time study). Alongside with their specialized content
courses, the PSTs completed courses in Pedagogy and Student Knowledge as well as
Research and Development in Education. These courses covered general pedagogical
knowledge, additional teaching methods, and educational research. Each year included
six weeks of mentored field practicum, approximately three weeks of full school days in
each of the fall and spring semesters. Some of the PSTs’ lessons would be on topics in which
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the PSTs had received instruction in the SSCs (aligned lessons), and some which they had
not (unaligned lessons). In the aligned lessons, topics aligned with main topics taught in
SSCs. This study focus on the contrast between aligned and unaligned lessons.

Participants

Jakob, Pia, and Tina (pseudonyms) were PSTs with an emphasis on science and they agreed
to participate in the study. They were assigned to two mentor teachers at the same lower
secondary school (grade 8-10), and they were able to teach at least one unaligned and one
aligned lesson. Another two PSTs mentored by the same mentor teachers were not able to
teach two such contrasting lessons and were omitted from the study. Table 1 shows the
characteristics of Jakob, Pia, and Tina and the unaligned and aligned lessons in this study.

Practica contexts: mentor teachers

Prior to school practica in the third year of the program, two mentor teachers were recruited
for the current study. These were invited because they each had 20+ years of teaching
experience, more than five years of experience mentoring PSTs, were enthusiastic about
school science, and agreed to facilitate opportunities for the PSTs to teach science during
their practicum. The mentor teachers were asked by the first author to organize school
practica so that every PST in their group would teach at least two 60-minute science lessons;
one aligned lesson and one unaligned lesson. Pia and Tina taught a grade 8 class with 25
students, while Jakob taught a grade 10 class with 21 students. Within the groups, the PSTs
cooperated in planning the lessons. The PSTs viewed the school culture as focused on
following the textbook in the same pace as parallel classes, rather than providing student-
centered and reform-oriented instruction. Pia and Tina were mentored by a male biologist
with additional teacher education. He was not involved in the PSTs’ lesson planning. After
the PSTs taught lessons, he gave feedback on CK rather than pedagogy. Jakob’s mentor
teacher was educated as science teachers and gave specific teaching recommendations for
his lesson plans, including the experiments to include.

Methods

This is an exploratory case study (Yin, 2014) of three PSTs who completed SSCs prior to
their teaching practicum. This qualitative design was appropriate, as one purpose of the
study was to identify themes for further investigation of classroom impact from SSCs. The
study also has characteristics of a descriptive case study as we describe the impact from SSCs
in the real-world context of classroom teaching (Yin, 2014). The case focuses on comparing
a PST’s lesson that was aligned with the topics in the SSC to a lesson that was not aligned.
The cases are bounded by the three PST's teaching of aligned and unaligned science lessons.
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Data collection

Stimulated recall interviews

The main data source was stimulated recall interviews (SRI). SRIs are suitable to reveal both
reflection-in-action and reflection-on-action (Meade & McMeniman, 1992). Through the
use of SRIs, we were able to gain insights into the PSTs’ rationale for their teaching practice
(Gess-Newsome, 2015; Henderson & Tallman, 2006). The first author observed the entire
60-minute lesson and took field notes as a secondary data source. SRIs were conducted
within a few hours after the lesson, in one case the following day. Pia and Tina were
interviewed after two aligned lessons. In these cases, we selected one of the two, the one with
clearest topical alignment with a prior SSC lesson. In the SRIs, the first author displayed
segments of video from the lesson to the PST. Based on researcher’s field notes, video
segments including the most significant instructional strategies enacted in the lesson were
selected. Due to time constraints, not every strategy enacted in the lessons was viewed, and
strategies for classroom management and communication with individual students were
not viewed. Based on the video, the PSTs were prompted to share thoughts from planning
and enactment of the instructional strategy. Follow-up questions from the researcher
included, “Why did you do this?” and “From where did you get knowledge of such
instruction?” A few general questions concluded the first of the two SRIs, e.g., “How has
your knowledge for science teaching changed throughout the teacher education program?”
Each interview lasted 45-55 minutes. SRIs were transcribed using QSR International’s
NVivo 12 Pro software (2019). The interviews, along with the corresponding audio of the
video-recordings of the lesson, were transcribed.

Lesson plans

The PSTs’ lesson plans included descriptions of the instructional strategies planned for the
lesson, and the PST’s short rationales for each strategy. Lesson plans were collected to get an
overview of the lesson structure and triangulate PSTs’ reflections shared in the SRIs.

Video recordings

The first author recorded the classroom teaching with a video camera and a microphone
carried by the PST. The camera overviewed the classroom, facing the PST. Before recording
in classrooms, we considered ethical aspects. All recorded persons provided informed
consent to participate. The study was conducted with approval from the Norwegian
Center for Research Data, project number 54397. The lesson plans and video recordings
were secondary data sources and served to triangulate the data.

Analysis

In the following, we explain the steps in analysis of the lesson plans, SRI transcripts, and
video recordings. With this analysis, we aimed to answer the first research question
describing any differences between aligned and unaligned lessons. First, SRI transcripts
were divided into instructional segments. Every instructional segment was defined by
enactment of a new instructional strategy, which was also discussed in the SRI. For example,
one segment included initiation of a specific whole-class discussion about the cause of the
seasons, while a second segment consisted of an explanation of a specific feature of the
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Table 2. Codes for classification of instructional strategies.

Codes Definitions Examples

Topic-specific Developed and/or adopted for a specific science topic
strategies

Topic-specific lllustrations, examples, models and analogies about  Presenting a model to explain the process of
representations specific science topics distillation

Topic-specific Tasks, demonstrations, simulations, inquiries and Students are engaged in distilling crude oil in
activities experiments about specific science topics the laboratory

Topic-specific Discussions of topic-specific issues Whole-class discussion on what components
discussions of plant cells are also found in animal cells

Science-specific ~ Suitable across science topics Students are assigned to write a standard lab
strategies report from an experiment

General Suitable across school subjects Students match concepts with correct
pedagogical definitions
strategies

model of the sun, earth and moon. The segmentation facilitated a focused analysis of
significant parts of the PSTs’ pedagogical reasoning. Next, data from lesson plans and
video recordings related to a specific instructional segment were added to the instructional
segment data. For example, from the lesson plan, an additional rationale for an enacted
instructional strategy was added to a specific instructional segment in the SRI transcript.

Second, we classified the enacted strategies as topic-specific, science-specific or general
pedagogical strategies using protocol coding (Miles et al., 2014). In the protocol coding we
used the subcodes topic-specific activities and topic-specific representations from the
Magnusson PCK model (Magnusson et al., 1999). Table 2 shows the codes with definitions
and examples of coding.

Third, we coded PSTs rationales for enacting instructional strategies. Rationale is
defined as the reasons PSTs gave for enacting an instructional strategy. PSTs usually
provided multiple rationales for enacting a single instructional strategy. We used provi-
sional coding (Miles et al., 2014) based on a starting list of assumed rationales, to which we
added emerging rationales. Rationales for PSTs” enactment of instructional strategies were
grouped in topic-specific PCK rationales, science-specific PCK rationales, and general PK
rationales. Table 3 shows the rationales with definitions and examples. The codebook was
revised, and the material was re-coded several times until 100% agreement was reached
between the authors.

Fourth, sources of PCK and PCK integrations were analyzed using causation coding
(Miles et al., 2014). PCK integration refers to teachers simultaneously drawing on multiple
components of PCK in planning and enactment of instruction. We focused on integration
of knowledge of students’ understanding of science and knowledge of instructional strate-
gies. This is the most central and frequently occurring PCK integration, critical to teacher
knowledge development (Akin & Uzuntiryaki-Kondakci, 2018; Park & Chen, 2012; van
Driel et al., 2014). In this analysis, we used causation coding (Miles et al., 2014), as we
extracted not just what happened, but which sources caused the PST's to enact instructional
strategies the way they did. For example, in her aligned lesson Tina engaged students in an
activity where they used a flashlight and a white ball in a darkened room to demonstrate
moon phases. In the following SRI, she referred to experience with this instructional
strategy in a SSC lesson as the source for her use of it. When in doubt about the analysis,
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we contacted the PST and asked for elaborated responses on the specific issue. Later, we did
a member check where participating PSTs commented on interpretations in this manu-
script. Overall, the PSTs agreed with the findings.

To answer the second research question about the PSTs’ perceptions of how they drew
upon SSCs experiences in their instruction, we analyzed responses to the general question
concluding the first SRI and other relevant PST statements. We did a cross-case analysis to
identify themes representing how PST's benefited from SSCs in their classroom teaching.
Codes were defined inductively from reading the transcripts (e.g., the participants stated
their self-efficacy for science teaching increased through SSCs) and deductively from the
PCK components (Magnusson et al., 1999). In line with Menon and Sadler (2016), we refer
to self-efficacy as a person’s belief that his/her actions will produce desired outcomes, and
confidence to execute these actions leading to achievement of the desired goal. Self-efficacy
for science teaching was included in the codes as PST's talked about how SSCs facilitated this,
while knowledge of topic-specific instructional strategies was one of the codes from literature,
defined as knowledge of instructional strategies developed and/or adopted for a specific
science topic. With the cross-case analysis, we identified themes of SSCs” impact on class-
room teaching across the cases.

Results

RQ1 : In three Norwegian science PSTs’ practica in lower secondary school, what were the
differences, if any, between lessons aligned and unaligned with specialized science courses?

We present three assertions across the cases, with reference to data from the three PSTs’
lessons.

Assertion 1: In the aligned lessons, PSTs enacted more science- and topic-specific strategies.

When comparing unaligned and aligned lessons, we found that topic-specific strategies
were enacted more often in the aligned lessons, and science-specific strategies were only
used in aligned lessons (Figure 2).

In a majority of the instructional segments, especially in aligned lessons, PSTs drew on
their PCK to enact science- or topic-specific strategies. Ninety-four percent (16 of 17) of
instructional strategies in aligned lessons were science- or topic-specific strategies, com-
pared to 80% (16 of 20) of strategies in unaligned lessons. Differences among individual
PSTs were small. Pia and Tina enacted more topic-specific strategies and Jakob enacted
more science-specific strategies in the aligned lessons. In Tina’s aligned lesson on moon
phases and seasons, all strategies in the instructional segments were topic-specific. She
introduced the lesson with a topic-specific whole class discussion on the causes of seasons
on earth. She used a Tellurium, a physical model of the sun, earth and moon, to explain
seasons. She also used another topic-specific representation, a video explaining how moon
phases occur. Later, students were engaged in a topic-specific activity as they used
a flashlight and a white ball in a darkened room to demonstrate moon phases. In Pia’s
aligned astronomy lesson, she enacted a topic-specific discussion about why some stars
appear to be brighter than others. In his aligned lesson on oil, Jakob had students do an
experiment with distillation of crude oil, which is a topic-specific activity. Afterward, he had
students write a formal lab report as homework which is a science-specific strategy.
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Figure 2. Instructional strategies in percentages of strategies reviewed in SRIs. Number of strategies in
parentheses.

General pedagogical strategies were used slightly more often in unaligned lessons, four
times in unaligned lessons compared to once in aligned lessons. One example was Pia
assigning students to do textbook tasks such as answering the key questions at the end of the
textbook chapter. In Jakob’s unaligned lesson on alcohols, he had students make posters
summarizing the flame-color experiment, which is a general pedagogical strategy, suitable
across subjects.

Assertion 2: In the aligned lessons, the PSTs used more topic- and science-specific PCK
rationales for their instructional decisions.

In their lesson plans and during the SRIs, the PSTs provided rationales for the instruc-
tional strategies they enacted in their lessons. In the aligned lessons, the rationales were
more often grounded in PCK (Figure 3). Three groups of rationales emerged: topic-specific
PCK rationales, science-specific PCK rationales, and PK rationales. Topic-specific PCK
rationales included PSTs enacting instructional strategies to build on students’ prior science
knowledge, focusing on key aspects of the topic, or addressing misconceptions. For exam-
ple, in Tina’s rationale for using a Tellurium in her aligned lesson, she emphasized she
wanted to address the misconception of seasons being caused by earth’s distance from the
sun. Science-specific PCK rationales included PSTs enacting instructional strategies to use
scientific models or to engage students in inquiry. For example, in her aligned lesson, Tina
emphasized the importance of students getting to experience the phenomena of moon
phases in her rationale for using an activity with flashlights and white balls. PK rationales
included PSTs enacting instructional strategies to engage students, add variation to the
instruction, make use of technology, or to follow the curriculum or mentor teacher’s advice.
An example of a PK rationale was found in Pia’s reasoning for her use of a topic-specific
activity in her unaligned lesson where students drew an animal cell and put names on the
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Figure 3. Rationales for enacting instructional strategies in percentages of strategies reviewed in SRlIs.
Number of rationales in parentheses.

components. Pia emphasized the usefulness of every student having to think through what
they had learned about the animal cell by drawing and labeling, and thereby engaging all the
students.

Topic-specific rationales were described in the greatest frequency, and increased from
43% of rationales in unaligned lessons to 54% of rationales in aligned lessons. Within the
topic-specific rationales, focusing on key aspects and addressing misconceptions increased
the most from unaligned to aligned lessons. As PSTs were more aware of the key aspects and
misconceptions in the topics which was taught in SSCs, they designed their aligned lessons
to address those key aspects and challenge misconceptions. For example, in her aligned
lesson, Tina used a video to address a common misconception that we have a full moon
when the moon is on the other side of earth. The PSTs’ focus on misconceptions indicate
that their instructional decisions were more firmly grounded in PCK (i.e., knowledge of
common misconceptions in a topic and knowledge of topic-specific instructional strategies)
in the lessons when the topic was previously taught in a SSC.

Differences were noted among the PSTs; Pia and Tina showed a greater percentage of
PCK rationales in their aligned lessons in comparison to their unaligned lessons. For
example, Pia emphasized variation as a PK rationale for using a video on metabolism in
plants and animals in her unaligned lesson; she stated: “You got things explained in
a different way ... . variation pretty much.” In her aligned lesson on astronomy, she used
another video about distances in space. This time, she emphasized, “It is important to
understand distances in space” as a topic-specific PCK rationale for using the specific video.

Jakob’s teaching showed the opposite development. He had a slightly higher use of PK
rationales in his aligned lesson. This indicates that lessons aligned with SSC topics made
a greater difference for Pia and Tina’s instruction than for Jakob’s. Although, the difference
could be attributed to the restrictions set by Jakob’s mentor teacher. In his aligned lesson on
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oil, he had students distill crude oil. He explained his choice of strategy, “The experiment
was scheduled. We were to do a distillation. I managed to fight through this that we did this
with real oil.” The primary reason he enacted this topic-specific activity was the curriculum
and the mentor teacher’s directive (PK rationale). Although, he modified the investigation
by borrowing crude oil from the SSC instructor at the university instead of distilling Coke as
described in the curriculum (Topic-specific rationale).

Assertion 3: Instructional strategies in the aligned lessons were more often informed by
knowledge of students’ understanding of the topic.

In SRIs and lesson plans, we identified the instructional segments that included integra-
tion of knowledge of students’ understanding of science and knowledge of instructional
strategies, two central components of PCK (Park & Chen, 2012). Such integration occurred
more often in aligned lessons, as PSTs’ knowledge of students was more likely to inform
their instruction. In contrast, instructional strategies in unaligned lessons were less often
informed by PSTs’ knowledge of students’ understanding of the specific topic (Figure 4).

For example, topic-specific activities were more often informed by knowledge of students
in aligned compared to unaligned lessons. Both Pia and Tina asked their students to draw
representations of the topic but differed in their use of knowledge of students’ under-
standing of science. In Pia’s unaligned lesson she did not ground the task of drawing an
animal cell in her knowledge of students’ understanding of animal cells. In Tina’s aligned
lesson, the task of drawing an illustration of seasons on earth was clearly informed by her
knowledge of students’ understanding of space. She knew that students” drawings would
have the potential to expose students’ disregard of the earth’s tilt as the explanation of
seasons. In aligned lessons, topic-specific representations were also more often informed by
knowledge of students’ understanding of the topic. Jakob introduced both his unaligned
and aligned lessons with lectures. In the unaligned lesson about alcohols, he lectured on
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Figure 4. Knowledge of students informed instruction, in percentages of instructional segments. Number
of segments in parentheses.
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alcohols as a functional group on hydrocarbon chains. This choice was made without
referring to his students’ prior knowledge, and the segment did not include integration of
knowledge of students’ understanding of science and knowledge of instructional strategies.
In contrast, such integration was evident in the first segment in his aligned lesson, where the
opening lecture was grounded in students’ prior knowledge of the topic. He designed the
lecture to build on students’ prior knowledge of oil, and he addressed a misconception
about distillation towers becoming cooler toward the top.

For Pia and Tina, we also see the contrasting integration at the lesson level. During
planning of their unaligned lessons about animal cells and oxygenation, they drew on prior
knowledge from high school biology, practitioner literature, and the student textbook.
Although this led to reasonable structuring of the lessons, the PSTs had limited support
for planning student-centered instruction. In contrast, Pia’s and Tina’s aligned lessons on
astronomy were based on their knowledge of students’ understanding of the topic. Their
decisions were grounded in knowledge of what aspects of the topic were central, though
difficult to understand for students, and common misconceptions held by students. Much
of this knowledge was drawn from SSC lectures and course readings. We did not see
a contrast on the lesson level of Jakob’s lessons. Both his unaligned and aligned lessons
were built around laboratory experiments scheduled by the mentor teacher.

RQ2 : What were these PSTs’ perceptions of how they drew upon specialized science
courses?

The PSTs highlighted SSCs as an important influence in developing their knowledge and
skills for teaching science. First, this was visible in PSTs’ references to sources when reflecting
on instructional segments in the SRIs. Fifteen of a total of 26 references to instructional
strategies, knowledge of students, and integrations of these PCK components were related
back to the PSTs” SSC experiences. Topic-specific instructional strategies, in particular, were
drawn from SSCs. In the SRIs, there were ten occurrences where PSTs referred to SSCs as
a source of topic-specific instructional strategies or integrations of such strategies with knowl-
edge of students. The other sources were mentioned only two or three times each: student
textbook, mentor teacher, peer PSTs, university courses other than SSCs, and personal
learning experiences. Second, when looking at PSTs’ responses to the general SRI questions
related to the development of their science teaching knowledge, we found that SSCs were
valued as sources of relevant CK, PCK, and self-efficacy in teaching science. Within PCK, the
components most frequently discussed were knowledge of students” understanding of science,
topic-specific instructional strategies, and science-specific instructional strategies. In the
following sections, we give more detail on each of these aspects.

Relevant CK

The PSTs drew on CK from SSCs in their aligned lessons. For example, Tina learned
about moon phases in a SSC astronomy lesson two years earlier, when she took part
in a demonstration of the phenomena. In Tina’s perception, CK learning through
engagement in practical strategies enhanced her science CK. Pia also discussed ways
that SSCs increased her learning of science CK. She expressed that the most useful
lessons in SSCs were limited to the content level of the students they were learning
to teach (age 10-16), and not focused on “knowing very much advanced physics and
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chemistry which I think we have focused a lot on but which I, at least until now,
have had no use for.” Through the first three years in the teacher education program,
she had not seen the value of learning CK beyond what her future students were to
learn. For example, the topic of stars’ lives was taught in a first year SSC. When Pia
taught this topic in her aligned lesson, she viewed the CK and PCK from this SSC
lesson as less useful, since it was taught with a fairly high level of detail. She made
more use of the students’ textbook and online videos in planning the lesson. Pia
thought she benefited little from advanced CK in SSCs. Pia provided an example of
the kind of instruction she benefited from: “Like ‘let’s learn about transitions
between states of matter.” And we had the same illustration as they [school kids]
have in their textbook and we learned how we can work with it in a practical way.”
In Pia’s opinion, the useful components of the SSCs were those directly applicable to
the science content level of the classrooms she was preparing to teach.

Knowledge of students’ understanding of science

For Pia and Tina, knowledge of lower secondary students gained from SSCs played a critical
role in the design of their aligned lessons on astronomy. A SSC instructor had highlighted
a book chapter that stated astronomy is a topic that is often interesting for both genders.
This knowledge, accompanied with knowledge of common misconceptions about the
universe, guided their lesson design. Pia read about student misconceptions on why we
have seasons in SSC literature, which greatly informed her lesson design. She stated, “Many
science textbooks state that 15-year-olds do not understand why we have seasons. They
believe it is about us being closer to or further from the sun, and not that it is the angle.”
Tina had also participated in an SSC activity challenging her own misconception of the
cause of seasons. She stated, “That is a typical misconception. I could agree with that
[misconception] too if it was not illustrated to me.” This shows that a SSC focus on student
misconceptions also improved the PSTs’ own CK. Tina clearly stated what difference SSCs
made to her knowledge for teaching when reflecting upon her unaligned lesson on animal
cells, “Some topics are well presented to us and some are not. We have talked about student
misconceptions in almost everything we went through [in SSCs]. In this [animal cells], we
have not received instruction, and therefore nothing about misconceptions.” Here, she
emphasized the value of discussing common student misconceptions in SSCs as a major
component that made a difference to her professional development.

Knowledge of topic-specific instructional strategies

Several of the instructional strategies enacted in PSTs’ aligned lessons were drawn from SSCs.
For example, Jakob learned how to distill crude oil from his SSC instructor. This included
knowledge about safety issues related to the specific experiment: “The only risk here was getting
hot oil over oneself. The temperature would be too high in the first distillation, but the second
could be a little bit high.” Pia and Tina’s aligned lessons were largely built on knowledge of topic-
specific strategies from SSCs. Pia used her notes from SSC lessons about stars as a rationale for
emphasizing the fusion of hydrogen to become helium in her instruction on the birth of stars.
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For Tina, two of the main strategies in her lesson on moon phases and seasons were from a SSC
astronomy lesson. She used a moon phase demonstration that was shown in a SSC. She also used
a Tellurium, a model of the sun, moon, and earth, about which she stated:

It’s an extremely funny thing. I was so fascinated when we had that in teacher education. You get
it so clear and visual without having to show a video where you afterwards must explain what
happened. Because films often require a recap or summary. We can talk while looking at this.

The PSTs readily made use of the instructional strategies for specific topics that they
experienced in SSC lessons.

Knowledge of science-specific instructional strategies

In both aligned and unaligned lessons, the PSTs benefited from knowledge of instructional
strategies from SSCs. Such knowledge was transferred across science topics. PSTs benefited
from use of models, practical work, and inquiry implemented as a way of learning in SSCs,
and not just presented as a toolbox for future use in classrooms. Jakob stated that practical
work in SSCs made the greatest impact on his knowledge for teaching science. He stated:

I have understood a lot more about how to perform practical work, which kinds of practical
work there are, and the importance of doing and focusing on the work afterwards. That the
final part is where students learn. Earlier, I did not know the importance of that part. And
through the program we have actually seen various kinds of practical work.

As shown in this example, SSCs facilitated PSTs in selecting instructional strategies suitable
across science topics.

Self-efficacy for science teaching

PSTs perceived that the SSCs gave them increased self-efficacy for teaching science which was
related to learning CK and PCK. Conversely, the participants described a lack of confidence in
teaching topics not covered by prior SSCs, particularly if they had no experience with the topic
since their own compulsory school. Despite spending hours researching and learning about
hydrocarbons and alcohols before teaching his unaligned lesson, Jakob stated “I do not feel
that I am much ahead of students in this topic [alcohols] . . . I miss the certainty. . .. Since I am
uncertain, I am influenced toward following the textbook.” Jakob’s lack of CK restricted his
ability to deliver a pedagogically sound lesson about alcohols. In the SRI reflecting on her
unaligned lesson on animal cells, Pia stated: “I feel seen through because I am very conscious
that I am not confident in this. I never had biology myself. Last time I learned this was when
I had their [students’] textbook myself at school.” On the positive side, experience with
laboratory experiments from SSCs increased Jakob’s self-efficacy in carrying out experiments
in his aligned and unaligned lessons. He stated: “We did quite a lot of laboratory stuft in
teacher education. So, one become more confident at the lab.” Self-efficacy was partly
transferred to new topics, but also gained as knowledge and experience accumulated through-
out the teacher education experience. Despite uncertainty on the topic in his unaligned lesson,
Jakob stated, “I have got more self-confidence in teaching. If this was the first year, I would
have been more nervous.” Jakob felt that the combination of SSCs and school practica helped
him develop his self-efficacy as a science teacher.
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Lastly, PSTs’ self-efficacy was evident during observations of the lessons. Jakob enacted
experiments in both lessons, as suggested by his mentor teacher. In the unaligned lesson, he
had students burn alcohols and observe differences in flame color, although he thought the
experiment was of little relevance to the topic at hand. In his aligned lesson, he had enough
confidence to replace the suggested distilling of Coke with the more relevant distilling of
crude oil. In Tina’s aligned lesson, she got a question about whether the South Pole gets
midnight sun or not. She did not know the answer, but instead of turning to her peer PSTs
and mentor teacher for answers (as she had in the unaligned lesson), she carried out a quick
inquiry using the Tellurium. She did not arrive at a final answer to the question but, based
on observations, she appeared more confident in exploring the question in comparison to
a student question she had in her unaligned lesson. This indicates that SSCs may contribute
to PSTs’ self-efficacy for exploring questions rather than quickly giving a correct answer.

Discussion

In this study, we look at the effects of SSCs up to two years later as three PSTs plan and teach
lessons in their practica. Through the comparison of aligned and unaligned lessons, we show
how SSCs had an impact on the PSTs” science teaching practice and perceptions of self-
efficacy. This study contributes to the literature as earlier SSC-related studies were limited to
showing CK and self-efficacy gains based on tests and interviews conducted at the end of
a SSC. One exception is Etkina (2010), who followed PSTs into classrooms after they
completed SSCs, and reported an increased ability to notice students’ understandings and
engage them in active learning of physics. However, Etkina (2010) did not compare the
teachers’ SSC-aligned lessons with unaligned lessons, as we did in the current study. From our
comparisons, we add to her findings of the impact from SSCs; PSTs enacted more instruc-
tional strategies that were informed by knowledge of students’ understandings in lessons
aligned with SSC lessons. Further, we extend her work by adding nuance to research on
classroom impact from SSCs. Through video recordings, lesson plans, and SRIs with PSTs, we
identified they used more instructional strategies and rationales based on science- and topic-
specific PCK in lessons aligned with SSCs compared to the unaligned lessons. Lastly, our study
contributes PSTs’ perceptions on how they drew on SSCs in their teaching practice. In
summary, our study addresses a knowledge gap about whether and how PSTs use what they
learn in teacher education in classrooms (Cochran-Smith & Villegas, 2016; Jenset, 2018).
The study also responds to the call for research on how science PCK develops and trans-
forms in classroom practice (Alonzo et al., 2012). From our study, we identified the transfor-
mation of collective PCK from SSCs, via PSTs development of their own personal PCK, to
enactment in classrooms. This transformation represents the potential of SSCs supporting
PSTs in connecting theory and practice—a major challenge in teacher development
(Grossman et al., 2009; Thompson et al., 2013). The clearest connections were from SSC
lessons where course instructors went into depth discussing PCK for teaching specific topics
for grade 5-10 classrooms, including a focus on students’ understanding of the topic and
modeling of student-centered instructional strategies. In SSCs, PSTs became aware of com-
mon misconceptions and strategies to challenge these misconceptions. Consequently, some of
the aligned school practicum lessons were designed to address specific students’ misconcep-
tions. Pia and Tina’s reasoning for their lessons on space are clear examples of the impact SSCs
can have on teaching and learning. In a SSC, Pia and Tina learned about common
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misconceptions related to space. They used this information as they designed and taught their
lessons. Such responsive teaching is known to be challenging for PSTs (Sun & van Es, 2015).
The contrast between unaligned and aligned lessons indicates that building on students’ prior
knowledge was influenced by SSC experiences. The identified differences in mentor teacher
advice seemed to be of secondary importance for the PSTs’ practice. Our findings also add to
PCK integration literature as we show that SSCs can support PSTs in adapting instruction
based on student ideas. While all three PST's used more reform-oriented teaching practices in
their aligned lessons, SSCs made a greater difference in Pia and Tina’s teaching. This could be
explained by Jakob’s mentor teacher’s recommendations for both his unaligned and aligned
lesson. In stimulated recall interviews, Jakob explained how he would have designed the
lessons from his own personal PCK if not constrained by the mentor teacher.

Beyond describing their rationale for their instruction, PSTs shared perceptions on how
their instruction was supported by SSCs. All three of them stated that SSCs made an impact
on their teaching. PSTs mentioned learning CK in SSCs as useful, but they emphasized their
PCK learning. They highlighted opportunities to learn PCK from SSC instructors teaching
science content at the level of the students they planned to teach (grade 5-10). This finding
responds to calls that teacher education should be oriented toward classroom practice
(Cochran-Smith & Villegas, 2016; Darling-Hammond et al., 2017; Menon & Sadler, 2016).

Our findings indicate that developing teachers’ self-efficacy for teaching science is
possible through SSCs. The PSTs reported and demonstrated a higher self-efficacy in
science teaching as a result of SSC experiences. Jakob, while constrained in his enactment
of PCK by specific recommendations from his mentor teacher, was the PST with the
strongest statements on SSCs strengthening his self-efficacy. He highlighted inquiry-based
teaching in SSCs as beneficial to his self-efficacy for teaching science. His competency and
self-efficacy for leading lab sessions was transferred across topics. Menon and Sadler (2016)
highlighted the importance of gaining self-efficacy early in teacher education programs and
also found PST’s increased self-efficacy at the end of a physics SSC. In the current study, we
added to this knowledge as we explored how alignment between SSCs and school practica
helped PSTs increase their self-efficacy for science teaching.

Limitations

Findings from the current study cannot be generalized, as it is a case study with a limited
number of three participants. We originally planned to have a larger number of partici-
pants, but in the end, only three participants taught both an aligned and unaligned lesson.
Although the data was rich and from multiple sources, the study is also limited to the
comparison of one aligned and one unaligned lesson taught in the practicum. Also, the two
mentor teachers differed in their input on the lesson plans and their feedback on the PSTs’
teaching, as described in the context section.

Conclusion

The current study adds to the scant research base on the impact of SSCs on classroom
teaching as we have found these courses contribute to the development of PSTs” knowledge
and practices for science teaching. In the SSCs, the PSTs benefited from learning CK while
engaging in reform-oriented strategies. Based on what we observed in classrooms, PSTs’
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reflections from SRIs, and their own perceptions, we conclude that SSCs can support more
integrated PCK found to support students in learning (Coetzee et al., 2020; Kirschner et al.,
2015). The study shows the process of connecting theory and practice as the three partici-
pating PSTs’ transformed collective PCK from SSCs to their own personal PCK and enacted
PCK in their practica. We show some ways SSCs support PSTs not only in learning about
science and science teaching, but also enacting teaching practices. This is a needed compe-
tency (Grossman et al., 2009; Thompson et al, 2013), and Nordic teacher education
programs have the potential to better support this linking of theory and practice with
their use of SSCs (Rasmussen & Dorf, 2010).

Implications for research and practice

The current exploratory case study has the potential to stimulate research interest in SSCs
for teachers. More studies are needed using larger numbers of PSTs, a greater number of
observed lessons, and a wider variety of classroom contexts and mentor teachers. These
studies should aim to see if PCK is transferred from aligned topics to new topics.
Furthermore, the specific designs of different SSCs should be studied to understand their
impact. In this study, we found that SSC lessons aligned with the target grade level were
valued more highly by the PSTs. Finally, longitudinal studies tracing experiences from SSCs
into the beginning years of teaching are needed. We are aware of the additional resources
required to develop and teach SSCs. However, SSCs appear to be a good investment in
teacher education as this exploratory study shows that SSCs make a difference in supporting
PSTs learning to teach.
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