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1 Introduction

The well-worn classroom question, “Why do I need to learn this?”, is one
that teachers of all subjects encounter regularly. Yet, within science teacher
education, an equally crucial but less frequently asked question emerges:
“Why should I teach this?” In science education, this seemingly simple but
deeply complex question opens the door to further questions: What content
should be prioritized? How should it be taught? And, perhaps most im-
portantly, what purposes should guide science teaching? I was recently re-
minded of these questions in a very concrete way. A colleague and friend who
is an academic educating various student groups, including future science
teachers, once shared a picture of himself in a rain coat and boots standing on
ground looking as if it was about to flood. It was accompanied by a humorous
complaint about the unusually heavy rain in July: “Where is global warming
when you need it?” At first, I laughed at the sarcasm, but then I realized that
the excessive rainfall was itself a sign of global warming, climate change man-
ifesting in the form of unusually heavy precipitation. What I initially inter-
preted as a harmless joke worried me as a teacher and teacher educator. It was
a reminder of the urgent realities that must be taken seriously in society as
well as education. If even highly knowledgeable science educators can slip
into treating such phenomena lightly, the question of how scientific
knowledge is understood and made relevant in teacher education becomes
even more pressing.

This thesis takes the question of “Why should I teach this?” as a point of
departure, concentrating on the aims of teaching science within the context of
science teacher education. Although this question is posed in relation to
teacher preparation, one must consider broader debates about the purposes of
school science. How future teachers perceive what is worth teaching is inevi-
tably related to how science education itself is justified and framed. Scholars
have long debated the purposes of science education, offering various ration-
ales. One emphasizes equipping young people with scientific ways of thinking
and reasoning (Rudolph, 2022). Another stresses preparing students to act as
informed citizens and critical consumers of scientific knowledge in both per-
sonal and public decision-making (Osborne, 2023). A third perspective high-
lights science as central to humanity’s intellectual and cultural heritage, to
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which students are rightful heirs (Kind & Osborne, 2017). Finally, a utilitarian
argument points to the role of scientific knowledge as the basis for future sci-
entific careers and as a driver of innovation and economic growth (NRC,
2012). Together, these arguments reflect the diversity of aims attributed to
science education, but they also reveal ongoing tensions about what content
should be prioritized and how it should be taught.

One widely shared response to these questions has been the concept of
scientific literacy. In general terms, scientific literacy stands for “what the
general public ought to know about science” (Durant, 1993, p. 129). Since
the early 20th century, scholars have emphasized scientific literacy as the cen-
tral aim of science education, although its definition remains contested
(Bybee, 1997; Hurd, 1958; Laugksch & Spargo, 1996; Roberts, 2007;
Sjostrom, 2025). Different visions of scientific literacy have been articulated:
some stress on knowledge of scientific concepts and practices, others the ca-
pacity to apply science to socio-scientific issues, and still others critical re-
flection on the nature and role of science in society (Roberts & Bybee, 2014).
Nevertheless, even today, there is no consensus on what one should know
about science to be considered as scientifically literate. Instead, what scientific
literacy entails varies across contexts and traditions. Despite this plurality, the
overarching agreement is that fostering scientific literacy is essential for pre-
paring individuals to navigate a world increasingly shaped by science and
technology.

This thesis does not try to find a single answer for what science education
is for but instead investigates what it means for science teacher education,
more specifically, elementary science teacher education practice that remains
relatively underexplored in research. Within this landscape, science teacher
education occupies a central role. Stakeholders in teacher education ranging
from teacher educators to policy makers share responsibility for preparing pre-
service teachers to enact the aims of science education in practice. Research
has long highlighted that the science content and pedagogical approaches of-
fered in teacher education programs shape the preparation of pre-service
teachers (Abell & Roth, 1992; Herman et al., 2013). Importantly, pre-service
teachers’ perspectives on science education directly influence their future
teaching practices (e.g., Kapict & Ilhan, 2016). Thus, teacher education pro-
grams provide an important space in which such perspectives are developed.

Scientific literacy constitutes a particularly crucial dimension of these per-
spectives due to the aforementioned purposes of science education and thus
science teacher education. For pre-service science teachers, scientific literacy
informs both the choice of content and the pedagogical strategies, in other
words, the subject didactics, that they adopt in classrooms. Developing self-
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efficacy in their own scientific literacy during teacher education is vital for
enabling teachers to communicate science effectively to students (Al Sultan et
al., 2018). More broadly, the goal of cultivating a scientifically literate society
permeates the discourse of science education (Osborne, 2023). Teachers are
positioned as central actors in achieving this goal, as they are the ones who
ultimately translate broad educational aims into everyday classroom practices
(Kiernan & Lotter, 2019). Consequently, the perspectives pre-service teachers
form during their education might be a good indicator of not only what they
will teach but also how they will foster scientific literacy in their classrooms.

In addition, the role of teacher education curricula in guiding these per-
spectives should be considered equally significant. While pre-service teachers
enter teacher education with prior experiences and implicit beliefs about sci-
ence and teaching that influence their learning during teacher education and
their plans to teach in the future (Kazempour & Sadler, 2015; Tosun, 2000),
the curricula structure the kinds of questions that are made visible, legitimate,
and discussable during their training. Curricula that explicitly foreground the
aims of science education, such as scientific literacy, play a critical role in
preparing teachers to support similar goals in their future classrooms (Exley
& Luke, 2009; Yore & Treagust, 2006). Importantly, these curricula are not
created in isolation; rather, they are situated in wider cultural, political, and
economic contexts that influence not only what counts important but also how
the aims of science education are defined and enacted (Coll & Taylor, 2019).
Pre-service teachers’ perspectives, therefore, cannot be understood solely as
the outcomes of individual reflection alone but must be viewed as products of
the larger educational and societal frameworks in which teacher education is
embedded.

At the same time, research in science teacher education has identified per-
sistent challenges in preparing pre-service teachers to foster scientific literacy.
One recurring issue is the theory-practice gap, in which the principles empha-
sized in teacher education are not always translated into classroom realities or
learning during teacher education (Nuthall, 2004; Phillips & Condy, 2023).
Dragos and Mih (2015) pointed out the theory-practice gap in their study of
science teachers. They found that even though science teachers described their
teaching as focusing on teaching scientific skills, they did so in terms of the
content of individual science subjects. Another challenge relating to the gap
is the disconnect between the expectations placed on future teachers and the
content and structure of the programs they attend (e.g., Streller & Bolte, 2018).
Moreover, studies have indicated that pre-service teachers often demonstrate
limited or inadequate conceptual understanding of scientific literacy itself,
which can hinder their ability to enact it in practice (Al Sultan, 2016; Al Sultan
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etal., 2021; Altun-Yalgin et al., 2011). Some of these challenges become even
more obvious in the case of elementary science teacher education. For in-
stance, Bacanak and Gokdere (2009) found that pre-service teachers' scientific
literacy levels were either close to or lower than those of elementary students.
This known gap in elementary science education has mostly been attributed
to lack of science content preparedness and corresponding pedagogical prac-
tices at the elementary level of teacher education (Davis & Haverly, 2022;
Johnson & Dabney, 2018). Elementary science teacher education is a rela-
tively under explored field and there is a need to better understand the current
situation of elementary teachers in order to respond to their needs (Weinburgh,
2025). It is important to note the importance of investigating how scientific
literacy is addressed in science teacher education, both through curricula and
from the perspectives of pre-service teachers. Because scientific literacy is a
contested and context-dependent concept (Hansson, 2013; Laugksch, 2000),
investigating how it is addressed in teacher education requires attention to
these broader frameworks. What counts as “scientifically literate” in one set-
ting may not hold the same meaning in another, as national priorities and so-
cietal values shape curricular emphases and teaching practices. In some con-
texts, scientific literacy is linked to economic growth and innovation agendas,
while in others it is tied more closely to democratic participation, sustainabil-
ity, or equity (Fensham, 2008; Schreiner & Sjeberg, 2007). Scandinavian
countries, for example, often integrate environmental and sustainability con-
cerns into science education, reflecting broader commitments to ecology, cit-
izenship, and social responsibility (Lidar et al. 2018; Sjeberg, 2002). Such
orientations are mirrored in teacher education curricula, where they influence
both the content emphasized and the perspectives that pre-service teachers de-
velop.

Cross-cultural research is particularly beneficial in revealing different ap-
proaches to scientific literacy in different contexts. Within this field, a distinc-
tion can be made between comparative education and comparative didactics.
Comparative education primarily examines educational systems, institutions,
and policies across national contexts (Almgqvist et al., 2023). Comparative di-
dactics is more specifically concerned with teaching and learning in relation
to specific curricular contents and subjects. It does not primarily compare
schooling processes or evaluate their effectiveness (Ligozat et al., 2015) as the
field of comparative education may do. Rather, didactics refers to research on
how knowledge is selected, structured, and transformed in educational set-
tings, and how relationships between teachers, students, and content are con-
stituted within particular cultural and institutional traditions (Almqvist et al.,
2023; Ligozat et al., 2015). In other words, comparative didactics emphasizes
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that the aforementioned relationships among the teacher, content, and students
are not universal, but they vary significantly depending on the context. Differ-
ences across contexts are thus understood as variations in how content and
teaching are framed and enacted. This research is situated within a compara-
tive didactic field as it investigates scientific literacy mostly in relation to
teaching, the learner, and the subject.

To sum up, the interconnections among pre-service teachers’ perspec-
tives, the curricula that shape their preparation, and the broader cultural and
political contexts in which they are situated underline the need to examine
science teacher education in relation to scientific literacy. These dimensions
are not isolated but intertwined, and they reveal how the aims of science edu-
cation are defined, enacted, and negotiated differently across settings. A cross-
cultural perspective, therefore, provides a way to illuminate how scientific lit-
eracy is conceptualized and constituted in teacher education, revealing the dif-
ferent approaches that might otherwise remain unnoticed.

This thesis investigates scientific literacy in elementary science teacher
education through comparing of pre-service teachers’ perspectives and the
curricula that guide their preparation in Sweden and Tiirkiye. The two coun-
tries differ in areas such as teacher education program structures, national
goals, economic conditions, educational traditions, and societal priorities. For
example, different aims of science education also shape teacher education pro-
grams as the teachers are trained to foster the stated aim. In Sweden the over-
arching aim of science education for students in the Swedish curriculum was
identified as “socialize them into a scientific way of thinking or into a future
career in the science field” (Knekta et al., 2022, p.58). In Tiirkiye, the aim of
science education is explicitly “to ensure that all individuals become scientif-
ically literate” (MEB, 2018, p.8). The aims are formulated rather broad and
differently, thus, approach to scientific literacy in teacher education might
vary. A detailed comparison of how scientific literacy is positioned and con-
stituted within science teacher education and what it might mean for the future
teaching practices of pre-service science teachers in different contexts provide
a nuanced insight into science teacher education.

1.1 Aims and contributions

The overarching aim of this thesis is to investigate how scientific literacy
is constituted in elementary science teacher education. To pursue this aim, the
following overarching research questions guide the thesis:
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RQ1: How is scientific literacy perceived in science teacher education?

- How do pre-service science teachers articulate their perspectives on
scientific literacy as pertaining to their future science teaching prac-
tices? (Studies I and II)

- How do these perspectives relate to the content and methods offered
in the science course in the teacher education programs and to the stu-
dents’ planning of teaching for scientific literacy? (Studies I and II)

RQ2: What are the similarities and differences between Swedish and
Turkish science teacher education in relation to scientific literacy?
- What are the similarities and differences in scientific literacy perspec-
tives of pre-service science teachers from Sweden and Tiirkiye on sci-
ence education? Study (II)
- What are the similarities and differences of conceptualization of sci-
entific literacy between Turkish and Swedish science teacher education
documents? (Study III)

This thesis contributes to the field of science education research by
providing a nuanced account of how scientific literacy is constituted in ele-
mentary science teacher education. By combining analyses of pre-service
teachers’ perspectives with examinations of science teacher education curric-
ula, it offers an integrated view of how the aims of science education are un-
derstood and enacted within teacher education. The comparative design, fo-
cusing on Sweden and Tiirkiye, highlights how similarities and differences
across educational contexts can be nuanced in the context-dependent nature
of scientific literacy in teacher education.

The contribution of the thesis is both empirical and conceptual. Empiri-
cally, it brings together data from pre-service science teachers and curricula
in two contrasting national contexts, offering detailed descriptions of how sci-
entific literacy is framed in teacher education and how it relates to pre-service
teachers’ planning of their future teaching. Such a combined approach pro-
vides diverse evidence that has rarely been presented side by side, thereby
enriching the knowledge of how teacher education prepares future teachers to
foster scientific literacy (cf. Abell & Roth, 1992; Herman et al., 2013). Con-
ceptually, the thesis contributes by positioning scientific literacy as a multi-
faceted and context-dependent goal, rather than a singular or universal con-
struct (Sjeberg, 2015) allowing deeper investigation of its context depend-
ency. It emphasizes the value of investigating scientific literacy not only as a
general aim but as something concretely negotiated in curricula and in the
perspectives of pre-service teachers. In doing so, the thesis aligns with calls in
comparative education (e.g., Phillips & Schweisfurth, 2014) to recognize the
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influence of cultural, political, and educational traditions when studying how
global educational discourses are interpreted and enacted in local contexts. In
a UNESCO report (Fensham, 2008), examining emergent issues in science
education, the first priority was considering specific goals of science and tech-
nology education for citizenship. Rather than formulating what the goal of
science education was, the report recommended that policy makers should
specify the goals jointly with curriculum designers and teachers to contextu-
alize and correspond to the needs of society. Therefore, despite of the visible
similarities and differences in the teacher education structures of the two con-
texts of Sweden and Tiirkiye, comparing scientific literacy would contribute
to contextualization of the aims of science education in science teacher edu-
cation.

Beyond these contributions, more specifically, this thesis also speaks to
several persistent challenges in science teacher education. By juxtaposing pre-
service teachers’ perspectives with the curricula, the study demonstrates how
consistent theoretical expectations, such as stated in formal documents and
what is actually perceived during teacher preparation for future teaching,
thereby addressing the aforementioned long-recognized theory—practice gap,
especially in the teacher education field (e.g., Furman Shaharabani & Yarden,
2019; Ketter & Stoffel, 2008). Furthermore, by investigating how the contex-
tual differences and pre-service science teachers’ articulations of scientific lit-
eracy, the thesis contributes to the knowledge of how the disconnect between
expectations and program content (Streller & Bolte, 2018) can be better un-
derstood and possibly mitigated. In this way, the thesis not only documents
but also contributes knowledge that may help address these pressing chal-
lenges in science teacher education.

Overall, the thesis offers a comprehensive overview to understanding of
how teacher education can prepare future teachers to foster scientific literacy
in their classrooms and opens up space for future research.

1.2 The Structure of the Thesis

This thesis consists of three interconnected articles. The next section, en-
titled "Previous research," reviews the current state of teacher education and
science teacher education, along with presenting an overview of the concept
of scientific literacy from a general perspective, including historical insights.
The thesis then proceeds with a section on “Theoretical and Conceptual
Frameworks”, specifically examining the theories and concepts actively used
in the articles. These theories and concepts serve as the foundation for the
three studies. The section “Methodology” outlines the overall research design
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and analytical approaches, such as pragmatic discourse analysis and reflexive
thematic analysis. It also summarizes the methods used in each study and pro-
vides an overview of the two contexts of science teacher education structures.
The section “ Summary of the findings of the studies” offers a synthesis of the
three studies, highlighting key comparative patterns and findings from both
Sweden and Tiirkiye. The final sections discuss these findings in relation to
previous research and theoretical perspectives, outlining implications for sci-
ence teacher education and future research.
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2 Previous research

This section introduces previous research findings and trends in both
teacher education and, more specifically, science teacher education. This sec-
tion situates the thesis within existing research by first outlining broader trends
in teacher education and then narrowing the focus to science teacher education
and scientific literacy. The purpose of this structure is twofold: (1) to position
the study within the wider field of teacher education, and (2) to demonstrate
how science teacher education thus, in particular, scientific literacy, emerge
as distinct and necessary area of inquiry within this broader landscape. While
the review of teacher education research is intentionally broad, it serves as an
analytical entry point for identifying gaps and tensions that become more pro-
nounced in science teacher education and to situate the thesis in the broader
field.

2.1 Teacher education

In recent decades, teacher education research has been shaped by broader
global dynamics such as international benchmarking, policy transfer, and ac-
countability regimes that reframe questions about what counts as “effective”
teacher preparation. Large-scale comparative assessments and transnational
policy networks have intensified attention to measurable outcomes and sys-
tem-level performance, but scholars have repeatedly cautioned that such
trends risk obscuring local meaning and practice (Crossley, 2010; Grek,
2009). At the same time, international policy reports and syntheses (e.g.,
OECD trend analyses) emphasize multiple forces such as demographic, tech-
nological, economic, and environmental factors, that are reshaping teachers’
roles and the knowledge base required for teaching (OECD, 2025).

Karatas’s (2025) recent thematic content analysis of teacher education re-
search published in SSCI Ql-indexed journals synthesizes many of these
tendencies and highlights persistent imbalances. The review finds that re-
search in high-ranked journals concentrates strongly on in-service teacher ed-
ucation (=33.7%) and micro-level concerns (e.g., professional learning pro-
cesses, communities, beliefs, identity, and emotions), while topics such as
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education policy, curriculum design, and student development receive com-
paratively less attention. Karatag (2025) noted that curriculum integration and
interdisciplinarity are under-represented, and that familiar problems, notably
the theory-practice gap, seem to remain. This imbalance is particularly signif-
icant for the present study, as it points to a limited engagement with questions
concerning what should be taught, how and why, especially in pre-service
teacher education.

A dominant strand of empirical research in the field of teacher education
during the last decade has focused on in-service learning with a great emphasis
on Teacher Professional Development (TPD). Systematic reviews and meta-
analyses document a sustained interest in the design, delivery, and effects of
TPD: collaborative forms of learning (e.g., professional learning communi-
ties, and peer coaching), sustained and job-embedded models, and attention to
context-sensitive mentoring are repeatedly identified as features of effective
programs (Amemasor et al., 2025). These studies have strengthened evidence
about what kinds of professional development correlate with changes in
teacher practice, yet they also show important variability in outcomes across
contexts and a need for better theorization of the transfer from professional
development to classroom enactment. Another research strand related to
teacher education concerns teacher and instruction quality with regard to
TPDs. The quality mentioned often includes what features a quality instruc-
tion has (Hammerness & Klette, 2015) or effectiveness based on student
achievement (Graham et al., 2020). These concerns also shifted the focus to
TPDs preparing teachers to offer “school ready” quality of instruction (Gra-
ham et al., 2020).

A further pattern in the teacher education literature in the last decade is
the strong emphasis on teacher beliefs, identity, agency, and emotions (Olsen
et al., 2023). In this literature, teacher identity has attracted considerable at-
tention. Reviews in the field have showed that teacher identity research has
mostly stayed at the individual level in relation to teacher education (Flores,
2020; Olsen et al., 2023). Research in teacher identity in the teacher education
field has also discussed how teacher identity formation is an ongoing process
of negotiating one's beliefs, values, emotions, and teaching practices within
the context of political realities (Zembylas & Chubbuk, 2014).

In addition to these trends in teacher education, one contemporary trend
has become increasingly evident since 2020, being largely COVID-19 related.
Digitalization and the pandemic have reopened questions about the content
and modes of teacher education: emergency remote teaching, blended learning
competencies, and digital pedagogical content knowledge have become prom-
inent research topics, with systematic reviews mapping what professional
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development features support the sustained integration of digital tools (Ame-
masor et al., 2025; Sarmiento et al., 2025 ).

Overall, current teacher education research presents a landscape shaped
by several dominant emphases: professional development and teacher learn-
ing communities; teacher beliefs, attitudes, and identity, and curriculum, in-
struction, and assessment. Research on in-service teachers, particularly their
professional growth and learning processes, seem to continue to receive the
most attention. Relatively, studies focusing of pre-service teachers, program
structures, and curriculum design remain relatively less common, especially
at the intersection of broader educational policies and systemic reform. These
patterns indicate that, while teacher education research provides extensive in-
sights into how teachers learn and develop, there is limited exploration of
questions related to the purposes of teaching and content selection, particu-
larly in context of pre-service teacher education. Within this picture, this thesis
concentrates primarily on the areas of curriculum studies (or didaktik) as well
as on teachers’ perceptions and perspectives. Building on this broader over-
view, the next section turns specifically to research in science teacher educa-
tion. This more focused body of work provides the necessary background for
situating scientific literacy as a key aim of science education and for framing
the contribution of this thesis.

2.3 Science Teacher Education

Science teacher education research has developed into a substantial field
in its own right, reflecting both the particular challenges of teaching science
and the broader purposes attached to science education. At the same time, it
reflects many of the broader tensions identified in teacher education, particu-
larly the need to connect teaching practices with wider educational purposes.
A large body of work has examined how science teachers are prepared to en-
gage with the dual demands of fostering a conceptual understanding of scien-
tific knowledge while addressing broader aims such as inquiry, citizenship,
and sustainability (Abell et al., 2010; Loughran, 2014). One consistent trend
is the recognition that science teacher education cannot be reduced to training
in content knowledge or generic pedagogy, but requires the integration of dis-
ciplinary knowledge, pedagogical approaches, and awareness of the societal
role of science; science teacher learning is accordingly a complex process best
understood as working with teachers, rather than on (Loughran, 2014).

On a closer examination, science teacher education research in relation to
scientific literacy includes several concepts such as inquiry, socio-scientific
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issues (SSI), Nature of Science (NOS), and pedagogical approaches to these
concepts such as linking sociopolitical aspects of scientific issues (e.g., Clark
& Sandoval, 2025). Research has consistently shown that teachers' under-
standing of scientific literacy significantly influences their teaching practices
and, by extension, student outcomes (Rahman et al., 2023; Rubini et al., 2019).
For instance, teachers equipped with a robust conceptual framework related to
scientific literacy may better facilitate students' engagement with scientific
materials and enhance their understanding (Chin, 2005; Rubini et al., 2019).

A critical element of science teacher education is the alignment of curric-
ula with the goals of scientific literacy. Effective curricula should not only
cover content but also integrate inquiry-based learning experiences that teach-
ers use to encourage critical thinking, problem-solving, and the application of
scientific concepts in real-world scenarios (Forbes, 2011; Forbes & Davis,
2010). Inquiry-based approaches have been found to empower pre-service
teachers to adapt and mobilize curricula that promote active learning, fostering
an environment where students can explore, question, and connect concepts
across disciplines (Forbes, 2011; Yuenyong, 2013). Such pedagogies are es-
sential in order to have an overview in science teacher education research as
they prepare future educators to implement science teaching in ways that res-
onate with contemporary educational reforms aimed at enhancing scientific
literacy (Al Sultan et al., 2018; Marco-Bujosa et al., 2016; Yuenyong, 2013).

Moreover, the integration of socio-scientific issues (SSI) into the curricula
and, in turn, teaching, is increasingly recognized as an effective strategy for
developing scientific literacy by science teachers (Christenson et al., 2011;
Safira et al., 2021). Science teachers are encouraged to frame lessons around
relevant social issues, thereby engaging students in discussions that marry sci-
ence with ethical considerations and social responsibility. Research suggests
that SSIs can deepen critical thinking about the implications of science in so-
cietal contexts (Christenson et al., 2011; Safira et al., 2021). SSI research in
relation to fostering scientific literacy mostly focuses on the topics of nuclear
power and climate change (Kapict & ilhan, 2016; Kumar et al., 2024). Never-
theless, SSI research within the scientific literacy framework is still underex-
plored with regard to context dependency (e.g., local and cultural features)
and teaching practices such as the integration of SSI to foster scientific literacy
(Kumar et al., 2024). This indicates a need to better understand how teachers
interpret, contextualize, and implement such approaches in practice.

Another important line of research concerns the Nature of Science (NOS),
which has become a cornerstone of science teacher education. Understanding
NOS encompasses recognizing science not only as a body of knowledge but
also as a set of practices, values, and ways of knowing (Erduran & Dagher,
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2014; Lederman, 2007). Research continues to emphasize that incorporating
NOS into science teacher education supports pre-service teachers in moving
beyond static views of science toward more dynamic understandings of how
scientific knowledge is generated, validated, and communicated. Recent stud-
ies highlight efforts to integrate NOS into pre-service teacher education
through explicit-reflective approaches, socio-scientific issues, and interdisci-
plinary contexts (Kaya & Erduran, 2016; McComas & Clough, 2020). These
approaches link NOS directly to fostering scientific literacy by preparing
teachers to guide students in understanding both the epistemological under-
pinnings of science and its societal relevance. The curricula of science teacher
education programs also reflect these emphases. Programs that explicitly in-
tegrate NOS and scientific literacy into their design are associated with better
outcomes in terms of pre-service teachers’ preparedness to teach science
meaningfully (Cakmak¢i & Yalaki, 2012; Kind & Osborne, 2017).

Another common trend in science teacher education is research on pre-
service teachers’ learning to teach, more specifically their Pedagogical Con-
tent Knowledge (PCK). PCK is the knowledge that teachers must possess to
teach a subject effectively including going beyond knowing the subject (Shul-
man, 1986). In science teacher education the five-dimensional model of PCK
(Magnusson et al. 1999) is quite common. In PCK research in the field of
science teacher education, it has long been known that the different dimen-
sions of PCK, (i.e., orientation to teach, knowledge of learner, knowledge of
instruction, knowledge of assessment and knowledge of curriculum (Magnus-
son et al., 1999) commonly display uneven development during teacher train-
ing (Adadan & Oner, 2014). For instance, Y1ldiz et al. (2025) recently demon-
strated the uneven trajectory of PCK component development among pre-ser-
vice chemistry teachers while knowledge of instructional strategies showed
significant improvement, knowledge related to assessment showed limited
progress. Moreover, pre-service science teachers” orientation to teach science,
in other words, the purposes of teaching, is often found to be resistant to
change (Brown et al., 2013). That highlights why it is important to have an
overview of pre-service science teachers’ perspectives on teaching purposes
and on the inclusion and exclusion of content already during their teacher ed-
ucation.

The aforementioned discussion of the extent of content (or subject matter)
knowledge appear to maintain as it directly relates to pre-service teachers’
confidence in teaching and content selection as well as in relation to contex-
tualization of the content knowledge (Appleton, 2003, 2006; Nilsson, 2008).
Moreover, research on PCK has highlighted the importance of science teacher
education programs in connecting what these programs can offer and what
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pre-service science teachers’ needs, experiences and what they need to learn
(Nilsson & Loughran, 2012; Streller &Bolte, 2018).

2.3.1 Challenges in Science Teacher Education

Building on the research discussed above, several recurring challenges in
science teacher education can be identified. Some of the challenges mentioned
in teacher education research, such as the theory-practice gap can also be ob-
served in science teacher education. Another challenge that is commonly ex-
amined in the literature is what content to what extent needs to be addressed
in science teacher education and to what extent.

Science teacher education programs have often been reported for their in-
adequate teacher preparation, lack of pedagogic varieties for science teaching
and thus lower quality of science education (Commission et al., 2012;
Evagorou et al., 2015). A long-standing discussion in teacher education is
about the content of the education which is often linked to teaching and teacher
quality (Cochran-Smith, 2004; Conway et al., 2009). Nevertheless, teacher
preparation programs must not only provide future teachers with adequate
subject matter knowledge, but also prepare them to engage with broader edu-
cational purposes, such as promoting scientific literacy and connecting science
to social and cultural contexts (Roberts & Bybee, 2014). In addition, research
in Europe reported a concerning decline in student interest in science as na-
tions become more economically developed as well as school curricula over-
emphasize professional preparation for future scientists, effectively alienating
the majority of students who require more general scientific literacy (Osborne
& Dillon, 2008). Nevertheless, despite these concerns, research has shown that
teacher education programs remain strongly focused on disciplinary content
(Lunenberg & Korthagen, 2009). Research in the last decade has also high-
lighted the strong focus on content knowledge in STEM teacher education
(Donna & Hick, 2017; Zhang & Zhu, 2023). Although content knowledge in
teacher education is inevitably important for various reasons, such as teacher
instruction quality (Lederman, 1993), excessive focus on content is likely to
leave pre-service teachers with fewer opportunities to develop broader per-
spectives and related pedagogies such as inquiry-based learning (Osborne &
Dillon, 2008), that address why science is taught and how it might be made
meaningful for students.

As mentioned earlier, teacher education programs including science
teacher education, are often criticized due to several gaps. The first gap is the
well-known theory-practice gap. For instance, in a study from Romania by
Dragos and Mih (2015) with 92 participants, although science teachers were
competent at planning to foster scientific skills in the classroom, in reality they
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were more likely to focus on transferring scientific content knowledge instead
of fostering these skills. Another study conducted in Germany with pre-ser-
vice chemistry teachers noted a disconnect between pre-service teachers’ ex-
pectations and the actual content and relevance of their education (Streller &
Bolte, 2018). In the study, for instance, the students stated that the cognitive
abilities are the most important influence in their future profession but they
did not expect to learn these in the university courses. Schumacher and Lind
(2006, as cited by Streller & Bolte, 2018) pointed out that when students’ ex-
pectations do not match the reality, they feel inadequately prepared to teach.
Moreover, science is already known to be a subject that pre-service science
teachers find confusing and/or incomprehensible (e.g., Velthuis et al., 2014),
and such a disconnect (Streller & Bolte, 2018; Wideen et al., 1998) appears to
be the responsibility of science teacher education. Science teachers and sci-
ence teacher education are often matters of concern in science education. Re-
curring concerns are low levels of scientific literacy of science teachers, poor
conceptual understanding of scientific literacy and the nature of science, lack
of critical and scientific thinking skills, misconceptions about the content to
teach, attitudes toward science being viewed as challenging to teach, and sci-
ence being perceived as factual. Research has shown that pre-service science
teachers have low levels of scientific literacy, which is even more problematic
for those who will teach younger children, (Altun-Yalgin et al., 2011; Apple-
ton, 2003). For instance, in Tiirkiye, Bacanak and Gokdere (2009) found that
pre-service elementary science teachers’ scientific literacy levels were either
close to or even lower than those of elementary students. A more recent qual-
itative study conducted in the USA by Al Sultan et al. (2021) investigating
pre-service science teachers’ understanding of scientific literacy found that
80% of the participants showed a narrow, rather than conceptual, understand-
ing of scientific literacy. Moreover, science teachers often describe science as
factual and far from values (Ozden &Yenice, 2022), which might cause pre-
service teachers to concentrate solely on scientific content knowledge in their
teachings (Bahtaji, 2023). In a study conducted more recently by Erduran et
al. (2021) including participants from Tirkiye and England, before the inter-
vention, participants’ views of values in science were restricted to simplifying
ideas or understanding the real world in a factual way rather than critical. After
the discussions the participants showed more nuanced and comprehensive
views of nature of science. In addition to these studies in various countries,
specifically, in the Nordic countries, science teacher education seems to be
becoming a subject of concern. For instance, Palmberg et al. (2011) studied
pre-service science teachers from Denmark, Sweden and Finland concerning
their biology knowledge. Their results indicated that majority of the
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participants lack critical and scientific thinking skills, have deficient content
knowledge, and have misconceptions about the content to teach. These chal-
lenges indicate that there is a need for improvement in science teacher educa-
tion in different contexts. Understanding the perspectives of pre-service teach-
ers and their future teaching plans is essential to address these challenges.
While existing studies have established a standard understanding of scientific
literacy and assessed pre-service science teachers' comprehension based on
this standard, it is crucial to recognize that scientific literacy can be interpreted
in diverse ways. This makes it particularly important to explore how pre-ser-
vice teachers themselves understand scientific literacy and how these under-
standings relate to their perspectives on teaching purposes and content. To
further examine this issue, the following section presents a brief historical
overview of the concept of scientific literacy. More detailed approaches to
scientific literacy will be explored further in the conceptual framework sec-
tion.

2.4 Scientific literacy: A brief look at the concept

Decades ago, Krugly-Smolska (1990) raised the issue of scientific literacy
in teacher education: “Before we have scientifically literate students, we need
scientifically literate teachers, something which needs to be recognized in the
process of teacher training” (p. 479). The aforementioned challenges indicate
that scientific literacy in teacher education is still open to discussion.

Although the main goal of science education is often described as to raise
scientifically literate citizens (Johansen & Afdal, 2018; Rudolph, 2023), there
is no consensus when it comes to defining scientific literacy, especially in
terms of what being scientifically literate entails. There are tensions between
different views of what should characterize science education, including var-
ious purposes as well as different values and approaches to teaching. Scientific
literacy can therefore be understood as a contested and evolving concept,
shaped by different educational purposes and societal expectations. These ten-
sions inform the discussion on defining scientific literacy as there has been
ongoing dissensus as to what it means. This section accordingly starts with a
short history of the term “scientific literacy” and of the relevant approaches,
visions, definitions, and requirements proposed so far.

Hurd (1958) is mostly known as the first one to use the term “science
literacy” in response to the concerns arising from the fact that American soci-
ety was unable to understand the “power age”. He claimed that scientific
knowledge was no longer an intellectual luxury in the post-Sputnik era but a
necessity for citizenship, and should therefore be included in the national
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curriculum. Hurd (1958) stated that every citizen should understand science,
explaning the claim as follows:

‘Understanding science means knowing something about the procedures
of theoretical inquiry and recognizing these procedures as the means by which
the imagination of man and the laws of nature are focused upon unsolved prob-
lems (Hurd, 1958, p. 16)’

However, more than a decade before Hurd pointed out the need for public
understanding of scientific procedures, in 1946, physicist Lee DuBridge stated
that one of the requirements for freedom of science is to train more scientists
using the words “scientific illiteracy” rather than “scientific literacy” in ex-
pressing more explicit concerns about raising more scientists:

“It is surely disgraceful—it could be disastrous—that in an age of science
a large share of the population of this country [i.e., the USA] are scientifically
illiterate.” (p. 231)

In the same article, DuBridge (1946) specifically described how science
should be taught in school starting from an early age so that more scientists
could be raised as to meet the country’s needs. The dissensus as to what it
means to be scientifically literate can even be observed in the two examples
given. Hurd (1958) stated that scientific knowledge should be for everyone so
that people can understand science in daily life such as what is reported in the
news. On the other hand, DuBridge (1946) focused more on science for itself,
and on needing scientific knowledge to produce more scientists.

Since then, researchers have proposed different explanations and ap-
proaches to scientific literacy. In one of the earliest comprehensive definitions,
Miller (1983) used the term scientific literacy describing it as knowing science
well enough “to be able to read about, comprehend, and express an opinion on
scientific matters” (p.30). This researcher also discussed the need to under-
stand basic scientific terms such as atom, cell, or radiation to be able to under-
stand public discussions of science as well as policy issues touching on scien-
tific results. In addition to Miller’s definition, which includes both compre-
hending scientific concepts and attending to policy issues about science, some
other early definitions of scientific literacy were slightly different. For exam-
ple, Millar (1997) regarded an understanding of technology as necessary for
scientific literacy and believed that one must understand science well enough
to function as a citizen.

In addition, it should be noted that science literacy and scientific literacy
do not necessarily mean the same thing despite their interchangeable use in
the literature. Roberts and Bybee (2014) described science literacy as scien-
tific knowledge used as a powerful instrument for understanding the natural
world, whereas scientific literacy refers to using scientific knowledge, from
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personal and societal perspectives, for a more complete grasp of a scientific
issues (or socio-scientific issues even though the researchers do not clearly
label it). Kampourakis (2022) summarized science literacy as literacy about
issues within science, whereas scientific literacy as literacy about the implica-
tions of science for society. This difference appears not only in the definition
but also in discussions of what it means to be scientifically literate. Different
approaches related to this difference are explained more in detail in the section
“Visions of scientific literacy” in the theoretical and conceptual framework
section of the thesis.

Besides these definitions, a common concern about the need to develop
the scientific literacy of society in the formal national curriculum, in science
education, has been expressed repeatedly in recent years. For example, Bybee
(1997) organized the relevant definitions by classifying them at the adult and
school levels. School-level scientific literacy was described as mainly the
recognition of scientific concepts, but also necessarily understanding them
and developing perspectives on science and understanding the nature of sci-
ence, whereas adult-level scientific literacy emphasizes the comprehension of
scientific knowledge and concepts to be able to understand the news, interpret
daily life, and join in meaningful conversations about socio—scientific issues.

Science for being an attentive citizen, more specifically, have been em-
phasized from different aspects. For example, as Bybee (1997) mentioned,
scientific literacy can be understood as a way to understand and apply scien-
tific knowledge to daily-life issues, or it can be understood more as a way of
thinking and reasoning about science-related issues in both personal and po-
litical life. Building on this argument, Hurd (1998) later expanded the defini-
tion of scientific literacy, regarding it as “a civic competency required for ra-
tional thinking about science about personal, social, political, economic prob-
lems, and issues that one is likely to meet throughout life” (p. 410). Later on,
Roberts and Bybee (2014) stated that scientific literacy had become a slogan
for schools and the main goal of school science education. They discussed the
competencies that a scientifically literate person should have, listing three of
them: (1) to be able to explain natural and technological phenomena scientif-
ically, (2) to understand scientific enquiry, and (3) to interpret scientific evi-
dence in various contexts.

Recently, these approaches have been framed under visions, resonating
with one another. In the next section, more detailed and recent approaches to
scientific literacy, i.e., visions of scientific literacy, are explained in detail.
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3 Theoretical and Conceptual Frameworks

In this section, the focus is specifically on the theoretical underpinnings
and concepts around which the thesis is conceptualized. My discussion of sci-
entific literacy in this section will focus more on my stance regarding different
visions, curriculum emphases, and, more specifically, teacher education rather
than on the historical development of the concept. This thesis brings together
complementary theoretical perspectives, and conceptual tools rather than
drawing on a single, unified theoretical framework. These elements serve dif-
ferent purposes: some function as central analytical (e.g., visions of scientific
literacy) and theoretical lenses (e.g., didaktik and sociocultural perspectives),
while others provide necessary contextual or conceptual background (e.g.,
curriculum traditions, and domains of curriculum). This layered approach re-
flects the complexity of studying scientific literacy in teacher education across
contexts and allows for a nuanced analysis.

Accordingly, the subsections that follow should be read not as compo-
nents of a single theoretical system, but as interrelated contributions that col-
lectively frame the empirical studies.

3.1 Curriculum traditions, didaktik and Bildung

This subsection introduces didaktik and Bildung as the primary theoretical
orientations. This serves two purposes: first, it provides the conceptual
grounding for how teaching, curricula, and the purpose of education are to be
understood; second, it establishes the basis for the comparative dimension of
the study, particularly the Bildung-oriented and the Anglo-Saxon traditions
that are present to some extent in Sweden and Tiirkiye. These two traditions
have been developed within different contexts involving different ideals of
education. Therefore, they might be aligned or contrasted with each other.
Nevertheless, this section points out both similarities and differences to pro-
vide comprehensible background rather than merely dichotomizing Sweden
versus Tlirkiye.

The didaktik tradition, which can be translated as “curriculum studies” in
the Anglo-Saxon context, occupies a particular position due to cultural
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relations that have led to different approaches to similar educational concerns
(Kansanen, 2009). In Central and Northern Europe, particularly in German-
speaking countries and Scandinavia, Bildung has been a key philosophical—
educational tradition since the late 18th century, emphasizing intellectual
growth and broader educational aims (Sjostrom & Eilks, 2018). Bildung en-
compasses the holistic development of individuals, including critical thinking,
autonomy, and social responsibility (Wedin, 2015). In the Anglo-Saxon cur-
riculum tradition, on the other hand, which is common in countries such as the
USA and England (Simon, 1981), relatively stricter curricula, especially in
terms of teaching methods and specific objectives, and more prescribed syllabi
can be observed than in the didaktik tradition (Westbury, 2000).

Within teacher education, Anglo-Saxon contexts often emphasizes proce-
dural competence and measurable outcomes, with research typically concen-
trating on effectiveness, standards, and accountability (Cochran-Smith &
Fries, 2005). While these perspectives have advanced the understanding of
teacher learning, they tend to treat curriculum and pedagogy as separate do-
mains rather than as interconnected aspects of educational reasoning. (Will-
bergh, 2021). The didaktik approach integrates teaching, curriculum, and ed-
ucational purpose. This orientation continues to inform teacher education in
continental Europe and has recently attracted growing interest in comparative
educational research (Hudson & Meyer, 2011; Ligozat & Almgqvist, 2018).
didaktik provides a conceptual framework for linking educational purposes,
subject content, and teaching practice. Rather than treating these dimensions
as separate domains, it frames teaching as a process of meaning-making that
connects teachers, students, and content in ways that are both epistemological
and ethical (Westbury et al., 2000; Hopmann, 2015). In the didaktik tradition
this orientation toward teaching as a reflective and value-laden activity has
shaped the preparation of teachers by emphasizing their capacity to interpret,
select, and transform content in light of broader educational aims (Willbergh,
2021). Teacher education programs grounded in this view aim to cultivate
teachers as autonomous professionals capable of making justified didactical
choices through reflective practices (Willbergh, 2021). In other words, teach-
ers can choose “what to put on the table” in their teaching (Van Poeck &
Ostman, 2020).

Didaktik situates teaching decisions within the dynamic interplay among
teacher, learner, and content. This relationship is often illustrated through the
well-known didactic triangle (Figure 1), which represents the interdependence
of these elements in teaching and learning (Friesen, 2021; Friesen & Os-
guthorpe, 2018). The model emphasizes that teaching is not a one-directional
process of transmitting knowledge but an act of mediation in which teachers
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transform subject matter into forms accessible and meaningful to learners.
Moreover, later interpretations of the model also acknowledge society as a
fourth dimension, underscoring that all teaching and learning occur within
broader social, cultural, and institutional frameworks (Werler, 2021). In this
view, teachers’ work is inherently reflective and context dependent, linking
educational content not only to individual understanding but also to shared
cultural and societal purposes.

This perspective is closely connected to Klafki’s (1995) ideas about Did-
aktische Analyse and the concept of Bildung. Klafki highlighted that teaching
should always involve a double consideration: what content represents essen-
tial cultural meaning for the learner (material Bildung), and how does this
content contribute to the development of the learner’s capacity for self-deter-
mination and participation in society (formal Bildung). In this way, the di-
dactic relationship among teacher, learner, and content becomes a space where
individual formation and collective values meet. In this thesis, pre-service sci-
ence teachers are positioned as those who engage with the knowledge of the
subject, the learner.

Figure 1
The Didactic Triangle

Source: Friesen and Osguthorpe (2018)

Therefore, in this thesis, the approach to scientific literacy in science
teacher education does not aim to find what is best for pre-service science
teachers but rather to explore what they reflect upon as important in becoming
science teachers, as well as what is offered to them through the curriculum in
their teacher education programs.

In the Nordic countries, including Sweden, Bildung has been the dominant
tradition (Sjostrom & Eilks, 2018). Nevertheless, it has been observed that
Sweden is gradually shifting toward a more test-based orientation, focusing
increasingly on measurable products or outcomes such as grades and
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achievement (Wermke & Proitz, 2019). This indicates that Sweden might be
reorienting towards the Anglo-Saxon tradition.

There is no clear picture of what tradition Tiirkiye follows but, it is known
that teacher education in Tirkiye is strongly influenced by the UK and the
USA (Cakiroglu & Cakiroglu, 2003), which might position Tiirkiye closer to
the Anglo-Saxon curriculum tradition.

Importantly, these traditions are not used to classify countries in a dichot-
omous manner. Rather, they are mobilized as ideal-typical constructs that
make it possible to identify tendencies, emphases, and orientations within and
across national contexts. Both Sweden and Tiirkiye may reflect elements of
both these traditions to varying degrees, so the aim is not to position them as
belonging exclusively to one tradition or another, but to explore how different
curricular logics are configured in each case. These two traditions contextual-
ize both the approach to teacher education and the comparative research in
this thesis, providing a broader framework for understanding how scientific
literacy is situated and addressed in different educational settings.

3.2 Privileging

This subsection introduces the sociocultural perspective and the concept
of privileging as analytical tools. It enables to situate how meanings, empha-
ses, and orientations toward scientific literacy might be approached, produced
and negotiated in context.

By considering science and science education as embedded in the culture
and intertwined with values, the approach to scientific literacy in science
teacher education in this thesis is based on a sociocultural approach, which
assumes that “action is mediated and it cannot be separated from the milieu in
which it is carried out” (Wertsch, 1991, p.18). From this perspective, meaning
is not viewed as an individual possession but as something constructed in ac-
tion within specific contexts. Individual, interpersonal and institutional con-
texts are considered to be intertwined in sociocultural activity (Rogoff, 1995).
Consequently, pre-service teachers’ perspectives on scientific literacy are un-
derstood not as isolated attributes but as products of engagement with curric-
ular texts, institutional routines, and socially distributed practices. Likewise,
curriculum documents are not neutral; but rather are cultural and political texts
reflecting the goal of science teacher education in specific contexts. Although
the thesis does not concern itself directly with learning, some terms that are
initially related to learning are used in relation to teaching. With regard to this,
the concept of “privileging” is used in all three studies. Privileging refers to
certain ideas and statements that are treated as more valuable or relevant than
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others (Wertsch & Rupert, 1993). As there are many different approaches to
scientific literacy, I refer to specific and privileged ways of addressing scien-
tific literacy, what is included and excluded as well as what privileging might
mean in terms of future teaching for scientific literacy. These privileging is
discursively produced, as particular ways of talking about aims, knowledge,
and competencies come to dominate while others remain less evident. Alt-
hough some researchers (Lederman et al., 2024) have called for teacher edu-
cators to define and unite for a global scientific literacy definition urgently,
doing so might risk a nuanced overview of scientific literacy in teacher edu-
cation and take contextual differences for granted.

Because curricula operate as cultural tools that orient attention and prac-
tice, comparative analysis of curricula is particularly useful for revealing
taken-for-granted assumptions that might shape pre-service teachers’ profes-
sional formation. Comparative work can make visible which visions of scien-
tific literacy are foregrounded in different contexts and, consequently, which
forms of classroom practice are privileged and thus, more likely to be pro-
duced by pre-service teachers (Remillard, 2005; Steiner-Khamsi, 2014). Im-
portantly, this perspective cautions against assuming a single, universal stand-
ard of scientific literacy: different curricular traditions might instantiate dif-
ferent conceptions of what scientific literacy means and what being a scientif-
ically literate citizen entails. Linked to the previous discussion on “measuring
scientific literacy”, I argue that attempts to reduce scientific literacy to a single
standardized metric, risk privileging one definition at the expense of others
and may obscure diversity in how curricula or pre-service science teachers’
perspectives have particular emphases. The sociocultural approach taken here
examines how scientific literacy is instantiated in curricula and how pre-ser-
vice teachers come to have perspectives on the visions of scientific literacy in
interactional and institutional settings. This approach foregrounds contextual-
ized interpretation over decontextualized measurement.

3.3 The domains of curriculum

This thesis addresses scientific literacy in teacher education from different
curricular foci. To clarify what is meant by “curriculum” across the studies,
and to situate their different empirical and analytical orientations, Goodlad et
al.’s (1979) domains of curriculum are used as a conceptual point of departure.
Importantly, this framework is not employed as a rigid classification of the
studies, but as a heuristic device to contextualize how curriculum is ap-
proached, and to make visible how different dimensions of curriculum may be
foregrounded in each study.
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This is particularly relevant because the thesis includes both interview-
based and document-based analyses. Although Studies I and II do not analyze
curriculum texts, they are still curricular studies, as they examine pre-service
teachers’ perspectives through the lens of “curriculum emphases,” that is,
what is considered important, relevant, and worth teaching. In this sense, they
engage with curriculum as interpreted and experienced. Study III focuses
more directly on curriculum as formulated in official documents. The domains
of curriculum are therefore introduced to situate these different approaches
within a shared theoretical framing and to highlight how they are related rather
than separate.

Curriculum can operate in different interconnected domains. Goodlad et
al. (1979) identified different curriculum domains, aiming to capture the com-
plexity of how curriculum is planned, interpreted, and experienced across dif-
ferent levels of the educational system. Their six-domain framework recog-
nizes that curriculum is not a single, static entity but a multi-layered process
that unfolds across intentions, practices, and experiences.

The intended curriculum represents the officially formulated aims and
goals articulated by policymakers, educational authorities, or curriculum de-
signers. It embodies the societal ideals, educational philosophies, and discipli-
nary priorities deemed valuable for transmission through schooling. Often ex-
pressed in national or institutional curriculum documents, this domain outlines
what students are supposed to learn and what teachers are expected to teach.
It functions as a guiding map that reflects cultural and political aspirations
about the role of education in society. Closely linked is the formal curriculum,
which translates broad intentions into structured frameworks such as syllabi,
course outlines, and learning objectives that define what counts as legitimate
knowledge. This domain highlights the ideological and epistemological
choices embedded in curriculum design, showing how societal and discipli-
nary values are operationalized into teachable content. It also illustrates how
curricular intentions become institutionalized and standardized through offi-
cial educational structures. The operational curriculum focuses on enactment
which is how the curriculum takes shape in actual teaching and learning pro-
cesses. It moves beyond documents to the lived realities of classrooms, where
teachers interpret, adapt, and transform the intended and formal curricula.
Here, curriculum becomes an interactive and interpretive practice shaped by
teacher agency, student participation, and contextual conditions such as re-
sources, time, and institutional culture. The experienced curriculum brings the
learners’ perspectives into focus, emphasizing that curriculum is not only what
is taught but also what is experienced. It concerns how students perceive, in-
terpret, and make sense of classroom activities, as well as the meanings and
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understandings they construct through engagement with content and teachers.
This domain underscores that the curriculum’s effects depend not only on de-
livery but also on how it is received and lived. The achieved curriculum refers
to measurable outcomes, i.e., the knowledge, skills, and competencies stu-
dents actually gain. It often aligns with assessments and evaluation systems
that determine how well educational goals have been met. However, this do-
main also invites reflection on discrepancies between intended learning out-
comes and what students truly internalize, highlighting the interpretive gap
between policy and practice. Finally, the hidden curriculum captures the im-
plicit dimensions of schooling including the values, norms, and expectations
that are conveyed informally through interactions, routines, and institutional
culture. It includes lessons about authority, competition, gender roles, and cit-
izenship that are not explicitly taught but are nonetheless powerful in shaping
students’ social and moral development.

While these domains are presented separately, they should not be under-
stood as fixed or bounded categories. A common critique of this framework is
that dividing curriculum into distinct domains risks oversimplifying the fluid
and interconnected nature of educational practice. In this thesis, however, the
domains are used to sensitize the analysis rather than to delimit it. They pro-
vide a way to articulate differences in analytical focus while acknowledging
that curriculum processes are intertwined in practice.

Accordingly, Studies I and II primarily engage with the experienced cur-
riculum, as they examine how pre-service teachers articulate and make sense
of what is important in science teaching, whereas Study III engages more di-
rectly with the intended and formal curricula through analysis of curriculum
and policy documents. At the same time, insights from these domains are un-
derstood as mutually informative.

3.4 Visions of scientific literacy

Along with the definitions mentioned in the previous research section,
Roberts (2007) proposed two main complementary approaches: Visions I and
II. Vision I refers to the production of scientific knowledge for science itself
and focuses on scientific concepts, facts, theories, and processes. According
to Vision I, science education aims to produce scientists, and science is for
itself. It aims to produce scientists for science. In this context, having a basic
scientific vocabulary, performing laboratory experiments, or having a positive
attitude toward science can be cited as examples of the qualities of a scientif-
ically literate person. On the other hand, in addition to scientific facts and
concepts, Vision II includes human affairs in science via critical thinking and
reasoning. Compared with Vision I, Vision II refers not only to science in
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itself but also to science as a means to solve and discuss different kinds of
problems, such as practical, moral, and/or political problems, that also relate
to science in other domains, such as the environment, technology, or society.
This can, for instance, involve using scientific knowledge in daily life or mak-
ing connections between science and citizenship. As Vision II goes beyond
only knowing science, Roberts (2007) noted that the second vision should be
considered “school science.” In this context, science education should be
working with societal needs and the relevance of scientific knowledge to so-
ciety, along with scientific facts, methods, etc. According to Vision II, draw-
ing evidence-based conclusions by using scientific knowledge or using scien-
tific knowledge to identify and solve problems in society is to be expected
from a scientifically literate person.

Pursuing this in greater detail, Lundqvist et al. (2013) divided Vision II
into Vision Ila and Vision IIb. Vision Ila focuses on using scientific
knowledge in everyday life, while Vision IIb addresses the application of
knowledge in society. Vision IIb concerns equipping students with the scien-
tific knowledge and skills that will enable them to take action and engage in
science. Some researchers have proposed Vision IIb as a separate vision
(Sjostrom &Eilks, 2018), i.e., Vision III. The ability to make informed deci-
sions based on science and solve real-world problems was discussed first by
Aikenhead (2007) in a separate vision as Vision III. This vision also includes
global citizenship, participation in democratic, scientific discussions, and sci-
entific engagement (Liu, 2009, 2013), emphasizing engaging learners with
real-world issues. It encourages learners to actively participate in societal dis-
course and problem-solving rather than merely acquiring scientific
knowledge. Liu (2013) has advocated for a shift from traditional, narrowly
defined scientific literacy to a broader, more dynamic concept that encom-
passes active engagement with science in societal contexts. This reconceptu-
alization aims to produce citizens who are not only knowledgeable about sci-
ence but also capable of applying this knowledge to address pressing global
issues. As observed, socio-political perspectives in science education can be
understood in different visions. Some researchers have proposed Vision 1.5
(Schwartz et al., 2023) as a bridge between Visions I and II. Vision 1.5 was
introduced as a bridge to enhance the understanding and application of scien-
tific knowledge beyond the classroom, addressing the gap between merely
knowing scientific facts and applying this knowledge in real-world contexts.
Schwartz et al. (2023) suggested that without this intermediary understanding,
students may fail to fully apply scientific knowledge in real-world contexts.
This calls for more research and instructional focus on the epistemic aspects
of scientific inquiry to better prepare students for informed decision-making
in their daily lives.

In addition, Jones et al. (2024) went further proposing Vision IV by ex-
panding Vision III in the context of STEM education. Vision [V emphasizes
a socio-political approach to learning, integrating activism into the educational
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framework. This means that students are not only learning about science and
technology but are also encouraged to take action and call others to action on
socio-scientific issues. The goal is to make students active participants in so-
cietal change, aligning with Simonneaux’s (2014) concept of "hot" approaches
to teaching. Nevertheless, the discussion should concern the question of what
makes a vision, because there are many overlaps and assumptions among the
different visions proposed. To illustrate, Vision III already emphasizes the
emancipatory potential of STEM education, focusing on critical thinking and
social justice. Vision IV’s activist orientation can be seen as an extension of
this emancipatory intent rather than a new departure, depending on the con-
text. Both visions aim to empower students to engage critically with socio-
scientific issues. While Vision IV explicitly includes political activism, Vision
1T implicitly supports political engagement through its emphasis on critical
literacy and social justice. The socio-political orientation of Vision IV can be
seen as making explicit what is already implicitly present in Vision III. More-
over, another topic of discussion is how the field of science education is con-
structed and whether the concepts of STEM education and science education
can be used interchangeably in terms of scientific literacy.

In these contexts, although it is not explicitly stated by Roberts (2007),
Vision IIb includes scientific engagement and action in a way leading to in-
formed decisions and participation in socioscientific discussions (Lundqvist
et al., 2013). Vision IIb can also be extended to involve critical and global
citizenship, focusing on values, ethics, and democracy in science education
rather than solely on the usefulness of science in everyday life. For instance,
relating science education to issues of post-normal science (PNS), issues that
“normal science” no longer responds to (Funtowicz & Ravetz, 2018), is part
of Vision IIb. Such problems for which science does not have clear-cut solu-
tions are described as “wicked problems” involving high uncertainty and for
which there is no agreement on values and norms, such as climate change
(Block et al., 2019). These aspects also invoke different focus areas for scien-
tific literacy, such as social inclusion. For example, Chen and Cowie (2013)
stated that being scientifically literate is crucial for social inclusion and par-
ticipation in socioscientific discussions. As a result, within the framework of
Vision IlIb, being scientifically literate can involve a wide range of abilities,
such as communication and participation. For example, this kind of scientific
engagement could include joining extended peer communities organized
around socioscientific issues (Hauge & Barwell, 2017). Additionally, devel-
oping one’s character as a global citizen is also a significant aspect of scien-
tific engagement, which can be nurtured through the aforementioned focus
areas. This could include an emphasis on learning science in order to act re-
sponsibly by considering other beings in the world. Character development in
science then becomes a crucial driving force of students’ engagement in being
citizens of society in the 21st century (Choi et al., 2011). These emphases and
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approaches to scientific literacy can be reflected in various educational prac-
tices, such as curriculum applications and teaching.

Although discussions continue about how visions of scientific literacy re-
late to one another and where their boundaries lie, this thesis refers specifically
to Vision I, Vision Ila, and Vision IIb. Of these, Vision IIb is used as the cen-
tral reference point when discussing scientific engagement and socio-scien-
tific issues, as it provides a better conceptual fit and stronger empirical
grounding for both the Swedish and Turkish contexts explored in this study.
Vision IIb connects knowledge and skills in science to informed participation
in societal discussions rather than to activism per se. While Vision II has been
criticized for not necessarily leading to direct action, it still entails action com-
petence, which includes having the competence to make informed, reasoned
decisions and to engage meaningfully in socio-scientific debates.

Recent extensions of the framework (e.g., Visions III and IV) explicitly
link scientific literacy to activism in science education. However, activism and
action should not be treated as interchangeable, especially across different so-
cio-political contexts. What counts as “action” can take different forms de-
pending on local conditions. For instance, in Tiirkiye, where climate activism
is often criminalized (Kurtig, 2022), encouraging activism in science class-
rooms could have serious consequences for teachers and teacher educators.
Therefore, in this thesis, action is understood within the frame of Vision IIb
as having action competence to take part in socio-scientific discussions, to
critically evaluate evidence, and to make informed decisions. In this sense,
action refers to participation, such as opening up spaces for dialogue about
socio-scientific issues in science education.

The theoretical framework of this thesis therefore builds on the notion of
scientific literacy as encompassing not only knowledge of scientific concepts,
vocabulary, and the nature of science, but also the ability to apply this
knowledge to complex, real-world issues. Socio-scientific issues including
“wicked problems,” require the integration of content knowledge with ethical
reasoning, decision-making, and collaboration. These issues are embedded in
the aims of science education in both Sweden and Tiirkiye and align most
closely with Vision IIb. In both national contexts, activism itself is not em-
phasized in curricula. However, action-competence related aims such as pro-
moting democracy (more explicit in Sweden), fostering collaboration (both
countries), and encouraging participation in discussions (both countries) are
explicitly present. Thus, Visions I and II (a and b) offer a productive lens for
examining how scientific literacy is framed in teacher education curricula and
perceived by pre-service science teachers.

Overall, the dissensus concerning visions of scientific literacy has contin-
ued to strengthen. What it means to be scientifically literate is debatable, and
the question might confuse pre-service teachers thinking about what content
to teach and how. They may be unsure whether their primary role is to impart
scientific knowledge, foster critical thinking, or engage students in socio-
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political issues. This confusion can impact their confidence and the content
they privilege. Therefore, understanding their perspectives might clarify what
they find most relevant and feasible in their future teaching. This can help
prioritize the goals of teacher education programs, making them more focused
and aligned with pre-service teachers’ needs and expectations.

3.5 Curriculum emphases

Roberts (2007) outlined seven curriculum emphases that are crucial in sci-
ence education. These curriculum emphases provide a coherent set of mes-
sages to students about science, emphasizing scientific knowledge and the
purposes of science education. Roberts (1982) analyzed Canadian textbooks
to look for the purposes of teaching science and he formulated seven emphases
(1) Correct Explanations (CE), (2) Scientific Skill Development (SSD), (3)
Structure of Science (SS), (4) Solid Foundation (SF), (5) Everyday Coping
(EC), (6) Science, Technology, and Decisions (STD), and (7) Self as Explainer
(SE).

There are numerous examples of utilizing curriculum emphases for the
analysis of educational texts, curricula, and policy documents (e.g., Roberts
& Ostman, 1998). Lidar et al. (2018), Olander (2013), and Hamza and
Lundqvist (2023) extended the use of these emphases and showed that curric-
ulum emphases are also applicable in studies not only about curriculum but
also to science teaching practices. Roberts (1982) formulated and proposed
these emphases to answer students’ well-known question of why they should
learn science. By also considering applications of curriculum emphases in
teaching practices, in Studies I and II of this thesis, I ask this question in reply
to “Why am I going to teach this?” to reframe pre-service science teachers’
perspectives. Curriculum emphases provide a strong basis not only for a nu-
anced and detailed understanding of pre-service science teachers’ perspectives
but also for comparing the two countries studied here, as it allows the struc-
tured investigation of which emphases and how they appear in the contexts of
the two countries. These emphases can be classified more specifically in the
frames of the visions of scientific literacy (Table 1).

CE, SSD, SF, and SS can be classified under Vision I as the general focus
is on science itself. These four emphases justify the learning of science either
because it is found to be true by scientists, because it allows one to do more
advanced science, or because it produces future scientists. Vision Il frames
these emphases as still being present, but the focus is “science for all.” EC and
SE add to the previous emphases by focusing on individual actions of using
scientific knowledge, for example, in understanding everyday processes. The
SE emphasis has been replaced in the different visions articulated by scholars
(Lundgqvist et al., 2013; Olander, 2013; Sjostrom, 2025). These emphases can
be further discussed in terms of, for instance, what exactly makes science
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relevant or interesting. The answer to this can point to other emphases: if sci-
ence is interesting because it is satisfying to use scientific knowledge in daily
life, then this would indicate Vision Ila, but, if it is interesting because it is
important for our culture to recognize global warming, then it might indicate
Vision IIb. In this thesis, SE is framed under Vision Ila as referring to indi-
vidual reasoning, learning or teaching science (e.g., science being interesting,
satisfying, or exciting (Hamza & Lundqvist, 2023) or metacognition (Olander,
2013). This is because, in the perspectives of participants, the explanation of
why science is interesting can cause a shift from one the emphasis to another.
In Vision IIb, in addition to the four emphases under Vision I, STD is the focus
as it includes science for society rather than the individual.

Table 1
Analytical Framework of Visions and Curriculum Emphases (Lundgvist et al.,
2013; Roberts, 1982; Roberts, 2007, Sund, 2016)

Vision Vision I Vision 11
Vision Ila Vision IIb
Cur- Correct Explanations Correct Explana- Correct Explanations
ricu- (CE) tions (CE) (CE)
lum
em-
phasis
Scientific Skills De- Scientific Skills De- Scientific Skills De-
velopment (SSD) velopment (SSD) velopment (SSD)
Solid Foundation (SF)  Solid Foundation Solid Foundation (SF)
(SF)
Structure of Science Structure of Science Structure of Science
(SS) (SS) (SS)
Everyday Coping Science, Technology,
(EC)* and Decision (STD)*
Self as Explainer
(SE)*

* The emphases added are shown in bold to underline the specific focus; the previous
curriculum emphases are still included but are not the area of focus.

Taking a closer look, each curriculum emphasis will be explained in detail
and illustrated using the wicked problem of climate change. This example will
demonstrate how the same content can be framed in diverse ways to serve
distinct teaching purposes. The seven emphases in teaching and the corre-
sponding teaching implications are summarized in Table 2. This table does

44



not analyze the teacher education program or school science but simply illus-
trates the seven curriculum emphases applied to one wicked problem.

Correct explanations (CE) emphasizes teaching science by privileging the
significance of developing accurate and coherent explanations based on sci-
entific principles and evidence. This could be the aim of science teaching that
strives to help students build a solid understanding of scientific principles. It
can be noted that CE includes the accurate communication of canonical scien-
tific knowledge. Teaching about climate change within this frame would focus
on understanding the mechanisms of the greenhouse effect, radiative forcing,
and feedback systems such as ice-albedo effects. The teacher ensures that stu-
dents grasp scientifically accepted explanations and can differentiate them
from misconceptions (e.g., confusing the ozone layer with greenhouse gases).
The emphasis here is on conceptual precision, in other words, learning the
“right answers” and aligning students’ understanding with current scientific
consensus.

Scientific skill development (SSD) refers to skill development that ensures
that students not only learn scientific content but also acquire essential skills
such as critical thinking, problem-solving, and data analysis. Science teaching
focuses on developing scientific skills such as inquiry and the habits of mind
and competencies associated with scientific reasoning. A teacher might design
a lesson in which students collect local temperature data, analyze trends, and
compare them to global datasets to draw evidence-based conclusions about
climate variability. The goal of teaching about climate change with an SSD
focus is not to deliver a comprehensive overview of climate science but to
strengthen skills such as observing, hypothesizing, experimenting, interpret-
ing data, and drawing conclusions. This approach supports learners in thinking
and acting “like scientists,” emphasizing process over content.

Structure of science (SS) emphasizes the function of science itself as an
intellectual task. It encompasses the relationship between theory and evidence,
as well as the nature of science. Here, the purpose of teaching science is to
illuminate the epistemic structure of scientific inquiry and how knowledge is
produced, tested, and validated. Students would engage in analyzing data-sets,
questioning sources of uncertainty, and discussing how scientific consensus
emerges. The emphasis is on understanding how science works rather than
focusing on the societal implications of climate change. By definition, the em-
phasis on knowing “how science works” includes the nature of science (NOS)
in the frame of SS. A teacher privileging this emphasis in relation to teaching
about climate change might guide students through the logic of climate re-
search: how temperature data are collected, how proxy data (e.g., ice cores or
tree rings) are used to infer past climates, and how models are developed to
forecast future conditions.

Solid foundation (SF) highlights the importance of possessing the scien-
tific knowledge necessary to continue studying in more advanced scientific
areas. Such teaching includes preparing students for advanced study, rigor, or
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labs. Students need to learn science to be able to understand what is coming
in the next topic or grade. Climate change would be taught as an opportunity
to strengthen fundamental scientific concepts that underpin future understand-
ing. For instance, a teacher might teach about climate change in relation to
energy transfer, albedo, greenhouse gases, and the carbon cycle because these
topics are necessary for later grasping more advanced ideas such as radiative
forcing, climate modeling, or feedback mechanisms in Earth’s systems.

Everyday coping (EC) focuses on applying scientific knowledge to ad-
dress practical issues. This includes applying scientific facts and concepts in
daily life, in other words, applicability. Teaching implies helping students use
scientific understanding to make informed personal decisions. When teaching
about climate change, for example, the lecture might emphasize individual
actions such as reducing household energy consumption and sorting one’s the
waste. The learning outcome would be the ability to apply basic scientific
principles to everyday environmental choices. The goal is not to master theo-
retical models but to develop pragmatic competence.

Science, technology, and decisions (STD) not only considers science itself
but also its limits and applicability. It emphasizes that scientific explanations
are crucial for democratic decision-making, values, and society. A prominent
example of this would be teaching climate change. The orientation toward
STD could include teaching it because being informed about scientific evi-
dence empowers students to take action. By understanding the impact of hu-
man activities on the environment, students can make decisions that contribute
to a sustainable future. This emphasis situates teaching science within its so-
cial, ethical, and political contexts. A teacher might frame climate change as
a multifaceted global issue involving justice, power, and ethics. Lessons could
include analyzing how industrialized and developing countries contribute dif-
ferently to carbon emissions, or exploring how media and politics influence
public perceptions of climate science. Students could discuss moral and dem-
ocratic responsibilities, exploring how science can inform societal choices to-
ward sustainability. In this frame, the goal is not only understanding the sci-
ence, its applications, or taking individual responsibility but also engaging
with the civic and ethical dimensions of being scientifically literate citizens.

Lastly, Self as explainer (SE) involves conveying scientific descriptions
and explanations through scientific facts, with the descriptions being valued
for being exciting, beautiful, interesting, etc. In addition, metacognition is also
included in the SE emphasis (Olander, 2013). Examples could include both
teaching science because it is interesting or using a science project as a way
of teaching. As students can reflect on their reasoning and understanding, a
teacher working within this emphasis would encourage students to articulate
their initial explanations, such as attributing climate change to natural cycles,
and then revisit these ideas to reflect their own learning. Teaching about cli-
mate change in this emphasis can also be expressed in terms of how nice the
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cycles are, and that it is interesting to learn what happens to the elements of
these cycles.

In addition to Roberts’ seven curriculum emphases, more recently,
Sjostrom (2025) proposed six additional emphases to further articulate Vision
II1, which is divided into two: Vision Illa (ethico-socio-political emphasis)
and Vision Illa (relational-existential emphasis). The three emphases under
Vision Illa are: (1) STS perspectives, which draw on science and technology
studies to situate scientific knowledge within broader societal and historical
contexts; (2) ethico-socio-political perspectives, which foreground moral, po-
litical, and justice-oriented dimensions of science-related issues; and (3)
agency perspectives, referring to the capacity for informed, intentional, and
transformative action in response to socio-environmental challenges. The
three emphases under Vision IlIb are: (4) philosophical values, focusing on
the epistemic, ethical, and value-laden dimensions of science; (5) cultural-
existential perspectives, which address the relationships among science, hu-
man existence, culture, and diverse worldviews, including indigenous per-
spectives; and (6) embodied knowledge, emphasizing relational, experiential,
and “being-in-the-world” understandings of science that extend beyond ab-
stract cognition.

While these newly proposed emphases provide an important and timely
extension of Vision III, they are not explicitly incorporated into the theoretical
framework of this thesis for several reasons. First, they represent a recent con-
ceptual development that remains primarily theoretical, with limited empirical
application to date. Second, at the time of this study’s conceptualization and
data generation, these emphases had not yet been formulated. Finally, there is
partial conceptual overlap between these new emphases and those already in-
cluded in the analytical framework. For example, agency is to some extent
addressed within the “self as explainer” and “science, technology and deci-
sions” emphases, while philosophical values resonate with aspects of the
“structure of science” emphasis. For these reasons, rather than introducing an
additional layer of analytical categories, the thesis retains the established
framework while acknowledging these developments as relevant directions
for future research.

To sum up, the discussion of Visions I, II, and III and their associated
curriculum emphases provides the conceptual foundation for how scientific
literacy is understood and operationalized in this thesis. However, these vi-
sions are not developed in a vacuum,; rather, they are shaped by broader edu-
cational traditions, policy contexts, and national aims. To account for these
contextual dimensions, the following section introduces a comparative educa-
tion perspective that enables an analysis of how different national and educa-
tional settings frame the purposes and practices of scientific literacy.

47



1%

SUOISSIUID
109]J8 JUSWIOSBUBW 9)SEM JO 9SN ASIOUO MOY FUIYORI |,

UO I9JB[ SWIISAS Jorqpady pue Surfopour

orewr[o se yons sordoj padueApe 9I0W FUIPULISIdPUN IO
S10MpuUnoIs Ay apraoid jey) opage pue ‘9[oAd uoqied Ay}
‘193sueny A310u9 se yons sojdrourid oynuorods 9100 Juryora |,

oS ueyo 9JeWI[O JOJ JOUIPIAD YSI[qeISd 0} S[opoul pue (9109

901 “8°9) eEp AX01d 9sn s)SLIUSIOS MOy A10[dxd SyUSPMIS

oouaprad Sunardidiul pue ‘suroped Surkyruapr ‘eyep Su1zA|
-eUR pue 3unodd[[0o £q d3ueyd djewWI[d eSNSIAUL SJUIPMS

SonssI ABPAIOAS Surssaippe 10y jueliod
-w suonjeue[dxo pue d3pI[Mouy JJNUIIIS

(ordoy
1x3u ot 10§ aysmbaraid <3-9) aoua10s Jo Fur
-UJBQ[ JOYMNJ 0} PAPaau a3pajmouy] O1J1Juslog

20UOPIAS pue A1091} UoaMIQq dIysuorie[al oy
Surpnjour ‘SyI0m 90USIOS MOY SUIPUB]ISIOPU[)

"SOWOINO JIJNUAIOS
MOU PUB [NJSSAIINS JAJIYIL 0} S[[IS $$a901d
Surmboe pue sass9001d oyUAIOS SuruIed|

(o) 3w
-doo AepAroayg

As)
uonepunoy prjos

(SS) 2oud
-10S JO 2IMONIS

(ass)
juowdo[aAap

11> BRILEISN

SWIAISAS OeqPadJ pue ‘urdI0] dANRIPeI 0919 ISnoYuaaI3d ‘Y311 UMO J191]) (D) suon
oy} Jo Surpueisiopun OIJIIUIOS JeINOoe ue JuIyora ], u1 pagoqiand sassaoo1d pue s108] oOypULIOS  -eUR[AX9 1091100
(ASURYD dewWI]d,, UIYILI I, «,FUAIIS O8I} AYM., siseyduwry

(2861 *$142q0Y ‘€[0T “opun]0)
a3uvy) appuir]) Jo ajdwwxsg ayy 3ulsy) paIv4ISnjjf pup 2oua10§ Sulyova ] Jo Suily paip1oossy ayl yim sasvyduly WnnoLLIn u2aag

¢91qeL



6y

J8ueyo
ojew[d jnoge JuIUILd] UMO IIdU) JNOge NUIY} SIudpnis
Sunyew pue a1e S9[0AO [eIMBU [NjNneaq Moy Suiziseydwryg

SUOISSTWD Ul sanIfenbaur [eqo[3 pue ‘sarorjod uoq
-Ied ‘0onsn( [BJUSWUOIIAUD SE YONS SANSSI SSNISIP SHUSPMIS

uonm3ooe}ow
"010 ‘GurAysnes ‘3urjsarojur Surdq d0USIOS

SUOISSNOSIP JJNUAIIS-0100s Ul Jred Surye;
Se [ons AJ9100s pue ‘sonfeA ‘FUet-uoISodp
oneroowdp oddns 03 suoneue[dxs oynUAIOG

@as)
Ioure[dxyg se J[oS

(ALs) suorsto
-op pue ‘A3o[ou
-Jo91  ‘QoUdIdg




3.6 Comparative education, comparative didactics, and
scientific literacy from comparative perspectives

Comparative research in education has a long history, dating back to the
19th century when scholars first began systematically analyzing similarities
and differences among national school systems. Early work in the field was
often descriptive and aimed at documenting how education functioned in dif-
ferent societies, with the intention of borrowing “best practices” across bor-
ders (Phillips & Schweisfurth, 2014). Over time, however, comparative edu-
cation developed into a more theoretically informed discipline, recognizing
that educational systems cannot be fully understood without situating them in
their wider political, social, and cultural contexts (Bray et al., 2003; Bray et
al., 2014). More specifically, cross-cultural inquiry offers a productive lens
through which the contextual embeddedness of educational practices can be
rendered visible. However, it is important to differentiate between compara-
tive education and comparative didactics, as these traditions operate with dis-
tinct analytical orientations. Comparative education has historically concen-
trated on the examination of educational systems, institutional structures, and
policy frameworks across national contexts. Its primary concern lies in under-
standing how schooling is organized, governed, and, at times, evaluated across
countries.

Comparative didactics does not primarily aim to compare the socio-cul-
tural features of schooling processes or to assess their relative effectiveness
(Ligozat et al., 2015). Rather, didactics refers to research on teaching and
learning in relation to specific curricular contents and subjects. Comparative
didactics thus directs attention to the epistemic and pedagogical dimensions
of education: how knowledge is selected, structured, and transformed in teach-
ing; how relationships among teachers, students, and content are constituted;
and how these processes are shaped by cultural and institutional traditions
(Almgqyvist et al., 2023; Ligozat et al., 2015). From this perspective, what is
compared is not the performance of systems but the didactic constructions of
content and their underlying assumptions.

As Almgqvist et al. (2023) stated, comparative approaches are useful not
only for identifying context-specific strengths and weaknesses but also for re-
vealing what might be taken for granted. In my wording, “making the invisible
visible.” By stepping outside their own systems, researchers can recognize
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assumptions and blind spots that might otherwise go unnoticed. Comparative
didactics, in particular, provides tools for understanding how content selec-
tion, teaching methods, and educational goals interact in different contexts. It
also facilitates communication across subject didactics and general didactics,
broadening the scope of insights that can inform both policy and practice
(Almgpvist et al., 2023).

In recent decades, the field of comparative education has been strongly
influenced by processes of globalization, standardization, and international
policy borrowing. Large-scale international assessments such as the OECD’s
Programme for International Student Assessment (PISA) have intensified in-
terest in cross-national comparisons by producing rankings of student perfor-
mance. While such studies have offered insights into broad patterns of
achievement, it can be argued that they risk oversimplifying complex educa-
tional realities by prioritizing measurable outcomes and decontextualized in-
dicators (Grek, 2009; Sjeberg, 2015). Furthermore, OECD took a competitive
turn in handling PISA data, greatly affecting the participating countries’ edu-
cational policies (Grek, 2009). Moreover, following up on the historical defi-
nitions of scientific literacy, some researchers noted that PISA measures sci-
ence literacy rather than scientific literacy (Schwartz et al., 2023).

In terms of teacher education, in the comparative study of teacher educa-
tion in science subjects in PISA-leading countries (Doil & Pietzner, 2023), it
was found that scientific content knowledge is the most important part of
teacher education, which might indicate that privileging content in science
teacher education leads to better student performance because of assessment
of the content knowledge rather than a deep, broad assessment.

Another large-scale assessment of student achievement in science and
mathematics is the Trends in International Mathematics and Science Study
(TIMSS). Just like PISA, TIMSS also provides an overview of trends related
to the cognition and content knowledge of students from grades 4 to 8, gath-
ering longitudinal data on the trends (Hivatal, 2016). However, TIMSS has
also been criticized in various ways, for example, for receiving different types
of funding in different countries (Holliday & Holliday, 2003). Here the thesis
will address similar concerns like PISA, TIMSS underestimates set of cultural
factors in the results, factors such as social norms, cultural pride, and educa-
tional traditions (Holliday & Holliday, 2003). TIMMS has also been criticized
of not taking into account of different school curricula, and students enrolling
courses at different ages (Holliday & Holliday, 2003).

Looking more closely at the concept of scientific literacy in the cross-
national context, these large-scale assessments that quantify and measure
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scientific literacy have been criticized for oversimplifying complex educa-
tional landscapes by concentrating on quantifiable outcomes. Such approaches
risk misrepresenting educational systems (Araujo et al., 2017) or idealizing
particular traditions (Waldow et al., 2014). In relation to both the criticisms
and advantages of large-scale assessments, research suggests that these assess-
ments can be useful for gaining an overview and opening up room for quali-
tative investigation (Tai et al., 2022; Teig et al., 2022). Furthermore, many
scholars have called for more nuanced, context-sensitive approaches that
move beyond performance metrics to examine how curricula, pedagogy, and
educational purposes are shaped by local histories, values, and priorities
(Crossley, 2009; Schriewer, 2014).

In addition to large-scale assessments, comparative studies in science ed-
ucation have attracted increasing attention in recent years (e.g. Forest et al.,
2018; Kahriman-Pamuk & Borg, 2025). Research have been particularly im-
portant in documenting school practices, curricula, and student outcomes
across countries in different ways. For example, Heinz et al. (2017) compared
inquiry-based science education in Tirkiye, Israel, Sweden, and the Czech
Republic, revealing substantial differences in implementation linked to domi-
nant teaching traditions, resource availability, and national educational prior-
ities. Similarly, Kacovsky et al. (2022) analyzed the intended curricula of
mathematics and science in the Czech Republic, Estonia, Poland, and Slove-
nia, finding significant cross-national variation in learning outcomes and high-
lighting the absence of certain practices such as fieldwork in some contexts.
Marty et al. (2018) further illustrated these dynamics in their comparative
analysis of science curricula in relation to teaching traditions in Switzerland,
Sweden, and France, identifying distinct teaching traditions that reflect
broader cultural and institutional orientations toward science education. To-
gether, these studies highlight how curricular differences, often invisible
within a single national context, become evident when examined compara-
tively.

While comparative perspectives on school science and student perfor-
mance are well established (e.g.,Gericke et al., 2025), there is a notable lack
of research on teacher education. This represents a critical gap, as teacher ed-
ucation plays a decisive role in preparing future teachers to “teach for scien-
tific literacy”. The perspectives developed during teacher education that might
be shaped by content, methods, and curricular emphases directly influence
how pre-service teachers understand scientific literacy and translate it into
classroom practice (Al Sultan et al., 2018; Rubini et al., 2019).
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For science teacher education, comparative perspectives hold special
promise. Even science teacher education programs that are based on similar
research paradigms and traditions might show differences in several dimen-
sions such as teacher roles, learning and learning to teach, and teaching prac-
tices due to contextual and cultural differences (Conway et al., 2009). For ex-
ample, in the study of Doil and Pietzner (2023), comparing science teacher
education in Canada, Finland, Japan, and Singapore, found that, although the
political structures and guidelines of teacher education programs in these
countries were mostly very similar, the actual implementations differed. In
their study, in Finland, Japan, and Singapore, subject-specific scientific and
didactic content were found to be closely related and there was a great focus
on scientific literacy, whereas in Canada, content knowledge was more
strongly related to teachers’ convictions. Examining how different programs
conceptualize and prioritize scientific literacy can highlight the preparation of
pre-service teachers for their future role in cultivating a scientifically literate
society. While this thesis does not investigate classroom practices directly, it
focuses on what pre-service teachers encounter immediately before entering
the classroom to teach, namely, the perspectives they develop and the curric-
ula they engage with. In this way, comparison serves as a lens through which
to understand how science teacher education may guide, constrain, or relate
future teaching practices across cultural and national contexts.

As a central concern of this thesis, the question of how scientific literacy
is conceptualized, perceived, and constituted in teacher education demands
attention. [ advocate that the frequent tendency to “measure” scientific literacy
might be problematic, given that the concept itself is variably and often
vaguely defined. Attempts to standardize its measurement risk privileging one
vision of scientific literacy over others and obscuring the diversity of ways it
can be understood. Instead, recognizing different visions of scientific literacy
and examining how these are interpreted in particular contexts can provide a
more comprehensive and realistic overview of how teacher education prepares
pre-service teachers for teaching for scientific literacy.

This thesis is positioned within a comparative didactic framework. It does
not seek to evaluate or rank educational systems, countries, etc., or to draw
conclusions about effectiveness. Instead, it investigates how the aims of sci-
ence education in relation to scientific literacy are articulated, constituted, and
framed within science teacher education in two different contexts by fore-
grounding the didactic organization of content and its justificatory narratives.

In doing so, the concept of scientific literacy is utilized as the tertium com-
parationis (third comparing term) to link various practices that, despite their
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differences, shape how knowledge is spread across the individual, institu-
tional, and social levels (Ligozat et al., 2015). In this way, the research
acknowledges that differences across contexts are not deficits or advantages,
but expressions of historically and culturally situated educational logics based
on the third term, scientific literacy. The present thesis is based on three arti-
cles that collectively explore scientific literacy in science teacher education.
While the first article focused only on the Swedish context and served as an
entry point for me to understand and critically examine how scientific literacy
is addressed within Swedish teacher education, the second and third articles
applied a comparative perspective to Sweden and Tiirkiye. These comparative
studies aimed to “make the invisible visible,” as mentioned earlier.
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4 Methodologies

This thesis consists of three interrelated empirical studies that together in-
vestigate how scientific literacy is constituted in elementary science teacher
education from different yet complementary methodological perspectives.
While each article is based on distinct empirical material and has a distinct
analytical focus, they are all connected by a shared interest in understanding
how scientific literacy is constituted and perceived in the context of teacher
education.

The three articles together instantiate a cohesive multi-method qualitative
design that moves across levels of analysis, text, and triangulation, combining
multiple approaches and methods in the research process (Dzwigol (2022).
Study I provides a focused, in-depth look at how Swedish pre-service teachers
articulate the aims and content of science teaching and their intentions in
teaching science in the future in relation to scientific literacy. This study draws
on semi-structured interviews and applies qualitative thematic analysis in-
formed by different visions of scientific literacy and different curriculum em-
phases to identify patterns in participants’ perspectives on what, why, and how
to teach science to foster scientific literacy. Study II extends this perspective
comparatively, identifying patterns that are shared and those that diverge be-
tween Tirkiye and Sweden. Using a comparative qualitative design, the study
analyzes interview data through a cross-case reflexive thematic analysis to
identify shared and different orientations as well as context-specific patterns
across the two settings. Study III situates those individual and comparative
perspectives within institutional texts by showing how teacher-education pro-
grams and national guidelines frame scientific literacy (i.e., what is named,
how it is justified, and what is left implicit). This study relies on the qualitative
analysis of policy-level documents to investigate how scientific literacy is po-
sitioned within formal curricular texts.

Methodologically, interviews supply micro-level, agentive accounts of
the intended future practices of pre-service science teachers, while document
discourse analysis supplies relatively more macro-level, structural accounts of
what institutions say that teachers should learn and teach. Using the same con-
ceptual frames (i.e., visions of scientific literacy) across the articles enables
direct comparison and analytic integration. Although the visions are relatively
less central in Study III, the use of shared conceptual frameworks across the
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three studies enables the direct comparison and analytical integration of find-
ings.

This section introduces the methods used in the three articles, including
the methodological considerations, procedures, and data analyses. Since the
studies have different foci, the section begins with an overview of the two
contexts of science teacher education, followed by summaries of each article,
and then presents the methodological approaches in detail.

4.1 Why Sweden and Tiirkiye?

Besides being suitable cases for a comparative study of scientific literacy
in teacher education, Sweden and Tiirkiye have distinct structural differences
that can be related to science teacher education. Many differences and simi-
larities can be identified between these two countries, and some of the relevant
aspects for this thesis are exemplified in this section.

First, the differences and similarities in the economic statuses of the two
countries might lead to different science education goals and, thus, different
foci in science teacher education. Both Sweden and Tiirkiye prioritize promot-
ing science, technology, engineering, and mathematics (STEM) education to
prepare students for careers in these fields and to drive innovation and eco-
nomic growth (Rundgren et al., 2019; Tiirk et al., 2018). Nevertheless, the
differences in the two countries’ economic development and national priori-
ties have brought about different foci in their science teacher education. For
instance, Sweden is considered to be a welfare state with free-market capitalist
policies (Enander et al., n.d.), whereas Tiirkiye has been facing economic chal-
lenges since the 1990s with a decreasing GDP per capita (International Mon-
etary Fund, 2017). Aspiring to foster an advanced economy and advanced
technology has been a urgent and fundamental educational strategy for Tii-
rkiye, with science teacher education goals being shaped accordingly (Tiirk et
al., 2018). Despite the similar prioritization of goals in the Swedish case, Swe-
den’s status as a welfare state gives it different approaches to addressing eco-
nomic inequality (Akerlund, 2020; Edlund, 2006), a greater focus on sustain-
able development and public engagement in science education, and thus
teacher education aligning with these goals.

Second, we can observe a distinct difference in the structure of science
teacher education between the two countries. The specifics of the structures
are explained in the next section in more detail. The degree of centralization
of teacher education in the two countries differs distinctly. In Sweden, the
teacher education structures are relatively more decentralized and depend on
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the universities, as governed by the national Higher Education Ordinance,
Hogskoleforordningen. The ordinance is rather broad, allowing latitude for
institutional autonomy. The Ordinance calls for examination of whether its
goals are articulated by higher education bodies such as universities, which
must pursue these goals, but how this is to be done is rather broadly specified
and left to the universities. This decentralization might lead to differences
among the universities in the courses offered in science teacher education.
Nevertheless, all higher education bodies in Sweden need to follow the Higher
Education Ordinance. In Tiirkiye, all universities adhere to the regulations of
the Council of Higher Education (Yiiksek Ogretim Kurulu, YOK), resulting
in a more centralized teacher education system. YOK oversees the adminis-
trative and academic structure of universities, determines education and re-
search policies, and appoints academic staff (YOK, n.d.). While universities
can make small changes in the designs of teaching programs (e.g., addressing
certain objectives in different courses or in different semesters), they must
comply with YOK requirements, which are guided by the school science cur-
riculum prepared by the Ministry of Education. YOK provides a basic science
teacher education program to the universities, and the universities must fulfill
the associated standards in their programs. Teachers must meet certain re-
quirements, and pre-service teachers must be prepared to teach within these
requirements, so both pre- and in-service teachers can be considered less au-
tonomous in choosing the content and method than in Sweden.

Third, the differences in centralization are indirectly connected to the dif-
ferent traditions in the two countries. As mentioned in more detail earlier in
the thesis, although Sweden is shifting toward more Anglo-Saxon traditions,
the dominant tradition can still be considered to be Bildung. Since Bildung
implies holistic development via teaching, the teacher education is also orga-
nized within this frame. This can be observed in the next section, for example,
in terms of elementary science teachers needing to learn other subjects such
as mathematics and Swedish rather than focusing only on science subject
courses. In contrast, Turkish teacher education is influenced by the UK and
USA, with teachers expected to be experts in the subjects that they teach
(Cakiroglu & Cakiroglu, 2003). Therefore, teacher education programs in Tii-
rkiye focus strongly on science subject courses, taking them to advanced lev-
els. These differences might imply that both pre-service science teachers and
curricula would focus on different aspects when addressing scientific literacy.

To sum up, economic, political, and cultural differences between the
countries reflect each country's unique priorities, highlighting the complex in-
terplay of factors that shape science teacher education. As mentioned earlier,
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the third term scientific literacy is used to compare the similarities and differ-
ences between the two countries while taking these contextual differences into
account.

4.2 Overview of elementary school science in the two
countries

As science teacher education programs prepare teachers for their upcom-
ing teaching duties, in addition to the context, it is important to have an over-
view of what the pre-service science teachers are prepared for. Accordingly,
the objectives, guidelines, and definitions of elementary science are intro-
duced. In Sweden, this includes the curriculum for grades 4—6 science subjects
from Skolverket. In Tiirkiye, the elementary school curriculum for grades 5—
8 is used. The documents from the two countries are quite different in length
and detail, so the overview presents only what might be relevant to teacher
education.

4.2.1 Sweden

The Swedish science curriculum (Skolverket, 2024) for grades 46 is
structured into three distinct subjects: Biology, Physics, and Chemistry. The
overall goal is to stimulate pupils’ curiosity and interest in the surrounding
world while developing their ability to use scientific concepts, models, and
theories to explain natural phenomena. Learning is fundamentally centered on
systematic studies, in which students are encouraged to plan and execute ex-
periments, field studies, and observations using digital tools and physical
equipment to evaluate scientific statements. Within the subject of Biology,
pupils investigate the human body’s organ systems, health factors such as diet
and sleep, human reproduction, and the ecological relationships within local
ecosystems, including the importance of ecosystem services such as pollina-
tion and water purification. The Physics curriculum focuses on the indestructi-
bility of energy, the environmental impact of various energy sources, and eve-
ryday phenomena such as electrical circuits, forces in motion, and the move-
ment of celestial bodies in the solar system. In Chemistry, students apply a
simple particle model to describe the structure and recycling of matter while
exploring the properties of household chemicals, nutrients in food, and the
differences between fossil and renewable fuels. Across all three disciplines,
there is a consistent emphasis on sustainable development, the critical
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examination of information sources, and understanding how historical scien-
tific discoveries have influenced contemporary world views. Furthermore, the
curriculum requires students to use scientific models to communicate argu-
ments regarding health and the environment while documenting their system-
atic work through tables, images, and written reports.

4.2.2 Tirkiye

The Turkish Science Education Program for grades 58 is organized and
regulated by the Ministry of Education (MEB, 2018)' and the curriculum is
centered on a primary mission: to raise scientifically literate individuals who
can use scientific knowledge to solve daily life problems and contribute to
society.

The curriculum is designed to achieve several objectives including provid-
ing students with a basic understanding of astronomy, biology, physics, chem-
istry, and earth/environmental sciences. The curriculum also aims to help stu-
dents develop scientific process skills and research approaches in order to un-
derstand the natural world and solve problems. It is also stated that the students
should develop consciousness of regarding the interactions among individu-
als, society, and the environment, with a strong focus on sustainable develop-
ment and scientific ethics. Fostering entrepreneurship and an awareness of
science-related careers by demonstrating how scientific knowledge is pro-
duced and applied are other goals. The Turkish elementary science curriculum
also includes values integration that roots education in national, cultural, and
universal values, such as justice, friendship, responsibility, and patriotism,
which are woven into every unit rather than taught separately.

The curriculum content is systematically organized into four recurring
"subject areas" that span all middle school grades: earth and universe, living
things and life, physical phenomena and matter and its nature. A special em-
phasis is placed on science, engineering, and entrepreneurship applications,
which requires students to identify real-world problems, design innovative
products, and develop marketing strategies, culminating in a year-end science
fair.

The skill and competency framework of the curriculum is structured to
develop three specific categories of skills: scientific process skills, life skills,
and engineering and design skills. Additionally, the program integrates key

' A new Turkish school science curriculum was introduced in 2025. Since the thesis includes
studies conducted before 2025, the previous curriculum (2018) is explained to give a relevant
overview.
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competencies, such as digital competence, learning to learn, and initiative tak-
ing, to ensure that students are prepared for both national and international
academic and professional life. The curriculum utilizes a spiral approach,
meaning that concepts are revisited at different grade levels in increasing
depth and complexity to ensure permanent learning. The teaching strategy is
inquiry based, with the student being an active researcher and the teacher serv-
ing as a facilitator and guide. Learning is not confined to the classroom, but
also happens in informal environments such as science centers, museums, and
nature.

4.3 Overview of elementary science teacher education
in Sweden and Tiirkiye

4.3.1 Sweden

In Sweden, science teachers of grades 4—6 study for around eight semes-
ters in total, taking courses on various subjects totaling 240 ECTS. In most
cases, in the seventh semester, pre-service teachers can opt for either a general
science course or a social science course, each worth 30 credits, which corre-
sponds to a full semester’s workload. Those intending to become science
teachers choose the general science course, in which they study subjects such
as biology, physics, geosciences, chemistry, and technology, along with di-
dactics. The subject of didactics, akin to method courses in other countries,
teaches them “how and why to teach.” An overview of the course distribution
is given in Figure 2 in which five divisions can be observed, as follows:

e Education courses: courses related to education with no science
teaching implications such as leadership, assessment and measure-
ment, and research methods

Subject courses: Mathematics, Swedish, and English

Internship (“VFU” in Swedish)

Project: individual project course

The general science course
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Figure 2
Distribution of the Courses in Swedish Elementary Science Teacher Educa-
tion

= [nternship = General Science Course = Subject Courses

= Education courses = [ndividual Project

The general science course commonly consists of modules addressing bi-
ology, physics, chemistry, and technology, with subject didactics being in-
cluded in each module. The course covers a range of key topics, such as sus-
tainable development, species knowledge, photosynthesis, combustion and
other reactions, ecology, human physiology, evolution, thermodynamics, me-
teorology, and electrical engineering.

To give an example, the general science course at University S2 (Table 4)
in Sweden includes biology, physics, earth sciences, chemistry and technol-
ogy, issues within technology and the natural science subjects from the per-
spectives of the different subjects. The course also covers the history of ideas
and didactics of technology and the natural sciences, sustainable development,
species knowledge, life cycles of organisms and life history strategies, photo-
synthesis, combustion and other reactions, ecology, human physiology, evo-
lution, thermodynamics, meteorology, electricity, mechanics, kinetics, optics,
acoustics, astronomy, atomic and molecular theory, chemical bonds, the
chemistry of air and water, materials and form, moving parts, technical sys-
tems, outdoor technology and aesthetics. The course has the following overall
objectives, and at the end of the course, students will be able to:

e apply knowledge of everyday scientific phenomena

e apply the concept of sustainable development from scientific and
technical perspectives
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e carry out laboratory work and studies in the field and discuss ob-
servations and obtained results in a scientific manner
apply technology in their everyday life
apply research within the didactics of natural science subjects and
technology

e integrate science and technology with other school subjects for
grades 4-6 of compulsory schooling

4.3.2 Tiirkiye

In the Turkish case, elementary science teaching corresponds to grades 5-
8. Unlike in Sweden, elementary science teachers in Tiirkiye only teach sci-
ence subjects. Therefore, teacher education programs are more intense in
terms of science subject courses. The duration of the elementary science
teacher education program is spread over four years all over the country. De-
pending on the university, teacher candidates can take subject courses from
subject departments as well as education departments. Pre-service teachers
need to complete 260 ECTS in total from diverse courses. The overall distri-
bution of the courses and their classification can be observed in Figure 3, be-
low. Due to the centralization of the education system in Tiirkiye, the distri-
bution is more likely to be the same in every university. However, universities
can combine or divide courses or organize them differently, but in the end they
need to follow the distribution recommended by YOK. To exemplify, the ele-
mentary science teacher program at University T1 includes the following cat-
egories of the courses, listed with examples (Figure 3):
e clective courses (non-technical): any course that students can
choose, such as violin, dance, sports, and computer systems
e clective courses (technical): courses restricted to being related to
science education, such as applications of education for sustainable
development or special education for students with autism
e science subject courses: courses on science subjects with no teach-
ing implications, such as optics and astronomy, modern physics,
fundamentals of organic chemistry, and biology
e other subject courses: courses that are subject focused but not sci-
ence related, such as calculus, history of the Turkish revolution,
Turkish, and English. These courses are compulsory in every uni-
versity in Tirkiye regardless of the program; the elementary sci-
ence teachers do not teach these subjects.
e science teaching courses: courses that specifically address teaching
science, in other words, subject didactics; examples of such courses
are interdisciplinary science teaching, methods of science teaching
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in the middle schools, and laboratory applications in science teach-
ing

e cducational courses: courses related to education more broadly with
no implications for teaching science, such as educational psychol-
ogy, classroom management, the Turkish educational system, and
school management

Figure 3
Distribution of Courses in Turkish Elementary Science Teacher Education

= Other Subject courses = Elective courses(non-technical)
= Elective courses(technical) = Science Teaching courses
= Science subject courses Internship

» Educational courses

At the same university, University T2, the description of elementary sci-
ence teacher education is as follows;

The main purpose of the program is to educate science teachers with a good
self-image, an outgoing personality, a sense of humor, and an interest in help-
ing their students to understand science in a meaningful way. The program also
aims to develop teachers with a sound understanding of how children learn
science; confident in using technology; capable in problem-solving; attentive
to human rights, democracy, and ethics. The program emphasizes critical
thinking, personal reflection, and the professional development of pre-service
science teachers.

The above description was similar to those of all universities in Tiirkiye,
ensuring that the main points, such as democracy, ethics, and personal reflec-
tion, are followed as YOK requires. The above example from University T2,
however, addresses additional aspects, such as good self-image, a sense of
humor, and an outgoing personality, as part of teacher education. However,
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these aspects are not included in the science teaching course descriptions or
curricula of any of the courses at the universities listed in Table 4.

4.4 Research design

The structural overviews of the teacher education programs in the two
countries are not directly used as empirical materials in any of the included
studies; rather, contextual background is presented that explains how the pro-
grams are designed and what they entail. After the summary in Table 3, each
study’s design is presented in greater detail.

A qualitative approach is adopted in all studies included in the thesis. The
first study investigates pre-service science teachers’ perspectives on science
education and their envisioned future teaching practices within the Swedish
context. Using a qualitative interview design, the study explores how partici-
pants articulate what they find important to teach in science and why. The
approach is thematic analysis incorporating Roberts’ (1982, 2007) curriculum
emphasis framework to interpret the purposes and orientations underlying the
participants’ reflections as well as what these might mean for their future
teaching. This study served as an entry point to the field, helping to identify
how pre-service teachers in Sweden articulate what content is important to
teach, what skills are necessary for scientific literacy, their future teaching
perspectives in relation to scientific literacy, as well as their experiences dur-
ing teacher education.

Building on the first study, the second study adopts a comparative quali-
tative approach to examine similarities and differences in how pre-service sci-
ence teachers in Tiirkiye and Sweden perceive scientific literacy during their
teacher education and in relation to future teaching. Semi-structured inter-
views were conducted with participants from both contexts, and the data were
analyzed using reflexive thematic analysis (Braun & Clarke, 2023) through
the lenses of vision and curriculum emphases. This design made it possible to
highlight how pre-service teachers’ perspectives manifest in the two different
national contexts, educational traditions, and teacher education structures. The
comparative dimension allowed for a deeper exploration of how scientific lit-
eracy is interpreted not as a universal concept but as contextually shaped and
situated.

The third study continues applying a comparative perspective, but now at
the curricular level by analyzing how scientific literacy is addressed in the
science teacher education curricula of Tiirkiye and Sweden and how it is re-
lated to future teaching. Data comprise national guidelines and university
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program/course documents from Tiirkiye and Sweden. The study uses prag-
matic discourse analysis: documents were systematically scanned and ex-
tracted for course aims, objectives and content; preliminary annotations and
keyword mapping were performed.
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Table 3

Summary of Methods of the Three Studies

Data Analytical
Study Source (Empirical a rz)’ach Focus
Material) PP
. . Reflexive The- Perspectives on
Interviews with ) .
StudvI  Swedish pre-service matic Analysis what to teach, and
Y teachers p (Braun & Clarke, why, in the Swe-
2023) dish context
Reflexive The- ) .
. ) . . Cross-national sim-
Interviews with matic Analysis Aarities and differ
Swedish and Turk-  (Braun & Clarke, .
Study IT . . ences in perspec-
ish pre-service 2023) and com- fives on scientific
teachers parative content .
. literacy
analysis
Natlop a? gu1delln§s, How scientific lit-
descriptions of uni- eracy is addressed
versity programs, Pragmatic Dis- and Zituate din for
Study III  curricula of teacher  course Analysis

education courses,
and other course
documents

(PDA)

mal curricula of
teacher education
in both countries
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4.5 Data generation and collection

This section introduces how the data were generated and collected. The
two terms are used intentionally: data generation refers to the interviews, as
they were generated with the participants, and data collection refers to the pol-
icy and curriculum documents that were obtained for the analysis.

4.5.1 Empirical Material

4.5.1.1 Interviews with pre-service Science Teachers

For Studies I and II, pre-service elementary science teachers were re-
cruited. Participants in Sweden were recruited from three different universi-
ties, all offering similar teacher education programs for future science teachers
of grades 4-6. Pre-service science teachers were contacted in various ways,
via their teacher educators, joining their lectures, direct email, and their uni-
versities’ learning management systems. They were contacted at the end of or
right after the completion of their general science course to make sure that
they had enough experience and knowledge of the science subjects and subject
didactics.

Recruitment in Tiirkiye took place by snowball sampling (Noy, 2008).
Participants were contacted via personal contacts and their contacts during the
fall 2022 semester. Of the positive responders, the ones who fit the study pur-
poses were contacted via email or phone. In the end, seven participants from
Sweden and 10 from Tiirkiye were eligible for the studies and were recruited.

4.5.1.2 Policy and Curriculum Documents

For Study 111, elementary science teacher education program descriptions,
national guidelines and requirements, and curriculum documents for different
courses stated in the article were used. The documents were either publicly
available or supplied via personal contacts, for example, by requesting curric-
ula from the respective course teachers. Table 4, below, summarizes the par-
ticipants and the documents used. For data anonymity reasons, the names of
the universities are not given and pseudonyms are used for the participants.

4.6 Procedure

The interviews were designed to be semi-structured to ensure both flexi-
bility and latitude for participant reflection (Horton et al., 2004). The
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interviews, conducted in English for the Swedish participants and Turkish for
those in Tiirkiye, had 15 predetermined open-ended questions. The interview
guide (Appendix A) included various categories of questions concerning, for
example: perceptions of the definition of scientific literacy; scientific literacy
in their teacher education, curriculum, and content perceptions; and future
teaching for scientific literacy. These questions were designed in the manner
of'the “Why am I going to teach this?”” question, as described earlier. The same
interview guide was followed in both countries. It was prepared in English
originally and was then translated into Turkish for the participants in Tiirkiye.
In the Swedish case, the participants were informed that they could switch to
Swedish whenever they wanted. Fortunately, all were proficient in English
and did not need to switch to Swedish at any time. The processes of validating
the translation and piloting are explained in more detail in the “Validity and
reliability” section, below.

All the interviews were conducted online due to the pandemic. The inter-
views began with deliberately broad and open-ended questions about science
education and participants’ interest in becoming science teachers. This strat-
egy was used to avoid steering participants toward particular positions or cur-
riculum emphases from the outset. For example, instead of asking normative
or content-directive questions such as “What does everyone need to know
about science?,” the interviews started with more exploratory prompts such as
“Do you think everyone needs to know science? If yes, what do they need to
know? If no, why and who needs to know science?”

Some participants spontaneously articulated perspectives on specific con-
tent (e.g., mixing chemicals) and why such topics should be taught. However,
other participants’ comments remained at a more general level after these ini-
tial questions. In such cases, follow-up questions were used to probe more
specific content areas, for instance: “Do you think climate change should be
taught? Why?” Additionally, when participants’ responses were not clearly
aligned with a particular curriculum emphasis, further probing was used to
clarify their meaning, to investigate both which specific curriculum emphases
could be involved and whether there were any new emphases that might differ
from Robert’s seven emphases. For example, when participants referred to the
importance of science for “daily life,” follow-up questions were asked to un-
pack what they meant by daily life, as this could correspond to different em-
phases. To illustrate, one Turkish participant, Cansel, initially described sci-
ence as important for everyday decision-making in a general way. While this
could be interpreted as aligning with an EC emphasis (e.g., if it concerned
making decisions about which chemicals should not be mixed), follow-up
questions revealed that she was referring specifically to making informed de-
cisions about COVID-19 vaccination, which was rather an STD emphasis.
Thus, the progression of each interview after the initial broad questions was
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flexibly guided by participants’ responses, allowing their perspectives to
emerge before being further specified through targeted probing. Thus, the in-
terviews varied in length, lasting from 46 minutes to 2 hours 11 minutes.

In the procedure of studying policy and curriculum documents, all possi-
bly related documents were gathered. Since the teacher education programs,
national structures, and regulations differ between the two countries, various
types of curriculum documents were collected, differing greatly in length and
detail. This required the extraction of information that was comparable and
relevant to scientific literacy. The information related to the goals of the
courses and programs, the content of science teaching courses, and the specific
objectives of the courses that were relevant for comparison in the Turkish case
were extracted. Science subject courses such as organic chemistry and other
courses were excluded, as these courses were not directly related to teaching
science. To enable comparison, the information that was presented in both
cases was taken directly, such as clear objectives and topics from the program
content, whereas non-comparable information was summarized, such as the
specific teaching activities in the Turkish documents.
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Table 4

Empirical Materials Used in the Three Studies

Country University / Partici- Document(s)
authority pant(s)
University S1 Svante Elementary Science Teacher Edu-
. cation Program Description
Matilda g p )
General science course curriculum
Olle
University S2 ~ Hanna Elementary Science Teacher Edu-
cation Program Description
g Charlotte g P .
51 General science course curriculum
2
«n University S3  Lena Elementary Science Teacher Edu-
.. cation Program Description
Christian ) .
General science course curriculum
Universitets Hogskoleforedningen (1993:100)
och Hog-
skoleradet
University T1 Defne Elementary Science Teacher Edu-
cation Program Description
Riizgar g~ P .
Course curricula from the science
Deniz teaching courses
University T2~ Cansel Elementary Science Teacher Edu-
. cation Program Description
Gizem g. P .
Course curricula from the science
Giines teaching courses
% University T3 ~ Burcu No document used
=
E University T4 Bilge No document used
Devrim
Beren
YOK Elementary science teacher educa-

tion curricula from science teaching
courses

Elementary science teacher educa-
tion program description and expla-
nation
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4.7 Data Analysis

4.7.1 Study I

The data analysis in the first study followed a three-step qualitative ana-
lytical procedure, combining descriptive content analysis with reflexive the-
matic analysis within an abductive framework. This approach enabled both a
structured examination of predefined analytical categories and an openness to
patterns emerging from the data.

4.7.1.1 Step 1: Descriptive analysis of curriculum emphases

The analysis began with a close reading of the transcribed interview data
to achieve familiarity and develop an initial understanding of the participants’
perspectives. This phase involved repeated readings to situate each response
within its broader context and to avoid fragmentary interpretation.

Guided by the analytical framework of curriculum emphases (Roberts,
2007), the data were coded deductively using predefined categories (e.g., EC,
CE, and SF). The aim of this step was to identify how participants articulated
what counts as important knowledge in science education and how and why
they plan to teach such knowledge.

Following the coding, a descriptive analysis was conducted to examine
the distribution of curriculum emphases across the dataset. This involved
counting the number of coded segments associated with each emphasis,
thereby identifying dominant and marginal emphases in participants’ talk.
While frequency counts were used, they were not treated as statistical
measures but rather as indicators of salience and emphasis in the participants’
perspectives. This step primarily addressed how pre-service teachers articu-
lated their future teaching in terms of privileged content, methods and pur-
poses.

4.7.1.2 Step 2: Reflexive thematic analysis of curriculum emphases

In the second step, a reflexive thematic analysis was conducted following
Braun and Clarke (2023), with the aim of deepening the analysis beyond mere
descriptive categorization. This step explored how the identified curriculum
emphases were shaped, justified, and connected to participants’ experiences
and contexts.
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The analysis was conducted abductively, meaning that while the initial
coding was informed by the analytical framework, the development of themes
was open to patterns emerging from the data. The process involved iterative
coding, constant comparison, and recursive movement between data extracts
and the full dataset. To structure this step, the analysis was divided into two
interconnected phases.

4.7.1.2.1 Step 2a: Thematic analysis

In this phase, themes were developed to capture how participants’ per-
spectives were expressed. Two overarching themes were identified: experi-
ences and institutional activities. These themes encompassed sub-themes such
as personal and institutional experiences, concerns with teacher education, and
learning during teacher education. The focus here was on how curriculum em-
phases were embedded in broader narratives about learning to teach science,
including issues such as self-confidence, perceived lack of subject knowledge,
and reliance on external resources.

4.7.1.2.2 Step 2b: Relationships between themes and curriculum empha-
ses

In this phase, the analysis examined how the identified themes co-oc-
curred with specific curriculum emphases. Rather than assuming causal rela-
tionships, the analysis focused on patterns of association, for example, how an
emphasis on factual knowledge (i.e., CE) was linked to experiences of insuf-
ficient subject knowledge or expectations of teacher education. This phase
primarily addressed how participants’ perspectives were related to their
teacher education context.

Throughout this step, the reflexive nature of thematic analysis was em-
phasized. The researchers actively interpreted the data, acknowledging that
themes are not discovered but constructed through engagement with the data.
Analytical decisions were continuously revisited to ensure coherence and
depth.

4.7.1.3 Step 3: Integrated analysis of visions and inclusion/exclusion of
content

In the final step, the results of the descriptive and thematic analyses were
integrated within the broader theoretical framework of visions of scientific
literacy (Lundqvist et al., 2013; Roberts, 2007). This step aimed to synthesize
the findings by examining how the identified curriculum emphases and themes
aligned with different visions of scientific literacy.
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The analysis included examining which aspects of science education
might have been taken for granted, which were explicitly emphasized, and
which were notably absent (e.g., socio-scientific engagement and global citi-
zenship). The strength of alignment with different visions was interpreted
based on both the frequency of codes and the depth and form of participants’
articulations.

In addition, this step involved analyzing participants’ perspectives on the
inclusion and exclusion of specific content areas in their future teaching, as
well as their views of the existing curriculum. By combining frequency-based
patterns with interpretative insights, this integrated analysis provided a com-
prehensive understanding of how pre-service teachers conceptualize science
education and how these conceptualizations shape their intended teaching
practices.

4.7.2 Study II

In the second study, the analytical procedure followed a two-fold qualita-
tive design, explicitly oriented toward identifying and interpreting similarities
and differences between the two national contexts, Sweden and Tiirkiye. The
analysis combined (1) a qualitative content analysis of curriculum emphases
and (2) a reflexive thematic analysis of cross-contextual patterns. This dual
strategy enabled both a structured comparison of predefined analytical cate-
gories and a deeper interpretative exploration of how these categories were
perceived and articulated by pre-service science teachers.

4.7.2.1 Content analysis of curriculum emphases

The first phase of the analysis consisted of a qualitative content analysis
guided by the seven curriculum emphases within the analytical framework.
All interview data were transcribed verbatim and read iteratively to ensure
familiarity with the dataset across both national contexts.

Subsequently, the data were coded deductively according to the prede-
fined curriculum emphases, with attention to how participants articulated the
purposes, content, and priorities of science education. Each instance in which
a participant expressed a view related to a specific emphasis was coded ac-
cordingly. This process enabled the identification of patterns in how different
emphases were invoked, foregrounded, or backgrounded within each country.

Following coding, a descriptive analytical layer was developed to map the
relative prominence of each curriculum emphasis across the two contexts.
This involved examining both the frequency of coded segments and their
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qualitative significance in participants’ accounts. Rather than treating fre-
quency as a measure of importance in a positivist sense, it was used as an
interpretative indicator of salience within each national dataset. This step pro-
vided a structured basis for cross-country comparison, highlighting dominant,
peripheral, and potentially absent emphases in each context.

4.7.2.2 Reflexive thematic analysis of similarities and differences

Building on the content analysis, the second phase employed an abduc-
tive, reflexive thematic analysis (Braun & Clarke, 2023) to examine how sim-
ilarities and differences between the two contexts were constructed and artic-
ulated. This phase moved beyond categorization toward interpretation, focus-
ing on the underlying meanings, assumptions, and contextual influences shap-
ing participants’ perspectives.

The analysis began with a renewed process of data familiarization, involv-
ing repeated readings of the transcripts. During this phase, particular attention
was given to reflexive engagement with the data, including critical considera-
tion of my own positionality, prior assumptions, and potential interpretative
biases. This reflexive stance was maintained throughout the analytical process
to ensure transparency in knowledge construction.

Initial codes were then generated, focusing on specific instances, exam-
ples, and expressions through which participants articulated curriculum em-
phases in context. These codes captured not only what was said but also how
it was framed, justified, and related to experiences of teacher education and
broader educational contexts.

Following initial coding, codes were iteratively compared and clustered
into broader candidate themes representing patterns of similarity and differ-
ence across the two countries. Theme development was guided by continuous
movement among data, codes, and the theoretical framework, allowing for the
refinement, merging, or reconfiguration of themes. Throughout this process,
reflexive memo-writing supported critical interrogation of emerging interpre-
tations, including how my analytical decisions shaped the construction of
themes.

The abductive nature of the analysis was particularly central at this stage,
as it enabled a dialogue between empirical data and theoretical concepts.
While the curriculum emphasis framework informed the analysis, themes
were not restricted to it; instead, they captured how the emphases were inter-
preted, negotiated, and sometimes transformed within different national and
educational contexts.
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The analysis of curriculum emphases in both studies is given in Table 5,
below. The inductive part of the analysis can be followed in the separate arti-
cles reporting Studies I and II.
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4.7.3 Study III

In Study III, the process and analysis were slightly different from, yet
complementary to, those in the first two studies. Pragmatic discourse analysis
(PDA) was conducted to investigate how scientific literacy was addressed in
formal documents of science teacher education, that is, curriculum texts and
policy-guiding documents.

PDA is rooted in a transactional and discourse-theoretical understanding
of meaning-making (Quennerstedt, 2008, 2019). It was initially developed
from Dewey’s transactional approach to learning, which emphasizes how
meaning is co-constructed through interactions between individuals and their
environments, and from a Foucauldian view of discourse as patterned ways of
acting and speaking that shape what is seen as reasonable, legitimate, or pos-
sible within a social practice. In this framework, discourses are understood as
regularities in language and action that both enable and constrain meaning-
making.

Discourses are not merely ways of describing reality; rather, they organize
it. They establish norms, define problems, delimit acceptable solutions, and
shape how subjects understand their roles and responsibilities. In educational
contexts, discourses influence how teaching purposes are framed, what
knowledge is treated as valuable, and which professional practices appear de-
sirable or self-evident (Quennerstedt, 2008).

Within this framework, discourses are understood as regularities in lan-
guage and action that both enable and constrain meaning making. They consist
of institutionalized patterns, ways of talking, acting, valuing, and reasoning,
that define what counts as acceptable, relevant, or worthwhile knowledge in a
given context, such as science education or teacher preparation. Curriculum
documents, from this perspective, are not neutral descriptions of educational
content but sites where such patterns become formalized and stabilized.

What makes this approach pragmatic is its focus on the practical and con-
sequential dimensions of discourse. Rather than treating language as an ab-
stract representational system, PDA is concerned with what discourses do in
practice. It examines how particular formulations of aims, competencies, and
knowledge orientations shape educational priorities, guide institutional ar-
rangements, and influence how future teachers are prepared for professional
action. Discourse is therefore analyzed in terms of its consequences: how it
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directs attention, frames educational problems, legitimizes certain goals, and
renders alternative orientations less visible, less legitimate, or less actionable.

This pragmatic orientation also means that meanings are approached as
situated and functional rather than universal or fixed. Concepts such as scien-
tific literacy are understood as taking shape within specific educational prac-
tices and policy contexts. The analysis therefore attends not only to what is
stated explicitly but also to how formulations position teachers, students, and
knowledge in particular ways and make certain forms of teaching more think-
able than others.

From this perspective, privileging (Wertsch, 1991, Wertsch et al., 1993)
becomes a key analytical tool for operationalizing PDA in this study. Privi-
leging refers to how certain meanings, values, and ways of knowing are fore-
grounded as more important, relevant, or natural, while others remain back-
grounded, implicit, or marginalized. This concept aligns closely with the
broader argument developed earlier in the thesis: that science education and
teacher education inevitably prioritize particular aims, content selections, and
orientations to knowledge. By examining privileging in curriculum docu-
ments, the analysis reveals how specific conceptualizations of scientific liter-
acy become normalized and institutionally supported, while alternative possi-
bilities are downplayed or silenced.

Unlike purely linguistic discourse analysis, PDA therefore connects lan-
guage to action, structure, and consequence. It does not only describe how
language constructs reality but also considers how these constructions shape
educational practices, institutional conditions, and future teachers’ opportuni-
ties for meaning making and professional action. Through this lens, analysis
is both interpretive and reflexive: it identifies patterns of meaning while ac-
knowledging their educational, social, and political implications.

This study adopts this pragmatic stance by using discourse analysis not to
fix meanings but to trace how meanings are constructed, stabilized, and made
consequential across contexts—in this case, Turkish and Swedish science
teacher education curriculum documents. The analysis thus focuses on what
is privileged, included, and excluded in conceptualizations of scientific liter-
acy, and how these discursive priorities may enable certain visions of future
teaching while constraining others.

The analysis was iterative and reflexive. First, the extracted data were read
to search for preliminary annotations of key terms and rhetorical patterns, such
as repeating words, using the MAXQDA 24 software. These words were then
mapped in the software to see how they were connected to one another. The
coding and discourse groupings were revisited several times, with analytic
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memos used to track interpretive decisions. Attention was paid not only to
language but also to the possible practical consequences of discursive con-
structions for teacher preparation (Quennerstedt, 2008). In the second step,
these words and relations were analyzed through the lenses of the different
visions of scientific literacy to discern the differences and similarities between
the two countries’ curricula with regard to the conceptualization of scientific
literacy and its relation to future teaching practices. In the next step, the priv-
ileging (Wertsch, 1991) of content and methods was analyzed by searching
for what is included and excluded concerning scientific literacy. In the third
step, inductive codes were assigned to highlight emergent meanings related to
visions (e.g., disciplinary knowledge, everyday application, and socio-scien-
tific issues). To exemplify, some of the initial codes such as “facts for daily
use” and “explaining scientific phenomena” were grouped under disciplinary
discourse whereas “SSI involvement”, “action competence” codes were
grouped under in integrative discourse. Fourth, the codes were clustered into
broader discourses, supported by representative text excerpts. Lastly, for each
discourse, intertextual and interdiscursive relations across documents were
also considered, tracing how the same terms were mobilized and connected in
various ways.

4.8 Validity & Reliability

In the first study, several procedures for validity and reliability measures
were followed. Validity and reliability are followed according to Tracy’s
(2010) recommendations for quality in qualitative research including afore-
mentioned triangulation (Dzwigol, 2022). The interview process was initially
piloted with two pre-service science teachers. Additionally, two science edu-
cation experts reviewed the interview instrument and the think-aloud protocol
(TAP) (Gill & Nonnecke, 2012) was conducted with one of the pre-service
teachers and one expert in science education. TAP can be shortly described as
testing the instrument while participants loudly tell what comes to their minds
when they read or hear the question without answering it. It is used to monitor
the thinking process and organization of the participants’ answers are struc-
tured. It also allowed me to see if there were any words or expressions in the
instrument that might require explanation or alteration. After that, two more
science educators further evaluated the interview questions and the instrument
was revised according to their feedback. After minor corrections, the instru-
ment was finalized.

For the second study, I translated the instrument into Turkish. To ensure
validity and reliability, I followed the translation-back translation procedure
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with an external researcher whose mother tongue is Turkish and who is profi-
cient in English. In addition to the expert interviews in Sweden, two more
experts in Tiirkiye were contacted to review the translated instrument. Fortu-
nately, no significant changes were needed.

For the curriculum documents used in the third study, the Swedish docu-
ments initially machine translated and the translated checked by a science ed-
ucation researcher who is fluent is Swedish. When available, English docu-
ments were used instead of Turkish or Swedish.

In addition, rich rigor, credibility and transparency criteria proposed by
Tracy (2010) were also followed more detailed in the process. All analyses
were presented and discussed with several researchers and research groups
from different international backgrounds during the analysis of the empirical
material as part of the triangulation process. This process involved sharing
selected interview excerpts, including both segments where the coding was
absolutely clear to me and those where | was uncertain. The excerpts were
independently reviewed without prior disclosure of my initial coding, and I
examined the consistency between my coding and that of other researchers.
Including both straightforward and ambiguous cases strengthened the reliabil-
ity of the analysis by ensuring that coding decisions were robust across vary-
ing levels of interpretive difficulty. Except for a few of excerpts, the external
researchers’ codings and mine were consistent. Those that were not the same,
were coded differently by me because of my interpretation of the whole inter-
view, the context, and the body language of the participant. External research-
ers only had the excerpts without the context or facial expressions and gestures
of the participants, which might have caused those few inconsistencies.

4.9 Methodological considerations

4.9.1 Researcher positionality

Conducting intercultural interviews brings out and sometimes even re-
quires different positionalities. Since I regard interviews more as a social prac-
tice than a neutral research instrument (Brinkmann, 2016), positioning myself
differently depending on the contexts steered the data generation process. For
instance, the interviews for Studies I and II were conducted in different lan-
guages. In Sweden, participants were notably willing to share their perspec-
tives with a researcher (me) from a different cultural background. This created
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a less formal environment with the participants, where they probably felt more
comfortable talking and informing me about their perspectives. Turkish case,
although interviews could have been problematic, given the criticism of qual-
itative interviewing as being mainly developed from Western perspectives
(Brislin, 1976; Gustafsson- Jertfeld et al., 2016; Laverack & Brown, 2003),
which may create some problems in other cultural contexts, my positionality
may have eliminated these problems. In contrast, Turkish participants were
more likely to share their perspectives directly without needing to explain the
educational system; in other words, the interviews were not as informative as
in the Swedish case but were more critical. In both situations, I was able to get
nuanced and rich replies with the help of my different positionalities.

Although the language was not a problem when generating the data in
Sweden (where all the participants were fluent in English), it was difficult to
recruit the Swedish pre-service teachers to participate in the study. It took a
considerable amount of time to reach only seven participants as they hesitated
to talk in English or simply did not want to spend time on an interview. Nev-
ertheless, those eligible for my study and those who volunteered gave fruitful
answers.

Similarly, in the curriculum documents, my positionality differed between
the two contexts. In the Turkish case, as I was educated in the Turkish tradition
for many years, | knew what documents to look for and where exactly to find
the information I needed. However, in the Swedish case, I primarily looked
for the curriculum documents for the universities where I had collected data
in the previous studies, in which I needed to navigate among different author-
ities and people. Collecting data from both pre-service teachers and their re-
spective teacher education programs would be beneficial for linking the results
and seeing scientific literacy from the perspectives of both pre-service science
teachers and what is officially planned to be offered in their programs.

4.9.2 Ethical vetting

The present study does not touch on any sensitive data concerning, for
example, religion, sexual orientation/sex life, ethnicity, race, political opin-
ions, or trade union membership. Nevertheless, the study does include people
whose data were and will be recorded accordingly. Although no sensitive
questions were planned, I noticed the tendency to discuss sensitive topics such
as religion or politics during the pilot interviews. In particular, political talk
by participants from Tiirkiye might have had consequences, as participants
could be identified as for/against the government, religion, etc. To protect the
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participants and give them a safer environment, besides following the guide-
lines of the Swedish Research Council (2017), ethical vetting was conducted
and approved by the Swedish Ethical Review Authority (Etikprévningmyn-
digheten, Dnr 20220122001).

It was stated that the participants would be contacted by me or my super-
visors if they wanted to join the study voluntarily; only those who were inter-
ested were contacted. After their decision to participate, participants were each
given a consent form to sign, including all information about the aim of the
study, their withdrawal right, the processing of their data, contact people, and
where/how long the data will be stored. More specifically, the consent form
stated that they would be recorded during the interview, that they could with-
draw from participation any time they wanted, that they need not answer ques-
tions that they did not feel comfortable with, and that they could ask me to
delete their data even after the interview. They were also given my contact
information in case they wanted to withdraw. Moreover, they were also in-
formed that their names would be anonymized, that only the supervisors and
examiners of my PhD studies could access the data if needed, and that all data
(i.e., recordings, transcripts, and notes) would be stored in a locked drawer
and room at Uppsala University.

In the Turkish case, formal ethical vetting was not required for several
reasons. First, the study was conducted primarily in Sweden, so approval from
Swedish authorities was relevant. Second, prior to data collection in Turkey,
I contacted the course instructors at the respective universities. Finally, in Tur-
key, formal ethical review processes generally require affiliation with a uni-
versity or recognized research institution so that an application can be submit-
ted, which was not applicable in this case.
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5 Summary of the findings of the studies

5.1 Study I

The first article explored how Swedish pre-service science teachers artic-
ulate their future science teaching practices and the purposes they attribute to
science education. The analysis identified clear patterns in how the partici-
pants described why they would teach science, what content they would pri-
oritize, and how these views related to their experiences of teacher education.

Using Roberts’ (1982, 2007) curriculum emphases as an analytical tool,
five emphases were found across the data: Correct Explanations (CE), Every-
day Coping (EC), Solid Foundation (SF), Structure of Science (SS), and Self
as Explainer (SE). The emphases scientific skill development (SSD) and sci-
ence, technology, and decisions (STD) were not present in any participant ac-
counts. Among these, CE and EC were the most frequently articulated. CE
reflected participants’ strong view that science education should focus on en-
suring that students acquire correct and coherent scientific knowledge. Many
participants described science as a body of factual knowledge that should be
accurately transmitted to learners. EC appeared in statements linking science
to everyday experiences and practical understanding particularly in relation to
safety, health, and nature.

The SF emphasis appeared when participants discussed teaching funda-
mental scientific ideas that students would need for further studies. SS and SE
were only occasionally expressed, reflecting limited engagement with the ep-
istemic or metacognitive aspects of science learning. For instance, a few par-
ticipants described curiosity-driven learning or students’ own reasoning as
valuable but did not connect these explicitly to the nature of science.

A second analytical layer examined the sources of these perspectives, re-
vealing that participants’ ideas were shaped by both personal experiences
(e.g., memories of school science and personal interest in nature) and institu-
tional experiences within teacher education. Two overarching themes cap-
tured these influences: experiences and institutional activities. The former en-
compassed participants’ personal encounters with science and learning, while
the latter related to the content, structure, and perceived gaps within their
teacher education programs.
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Participants expressed both appreciation and frustration with their train-
ing. Most reported low confidence in their scientific knowledge, particularly
in physics, and attributed this to limited subject content in their courses. Sev-
eral said that they relied on external resources (such as YouTube or social
media) when preparing lessons. When discussing what they would teach in
the future, participants primarily referred to topics and methods experienced
in their teacher education courses, indicating that these institutional experi-
ences strongly influenced their developing teaching orientations.

Finally, the analysis of what participants included or excluded in their vi-
sions of future science teaching showed a clear preference for factual and eve-
ryday-oriented content, while broader aims of science education such as fos-
tering citizenship, critical engagement, or socioscientific reasoning were
largely absent. Teaching was described as delivering accurate knowledge and
promoting curiosity, but not as a space for engaging with the societal or ethical
dimensions of science.

In summary, the study revealed that pre-service teachers’ perspectives on
science education were shaped by both personal and institutional experiences
and predominantly reflected content-oriented views of teaching science.
These perspectives prioritized teaching correct scientific knowledge and con-
necting science to everyday life, while overlooking scientific engagement in
relation to scientific literacy.

5.2 Study II

The second study explored how pre-service science teachers from Tiirkiye
and Sweden articulated the aims of science teaching through the lens of cur-
riculum emphases. The analysis revealed that although participants from both
contexts shared certain tendencies, particularly emphasizing Correct Explana-
tion (CE) and Everyday Coping (EC), their articulations of what it means to
teach science and to foster scientific literacy differed notably in focus, moti-
vation, and contextual framing.

5.2.1 Descriptive analysis of curriculum emphases

Both Turkish and Swedish participants were most frequently oriented to-
ward CE, focusing on the accurate communication of scientific facts and con-
cepts, and EC, which links science learning to everyday life and practical un-
derstanding. However, SSD and STD received little to no emphasis in either
group. Only one participant, from Tiirkiye, mentioned vaccination decisions
during the Covid-19 pandemic, which was the sole instance coded as STD.
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Among Turkish participants, scientific literacy was often framed as the
ability to use science in making sense of daily life situations. For example, one
participant explained that understanding friction was necessary to explain why
a car stops when the driver applies the brakes. Astronomy, human body sys-
tems, and acids and bases were mentioned as the most important topics to
teach, with evolution discussed as essential but absent from the national cur-
riculum, an omission that most participants criticized. Their comments indi-
cated that science was valued both for practical applications and as knowledge
required for examinations, showing an interplay among the EC, CE, and solid
foundation (SF) emphases.

Swedish participants also highlighted CE and EC but linked them less to
external requirements and more to the personal or intrinsic value of science
learning. They emphasized understanding biological processes, such as how
the body functions, as important for personal awareness and health. Evolution,
animals, and nutrition were considered key topics, often discussed in relation
to curiosity and interest rather than assessment demands.

A notable difference between the two groups was that Turkish participants
explicitly used the term scientific literacy in their discussions, whereas Swe-
dish participants rarely did. Despite this, both groups revealed varying inter-
pretations of what such literacy entails. For example, some Turkish partici-
pants described scientific literacy as the ability to follow scientific develop-
ments and make inferences from them, while others saw it as a basic level of
understanding necessary for everyday safety and health decisions.

The self as explainer (SE) emphasis was much more pronounced among
Turkish participants. SE was articulated through references to metacognition,
lifelong learning, and self-regulation, skills framed as essential for becoming
a “21%-century citizen.” Turkish participants viewed science teaching as a
means to cultivate reflective learners who understand how to learn science. In
contrast, Swedish participants’ references to SE were rare and often limited to
personal interest or excitement about science as a subject, such as engaging
with science topics during leisure time.

Structure of science (SS) appeared in both contexts but in different ways.
Turkish participants related it to understanding the collaborative and evi-
dence-based nature of science, while Swedish participants focused more on
distinguishing science from pseudoscience, for example, identifying whether
claims in the media were scientifically valid.

Overall, the descriptive analysis showed that while both groups valued
science for its correctness and everyday relevance, only the Turkish group ex-
pressed broader metacognitive and reflective views connected to SE and SF,
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and neither group demonstrated substantial engagement with societal or ethi-
cal dimensions represented by STD.

5.2.2 Thematic analysis across countries

Building on the descriptive results, the thematic analysis identified two
broader themes: teaching for scientific literacy and problematizing science
teacher education.

Under the teaching for scientific literacy theme, the results demonstrated
that motivations for becoming a science teacher differed. Swedish participants
were driven mainly by personal interest in science or practical job considera-
tions, whereas Turkish participants often saw science teaching as a pragmatic
choice shaped by exam placement systems. Importantly, none expressed mo-
tivations aligned with scientific engagement in society or socio-political
awareness.

In both contexts, participants connected their visions of teaching to their
experiences in teacher education. Turkish participants often envisioned hands-
on, STEM-based, or constructivist classroom activities, while Swedish partic-
ipants emphasized outdoor learning and experiential teaching connected to lo-
cal environments. Despite these contextual differences, participants in both
countries mirrored the teaching methods they experienced during their teacher
education, often articulating intentions to “apply what I did in my course at
the university.”

The theme problematizing science teacher education revealed differences
in how participants reflected on their teacher education systems. Turkish pre-
service teachers were more critical, particularly of the curriculum content, sys-
temic inequities, and the removal of evolution from the national curriculum.
Swedish participants, in contrast, expressed overall satisfaction with the cur-
riculum and did not use science education as a platform for broader critique.

In Sweden, participants voiced concerns about insufficient subject
knowledge and a perceived overemphasis on didactics. In Tiirkiye, the oppo-
site was found: participants criticized the overloading of teacher education
programs with advanced disciplinary science that they considered irrelevant
to the levels they would teach. Thus, both groups reflected tension between
content and pedagogical knowledge but from opposite directions.

Taken together, the results show how pre-service teachers’ understand-
ings of scientific literacy and science teaching are shaped by national contexts,
teacher education experiences, and cultural conceptions of what science edu-
cation is for. While both groups shared a focus on correctness and practical
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application, neither strongly connected science teaching to civic, ethical, or
democratic dimensions, revealing a limited engagement with broader societal
aims of scientific literacy.

5.3 Study I1I

Across both Turkish and Swedish science teacher education curriculum
documents, two overarching discourses were identified: an integrative dis-
course in the foreground of Swedish teacher education, and a disciplinary dis-
course in the foreground of the Turkish case. In the documents from both
countries, both discourses were present but there was a strong dominance of
the disciplinary discourse in Tiirkiye and the integrative discourse in Sweden.

5.3.1 Disciplinary discourse

In the Turkish context, scientific literacy was explicitly framed as a dis-
tinct and teachable body of disciplinary knowledge. The term itself appeared
directly in course objectives, often as a skill or competence to be taught, de-
veloped, or assessed. This reflects a Vision I-Ila orientation, where the focus
lies on mastering scientific concepts and applying them to everyday situations
on an individual level rather than engaging in collective or political action.
The documents demonstrated a strong emphasis on constructivist but content-
driven teaching, with detailed prescriptions of pedagogical methods such as
inquiry-based learning, conceptual change, argumentation, and project-based
learning. Pre-service teachers were expected to “teach scientific literacy” ex-
plicitly, design activities for this purpose, and identify and eliminate students’
misconceptions about both science content and the nature of science itself.
Scientific literacy is conceptualized as an explicit, separate body of knowledge
that pre-service teachers must master and then transmit to their students with
the help of the teaching methods prescribed. Therefore, significant emphasis
is placed on identifying and eliminating student misconceptions about this
body of knowledge of scientific literacy.

Sustainable development and environmental education appeared within
the curriculum as content knowledge rather than open-ended issues. Environ-
mental topics, for instance, were presented as problems with clear-cut individ-
ual solutions (e.g., waste sorting and reducing carbon footprints). Similarly,
lifelong learning and metacognitive awareness were articulated as individual
competences that pre-service teachers should acquire and teach, highlighting
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a vision of the scientifically literate citizen as a knowledgeable and self-regu-
lating individual rather than an engaged societal actor. The Turkish documents
constructed scientific literacy as a disciplinary goal to be achieved through
mastery, privileging scientific reasoning, methodological rigor, and the elim-
ination of misconceptions.

5.3.2 Integrative discourse

In contrast, the Swedish curriculum framed scientific literacy implicitly,
without using the term directly but embedding it within broader aims of de-
mocracy, sustainability, and citizenship. Scientific literacy was thus posi-
tioned as a way of approaching science education rather than a distinct content
area. This emphasizes students’ and teachers’ capacities to apply scientific
knowledge in everyday reasoning, decision-making, and socioscientific dis-
cussions. Scientific knowledge was consistently linked to teaching practice
and democratic engagement. Course objectives frequently stated that pre-ser-
vice teachers should “take a stand,” “problematize,” and “argue” about sci-
ence-related societal issues. These phrases appeared particularly in the biol-
ogy and chemistry components of the general science courses, which explic-
itly referred to sustainable development, climate change, energy production,
and biotechnology.

The Swedish documents also demonstrated a strong interdisciplinary and
reflective orientation, connecting science education with ethical, esthetic, and
social dimensions. For example, courses included modules focused on citizen-
ship education, creativity, agency, and environmental ethics. Teachers were
described as reflective practitioners capable of integrating subject knowledge
with broader contextual applications. In addition, socioscientific and ethical
issues, such as sexuality, identity, and coexistence, were embedded in the cur-
riculum as part of developing students’ critical and communicative compe-
tences. Action competence and reflection were privileged over content mas-
tery, indicating that to be scientifically literate is to engage in dialogue, delib-
eration, and value-based reasoning rather than merely to know.
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6 Discussion

Overall, the findings reveal that scientific literacy functions different in
distinct national discourses. In Tiirkiye, it operates as a defined body of disci-
plinary knowledge to be explicitly taught, measured, and mastered within for-
mal frameworks. In Sweden, it emerges as an integrative educational stance,
implicitly embedded in teaching practices that link science with democracy,
sustainability, and societal participation.

While both contexts negotiate the balance between disciplinary
knowledge and societal relevance, they do so through different logics. Tiirkiye
emphasizes scientific literacy as knowledge transmission within a disciplinary
framework, whereas Sweden emphasizes scientific literacy as reflective en-
gagement within a social and democratic framework. These differences illus-
trate how curriculum discourses not only reflect but also reproduce national
traditions and priorities in science teacher education.

6.1 RQ1: How is scientific literacy perceived in science
teacher education?

In line with earlier findings in science education research claiming that
scientific literacy is a context-dependent construct (e.g., Roberts, 2007;
Sjostrom & Eilks, 2018), this thesis confirms that it remains contested and
context dependent. It appears to be a plural and situated phenomenon that
takes shape differently depending on the curricular, institutional, and sociocul-
tural contexts in which teacher education is organized. While previous studies
have often framed this variation at the level of policy or curriculum aims, the
present findings extend this understanding to the teacher education level,
based not only on formal documents but also on pre-service teachers’ per-
spectives. The context-dependent nature of scientific literacy seems to frame
how teacher education communicates the purposes of science teaching to fu-
ture teachers. Importantly, these differences also become visible across cur-
riculum domains. While formal and intended curricula articulate particular
aims and orientations, pre-service teachers’ perspectives reflect how these
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aims are interpreted, internalized, or re-prioritized within the experienced do-
main. This thesis therefore shows that scientific literacy is shaped not only by
what is constitutionalized but also by how it is taken up and made meaningful
by future teachers. These insights are particularly relevant to the design and
development of teacher education programs, as they highlight the need for a
balance between intended curricular goals and how these goals are experi-
enced and interpreted by pre-service teachers. The relationship between cur-
riculum text and pre-service teachers’ perspectives seems to be intertwined
with the broader didaktik versus curriculum traditions. The Turkish case,
grounded in an Anglo-Saxon orientation, aligns with research describing ed-
ucation systems as emphasizing measurable outcomes and prescribed methods
(Cochran-Smith & Fries, 2005; Westbury, 2000). The Swedish case, rooted in
the didaktik and Bildung traditions, resonates with studies describing more
reflective, holistic, and value-oriented approaches (Ligozat et al., 2018; Will-
bergh, 2021). Yet, this thesis reveals that what pre-service teachers experience
or expect does not have to follow the curriculum traditions. For example, even
within the Bildung-oriented context of Sweden, pre-service teachers tend to
reproduce content-based perspectives. These nuanced findings suggest that
broader didaktik framings do not always necessarily lead pre-service teachers
to plan reflective or democratic teaching. They instead suggest that the reali-
zation of practices and formulations within the didaktik frame depends on how
they are operationalized within the teacher education curriculum.

Although teacher education programs are central to the perspectives of
pre-service science teachers, and although teachers plan their teachings mostly
according to how they learned in their education (Dragos & Mih, 2015), their
perspectives on teaching for scientific literacy do not emerge solely from
teacher education programs. Previous research shows that beliefs about sci-
ence and science teaching are also shaped by a range of factors, including prior
schooling experiences, attitudes toward science, self-efficacy beliefs, and ear-
lier encounters with science learning environments (e.g., Kazempour & Sad-
ler, 2015; Tosun, 2000). These experiences often form stable belief systems
in students before they enter teacher education, influencing how pre-service
teachers interpret new pedagogical ideas and curricular expectations. Conse-
quently, teacher education programs interact with already established percep-
tions and perspectives rather than starting from a “blank slate.” Recognizing
the influence of these earlier experiences helps explain why pre-service teach-
ers in different contexts may reproduce familiar content-oriented approaches
even when teacher education programs promote broader visions of scientific
literacy. Moreover, a recent study showed that family background, school
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track, and school quality have a great impact on student scientific literacy
(Zhang & Zhao, 2026), which might be the case for pre-service science teach-
ers, as their perspectives on scientific literacy and science education might be
rooted in other factors, such as parental education or socioeconomic status.
Nonetheless, it is very crucial that teacher education programs recognize pre-
service teachers’ perspectives as these perspectives are more likely to form
during their education and resistant to change later in their teaching profession
(Woolfolk-Hoy et al., 2009).

In addition to earlier discussion of how linguistic and conceptual similar-
ities could have different meanings and practices in different contexts, the
question of “action” in relation to scientific literacy is particularly revealing.
While Visions III and IV describe activism as a central component of science
education, the comparative context of this thesis shows that the meaning of
action should not be universalized. For instance, the expression of action in
Cansel’s example, was to act in getting a vaccine, and the action in Hanna’s
example was to act when one cut oneself. Likewise, action was clearly de-
scribed in terms of individual sustainability actions, such as recycling in the
Turkish documents whereas it acting in relation to competence to take part in
socioscientific discussions in the Swedish documents. Despite the calls for the
more global description and application of scientific literacy for teacher edu-
cators (Lederman et al., 2024), the results of this thesis indicate that the con-
ceptualization of scientific literacy seems to be reinterpreted in light of the
social, political, and institutional conditions of each context. The results imply
that teaching aims such as critical and scientific engagement are not automat-
ically transferable across national boundaries; rather, they are enacted differ-
ently depending on what is possible, legitimate, or valued in each educational
system. Understanding these contextual dynamics is therefore important for
designing teacher education programs that are both meaningful and locally
relevant, allowing pre-service teachers to consolidate the specific educational
realities of their contexts and their aims of teaching for scientific literacy.

Regarding the interviews, it was observed that subject content knowledge
is highly important for pre-service teachers regardless of the context. This
finding brings the ongoing discussion on what content and how much is
needed in teacher education (e.g., Yli-Panula et al., 2017). It is established in
research that pre-service teachers” feel more motivated and confident in both
teaching and learning science when they have more subject content knowledge
(Cakiroglu et al., 2012; Appleton, 2003). From the findings of Studies I and
11, it can be observed that the Swedish pre-service teachers strive for learning
more content and thus feeling less confident, while Turkish students are

92



confident in teaching due to high content knowledge. However, even in the
Turkish case, students do not consider this much of subject content knowledge
is necessary. Together with the findings from the analysis of policy documents
of teacher education and earlier discussion on different traditions, there seems
to be a need for balancing the weight that is given to subject content
knowledge in science teacher education programs and curricula. Implications
for teacher education are stated more detailed later in the thesis.

6.2 RQ2: What are the similarities and differences
between Swedish and Turkish science teacher education
in relation to scientific literacy?

The comparative analyses show that while certain linguistic and concep-
tual similarities are found across the policy documents, including the curric-
ula, in the contexts of Sweden and Tiirkiye, the meanings and practices as-
cribed to these terms diverge. In Tiirkiye, scientific literacy is explicitly artic-
ulated as a body of disciplinary knowledge to be mastered and transmitted. It
is a professional domain in which scientific concepts, methods, and reasoning
form a defined corpus of content to be taught to foster scientific literacy. In
Sweden, by contrast, scientific literacy is not always named explicitly, but ra-
ther is embedded within a broader integrative orientation that connects science
education with democracy, sustainability, and participation in societal dia-
logue. Here, being scientifically literate implies the ability to apply subject
knowledge in everyday life, deliberate on socio-scientific issues, and engage
with science as a cultural and civic practice.

The contrasts in the different practices and meanings attributed to the
same concepts in the two countries expose how context shapes the meaning
of scientific literacy. In contexts where science teaching is strongly coupled
with national exams and content mastery, such as Tilirkiye, scientific literacy
can be expected to be represented as an object of knowledge. In contexts
where science education is framed in terms of democracy and sustainability,
scientific literacy becomes a pedagogical stance. Both orientations coexist
within the broader field of teacher education, but each gives rise to distinct
pedagogical practices and expectations on the part of future teachers. From a
comparative perspective, this echoes Almqvist et al. (2023), who argued that
comparative didactics helps make taken-for-granted practices noticeable. By
juxtaposing two systems, this thesis reveals how assumptions about what sci-
ence teaching “should” be are contextually embedded rather than
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pedagogically inevitable. Comparison thus becomes not a search for best prac-
tices, but a way of uncovering how different traditions aim for teacher for-
mation and future practices.

An interesting pattern across the analyses in the three studies is the rela-
tionship between how scientific literacy is represented in curriculum discourse
and how pre-service teachers talk about and plan to teach science. In the Turk-
ish case, scientific literacy is defined as an explicit learning goal; pre-service
teachers also describe it as content to be transmitted, but with a focus on eve-
ryday life applications. As was also observed from Study I, teacher education
is central to pre-service science teacher’s perspectives. However, the pre-ser-
vice science teachers’ expectations differ between the two countries. Pre-ser-
vice science teachers from Tiirkiye want to learn less content, in other words,
they do not want to learn physics like a physicist, chemistry like a chemist,
etc. In Sweden, what pre-service science teachers expect to learn is more sub-
jective, and the curriculum documents focus on guiding them to be more au-
tonomous, articulating broad concepts in which the subject area is not in the
foreground. The examples of Sweden and Tiirkiye might indicate two ends of
the spectrum; however, balance seem to be needed, as the gap between expec-
tations and actual practices in science teacher education seems to be an ongo-
ing issue (Streller & Bolte, 2018). This balance can help pre-service teachers
build confidence in teaching scientific content at earlier stages while also de-
veloping the reflective and interpretive capacity needed to connect science
with societal and ethical questions afterwards. In terms of curriculum do-
mains, this tension also reflects how institutional intentions (i.e., the formal/in-
tended curriculum) do not automatically translate into experienced prepara-
tion or professional readiness (i.e., the experienced domain). Recognizing
these tensions can support teacher education program designers in creating
more coherent and contextually responsive learning experiences for future sci-
ence teachers.

Despite many differences, both cases share one striking similarity: a lim-
ited emphasis on the civic and decision-making dimensions of scientific liter-
acy in the pre-service science teachers’ articulations of scientific literacy for
future teaching plans. Issues that fall under the STD emphasis such as critical
thinking and reasoning about climate change, or sustainability were rarely ar-
ticulated as core aims by the participants in any of the cases. When such topics
appeared, they were often framed as individual responsibilities or as factual
issues with predetermined solutions, rather than as open, value-laden societal
dilemmas requiring deliberation. This was observed even when science
teacher education program is designed to be focusing on SSI or in general
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scientific engagement in society as observed in the Swedish case. A particu-
larly striking finding is that wicked problems, such as climate change or sus-
tainability transitions, are barely addressed in pre-service teachers’ perspec-
tives. These problems are inherently uncertain, interdisciplinary, and value-
laden, requiring teachers to integrate scientific understanding with ethical rea-
soning, emotional engagement, and political awareness. However, the find-
ings suggest pre-service teachers do not seem to ready to handle such com-
plexity in their future teaching. Climate change, when mentioned, is often re-
duced to factual mechanisms or small-scale individual actions (e.g., recy-
cling), rather than being discussed as a societal, moral, and collective
challenge.

Looking closer at the curriculum emphases, the findings extend the Rob-
erts (2007) framework by demonstrating how these emphases are contextually
reproduced through curriculum discourse. In the Turkish case, CE and EC
were institutionalized in course objectives and assessment, structurally rein-
forcing them. In Sweden, while the curriculum allows latitude for STD or SE,
pre-service teachers still revert to CE and EC even though these are not ex-
plicitly modeled. This thesis thus advances our understanding of how curric-
ulum emphases are not only individual pedagogical orientations but also sys-
temically sustained patterns. At the same time, the comparative findings sug-
gest that the curriculum emphasis framework may require reconsideration.
Some emphases remained consistently marginal or absent across both con-
texts, raising questions about whether these emphases are currently realistic,
insufficiently operationalized, or in need of reframing in contemporary teacher
education. The shared absence of certain emphases indicates that curriculum
orientations are not only selectively enacted but also structurally constrained.

In Studies I and II, the analysis was described as abductive, with seven
pre-determined curriculum emphases were used for the analysis (deductive);
however, the analysis also included potential new or different emphases that
might have arisen during the interviews, emphases different from those seven
pre-determined ones (inductive). Although Sjostrom’s (2025) more recently
proposed emphases have not been used in this thesis, no indications of poten-
tial descriptions of these emphases were found. In addition, no new emphases
were articulated by any of the participants either. This suggests two things;
reconsideration of the curriculum emphases, and empirical investigation of the
curriculum emphases. As discussed earlier, the lines between the visions are
not always clear, such as that between Vision IIb and Vision III (Sjostrom,
2025). This might imply that some of the curriculum emphases might be in-
tertwined and require a different conceptualization. Moreover, reconsideration
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of the curriculum emphases should be studied empirically by taking account
of various empirical materials such as curricula, policy documents, and stake-
holder perspectives. Therefore, a separate study might have been needed to
test those emphases on empirical material such as teaching practices, inter-
views similar to those in Studies I and I, or curriculum documents to identify
of those emphases or possible new ones. This can be done as a way of recog-
nizing contextual differences. Recognizing these patterns may support teacher
educators and curriculum developers in reconsidering how scientific literacy
is framed and operationalized within teacher education programs.

In conclusion, this thesis contributes to the field of science education by
providing a comparative and multi-perspective analysis of how scientific lit-
eracy is constituted and interpreted within science teacher education. By com-
bining analyses of curriculum documents with pre-service teachers’ perspec-
tives across the contexts of Sweden and Tiirkiye, the thesis demonstrates how
scientific literacy is shaped through interactions among curriculum discourse,
institutional traditions, and future teachers’ expectations. The findings high-
light that scientific literacy does not operate as a single transferable framework
but is continuously reinterpreted within specific educational cultures and cur-
riculum domains. In addition, the study illustrates how comparative didactics
can make visible the taken-for-granted assumptions and practices that shape
or guide teacher education in different contexts. By uncovering tensions and
nuances between intended curricular aims and pre-service teachers’ perspec-
tives, the thesis also provides insights that are relevant to the design and de-
velopment of more coherent and contextually responsive teacher education
programs. Ultimately, the thesis underscores that preparing future science
teachers to engage with complex societal challenges requires not only curric-
ular intentions but also careful attention to how scientific literacy is operation-
alized, experienced, and negotiated within teacher education practices.

6.3 Implications

It seems as though in the contexts where content is privileged (e.g., Ti-
rkiye) and clear teaching methods are supplied, pre-service science teachers
are more confident in teaching science and seem less likely to avoid teaching
difficult subjects. Although this study did not specifically analyze the matter,
the credit weight given to subject courses in Tiirkiye is considerably higher
than in Sweden. This situation could have implications for teacher educators
and policy makers. Where programs privilege scientific content and offer
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fewer opportunities for reflective practice, pre-service teachers may struggle
to connect knowledge with classroom realities. Conversely, where societal rel-
evance and interdisciplinarity dominate without sufficient grounding in sub-
ject understanding, teachers may lack the conceptual confidence necessary for
inquiry-based or integrative approaches. A productive teacher education pro-
gram might therefore navigate the space between disciplinary and integrative
orientations, cultivating both subject depth and scientific engagement. One
way to balance this might be by mixing practices from different traditions.
Pre-service teachers could be provided with more subject instruction and
stricter (i.e., more prescribed) teaching methods, as in the Anglo-Saxon tradi-
tions, at the very beginning of their program, especially in “difficult” subjects
such as physics, as the participants stated. This could be followed up with
more holistic approaches (as in the didaktik tradition), together with broader
concepts and interdisciplinary applications. This might be a way of balancing
the extent of required subject content with opportunities to link the subject to
broader concepts. This could also help pre-service teachers to build confi-
dence in teaching science: greater confidence in teaching at the early stages of
teacher education might also lead to more comprehensive teaching.

Another implication for science teacher education is that it would be use-
ful to learn about pre-service science teachers’ experiences and expectations
in the different stages of their teacher education. As the results indicate a gap
between what the curriculum documents and program descriptions aim for and
what pre-service science teachers perceive, teacher educators should be more
alert to their students’ needs throughout their teacher training.

6.4 Further research

This thesis examines pre-service teachers’ perspectives and the curricular
frameworks they encounter, but it neither extends into the enacted practices
of in-service teachers nor follows up the participants’ teaching practices after
their teacher education. Consequently, it reveals the orientations and struc-
tures that precede classroom practice, not their eventual manifestations. Fu-
ture research could trace how these orientations evolve once pre-service teach-
ers begin teaching, and whether curricular reforms lead to new pedagogical
repertoires. Comparative classroom-based studies would also clarify how na-
tional and institutional contexts shape what “teaching for scientific literacy”
looks like in practice.
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Further development of comparative didactics as a research approach
could deepen this understanding. By using comparison as a tool to make
taken-for-granted assumptions visible, future studies could reveal how teacher
education systems prioritize certain kinds of knowledge, values, and teaching
practices. Considering that science education faces global challenges that nev-
ertheless require local solutions, contextual differences should not be ignored.
Furthermore, following up on the aforementioned limitation, classroom-based
comparative didactics emphasizes the significance of contextually grounded
teacher—student interactions, the role of frameworks in analyzing educational
practices, and the ongoing evolution of didactic theories in response to con-
temporary educational challenges (Ligozat & Buyck, 2024), to which the three
studies in this thesis can be extended.

While this thesis provides a detailed analysis of how scientific literacy is
conceptualized in curricula and teacher education, it is limited to the intended,
formal, and experienced curriculum levels. Future research could extend this
work by examining the operational and achieved curricula, or consider all the
levels together, to attain a broader understanding of how pre-service teachers
actually teach scientific literacy once they enter the classroom. Longitudinal
studies could trace whether the discursive orientations identified here persist
or shift as teachers encounter real-world constraints and opportunities.

Further comparative studies across more educational systems could also
illuminate the broader landscape of how didaktik and curriculum traditions
interact globally. In addition, collaborative research with teacher educators
could explore how to design programs that make curricular aims, methods,
and values more coherent across domains.
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7 Sammanfattning pa svenska

7.1 Inledning

I denna avhandling undersoks hur scientific literacy formas och begrepps-
liggdrs inom lédrarutbildningen for de naturvetenskapliga &mnena genom att
analysera bade lararstudenternas perspektiv och policydokument i tva olika
nationella ssmmanhang, Sverige och Turkiet. Utgangspunkten dr att scientific
literacy utgor ett centralt mal for vad naturvetenskaplig utbildning kan inne-
halla, men att begreppet i sig ar tvetydigt och tolkas pé olika sitt beroende pé
undervisningstraditioner, kulturella sammanhang och institutionella villkor
(Osborne, 2023).

Tidigare forskning visar att naturvetenskaplig utbildning syftar till att ut-
veckla medborgare som kan delta i ett vetenskapligt och teknologiskt sam-
hille, men att det rdder oenighet kring vad detta innebér i praktiken (Dani,
2009; Liu, 2013). Denna oenighet paverkar i sin tur hur ldrare planerar och
genomfor undervisning, vilket gor lararutbildningen till en central plats for att
forsta hur scientific literacy realiseras i praktiken (Chin, 2005).

Avhandlingen utgar fran premissen att ldrarstudenternas perspektiv pa
undervisning inte bara formas av lararutbildningens innehall, utan ocksa av
tidigare erfarenheter, kulturella och samhilleliga faktorer samt utbildningens
struktur. Dessa perspektiv antas spela en central roll for hur framtida under-
visning utformas.

Utover studenternas perspektiv innehdller avhandlingen analyser av poli-
cydokument, inklusive kursplaner for naturvetenskaplig lararutbildning. Med
en jamforande ansats gors analyser av bade lararstudenters perspektiv och
styrdokument for att synliggdra hur scientific literacy konstitueras i lararut-
bildning for de naturvetenskapliga &mnena

7.2 Syfte

Syftet med avhandlingen é&r dels att undersdka blivande naturvetenskaps-
larares perspektiv pa scientific literacy, samt hur dessa perspektiv relaterar till
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lararutbildningens utformning i Sverige och Turkiet och till deras framtida
undervisning. Studien syftar dessutom till att undersoka hur scientific literacy
framstélls i styrdokument i de bada l&nderna och vilka diskurser som domine-
rar pa policyniva.

Genom att kombinera analyser av ldrarstudenters perspektiv och av styr-
dokument, mojliggdrs en analys av hur scientific literacy konstitueras inom
lararutbildning.

7.3 Teoretiska utgangspunkter

Avhandlingen bygger pa ett sociokulturellt perspektiv dédr kunskap forstés
som situerad och beroende av sociala och kulturella sammanhang (Rogoff,
1995). Detta innebir att scientific literacy inte betraktas som en universell
kompetens, utan som nagot som formas i relation till specifika praktiker och
utbildningstraditioner.

Ett centralt analytiskt ramverk i studien ar kunskapsemfaser (Roberts,
1982, 2007). Dessa emfaser betonar olika syften med naturvetenskaplig
undervisning, sdsom:

L Ratta forklaringen

II.  Vardagsemfas

III.  Naturvetenskapens karaktér

IV. Att forklara sjalv

V.  Naturvetenskapliga arbetsséttet

VI.  Naturvetenskap och beslutsfattande
VII. Den sékra grunden

Dessa kategorier anvinds for att analysera vilka aspekter av naturveten-
skap som betonas av ldrarstudenter och i styrdokument. Vidare anvénds be-
greppet visioner av scientific literacy, dir Vision I fokuserar pa naturveten-
skaplig kunskap i sig, medan Vision Il relaterar naturvetenskap till vardagliga
och samhilleliga sammanhang (Roberts, 2007). Avhandlingen har dven en
komparativ didaktisk ansats for att analysera hur olika kontexter och under-
visningstraditioner paverkar forstaelsen av scientific literacy (Almqvist et al.,
2023).

7.4 Metod

Den hér avhandlingen bestar av tre studier som tillsammans ger en omfat-
tande bild av scientific literacy inom lararutbildningen.
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Delstudie I bygger pa intervjuer med svenska grundlédrarstudenter och
analyserar deras perspektiv pa scientific literacy. Den andra studien &r en jim-
forande studie mellan svenska och turkiska lirarstudenter och deras perspektiv
pa scientific literacy. I denna studie har intervjuer genomforts med grundla-
rarstudenter frdn Sverige och lérarstudenter med motsvarande utbildningsin-
riktning fran Turkiet. Den tredje studien analyserar styrdokument fran lérar-
utbildningskurser med naturvetenskapligt innehall, i de tvé ldnderna.

Datainsamlingen har genomforts genom semistrukturerade intervjuer och
dokumentanalys, och materialet har analyserats med tematisk analys och med
diskursanalys (Braun & Clarke, 2023; Quennerstedt, 2008, 2019).

7.5 Resultat

7.5.1 Lérarstudenters perspektiv

Resultaten visar att lararstudenter i bdde Sverige och Turkiet fraimst beto-
nar tva kunskapsemfaser, Rétta forklaringen och Vardagsemfas.

Detta tyder pé att naturvetenskapsundervisningen framst handlar om att
formedla korrekt vetenskaplig kunskap och gora denna kunskap relevant for
vardagliga situationer (Roberts, 2007). Samtidigt &r andra aspekter, sésom Na-
turvetenskapliga arbetsséttet och Naturvetenskap och beslutsfattande i stor ut-
strackning franvarande i studenternas resonemang. Detta tyder pa att de soci-
ala och kritiska dimensionerna av undervisningen fir begridnsad uppmérksam-
het.

Dessutom visar resultaten att naturvetenskap ofta uppfattas som négot ob-
jektivt och faktabaserat, dir fokus ligger pa att ge det ritta svaret snarare an
att problematisera kunskapens natur (Ozden & Yenice, 2022).

Den jamforande analysen visar pa bade likheter och skillnader mellan l&n-
derna. I bada kontexterna dominerar Rétta forklaringen och Vardagsemfasen,
vilket pekar pa en gemensam fOrstdelse av naturvetenskap som béde kun-
skapsinnehall och praktiskt anvéndbar kunskap.

Samtidigt framtrader vissa skillnader i vilket innehéll som betonas; tur-
kiska studenter betonar i hogre grad vardagsanvéindning av naturvetenskap
och svenska studenter betonar i storre utstrickning vetenskapliga fakta och
processer.

Vidare visar resultaten att metakognitiva aspekter ar relativt frinvarande
i svenska studenters resonemang, trots att dessa lyfts fram som viktiga
aspekter i tidigare forskning (Olander, 2013).
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7.5.1.1 Problematisering av lirarutbildningen

Béde svenska och turkiska studenter uttrycker kritik mot sin lérarutbild-
ning, men pa olika sitt. Turkiska studenter problematiserar i storre utstrack-
ning dmneskunskaper och utbildningens struktur, medan svenska studenter i
mindre grad uttrycker sadan kritik. Daremot framkommer att svenska studen-
ter upplever en brist pa dmneskunskap, medan turkiska studenter upplever
motsatsen, det vill sdga att teoretisk kunskap far for stort utrymme (Cakiroglu
& Cakiroglu, 2003).

7.5.2 Styrdokument och diskurser

Analysen av policyhandlingarna visar att scientific literacy konstrueras pa
olika sétt i de tvé landerna. Samma diskurser fanns i bdda lénderna. I Turkiet
dominerar dock en disciplinér diskurs, med fokus pé naturvetenskaplig kun-
skap, begrepp och metoder. Scientific literacy definieras och formuleras ut-
tryckligen i dokumenten. I Sverige stod en integrerande diskurs i forgrunden,
dér scientific literacy snarare dr en pedagogisk strategi for handlingskompe-
tens och samhéllsfragor med naturvetenskapligt innehélldiskussioner fokuse-
ras.

7.5.2.1 Forhallandet mellan politik och praktik

En viktig slutsats &r att det finns en klyfta mellan avsikterna i styrdoku-
menten och ldrarstudenternas perspektiv. Aven om styrdokumenten i Sverige
betonar bredare samhéllsmal tenderar studenterna att fokusera pa innehall och
fakta.

7.6 Diskussion

Resultaten visar att scientific literacy &r ett kontextberoende och omstritt
begrepp som tolkas olika inom svensk och turkisk naturvetenskaplig lararut-
bildning. I Turkiet framstills scientific literacy frimst som dmneskunskaper
som ska undervisas explicit, métas och behérskas, medan scientific literacy i
en svensk kontext snarare finns inbéddat i bredare mél kopplade till demokrati
och samhilleligt deltagande.

Dessa skillnader speglar inte bara laroplansdiskurser utan dven bredare
undervisningstraditioner och institutionella prioriteringar. Samtidigt visar re-
sultaten att lirarstudenter inte enbart reproducerar dessa traditioner. Aven
inom den svenska, mer didaktik- och bildningsorienterade kontexten betonade
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manga studenter vikten av att undervisa om fakta och korrekta vetenskapliga
forklaringar.

I avhandlingen synliggors ocksé relationen mellan olika ldroplansdomé-
ner och lararstudenters perspektiv. Den formella och verkstillda ldroplanen
uttrycker vissa mal for naturvetenskaplig undervisning, men dessa mal omtol-
kas och omprioriteras inom den upplevda ldroplansdoménen (Goodlad et al.
1979). Léararutbildningen framstar dérfér som central for hur perspektiv pa
scientific literacy formas, d&ven om dessa perspektiv ocksd kan paverkas av
tidigare skolgéng, erfarenheter av naturvetenskap, sjélvfortroende och socio-
kulturell bakgrund. Resultaten pekar vidare pa en spanning mellan méngden
amneskunskap i utbildningen och studenternas forvéntningar och upplevda
trygghet i sin kommande roll som lérare i naturvetenskapliga &mnen. De tur-
kiska deltagarna uttryckte generellt storre trygghet i undervisning genom star-
kare dmnesforberedelse, medan de svenska deltagarna efterfrigade mer am-
neskunskap. Detta pekar pa behovet av en balans mellan &mneskunskaper och
reflektioner kring samhélleliga dimensioner i lirarutbildningen.

Trots skillnader mellan kontexterna framtradde ett gemensamt monster:
medborgerligt deltagande och beslutsfattande dimensioner av scientific lite-
racy finns endast i begrénsad utstrackning. Fragor som klimatforédndringar och
héllbarhet reducerades ofta till fakta eller individuellt ansvar snarare &n att
behandlas som komplexa samhélleliga och etiska frdgor. Detta tyder pé att
vissa kunskapsemfaser, sirskilt Naturvetenskap och beslutsfattande, inte &r
operationaliserade i ldrarutbildningen. Avhandlingen argumenterar darfor for
att scientific literacy inte kan forstas som ett universellt eller 6verforbart ram-
verk, utan som nagot som kontinuerligt omforhandlas inom specifika utbild-
ningsmaéssiga, politiska och kulturella kontexter. Med utgangspunkt i kompa-
rativ didaktik och genom analyser av styrdokument och ldrarstudenters per-
spektiv, bidrar avhandlingen till en mer nyanserad forstaelse av hur scientific
literacy formas inom naturvetenskaplig lararutbildning och hur lararutbild-
ningsprogram kan utvecklas pd mer sammanhingande och kontextuellt rele-
vanta sitt.
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Appendices

Appendix A- Interview Guide

Introduction, fundamentals, and perceptions of scientific literacy

1. How did you decide to become a science teacher?

2. What does science mean to you? What comes to your mind when I say
science?

3. Why do you think it is important to know science?

4. Who do you think should learn science? (everyone? The ones who will be
a scientist?)- To what extent do you think everyone/future scientists/any other
group should learn science? - why?

5. What is the goal of science education for you? / why do we teach science?
6. Which scientific skills and abilities do you think a person as a citizen should
have? - Why?

Scientific literacy in teacher education (Their learning)

7. To what extent do you think you have these abilities/skills?

8. How did you learn these abilities/skills?

9. How did your teacher training program help you learn these skills/abilities?
-What courses helped you in this?

10. What else would you like to learn in your teacher training program regard-
ing science teaching?

Why?

Curriculum and content perceptions of scientific literacy

11. Do you think your students should have the same scientific skills/abilities
as you or different? Why? If no, what should be different? Can you give an
example?

12. What science topics do you think are the most important to teach science
to your students? Why?- Do you think we should teach about socio-scientific
issues (e.g. climate change, mining in Sweden, etc.)
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13. What is your “ideal” science curriculum? — in terms of the objectives, con-
tent, and goals?- What would you like to include/exclude into the curriculum?
- How does it differ from the existing one?

Future teaching implications of teachers’ learning of scientific literacy
14. What teaching methods/activities would you use to promote students’
learning of the skills you mentioned? Why? - Can you give an example?

15. Have you ever practiced these method(s) in your teaching? If so, how was
your experience? - How (if) did you learn these teaching style/activities/ meth-
ods?

124



Appendix B- Consent Form
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