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ABSTRACT KEYWORDS
This study explores the culture of physics departments in Sweden in Pre-service teacher
relation to physics teacher education. The commitment of physics education; physics; culture
departments to teacher education is crucial for the quality of physics

teacher education and the way in which physics lecturers talk about

teacher education is significant, since it can affect trainees’ physics

learning and the choice to become a physics teacher. We analyzed

interviews with eleven physicists at four Swedish universities, looking

for assumptions in relation to teacher training that are expressed in

their talk. We found five tacit assumptions about physics teacher

training, that together paint a picture of trainee physics teachers

moving in the “wrong” direction, against the tide of physics. These

are the Physics Expert Assumption: the purpose of all undergraduate

physics teaching is to create physics experts. The Content Assumption:

the appropriate physics content for future school physics teachers is

the same as that for future physicists. The Goal Assumption: the role of

a school physics teacher is to create new physicists. The Student

Assumption: students who become physics teachers do not have the

ability to make it as successful physicists. The Teaching Assumption: If

you know physics then it's not difficult to teach it. We suggest that

these five assumptions, if perpetuated without reflection, risk working

against high quality physics teacher education. For physics teacher

educators, our results can be used as a lens to reflect on the local

departmental culture and its effect on teacher education.

Introduction

Concern about the role of physics departments and how they can support the education of
physics teachers can be traced back to the beginnings of physics education research
(Henderson et al., 2011). Physics teacher education is one clear and direct way for the
discipline of physics to have an impact on the teaching and learning of physics that goes on
in school. This is important, not just in terms of physics concepts being properly intro-
duced, but also in terms of the serious problems of underrepresentation of both women and
minorities in the physics discipline (American Physical Society, 2021; OECD Publishing,
2017a, 2017b; Universitetskanslerimbetet, 2016).
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Difficulties in recruiting and training high quality physics teachers have prompted research-
ers to develop and test a number of different approaches to physics teacher education (Singh
et al., 2010; Thomaz & Gilbert, 1989). Previous research has investigated trainee physics
teachers’ learning of specific physics content (Aiello-Nicosia & Sperandeo-Mineo, 2000;
Mintyld, 2012; Méntyld & Koponen, 2007), trainees’ difficulties and misconceptions in physics
(Kaltakci-Gurel et al., 2016; Sahin & Yagbasan, 2012), as well as the epistemological develop-
ment of trainee physics teachers (Ding & Zhang, 2016; Fazio et al.,, 2012). In many countries
physics departments play a central role in the education of physics teachers, but the attitude and
approach of physics departments toward physics teacher education has been shown to vary
considerably both within and between countries (Evagorou et al., 2015; T-TEP, 2012; Vollmer,
2003). In this paper we investigate how Swedish physicists who teach physics to trainee teachers
talk about physics teacher education.

An important question for considering the relationship between physics departments
and teacher education is the role of physics content courses in physics teacher education
(McDermott, 1990)—what physics should be taught to trainees and why? (see also discus-
sion in deWinter & Airey, 2019). School physics serves a range of purposes, spanning from
the narrow aim of preparing students to become future physicists, to the wider aim of
creating scientifically literate citizens (DeWitt et al.,, 2016). The Swedish curriculum for
upper secondary school (Skolverket, 2011) in many ways mirrors the curriculum trends in
other European countries in that it emphasizes the role of physics in society (Sundberg &
Wahlstrom, 2012). In the current Swedish physics curriculum, teaching in physics should
give pupils the opportunity to develop their knowledge of physics, its history, how it is used
to solve problems, its significance for both the individual and society, and the ability to use
physics to communicate and evaluate information. Thus, the focus of school physics
content is different than the focus of university physics courses and it has been argued
that this is one of the reasons the transition from university to school physics is not always
straightforward (Airey & Larsson, 2018).

In their review of well-functioning US physics teacher programs, Scherr et al. (2017)
found two important factors for success: a local champion of the physics teacher education
program and a commitment to physics teacher education on the part of the physics
department. It has also been suggested that physics departments need to take responsibility
for recruiting more highly-skilled students to become teachers. In the words of a recent
report, departments should “present teaching as a valid career choice [...] develop
a welcoming and encouraging environment that shows respect for the scholarship and
practice of teaching [...] encourage their best students to consider teaching and [...]
promote teaching as an intellectually challenging endeavor” (T-TEP, 2012, p. 23). In our
earlier work, we focused on the Swedish system of physics teacher education (Larsson et al.,
2020) and examined the differences in how educators working in the different parts of an
educational program, (physics department, education department and school), expressed
what they saw as valued and important in their practices. Analysis resulted in the construc-
tion of four discourse models—tacit, default positions about the overarching goal of the
program adopted by the training staff interviewed. The most important of these models for
this paper, that was particularly dominant in the physics department, is the physics expert
discourse model. The physics expert discourse model is organized according to a particular
goal of the education, the implied professional future of the student group as physics experts.
Here, the physics courses taken by trainees are primary understood as a means to create
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physics experts, rather than leading to qualified teacher status. In other research, physics
faculty have been found to have negative attitudes toward the role of the teacher, viewing
teaching as a lesser choice than “pure” physics (Scherr et al., 2015). This is of particular
concern since in the US, the support and discussion of teaching as a valid career option by
physics faculty, has been identified as an important factor in increasing the recruitment of
trainee teachers (Marder et al., 2017). The question that arises is to what extent physics
faculty present teaching as a valid career option in Sweden. This knowledge is significant
since the way physics staff talk about physics teaching has the potential to affect how
existing pre-service physics teachers understand what they should learn and why this is
important. It can also affect students’ career choice to become physics teachers in the first
place. In this study we therefore examine the tacit assumptions in relation to physics teacher
training that are expressed in the talk of physicists who teach physics to trainee teachers.

We suggest that such tacit assumptions are intimately bound up with the culture of
physics as a discipline (Cetina, 2007; Hasse & Trentemoller, 2008; Traweek, 1988). In her
ethnographic study of the high energy particle physics community, Traweek (1988) dis-
cusses how physics has traditionally been thought of as “culture-less” and disconnected
from societal concerns. Traweek identified a widespread belief that physics is an objective
science that is framed as having a “culture of no culture”. This widely held notion that
culture does not matter in physics makes it particularly difficult to see what the culture of
physics is actually like (Gonsalves et al., 2016) and is therefore an obstacle to physicists
noticing how teacher education may be affected by physics culture. For this study, we draw
on Schein’s (2010) culture model that was developed as a tool within organizational theory.
Schein views culture as “a pattern of shared basic assumptions” (Schein, 2010, p. 18) that are
complex and difficult to change. We are thus interested in identifying patterns of shared
assumptions in the talk of physics department staff, and how these might influence what is
viewed as the correct way to act in relation to physics teacher education. Our research
question is:

What aspects of physics departmental culture with respect to physics teacher education can be
identified in the talk of physicists in four Swedish physics departments?

Methodological framing

To define culture in the context of our study, we draw on the culture model introduced by
Schein (2010) and combine this definition with discourse analytical tools from Gee (2005).
For Schein, culture is:

A pattern of shared basic assumptions learned by a group as it solved its problems of external
adaptation and internal integration, which has worked well enough to be considered valid and,
therefore, to be taught to new members as the correct way to perceive, think, and feel in relation
to those problems. (Schein, 2010, p. 18)

In the context of this paper, the group of interest is physics department faculty and the
“pattern of shared basic assumptions” relates to issues of the teaching and learning of
university physics. Culturally shared assumptions of a group are typically subconscious and
rarely discussed, rather they are implicitly expressed in the behaviors and language of the
group. As such, shared assumptions can sometimes only be indirectly observed in such
things as how physicists talk about their teaching, departmental rules, how classrooms are
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designed, etc. In a physics department we might expect such shared assumptions to include
ideas about how physics teaching should be carried out, and what the ultimate goal of such
teaching should be. By looking for these tacit shared assumptions, a researcher can begin to
interpret the cultural expressions of the group (Schein, 2010).

While Schein’s culture model tells us to look for tacit shared assumptions in order to
characterize local physics department culture, the model is less clear on how to identify
these assumptions. To operationalize the culture model, it thus needs to be combined with
tools to guide the analysis. In this study we have adopted a discourse analytical framework
and we specifically use the concept of discourse models (Gee, 2005). Gee describes discourse
models as “images or storylines or descriptions of simplified worlds in which prototypical
events unfold. They are our ‘first thoughts’ or taken-for-granted assumptions about what is
‘typical’ or ‘normal™ (2005, p. 71). Discourse models thus correspond to the shared
assumptions in the culture model.

Using Gee’s discourse analytical approach means assuming that the things people say
make sense to them within their frame of reference and, thus, identifying discourse models
involves understanding what is needed for a particular piece of talk to make sense. Looking
for discourse models in an interview transcript, then, means looking for what the infor-
mants need to take for granted for their story to be comprehensible and coherent. Gee
(2005, p. 93) suggests asking “What must I, as an analyst assume that people feel, value and
believe, consciously or not, in order to talk (write) act, and/or interact this way?”

Adopting Gee’s (2005) discourse analytical tools in analysis further means we take on
a discourse theoretical understanding of our data. The assumptions we identify are thus
generalizations of patterns we analytically see in physicist talk, but cannot be said to be
actual innate properties of the individual physicists (Lundegard & Hamza, 2014).

Context of the study

At the time of writing, physics teacher education is carried out in 18 institutions in Sweden."
In the period 2007-2017, on average 79 new physics teachers graduated each year (eligible
to teach pupils from age 13). Physics teacher education in Sweden is composed of three
parts, educational science, school placement and subject matter studies. The standard
(mandatory) combination of subjects is physics together with mathematics, and the usual
study program consists of one year of educational science, one semester of full-time school
placement and three and a half years of subject matter studies—normally two years of
physics and one and a half years of mathematics. For students who have already taken an
undergraduate degree in physics, a fast-track path is available—the postgraduate certificate
of education—which consists of two semesters of educational science and one semester of
school placement.

As they progress through their educational program, trainee physics teachers are taught
by education lecturers, school mentors, mathematics lecturers and physics lecturers. In
larger, more research-oriented universities that have their own physics and engineering
bachelor and master programs, trainee teachers usually take physics together with other
program students. However, in smaller institutions that do not have their own physics/

'Counting institutions that graduated at least one physics teacher 2017/18 and that have done so consistently over the last
three years.
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engineering, bachelor and master programs, trainee physics teachers often take their physics
courses in trainee-only groups. In this study we have interviewed physicists who teach
trainee teachers in both of these scenarios.

The two data sets

The study reported in this paper is based on eleven interviews with physics lecturers who
work with trainee physics teachers at four separate universities in Sweden. Building on the
findings of our earlier work (Larsson et al., 2020) we return to our original three interviews
with physics lecturers and combine these with a further eight interviews with physics
lecturers who teach physics to trainee teachers at three additional Swedish universities of
varying size and research orientation.

The first set of interviews were conducted in Swedish by the first author with three physicists
who teach physics to trainees in mixed groups at a large research-oriented university (Larsson et
al., 2020). These interviews are referred to as interview group a. The second set of interviews
were conducted in English by the second author (Airey, 2012) with eight physicists at three
additional universities. At two of these, trainee physics teachers are taught physics in their own
separate groups. This set of interviews will be referred to as interview group b. For further details
about the interviewees, see Table 1. In both groups a and b, the semi-structured interviews
(Kvale, 1996) lasted between 60 and 90 minutes.

In interview group a, the physicists were asked what trainee physics teachers should learn
from the educational program, what they think a good physics teacher is and their views on why
students choose (or do not choose) to become physics teachers. The eight interviews in inter-
view group b were originally conducted as part of a study focusing on physics lecturers’ literacy
goals for their students. Here, one question was physics lecturers’ goals for trainee physics
teachers and how the lecturers perceived their role in helping trainee teachers reach these goals.
Both data sets thus deal with overlapping themes of physics lecturers aims for, and role in
helping, educate future physics teachers. Thus, the eight group b interviews form a parallel data
set with our three original interviews (Airey, 2012, 2013; Airey & Larsson, 2018, Linder et al.,
2014). Care was further taken in the analysis process to account for the different interview
contexts, for example, by paying particular attention to the way questions were asked, the
relationship between interviewer and interviewee, and the differing teaching contexts.

In summary, the 11 physics lecturers work at four different Swedish universities. At the
two larger universities, trainees take physics together with other program students, whilst at
the two smaller universities, trainees take physics in dedicated trainee only groups. Further
information about interviewees is provided in Table 1.

All interviews were transcribed verbatim in the language in which they were held. All
quotes that appear in this paper have had repetitions and false starts removed and quotes from
interviews held in Swedish have been translated to English and checked by an English native
speaker. In both interview groups, physics lecturers were informed of the overarching goal
(improving university physics education) and that their anonymity would be protected. They
then signed a consent form, agreeing to be recorded and allowing the transcripts to be used for
research. According to Swedish guidelines (Swedish Research Council, 2017) permission from
an ethical approval board is not required for interviews with adults as long as sensitive
personal information, such as religion, political affiliation, etc., is not registered.
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Analysis

The combined data from interview groups a and b were analyzed together using an
analytical question originally proposed by Gee, which in this case means reading through
each transcript and asking: “What has to be assumed for this piece of talk to make sense?”
An explicit purpose of the first analytical iteration was to explore whether one result of our
earlier work, the physics expert discourse model (Larsson et al., 2020), was viable as a lens to
understand physicist talk. The physics expert discourse model is organized according to
a particular goal of the education, the implied professional future of the student group as
physics experts. This was taken up in the first analytical iteration where all 11 transcripts
were examined with a focus on what assumptions about the students’ professional futures
were visible in the material. This resulted in four analytical categories organized according
to assumed student futures. These were Future in research, Uncertain future, Future in
teaching and Future in engineering. In a second iteration the materials coded in each future
were read though, and a pattern emerged where each future assumption became visible in
physicist talk in four ways. First, through explicit discussion of the expected student future,
i.e. ‘my students are usually engineers’. Second, though talk about the physics subject. Third,
though talk about students, and finally, though talk about what students should learn. In the
final step of our analysis we used Schein’s (2010, p. 18) definition of culture. Here, we asked
if and how the emerging structure could be understood as “a pattern of shared basic
assumptions” guiding the “correct way to perceive, think, and feel” in relation to physics
teacher education. This resulted in the three themes and five assumptions we present in the
findings section. For example, looking at talk describing students in the “Future in teaching”
and “Future in research” categories, we could see how physicists talked about students
differently according to their expected future, and this pattern was generalized to the
student assumption.

The analysis was carried out by the first author with each stage of the analysis checked
and discussed with the third author. In this process, the data with coding and suggested
directions of analysis was presented by the first author and critically questioned by the third
author. When agreement could not be reached, the interpretations and coding were
reconsidered, and then again revisited and discussed in the next analytical iteration.
When agreement on preliminary results had been reached, these were presented to and
critically examined by the second author, who originally carried out the Group b interviews.
Thus, the patterns of assumptions about teacher education were further tested against the
interview data by someone who was quite familiar with the context of the data, but who had
not been part of the analysis process thus far. These steps resulted in changing the coding of
some quotes, and also reframing of some of the category names. Qualitative analysis
software, QRS NVivo 10 was used for coding and analysis.

The analysis builds on close reading and re-reading of the transcripts while trying to
make visible patterns of tacit assumptions that may not be apparent at first glance. In
general, the findings are based on an understanding of the interviews as a whole rather
than on a simple analysis of a few selected pieces of a physics lecturer’s talk. This means
that as we now move to the findings section, the quotes we use to illustrate our findings
are just that—illustrations. These quotes should not be understood as the single origin of
any particular result, but rather as examples of themes we identified within the wider
dataset.
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Findings

The results make visible a number of aspects of physics departmental culture as it pertains
to physics teacher education. In what follows, we present the patterns of shared basic
assumptions within the three themes that are the results of the analysis of our 11 interviews
with physicists who teach trainee physics teachers.

Creating physics experts

In our analysis, most of the talk of physicists made sense based on a tacit assumption that the goal
of undergraduate physics teaching is to create physics experts. We saw that physics lecturers—
regardless of whether they taught mixed groups of students that included trainee teachers, or
groups consisting entirely of trainee teachers—still talked about their teaching as though their
students were expected to move from school physics, via undergraduate physics to end up
working with expert physics. One way in which this default goal of creating physics experts was
tacitly expressed was in the fact that the path to becoming a physics teacher was seldom
mentjoned in the talk of the physics lecturers we interviewed, even though physics teacher
training was an explicit theme of our interviews. This does not mean that the lecturers were
unaware that trainee teachers were in their classes, but rather that the way lecturers talked about
their students created the impression that those who planned to become physicists formed the
prioritized student group. For example, when discussing the mixed group of students that he
teaches, Physics Lecturer 11Lb describes the different paths student take after leaving the
programme:

Interviewer: Ehm, ok, do you know what people do when they finish here?

Physics lecturer: Yeah, I've seen some numbers of what people are doing. I know that a large
portion of them are working with computers. Like 50%. Somehow, someway with program-
ming or web-based things or something like that. Otherwise I'm not certain if we have any big
employers. I think that we used to have some of the government authorities like Swedish
Defense Research, but otherwise I'm not certain.

Physics Lecturer 11Lb

Here, working as a physics teacher is not mentioned. Taken alone, one might interpret this
quote as a simple oversight, but throughout the whole interview with 11Lb, the teaching of
physics to trainee teachers is curiously absent, this despite one of the topics of the interview
being trainee physics teachers and that around 10% of the student group are trainee
teachers. This pattern was repeated again and again throughout our interviews.

This physics expert assumption was further discerned in how physics lecturers talked about
the physics content they teach. One example is the talk of physics lecturer 5Sb. When asked
what students he is thinking of when answering the questions about his teaching, he says:

I think for this [interview] I will primarily be thinking about the student who takes introduc-
tory physics or physics for, as a future upper secondary teacher [yeah] where they study, well
you know basically the same kind of physics as eh a future physicist would. But the students I've
had are not future physicists. They are all, basically I would say they are all headed towards
being a physics teacher.

Physics lecturer 55b
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Here, the students in mind are trainee physics teachers, but the physics they are taught is still
referred to and defined by what future physicists need. Another example is physics lecturer 7Sb:

Interviewer: Do you have different goals for physicists and engineers?
Physics lecturer: Yes, I suppose ... but only slightly different.
Interviewer: And for the teachers is it the same?

Physics lecturer: Yes, I don’t really distinguish between them. You need to understand physics
to be able to teach it.

Physics lecturer 7Sb

In this quote, “the teachers” refer to the trainee physics teacher group. When reflecting on the
needs of different student groups, the content appropriate for future physicists and engineers sets
the agenda also for trainee teachers. Note that we are not saying that it is inherently wrong that
the different student groups take the same physics. What we see in the physicists’ talk is a tacit
assumption that taking part in the same training as future physicists is sufficient to become
a physics teacher. The needs of trainee physics teachers are either discussed as identical to those
of physics experts, or left unaddressed. This was a recurring theme throughout our interviews
with all eleven physics lecturers. We term this aspect of departmental physics culture the content
assumption.

The physics expert assumption was also discerned in lecturer talk about the goals of school
physics. Themes related to the goals laid out in the Swedish school physics curriculum such as
teaching physics for society (Sundberg & Wahlstrom, 2012), were notably absent. The focus of
school physics content was framed in terms of the production of future expert physicists. If
explicitly discussed at all, the role of a physics teacher was framed as leading students toward this
goal.

And last, but not least of course, [as a school physics teacher] you have to feel that you have the
vision to make at least 80% of your students want to become a physicist after taking your class.

The ideal high school teacher has a very difficult balance to strike between meeting the class
goals and at the same time getting students to feel that physics is so much fun that it is
something they want to continue with [at university]

Physics lecturer 1La

Thus, the overarching goal of a school physics teacher was in the interviews expressed in
terms of creating more physicists. We term this aspect of departmental physics culture the
goal assumption.

Characterizing trainee physics teachers

One common response throughout the interviews with physics lecturers teaching mixed groups
of students, to any question regarding trainee teachers was “I don’t know”. Despite having trainee
teachers taking their physics classes, many physics lecturers demonstrated an unawareness of,
and indeed indifference to, the existence of these students. These lecturers’ talk made sense based
on an assumption that the goal of physics teaching is to create physics experts and that anything
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else is peripheral. In the interviews when trainee teachers were mentioned, they were repeatedly
referred to as different from the “normal” physics students.

Interviewer: If we think about the syllabus that you have. Is speaking a part of the syllabus [.. .]?

Physics lecturer: Ah, good question, I should know the answer to that. (laughing) I would say
that in a normal physics course it is not in the syllabus, but for those who take physics for
becoming teachers they have a slightly different syllabus.

Physics lecturer 4Sb

Interviewer: Do you think what they’re taught is more for physics or is it for being a teacher—for
their job? Or is there no difference between those things?

Physics lecturer: I think it’s a combination because they study first three years like a normal
physics student and after that . ..

Interviewer: . .. there’s an extra year on top.
Physics lecturer 10Sb

This was true even among the lecturers who taught trainee only groups. This assumption about
who the “normal” physics student is fits well with the goal assumption discussed in the previous
section. Students who are not striving to work in expert physics are not considered to be
“normal” physics students. We could see a tacit assumption across the interviewee talk that the
“normal”, or “real” physics student is one who wants to become a physics expert.

Furthermore, in the analysis, all of the physicists either directly or implicitly suggest that
trainee teachers were less successful than “mainstream” physics students. When trainee
teachers were discussed explicitly, they were described as less talented or not as smart as
“normal” physics students.

I would say that [the academic level of trainee teachers] is average, or maybe just below average.
Generally. Every now and then we have one or two stars but (.. .). Since the students aren’t the
top students usually, I mean, they are intermediate level something like that. They don’t have
the ability to become brilliant in physics.

Physics lecturer 4Sb

In a way, spontaneously, it is—they have less, they know less. When they start the course.
I don’t know if it’s true but it’s in the air that these students are not as good as other students.

Physics lecturer 2La

Parallel to the construction of the trainee teacher as less capable than the mainstream
physics student is the idea that choosing to become a physics teacher is something you do in
the absence of other better alternatives or the ability to cope with “real” physics.

Physics lecturer: Well, I would prefer to believe that those who choose to become physics
teachers do so because they think it’s fun to be a teacher and they want to become teachers. (.. .)

Interviewer: How do you think it is in reality?

Physics lecturer: I think some start taking bachelor physics and then after a while they find it
too hard or demanding, and maybe they think it is easier to become teachers.

Physics lecturer 3La
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Here, when trainee teachers are constructed as differing from mainstream physics students
by not having what it takes to continue with physics, the mainstream physics student is at
the same time constructed as talented and having what it takes. In contrast, there was no
talk at all in the interviews implying the opposite, i.e. that those who choose to carry on in
physics might not have what it takes to become a physics teacher. The choice to become
a physics teacher is consistently constructed as the easier option. A difference in status is
thus constructed where the trainee teacher is placed below a “real” physics student, and the
teaching of school physics is seen as trivial. We term this aspect of departmental physics
culture the student assumption.

Learning to teach physics

Finally, our analysis shows how the physics expert assumption plays out in physicist talk
about what is needed to become a school physics teacher. In the interviews, learning to teach
physics was above all connected to gaining enough physics knowledge (see the content
assumption above). However, the assumed link between mastering undergraduate physics
and teaching school physics was not problematized.

Physics lecturer: I think that you can’t really become a physics teacher if you're not really interested,
then it’s a bit difficult to . . . And if you are interested, then you should be able to, then I don’t think
it’s that difficult to get good at it. Or at least to get to a level that is good enough.

Physics lecturer 3La

In the interviews, becoming a good physics teacher was constructed as something not requiring
great effort to achieve. One aspect of physics culture here seems to be the assumption that
a genuine interest in physics and in teaching is enough to become a good physics teacher.

Interviewer: So we’ve got high level physics here and perhaps it’s taught in English and the
teachers then have to go and teach it at a different level in Swedish. (...) do you see that
translation as problematic?

Physicist: Of course it’s important that they can do this, but somehow I have the impression
that this occurs quite naturally. That’s not an issue I think.

Physics lecturer 7Sb

To summarize this last part of the findings section, in the area of what is needed to learn to
teach physics, we could see a basic tacit assumption guiding physicist talk that if you know
physics then it’s not difficult to teach it. Physics knowledge and interest in physics is
enough. We term this the teaching assumption.

Discussion

We started this paper by problematizing the relationship between physics departments and
physics teacher education, noting that physics departments taking responsibility for recruit-
ing and training highly skilled students to become physics teachers has been identified as
a crucial factor for high quality physics teacher education (T-TEP, 2012). Here we suggested
that how physics lecturers talk about physics teacher education is significant, since it can
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affect both what students understand as important and who decides to become a physics
teacher. As such we asked the following research question:

What aspects of physics departmental culture with respect to physics teacher education can be
identified in the talk of physicists in four Swedish physics departments?

The answer to our research question is that we identify five tacit assumptions in physics lecturer
talk. These are the physics expert assumption, the content assumption, the goal assumption, the
student assumption and the teaching assumption. The physics expert assumption, that the goal of
undergraduate physics is to create physics experts, was present in the talk of physicists within all
four Swedish physics departments we investigated—this despite our interviews including
physics lecturers who deal with groups consisting solely of trainee physics teachers. This result
is partly a corroboration of our earlier work (Larsson et al., 2020). However, our analysis of the
new compiled material provides a deeper understanding of how the notion of creating physics
experts can be seen to be an integral part of physics departmental culture.

Limitations of the study

We report on a qualitative case study based on interviews with 11 physicists at four Swedish
physics departments. There are thus clear limitations to the knowledge claims and general-
izations that can be made from our results. The five assumptions we identify are local patterns in
physicist discourses, and we cannot claim these are generalizable to other physics departments, in
or outside Sweden. Rather, we aim to present one example of local physics culture as it relates to
physics teacher education. We suggest that this example is valuable because physicists and
teacher educators may recognize aspects of the physics culture we report in their own contexts,
and use this account to better understand and reflect on their own practice in a process of
naturalistic generalization (Stake & Trumbull, 1982). Further, the five assumptions we identify
should not be understood as innate properties of the interviewees themselves. Rather, our interest
has been in identifying shared patterns that can be found in how physicists talk about physics
teacher education regardless of background. By the same token, our analysis process did not seek
to ascribe these patterns to individual physicists through demographic data, and the analysis
cannot provide information on how individual physicist talk varies depending on teaching
context or experience. This is, of course, a further limitation of our study.

Finally, while we suggest that our description of local physicist culture as it pertains to teacher
education is valuable, we make no claim that it is exhaustive. Interviews with a few physicists who
teach trainee teachers cannot give full access to the ways physics teacher education is approached
within a department, and another sample might provide further or even contradicting assump-
tions. We do however believe that the patterns we identify exist within these environments and
thus are valuable to report on and warrant further discussion. Here, we suggest that further
investigation, perhaps using an anthropological approach, represents a promising avenue for
future research.

Trainee physics teachers swimming against the tide of physics?

The talk of the physics lecturers in our study could be seen to express ideas indicating that
a “normal” expected progression is for students to go from school physics, through under-
graduate physics and on into expert physics. While the goal of all students learning physics was
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implicitly assumed to be expert physics, choosing to become a teacher means diverting from the
expected path moving backwards to school physics. Physics teachers are thus moving away from
the assumed goal of becoming physics experts. In such a system, trainee physics teachers can be
understood to be incomprehensibly “swimming against the tide” by wanting to return to school
physics. This relationship is illustrated in Figure 1.

Please note that we are by no means claiming that physics faculty actually believe in the five
assumptions. Rather, what we are suggesting is that in our analysis we see that the talk of the
interviewed physicists plays out as though these assumptions were true. This is important since
we argue that in such an environment the unreflected default position for a physicist will be to act
as though the assumptions were true—regardless of one’s actual beliefs about physics teacher
education. Having already discussed the physics expert assumption, we will now discuss each of
the four further assumptions with a focus on the significance of these aspects of physics
departmental culture for Swedish physics teacher education.

The content assumption: The appropriate physics content for future school physics teachers is
the same as that for future physicists.

It is common to teach trainee physics teachers together with future physicists and engineers
(Massolt & Borowski, 2020; Vollmer, 2003). This way of organizing physics teacher education,
where trainee physics teachers learn either the same or a subset of the same physics content that
other physics students do, can be thought of as a practical implementation of the content
assumption. However, arguments have been put forward that there are clear differences in the
level and nature of the content knowledge required by these different groups (Etkina et al., 2018).
The content assumption risks becoming problematic for trainee physics teachers if there are
important aspects of physics-specific knowledge connected to teaching, like Pedagogical Content
Knowledge (Etkina, 2010; Loughran et al., 2012; Sperandeo-Mineo et al., 2006), that trainees are
not offered access to.

Another aspect of the content knowledge needed by trainee teachers entails a good grasp of
school-level physics as laid out in the school syllabus. Here, drawing on Bernstein (1999), Airey
and Larsson (2018) have discussed how physics knowledge needs to be both repackaged and
recontextualized by physics teachers for use by students in school and society. Last, there is the
question of relevance, which has been thoroughly connected to student motivation and results in
the literature (Afjar et al., 2020; Bennett et al., 2016; Gaftney, 2013; Nair & Sawtelle, 2019). For
trainee physics teachers to be motivated to learn physics, it has been shown that clear connections
between the physics content and a teacher future is significant (Gaffney, 2013). We thus suggest

School Undergraduate Expert
physics physics physics

<

4

Becoming a physics teacher

Figure 1. lllustration of how the physics expert assumption means that trainee physics teachers must
“swim against the tide” of progression toward expert physics.
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that the content assumption risks masking a need for explicit discussion of the relevance of
physics content for physics teacher trainees.

The goal assumption: The role of a school physics teacher is to create new physicists

In our analysis, we saw this assumption as stemming from the default position that the role of
physics teaching throughout the whole educational system is to produce physics experts (See
Figure 1). Transferring this position over to school-level education risks overlooking those parts
of the school physics curriculum that describe the role of physics in society (Sundberg &
Wahlstrom, 2012). Only a handful of all the students that school physics teachers meet over
the years will become working physicists. The potential risk here is that physics teachers will not
be prepared for their main role of teaching “physics for all” if they have only ever met this narrow
“physics for physics sake” attitude in their educational program.

The student assumption: Students who decide to become physics teachers do so because
they don’t have the ability to make it as successful physicists.

Solid research suggests that this assumption is incorrect (see Roloff Henoch et al., 2015) and it is
furthermore clearly problematic for teacher education as it applies a deficit model to trainee
physics teachers, framing them as lacking in comparison to “mainstream” physics students. If
this assumption is reproduced in physics departments, the culture risks working against the
recruitment of talented students to become physics teachers. Why would a physics department
encourage their most successful students to join a program seen as the home of “unsuccessful”
students? If physics departments allow the student assumption to go unchallenged, they risk
behaving in a way that directly works against high quality physics teacher education.

The student assumption is further problematic, as it reproduces notions of research in
physics as more difficult and “elite” than other paths. The image of physics projected by
school physics teachers can affect who perceives physics as a possible career choice. School
level students have been shown to associate physics with brilliance and masculinity (Archer
et al., 2017), an image that discourages women and minorities from seeing physics as
something for them (Archer et al.,, 2020). For trainee physics teachers, who are preparing
to create their own inclusive physics classrooms, identifying and questioning such assump-
tions are of great importance (Mensah, 2009).

The teaching assumption: If you know physics then it’s not difficult to teach it

This assumption may be linked to the fact that teaching physics is something that many
physicists have learned on the go, without formal pedagogical training. It suggests that learning
to teach physics is not particularly difficult for someone who is interested in or good at physics. It
thus ignores the need of trainee physics teachers to practice the transformation of the content of
their physics courses to match the desired competences set out in the school curriculum.

The teaching assumption can also be interpreted to subscribe to the idea that good teaching is
an art and not something that can be taught or developed to any great extent. Whether you agree
with this or not, we believe it is clear that building an educational program on the assumption
that its learning goals are trivial will not raise the status of the program. It also will not help
students to see the physics teacher program as a meaningful and intellectually challenging choice.
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Conclusions

We suggest that the five assumptions we have identified in the talk of physics lecturers, if
perpetuated without reflection, risk working against high quality physics teacher education.
While these assumptions are just one local example of patterns in physicists talk, we would
hope that they can be used in the wider context as tools to further examine and reflect on the
culture of physics departments as it pertains to physics teacher education. Here, future work
could also examine the presence of similar assumptions, and if so, how they are negotiated
by trainee physics teachers. If default physics departmental culture focuses exclusively on
the production of physics experts, one potential answer to this problem might be to redefine
what a physics expert is. We believe that after some consideration most physicists would
agree that understanding the ways in which physics can be taught to those who are not
necessarily going to become physicists, is a difficult and complex task that requires a certain
type of physics expert. Thus, we suggest that physics departments might examine their
assumptions about what the goal of physics teaching is, and if needed, widen their definition
of physics experts to include expert physics teachers. If we want the best physics teachers
possible, then any tacit attitudes to physics teacher education similar to the ones signaled by
the assumptions that we identify need to be challenged. We should not expect good physics
students who want to become teachers to “swim against the tide”.
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