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Teachers’ beliefs about knowledge in their subject deeply impact their classroom practice. This
study analyzed the epistemic beliefs about physics knowledge held by Saskatchewan high school
physics teachers using a newly designed framework of epistemic beliefs about physics
knowledge. Results suggest that teachers’ epistemic beliefs about physics knowledge are
relatively consistent within the areas of certainty and structure of physics knowledge; most
participants believed that physics knowledge was tentative and subject to change as well as
coherent and connected in its structure. However, participants rarely agreed on the source and
content of physics knowledge. As teachers’ beliefs likely influence the way a curriculum
document is interpreted and implemented, students across the province of Saskatchewan might
develop very different understandings of physics knowledge due to variations in teachers’
epistemic beliefs. The findings of this study provide insights into areas of professional
development for teachers and pre-service teacher instruction. The article concludes with
suggestions for educating teachers to better understand their own epistemic beliefs about
knowledge in the subjects they teach as well as the impact these beliefs may have on their
classroom.

Les croyances des enseignants quant a leur connaissance de la matiére ont un impact important
sur leur pratique pédagogique. S’appuyant sur un nouveau cadre des croyances épistémiques
portant sur les connaissances en physique, cette étude a analysé les croyances épistémiques
quont des enseignants de la physique au secondaire en Saskatchewan quant a leurs
connaissances en physique. Les résultats indiquent que les croyances épistémiques des
enseignants sont relativement homogénes dans les domaines touchant la certitude et la
structure des connaissances en physique, la plupart des participants ayant indiqué qu’ils croient
que les connaissances en physique sont provisoires, sujettes aux changements et cohérentes et
liées sur le plan structurel. Toutefois, les participants étaient rarement en accord quant a la
source et au contenu des connaissances en physique. Etant donné qu’il est probable que les
croyances des enseignants influencent Ulinterprétation et la mise en ceuvre de matériel
pédagogique, il se peut que les éleves de partout en Saskatchewan développent des idées trés
différentes des connaissances en physique en raison des variations dans les croyances
épistémiques de leurs enseignants. Les résultats de cette étude permettent de mieux comprendre
certains domaines du développement professionnel pour enseignants et de la formation des
étudiants en pédagogie. L'article se termine par des suggestions visant une formation des
enseignants qui leur permettrait de mieux comprendre leurs propres croyances épistémiques
des connaissances de la matiére qu’ils enseignent ainsi que limpact que pourraient avoir ces
croyances dans leur salle de classe.
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The beliefs held by a teacher about the subjects they teach are central to their practice (Hoy,
Davis, & Pape, 2006) and can deeply influence how knowledge in a subject is conceived (Jones &
Leagon, 2014; Moshman, 2015). Therefore, it seems important for teachers to reflect on their
beliefs throughout their careers. A subject of instruction will also have ways of knowing specific
to its domain (Wheelahan, 2010); for example, in the sciences, it is generally accepted that
knowledge is created from the interpretation of observations and data. It may be that using
discipline-specific ways of knowing, along with personal experiences, a teacher constructs an
epistemic belief system of what constitutes knowledge in a subject. This belief system can
operate as a lens to interpret the encountered world, including curriculum documents. Hence,
teachers’ epistemic beliefs about knowledge should be explored and reflected on by both
educational researchers and teachers themselves.

Educational literature has investigated students’ epistemic beliefs about physics knowledge
(e.g., Hammer, 1994; Muis, 2008; Yavuz, 2014), yet, there is a lack of literature investigating
teachers’ epistemic beliefs about physics knowledge. As teachers are intimately tied to the
learning process, and “[epistemic] beliefs are critical to the learning process” (Schommer,
1994b, p. 315), epistemic beliefs should be of importance to any educator. In my experience,
recognizing and realizing my epistemic beliefs has been the most profound professional
development I have had as both a teacher and teacher educator. As suggested by Jones and
Leagon (2014), helping teachers uncover their beliefs may provide avenues through which
teachers can develop as thoughtful educators and professionals. By investigating teachers’
epistemic beliefs about knowledge in their subjects of instruction, we may be able to catch a
glimpse of how we can support and educate our subject specialist teachers in growing as
reflective educators.

Review of Epistemic Beliefs Research

Epistemology is a branch of philosophy concerned with the theory of knowledge and learning
that aims to describe how and what constitutes knowledge (Hofer & Pintrich, 1997). Researchers
of epistemology often investigate the source of, certainty of, and organization of knowledge
(Hofer & Bendixen, 2012; Schommer, 1994a). Epistemic beliefs can be described as beliefs
related to knowing (Kitchener, 2002) or beliefs that describe one’s epistemology; within these
constructed belief systems, one receives information and considers knowledge.

Epistemic belief research began with the work of William Perry (1970), but it was not until
the work of Marlene Schommer in the 1990s that epistemic beliefs were conceived as multi-
dimensional. Schommer (1990) described epistemic beliefs as having relatively independent
dimensions, unlike the single-dimension developmental sequences conceived of previously. Her
model described epistemic beliefs as either naive or sophisticated in each of four areas: Innate
Ability, Simple Knowledge, Quick Learning, and Certain Knowledge. Each area was named for
the corresponding naive epistemic belief; for example, simple knowledge would range from the
naive belief that knowledge is simple and unchanging whereas a more sophisticated view would
be that knowledge is complex and constantly evolving. Schommer (1990, 1994a, 1994b) paved
the way for the use of multi-dimensional frameworks, as used in this study, in epistemic belief
research.

Educational researchers often debate whether epistemic beliefs about knowing are domain-
specific (i.e., subject-specific) or domain-independent (i.e., common across all subjects) (Hofer
& Pintrich, 1997; Schommer-Aikins, 2012). Early research in epistemic beliefs considered
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epistemic beliefs to be domain-general (e.g., Belenky, Clinchy, Goldberger, & Tarule, 1986;
Kitchener, 1983; Perry, 1970). More recently, and specifically in mathematics and science
education, discipline-specific beliefs have been under investigation (Buehl & Alexander, 2005;
Buehl, Alexander, & Murphy, 2002a; Hofer, 2012; Muis, Bendixen & Haerle, 2006). For
example, when comparing epistemic beliefs about mathematics and history, Buehl et al. (2002b)
determined that students’ beliefs about both the acquisition and nature of knowledge were
domain-specific to either history or mathematics. Students held more naive beliefs about
knowing in mathematics than those beliefs regarding knowing in history. Lohse-Bossenz,
Billion-Kramer, and Grunig (2019) found similar results with pre-service teachers of science
often sharing more naive epistemic beliefs than those of other subjects. Epistemic beliefs have
been often studied as domain-specific, particularly in science and mathematics (Hofer, 2002);
therefore, it is reasonable to contend that teachers hold epistemic beliefs specific to knowledge
in the discipline of physics.

Research investigating science teachers’ epistemic beliefs previously focused on beliefs about
teaching, instruction, and learning in science (e.g., Boz & Boz, 2014; Dolphin & Tillotson, 2015;
Mansour, 2013; Tsai, 2002). Similar to Hofer and Bendixen (2012) and Hofer and Pintrich
(1997), this study assumed that, even though they are undeniably connected, beliefs about
learning are separable from epistemic beliefs about knowledge in a subject; however, both
contribute to a person’s epistemological worldview (Olafson & Schraw, 2010). Beliefs about
learning, and those concerning the practice of teaching, are undoubtedly connected to one’s
epistemological worldview regarding the discipline of physics but the intent of this study was not
to investigate teacher practice or beliefs about learning. Rather, the purpose of this research was
to explore teachers’ epistemic beliefs about the knowledge of the subjects that they teach.

Epistemic Beliefs About Physics Knowledge

Studies focused on discipline-specific beliefs have often included areas common to epistemic
belief research, such as beliefs about the source, certainty, and organization of knowledge
(Hofer, 2000; Schommer, 1994a; Schommer-Aikins, 2012), and add content-specific knowledge.
In physical sciences, this addition has been, typically, the use of mathematics as justification in
the discipline (e.g., Adams et al., 2006; Halloun, 1996; Redish, Saul, & Steinberg, 1998). These
four areas can be used to create a framework of a multidimensional system of beliefs similar to
Schommer’s (1994a) model but specific to the discipline of physics. The dimensions of this
system are independent but loosely connected; that is, a teachers’ beliefs about one area cannot
be predicted based on their beliefs about another. A visualization of this framework of epistemic
beliefs about physics knowledge is shown in Figure 1.

Epistemic beliefs about the source of knowledge in physics describe whether one sees
physics knowledge as discovered from interacting with an external reality or invented within a
socially constructed system. Johannes Kepler, like many physicists of his time, held the belief
that “we are bound to the world God made and are not free to create one of our own” (Jongsma,
2001, p. 166); sentiments echoed by Leibniz, Galileo, and Descartes, all of whom were major
contributors to the discipline of physics. However, the belief that physics is discovered was not
held by all practitioners. Physicists such as Neils Bohr, Thomas Kuhn, and Lee Smolin each
claimed that physics developed through human influence (Gregory, 1988; Kuhn, 1996; Smolin,
2006). People expressing the belief that physics is invented feel that human influence controls
how we describe our world. Epistemic beliefs about the source of physics knowledge
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characterize whether one sees physics as discovered (i.e., held in an external reality) or invented
(i.e., constructed by humanity).

Physics can be distinguished from other sciences by the substantial application of
mathematics to its explanations of natural phenomena. Scholars have frequently presented
knowing in physics as requiring either a mathematical (i.e., emphasizing the use of formulae) or
conceptual (i.e., qualitative explanations or solutions based on an understanding of physical
principles and/or intuition) understanding (Muis, 2008; Sherin, 2001; Shtulman, 2015; Sin,
2014). Hammer (1994) described content in physics as either formula centered—stemming from
facts, formulae, and procedures—or made of concepts based on intuition and logic. This
portrayal of epistemic beliefs about content in physics places formulae on one end of a knowing
continuum and conceptual physics and employing intuition based on physical understandings,
at the other (Yavuz, 2014). The discipline of physics typically blends both intuitive physics with
mathematics, yet epistemic beliefs about the content of physics knowledge may be oriented
towards mathematics and formulae or toward conceptual, qualitative understandings of physics.

In investigations on epistemic beliefs, participants are commonly asked whether scientific
knowledge is tentative and refutable or absolute (e.g., Elby, Frederiksen, Schwarz, & White,
1997; Halloun, 1996; Halloun & Hestenes, 1998; Muis & Geirus, 2014; Tobin & McRobbie,
1997). Despite the tentative nature of physics knowledge, it is not uncommon for science
teachers to teach from an unchanging and orderly knowledge structure (Burbules & Linn, 1991;
Sin, 2014). Tsai (2006) found mixed responses when Taiwanese science teachers were asked
about whether science knowledge was tentative. As one example, a participant in this study
agreed that science knowledge could change but also felt that science operated with what she
called “fundamental” knowledge that was unlikely to change. Arguably, gravity may have been
considered to be fundamental knowledge to the field of physics; however, with the discovery of
the Higgs Boson and recent investigations into gravity waves, our understanding of gravity has
indeed changed. This area concerning the certainty of physics is one that contributes to the
visualization of epistemic beliefs about physics knowledge.

Beliefs about the certainty of physics Beliefs about the content of physics
knowledge knowledge

Beliefs about the . _ Beliefs about the source
structure of physics Epistemic beliefs of physics knowledge

knowledge about physics
knowledge

Figure 1. A Framework of Epistemic Beliefs about Physics Knowledge
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1. Beliefs about the source of physics knowledge can be described as physics is:
e discovered from interacting with an external reality, or
¢ invented based on the social construction of the subject.

2. Beliefs about the content of physics knowledge can be described as physics is:
e mathematics-based in formulae, or
e concept-based and qualitative.

3. Beliefs about the certainty of physics knowledge can be described as physics is:
e absolute and unchanging, or
e tentative and subject to change.

4. Beliefs about the structure of physics knowledge can be described as physics is a:
e collection of isolated ideas, or
e acoherent system of connected ideas.

Figure 2. Summary of the Four Areas of Epistemic Beliefs about Physics Knowledge

Epistemic beliefs about the structure of physics knowledge indicate whether a person
believes physics consists of individual, isolated pieces of information or is a coherent system of
ideas. These two contrasting beliefs are often investigated within those studies on epistemic
beliefs about physics or science (see Adams et al., 2006; Elby et al., 1997; Halloun & Hestenes,
1998; Hammer, 1994; Muis & Geirus, 2014). Epistemic beliefs about the structure of physics
knowledge present an interesting consideration when working with physics teachers, who
occupy the realm between being expert physicists, viewing physics as a coherent system of ideas,
and students of physics, often viewing physics as isolated pieces of information.

Epistemic beliefs about physics knowledge can be described by the loosely connected, but
independent beliefs a person holds about the source, content, certainty, and structure of physics
knowledge. Figure 2 gives a summary of these four areas and their dichotomies.

Methods

Thirty-five grade 12 physics teachers across the Western Canadian province of Saskatchewan
(approximately 20% of potentially accessed teachers) completed a survey investigating teachers’
beliefs about physics knowledge. From these surveys, 16 teachers volunteered to be interviewed.
These teachers came from both urban (n = 9) and rural (n = 77) settings. Urban settings were
defined as having the school located in a city (or within commuting distance of a city) with a
population over 10,000. Both female (n = 5) and male (n = 11) teachers were represented and
experience teaching ranged from six to over 20 years. Ten teachers were accredited to teach
physics in the province of Saskatchewan, meaning they had taught for at least two years and had
taken a minimum of 21 university credit hours in academic courses in physics along with 3
credit hours in secondary-level curriculum science methods courses. In Saskatchewan,
accredited teachers can write their final exam for grade 12 courses and do not need to
participate in the provincially-administered exams for that course.
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As is common with epistemic belief research (i.e., Domert, Airey, Linder, & Kung, 2007;
Hammer, 1994; Roth & Roychoudry, 2007), teachers were asked about each of the four areas of
epistemic beliefs about knowledge in physics using semi-structured interviews. As suggested by
Guba and Lincoln (1989), a hermeneutic-dialectic method was used and participants were
interviewed until data reached saturation. The designed framework of epistemic beliefs about
physics knowledge, (Figure 1), was used to code interview data; data was further coded
according to the dichotomies (Figure 2). Coded results were reviewed and analyzed for patterns
amongst epistemic belief profiles and across teacher participants. These patterns were then
compared with results from the surveys completed by Saskatchewan grade 12 physics teachers.
Unique pseudonyms are used throughout the manuscript to report respondent results.

Analysis
Beliefs About the Structure of Physics Knowledge

Most (15 of 16) interviewed participants expressed the belief that physics knowledge is coherent
and connected. Supporting the interviewed participants, 30 of 32 survey respondents disagreed
with the statement “different branches of physics, like mechanics and electricity, are separate
and independent of each other,” and 28 of 32 survey respondents agreed with the statement “it
is very difficult to separate ideas in physics since one idea can often be connected to another.”
When discussing this coherence, interviewed physics teachers often cited ideas they felt
connected areas of physics knowledge. Brad, a non-accredited physics teacher with more than
20 years of teaching, said, “if you had equations that describe the positions of electrons and if
you had Einstein’s gravitational field equations you could probably explain everything that
happens. I think there’s some very fundamental things that will explain a lot.” This comment
was echoed by interview participants Leilani and Chaz, both teaching in different urban areas, as
well as Harley and Egon, both teaching in rural Saskatchewan, who all mentioned motion as the
idea connecting physics knowledge. Most participants in this study believed that physics
knowledge was coherent and connected.

As one caveat to the believed coherence of physics, many interviewed participants referred to
the incomplete search for a grand unified theory. “Can [ideas in physics] all be connected? I
think they can, but I don’t think we’re there yet [...] we still need to make those connections”
mentioned Denise, an accredited teacher with approximately 15 years of experience teaching
physics. Her sentiments were echoed by Jens, a non-accredited physics teacher in rural
Saskatchewan, who, when asked whether we can connect all the ideas in physics, said “Well,
they’re trying, they haven’t succeeded yet, right?” Similar statements to these two were also
made by Kye, Harley, and Chaz, all accredited physics teachers. Interviewed physics teachers
expressed the belief that physics knowledge was coherent and connected, but many also
stipulated that the field of physics is still working on this unification.

One interview participant thought that physics knowledge was made of isolated pieces of
information. When first asked about whether physics ideas could be connected, Nadia, a non-
accredited physics teacher working in rural Saskatchewan, said,

I think there’s some [ideas in physics] that very related and some that you can totally separate. When
we talk about the Physics 20 with the mirrors and lenses and whatever, it’s very different from the
forces and motion [in Physics 30] and all of those things so I think there’s some that can be separated.
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Interestingly, when probed for clarification regarding the separation of physics ideas, Nadia
continued to return to physics as the content in the school curriculum; she went on to say, “I
think physics is so broad that there’s so many ideas; I feel like every unit there is almost
different things.” This comment differed from those teachers discussing physics as a coherent
system of ideas, who tended to refer to physics as a field of knowledge. However, Gru, an
accredited physics teacher with approximately 15 years of teaching, shared that even though
teachers may understand the coherence of the discipline of physics, the curriculum does not
necessarily show this coherence and, consequently, many students see physics knowledge as
isolated pieces of information.

I know for a lot of [students] it’s like, “OK, so we were doing this unit and now we’re doing this unit
and what do these units have to do with each other?” and I'm like, “Well, there’s these things called
fundamental forces and ... and really, the electromagnetism and the strong nuclear force and the weak
nuclear force are really the electroweak force, but ...” and they’re like “What?” and I'm like, “Don’t
worry about it.” (Gru)

As indicated by Nadia’s response and Gru’s anecdote, beliefs about physics knowledge as
isolated information may stem from the compartmentalized high school physics course
structures. Moreover, like Gru’s anecdote highlights, teachers may believe that physics
knowledge is coherent but do not express this belief in class.

Beliefs About the Certainty of Physics Knowledge

Participants consistently expressed the belief that physics, as a discipline, was tentative and
likely to change. Jens, a male teacher with little formal physics training, claimed that science
teachers had to agree with the fact that physics can change and went on to say,

I mean, how can one be certain that everything we think we know about the physical world is correct?
Alot of it isn’t quite perfectly proven yet [...] So, I would absolutely say things would have to change a
little bit as we go forward.

Olivia, a physics teacher who had previously worked as a field scientist, also agreed with the
tentative nature of physics and claimed the idea that science (particularly physics) was
unchanging was a common misconception.

Everyone puts such an emphasis, like science is almost like a bible that gives standards and tells us
how it will always be, and it never changes. People have this conception about science and when
things do change or when we’re wrong about something—WHAT?!—and the scientists are like, yeah?
So? We knew things could change.

To Olivia, experts understood that science knowledge was likely to change, whereas the
public may not share the same ideal. Many interviewed teachers, like physicists (Redish et al.,
1998), see the field of physics as something that regularly changes.

Even though teachers expressed the belief that physics, as a discipline, was likely to change,
they were reluctant to agree that the “fundamental” ideas of physics could change. For example,
one survey question, “Newton’s laws of motion could eventually be replaced by other laws,” split
participants with 53% of respondents agreeing and 47% disagreeing with this statement. Egon, a
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rural physics teacher with 6-10 years’ experience teaching, supported this contradiction when he
stated, “some concepts of —Newton’s laws and things like that—are almost a cornerstone and I
couldn’t foresee them [changing].” Agreeing with Egon, Kye, an accredited physics teacher
working in a rural setting, claimed, “I think when we start getting to the edges of physics with
stuff like subatomic particles and trying to figure out some of the bigger questions of the
universe, then, yeah, that [physics] will change.” To Kye, physics knowledge was likely to
change, but he had difficulty agreeing that the “fundamental” ideas in physics would be revised.
Kye’s sentiments were reflected in many interviews with other participants. In addition, there
was a split response to the survey item “as physicists learn more, many physics ideas we use
today are likely to be proven inaccurate,” with 43% of participants agreeing and 57% disagreeing
with this statement. When discussing their epistemic beliefs about the certainty of physics
knowledge, many teachers debated what aspects of physics were likely to change. Most teachers
agreed that physics, as a discipline, was likely to change, nonetheless many felt it unlikely they
would see “fundamental” ideas, such as Newton’s Laws, change in physics.

Beliefs About the Source of Physics Knowledge

Throughout the interviews, some instructors strongly expressed the belief that physics
knowledge was discovered, that is, physics knowledge existed beyond human control. For
example, Marcos, a physics teacher for over 20 years, explained that “it seems like the physical
laws, scientific theories, and constants were set at the big bang and then we are just discovering
those things that were set. I don’t think we're inventing [those things].” His beliefs were
supported by others, such as Franz who said, “you don’t invent how the world works, you
discover how the world works.” In general, interviewed participants who expressed the belief
that physics knowledge existed beyond the knower used examples rooted in the real world that
they claimed could not have been invented (since they saw these examples as existing beyond
our control) and cited evidence, data, and repeatability as means to generate knowledge.

On the other hand, some teachers expressed the belief that physics knowledge was invented.
“Physics is invented because it’s a human endeavor. So, we choose to see specific things, we
choose to see certain things because we have a particular paradigm, so we are looking for stuff
that supports that,” Ian mentioned, using the works of Kuhn (1996) as support. As another
example, Egon, a science and history teacher in rural Saskatchewan, said, “we have all these
laws and rules that we’ve made to make sense of the things that we’ve discovered and they're
there from the confines of our culture, our understanding of it, and our understanding of the
universe.” To these participants, physics knowledge was written by humans, as scientists such as
Neils Bohr claimed (Gregory, 1988). Those teachers subscribing to the belief that physics
knowledge was socially constructed described physics as explanations written by humans from a
specific context.

Many teachers were inconsistent in their beliefs about the source of physics knowledge. It
was common for participants to claim they believed physics was discovered but then make
statements reflecting physics as coming from socially-constructed knowledge. Leilani, an
accredited physics teacher in an urban center, claimed, “physics is discovered, I mean, we didn’t
invent magnetism” and then later said, “I think [physics principles] existed and we’re trying to
come up with an understanding of it,” finally questioning herself by saying, “is that inventing
something?” It appeared Leilani was not sure about what she thought about the source of
physics knowledge. A similar scenario occurred with Harley who said, “I think that [physics] is
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discovered because, in my opinion, I think it’s there we just have to figure out what it is” but
later said, “[physics], as a discipline, it’s a human construct. Even our explanations are human
constructs of a world that exists beyond us ... we’re just coming up with something that explains
what we observe.” This ambiguity was also present in survey responses, as 20 of 32 respondents
agreed to one but disagreed with the other of two contradictory statements: “the laws of physics
are inherent in the nature of things and independent of how humans think” and “the laws of
physics are invented based on physicists’ interactions with the natural world.” Occasionally,
instructors would catch their uncertainty in beliefs and reconsider their statements. For
example, when justifying why he felt physics was discovered, Kye said,

When Isaac Newton was coming up with the idea about gravitation between objects, he figured out
something that worked. For what he could observe at the time it explained everything. Which, I guess
now that I say that out loud, it’s almost like he invented it to explain ... yeah, that’s a tough one.

It was not uncommon for instructors to have inconsistent responses when discussing their
beliefs about the source of physics knowledge.

Finally, many teachers were uncertain about the source of physics knowledge. For example,
Pharris, an accredited instructor in an urban center, said, “I'm kind of torn on [that topic]. I
kind of feel both ways. I feel like we discovered many things that always existed, but we are also
inventing it as we go.” Interview participants also claimed that physics was both discovered (as it
existed beyond humans) and invented (as it was socially constructed by humans). Commonly,
participants referred to physics as being discovered through observation and then being
invented in our attempts to explain what we found in these observations. For example, Franz,
Gru, and Egon all felt that humans discover (or observe) data and phenomena and then invent
models to explain these discoveries. To Brad, it was similar only he felt that “a lot of times, at
first [physics ideas] are invented and then they turn into being discovered [when we observe
them].” Many (but not all) of the teachers interviewed found it difficult to separate physics
explanations from what they saw as truths existing in nature, waiting to be discovered.
Interviewed teachers often expressed their beliefs about the source of physics knowledge as
either viewing physics as discovered phenomena existing beyond the control of the knower or as
the invented explanation of these phenomena.

Beliefs About the Content of Physics Knowledge

Interviewed teachers were evenly split by their beliefs about the content of physics knowledge
with eight primarily expressing the belief that physics was mathematics-based in formulae and
eight indicating physics knowledge was concept-based and qualitative. Teachers’ beliefs about
content were characterized as tending towards mathematics- or concept-based; it was rare that a
teacher expressed beliefs in only one of these two ends of the spectrum.

Notably, all teachers used the terms “mathematics” and “physics” to represent separate
disciplines. Mathematics often referred to the use and manipulation of equations,
quantification, and the data used for observation. Physics, on the other hand, was often
described using terms such as “concepts,” “ideas,” or “the theory.” Mathematics, to participants,
served a purpose for, but was separate from, physics. This separation was corroborated by 27 of
32 surveyed teachers agreeing to the statement “it is possible to explain ideas in physics without
mathematics.” Chaz summarized the sentiments expressed by most interviewees when he said,
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“Math is a tool for physics; it’s not a way of interpreting the world, it’s a way that physics uses
for understanding how the world works around us.” Most often, teachers referred to
mathematics as a tool or language used within physics to explain physical phenomena, but
mathematics was not physics.

To add to this distinction, many interviewees explained that physics was about knowing how
or why something works whereas mathematics was about describing what was happening. “I
think physics is much more conceptual than it is a math thing ... you need to understand a lot
more about how physics works and it’s not just about calculations,” said Nadia. To Harley, this
distinction between physics and mathematics manifested in the classroom and she said, “you
can teach physics like a math teacher or you can teach physics like a science teacher. They can be
separated because math is knowing WHAT to do whereas physics tells us why we do it.” To
many of the interviewed teachers, physics was about being able to explain the why or how of a
situation, as Allan called it, “the theory,” but this was supported by the mathematics which was
used to describe what is happening.

Other teachers, believing physics knowledge was mathematics-based, often deemed
mathematics as the way we knew something in physics. This way of knowing could be found in
mathematics as data, quantification, factual knowledge, or proof. As an example, 23 of 32
surveyed physics teachers agreed with the statement “Mathematics is the source of factual
knowledge in physics.” Teachers supporting this view often indicated mathematics as being the
verifying factor to the validation of physics knowledge; “I view equations in physics as the proof
of concept. It’s a way of showing that, not just saying that something is true but actually
demonstrating or testing the theories,” said Egon. His viewpoint was supported by Franz, who
said, “math is what helps you justify data, justify your explanations and all that is through
math.” To these teachers, we justified what we know in physics through mathematics.

Finally, a lingering question for many interviewees, in both the math- and concept-based
physics camps, was how deeply one can know physics without mathematics. “I would just
question how deep into the world of physics you could go before you start requiring some
mathematical ability,” said Jens. This question was echoed by Franz, who said, “I think the
deeper level of understanding [physics] is understanding the math profoundly” and Chaz, who
said, “I just think that the connection [between ideas in physics] is so much greater when you
know the math.” It should be noted that no interviewed teacher claimed a full understanding of
physics could be achieved without an understanding of mathematics, but those who felt physics
was best understood conceptually often discussed the explanation of physics as a part of
knowing. For example, to Harley, physics could be easily explained without mathematics (for
most concepts), that is, one could know physics without mathematics but proof of physics
knowledge was often in the math. Even though interviewed teachers may have believed physics
knowledge is conceptual and qualitative in nature, there was still the recognition that
mathematics is necessary for knowing in physics.

Discussion

Interviewed teachers saw physics as a coherent subject when discussing it as a discipline, but
often expressed the belief that physics content was isolated when discussing the high school
physics curriculum document. As Harley said, “we compartmentalize information to make it
more digestible,” and this is certainly the case with many high school physics curriculum
documents that divide physics into units such as electricity, mechanics, and forces; but is this
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benefitting our students? This compartmentalization misconstrues the structure of physics
knowledge as a whole. Perhaps, teachers should be able to access educational opportunities that
allow them to explore how connections within high school physics can be highlighted. These
connections may be attempted in some pre-service education programs, yet I wonder whether
teachers are truly ready to undertake this type of thinking before they are in the classroom, as
many pre-service teachers are focused on mastering the “basics” teaching. As a former
Saskatchewan physics teacher, it was rare I had access to any sort of physics-specific education
opportunities beyond how to teach content. It may be that we need to begin considering subject-
specific teacher education, which addresses areas such as teaching connections between
seemingly isolated physics topics for those teachers who have already had an opportunity to
deeply interact with a subject curriculum document in the classroom.

Similar to their beliefs about the structure of physics knowledge, teachers in this study were
also quite consistent in their beliefs about the certainty of physics knowledge. Teachers
explained physics knowledge as tentative and changing, but many added the caveat that it was
unlikely for the “fundamental ideas” in physics to change. This finding corroborates those from
Tsai (2006), who found that teachers believed physics ideas could change except those that were
foundational to the field. To add to this, many of the ideas that teachers deemed fundamental in
physics were those taught in the Saskatchewan Physics 30 course (including forces, Newton’s
Laws, relativity, and motion), confirming similar findings from Burbules and Linn (1991) and
Sin (2014). Unfortunately, we, as physics teachers, may be inadvertently portraying physics as
an unchanging discipline of knowledge. Because teachers in this study believed that physics
knowledge was tentative and changing, but are teaching those ideas that “may not change,” it
may be beneficial for teachers to have the opportunity to learn strategies that showcase their
beliefs about the tentative nature of knowledge in science, especially physics.

Interestingly, teachers were evenly split as to whether physics knowledge was mathematics-
based or whether physics knowledge came from a conceptual, qualitative understanding. This
split speaks to the differences we might see in physics classrooms across the province. In
Saskatchewan, the grade 12 physics curriculum provides nine overarching outcomes that can be
met in any way the teacher sees necessary (indicators are given as suggestions of ways these
outcomes may be met). With such an open curriculum, having this variance in opinions on the
content of physics means students across the province are likely to have very different
experiences of physics. As Muis (2008) claimed, students often hold those beliefs emphasized by
their teachers; this means students’ physics education drives how the public sees the subject and
with so many different belief systems educating students, it is difficult to ensure students get
“the right” education (if there is such a thing) in physics. Again, providing an educational space
for physics teachers to talk about the role of mathematics-based and qualitative physics in their
courses may provide an opportunity for teachers to recognize their epistemic beliefs, re-visit
how they teach their course, and recognize that there may not be a “right” way to view the
content of physics knowledge.

Finally, interview participants often had difficulty explaining their beliefs about the source of
physics knowledge. It was not uncommon for teachers to provide inconsistent responses when
discussing their beliefs in this area. Many participants claimed that physics knowledge existed
outside of the knower but often cited the need for community verification and agreement. This
inconsistency further highlights the need for space for physics teachers to think (and learn)
about those philosophical ideas behind their disciplines. Are we asking teachers, both pre-
service and in-service, to explore the philosophical underpinnings of their subject? Even some
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accredited physics teachers struggled with clarifying their beliefs despite being deemed qualified
to assess the grade 12 physics course in Saskatchewan. Also, having teachers recognize their
struggles in defining the source of physics knowledge may help them to be more sensitive
pedagogues to their students’ struggles with the subject. This could lead to some powerful
explorations at the intersection of physics and philosophy as teachers expose students to the
skills of justification, questioning, and philosophical investigations. Teacher beliefs deeply
influence their classrooms and students (Muis, 2008), thus it may be that teaching
requirements need to expand to include education in the philosophies of their subject during
and after pre-service teacher education.

Teachers who were consistent (and clear) in their beliefs about the source of physics
knowledge identified the difference between physics as explanations and physics as phenomena.
Responses from many participants stemmed from whether teachers saw physics knowledge as
interactions (i.e., physics is discovered in the real world) or as the explanation of those
interactions (i.e., physics is socially constructed). For example, Ian firmly believed that physics
knowledge was socially constructed, but he addressed this muddling of the two sources by
sharing,

Mother nature is out there. Everywhere. She doesn’t actually give a rip about how you describe her at
all. We can ask her questions, she always answers. We have to be smart enough to interpret what that
means but our interpretation is a convenient story that we tell ourselves so that we can continue to
make good predictions rather than some sort of absolute truth about the universe that exists.

To Ian, physics was the story explaining the world we see. Ian had spent time reading the
philosophy behind the discipline of physics, as he referenced in his interview, and this reading
likely contributed to his clarity in explaining his beliefs about the source of physics knowledge.
Ian and others who were clear on their beliefs provide compelling cases for the need to offer
teachers of physics access to teacher education aimed at engaging them with the philosophy of
physics to help teachers define their epistemic beliefs through reading and self-reflection.

Conclusion

It is through our beliefs that we view the world (Buehl & Alexander, 2005), hence, it is
important teachers are aware of their epistemic beliefs about knowledge and possess a working
knowledge of how these beliefs influence their teaching. As evidenced by this research, physics
teachers in some contexts may be unsure of, or inconsistent, in their epistemic beliefs about
physics knowledge. I contend that a lack of firmly recognized epistemic beliefs about physics
knowledge could impact the clarity with which the subject is portrayed to students. Hence, this
research suggests a need for teacher education to encourage exploration of teacher epistemic
beliefs about the knowledge of, and the philosophies informing, the subject they teach, in this
case, physics.

I propose teacher education about subject-specific beliefs be provided, but I question its
inclusion in pre-service teacher programs. All of the teachers involved in this study had more
than 5 years of teaching experience and felt confident in teaching all of the content in the grade
12 physics curriculum (including the new modern physics topics introduced in 2016), yet,
teachers remained inconsistent and unsure of some of their epistemic beliefs about physics
knowledge. The teachers who were exceptions to this belief uncertainty had spent time over
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their career considering the philosophy and background of physics as a discipline. Perhaps
subject-specific teacher education should resume later in the career of the teacher after they
have had the opportunity to hone their “basic” teaching skills. Embarking on teacher education
that is subject-specific, but not necessarily curriculum-content driven, after being in the
classroom for a few years, may provide teachers with a much-needed space to encounter, learn
about, and discuss epistemic beliefs and philosophies of their discipline.
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