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Extant literature on teacher preparation suggests that preservice teachers learn best when they are
immersed in a community that allows them to develop dispositions, knowledge, and practical skills and
share with the community a strong vision of what good teaching entails. However, even if the requisite
dispositions, knowledge, and skills in pursuing the shared vision of good teaching are developed, the
professional demands on a teacher’s time are so great out of, and so complex during class time that if every
decision requires multiple considerations and deliberations with oneself, the productive decisions might
not materialize. We argue that the link between intentional decision making and actual teaching practice
are teacher’s habits (spontaneous responses to situational cues). Teachers unavoidably develop habits
with practical experience and under the influence of knowledge and belief structures that in many ways
condition the responses of teachers in their practical work. To steer new teachers away from developing
unproductive habits directed towards “survival” instead of student learning, we propose that teacher
preparation programs (e.g., in physics) strive to develop in preservice teachers strong habits of mind and
practice that will serve as an underlying support structure for beginning teachers. We provide examples
of physics teacher habits that are to be developed during the program, propose mechanisms for the
development of such habits, and outline possible future research agendas around habits.
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I. INTRODUCTION

Current national science education reform efforts at the
precollege level pose serious challenges yet provide sig-
nificant opportunities for physics teacher education (PTE)
programs. The Next Generation Science Standards [1] and
the redesigned Advanced Placement Physics test point to a
different role for a physics teacher. There is an expectation
that PTE graduates will enter teaching with the requisite
knowledge, skills, and dispositions to be able to engage
classroom communities of students in physics concept
construction and computation, through immersion in the
practices of the discipline. This is an ambitious vision that
is accompanied by on-the-ground challenges.
One serious challenge arises from the mismatch between

the actual experiences of the prospective teacher as a
learner in many university physics courses and the expected
experience she is to provide her own students. Many
physics college courses, especially at the introductory level
in which prospective teachers learn most topics relevant

to the precollege curriculum, are lecture-based, large-
enrollment, deductive in nature (from grand principles to
applications), often accompanied by step-by-step labora-
tory exercises in which students confirm laws of physics
experimentally and account for discrepancies between
their findings and theoretical predictions. Even courses that
incorporate interactive engagement strategies often engage
students in sense making for a relatively short proportion of
the course and after students are exposed to the material by
reading the textbook. Education courses, on the other hand,
familiarize prospective teachers with contextual aspects of
schools and students. The science methods course provides
students with exposure to the literature on student-centered
learning, and, perhaps, with some experience in planning,
implementing, analyzing, reflecting upon, and refining one
physics lesson. Student teaching in a practicing teacher’s
classroom provides invaluable familiarity with that teach-
er’s routines and curriculum, school culture, interactions
with parents, student behavior, etc. The onus is on the
novice teacher to integrate all these pieces into a student
experience that reflects the vision of the Framework for
K-12 Science Education [2].
Another challenge to PTE programs arises from state

endorsement regulations and course designation options,
which create state contexts in which single-subject endorse-
ments in science are impossible or professionally undesir-
able. Furthermore, because of the (very) small numbers of
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physics teachers prepared per U.S. institution [3], the
current teacher preparation efforts almost always treat all
science teachers (or even science and mathematics teach-
ers) interchangeably. In such contexts, PTE programs
provide little opportunity for aspiring teachers to develop
a robust novice physics teacher’s toolbox.
Yet, teaching involves habitual activity. Beginning

teachers will most certainly cement routines, informed
by those of others and those developed through self-
reflection, or simply due to a need for survival. The
recognition of the role that habits play in teacher formation
goes back more than one hundred years. However, in recent
times, other, smaller—in grain size—ideas (interactive
engagement, student-centered strategies, formative assess-
ment, responsive teaching) have pushed habits into the
background. All teachers will eventually develop habits.
These habits will then influence what kind of instruction
will take place in their classroom. It stands to reason that
teacher preparation programs should attend to the efficient
development of productive habits, which are customized to
the needs of their prospective teachers. Some such habits
might be similar despite disciplinary differences. Other
habits are discipline specific. Effective physics teachers
need to develop both kinds. This paper is our attempt to
bring to the fore the importance of productive habit
formation in PTE, consider its implications for the design
of PTE programs, and articulate research agendas that flow
out of this proposal. Furthermore, we provide an extensive
bibliography to ground future research.
In Sec. II, we review existing literature on teacher

preparation, both general and in the subject of physics. In
Sec. III, we make the case for teaching as a habitual activity,
drawing on Dewey’s ideas about habits. We propose how
habits relate to three central components of teacher prepa-
ration, as they are expressed in teacher education literature.
In Sec. IV, we give an illustrative list of habits that we
consider productive for teachers adhering to NGSS and
situate them in relation to the three central components of
teacher preparation. In Sec. V, we propose possible ways of
developing productive habits in preservice teachers (PSTs).
In Sec. VI, we conclude the paper with implications of
the proposed perspective on physics teacher preparation
and suggest a possible research agenda for the future.

II. EXTANT RESEARCH AND MODELS
FOR TEACHER PREPARATION

When one speaks of teacher learning (in the context
of science teacher preparation,1 for instance), one typically
thinks of knowledge and skills PSTs need to develop in order
to be successful when they become in-service teachers [4].

Several approaches to conceptualizing teacher knowledge
are discussed in the literature [5–7]. In addition to asking
what a teacher should know, we also should ask what a
teacher should be able to do, i.e., which teaching tasks the
teacher will be required to accomplish [8]. This question
offers a different perspective on teacher education in which
tasks of teaching [9] are used as the starting point of
discussion about teacher education [10].We start our inquiry
into teacher preparation research with the discussion of
learning in general and teacher learning, in particular.

A. Extant literature: Learning to be a teacher
as acquisition and as participation

Two metaphors for learning characterize the extant
literature. They are significant because the design of a
teacher preparation program follows from what the program
leaders imagine learning to be. The two different metaphors
for learning are learning as acquisition of knowledge and
learning as participation in practice [11]. The former con-
ceives knowledge as a construct of individual learners that is
acquired or constructed and “resides” in an individual’s brain
(the cognitive, constructivist perspective), and the latter
sees knowledge as “knowing” situated in real circumstances
and learning as increasing participation in communities of
practice (the situated, sociocultural perspective) [12–16].
The participation perspective focuses more on thinking in
action and acting in particular circumstances and situations
than on general knowledge.
However, as researchers have noted, choosing only one

metaphor for learning, acquisition or participation, can
leave us unprepared to deal with and better understand
complex learning situations [11,17–19]. A comprehensive
approach to understanding teacher education should there-
fore take into account both perspectives on learning.
It is also crucial to note that no matter how one conceives

learning, and, hence, the corresponding development
of knowledge and skills, their productive use by the
teacher is not guaranteed [20,21]. Teachers’ behavior
depends heavily on their often unconscious beliefs
and attitudes—what we will call dispositions (see also
Sec. III)—about teaching and learning [22–24]. By dis-
positions, we mean those beliefs and attitudes that are
relatively resistant to change, and as we will further discuss,
are intimately linked to teachers’ habits. Dispositions
influence in critical ways how teachers interpret new
information, frame situations, and guide their actions
[25]. Therefore, if we wish to prepare PSTs to productively
apply their knowledge and skills in real classrooms, paying
attention to their dispositions is paramount [7,26].

B. Extant literature: Important features of successful
programs of teacher preparation

The general education literature offers plenty of recom-
mendations on running teacher preparation [27–30], induc-
tion [29,31], and professional development [19,29,32,33]

1Although some of the claims made in this paper may be
relevant for teachers of any discipline, we restrict our attention
to science teacher preparation in general, and physics teacher
preparation specifically.
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programs. On the other hand, studies of physics teacher
preparations programs also offer numerous suggestions
concerning the elements of teacher preparation [34,35]. In
this section we organize main points in these two bodies of
literature around three main ideas: dispositions, knowledge,
and skills.2

• Attending to preservice teachers’ dispositions.—
Prospective teachers’ existing dispositions gained
through their experiences as students influence their
learning and guide their actions. Therefore, instead of
ignoring them, we need to address PSTs’ existing
dispositions intentionally and critically, and further
develop them in a way that will benefit their students’
learning. Creating positive experience and images is
an important mechanism in developing teachers’
attitudes and beliefs about learning, teaching, and
subject matter. General education references on this
matter are given in Refs. [21,27,29,38]. In physics
teacher preparation the importance of attending to
dispositions can be found in Refs. [7,39–43].

• Providing sufficient duration and coherence with
compelling vision.—PSTs should be expected to
repeatedly observe the kind of teaching that is desired
of them in order to develop dispositions that are
compatible with the program’s vision of good teach-
ing. The course work and clinical practice should send
coherent messages to PSTs and occur over extended
periods of time [28,42]. General education references
on this matter are given in Refs. [27–29]. For physics
teacher preparation references in this matter, see
Refs. [7,8,41,44,45]. The program should also con-
sistently and persistently engage PSTs in teaching
practice that reinforces the vision of the program and
the values of the communities in which the program is
embedded.

• Developing knowledge.—Teachers need knowledge
of students and how people learn, knowledge of
pedagogical methods and strategies of classroom
management, and crucially, knowledge of their subject
matter and domain-specific pedagogical knowledge.
Teachers need to know the “key modes of inquiry
and thinking” and what “key ideas are foundational
in their field” [28] (p. 404) and be able to contrast
them to those of other disciplines. For references
addressing physics-specific knowledge for teaching,
see Refs. [7,8,45–47].

• Providing opportunities for teaching experience.—It
is of critical importance that PSTs get structured and
repeated opportunities for clinical practice in order
to develop practical skills and mechanisms for

responding productively to constraints and opportu-
nities of real teaching situations [21,27–30,34,48,49].
For references addressing this matter in physics
teacher preparation, see Refs. [7,42,45,50,51].

• Shaping a community.—Learning to teach means
becoming a part of the community of teachers and
happens in a community of other students, teachers, and
teacher educators. Collaboration and support are the
pillars of successful integration into the cultural prac-
tices of a community. The programs should therefore
aim to shape teaching and learning communities that
work towards and perpetuate a shared vision of good
teaching and integrate students into such communities
[21,27–29]. Windschitl et al. [52] emphasize the role
that tools can play, when used collaboratively, in the
induction of novice teachers. Furthermore, there is
extensive literature on the use of the collaborative study
of student work, mostly at the in-service stage. (Critical
Friends Groups [52,53] and Looking Together at
Student Work [54] are examples of such approaches.)
References that address the role and importance of the
community in becoming a physicist and a physics
teacher include Refs. [7,41,42,55,56].

• Preparing for life-long learning.—The programs
should aim to develop teachers that reflect on their
practice, are prepared and willing to be life-long
learners, and take an inquiry stance towards their
teaching—characteristics of great importance in the
fast-changing world of today [21,27–29].

The chapters in Ref. [34] address several of these points.
Similarly, in his review of teacher education in physics,
Meltzer writes [45] (p. 11)
“[C]ertain themes have appeared in the literature with

great regularity. Evidence has accumulated regarding the
broad effectiveness of certain program features and types
of instructional methods. The major lesson to be learned
from the accumulated international experience in physics
teacher education is that a specific variety of program
characteristics, when well integrated, together offer the best
prospects for improving the effectiveness of prospective
and practicing physics teachers. This improved effective-
ness, in turn, should increase teachers’ ability to help
their students learn physics. These program characteristics
include the following:
(1) a prolonged and intensive focus on active-learning,

guided-inquiry instruction; (2) use of research-based,
physics-specific pedagogy, coupled with thorough study
and practice of that pedagogy by prospective teachers; and
(3) extensive early teaching experiences guided by physics
education specialists.”
The recommendations of the T-TEP Report [3], which

encapsulated the findings of the Task Force on Teacher
Education in Physics, reflect these program characteristics.
In both the general and physics-specific teacher educa-

tion literature, therefore, there is emphasis on providing

2In the teacher education literature, lists—even lists of powerful
elements (for example, Refs. [36,37])—abound. To be sure, lists
of research-validated practices in which effective teachers engage
can be very useful to both teachers and teacher education
programs.
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prolonged, thorough, and extensive experience to prospec-
tive teachers. This experience shapes and, reflexively, is
shaped by productive knowledge, skills, and dispositions.

III. TEACHING AS A HABITUAL ACTIVITY

In addition to the above-discussed and widely agreed-
upon characteristics of effective teacher preparation, we
propose that another important, yet often underconsidered
component of teacher preparation is the formation of
habits. This echoes the perspective taken by John Dewey,
when he considered habits as playing a central role in
human thought and behavior [57].

A. Habits: Dispositions, knowledge, and skills

In the dictionary [58], a habit is defined as “a settled or
regular tendency or practice, especially one that is hard to
give up.” This agrees with the everyday sense of habits being
solidified ways of thinking and acting that are resistant to
change. However, an additional subdefinition from psychol-
ogy says that a habit is “an automatic reaction to a specific
situation.” We take the latter definition as the starting point
of our discussion. The idea of habits being dependent on
particular situations also aligns well with John Dewey’s
discussion of habits being context sensitive [57].
Our aim is to allow teacher educators to consider habit

formation as it relates to more established ways of
conceptualizing teacher preparation. In line with our aim,
we propose, for the purpose of this paper, that a teacher’s
habits have their roots in her dispositions, knowledge, and
skills—three established concepts in the teacher education
literature (general [59,60] and physics specific [56]). We in
turn explain in more detail what we mean by each of these
words and how each of them can be connected to a
teacher’s habits.

1. Dispositions

A “disposition” is defined as “a person’s inherent
qualities of mind and character” [58]. Such definition does
not fit our meaning of this word in a teacher preparation
context. We define a disposition as a strong (often subcon-
scious) belief or attitude related to some aspect of teaching,
that in concert with other factors, shape a teacher’s behavior
and thought.
Imagine a PST who believes deeply that physics is a

difficult subject and only a few selected students can learn
it. How does this belief affect the choices that this teacher
will make in the classroom? An example here would be
assessment. If the teacher believes that only the brightest
students can master physics, then the role of assessment
may be interpreted as a one-time grading filter that
distinguishes more and less able students. If on the
contrary, the teacher believes that all students can learn
physics but need different amount of time and effort, then
this teacher will set up a system where a student can

continuously improve her work and consequently, improve
her grades. As we can see from this example, the difference
in the belief of what constitutes student ability to learn leads
to huge differences in classroom instruction.
Taking PSTs’ dispositions into account, learning to teach

begins long before PSTs enter teacher preparation pro-
grams. Out of all kinds of professional learning, learning to
teach is special in the sense that all future teachers have, in
the course of their own education, observed other teachers
working for thousands of hours before they themselves
started formal teacher training. This so-called “apprentice-
ship by observation” [61] is usually considered to be more
potent than formal teacher education [4,21,27,29,62]. The
robustness of PSTs’ existing dispositions pose a challenge
to teacher educators since they play an important role in
how teachers perceive new information, frame situations
and act in practice [25,63]. Therefore, teacher educators
should not ignore the central role of PSTs’ attitudes and
beliefs in the process of learning to teach [64].
It is not difficult to see why dispositions play a central

role in the formation, cementing and sustaining of teachers’
habits. While Dewey [57] used the terms dispositions
and habits interchangeably, and Nelsen [65] proposes that
dispositions are in fact composed of clusters of related
habits, we suggest, for the purpose of our argument, that
dispositions serve as an intellectual and affective context
in which habits develop.

2. Knowledge

Much like dispositions, knowledge affects what one
notices, what one considers as being relevant, and how one
decides to act. While a teacher’s knowledge has different
sources, in the context of preservice teacher preparation,
knowledge is usually associated with the content of differ-
ent courses that PSTs take in the process of education (e.g.,
subject content knowledge, knowledge about students and
learning, content knowledge for teaching particular sub-
jects). Much has been written about the nature of teacher
knowledge and the differences between content knowledge,
pedagogical content knowledge, and content knowledge for
teaching a particular subject. The interested reader can find
relevant information in Refs. [5,66–68]. Much like dispo-
sitions, we see a teacher’s knowledge as the intellectual
context for the shaping of a teacher’s habits.

3. Skills

For our purposes, a skill is a precompiled procedure that
one deploys automatically without consciously thinking
about it. We break down these skills into mental, technical,
and emotional skills.
Mental skills relate to operations that a teacher needs to

execute on a regular basis and in the spur of the moment.
For example, reflecting critically on one’s lesson is a skill
that a teacher needs to use after each lesson, while changing
the flow of a lesson based on a student comment is a skill
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that is executed at the “right”moment. It is thus not difficult
to see how the use of such a skill is strongly dependent on
one’s dispositions and knowledge and how it is intimately
connected with a teacher’s habits.
Technical skills relate to the ability to operate and fix

equipment and to operate modern technology. Technical
skills are especially important at smaller schools where
there are no lab assistants or in schools where resources for
equipment are scarce [69], for example.
Emotional skills relate to the ability to keep cool no

matter what happens in the classroom and the ability to put
children’s welfare and learning first.
Although there seems to be a thin line between a skill

and a habit as both are automatic and often subconscious,
we treat skills separately because being skilled in
something does not necessarily mean doing it habitually.
Skills can therefore be seen as resources that are activated
and drawn upon in the process of habit development and
enactment.
We must note that habits, as we understand them, do not

unidirectionally flow out of one’s dispositions, knowledge,
and skills, but also feedback and impact the very intellec-
tual context from which they emerge. This, for example,
means that one can form a habit of reading teaching
literature, which in turn influences the intellectual context
in which habits develop.

B. Role of habits in teaching and teacher preparation

Teachers unavoidably develop habits with practical
experience and under the influence of knowledge and
belief structures that in many ways condition the responses
of teachers in their practical work. This way, many of the
tasks of teaching become more automated with time, which
also allows teachers to devote more of their conscious
attention to other tasks.
The habits that teachers develop when they enter teach-

ing for the first time will often be shaped by the pressure
and demands of a very dynamic environment and may
as a result be directed towards teacher “survival” instead
of student learning. It is therefore very important that the
teacher “brings with her” a set of habits that will allow her
to get a grasp of the situation and actively steer her practice
in a direction that will lead to student learning, as well
as her own advancement of teaching, instead of merely
“surviving”.
One way of seeing habits is therefore as teacher’s tools.

However, as Dewey points out, they are more than just
that. They are tools that themselves carry some degree of
agency—they also direct one’s thoughts and actions [57].
While a good teacher is reflective about her practice [70],

teaching to a large extent involves routine decision making
and behavior [71,72]. At first sight, the idea of automated
behavior may seem at odds with a teacher who responds to
the demands of a particular context. There are different
ways of tackling this apparent discontinuity in logic

(e.g., Refs. [22,73]). What these approaches have in
common with the Deweyan conceptualization of habits
is that they allow for spontaneous behavior to be respon-
sive to cues from the surrounding context.
Thus, the habits we have in mind are not meant to

be enacted as inflexible, mindless scripts for teaching,
but rather as an initial toolkit or a support structure of
strategies for automated behavior that will allow a new
teacher to successfully start practicing reformed teaching
and help her avoid picking up unproductive habits under
the pressure of real teaching environments, or reverting
to the “old ways,” learned through the apprenticeship of
observation, which are in most cases less supportive of
student learning.3

C. Development of habits in preservice teachers

Looking through the lens of habits, one of the goals of a
teacher preparation program should be to give attention to
the development of productive habits and phasing out
(or replacing) unproductive ones that PSTs may bring with
them into the program.
Some habits will be productive for all teachers, some

may be particularly important for teachers in specific
disciplines, and some will only be present in specific
disciplines, such as physics. We provide an illustrative list
of habits we consider productive for physics teachers in the
next section.
For Dewey, context plays an essential role in habit

formation and enactment [57]. For example, a teacher
may habitually employ humor during teaching in their
mother tongue, but due to the lack of confidence, does not
have the same habit when teaching in their second
language. Context dependency also means that habits are
mutable, not completely resistant to change [65]. They
emerge in context and depend on context: physical, social,
and intellectual. This idea suggests a possible mechanism
for the changing of habits. Dewey claims that “[w]e cannot
change habit directly: that notion is magic. But we can
change it indirectly by modifying conditions, by an
intelligent selecting and weighing of the objects which
engage attention and which influence the fulfillment of
desires” [57] (p. 20).
If one of the goals of a teacher preparation program is to

affect PSTs’ habits, programs need to set up conditions that
will allow for the emergence of productive and phasing out
of unproductive habits. In order for prospective teachers to
acquire new habits, conditions need to be set up in which

3The idea of permanently cementing habits into PSTs is
essentially unfeasible (and probably of questionable desirability),
unless conditions remain the same. Teachers therefore need
to be prepared to enact habits in flexible and context-responsive
ways and critically reflect on them throughout their career.
Nelsen [65] expresses a similar idea using the idea of “intelligent
dispositions.”
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their existing but unproductive habits will not function
anymore and in which new habits will emerge [65].
This is not an easy task. As Dewey himself puts it, the

changing of habits can hardly be achieved by merely
countering old habits. By doing so, we tend to invoke
the conditions that set in motion the old habit. New habits
need new conditions, different from those that invoke and
cement the old habits.
This means that if a program takes habit formation in

PSTs seriously, it should aim to provide PSTs with a
suitable physical, social, and intellectual environment—a
community of practice [12,74]—that sets up, sustains,
and perpetuates conditions for the formation of productive
habits. This means setting up the social and physical
conditions that will support the formation of productive
habits, which will serve new teachers well when they leave
the program.
In the next section, we will present an illustrative

selection of habits that we see as important for physics
teachers that will teach in accordance with NGSS.

IV. PRODUCTIVE PHYSICS TEACHER HABITS
INFORMED BY NEW STANDARDS

In this section, we describe the habits that we think are
important to be formed before a newly minted physics
teacher goes out into the world. These habits should help
the teacher create a classroom consistent with the Next
Generation Science Standards (NGSS), where all students
are engaged in the exploration of disciplinary core ideas
by practicing science and building their knowledge on
cross-cutting concepts [1]. This new 21st century learning
environment that needs to be created demands different
habits compared to the habits of a teacher in the 20th
century. Not only do the recommendations of the NGSS
call for different teaching but everything that we know
about brain structure and function, conditions for learning,
and specifically how people learn physics—which we did
not know 20–30 years ago—makes it necessary to recon-
ceptualize our teaching of physics and other subjects and
consequently, the habits that a physics teacher (or any other
teacher for that matter) needs to develop.
In Sec. IVA we outline productive habits of mind, of

practice, of maintenance, and of leadership, both physics
related and physics teaching related, which a physics
teacher education needs to inculcate in PSTs. In
Sec. IV B, we outline the knowledge, skills, and disposi-
tions that undergird such habits. We also include some
habits that are not exclusively physics specific but are
crucial for a physics teacher to develop. It is important to
note that some of those habits are useful for all teachers;
some others, for all science teachers. However, for those
other teachers, there might be other useful habits that we are
not mentioning here. We do not claim to produce a final list
of habits, we aim to provide examples of the habits that we
consider critical.

A. Habits of mind, practice, and
maintenance and improvement

Below, we outline the specific habits of mind and habits
of practice that need to be developed by a prospective
physics teacher. Consequently, when one designs or
reforms a teacher preparation program, it is good to keep
in mind the development of the following habits. Although
we are using physics as the domain of investigation, if one
were running a program that prepares teachers of multiple
disciplines, one might think how each of those habits
applies to each of those disciplines. Some of the habits
are more important for physics teachers, than say, biology
teachers, but overall, a teacher of any (every) discipline
needs to have those three types of habits developed in
relation to the discipline one teaches.
Habits of mind.—These are the examples of habits of

thinking like a physicist and thinking like a physics teacher
in the new environment. By physics habits of mind we
mean spontaneous thinking of and noticing the application
of physics ideas in the surrounding world and in the
“playground” of other disciplines, such as mathematics.
By physics teacher habits of mind we mean spontaneous
thinking and attending to student physics-related reasoning,
questioning, and development.
Habits of practice.—These include (a) the habits that

involve spontaneous decisions during lesson planning
and (b) the habits, which enacted in the classroom, lead
to student learning. The habits of practice are therefore
intertwined with the habits of mind and cannot be separated
definitively.
Finally, habits of maintenance and improvement are the

habits that involve continuous learning on the part of the
teacher as an individual and as a member of the community,
as she organizes her professional life to give priority to
maintaining the community, actively sharing new findings,
and using the findings of other teachers.
Selected physics habits of mind.—The list below was

compiled based on the history of physics, physics educa-
tion literature, and observations of the work of physicists
in real time [75–78]. We recognize that the list is not
exhaustive but hope that it gives the reader a flavor of what
we have in mind.

• Noticing application of physics laws in the surround-
ing world (for example, thinking of static friction
when walking, noticing diffraction pattern on eye
lashes when squinting, etc.).

• Approaching problem solving as a physicist (napkin
calculations, drawing a sketch before solving any
problem, being able to do an order of magnitude
estimation, being able to do a long calculation without
a calculator just using powers of 10, etc.) [79,80].

• Treating physics as a process, not a set of rules or a
collection of information, specifically seeking to
understand how physics ideas have emerged in spe-
cific historical contexts, how they are connected with
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progenitor ideas, and how they have given rise to
subsequent ideas [81,82]. This habit of mind protects
against naive hero worship by providing more
nuanced understanding of the ecology of physics
concepts as invented intellectual entities. Examples
of such epistemological habits of mind include
inductive (experiment-based) and “spherical cow”
reasoning, analogical reasoning, establishing causal-
ity, questioning claims, quickly assessing coherence
of suggested ideas with the rest of the physics body of
knowledge, and being able to spontaneously think
of an experiment to test an idea when it is proposed
(hypothetico-deductive reasoning).

• Using mathematics in a physics-specific way [83–86].
Specifically, mathematics plays a different role in
physics compared to other sciences. Physics is much
less statistics oriented than biology and more oriented
towards mathematical modeling and internal consis-
tency of multiple representations [80] than chemistry.

Although all the above habits are important for
any science teacher, the nature of each differs with the
discipline. For instance, as we said above, mathematical
reasoning in biology is different from mathematical
reasoning used in physics, however, teaching a discipline
as a process and not as a set of rules applies to any science
subject.
Selected physics teacher habits of mind and practice.—

The following nonexhaustive list is compiled based on the
documents governing science education (Framework for
K-12 Science Education and NGSS) [1,2], physics educa-
tion literature, science education literature, and general
literature on how people learn [4,12,18,74–77,81,87–97].

• When helping students learn, starting by helping them
connect new ideas to their existing ideas recognizing
that student ideas about a specific set of physical
phenomena have been developed over years of organ-
izing, perhaps uncritically, a rich set of experiences,
full of complexity and messiness. School physics,
on the other hand, is often sanitized and deals with
idealized contexts. In the same way that to Greek
two-year olds their language is not “Greek to them,”
students can be extremely successful in predicting,
with almost zero conscious analysis, where a tossed
ball will land or how to place boxes of different sizes
on each other so that they will not tip over [88,98].

• Attending to students’ thinking specifically regarding
physical mechanism, interaction, conservation, con-
straint, and processes of change and transformation
[1,88,99,100]. Seeking to establish a step-by-step
causal chain to understand a particular phenomenon
or to search for a mechanism (or a set of mechanisms)
instead of just describing the phenomena by collecting
and analyzing data.

• Encouraging students to test their ideas experimen-
tally instead of waiting for validation from authority.

For example, in physics, it is often easy and highly
productive to say, “Go ahead and try it; set it up (bulbs,
cart, magnet) and see what happens.” In chemistry,
that may not be true, and in biology, it is very unlikely
to be true; that is, you would need to make a different
“spontaneous decision” [1,88].

• Listening to student conversations, comments, and
questions related to physics (both content and
practice) and altering, revising, improvising planned
instruction to build on students’ ideas [98,101,102].

• Reflecting on the role that language plays in student
learning and making conscious choices of words and
grammatical construction when talking about physics
so as not to create confusion (for example, knowing
that “heat” means different things in physics and in
the daily life of students; or choosing the appropriate
time to differentiate gravitational potential energy in
an object from the energy of a system of gravitating
objects, etc.) [89,103].

• Treating all students as capable of learning physics
and contributing to the generation of physics knowl-
edge (as opposed to treating learning physics as a
weed-out competition) [104,105].

• Being aware of the “surroundings” (nature, current
events, such as breakthroughs in science or socio-
scientific issues, such as climate change, etc.) as a
source of learning physics (for example, watching
waves going over a rock in the sea and taking a video
to use in the lesson on diffraction) by building on the
inherent ease of experimentation that physics affords;
habitually thinking of how to use an everyday simple
phenomenon, video, etc. to help students notice,
wonder about, and learn something (for example,
stumbling upon a video on YouTube and immediately
incorporating it in the lesson the following day);
dumpster diving (not passing by something in a
dumpster that can be used for helping students learn
physics) through a conviction that cheap, readily-
available materials can serve as the basis of a good
physics lesson.

It is unlikely that these habits will be developed
efficiently without deep connections to physics as an
experimental science and to results of physics education
research, which provide PSTs with tools that help build
these habits. For example, what are productive questions to
ask students who are learning about electric current to make
sure that they understand the difference between series
and parallel connections? How do you make sure that the
Wimshurst generator that the school owns lasts for a
long time?
Finally, habits of maintenance and improvement need to

be developed. For example, being a member of a profes-
sional organization such as AAPTor AMTA and habitually
reading The Physics Teacher is one of those habits. Being
a member of the local section of the AAPT, attending
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workshops led by local teachers, or being connected to the
physics department of a university are additional examples
of such habits.
An important subset of these habits consists of habits of

leadership. Habits of leadership involve spontaneous steps
to engage other teachers in thinking about student learning
and showing examples of how to do it. For example, having
a discussion about the implementation of NGSS in the
teachers’ lounge during lunchtime, sharing new ideas
learned in a workshop with other teachers, etc.
We have operationalized the above habits in the

context of physics teacher education. As Meltzer puts it,
“The[se habits] should be integrally linked to the emotions
experienced by physicists in wondering about, exploring,
and discovering underlying coherence in the world around
us; else they may become mere boring drudgery, analogous
to adding columns of numbers. Teaching habits should be
linked to effective engagement in joyful communication of
new ideas and abilities to interested students; the alternative
is obvious, and depressing to contemplate” [106].

B. Dispositions, knowledge, and skills needed
for the development of the selected habits

In this subsection we describe dispositions, knowledge,
and skills that form the foundation for the habits of mind
and practice described above and follow from our
assumptions described in Sec. III. B. We start with
dispositions as they determine what knowledge and what
skills the PSTs “choose” to appropriate during the pro-
gram [25,62,64,71,107–109].

1. Dispositions

Below we list the most important dispositions that we
consider crucial for a successful physics teacher. Although
some of the listed dispositions may be desirable for teachers
in subjects other than physics, their impact on teaching
physics is particularly critical because of the unique oppor-
tunities that physics affords for the development of students’
critical thinking skills and scientific competencies, which
themselves arise from the nature of physics knowledge and
the process of the development of this knowledge.

• Learning of physics is doing physics. Just as physics is a
specific process of inquiry into nature and not a static set
of rules to bemastered, learning physics is a process that
should reflect the nature of physics as both an exper-
imental and a theoretical science.4 Learning of physics
involves learning of the process of physics as much as
its final outcome [1,2,81,88,90,91].

• Learning of physics is a social co-construction of
knowledge through experimentation and reasoning
that leads to changes in the brain of the learner

[92]. The roles of the teacher in this process is to
guide, provide informed feedback, and support [93].

• Learning is a complex process, which cannot be
reduced to the following dichotomy: student either
got it or did not get it. The a priori position of the
teacher should be that all students are capable of
learning physics, but every person learns at their own
pace. Research shows that teacher expectations can
influence student achievement [110].

• Learning of physics does not happen in a vacuum—
everything that happens in the classroom is affected
by a student’s experience, language, and environment
[20,89,94].

• Intrinsic motivation is to be treated as the crucial
attendant to learning. In physics, student motivation
comes from noticing that one is becoming more
successful, from being able to apply physics knowl-
edge to relevant everyday experiences, and from
experiencing the inherent intellectual excitement of
physics [95,111–113].

• All decisions in the classroom are to be guided by
the “learning compass.” If a certain decision is likely
to lead to more learning and better well being of
students, it is a productive decision; if it is likely to
impede learning or to reduce the quality of student
wellbeing, it is counterproductive. These decisions are
often triggered by students’ comments or questions
that require the teacher to alter the existing lesson
plan. The readiness to change the plan using the above
compass is the disposition of a reformed teacher [20].

• A teacher is always a learner and aspires to become an
expert learner.

The dispositions described above might serve as a
filter for the knowledge that a PST appropriates during
the program. The above dispositions are to be developed
throughout the program. Note that although the disposi-
tions might seem generic, their instantiation is intrinsically
physics specific. For example, a common view of physicists
in society is that physics is only for very smart people
and thus not everyone can learn physics. Cultivating the
disposition that all students can learn physics and devel-
oping habits of practice built on this disposition will
dramatically change the number of students successful in
physics and the image of a physicist in the society.

2. Knowledge

Here for brevity we discuss what knowledge is needed
for the development of selected important habits. We
choose knowledge needed to develop some physics spe-
cific, some science specific, and some general habits.
However, all of those need to be developed in the context
of the discipline.

• Habit (physics specific): Approaching problem solving
as a physicist.—Physicists do not solve problems by
searching for the right formula to plug in the givens (the

4The recent national attention to computational literacy lends
itself to an additional focus of physics instruction, namely,
physics as a computational science.
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novice approach) [80]. Instead they draw apicture of the
situation, think of it conceptually first without searching
for equations, appeal to grand principles rather than
superficial features, solve equations symbolically
before plugging in any numbers, and finally evaluate
the solution. Traditionally, the types of “problems”
(more appropriately, exercises) that students encounter
in general physics courses tend to be short, quick
applications of one or two formulas [114,115]. At that
stage of study, many of the students do not know that
they will become physics teachers. Later, when they
start working towards their physics education degree,
they are usually enrolled in upper division physics
courses that do not involve problem solving that is as
relevant to their vocation. This leaves PSTs at the level
of novices with respect to the high school level physics
problems. Thus, in the teacher preparation program
special attention should be given to the procedural
aspect of problem solving of typical and atypical
introductory physics problems so the PSTs develop
expertlike problem solving strategies [76,77].

• Habit (physics specific): Using mathematics in a
physics-specific way.—To develop this habit the PSTs
need deep conceptual and not just procedural under-
standing of the nature of physics equations and the
difference between operational definitions (density is
equal to the mass divided by volume) and cause effect
relationships (acceleration is equal to the sum of the
forces divided by mass); functional understanding of
proportional reasoning, the difference between the
meanings of mathematical operations in mathematics
(where multiplication can be always reduced to
addition) and in physics (where it often cannot be,
for example p ¼ mv). The work of Sherin, Redish
and colleagues, Brahmia, Kanim, and many others can
help physics teacher educators develop appropriate
habits of mind [83,85,86,96,116–118].

• Habit (general): Helping students connect new ideas
to their existing ideas and applying them to real-world
phenomena.—Here the knowledge of students’ ideas
is invaluable. It has been documented in the literature
and PSTs definitely need to be familiar with this work
(see Refs. [119,120] for exhaustive lists of references).
However, this knowledge by itself is not sufficient.
Knowing student ideas should lead to the knowledge
of how to anticipate student thinking around these
physics ideas, how to promote their interest, how to
monitor student development (what types of questions
to ask in a specific situation, e.g., what do you
mean by the word “force”?), what types of questions
are unlikely to yield productive insights into student
thinking in a specific context (What is energy?), how
to interpret and act on student thinking (for instance,
when a student says that when a ball thrown upward
slows down to a stop it is because the force given

to it by the hand runs out, what might the student’s
cognitive or experiential need be? [89]). In other
words, a reform-oriented physics teacher needs to
know how to take student ideas and help the students
move forward in a way that is consistent with physics
practice. This knowledge rests on the deep knowledge
of physics as a process and deep knowledge of PER as
a field of study of student learning of physics.

• Habit (general): Preparing every lesson carefully
attending to three components: goals, assessment,
and activities.—To develop this habit the PSTs need
generic knowledge of instructional planning (units
and lessons), but they also need to know what this
means for specific lessons. Therefore, they need to be
familiar with the documents discussing the goals and
assessment of physics instruction (e.g., NGSS) and
with the resources for physics activities and assess-
ments (for example, Refs. [121–128]). In addition, the
PSTs should have strong knowledge of curriculum
as a map that allows students to build new ideas on
something that they already know. For example, PSTs
need to be able to explain why one needs to be familiar
with the kinetic molecular theory to understand sound
waves and why one needs to understand the concept of
a system to learn energy. This is especially relevant
given research results that show that the quality of new
teachers is determined by the amount of experience
they have with day-by-day implementation of instruc-
tional units in their preparation programs [129].

• Habit (science specific): Language awareness.—A
great deal of knowledge is needed here. PSTs need
to develop an understanding of ways in which
learners use analogical and metaphorical language
and recognize the instructional affordances of the use
(or misuse) of metaphorical language by students.
PSTs also need to understand student difficulties
with specific terms (force, flux, heat, weight) that
have a different meaning in everyday life compared to
physics, and grammatical constructions that change
the physics meaning of a concept (e.g., an object in a
potential well) (see Refs. [89,103,130]).

• Habit (science specific): Being aware of the surround-
ings (nature, current events or societal issues, etc.) as
a source of learning physics.—To develop this habit
PSTs need deep knowledge of physics, knowledge of
curriculum goals and knowledge of equipment.

3. Skills

In Sec. III we defined what we mean by skills and we
described different kinds of skills that a physics teacher
needs to develop. Although there seems to be a thin line
between a skill and a habit as both are automatic and
often subconscious we treat skills separately because being
skilled in something does not necessarily mean doing it
habitually. For example, we are all skilled in drinking water
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but not all of us have a habit of drinking the requisite
number of glasses a day.
Examples of mental skills include interpreting skillfully

what students say using physics language, expressing a
complex physics idea in simple words and/or without
mathematics; doing power of ten estimations in one’s head
(including remembering the order of magnitude of impor-
tant physical constants); fluently using physics-related
mathematical skills such as ranking possible effects accord-
ing to their size or proportional reasoning.
Examples of technical skills include using all traditional

equipment for physics curriculum; building and trouble-
shooting electric circuits, soldering, repairing simple equip-
ment, maintaining equipment; having deep knowledge of
document authoring and spreadsheet applications (like mail
merges, graphing, etc.); using educational technology for
communication with students; using physics technology
for data collection and analysis; choosing and purchasing
quality equipment efficiently.
Examples of emotional skills include empathetic appre-

ciation of the challenges that a novice learner faces when
confronted with difficult ideas or a parent faces when
confronted with an assessment of learning challenges of the
child; interpreting adolescent student behavior not as an
immediate reflection of the teacher’s popularity but as a
form of expression of the student’s internal state; being able
to think and multitask under stress.

V. THREE MECHANISMS FOR PRODUCTIVE
HABIT FORMATION

In this section we discuss the mechanisms through
which physics teacher preparation programs can help future
physics teachers develop the knowledge, skills, disposi-
tions described above, and the conditions that should be
met to use those for successful habit development. Starting
from the perspective that learners of all kinds bring a rich
fund of ideas based on years and years of active and passive
sense making, PSTs bring to the program their own views
of what constitutes physics learning and good teaching.
Unfortunately, often these views are based on the experi-
ence with traditional instruction [131]. Thus, if we wish that
our future teachers develop the habits described above, we
propose that a program needs to integrate three compo-
nents: (a) extensive apprenticeship-based clinical practice,
(b) in-depth coursework on the learning and teaching of
high school physics, and (c) the care and feeding of a rich
community of practice [74].5 Our recommendations are
simultaneously general and physics specific.

A. Apprenticeship-based clinical practice

Any apprenticeship begins with students observing a
master performing the craft. In our case, observing
reformed physics teaching and being in the role of a
student in this environment is crucial. PSTs need to have
images of effective physics learning and teaching before
they can start practicing such teaching themselves. Thus the
PST first needs to observe reformed physics instruction and
then slowly start participating in it serving as an apprentice
to the master teachers, with the master teachers providing
scaffolding for the PST’s tasks [42], guidance at the
microlevel of their implementation and substantive feed-
back in real time [51,56,132]. This construal of clinical
practice takes on urgent importance in the context of the
national landscape of physics teacher education, according
to which the majority of physics teachers (as opposed to
biology teachers, for instance) are (a) the only such teachers
in their schools and (b) do not have a physics major or
minor. Placing PSTs in state-mandated teaching practica is
treated often, therefore, as a matter of logistical matchmak-
ing rather than intentional modeling of the vision of the
physics teacher education program. One way to fix this
conundrum is to maintain close contact with program
graduates and continuously interact with them professio-
nally so they grow into the master teachers for new
PSTs [42].
Since habits take a long time to develop and become

cemented [133], it stands to reason that the program needs
to provide early and multiple opportunities for reflective
practice conducted in service of habit development. We
envision a progression of such clinical practice: from
observation, reflection and analysis of specific aspects of
effective teaching modeled by master physics teacher(s)
(for example, a teacher in residence [132]) to opportunities
provided to the apprentices to try out short, discrete tasks of
teaching [42] in the context of a reform-centered physics
classroom (university or K-12) with subsequent reflection,
to increasingly more formal teaching occasions all the way
through to the ultimate relinquishing of scaffolds at the
very end of student teaching, as the teacher candidate has
shown repeated evidence that effective habits have been
appropriated. All these experiences come with an expect-
ation of repeated attempts by the apprentice, performed in
the presence of the community of the master teacher and
other apprentices, and the incorporation of the immediate
feedback of the master teacher. It is crucial that all
“masters” participating in the process explicitly share the
same vision for good physics teaching and the same
dispositions as described above. (For examples of structur-
ing clinical practice using the community-based appren-
ticeship, see Ref. [34].)
In learning how to teach physics the crucial element

is participating in designing, teaching, analyzing, and
reflecting on instruction that places emphasis on students’
scientific inquiry. Many teachers have not experienced

5To be sure, there need to be additional components to the
program that attend to important general aspects of teaching and
learning, as well as to treatment of the student as a developing
human being, to understanding contextual characteristics of
schools and the teaching profession, to gaining familiarity with
state requirements, etc.
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this kind of instruction and do not practice it, thus the
placement of PSTs in the classrooms of those who indeed
practice effective inquiry-based instruction is a challenge.
Consequently, cooperating teachers need to be skilled in
using physics experiments as a means of helping students to
construct, test, and apply knowledge. In such classrooms
PSTs can develop a repertoire of productive experiments,
become familiar with common equipment used in schools
and have an opportunity to learn how to repair equipment
and how to invent new hands-on ways to learn physics.
A related challenge is the partnership of PTE programs
with a teacher in whose classroom physics learning does
not consist of solving mathematical word problems alone
but the classroom also serves as an environment in which
students have multiple opportunities to describe real world
phenomena through multiple representations.
According to our model then, the typical generic

classroom observations that are intended to familiarize
the PST with school contexts, followed by the standard
student teaching experience, understood here as the
placement of an individual teacher candidate in an
arbitrary collaborating teacher’s classroom to fulfill a
state statute that has a specified one-size-fits-all duration
(and that often—but not always—is held in parallel
with enrollment in a general science methods course that
emphasizes the development, implementation, and assess-
ment of a single lesson in great detail or at most a
small unit), although valuable, are woefully inadequate
in helping novices to develop a toolbox of thoughtful
habits and a beginning curricular repertoire for the
whole year. In our experience, it takes more than a year
of this closely supervised apprenticeship-based practice
that allows a personalized schedule of slow removal of
scaffolding, for a teacher to be able to start the first day
of school with confidence in her habits and a plan for
the first, second, third, and Nth day of the first year of
teaching. In addition to mastering the content they need
time mastering the equipment—using, fixing, etc.

B. Coursework on the learning and teaching of physics

A quick read through Sec. III illustrates that the
specialized knowledge required to teach physics is not
the content focus of even the best reformed physics courses.
Personal experience in content courses that model research-
based instructional practices may be very valuable in
improving students’ conceptual understanding and problem
solving, and in certain cases, may even improve students’
physics expectations [131]. But having had good teaching
modeled does not guarantee that the PSTs in a physics
course will be able to then lead others to learn effectively.
Specialized courses in physics learning and teaching are
required [40]. As a matter of fact, a sequence of such
courses is required because habits are unlikely to develop as
a result of participation in a single course. (For examples
of such courses, see Refs. [7,134–137].)

The emphasis of these specialized courses is to help
PSTs understand and reflect on the ecology of physics
ideas and the evidentiary and reasoning chains that
have led us to believe what we believe (specifically,
experimental testing of explanations, models, hypothe-
ses), learn the fine structure of student ideas that they can
anticipate in the topics they will be teaching, learn topic-
specific questions or tasks that research has shown to be
promising in opening up student discourse, learn the
affordances and limitations of different technical repre-
sentations so that they can recognize physics productivity
in students’ own spontaneous representations, learn how
to assess what is of value to the physics community, etc.
[66]. Recent research in teacher knowledge shows that it is
not subject but topic specific [66], thus the coursework
should provide the PSTs with the opportunity to examine
every (or as many as possible) physics topic from the
teaching point of view, not just have an example from one
topic. In this sense, the courses envisioned here work hand
in hand with the clinical experiences, with a temporal
sequencing of courses or practica that front loads what is
absolutely needed and no more, and then introduces
additional pieces on a need-to-know basis, over a period
of time that is sufficiently long for PSTs to integrate
knowledge with practice through the exercise of produc-
tive habits.
An important element of such courses should be micro-

teaching. Microteaching is a technique used in teacher
preparation, whereby PSTs teach a K-12 lesson to their
peers, who act as students. Such practice can be extremely
useful. PSTs learn to plan a lesson, to interact with students,
and to reflect on the lesson after its implementation [42].
This structure also allows multiple opportunities for the
mentor (i.e., the course instructor) to provide formative
feedback to the PST, and to give the PST an opportunity to
revise a particular moment of the lesson and “replay” it.
Microteaching is similar to using a flight simulator in pilot
training. For preservice physics teachers microteaching is
especially useful (in addition to the general benefits it
provides teachers of all subjects) as they have an oppor-
tunity to interact with equipment, see the constraints that
available equipment puts on their plans and borrow or
repair it if needed.

C. Physics teaching community of practice

A rich and diverse community of practice comprised
of the master teacher(s), program faculty and staff—
including university supervisors, the PSTs, undergraduate
and graduate students interested in teaching and learning,
and in-service teachers (especially program graduates)
serves multiple goals of the program [42,56,132,138,139].
The community continues to serve as a complex of
positive feedback loops as it reinforces habits and
common values, as a context for feedback from the field
that informs changes to the program, as a social network
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that increases chances that a teacher candidate will be
placed in an instructional environment that embodies the
program’s vision, and, most importantly for the in-service
teachers in the group, as a safe environment in which they
can share dilemmas of practice and stay culturally con-
nected to the physics enterprise that inspired them in the
first place. The solitary nature of physics teaching and the
availability of other career choices to holders of a physics
degree are peculiarities of physics teaching that urgently
call for special attention to this aspect of a physics teacher
education program. To the best of our knowledge, there
exist only a handful of programs in the U.S. that have
engendered this kind of community. Such programs are
described in Refs. [42,93,140–142].
It is in the interwoven nature of the three components

(apprenticeship-based clinical practice, coursework on the
learning and teaching of physics, and physics teaching
community of practice) that the knowledge, skills, dispo-
sitions, and the related habits are developed. In addition, a
strong sense of identity and enthusiasm about teaching
physics is cemented and culturally propagated.

VI. IMPLICATIONS AND RESEARCH AGENDAS

A major goal of this paper has been to make the case for
the importance of organizing physics teacher education
programs around the development of productive habits by
future teachers. Taking this organizing principle to its
logical conclusion, a testable implication emerges: physics
teacher education programs that do not provide adequate
opportunities for prospective teachers to develop the
requisite habits are unlikely to produce novice teachers
who can handle the demands of the classroom in ways that
are consistent with the vision of the NGSS.
Several research questions emerge from this premise.

What are some of the most significant habits for physics
teachers to develop, and toward which desired outcome?

How will we measure the degree to which the knowledge,
skills, and dispositions underlying these habits are being
attained? How may habit development be operationalized
and measured? What are some efficient ways in which
programs can provide opportunities for students to develop
these habits? What constitutes an adequate number of
opportunities to develop these habits?
It is our sincere hope that the PER community will

pursue some of these and other related research questions,
as well as engage first in the prerequisite hard work of
further defining operationally, refining, and differentiating
among still-slippery terms such as knowledge, skills,
dispositions, habits, etc. There is a national and
international need to bring to bear on physics teacher
education the PER perspectives, tools, values, and habits
that have contributed so much to reforming physics
instruction.
Let us be clear that we do not espouse a specific type of

physics teacher education program. Rather, we invite the
community to engage with the substance of our major
claim, namely, that ensuring the development of productive
habits is an important goal of physics teacher education
and, consequently, that an intentional enumeration of the
specific central habits that are valued by a given local
instantiation should guide the very design of the corre-
sponding PTE program.
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