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improves lab teaching assistants’ instructional views and practices
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At universities where introductory physics labs are taught by graduate student teaching assistants (TAs),
there is a need for specialized professional development for those TAs. This paper presents a specific
instantiation of a model for lab TA professional development that uses a combination of cognitive
apprenticeship and expectancy-value theories as its framework. We describe how our model was
implemented in the lab TA professional development program, which included reflections, role playing,
and other pedagogical activities offered through weekly meetings. Our evaluation included an analysis of
TAwriting and interactions with students alongside informal observations and interviews. We discuss the
importance of accounting for TAs’ interest and self-efficacy development in teaching the labs, as well as the
challenge of motivating TAs who have very low initial levels of interest in supporting student learning.
We find that many TAs in our lab TA professional development program demonstrated an improvement in
TA performance in supporting student learning. Given that the professional development activities require
only a modest investment of time, these positive results suggest that the model of lab TA professional
development may be usefully adopted and adapted at other institutions where introductory labs are led by
graduate student TAs.
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I. INTRODUCTION

At large research universities in the U.S., introductory
physics labs are often taught by graduate student teaching
assistants (TAs). However, prior work has shown that many
graduate students may not be ready to effectively lead
instruction. In a variety of settings, graduate students
adopted less-effective pedagogical strategies for working
with students [1–4], demonstrated inadequate understand-
ing of the nature of different problem types [5–7], and
demonstrated low levels of pedagogical content knowledge
when asked to identify common student difficulties [8–10].
One popular approach is to have graduate students enroll

in a course that teaches them about physics pedagogy
[11–17]. Prior studies have identified several key elements
to effective professional development for graduate student
TAs in physics [18]. Focusing on the TA’s beliefs and
identity as an educator is essential [19–21], as is establish-
ing a purposeful community of practice when working with
a group of TAs [22]. Two other important considerations
are the importance of respecting and supporting TAs’

emerging competencies as educators [12,13] and the need
to clearly align expectations for the work that TAs do with
the types of tasks their students perform [23]. Maries [16]
identifies three key components to TA preparation: attend-
ing to psychological factors such as anxiety about their role
as a TA, providing ongoing support, and attending to their
beliefs about teaching to achieve buy-in.
The issue of buy-in from the TAs is a critical one if

TAs are expected to implement instructional practices with
a high degree of fidelity [24–28]. While graduate student
TAs may express support for the purpose and goals of
a particular curricular strategy, the way they employ that
strategy may deviate from what was intended as they
navigate the tension between the pedagogy they learn in the
professional development program and the desires of their
students to minimize the amount of work or “thinking” they
are required to do while still achieving good grades
[27,29,30]. For example, TAs may seek to avoid alienating
or frustrating their students, or may seek to make their
students’ work easier, by providing shortcuts or telling
students answers [30]. In particular, while navigating these
types of tensions, TAs who choose to use less-effective
learning strategies that are not supported by research in
physics education may cause their students to learn physics
concepts and develop experimental skills less well than
they otherwise might [26].
Moreover, while a well-designed and thoughtfully

implemented TA professional development course may
be helpful, TAs who will lead introductory lab courses
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may require additional, specialized preparation [13,31],
such as instruction on pedagogy relevant to the lab, at
weekly lab TA meetings [11]. The goal of this paper is to
report on a particular instantiation of a lab TA professional
development program developed using an iterative
approach over several semesters based upon a framework
that combines cognitive and motivational theories and
describe how it was implemented and evaluated. The
evaluation involved the use of informal and structured
observations, interviews, and writing prompts for reflec-
tion. We discuss the utility of focusing on TA engagement
and buy-in and demonstrate that a carefully designed lab
TA professional development can have a positive impact on
TA attitudes and practice.

II. THEORETICAL FRAMEWORK AND
RESEARCH QUESTIONS

The theoretical framework for our lab TA professional
development is illustrated in Fig. 1 and outlined below. This
same framework was also useful in helping TAs reflect
upon their students’ learning in the lab, which also requires
attending to both cognitive and motivational aspects.
The framework guiding our particular instantiation of the

model of lab TA professional development integrates
cognitive and motivational factors. We took inspiration
from the cognitive apprenticeship theory [32] to structure
the guidance, scaffolding, and support needed by TAs in
order to flourish as educators. Employing the cognitive
apprenticeship theory, our model of lab TA professional
development focused on first giving TAs opportunities to
observe effective pedagogical approaches via demonstra-
tion of the criteria for effective performance. Next, we
provided coaching and scaffolding as the TAs practiced
instructional skills and developed as effective TAs them-
selves. Finally, the TAs were weaned off the support to help

them develop self-reliance. For example, during the lab
TA meeting, TAs would observe a demonstration of a
TA-student interaction and then be given time to reflect
upon, and practice by role playing, that type of interaction
with fellow TAs. Individual practice would occur during the
TAs’ actual lab sections with students. The fact that the
TAs were undergoing professional development while also
teaching the lab simultaneously was central to the success
of our approach.
To account for motivational factors, we grounded our

work in expectancy-value theory (EVT) [33,34]. EVT
posits that expectancy and value both will influence
decision making and determine, e.g., the extent to which
the TAs will employ the pedagogical approaches learned
in the professional development program in their actual
practice as TAs. Expectancy is closely related to Bandura’s
construct of self-efficacy [35] and can contribute to a
graduate student’s agency as a TA in implementing
effective pedagogical approaches learned in the profes-
sional development program. In EVT, value includes the
decision maker’s interest, attainment value, and extrinsic
value in pursing a given course of action, e.g., TAs
engaging meaningfully in the professional development
program and using pedagogical approaches learned in their
actual practice as lab TAs. In particular, EVT describes
ways to understand the value individuals discern in the
work they do, including attainment value, whereby a TA
feels that success is personally meaningful, intrinsic value,
whereby the TA experiences some level of individual
interest in their work, and utility value, whereby the TA
is motivated by the relation of their work to current and
future goals [33]. The EVT played an important role in our
conceptualization of the lab TA professional development
program because we were concerned with the question of
whether, and how, lab TAs will choose to engage in our lab

FIG. 1. Framework for this investigation. Cognitive apprenticeship and expectancy-value theories inform the instantiation of our lab
TA professional development program.
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TA professional development program, to what extent
they change their views about instructional practices, and
how they go about interacting with their students in their
lab course as a result of the program. In other words,
EVT guided us to contemplate the importance of these
motivational factors in our professional development
program to increase TA engagement and incorporate
strategies to increase TA self-efficacy and interest in their
use of effective pedagogical approaches learned in their
lab sections.
Moreover, we recognized that the TAs in the professional

development program will initially be at different levels in
terms of their interest in teaching their lab and we must
structure the activities and interactions between the TAs in
the professional development program as well as the
interactions between students and TAs in the lab in such
a way that they are productive and propel the TAs to the
next level of interest and engagement. We took inspiration
from the four-phase framework of interest development
[36], which accounts for TAs with different levels of
interest, and proposes pathways for TAs to progress to
higher levels of interest. In this framework, interactions
between the TAs during the professional development
activities and between TAs and students during the lab
sections may serve, e.g., to provoke situational interest in a
TAwho would otherwise not place a high value on their TA
work. That triggered situational interest might be elevated
to the second phase, maintained situational interest, e.g., if
the TA is provided with continued support during profes-
sional development and feels confident supporting student
interactions in their lab sections effectively. The third
phase, emerging individual interest, may require that the
TAs begin to find personal meaning in their work as TAs.
Individual interest development could be supported, e.g.,
by having the TAs reflect in groups and individually about
how they play an important role in shaping their students’
learning, gradually giving them more autonomy in coming
up with effective strategies for engaging their students
meaningfully in the lab and connecting their TAwork with
their other interests. For example, for a TA interested in
equity work, pointing out their role not only in student
learning but also in mitigating inequities in the lab has the
potential to make them commit to their practice as a TA
with greater interest. Finally, for TAs who have extended,
personally meaningful practice, the fourth phase of well-
developed individual interest may be attained. Illustrative
examples of how this progression has been enacted by TAs
in our professional development program is provided in
Table I. At a finer level, we note that TAs may not be
described by a single phase of interest development theory
for all the aspects of their instructional work. For example,
at a given time, a TA may have an emerging individual
interest in helping students make connection between their
experiments and physics concepts but only situational
interest in helping students make accurate measurements.

We note that as a prerequisite for TAs engaging
productively in the professional development that is offered
during the weekly lab TA meetings, it is essential to get
buy-in from the TAs. In particular, it is necessary that TAs
believe that the professional development activities will
help them to become better educators, that their own
improvement as educators will help their students learn
more effectively, and that both of these things are desirable
and achievable. The expectancy-value theory was useful in
contemplating this question of how to increase TA buy-in.
We probed signatures of growth in TAs’ self-efficacy and
value as reflections of their buy-in via qualitative analysis,
including through informal observations of their lab
sections throughout the semester and individual interviews
with a subset of TAs.
We evaluated our implementation of lab TA professional

development in two ways. First, we investigated whether
our lab TA professional development had a positive affect
on TAs’ views about the learning process. A TA’s attitudes
toward teaching and learning, and specifically whether
they describe their work in terms of a transmissionist or a
constructivist lens, can be a powerful predictor of learning
[37]. Second, we sought to understand how our lab
TA professional development impacted the nature of
TA-student interactions while the TAs guided student
learning in the lab. Effective evidence-based active engage-
ment learning, for example, that we helped TAs reflect

TABLE I. Example of how a TA’s interest might evolve accord-
ing to four-phase interest development theory when appropriately
supported by a professional development program [36].

Phase Example scenario

Triggered
situational
interest

The TA sees that a student’s experimental
results do not follow the expected trend and
wonders how to talk with the student about
this.

Maintained
situational
interest

The TA continues to ponder what the students
might have done to get such unexpected
results. They mention it at a TA meeting
and engage in a discussion ith other TAs
who noticed the same thing in their class.

Emerging
individual
interest

The TA begins to think proactively,
predicting where students might make
missteps while they prepare for future labs,
and continues to think about how they can
intervene to help students to check their own
results.

Well-developed
individual
interest

The TA takes pride in their work, enjoys
interacting with students, and may begin to
see themself as an educator. They seek out
challenges, such as empathetically spending
additional time with a student who has not
been asking for help but may need extra
support.
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upon and practice with other TAs in small groups calls for
TAs to dedicate time to supporting student meaning making
in open-ended discussion [38–40]. TAs’ attitudes toward
learning and their behaviors supporting learners were evalu-
ated, e.g., using analysis of writing excerpts and an instruc-
tional observation protocol. Our investigation focuses on
addressing the following two research questions.
(1) Do TAs’ views about teaching and learning change

after lab TA professional development?
(2) Do TAs’ behaviors as lab instructors change after lab

TA professional development?

III. LAB TA PROFESSIONAL DEVELOPMENT
PROGRAM

Our lab TA professional development model is imple-
mented during weekly lab TA meetings. The first meeting
occurs on the Friday before classes start (week 0), and they
continue for subsequent Fridays through the semester. The
lab TA meetings are run by a senior TA (i.e., a graduate
student TA who has taught the lab in a previous semester
and shown potential to be successful supporting their
peers), with support from the lab coordinator. Although
the first author served as the senior TA for the first two
iterations of these meetings, we have now implemented the
lab TA professional development for three semesters with a
senior TA who was not involved in its development. Our
aim is that descriptions and video demonstrations of the
activities, combined with structural elements of the lab
course such as the checkpoints, will serve to “futureproof”
our efforts when faculty teaching assignments change and
TAs graduate.
The framework described above, including both cogni-

tive and motivational aspects, serves as the theoretical
underpinnings to the structure of the lab meeting as a
whole, and also for the individual activities that are
conducted. We attended to the following principles when
designing and implementing our instantiation of the lab TA
professional development.
(1) When TAs learn new skills or concepts, they should

be guided through the three stages of cognitive
apprenticeship.

(2) While TAs enter the professional development pro-
gram with differing levels of self-efficacy and value
related to their work in supporting student learning,
all have space to grow as educators.

(3) TAs will evolve in their interest (and consequently,
demonstrate increased agency as instructors) accord-
ing to the four phases outlined above if they are
provided adequate opportunities to reflect on their
instructional practices, learn and practice new skills,
and practice using those skills in their lab sections
with their students.

All the lab meetings begin with a group reflection
activity in which each TA is asked to share an experience,
insight, or concern from the previous week’s lab. Sharing

experiences may help some TAs to transition from a
triggered situational interest to a maintained situational
interest phase, while their peers can provide support by
helping to think about solutions to problems TAs have been
facing in their labs. In addition, encouraging all TAs to
speak (after being given a prompt and time to come up with
something to share) can be especially valuable for English
language learners as it helps to normalize oral communi-
cation in the lab environment, and in the lab TA meetings
specifically.
Following the reflection activity, the lab coordinator

shares procedural and apparatus notes about the lab.
This takes no more than 10 minutes, and is done in a
way that models how the TAs can share relevant infor-
mation about the procedure and apparatus with their
own students. The apparatus is briefly demonstrated, and
complex issues and some common student difficulties are
identified.
The remainder of the meeting time is devoted to one

or more activities, some examples of which are described
below. Complete descriptions are available online [41].
The first lab TA meeting includes an icebreaker activity
that asks TAs to briefly discuss what worries and excites
them about working in the lab, as a way to promote
growth in their self-efficacy (by seeing that others are
worried too) and the way they value their work (by
normalizing excitement about leading lab sections). An
example program of activities for one semester is outlined
in Table II. The activities and program were developed,
iterated, and trialed prior to their implementation, so
that the evaluation below follows a relatively mature
implementation of our lab TA professional development
program.

TABLE II. Program of lab TA meeting activities during one
semester. Each meeting begins with a reflection activity and a
brief apparatus or experiment briefing. Some activities are
repeated with the new context of a different lab because it takes
time for TAs to develop mastery.

Week Activities

0 Icebreaker and norms, writing activity
Overview of responsibilities (by lab coordinator)

1 Socratic dialogue activity
Sabotage activity

2 Nature of science discussion, practice
3 Sabotage activity
4 Task division activity
5 Sabotage activity
6 Dominance activity
7 Task division activity
8 Sabotage activity

Revisit strategies for supporting inquiry
9 Sabotage activity
10 Revisit nature of science
11 Sabotage activity
12 Writing activity
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A. Sabotage activity

In the “sabotage” activity, two TAs engage in a role play
that helps them to better understand the apparatus and
experiment while also practicing TA-student interactions in
a realistic and relevant scenario. A lab station is set up with
data collection and/or analysis completed in line with a
certain stage of the lab procedure. However, one piece of
the apparatus, procedure, or analysis has been done
incorrectly, or sabotaged. For example, a sensor may be
uncalibrated, a dynamics track may not be level, a circuit
may be constructed with a short, incorrect units may be
used, data on a graph may be displayed in a confusing way,
or a linear trend line might be applied to nonlinear data.
One of the participants will role play as a student, and

may need a quick briefing about this stage of the lab
procedure. This is usually provided in the form of a couple
of sentences on a slip of paper (e.g., “You have collected
these data indicating the position and time of a falling
object, and drew a linear fit on the position-time graph
using the computer. However, the line doesn’t seem to fit
the data perfectly, and you’re not sure what the slope
represents.”). The other participant role plays as a TA. The
“TA” approaches the “student” and initiates a conversation.
The TA aims to help the student resolve the issue with the
experiment, but must do this using techniques that support
inquiry learning (e.g., standing on the side, not touching the
apparatus, only asking questions). Following the role
play, the participants reflect on their experiences; e.g.,
the students discuss what they found helpful and the TAs
discuss the strategies they employed to help the students.
The TAs who attend the weekly meetings appreciate

this activity because it gives them practice dealing with
common student difficulties, which are often the inspiration
for the sabotage. The TAs also get the opportunity to
practice interacting with students in a low-stakes setting,
and they receive feedback from their peers, the senior TA
who organizes the lab meetings, and the lab coordinator. In
addition, the TAs get a chance to experience how students
feel when they receive support from a TA.

B. Task division activity

Prior research has identified task division (e.g., based on
gender) as a possible cause for inequitable work in
introductory physics labs [42–44]. In this activity, TAs
are shown what this type of inequitable task division looks
like and there is discussion of strategies for countering it in
their labs.
In pairs, the participants are asked to engage in a

challenging lab exercise, such as constructing a certain
circuit. After most of the pairs are finished, the senior TA
shares their observations of pairs in which one participant
was more engaged than their partner, and then explains that
adopting gendered modes of work (e.g., women taking on
secretarial roles while men do the tinkering), among others,
is a common “bad habit” [45] and that one strategy to

countering task division is to regroup students once or
twice per semester.
Next, the participants are randomly assigned new part-

ners and asked to complete another, similar task, such as
building a different type of circuit. This time, they should
be mindful of their own roles, and also watch other groups
around the room. Once the participants finish this second
task, they reflect as a group on what they saw and
experienced. The senior TA shares some relevant strategies
for countering inequitable task division (assigned roles,
negotiating fair task splits, giving students individual
opportunities to develop core skills). This type of reflection
is designed to help TAs understand what inequitable task
division looks like, and why it is problematic, before giving
them tools to respond when they see it in their own labs.

C. Dominance activity

Another way that inequities can manifest in group work
is through domination of discussions. Based on work by
Turpen and co-workers [46,47], this activity gives TAs an
opportunity to observe conversation dominance, and to
discuss and practice discursive techniques they can use to
address imbalanced interpersonal dynamics. First, two
participants (recruited in advance) act as quiet and dom-
inant students. A third participant is chosen to act as the TA.
The rest of the group observes while the TA role plays a
check-in with the two actors.
After the role play, the two actors share their experience

and the observers are invited to both comment on what they
saw and suggest “teaching moves” that the TA could make
in such a situation to bring forward the voice of the quieter
student. This rich, participant-driven discussion typically
touches on topics such as body positioning, nonverbal
cues, and tone and speaking patterns, as well as on the
question of who is being recognized, praised, or ignored
in TA-student interactions. TAs also discuss which student
is being recognized and being given an opportunity to
develop their self-efficacy as a physics person. Finally, the
participants break into groups of three to replicate the scene
they just observed. Each participant is given a chance to try
some teaching moves as the TA, to get practice implement-
ing them, develop their interest, and to see what works best
for their own style of interacting with students.

D. Nature of science discussion

One aspect of the “thinking skills” identified by our
faculty is the need for students to understand the broad-
scope epistemology of experimental science, sometimes
called the nature of science [48]. For this activity, TAs
engage in discussion to unpack the meaning of “the basic
beliefs and attitudes that scientists share about what they do
and how they do their work” [49], then reflect individually
and as a group on how they might be able to have
discussions with their students about these beliefs.
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The goal here is to have TAs generate both under-
standings and approaches themselves, which could stimu-
late their emerging individual interest (or help them
progress along the axis of four-phase interest development
theory) while also providing meaningful, practical strate-
gies for talking about the nature of science with their
students. As reported elsewhere [50], this approach to
introducing discussions about the nature of science to the
lab course was generally unsuccessful, and will be a focus
for future work (see below).

IV. METHODOLOGY

A. Participants

This study reports on implementation of the lab TA
professional development at our large state-related research
university in the U.S. with a student population of 18 000
undergraduate students and 12 000 graduate students. Our
data reflect a total of 44 sections of the introductory physics
lab, led by 30 different TAs, during 2018 and 2019.
Each lab section meets for 3 hours, once per week, for a

semester. In the lab, 24 students work in pairs at a lab
bench that is equipped with a computer. In addition, and
before their weekly lab section, students also attend a one-
hour lecture delivered by the lab coordinator that aims to
(re)introduce the key physics concepts the students will be
exploring during the lab. The lab is a one-semester class
that is taken separately from lecture-based Physics 1 and 2
courses, and focuses on physics concepts from Physics 1
and 2, including mechanics, electricity and magnetism,
and optics, and requires completion of Physics 1 as a
prerequisite.
The lab sections were led by graduate student TAs who

had completed, or were currently enrolled in, a one-
semester course on physics pedagogy. 80% of the TAs
were international students, 70% identified as male, and
85% were in their first or second year of graduate school.
Nearly all of the data reported below are for TAs who were
teaching the one-semester lab course for the first time. The
high fraction of lab TAs who were international students
may be the result of a policy requiring better results on an
English proficiency test in order for a TA to be appointed to
lead recitations. Interestingly, in our interviews with stu-
dents, they rarely indicated they had difficulty understand-
ing their TA.
Two offerings of the introductory physics lab are offered:

an algebra-based version that accounts for the majority of
lab sections and attracts primarily health science majors,
and a calculus-based version that primarily enrolls physical
sciences majors. Aside from some small differences in the
presentation of the theory in the lab lecture, the lab is
identical for these two offerings. For our student popula-
tion, those who wish to apply to medical school (and
several similar career trajectories) require a physics lab,
while most engineering students are not required to take a

physics lab. The algebra-based offering is about 60%
female, and primarily students in their third or fourth year
of study. The calculus-based offering is 30% female, and
primarily students in their first or second year of study.

B. Traditional and transformed lab curricula

Our observations and data follow TAs who instructed
two types of introductory labs. For the first two semesters,
the labs followed a traditional, highly structured format
[51]. In the traditional lab course, students read a section
of their lab manual that developed the theory, then carried
out experiments in a step-by-step manner that was
designed to allow them to operate sometimes-complex
apparatus efficiently, but left little room for students to
develop experimental skills or develop their epistemo-
logical understandings of experimental science.
For the third semester of our study, the labs were

transformed to an inquiry-based format. The process of
transforming physics labs has been thoughtfully described
in prior research [52,53], and our work followed a similar
process. We started by meeting with faculty in our depart-
ment to identify goals for the introductory physics lab
courses. Using the AAPT recommendations as a guide [54],
the emergent consensus was a focus on improving funda-
mental lab skills such as making measurements, creating
graphs, troubleshooting, and enhancing thinking skills such
as understanding models, devising hypotheses, and devel-
oping scientific arguments [55].
In addition, our faculty members decided that the

introductory physics lab should also aim to help students
improve their understanding of essential physics concepts
by having students engage with inquiry-based lab work.
For some time, physics educators have argued that the
introductory physics lab should focus on inquiry, rather
than highly structured laboratory work [56,57]. Inquiry-
based lab work such as RealTime Physics [58], which we
adopted as the foundation for our lab curriculum, provides
scaffolding as students develop their conceptual under-
standing of physics concepts in the lab. We have supple-
mented the RealTime Physics labs with additional learning
activities and questions to explicitly help students develop
the lab and thinking skills our faculty members identified
as priorities.
In an effort to improve the quality and quantity of

TA-student discussions and feedback about physics con-
cepts and lab-related thinking skills, we introduced a series
of checkpoints to work that students do in the lab [59].
In particular, 2–4 times during the three-hour lab session,
students are expected to summon the TA for a brief chat
about their work. TAs are provided with a list of possible
questions to ask at each checkpoint and a checklist
to ensure every pair of students completes all the
checkpoints.
The adoption of RealTime Physics as a lab curriculum

required the TAs to not only help students develop skills to
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troubleshoot apparatus and computer problems [60], but
also support inquiry-style learning. However, since our
professional development program aims to prepare lab TAs
to support principles of guided inquiry and inclusion in
student learning, this new curriculum was even more
attuned to the TA training provided.

C. Collecting qualitative evidence for TA
buy-in and growth

As a precondition to being able to evaluate the change in
TA behaviors that come as a result of our implementation of
lab TA professional development, we sought to determine
whether the TAs bought into the professional development
we provided. We relied on two approaches to do this:
informal observations and semistructured interviews. An
extensive series of informal observations were conducted
by all three authors, who acted as nonparticipant observers,
during the semesters for which data were collected [61,62].
These observations occurred during the weekly lab TA
meetings, during lab sessions, and occasionally even at
times when TAs were preparing for the lab individually.
Field notes were recorded and used as a basis for generative
discussion by the authors to identify key themes (which
then provided focus for future observations) and to evaluate
the extent and nature of TA buy-in to the professional
development program. These informal observations com-
plemented the structured observations we conducted (see
below) and, along with the interviews, were used in part
to examine TA buy-in to our instantiation of the lab TA
professional development model. In total, more than
200 hours of informal observations were conducted. See
Fig. 2 for a diagrammatic representation of our data
collection.
We invited eight TAs to participate in semistructured

interviews about their experiences as a lab TA. The eight
TAs were selected to provide diversity in standing

(graduate students in their first and second years of study,
as well as those close to graduation), nationality, gender,
teaching experience, and our perception of their engage-
ment with the lab TA meetings. The interviews occurred
at the end of the semester in which they served as a lab
TA, were audio recorded and transcribed, and lasted
30–45 minutes. All eight invited TAs participated. The
interviews followed a semistructured format [61]. A list of
“starter questions,” generated by the authors, focused on the
TAs’ perceptions of the structure and goals of the lab TA
professional development program, their experiences work-
ing with students, how, and to what extent, they used
techniques from the lab TA meetings in their labs (such as
supporting inquiry learning, maintaining equitable learn-
ing, and explicitly talking about the nature of science), and
the grading for the lab course. Most participants shared
openly and at length about most topics, with little need for
prompting. All names are pseudonyms chosen by the
interview participants.

D. Writing excerpts

In order to understand how TAs’ views about learning
changed over the semester that they taught, we asked the
lab TAs to respond to writing prompts at their first and last
lab meetings. The prompts, reproduced in Table III, were
designed to stimulate TAs to write about how they
imagined or recalled interacting with students. The written
TA responses were read by the authors, and all statements
describing interactions with students were extracted. The
extracts were typically one sentence in length, but in a small
number of cases where a single sentence contained multiple
potentially conflicting viewpoints, that sentence was split
into two or three phrases.
Next, we sorted the extracts according to whether they

indicated that the TA held a transmissionist or constructivist
understanding of the nature of learning, using the following

FIG. 2. Diagrammatic representation of data collection over the course of a typical semester.
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definitions, selected from a journal article written for an
audience of college educators. In the transmissionist view,
the instructor “has the knowledge and transmits that
knowledge to the students, who simply memorize the
information often without even thinking about it. This
model of the teaching-learning process assumes that the
student’s brain is like an empty container into which
the [instructor] pours knowledge” [63]. Meanwhile, for
the constructivist view, “… knowledge is a state of under-
standing and can only exist in the mind of the individual
knower; as such, knowledge must be constructed, or
reconstructed, by each individual knower through the
process of trying to make sense of new information in
terms of what that individual already knows Students use
their own existing knowledge and prior experience to help
them understand the new material. The [instructors] role is
to facilitate students’ interaction with the material and with
each other in their knowledge-producing endeavor” [63].
Over three semesters, we collected 61 written excerpts

from 24 different TAs, all but two of whom were TAs in a
lab for the first time. Two physics education researchers
first sorted ten of the excerpts, then compared their results
and discussed their sorting process in order to reach a
consensus before sorting the remainder of the excerpts.
Overall, the sorters achieved an agreement given by
Cohen’s κ ¼ 0.929 [64], which is considered “excellent”
[65] or “almost-perfect” [66] agreement. Finally, a con-
sensus was reached for the remaining excerpts for which
there was disagreement. All 61 excerpts were sorted into
one of the two categories.
Trusting this sorting to answer the research question

requires the validity of several assertions. First, we claim
that the excerpts honestly and accurately depict the TAs’
thoughts about student-TA interactions. The TAs who
submitted these responses were given time and space to
write, assured that their work would be held anonymous,
and understood that their supervisor (the lab coordinator)
would not evaluate the responses. These conditions, plus
the existence of several responses from the end of the
semester of professional development meetings that
directly oppose explicit instructions from the TA training,
suggest that the TAs’ responses were honest and true.

Second, we claim that the sorters were correctly reading
and interpreting the excerpts. Although there were a few
grammatical and spelling errors in the (handwritten)
excerpts, they were all clear and coherent. Examples are
provided in Table IV. Further, given the high level of
agreement between the two sorters, it is highly likely that
they were reading and interpreting the excerpts accurately.
We note that since the first constructivist statement in
Table IV was from a TA in the traditional lab which focused
on ”proving formulas,” the researchers agreed that it was
constructivist for that context.
The final claim that must be supported in order for this

sorting to have validity is that the categories into which the
excerpts are sorted must be distinct, and that a TA moving
from one category to another is making a meaningful
change in their view of student learning. In this case, the
two categories of transmissionist and constructivist views
are relatively distinct, with a wealth of educational theory
supporting this claim [32,67].

E. RIOT observations

The Real-time Instructor Observation Tool (RIOT) is a
tool for continuously monitoring and categorizing types of
instructor-student interactions [68,69]. The categories are
briefly described in Table Vand more thoroughly explained
in Refs. [68,70]. While a wide variety of observation
protocols have been developed and used to study instruc-
tor-student interactions in labs [71,72], the continuous
recording, ease of use, and applicability of categories made
RIOT the best option for this study.
Our RIOT data span three semesters, totaling nearly

200 hours of observations of 24 different TAs. The data
were collected in weeks 3, 6, and 11 of the semester. These
weeks were chosen to provide initial, midpoint, and end-of-
semester data because student enrollment is still in flux
during weeks 1–2 and students often skip the experiment
during week 12 since they are permitted to drop their lowest
lab report grade.

TABLE IV. Example excerpts.

Category Example excerpts

Transmissionist “I will explain the physics model behind their
experiment equipment.”
“I need to map the theoretical background
deeply and communicate it in such a way that
the students are able to grab the concepts.”

Constructivist “… encourage students to design an
experiment by themselves to prove the
formula.”
“I was able to refrain from giving students an
answer until they had figured it out
themselves Through questions, I was able to
get them to the answer.”

TABLE III. Writing prompts used to generate writing excerpts.

Pre What can we do as TAs to make sure our students have
positive, meaningful, effective learning experiences?

Pre How will you help students understand how physics
concepts connect to the lab, and understand why they’re
doing what they’re doing?

Post Write about a time when you helped a student learn
something in the lab.

Post Write about an occasion in the lab when you weren’t
sure what to do at the time. How would you react now?
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During data collection, the observer sat on a bench at the
side of the classroom, using the RIOT app [70] to collect
data on his mobile phone. The observer was careful to
avoid impacting the regular classroom dynamics. In follow-
up interviews with TAs, the TAs confirmed that they did not
act differently when the observer was in the room because
they were there so frequently.
The validity of RIOT data for answering our research

question requires several assertions to be true. First, we
claim that the observer could see, hear, interpret, and
correctly understand conversations that were happening
around the classroom. For example, when the TA is
talking with a pair of students on the far side of the
room, was the observer able to accurately categorize their
interaction based on what he could hear and see? In order
to assess this, we video recorded sample interactions from

two different distances and with different audio levels,
representing the experience of observing a pair of students
working together from across the bench and from across the
lab. As part of a regular lunch meeting of the Discipline-
Based Science Education Research Center (dB-SERC) at
our university, we asked a panel of 27 experienced science
educators to categorize the interactions. At both distances, all
27 educators were able to accurately and correctly distin-
guish between the open dialogue and closed dialogue
categories of student interaction. These two categories were
used because we felt that they were likely the most difficult
to distinguish at a distance. The videos we used are available
online in Ref. [41].
Second, we claim that the observer was accurately and

precisely categorizing the TA-student interactions that they
observed. To evaluate this, a second observer was given
descriptions of the categories, and then simultaneously
categorized interactions during four separate one-hour
intervals. Data from one of these intervals is shown in
Fig. 3. Agreement between the two observers for the four
intervals ranged from Cohen’s κ ¼ 0.50 to 0.73, which
corresponds to a “fair to good” [65] or “moderate” to
“substantial” [66] level of agreement. This should be
viewed as a lower-bound estimate on the agreement
between the observers. In particular, if one observer
were pressing the buttons slightly earlier than the other,
this systematic temporal shift between two otherwise-
in-agreement categorizations would bias the agreement
downward [73]. A difference in prior experience in using
the RIOT tool and diligence in focusing on interactions
may explain some of the other discrepancies between the
two observers. We acknowledge that this range of values
for Cohen’s κ is lower than is reported in other physics
education literature, but note that real-time categorization
as we do here is more susceptible to error than sorting-
type categorization (as we did with the writing excerpts),
for which the researchers have time to carefully reflect
before making a categorization decision. Thus, we claim
that our categorizations are consistent, and likely accurate,
but with relatively sizable random errors. We exercise due
caution and restraint in analyzing the data and drawing
conclusions that result from this approach.

FIG. 3. Comparison of two observers’ categorizations during a representative 45-minute interval. Definitions of the categories are
found in Table V. Not all interaction types were observed during this session.

TABLE V. Descriptions of categories in RIOT relevant to this
study. For full descriptions, see Refs. [68,70].

Category Description

Open dialogue Student is contributing half of the
words, actively developing an
understanding of physics/lab ideas

Closed dialogue Instructor is controlling the
conversation, but student is providing
some input (asking follow-up
questions, answering closed
questions, etc.)

Explaining content
(discussing concepts)

Instructor is explaining physics
concepts while student is a passive
recipient

Clarifying instructions Instructor is explaining lab procedure
while student is a passive recipient

(Actively) listening Instructor is actively listening to a
student, shown by eye contact, body
position, gestures, etc.

Active observing or
watching (one group)

Instructor is paying attention to only
one group of students but is not
engaging with them in any way

Passive observing or
scanning (whole class)

Instructor is walking around or on
side, not able to pick out individual
conversations
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Finally, in order to draw conclusions from RIOT data, it
is necessary that the categories are real and meaningful in
the context in which they were observed. For example,
were TAs acting in a substantially different way when they
were engaging in open-ended dialogue as opposed to
closed dialogue? In order to evaluate this claim, we asked
our panel of science educators to categorize a variety of
video-recorded sample interactions. If the experienced
instructors can identify and explain the difference between
different interaction types, then those interaction types
are likely to be pedagogically meaningful. A panel of 24
educators at dB-SERC were asked to categorize video
reenactments of five different TA-student interactions. In all
five cases, there was a strong level of agreement among the
educators. Fleiss’s kappa [65] for these 24 raters catego-
rizing five videos using the RIOT categories was calculated
to be κ ¼ 0.82, which is an “almost-perfect” [66] level of
agreement.

V. RESULTS

In order to understand TAs’ views about the lab TA
professional development program and the extent to which
we had established buy-in from them, we conducted
interviews with eight TAs about their experiences as TAs
and as participants in the professional development
program. Below are summaries from three of those TAs.
The first two, from interviews with Alan and Emily, are
representative and typical of the TAs we interviewed and
also of the broader pool of 24 TAs who completed the
TA professional development program. Alan and Emily
crystalized some factors that were common across many of
the other interviews. The third summary is from Ted, a TA
with a uniquely low level of buy-in, whose responses help
to identify a shortcoming in our professional development
program. Ted’s responses indicate that for a TAwho started
with very low interest and self-efficacy, the professional
development program was not able to help him develop a
higher level of interest and self-efficacy as a facilitator of
the inquiry-based labs. Our observations suggest that Ted’s
experiences were unique among the 24 TAs included in this
investigation. All names are pseudonyms.

A. Alan

A first-year graduate student, Alan reported that his
semester as a TA in the introductory lab was his first
teaching experience. In the interview, he described how his
confidence as a physicist and an educator grew substan-
tially because of his work as a TA: “I was not confident in
so many of the materials I had learned before, and I realized
that I have to take another look at some of them …. How
am I going to teach these things some day?”
Alan enjoyed teaching, and his description of a typical

interaction with students suggests a well-developed indi-
vidual interest on the four-phase framework: “Some people

think that the voltage is flowing through the circuit. I saw
their answers in their homework, I didn’t know they think
like this in the lab…. You could talk about some things and
their confusion. It was very rewarding for me, that I could
help them in a small way.”
Alan was a typical participant in the lab TA meetings.

When asked what he found effective in the professional
development, he answered, “There was nothing not effec-
tive, all of it was really helpful…. [We] did those sabotage
things, [and] introduced some of the common mistakes. I
don’t know what would happen if we didn’t have those
sessions.” Yet, while he was actively engaged in the
meetings, he was sometimes unsuccessful at implementing
the teaching strategies in his lab sections. In a discussion
about standing on the side of the lab bench and asking
questions, rather than touching the apparatus, when stu-
dents have questions, he confessed, “I have to admit that I
wasn’t able to do it correctly because sometimes it’s really
hard to stay away from the thing that they’re asking
questions about, I have to go there and see what’s happen-
ing.”Here, it appears that Alan’s self-efficacy as an educator
is developing, but has not fully matured, reminding us that
supporting the growth of educators can be a slow process.
For other strategies, such as switching partners to help

students avoid developing “bad habits” like gendered task
division [42,45], Alan implemented the strategy introduced
in the TA professional development, but clearly kept
thinking about it, as he explains, “When I ask a question
in the check-in, most of the time one of them answers….
If I were to do everything again, I would change their
partners every session, not once a semester. I really notice
that some of them keep staying away from the experiment,
and their partner is doing all of the things. It’s one of the
most important things that we have to work on.” Whether
this technique would be effective is perhaps less important
than what it says about Alan’s well-developed individual
interest and engagement as a TA.

B. Emily

Emily was in her fourth year as a graduate student, doing
research in experimental condensed matter physics. This
was her first semester as a TA. Like Alan, she rapidly
developed an individual interest as a lab TA. Although
initially planning to pursue a career in industry after
graduating, by the end of the semester she was considering
a teaching role instead: “I went from, a year ago, absolutely,
post-doc or private researcher. And now, I’m thinking of…
teaching full time. This [lab] has done a lot to show me that
I can interact with students and have a lot of fun.”
Emily was enthusiastic about the lab TA meetings.

Asked whether they helped her prepare for her work as
a lab TA, she replied, “Definitely yes, the meetings helped,
[especially] the parts of the meetings where we go see
what the set-up is like, and go practice it.” Emily found
the sabotage activity to be especially useful. She also
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appreciated having the opportunity to reflect and connect
with fellow lab TAs, reflecting growth in her self-efficacy
while noting that “it’s nice knowing that we can all check in
with each other, just knowing that the time is there.” Emily
reported that the nature of science activity was less
effective, and suggested that discussions about the nature
of science might be better positioned as questions for the
lab report rather than part of the discussions between TAs
and students.
Unlike Alan, Emily told us that the strategies to support

inquiry learning “came really easily.” She relished the
guide-on-the-side role, and preferred to help students find
their own answers by asking them questions. “I loved the
check-in after Investigation 2, capacitors in series and in
parallel, trying to get them to understand why they add up
the way they do. Some students had the answer, and some
didn’t. It was really fun helping them arrive at that, because
it was so intuitive and physical. I enjoyed that part the most,
when they let me ask them a bunch of questions.” Like
Alan, Emily’s responses suggest a lab TA with well-
developed individual interest and positive self-efficacy
growth as an educator in her work by the end of the lab
professional development program.

C. Ted

Ted was the lab TAwho was least willing to engage with
the activities during our lab TA meetings. A fifth-year
graduate student, Ted studies theoretical condensed matter
physics. Unlike Alan and Emily, who demonstrated buy-in
to the principles of supporting inquiry and inclusive learning,
among others, Ted remained skeptical about the value of
learning pedagogical techniques in the lab TA meetings.
Asked if he found the meetings valuable, he replied, “A bit.
I think the best way to hold the lab meeting is to give us a
complete instruction about the lab. For example, we could do
the experiment together.” Ted saw the lab meetings as a place
to learn about the lab procedure and apparatus, rather than an
opportunity to learn new teaching strategies and get practice
interacting with students.
While Ted saw the pedagogy, he did not adopt it. Asked

if he sought to help students to frame their own questions,
he answered, “There were too many students. I can’t just
instruct them step by step. There’s not enough time.”
Similarly, he decided not to adopt the strategy of talking
to quieter students in order to counteract conversational
dominance, saying, “Trying to ask the student who is not
good at physics, I think they cannot answer your question.”
However, while Ted did not buy into the teaching

approaches we shared during the professional development
program, he did recognize the problems those approaches
were designed to address. He described a case of gendered
task division, saying, “One student is very good at physics,
they will try to do most of the work.” However, while he
was concerned about this happening, he felt unprepared to
address it. When asked how he responded when such

situations arose in his lab, Ted said, “I have no very good
ideas. I told them to mix their groups several times, but it
didn’t help.”
This situation of a TA who sees the need for certain

teaching strategies, but does not use them when they are
presented to him, suggests that Ted did not consider that the
teaching strategies he was being presented had merit. In
other words, he did not buy into these strategies. Moveover,
and exceptionally, during his 30-minute interview Ted told
no stories about interactions with particular students,
expressed no curiosity or interest in a student’s struggle
or success, and indicated no pride or interest in his
teaching. Ted’s lack of buy-in could be understood by
hypothesizing that Ted never felt a triggered situational
interest in helping students learn during his work as a
lab TA.
Aside from Ted, however, we may broadly claim that our

instantiation of the model of lab TA professional develop-
ment had a positive impact on TAs. Not only did most of
the TAs (except for Ted) participate actively in the lab TA
meetings, but they continued to reflect on their role as a TA
outside of the meetings and worked to improve the way that
they supported student learning in their lab sections. Thus,
since most of the TAs have demonstrated that they bought
into our instantiation of lab TA professional development,
we may consider the evaluation of our implementation of
that instantiation.

D. Did TA views about teaching and learning change
to be more supportive of inquiry learning?

Over three semesters, a total of 61 writing excerpts were
collected: 34 from 24 TAs at the start of the semester (pre)
and 27 from 21 TAs at the end of the semester (post).
Representative example excerpts are presented in Table IV.
However, it is the TAs—and not the excerpts—that we wish
to compare. If we counted only the excerpts, one TAwhose
writing was the basis of three excerpts would be over-
represented, and perhaps introduce bias in the results. Thus,
the 61 excerpts were associated with the TAs who wrote
them, and these data are indicated in columns 2 and 3 of
Table VI. Since the writing was submitted anonymously, it
is not possible to look at the change in views for individual
TAs. Three TAs are excluded from this table (2 pre and 1
post) because their writing resulted in two or more excerpts
that contained both transmissionist and constructivist views
of teaching. The Fisher-Irwin test [65] allows us to reject

TABLE VI. Categorization of TA writing excerpts into two
views of teaching. Columns 2 and 3 indicate categorization by TA
for 22 (pre) and 20 (post) TAs.

Pre Post

Transmissionist 16 9
Constructivist 6 11
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the hypothesis of independence between TA view of
teaching and the pre and post condition (p < 0.05),
indicating a positive and statistically significant effect
when comparing the 22 (pre) and 20 (post) TAs whose
writing provided unambiguous transmissionist or construc-
tivist views of teaching.

E. Did TA behaviors change to be more supportive
of inquiry learning?

RIOT observations for three semesters are shown in
Fig. 4. The fraction of lab time is shown, with colors
indicating the different TA-student interaction types. Each
week (i.e., each column) is the mean of these fractions over
7 or 8 TAs, depending on how many were observed that
week. Each semester a new batch of TAs was observed, so
these changes indicate how TAs’ interactions with students
change during their first semester working as a lab TA. For
clarity, no error bars are displayed. Typical values of the
standard error in the mean are 2%–3%.
During the first semester of observations, the lab was run

using a highly structured lab curriculum [51] and no
specialized lab TA professional development was provided.
The shift from watching and scanning toward closed
dialogue (i.e., from observing to talking) aligns with our
observations that the TAs became more confident in talking
with students over the course of the semester. However,
the TAs spent very little time engaging in (open-ended)
dialogue that allowed students to actively develop under-
standing or expertise.
In the second semester, the highly structured curriculum

was retained while specialized lab TA professional devel-
opment was introduced via weekly, one-hour lab TA
meetings. While the distribution of TA-student inter-
actions is comparable to those in the first semester during
week 3, by week 6 the difference between the two

semesters has become clear and distinct. Unlike in the
first and third semesters, in the second semester the
behaviors of this new batch of TAs continued to evolve
during the semester, perhaps reflecting slow progress as
the TAs negotiated tension between the traditional, highly
structured lab learning activities and the encouragement
from the lab TA professional development program that
TAs support student learning using techniques designed
for inquiry learning.
In this second semesters, the TAs spent substantially

more time actively listening to their students and engaging
in open-ended discussion (i.e., as in the first semester, TAs
went from observing to talking, but now with more open
dialogue). In our observations, we noted that the TAs
seemed more comfortable in their roles as educators than
they had in past semesters. In general, the TAs were more
willing to simply listen to their students, rather than
always feeling the need to provide answers. This semester
in particular showcased the utility of the lab TA profes-
sional development program, as the training helped TAs
engage in epistemologically beneficial instructional prac-
tices even though the traditional, highly structured lab
curriculum used during this semester was built around
learning activities that were not designed to develop
students’ epistemology.
The third semester saw a switch to a RealTime Physics-

based active learning curriculum [58]. This switch included
adopting checkpoints, as described above, and continuing to
provide professional development activities in the lab TA
meetings. The difference between the second semester
and the third semester can be attributed to the change in
pedagogy. In this semester, nearly a third of TA-student
interaction time was devoted to open-ended dialogue,
including as early as week 3, and a similar fraction to closed
dialogue. We observed that the TAs this semester generally
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FIG. 4. Comparison of TA-student interactions across three semesters, averaged over all observed TAs. A different set of TAs was
observed each semester, and all TAs observed were working their first semester as a lab TA. In the first semester, a highly structured lab
curriculum was used with no lab TA professional development. TAs become more comfortable engaging in dialogue with students, but
do not practice open dialogue, which would support inquiry-style learning. In the second semester, lab TAs received specialized
professional development and demonstrated increasing levels of both open dialogue and listening to students over the semester. In the
third semester, an active-engagement curriculum was adopted and the lab TA professional development continued. In this third semester,
TAs engaged in open dialogue throughout the semester.
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demonstrated both confidence and purposefulness when
interacting with students, and were especially likely to
employ the strategies for supporting inquiry learning that
were introduced as part of the lab TA professional develop-
ment. In other words, the benefits of the professional
development program on TA practices become evident
earlier in the semester in the third semester in which inquiry
learning was used compared to second semester when the
lab was traditional.

VI. DISCUSSION AND SUMMARY

The findings described above suggest that, on average,
our professional development program helped improve lab
TAs’ views about teaching and learning and their concomi-
tant teaching behaviors in the lab. Our instantiation of the
lab TA professional development program, designed using
the framework of the cognitive apprenticeship and expect-
ancy-value theories, did an adequate job of moving many
graduate student TAs toward a higher level of teaching
effectiveness. However, as illustrated by the interviews with
two representative TAs and one TA with a uniquely low
level of interest and self-efficacy, the average results
presented here mask inadequacy of certain aspects of the
implementation of effective pedagogical practices. For
example, Alan struggled to avoid touching the students’
apparatus and Ted largely did not buy in.
As viewed alongside the measuring stick of the four-

phase framework of interest development, many TAs
(including Alan and Emily) experienced substantial growth
in their interest. One TA (Ted), on the other hand, did not
engage deeply during the activities which were part of the
lab TA professional development program, nor did he
employ the teaching strategies in his lab. It appears from
the interviews that this TA, about a year away from
defending his Ph.D. thesis and the only member of his
cohort in the pool of lab TAs in that semester, may have
viewed the lab teaching role as an unwanted burden. In
order to account for Ted’s lack of involvement, we refer
back to expectancy-value theory. Unlike most of his fellow
TAs, Ted came with a very low level of interest and did not
find enjoyment in his work as a lab TA throughout the
semester. Thus, our focus during the professional develop-
ment program on developing interest with inspiration from
the four-phase interest development theory was not appro-
priate for a TA with a very low level of initial interest as
an educator. Instead, in order to adopt the pedagogical
techniques and approaches advocated in our professional
development program, Ted may have required that the
program be built around a utility value model [74]
focusing, e.g., on more explicit discussions of how
developing teaching skills could help his career goals,
or on how improved teaching practices might improve his
course evaluations.
Both the excerpt categorization and the RIOT observa-

tions indicated that, while improved in their capacity to

support inquiry learning, the instructional views and
practices of the TAs continued to be an admixture of
transmissionist and constructivist views. For example, in
the “post” condition, nine TAs continued to describe
student learning using a transmissionist view, and around
40% of TA-student interactions in week 11 with the active
labs and TA training continued to consist of closed
dialogue. We interpret these results as indicative of two
things. First, the process of developing expertise as an
educator should be viewed as a long and sometimes
difficult process: those nine TAs who continue to ascribe
to a transmissionist view of teaching at least in some cases
may have shifted in their thinking but still have some
distance to go before they fully adopt a constructivist view.
These TAs may benefit from more practice teaching, and
perhaps another semester as a lab TAwith our professional
development program. Second, we note that masterful
educators typically use a mix of methods. In our labs,
TAs are given enough freedom and responsibility that it
would be remiss to only engage in open dialogue with
students, or to never clarify the instructions for them. Thus,
the argument we seek to make is that the overall balance of
TA-student interactions was better attuned to supportive
inquiry learning with the professional development than
without it.
Equity was an important consideration in the design

and implementation of our lab TA professional develop-
ment program. Several of the lab TA meetings included
activities that sought to help TAs learn to recognize and
combat inequitable student work, such as gendered task
division and conversational dominance. As was the case
for Alan in the interview above, it was common for TAs
to engage with these activities, and to think about how
they could respond to inequities. In practice, our informal
observations suggested that most TAs adopted techniques
for responding to conversational dominance (such as
posing questions directly to the quieter partner) and were
diligent about rotating group composition at least once
during the semester in order to reduce the impact of
gendered task division. The higher level of engagement
with these activities suggests that most TAs bought into
the topic of equity although more work needs to be
done.
In summary, our model of lab TA professional develop-

ment based on weekly lab TA meetings took into account
both cognitive and motivational aspects to engage TAs
effectively. This type of lab TA professional development
can be successful at preparing graduate student TAs to
effectively support student learning in the labs. Moreover,
our findings suggest that over the span of one semester, TAs
who engage in lab TA professional development can
develop effective attitudes and approaches to supporting
student learning. These results hold regardless of the nature
of the curriculum used in the lab course. Our lab TAs
demonstrated the use of effective forms of student-instructor
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interactions regardless of whether the students were in a lab
course that used a traditional, highly structured curriculumor
a transformed, inquiry-based approach.
Equally importantly, the success of lab TA professional

development at achieving these goals is contingent at least
partly on the buy-in and engagement from the graduate
students who undertake it. Including expectancy-value
theory and the four-phase interest development theory as
the motivational framework inspiring our work was impor-
tant for success of the program and ensuring buy-in and
engagement from TAs. We also note that the close relation-
ship between the lab TA meetings and TAs’ instructional
work in the labs may have allowed a synergy that is not
available in all cases of TA professional development.
Several avenues for future work are suggested by the

interviews. For example, as Emily pointed out, discus-
sions about the nature of science are difficult for TAs to
initiate. Based on these types of factors, our lab curricu-
lum has been revised to incorporate explicit discussion of
this important topic in the questions that students answer

during the lab, rather than asking TAs to initiate con-
versations about the nature of science. Another place for
improvement was highlighted in the interviews with TAs
such as Alan and Ted, who described a need to continue
developing and refining strategies to ensure equity and
inclusion of all students in these types of physics labs. The
task division and dominance activities have been useful
first steps, but we are also committed to refining the lab
curriculum and environment to eliminate unequal oppor-
tunities for student learning in these types of labs.
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