PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 16, 010128 (2020)

Graduate teaching assistants’ views of broken-into-parts physics problems: Preference

for guidance overshadows development of self-reliance in problem solving
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We examined physics graduate teaching assistants’ views about introductory physics problem “types,”
i.e., different ways of posing the same underlying physics problem, within the context of a semester-long
teaching assistant (TA) professional development course. Here, we focus on TAs’ views about two types of
broken-into-parts problems that involve the same underlying physics scenario. One of these problem types
does not involve explicit calculation, while the other does. The TAs were asked to list the pros and cons of
these two types of broken-into-parts problems, rank them compared to other problem types (e.g., traditional
textbook problem not broken-into-parts, context-rich problem, and multiple-choice problem) with the same
underlying scenario in terms of their instructional benefit and the level of challenge they might produce for
their students, and describe when and how likely they would be to use these types of problems in their own
classes in different instructional situations if they had complete control of teaching the class. TAs reported
that they found the broken-into-parts problem type to be the most instructionally beneficial out of all the
problem types because of the guidance such problems offer, and would use a broken-into-parts problem type
often and in a variety of ways (e.g., homework assignments, exams, and quizzes). While providing guidance
to students is an appropriate instructional approach, our findings from interviews suggest that many TAs
may be motivated to assign broken-into-parts problems out of a desire to make the problem-solving process
easy and/or less stressful for students, especially because they felt that introductory students may not be
capable of breaking a problem into subproblems on their own. The instructional benefits of gradually
removing the scaffolding support to help students develop self-reliance in solving problems appeared to be
overlooked by most TAs. In particular, in written responses or in interviews, most TAs did not mention a
long-term goal of helping students develop more independence in problem solving for which one may start
with broken-into-parts problems and gradually transition to problems that are not broken into parts. While
the study findings that provide a snapshot of TA views in the middle and at the end of a TA professional
development course may only apply to graduate TAs at a similar large university, at those institutions,
professional development of TAs should take into account these findings and help TAs reflect on the
important role that removing scaffolding support gradually and providing adequate challenge can play in
helping introductory students develop self-reliance and become independent, expertlike problem solvers.

DOI: 10.1103/PhysRevPhysEducRes.16.010128

I. INTRODUCTION

The desired learning goals for students in many
introductory physics courses often include learning
physics concepts and developing expertise in problem-
solving and reasoning skills, see e.g., Refs. [1-17].
The cognitive apprenticeship model can serve as a
useful model to support these goals. In this field-tested
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framework, learning takes place through a guided process
in which students gradually develop self-reliance in
solving problems on their own. To facilitate this process,
the cognitive apprenticeship model includes three major
components: modeling by an instructor or expert to
demonstrate the criteria of good performance in problem
solving, coaching, and scaffolding to provide immediate
feedback as students engage in problem solving, and
weaning the support to build autonomous expertlike
problem-solving ability [18].

A. Expert vs novice problem solving

Physics experts, e.g., physics faculty members,
organize their physics knowledge hierarchically so that
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underlying concepts are connected in a meaningful
and structured way [1-16] and they exhibit positive
approaches and attitudes towards scientific problem solv-
ing. An expertlike, efficient problem-solving approach
involves systematically analyzing a problem and planning
a solution path (including drawing a diagram, decompos-
ing the problem into subproblems, and carefully con-
templating the knowns and unknowns), implementing the
solution plan, and checking the results [19-24]. Experts
employ a systematic problem-solving process and their
underlying knowledge structure that is well connected and
organized in a hierarchical manner aids this process [25].
The use of effective problem solving heuristics and
organization of knowledge hierarchically in schema allow
experts to reduce their cognitive load during the problem-
solving process and solve problems more effectively and
efficiently [26].

While physics experts’ knowledge, including how the
knowledge is structured in well-organized schema, and
their effective approaches to problem solving facilitates
the problem-solving process, many introductory physics
students use novicelike approaches while solving physics
problems [25]. Also, many introductory physics students
view physics as a collection of disconnected facts and
equations [25]. Without explicit guidance, they often
employ a problem-solving process which is not system-
atic and display an underlying knowledge structure that is
fragmented and not well organized [25]. They often resort
to immediately searching for an equation or formula that
may be relevant to the problem at hand and putting
given values into the formula in the hopes of obtaining
a correct final answer without doing deeper contemplation
and conceptual analysis and planning of the solution.
In particular, without scaffolding support, the deliberate
act of performing a careful conceptual analysis and
decomposing a physics problem into more manageable
subproblems that can facilitate the problem-solving proc-
ess does not often come naturally for novice problem
solvers.

To develop expertise in problem solving, students can
benefit from being explicitly instructed on how to use
effective problem-solving strategies while solving physics
problems and learning physics [19-24]. Studies have
shown that when students are deliberately taught to follow
a systematic problem-solving approach, they outperform
students who are not taught to solve problems in a
systematic manner on challenging follow-up problems
[19-24]. For example, in one study, students were asked
to first construct a problem solution plan and only then they
implemented the plan and reflected upon the problem-
solving process [23]. When students were taught such a
systematic approach, they performed significantly better on
increasingly challenging problems than students with
similar prior knowledge who were not taught to follow a
systematic approach [23].

B. The role of different problem types in the
development of expertise via the cognitive
apprenticeship model

Itis clear from prior research that in order to help students
develop expertlike problem-solving approaches, it is ben-
eficial to give them explicit guidance and scaffolding
support [ 19-23]. This systematic problem-solving approach
that students must be taught explicitly using the cognitive
apprenticeship model should begin with helping them in
carefully analyzing the problem conceptually and planning
the solution (e.g., by drawing a diagram and transforming
the problem into a representation that makes further analysis
easier, thinking about the knowns and unknowns and
dividing the problem into subproblems, contemplating the
laws of physics that may be useful for each subproblem and
why that is the case, predicting some of the features of the
solution that can be checked after solving the problem)
before embarking on the implementation of the plan.
Moreover, students should also be explicitly guided to learn
that after implementing the plan, the problem solver should
do a reasonability check to evaluate if the solution makes
sense and reflect upon why certain laws of physics were
useful in that context while others were not, and how they
would recognize that the same law of physics should be used
in a future physics problem that may have a different context
or surface feature.

All major components of the cognitive apprenticeship
model (i.e., modeling, coaching and scaffolding, and
weaning) are crucial to the development of expertise in
problem solving [18,27,28]. Thus, with the goal of helping
students become experts, different problem types, i.e.,
different ways in which a physics problem is posed, can
facilitate various aspects of the cognitive apprenticeship
model and help students develop expertlike problem-
solving skills and learn physics. In particular, the choices
that instructors make about the types of problems to use
with their students may allow for different aspects of the
guided process to unfold and can also facilitate different
aspects of learning a systematic problem-solving approach.
For example, students need opportunities to see a system-
atic approach modeled for them so that they can develop an
understanding of what is required in solving problems in an
effective way (criteria of good performance). They also
need to receive coaching and scaffolding support through
the process of systematic problem solving at different
stages of expertise development so that they can practice
problem solving while receiving immediate feedback on
how to improve.

Problems that provide built-in support and/or modeling,
e.g., broken-into-parts problems, may be beneficial for
the modeling and coaching aspects of student learning.
However, after modeling and coaching and scaffolding,
students also need opportunities to experience removal of
the support so that they can be weaned into more indepen-
dent execution of a systematic problem-solving approach.
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For the weaning aspect, when self-reliance is being devel-
oped, problems that provide less in the way of built-in
support can be useful.

The reason a physics problem that is broken into parts
may be useful in the initial modeling and coaching of the
expertlike problem-solving approaches in a particular
context is that these types of problems are less over-
whelming for novices during the initial modeling and
coaching phase. In particular, when initially modeling
and coaching students to learn to conduct conceptual
analysis of the problems and plan the solutions, broken-
into-parts problems are more manageable than the same
underlying problems which are not broken into parts
because instructors or TAs can demonstrate and coach
students through the steps one should take in conceptually
analyzing the problems and formulating logical problem
solutions. Specifically, broken-into-parts problems can be
used as a model for students to learn how to decompose a
problem into smaller subproblems and provide them
support in managing a complex problem. In addition,
broken-into-parts problems afford the opportunity for
instructors to provide coaching, scaffolding, and immediate
support since such problems allow for student difficulties at
each step to be readily identified. Then, instructors can
provide targeted feedback to students. Thus, broken-into-
parts physics problems can be used to help students adopt a
systematic problem-solving approach by modeling the
process and coaching them regarding how to proceed in
breaking a problem into subproblems. In other words,
broken-into-parts problems in a particular context can be a
great tool to scaffold student learning and help them
develop expertlike problem-solving skills.

Nevertheless, to ensure development of expertlike prob-
lem-solving skills and help students become good problem
solvers, the weaning stage of the cognitive apprenticeship
model is also important [18]. In particular, while broken-
into-parts problems can serve as a model for learning to
decompose physics problems into subproblems and can
provide opportunities to coach students, they do not readily
offer the opportunity for students to engage in the con-
ceptual analysis and decomposition process of a problem
into subproblems independently. Thus, this type of problem
is not effective for the weaning aspect of the cognitive
apprenticeship model, an aspect that is crucial for helping
students develop self-reliance in solving complex physics
problems. If students are mostly given problems which are
broken into parts in homework, quizzes, and exams, they
will not have many opportunities or incentive to practice
decomposing problems into subproblems on their own to
gain problem-solving independence. Therefore, for the
weaning phase and helping students develop self-reliance
in complex problem solving, other problem types for the
same physics scenario can be more beneficial [21].

A problem type that provides less support, e.g., one that
is not broken into parts, can help with the weaning aspect of

the cognitive apprenticeship model if used after modeling
and coaching with broken-into-parts problems. These types
of problems can provide opportunities for students to
develop a greater level of confidence and self-reliance in
expertlike problem solving. We note that weaning is a
gradual process and initially when students struggle with
problems that are not broken into parts, they will need to be
provided appropriate guidance and scaffolding support in
order to be able to break the problems into subproblems on
their own. Similarly, context-rich problems [21,22] are not
generally broken into parts and can vary in difficulty
significantly depending on how much redundant (not useful
for solving the problems) information is provided, how
many subproblems there are in the problems, and whether
what students have to solve for is explicitly mentioned or
they have to figure it out on their own. These types of
context-rich problems could be very useful initially for
physics expertise development when students are working
in small groups. However, even if students have developed
facility with broken-into-parts problems in a particular
context, they will need to be provided scaffolding support
and coached in order to develop facility with problems not
broken into parts before being completely weaned off the
support.

C. The role of teaching assistants in promoting and
supporting student learning, and the theoretical
framework for our research

Physics graduate teaching assistants are often employed,
especially at large research universities. Their tasks usually
involve helping with grading, instructing recitations, and
implementing and/or designing quizzes, examples, and
other materials for introductory physics students.
Furthermore, it has been noted that even though TAs are
often responsible for a significant portion of undergraduate
instruction, their training for this role is often limited
[29,30]. In particular, despite the widespread use of TAs
and their role in teaching students, limited training is
typically provided for TAs and they often carry out their
responsibilities without much guidance or support [31].
Only a small minority of physics departments in the U.S.
provide semester-long TA professional development, and
the majority of physics departments provide only very short
training (i.e., a few hours) to prepare the TAs for these
various teaching responsibilities [31]. Prior research also
suggests that the teaching practices used by TAs are often
affected by their workload and their prior beliefs about
learning and teaching [32-37]. Additionally, TAs are
potential future faculty members whose teaching roles
could expand in time. For these reasons, it is important
to investigate TAs’ views in order to inform their profes-
sional development activities related to teaching and
learning.

Some TAs may be responsible for choosing the types
of problems to use with introductory students, e.g., in
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designing quizzes for their students to take during recitation
or discussion or creating example problems to discuss.
Moreover, as potential future faculty, TAs may have an
ongoing decision-making responsibility about the types of
problems to use with their future students [32,33,38—46].
Thus, with limited opportunities for professional develop-
ment and training in the intervening time between the TA
role and the faculty role, TAs’ perceptions may also shed
light on their perceptions as future faculty members.

The theoretical framework that inspired this research is
that it is important to first investigate TAs’ perceived ideas
about various aspects of teaching in order to provide them
suitable professional development opportunities to reflect
critically upon the purposes and goals of instruction and
the importance, e.g., of evidence-based approaches in
bridging the gap between teaching and learning in different
instructional situations to meet the goals. Since TAs are not
blank slates, their views about teaching including the
manner in which they themselves have been instructed
in the past can strongly influence their views about
different aspects of teaching and learning. Many physics
instructors teach primarily using traditional lectures and a
significant portion of the recitation time is spent with the
TAs solving different example problems on the board for
introductory physics students. Therefore, such experiences
in their own undergraduate years can greatly shape TAs’
views about how students should be taught in different
instructional settings. Other prior experiences and concerns
about students may also shape TAs’ views about employ-
ing various instructional approaches, e.g., their views about
the perceived instructional affordances and constraints of
different types of problems pertaining to a given physics
scenario to meet different instructional goals in a variety of
situations.

Because different physics problem types, which involve
posing the same physics scenario in different ways, can
support different aspects of the cognitive apprenticeship
model, the use of different problem types in physics courses
can impact the effectiveness of instruction and, ultimately,
student learning. Making choices about the use of different
problem types in various instructional situations to meet
different goals often is one of the responsibilities of both
faculty and graduate teaching assistants. Therefore, these
choices may depend upon the perceived instructional
affordances and constraints of posing a problem in a certain
manner. Thus, it is important to understand the views of
those responsible for making decisions about which phys-
ics problem types to use in their introductory physics
courses in different instructional situations to meet different
goals. The perceived pros and cons of posing an intro-
ductory physics problem in different ways and in different
instructional contexts can inform activities designed to
improve professional development efforts and to help
ensure reflection on and recognition of the pedagogical
value of posing the same problem in various ways.

D. Physics faculty members views about
broken-into-parts problems

A prior study was conducted about physics instructors’
views regarding different problem types in which they were
presented with the same problem types (including the
broken-into-parts problems) given to the TAs in the current
study [47]. During this prior study, instructors were
interviewed using a structured interview protocol in which
they were asked to make judgements about the different
types of problems [47]. It was found that the instructors
generally valued different problem types intended to
develop different aspects of expertlike problem solving
but their reported use of different problem types in their
classes did not always reflect their beliefs regarding the
instructional benefits of various problem types. Instructors
had differing opinions about the merits of the broken-into-
parts problem type. More than half of the instructors felt
that it was important to lead students through a problem by
breaking it up into subproblems for the students, while
slightly less than half of the instructors felt that students
benefit from not providing such a guide. Nevertheless, the
majority of instructors reported widely using the broken-
into-parts problem type in homework, quizzes, and exams,
even if they had reservations about such problems, stating
that using such problems would help avoid stressful
situations for students [47].

E. Prior work on TAs’ professional development
and views about teaching and learning

Several studies have investigated TAs’ views about
teaching and learning [48-52]. Prior research suggests that
there are discrepancies between physics graduate TAs’
perceptions of the kinds of teaching strategies that are
beneficial for student learning and many of the findings of
physics education research. For example, TAs have been
found to struggle with the idea that effective grading
practices that encourage students to show their work can
improve their learning from problem solving and help their
students to learn from their mistakes [48-51]. Moreover,
the issue of showing work in problem solving has particular
relevance for introductory student learning [51]. For
example, it has been found that, while grading, many
TAs do not require that introductory students show the
steps of their solution or explain why they are using certain
concepts. On the other hand, they do expect advanced
students to show their work and explain their steps [51].
Another study involving TAs’ beliefs about the type of
example solutions provided to students reveals that many
TAs were unlikely to identify features in the problem
solutions that the research literature describes as supporting
learning goals for students [52]. Because TAs are often
responsible for deciding which types of problems to use,
both in their current teaching appointments and in possible
future roles as faculty members, their beliefs about the pros
and cons of posing an introductory physics problem in
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different ways and in different instructional contexts can
affect how those types of problems are ultimately used.
Thus, identifying the views of the TAs about the way in
which a problem is posed can inform TA professional
development programs.

F. Focus of our research

In the study presented here, we describe the findings of an
investigation focused on TAs’ views about the pros and cons
of two introductory problems that are broken into parts and
involve the same physics scenario. We focus specifically on
the views of physics graduate student TAs about posing
problems in two types of broken-into-parts format (problem
posed with subproblems provided). One of these problem
types does not involve explicit calculation, while the other
does. In particular, TAs in a professional development course
were asked to reflect upon five problem types for the same
introductory mechanics problem scenario in which two of
the five problem types were broken-into-parts problems.
Other problem types with which they were asked to compare
the broken-into-parts problem type in various instructional
situations to meet different instructional goals included a
traditional textbook problem not broken into parts, a context-
rich problem, and multiple-choice problem types. Although
the TAs were asked to rank these problem types, in general
assuming well-validated problems of each problem type on
various physics topics were available, for concreteness, they
were presented with an example of each problem type in one
context. Here we summarize the TAs’ views about two types
of broken-into-parts problems and investigate the following
research questions: (i) How challenging and instructionally
beneficial do TAs perceive the broken-into-parts physics
problems to be? (ii) If TAs had complete control of an
introductory physics course, how likely would they be to use
broken-into-parts problems? (iii) Why do TAs perceive the
broken-into-parts problems the way they do?

II. METHODOLOGY
A. Participants

A total of 97 TAs from a typical large research university
participated in this study during 4 different years.
Participants were physics graduate students who had
teaching responsibilities (introductory recitation or lab
instruction, and a majority were also assigned to help
students in a physics tutoring center) and were concurrently
enrolled in a mandatory TA professional development
course that met once per week for 2 h for an entire
semester. The TAs were expected to do approximately
1 h of homework each week pertaining to the professional
development course, in which various activities took place
throughout the semester. Initial activities related to the
course focused on some general issues related to physics
teaching and learning, e.g., discussion of some physics
education research papers on common student difficulties

in introductory physics. The discussion of grading practices
occurred near the beginning of the semester, followed by
discussions of pedagogy, including the use of tutorials and
clicker questions as learning tools and the importance of
integrating conceptual and quantitative learning. Next,
discussions turned to how different problem types (e.g.,
multiple-choice problems, context rich problems, problems
that are broken into subproblems, and traditional textbook
style problems) can help students learn physics and can be
useful in different instructional setttings to meet different
instructional goals. Before the activities, TAs were involved
in evaluating the effectiveness of multiple-choice questions
on several standardized conceptual physics surveys, and
predicting which choices students might select and why.
This activity also gave TAs the opportunity to reflect on the
design of conceptual multiple-choice questions, and antici-
pate challenges their students might encounter. The TAs
were also given a physics problem and asked to present the
solution to the TA professional development class as they
would in their recitations. These presentations were video
recorded so that they could reflect on their teaching and
also receive feedback from other TAs and the instructor.
Thus the problem-type activity was one of a number of
activities all aimed at improving the professional develop-
ment of the TAs and focused on investigating their views
about physics teaching and learning.

B. Data collection tools and artifacts

The data collection tools consisted of instructions and
five example introductory physics problem types that had
been developed previously to illustrate each problem type
[47]. The example problem types were designed for an
introductory physics problem scenario in mechanics and
served as a guiding example to illustrate what a particular
problem type could look like for a given scenario for the
activities. They included two different versions of a problem
that was broken into subparts (one was framed in a more
conceptual manner than the other), a multiple-choice
problem, a context-rich problem, and a traditional textbook
version of the problem. Here we focus on the two broken-
into-parts problem types for which the example problems
given for reference are problem A and problem D in Fig. 1.
We note that it was made clear to the TAs several times that
these were merely single concrete examples of broken-into-
parts problem types for illustration purposes and that they
should, in general, reflect upon the instructional benefits of
well-designed broken-into-parts problems.

Based upon our research questions, the TAs were asked
to answer questions about these problem types on a
worksheet in which they were directed to list pros and
cons for each problem type. Specifically, in the instructions,
TAs were asked to list at least one pro and one con for each
problem type based upon the features each of the five
problem examples contained. Data were collected over four
different years. In the most recent year’s worksheet, TAs
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FIG. 1.

Problem A

A 1.8 kg mass is attached to a frictionless pivot point and is

moving in a circle at the end of a 65 cm string. The string breaks

when the mass is moving directly upward and the mass rises to a

maximum height of 23.0 m. What is the tension in the string one-

quarter turn before the string breaks? Assume that air resistance /

23m

can be neglected.
/

A)  What velocity, v,, must the stone have when released {
in order to rise to 23 meters above the lowest point in \
the circle?

B) What velocity, v,, must the stone have when it is at
its lowest point in order to have a velocity v, when
released?

C)  What force will you have to exert on the string at its lowest point in order for the
stone to have a velocity v,?

Problem D

You are whirling a stone tied to the end of a string around in a vertical circle of radius R. You
wish to whirl the stone fast enough so that when it is released at the point where the stone is
moving directly upward it will rise to a maximum height, H, above the lowest point in the circle.
In order to do this, what force will you have to exert on the string when the stone passes through
its lowest point one-quarter turn before release? Assume that by the time that you have gotten
the stone going and it makes its final turn around the circle, you are holding the end of the string
at a fixed position. Assume also that air resistance can be neglected.

A)  For each point labeled in the diagram, circle the symbol(s) that describe
how the speed of the stone is changing.

Change of Speed Symbols i
. . i
Point Change in Speed I Speedis increasing i
_ . | Speedis decreasing :
A ! = max mn = Speed is constant :
. max  Speed is at 2 maximum H
B I} = max min min  Speed is at 2 minimum i
'
C T | = max min i
1
D ' | = max min i
]
E I | = max min i
¢D :
!
.......... - 1
B)  Ateach point on the diagram, draw and label a vector o "\\.\ H
representing the acceleration of the stone. 7 N ;
\ !
C)  Ateach point, draw and label vectors to represent all i
of the forces acting on the stone. '
1
1
", 1
N :
v

The two broken-into-parts example problems given to the TAs to illustrate each broken-into-parts problem type.
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were also asked what they would change about the example
problems. In addition they were asked to rank the problem
types on their instructional benefit (i.e., how instructionally
beneficial the TAs judged each problem type to be), and to
rank the problem types in terms of the level of challenge
(i.e., how difficult the TAs judged each problem type to be
for students). They were also asked how much they liked
the problem types, and the likelihood that they would use
the problem type if they had complete control of the choice
of the problem types to use. For example, a TA who ranked
a problem 1 for challenging judged this problem to be
the least challenging for students; a 5 for challenging
indicates that the TA perceived it to be the most challenging
among the five problem types. The rankings allowed
us to investigate research questions 1 and 2. Furthermore,
throughout all four years, TAs were asked to list pros and
cons of the problem types. These pros and cons were useful
for investigating why TAs ranked the problem types the way
they did (research question 3).

C. Data collection in the TA professional development
course and later in individual interviews

TAs were given the example problem types and work-
sheets in the professional development course in the middle
of the semester, when they had some teaching experience,
in order to elicit their written responses about different
problem types. They were asked to answer worksheet
questions under the assumption that they had complete
control over the introductory physics class, including
control over problem types chosen for various purposes.
They were also told that the actual examples of the problem
types were examples and their responses should be about
well-designed problems of each type in general. The
worksheet was completed as part of a homework assign-
ment. In addition to the written data, qualitative data were
collected via interviews with individual TAs. In particular,
12 participants who had completed the TA professional
development course earlier volunteered to be interviewed in
a one-on-one setting using a semistructured think-aloud
protocol about their views on all problem types. The
semistructured think-aloud protocol was chosen in order
to gather TAs’ ideas about the problem types without
explicitly steering their opinions with leading questions but
being able to probe their responses more in depth than the
written responses. These interviews took place at least one
semester after the initial activity described here in the TA
professional development course and were audio recorded.
Since TAs who answered the written questions may have
become focused on example problems given to illustrate
each problem type, TAs who participated in the interviews
were asked questions both about the example problem type
and about the problem types in general similar to the
broader in-class discussion about the instructional benefits
and pros and cons of well-designed broken-into-parts
problems. Thus, these interviews served to more deeply

probe a subset of TAs’ reasoning behind their written
responses and to explore such issues as the use of well-
designed broken-into-parts problem types vs other problem
types in general. TAs who were interviewed were first asked
to complete the same ranking activity as was done in written
data collection. After that, the TAs were asked a number of
follow-up questions in a semistructured way. Clarification
and elaboration was asked of the TAs as deemed useful.
Below are the additional interview questions that served as
the basis for the semistructured interviews:

1. What about each problem did you like the most? The
least? Why?

2. What problem feature(s) of each type of problem do
you find most instructionally beneficial? Why?

3. What problem feature(s) of each type of problem do
you find the least instructionally beneficial? Why?

4. How often do you think you would use each problem
type in homework, quizzes, and exams, if you had
complete control of the class? Very often, often,
sometimes, rarely or never? Why?

5. How difficult should problems be to be beneficial to
student learning in different instructional contexts?
Why?

6. Do you feel that introductory students can handle
difficult problems? Why or why not? When should
students be expected to handle difficult problems?

D. Coding TA responses

Two of the researchers met weekly to identify appro-
priate coding categories for pros and cons; agreements on
these were reached through discussion. The researchers
used open coding of the data from the individual homework
assigned in the middle of the semester regarding the TAs’
views of the problem types. The categories coded were
arrived at over several weeks based on emergent themes.
Some categories were merged if they were found to be
sufficiently similar. The interrater reliability was examined
for the coding of the pros and cons in the year 3 dataset,
and the average Cohen’s kappa [53] was calculated to be
k = 0.982. The most common pros and cons for the
broken-into-parts problem type, along with their definitions
and examples from TA worksheets are included in Table I.

III. RESULTS

A. Broken-into-parts problem types ranked high
for “like,” “‘use,” and “‘instructional benefit,”
but low for “‘challenge”

Figure 2 summarizes the ranking for all problem types in
all four categories in order to compare the TA views of the
broken-into-parts problem type with the other types of
problems since the rankings are best understood in the
context of the other problem types that the TAs were also
asked to rank. The average rankings for instructional
benefit, indicate that the broken-into-parts problem type
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TABLE I. The most commonly listed pros and cons of the broken-into-parts problem type and the percentages of
TAs who listed them. Some TAs listed more than one of the following or other pros and cons not listed here.
Percentage
Code Definition Examples of TAs
(Pro) guide =~ Walks students through step by step; “parts make the problem more guided” 80
helps students solve harder problems
(Con) help Provides too much support or makes “student does not have to do 37

the problem too easy

too much thinking”

is seen by TAs as the most instructionally beneficial of all
example problem types. Likewise, the average rankings for
like and use indicate a similar sentiment, with both of the
broken-into-parts problem examples being ranked the
highest of all example problem types. However, the average
rankings for challenge reveal that the broken-into-parts
problem type is ranked as the least challenging by TAs.

Thus, Fig. 2 shows that the broken-into-parts problem
types were consistently ranked as the easiest, and the
context-rich problem type was ranked as the most chal-
lenging. The multiple-choice and standard “textbook” style
problem types were ranked in between these two extremes.
The average rankings for like, use, and instructional benefit
indicate the opposite, with the context-rich problem type
being ranked the lowest of all problem types and the two
broken into parts problem types (quantitative and qualita-
tive) ranked the two highest of all problem types, with the
multiple-choice and textbook problem types ranked in
between.

The two broken-into-parts problem rankings were aver-
aged and a Friedman test was performed to investigate
whether there was a statistically significant difference for
each category between any of the problem types [54].
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FIG. 2. Average rankings of the two broken-into-parts problem
types are higher than the other types of problems for like, use, and
instructional benefit, and lower than the other types of problems
for challenge.

We found statistically significant differences at p <
0.00001 in all four categories (instructional benefit, use,
like, challenge). Therefore, separate tests were conducted to
determine statistical significance of the differences between
the average broken-into-parts rankings and rankings on each
of the other problem types and the p values were adjusted to
account for type 1 errors when performing multiple com-
parisons using the Benjamini and Hochberg procedure [55].
All adjusted p values were statistically significant, with p <
0.0.00815 in all cases suggesting that compared to all other
problem types, the average broken-into-parts problem type
was ranked statistically significantly higher in the categories
of instructional benefit, use, and like, and it was ranked
statistically significantly lower in the category of challenge.

Since written responses may have been impacted by the
example problem types given to the TAs to illustrate
different problem types (even though TAs were explicitly
asked to think not only about the specific example
problems that they were given to illustrate a problem type,
but also to think about well-designed problems of each type
in general), we asked all interviewed TAs to also rank all
problem types. Interviewed TAs responded in a similar
manner to those who gave written responses for all of the
preceding categories (i.e., instructional benefit, challenge,
like, and use) even when explicitly reminded to think more
generally about well-designed problems of each type. In
other words, rather than the above rankings holding true
only for the specific example problems given, interviewed
TAs responded similarly when they ranked the different
types of problems in a one-on-one interview situation.
During class discussion and interviews, some TAs noted
that even before the TA professional development class,
they have felt that broken-into-parts problems are the best
for introductory students, e.g., because those are the types
of problems introductory students can be expected to do
without becoming stressed and they are clear for students.

B. TAs reported a wide usage of broken-into-parts
problem types and preferred to use these problem types
over other more challenging problem types

As seen in Fig. 2, the TAs ranked the broken-into-parts
problem types highly for use. This ranking is the highest
ranking of all problem types the TAs considered. Both of
the broken-into-parts problem types received an average

010128-8



GRADUATE TEACHING ASSISTANTS’ VIEWS OF ...

PHYS. REV. PHYS. EDUC. RES. 16, 010128 (2020)

100 -
HW Only

= I HW & Quiz/Exam
§ 50 = Quiz/Exam Only
[

o W Never

iy —
FIG. 3. TAs’ reported usage of the broken-into-parts problem

type. These are the reported usages as averaged over both
examples of the broken-into-parts problem type since there
was no significant difference between the two broken-into-parts
problem types. Light gray indicates the TAs who would only use
this type of problem in homework. Dark gray indicates those who
would use it in homework, quiz, or exam. Medium gray indicates
those who would use it in quize or exam only. Black indicates
those who would never use it for any purpose.

ranking of 4 out of 5, indicating that TAs were far more
likely to use this problem type compared to other problem
types, the next highest ranking for which was only a 2.9 out
of 5 in the category of use.

Figure 3 summarizes the TAs’ stated use of the broken-
into-parts problem types (taken together), and shows that
TAs reported that they would readily use these types of
problems for homeworks, quizzes, and exams. However,
written responses and interview data hint at possibly
excessive valuing and use of this type of problem, indicat-
ing a potential overreliance on broken-into-parts problems.
For example, in an interview, one TA stated: “I always
prefer subquestions” whether it is for homework, quizzes,
or exams. Further discussion with the TA suggests that he
would almost exclusively use broken-into-parts problems
and was not likely to use other problem types, which may
provide less support and create more of a challenge for
the introductory physics students especially in exams.
Similarly, regarding the broken-into-parts problem type,
another interviewed TA stated: “I will use it everywhere.”
The idea of almost-exclusive preference for using this type
of problem, particularly for exams, was conveyed by many
other TAs during the interviews, as well as in written
responses. Below, we discuss reasons behind the rankings
and stated uses, based upon interview data and the written
responses in the columns of the worksheet which asked for
explanations and/or reasons for their responses.

C. TAs viewed the pro of guiding students as
outweighing the con of providing too much help

The written pros and cons and explanations as well as the
interview data were analyzed regarding the broken-
into-parts problem type for possible reasons for why the
TAs ranked the broken-into-parts problem type the way
they did. Table I shows the most common pros and cons
mentioned by TAs in written responses.

The most common pro stated for the broken-into-parts
problem type was “guide,” which was mentioned by 80%
of TAs. “Guide” was the category used for TAs’ responses
which included what they judged to be an opportunity to
guide the students in the problem solving process. Some
examples include: “Guides students to understand how to
solve the problem,” and “Leads the student to solve the
problem step-by-step.”

The prevalence of the pro guide could explain why
TAs ranked the broken-into-parts problem type highly in
terms of instructional benefit. One TA stated: “Very
instructional ... break-down helps students solve problem.”
The TAs with this type of response appreciated the support
provided in these types of problems because it was
perceived as a way to guide students in solving the problem.
Moreover, of all the TAs who mentioned the pro guide for
problems A and D, all but one TA ranked problems A and D
as the two highest out of all the problem types they were
given, in terms of their instructional benefit.

One TA described his reason for judging the broken-into-
parts problem type as being highly instructionally benefi-
cial by stating that he prefers to give “questions that the
student can just jump in and start immediately. And later,
they look at their results from one part and can get some
inspiration for the next part.” This TA further explained
how a broken-into-parts problem can make the problem-
solving process more manageable for introductory physics
students by providing them with support to get from one
step to the next through the solution. In his view, many
introductory physics students would otherwise not be able
to solve the problems.

By contrast, TAs did not list very many cons. Even
though they were specifically asked to list at least one pro
and one con, many TAs failed to list any cons for the
broken-into-parts problem type completely. Table I shows
that the only commonly stated con for the broken-into-parts
problems A and D was “help,” and that this con was
mentioned by only 37% of TAs. The category help
contained TA responses in which the TA expressed con-
cerns that breaking a problem into subproblems for
students may make this type of problem too easy (for
example: “not difficult enough” or “helping the student too
much”). Thus, the con help suggests that some TAs had
reservations about the broken-into-parts problem type
potentially providing too much help to students, but this
con is mentioned by only about one-third of TAs in written
response (even though the TAs were asked to mention at
least one con).

Even in interviews, any con for broken-into-parts prob-
lems was rarely mentioned. Moreover, interviews suggest
that the possibility that broken-into-parts problems may
not be difficult enough was a minor concern to most
interviewed TAs and they were consistent in noting that it
would not deter them from giving priority to this type of
problem over other types on homework, quizzes and

010128-9



MELANIE GOOQOD et al.

PHYS. REV. PHYS. EDUC. RES. 16, 010128 (2020)

exams. For example, one TA reported in an interview that
“D might be too easy.” However, he went on to say that,
despite that “... actually, [it] is good in the sense that it’s
like a good way of testing the students’ conceptual under-
standing ....” He went on to discuss the merits of breaking a
problem into parts for a student, stating: “It kind of leads
you through all the steps ... so [for an introductory class] I
would..give them this,” indicating that he appreciated the
guidance the problem provides. He further suggested that
his concern about these problems being “too easy” was
outweighed by the value he saw in them for the introduc-
tory physics students. Another TA initially expressed some
reservation by stating that the broken-into-parts problems
“may be setting up a problem a little too much ... ” but then
also ranked the broken-into-parts problem type the highest
in the category like and cited the guidance offered by this
problem type as a major pro. He further explained that these
types of problems were appealing to him because of the
“... multiple parts to guide students” and that he would
certainly give priority to using such problems in homework,
quizzes, and exams in introductory physics. Further dis-
cussion suggests that the TA’s overall impression of the
broken-into-parts problems was very positive, and his
concern about helping students too much appears to be
overshadowed by the positive aspects he perceived in this
type of problem.

Other TAs expressed similar sentiments about the pros
being more compelling than the cons of broken-into-parts
problems (if they mentioned a con at all, which was only
roughly one-third of the TAs). Both written and interview
data suggest that the con help may not be viewed as a major
drawback to TAs. Indeed, TAs were often reluctant to report
downsides to a broken-into-parts problem type, sometimes
using superlative language to describe this type of problem.
For example, several TAs went as far as to use the word
“perfect” in describing broken-into-parts problems for
homework, quizzes, and exams in introductory physics,
apparently not detecting any drawbacks to this type of
problem. Moreover, although TAs mentioned the asset of a
broken-into-parts problem type guiding the introductory
physics students in solving the problem at hand, the nature of
the responses did not usually indicate the idea that such
problems could be used to provide guidance to students to
solve future problems that are not broken into parts.
Furthermore, TAs rarely mentioned in interviews or written
responses that the scaffolding support provided by these
types of problems should gradually be removed to help
students develop self-reliance in problem solving.

D. TAs had different expectations of introductory
and advanced students

Despite the low ranking for challenging, the majority of
TAs reported a preference for broken-into-parts problems,
ranking them highly in the category like. Our follow-up
interviews indicated that many TAs felt that introductory

physics students should not be given problems that were
overly challenging (e.g., a problem scenario which is not
broken into parts) partly because they did not expect
introductory students to be able to break up the problem
into subproblems on their own. On the other hand, when
TAs were asked during interviews whether they would use
broken-into-parts problems for advanced students if they
were teaching an advanced physics course, many reported
that such problems would be “too easy” for advanced
students even in the context of their advanced physics
problem solving, and therefore such broken-into-parts
problems should not be used or rarely be used in advanced
courses. It is important to note that, in the interviews, TAs
were specifically asked whether appropriate advanced topic
broken-into-parts problems should be used for advanced
students. Thus, it was not the introductory physics topic
that TAs felt was too easy for advanced students. Rather, it
was the support provided by the problem being decom-
posed into subproblems that TAs felt was not appropriate
for advanced physics students, even if the problem dealt
with an advanced-level topic. Thus, there was a discrepancy
between the TAs’ expectations of introductory students
with regard to introductory-level physics problem solving
compared to advanced students with regard to advanced-
level physics problem solving.

Exhibiting a relatively low expectation level for intro-
ductory physics students, one TA said, “My gut feeling is
that you don’t want to knock the [introductory] students out
with a tough problem.” This TA further suggested that
challenging problems should be avoided in introductory
physics in general, and that he felt that introductory
students are unlikely to be able to handle difficult problems.
Another TA who ranked the broken-into-parts problem type
the highest in the category like explained that “This would
be, for me as an intro student, the ideal problem, because I
have to use my skills to be able to translate what I'm being
asked into the mathematical formulas, but at the same time I
have enough guidance...” This TA felt that broken-into-
parts problems provide the appropriate level of difficulty
for introductory physics students. Likewise, in explaining
his preference for a broken-into-parts problem type,
another TA stated: “Trying to unpack a problem into
different parts is half the battle sometimes with solving
these problems. When it’s done for you that’s helpful, and
it’s really important on a test too...” This TA felt that
making the problem less difficult for introductory students
was important even in a test situation. He believed that the
challenge of “unpacking” the problem should be done for
the introductory student, in homework, quizzes, and exams,
rather than expecting that the students do this unpacking
themselves. He expressed lack of confidence that most
introductory students could accomplish this task on their
own and if we wanted to see some work for each problem
posed, breaking them into parts was a good way to
accomplish it. In a similar way, another TA who ranked
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the problem high for like and low for its level of challenge
stated: “I like that the problem is broken down into small
questions that help you solve the original problem. For
introductory classes, [even] this may be a bit difficult.” This
TA expressed concern that while these types of problems
are easier than problems which are not broken into parts,
even this level of challenge is potentially very difficult for
most introductory students in any context, indicating a
relatively low expectation level regarding the types of
problems introductory physics students should be expected
to handle in homework, quizzes, and exams.

Most TAs did not identify when introductory physics
students should be expected to learn how to break physics
problems into subproblems themselves. They did not report
that problems with less support would be important to use
in order to help introductory students gain more independ-
ence in problem solving by developing skill in decompos-
ing a problem into subproblems on their own. One TA who
reported that he really likes and would widely use a broken-
into-parts problem explained, “Students can be instructed
while doing the problem and, while it doesn’t have them
connect the steps themselves, that probably isn’t the point.”
Thus, while this TA momentarily considered the fact that
this type of problem did not require students to connect the
steps of the problem-solving process themselves, further
discussion suggested that he did not regard “‘connecting the
step” as a crucial component of the types of problems
introductory students should be expected to solve. He also
did not indicate during the discussions that the independent
practice of connecting the step and learning to break a
problem into subproblems are critical steps towards devel-
oping expertlike problem-solving skills.

Most interviewed TAs did not find a broken-into-parts
problem type to be appropriate for advanced students
(unlike introductory students). It appears from interviews
as though the TAs believed that advanced physics students
should be able to decompose a problem into subproblems
on their own. However, most interviewed TAs did not
mention that introductory students should independently
practice the skill of decomposing introductory problems
into subproblems in order to develop expertise in problem
solving. For example, one TA explained the discrepancy
between expectations for introductory vs advanced students
as follows: “very much, because the steps lead the students
to solve the problem, but this knowledge is basic and too
easy for an advanced level student.” This TA expressed an
expectation that advanced students should be able to break
an introductory physics problem down into subproblems on
their own, but that introductory students should not be
expected to do so. This TA mentioned advanced students’
ability to break and introductory physics problem down
into subproblems, but some TAs also mentioned that
advanced students should be able to break advanced
physics problems down into subproblems on their own.
Most interviewed TAs with this type of response did not

explicate that some problems with less support for intro-
ductory students would be a way to cultivate expertlike
problem-solving skills and had relatively low expectations
of the types of problems introductory students could be
expected to solve.

E. TAs’ preference for broken-into-parts problems
may be influenced by introductory
students’ preferences

Both the broken-into-parts problem types were strongly
preferred by the TAs compared with other problem types,
as evidenced by the average rankings in the category like.
Both written and interview data suggest that one of the
reasons for this preference could be the TAs’ interest in
what they believed introductory students will like. In
particular, introductory students might prefer problems
that are easier for them to solve, and this preference
appeared to be on the minds of the TAs. For example,
one interviewed TA who had ranked the broken-into-parts
problems as the highest for like expressed that, “Breaking it
into parts is reducing the workload for the students and I
think they’re going to appreciate that.” This TA indicated
that lightening the workload for introductory students
entered into his thinking, suggesting that pleasing students
in this way may be at least part of why he valued these types
of problems for homework, quizzes, and exams. Another
TA who ranked the broken-into-parts problems highly in
the category like and noted that he likes these types of
problems for homework, quizzes, and exams stated in the
interview: “I think students would like this one [problem A]
most.” Again the idea of what students might prefer
appeared to contribute to the TA’s preference for these
types of problems. Some of them were concerned that if the
problems were not broken into parts, introductory students
may get frustrated with the problems and with the TA. Most
of the other interviewed TAs had similar concerns about
introductory students’ preferences. One interviewed TA
tried to explain why he liked broken-into-parts problem
types in all situations by stating that, for such problems, “If
the basics are clear, they [introductory physics students]
will sail through.” He emphasized that making sure that
introductory physics students sail through the problems
was his main goal. While this TA acknowledged that this
problem type is easier than problems which are not broken
into parts, he thought they were “nice” problems for use in
homework, quizzes, and exams so that introductory stu-
dents do not have to struggle too much and he ranked
it highly for like and use. It appears that the ease with
which students could solve such problems was a factor
in his preference for a broken-into-parts problem. Other
interviewed TAs appeared to convey similar sentiments
regarding making problems easier for the introductory
physics students so that they do not get frustrated and
liked the TAs by way of breaking problems into parts
before posing them.
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IV. DISCUSSION AND SUMMARY

This study provides a snapshot of TAs’ perceptions of
broken-into-parts problem types vis-a-vis other problem
types half way through a TA professional development
course (written data) and at the end of the course (interview
data) at a large research university. We note that TAs in the
study belonged to different cohorts, and their responses
were consistent across time. We find that most TAs ranked
the broken-into-parts problem type highly and stated that
they would use this problem type often on homework,
quizzes, and exams because breaking the problem into
subproblems before posing it is necessary to facilitate the
problem-solving process for introductory students. Some
TAs did not write any con for the broken-into-parts problem
type even when explicitly asked. Some noted that they will
almost exclusively use these types of problems particularly
in exams. Discussion during interviews suggests that TAs
may overuse broken-into-parts problems partly due to their
preference to guide introductory physics students through
the problem-solving process, their relatively low expect-
ation level for introductory students, and their consideration
of introductory students’ preferences (such as reducing
their students’ stress while solving physics problems).
However, TAs did not indicate that introductory students
should also be given opportunity to practice more inde-
pendent problem solving via problems in which the
scaffolding support is removed after the modeling and
coaching part of the cognitive apprenticeship process in
order to develop self-reliance. In the cognitive apprentice-
ship model, appropriate coaching and scaffolding support
can help develop expertise and provide guidance to
students to eventually gain independence in solving com-
plex physics problems [18]. This type of long-term goal of
developing expertise of introductory students via more
complex physics problems that were not broken into parts
was not typically mentioned or implied by TAs’ responses
in written or interview data. Instead, the use of a broken-
into-parts problem type was regarded by TAs as beneficial
and necessary for helping guide students in solving the
problem at hand in most contexts and this pro (along with
reducing stress for students) appears to be a major reason
for why the TAs were likely to frequently use broken-into-
parts problems in homework, quiz, and exam situations.

These findings partly agree with a similar study involv-
ing physics instructor’s views of various problem types, in
that, like instructors, TAs reported extensive use of broken-
into-parts problems despite any reservations they might
have about them [47]. However, the TAs in this study
appear to have an even stronger preference for the broken-
into-parts problem type than did the faculty members in
that fewer TAs expressed a concern that such problems may
provide too much help to students (even when explicitly
asked to state at least one con of a broken-into-parts
problem type) compared with the number of faculty
members who expressed similar concerns. While nearly

half of faculty members identified independent problem
solving without guidance as an important goal in teaching
problem solving [47], few TAs mentioned that using
problems which do not provide introductory students with
guiding support was important because they can help
introductory physics students develop self-reliance in
problem solving. Additionally, interviews and written data
suggest that, even among those TAs who had a concern
about a broken-into-parts problem potentially providing too
much help, this concern was not strong and did not
outweigh the benefit of guiding a student through a
problem by breaking it into parts in homework, quizzes,
and exams. Moreover, while both TAs and faculty members
reported copious use of broken-into-parts problems with
their introductory students whether or not they had con-
cerns about such problems, most TAs overlooked the need
to challenge introductory students by offering them oppor-
tunities to solve problems which do not have the steps
already broken down for them so that they can develop
expertise and self-reliance in problem solving.

Interviews also suggest that TAs expected advanced
students to be capable of decomposing an advanced
problem on their own. Yet, if introductory students do
not practice breaking down an introductory physics prob-
lem into sub-problems on their own, they may not be able
to develop this skill on their own and become effective
problem solvers. TAS’ perspectives appeared to be missing
the crucial bridge between highly supported problem
solving and independent problem solving for introductory
students. Without this step, introductory students can be
severely hindered in their development of expertise in
problem solving, reasoning, and metacognitive skills. This
missing puzzle piece is similar to the discrepancy in TAs’
grading practices in a prior investigation in that TAs did not
demand that introductory students explicate the steps in
their solutions (and would not penalize them for neglecting
to show work), but expected advanced students to do so in
advanced physics and would penalize them if they did not
do it [51]. In particular, in a previous study related to TAs’
views about grading practices, many TAs felt that advanced
students should be required to show steps and reasoning in
their advanced physics problem solutions but claimed that
introductory students need not show steps or provide
conceptual reasoning in their introductory physics solutions
and should not be penalized for omitting such steps [51].

This study suggests that TAs had a relatively low
expectation of introductory students’ problem solving skills
and had not reflected on ways in which introductory
students can be provided scaffolding support and guidance
to cultivate independent problem solving skills. Such skills
(e.g., breaking a problem into subproblems on one’s own)
are unlikely to develop spontaneously and must be explic-
itly cultivated by incorporating them into instructional
design and having high expectations of introductory
students while helping them develop self-reliance in

010128-12



GRADUATE TEACHING ASSISTANTS’ VIEWS OF ...

PHYS. REV. PHYS. EDUC. RES. 16, 010128 (2020)

physics problem solving. TAs’ preference for continually
providing problems for introductory students which are
broken into parts represents an important oversight in the
steps required for introductory students to learn indepen-
dent expertlike problem solving. In particular, introductory
students must be given opportunities to practice bridging
the gap between solving problems that are broken into parts
and solving problems with less built-in support, a point that
most TAs appear to have missed.

V. IMPLICATIONS FOR PROFESSIONAL
DEVELOPMENT OF TEACHING ASSISTANTS

These findings that provide a snapshot of graduate TA
views at a large research university (half way through their
first semester TA professional development course and at
the end) can be valuable to inform the design of profes-
sional development of TAs at similar universities with
similar professional development programs in order to
improve introductory physics student learning and ensure
expertise development. Leaders of TA professional devel-
opment programs at similar universities can incorporate the
findings of this study to help TAs create appropriate
teaching and learning goals for introductory physics
students that support student growth and learning and
reflect on instructional approaches that support the goals.
For example, our findings indicate that TAs had relatively
low expectations for what introductory students can accom-
plish while solving physics problems. Our findings suggest
that most TAs may not have thought about the goal of
helping introductory students become independent problem
solvers and the important role they can play by setting high
expectations (and communicating this to students) and
providing them with scaffolding support with a focus on
reducing the support to help them develop self-reliance. To
help TAs readjust their expectations of introductory stu-
dents, in a professional development course or program,
TAs can be asked to reflect on and clarify their learning
goals for introductory students individually and then in
small groups with facilitation from the course instructor.
They can also examine how different problem types can
support (or hinder) achievement of different learning goals
in different instructional contexts. In particular, TAs may be
given opportunities to discuss how broken-into-parts prob-
lems support the goal of helping introductory students
learn, e.g., how to decompose problems into subproblems
in the modeling and coaching phases of the cognitive
apprenticeship model to help students develop expertise.
In addition, TAs can be given opportunity to reflect upon
and discuss as a group how other problem types which do
not decompose the problem into sub-problems may support
the goal of helping introductory students develop self-
reliance in problem solving. They can also reflect on their
differing expectations of advanced physics students with
regard to advanced physics problem solving and introduc-
tory students with regard to introductory physics problem

solving and why having a lower expectation of what
introductory students can learn and be able to do while
solving an introductory problem can be detrimental to their
overall learning and growth in introductory courses. In the
professional development programs, TAs can be asked to
contemplate and discuss how the use of different intro-
ductory problem types in different instructional contexts
can accomplish various instructional goals and can help
introductory students progress toward expertlike problem
solving approaches. In this way, TAs may begin to
appreciate that, while broken-into-parts problems are an
important stepping stone in the development of expertlike
problem solving, other problem types that do not provide
scaffolding support are also critical in the development of
self-reliance in problem solving.

VI. LIMITATIONS AND FUTURE DIRECTIONS

While this investigation involving graduate TAs at a
large research university in their first semester TA profes-
sional development course (in the middle and at the end of
the course) sheds light on the potential that TAs may over
rely on the use of broken-into-parts problems that may be
detrimental to helping introductory students develop exper-
tise in physics problem solving, below, we note the
limitations of the study that should be kept in mind and
future directions that could add to these findings.

First, the findings and implications for professional
development of TAs are most relevant only to large
institutions that have an established TA professional
development course similar to ours. In particular, our
findings may not be representative of TA responses that
would be generated from institutions which are not similar
to ours and in which similar TA professional development
is not there. It would be valuable for researchers to carry out
future studies at other types of institutions and compare
them to our findings to determine how generalizable the
results are across different institutions.

Second, our findings provide a snapshot of graduate
TAs’ views half way through the TA professional develop-
ment course (written data) and at the end of the course
(interview data). Moreover, although some interviewed
TAs in our study mentioned on their own that they had
similar views about the great potential of the broken-into-
parts problems for introductory physics courses even before
they started graduate school, and the findings from both
written and interview data were consistent with each other
for cohorts over several years, it is possible that TA
responses would change over a longer period of time.
Therefore, future studies would explore how TAs’ ideas
about various problem types may evolve over time by
carrying out interviews with the same TA several times
extended over many years.

Third, while the study involved both written and inter-
view data, the interviews were semistructured think-aloud
interviews. In particular, the current study highlights the
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fact that in response to written questions and interviews,
TAs rarely readily and spontaneously articulated the idea
that the scaffolding support provided by these types of
problems should gradually be removed to help students
develop self-reliance in problem solving. In think-aloud
interviews, while we asked students to elaborate and clarify
their responses and thought processes to the questions
posed to get an in-depth understanding of their responses,
these were not dynamic interviews [56], e.g., which
explicitly drew attention to the fact that the TAs may be
missing the value of helping introductory students develop
expertise in physics problem solving by gradually remov-
ing the scaffolding support and helping students develop
self-reliance. In other words, while the interviews using
think-aloud protocol had the advantage of allowing TAs to
express their candid opinions without leading questions if
they missed something, this protocol limited interviewer’s
ability to explicitly ask questions regarding aspects of the
broken-into-parts and other problem types that TAs may
not have mentioned on their own. While there is consid-
erable value in probing what TAs will articulate with
minimal prompting beyond followup to what the TAs
stated in response to the questions, more explicit follow-
up questions could help give a better sense of TAs ideas
about how the question types should be used over time or
how, if at all, students could be helped to develop self-
reliance in problem solving. Thus, while such questions
were not included due to the original design of the study
focused on TAs’ views with minimal intervention,
responses to such questions could help clarify TAs’ views
further. Therefore, a future direction that would further
elucidate the findings presented here would be to conduct
dynamic interviews [56] with the TAs. Such interviews
would include focused questions that would examine issues
that TAs did not explicitly mention on their own in response
to the questions they were asked. For example, these
interviews could include questions about the ways in which

TAs might consider how, if at all, the use of different types
of problems might facilitate or hinder their students’
development of self-reliance in problem solving even if
the TAs never mentioned it spontaneously.

Moreover, data collection during an ongoing, not-yet-
completed TA course, could potentially have impacted TA
responses in certain ways and the relatively low sample size
associated with that TA professional development course
highlights the challenge of doing research in such environ-
ments. Future studies can try to account for these challenging
limitations and whether and how they impact TA responses.

Finally, we note that in Ref. [47], individual interviews
were carried out with faculty members who had significant
experience teaching introductory physics courses independ-
ently and the focus of those interviews was on how the
different problem types fit in the current teaching practices
of a faculty member. Since graduate TAs in their first
semester did not have independent teaching experience,
all questions were framed in a hypothetical context in which
the TAs had full control of teaching the introductory physics
course. Thus, the way interview questions were framed for
the faculty members was not appropriate for our study with
the TAs. In particular, it should be kept in mind that the
difference in the way interview questions were framed may
have led to the fact that while nearly half of interviewed
faculty members identified independent problem solving
without guidance as an important goal in teaching problem
solving, few TAs mentioned that using problems which do
not provide introductory students with guiding support was
important because they can help introductory physics
students develop self-reliance in problem solving.
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