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ABSTRACT: With the rise in implementation of peer-led learning in higher
education, the interactions between peer instructors and their students warrant
further investigation as an increasingly critical component of student learning.
In this work, Teaching Interns (TIs) are undergraduate peer instructors that
lead supplemental learning sessions in General Chemistry. Each week, TIs
participate in pedagogy training and complete written reflections on their
learning sessions. For this multicase study, six TIs were observed in their office
hours over varying time periods. A qualitative approach was taken to analyze
their verbal behaviors and the extent to which those behaviors matched their
beliefs about teaching. Specifically, discourse analysis allowed for the
characterization of the interactions between TIs and students, while analysis of TIs’ weekly written reflections provided insight
into their teaching beliefs and perception of their own teaching sessions. The results presented here suggest that even at the start of
the program, TIs hold some productive beliefs about teaching, though these beliefs were not always evident in their interactions with
students. Over time, TIs generally shifted toward more student-centered discourse and honed their abilities to convey or elicit
deeper knowledge among their students. Further, evidence from the TIs’ reflections suggest that they became better at self-
monitoring their own teaching behaviors, shrinking the gap between their practices and espoused beliefs about teaching, and that
they turned their focus toward student learning versus simply managing their sessions. Taken together, this work provides additional
support for the further development and study of peer instruction programs.
KEYWORDS: First-Year Undergraduate/General, Collaborative/Cooperative Learning, Professional Development, Constructivism,
Student-Centered Learning, TA Training/Orientation

■ INTRODUCTION
As institutions of higher education seek tomake their classrooms
more conducive to active learning, peer instruction has been an
increasingly important type of reform to facilitate this process.
Within peer instruction, undergraduate student learning is
facilitated by other undergraduates that usually have demon-
strated prior success in the same course, and in some cases have
also had pedagogical training in instruction. There is an
extensive literature on the benefits of peer instruction for
students on the receiving end,1−3 as well as for the peer
instructors themselves.4−7 Aside from assessing the outcomes,
researchers have considered the interactions that occur during
these peer instruction sessions in order to better understand the
impact of these programs on the student learning processes. For
example, Kulatunga and Lewis8 examined the extent to which
peer instructors are able to implement methods of argumenta-
tion in their Peer-Led Process Oriented Guided Inquiry
Learning (POGIL) sessions. The researchers linked students’
argumentation patterns to the specific verbal behaviors of the
peer instructors. In another study, Smith and colleagues9

investigated the differences between peer instructors’ behaviors
within a traditional Peer-Led Team Learning (PLTL) settings
versus its cyber counterpart (cPLTL). However, it remains

unclear as to how the modes of interaction of peer instructors
change over time, how their training is tied to those changes, and
whether or not the peer instructors are cognizant of those
changes.
The participants in the current study are the Teaching Interns,

or TIs, who serve as the peer instructors in the General
Chemistry course sequence at Rutgers University.4,10 Specifi-
cally, this research investigates the ideas that these peer
instructors hold about their role and about teaching in general,
as well as how those beliefs align with their actual teaching
practices. Such questions have been examinedwithin the context
of teacher training and tutor learning; however, peer instructors
are unique in that they are not typically seen as figures of
authority as teachers are,11,12 and in most cases, they receive
training in how to conduct their learning sessions, unlike the
many tutors.13 For example, a multiple-case study by Velasco
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and Stains identified a connection between chemistry tutors’
perceptions of their tutoring and their actual tutor behaviors, as
measured by interviews and observations, respectively.14 In their
study, the tutors operated independently (i.e., not as part of a
larger tutoring program) and, as is typical, had not received any
type of pedagogical training. As such, peer instructors afford an
opportunity to examine an important middle ground population
that also represents a key element of teaching and learning
infrastructure at many universities, including Rutgers.
By employing a similar analytic approach as Velasco and

Stains to this population, this work seeks to understand how the
theory−practice gap evolves over time as the TIs undergo
pedagogical training and gain experience as part of a formal peer
instruction program. A multicase study approach was taken to
follow a total of six TIs over varying lengths of time to monitor
the changes that occur during their learning sessions with
students. Two TIs each were observed over one semester, one
year, and two years. Analysis of these observations included the
ways in which they communicated information to their students,
as well as the content of that information. Weekly written
reflections by the TIs were used in conjunction with these
observations to gain insight as to how they evaluated their
learning sessions and viewed their progress. This work begins
with a brief background on peer instruction and its relation to
social constructivism, as well as a look at how discourse analysis
has been used to characterize classroom dynamics in the
literature. Practical theory was selected as a framework to
formulate and guide the three research questions. A description
of the setting provides the context for this study, while the
subsequent methods section details the exact procedures of data
collection and analysis. Because this study is structured as a case
study, the results and discussion section are combined in order
to maintain the flow from case to case. The paper concludes by
highlighting the major findings and how they are tied to some
key implications for practice and future research exploration in
this domain.

■ BACKGROUND

Peer Instruction and Social Constructivism

The implementation of peer instruction, sometimes referred to
as near peer instruction,15 has grown tremendously since the
early days of Supplemental Instruction (SI).16 Countless other
models have since been implemented and reported on in the
literature, spanning a variety of disciplines (chemistry,4,17

nursing,18 computer science,19 sociology,20 etc.) and program
structures. There is no singular peer instruction program model,
and so they often vary widely in their structure and training
mechanism. For example, in Peer-Led Team Learning (PLTL),
groups of 6−8 students gather on a regular (e.g., weekly) basis to
work on a predetermined assignment while the peer leader, a
former student in the class that has undergone PLTL training,
facilitates discussion.21,22 On the other end of the spectrum, peer
tutoring is generally a much less structured one-on-one
environment, often without prepared assignments or tutor
training, and may be arranged formally, such as through a
university learning center, or privately between individuals.13

One guiding principle for many of these programs is social
constructivism and the practice of facilitating knowledge
through scaffolding.23−25 The premise of social constructivism
stems from the work of psychologist Lev Vygotsky and refers to
the construction of knowledge by an individual achieved
through social interactions.26−28 As Murphey describes near

peers as those close in age and social level,15 it is fitting that a
constructivist framework underlies these peer instruction
programs, as students are able to coconstruct knowledge with
those of a similar level and background. However, as Velasco and
Stains discuss,14 the frequency of training is likely a contributing
factor as to how well these peer instructors are able to maintain a
constructivist environment.
The present study looks at undergraduate students enrolled in

the Teaching Internship (TI) program.4,10 This program is a
peer instruction model in which former, successful General
Chemistry students assist current General Chemistry students
through various types of supplemental instructional sessions.
Like PLTL leaders and Learning Assistants,29 the TIs receive
weekly pedagogy and best practices training. However, the
setting for this study is a General Chemistry office hour�a
relatively unstructured environment that often involves more
one-on-one facilitation, akin to a tutoring session. The goal of
this research is to evaluate the ability of TIs to conduct their
learning sessions in this manner by examining the dialogue that
arises with their students. A detailed description of their roles,
training, and responsibilities can be found in a subsequent
section, under Setting.
Discourse Analysis

Discourse analysis is a collection of methods used to investigate
and ultimately characterize verbal, written, and tacit forms of
communication within a defined setting.30 In the education
literature, such analysis is typically used to examine interactions
between two or more students in a classroom or between the
instructor and the student(s). For example, Shultz and Li31 used
discourse analysis to analyze the group dialogue of students
enrolled in a problem-based learning laboratory course. The
researchers identified the ways that students use external
resources to solve a problem in the context of information
literacy. In a study by Dohrn and Dohn,32 the researchers were
investigating the way(s) in which different types of questions
influence classroom dynamics in a high school chemistry class.
Specifically, discourse analysis was used to classify the questions
posed and analyze the subsequent student responses. As evident
in both of these studies, discourse analysis often makes use of an
analytical framework in order to answer the research questions at
hand.
Identifying the Dimensions of Discourse

Within discourse analysis, there are a variety of different lenses
used to interpret social interactions in an educational setting.
Observational data collected from the present study is analyzed
according to three distinct dimensions to characterize the
information being communicated between TIs and students:
(1) direction of information, (2) type of information, and (3)
depth of information.
First, the direction of information refers to the person (or

people) who are contributing the substance within an
interaction. In the education literature, this direction is often
used to characterize the verbal exchanges between a teacher and
their student(s). One common dichotomy is the classification of
monologic versus dialogic discourse. The term “monologic”
generally describes discourse that is transmitted unidirection-
ally, e.g., from the teacher to the student.33 Conversely, dialogic
discourse invites equal participation from all parties, usually in
the context of coconstructing learning.33 Similar schemes have
been used previously, such as interactive versus noninteractive
discourse.34 O’Connor and Michaels made a point to clarify the
differences between structural and ideological monologic and
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dialogic discourse, denoting the ideological forms as Monologic
and Dialogic, versus the lower-case structural forms.35 In their
work, they explain how episodes of dialogue can take on mixed
ideological and structural forms. For example, a teacher asking
questions to a student while the student responds is dialogic in
structure (the dialogue is bidirectional) but monologic in
ideology, as the teacher is recognized as the authority and holder
of knowledge. For the purposes of this study, it is critical to note
that the model of peer instruction asserts that the peer
instructors are not intended to be authority figures or content
knowledge experts, but rather similar to the age and
professional/social status of the learner (notably this may not
be the case at all institutions, such as community colleges that
host a wider population of nontraditional students).36 Further,
in the TI model, the TIs themselves have neither access to nor
authority over students’ grades. Thus, with these assumptions,
the present study makes use of the structural form of monologic
and dialogic discourse.
In addition to how information was directed, researchers have

also investigated the types of information that can arise in a
classroom. For example, Dohrn and Dohn32 characterize the
various questions posed by chemistry teachers according to
content (e.g., academic) and function (e.g., clarification). In the
context of a tutoring session, Velasco and Stains14 classify the
type of information exchanged as “knowledge” or “common
ground”. This classification aligns with Wells and Arauz,33 who
argue that in order for dialogue to be effective, both participants
must “make a persistent attempt to understand each other’s
perspectives”. Within the context of the TI-led office hour, it was
helpful to use this same scheme to differentiate the exchange of
new information from these instances of negotiated under-
standing. Thus, the second dimension of discourse was broken
down into “knowledge” versus “common ground”.
A third dimension pertinent to this study further describes the

quality or depth of knowledge which is being communicated. In
the aforementioned study, Velasco and Stains14 further divided
their knowledge category into knowledge-telling behaviors and
knowledge-building behaviors, (common ground codes were
not differentiated in this way). Similarly, Graesser and Person37

evaluated the quality of questions posed by teachers/tutors
based on the length of an answer and the level of reasoning
required by the student. An amalgam of these approaches was
adapted in this study to draw distinct boundaries between
“deep” and “shallow” knowledge questions and explanations in
order to better illustrate the changes in TIs’ verbal behaviors that
occur over time.

■ FRAMEWORK

Practical Theory

Practical theory refers to the collection of ideas, beliefs,
knowledge, and experiences that shape the actual practices of
an instructor.38 This is in contrast to the teaching practices for
which an instructor may verbally advocate, which may or may
not be aligned with their practical theory. Argyris and Schön use
the term congruence to describe the alignment of one’s “theory-
in-practice” (what they actually do) with their “espoused theory”
(what they claim to do).39 Using this framework, Jaap Buitink38

looks at the way student teachers develop and modify their
practical theories while immersed in a school-based teaching
program. The researcher defines a well-developed practical
theory as one that takes into consideration the actual learning
process of the students, rather than just their own perspectives,

performance, or classroommanagement concerns. Buitink refers
to this mediocre practical theory as a teacher simply looking for
“survival”. Velasco and Stains14 used this same framework to
investigate the relationship between tutor behaviors and
perceptions of teaching. One difference between these two
studies is that student teachers had undergone formal training to
be a teacher, whereas the tutors had not.
Peer instructors offer a unique opportunity to explore the

concept of practical theory, as they exist in the same realm as
students, having remarkably similar prior experiences and
perhaps even day-to-day experiences as the students they
teach. However, in the case of TIs, their pedagogical training
differentiates them from most tutors. Moreover, their training is
continuous and concurrent to their teaching duties, which
evidence suggests is necessary for novice instructors to be able to
successfully apply theory to practice.21,40 Much of the TIs’
training stems from the ideas associated with Meaningful
Learning Theory and neuronal networks. David Ausubel writes
that meaningful learning occurs when new information is
purposefully linked to a person’s prior knowledge.41 This means,
at the very least, an instructor must accept that all students have
unique experiences that shape their prior knowledge (i.e., they
are not “blank slates”), and they must find ways to access that
knowledge. James E. Zull brings in a tangible component to this
discussion, referring to networks of neurons and synapses that
fire and strengthen (or weaken) with experience and thus shape
a person’s knowledge construction.42 Both of these models are
introduced to the TIs early on and shape the way other training
topics, such as analogies and alternate conceptions, are
approached. Thus, the TIs’ espoused theories, and perhaps
practical theories, were expected to be influenced by these ideas
during their time in the program.
This study uses observations to characterize TIs’ practices,

coupled with their written reflections to expand upon their
practices and gauge their beliefs about their teaching methods.
An in-depth look at a subset of TIs over varying intervals of time
in the TI program will help to elucidate how the TIs’ practical
theories shift, if at all, and if there is congruence between their
practice and espoused theory.

■ RESEARCH QUESTIONS
The guiding questions behind this investigation seek to paint an
overall picture of what a typical office hour looks like for a TI,
and how that relates to their own perception of their teaching
practices. The three research questions (RQs) are as follows:
1. To what extent do peer instructors’ use of monologic and
dialogic verbal behaviors change over time? (Dimension
#1)

2. To what extent does the content of the interactions
between peer instructors and their students change over
time? (Dimensions #2 and #3)

3. To what extent does the alignment between a peer
instructor's teaching beliefs and their actual teaching
behaviors change over time?

■ SETTING

Location
Rutgers University is public research-intensive university,
serving as New Jersey’s flagship university. Each year, Rutgers
hosts approximately 70,000 students, including 20,000 graduate
students. The TIs in this study assist students in the General
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Chemistry course, which enrolls approximately 2,000 students
per semester. The courses are taught by four to five different
instructors each semester, but all students complete common
exams, quizzes, and online homework. In addition to lectures, all
students attend a weekly recitation. Each week, the TIs hold
numerous supplemental help sessions such as office hours and
workshops.
The Teaching Interns
At Rutgers, the undergraduate Certificate in Chemistry
Education (CCE) program was founded in 2015.43 This nine-
credit program includes a Pedagogy Course and teaching
experience for both the General Chemistry courses (via the
Teaching Internship) and the laboratory (Table 1). Addition-

ally, undergraduate students can become involved in the
Teaching Internship separately, without earning the certifi-
cate.10 Students are invited to apply and interview for either the
CCE program or the Teaching Internship based on their success
in General Chemistry, though an “A” in the course is not
required. Approximately 15 students are selected to enroll in the
Pedagogy Course and 40−50 in the Teaching Internship each
semester. In a given semester, nearly half of the TIs are returning
(second- or third-year TIs).
Students in the Pedagogy Course (“CCE-TIs”) complete

readings, activities, and assignments intended to provide a
thorough background in numerous topics of chemistry and
science education, including the theories of constructivism,
mental models, metacognition, and multiple representations. As
part of the course, they also held one office hour per week for
General Chemistry. While those in the Teaching Internship also
receive weekly training in the form of staff meetings, it is
primarily focused on best practices, such as ways to get students
to work together, how to construct effective questions, and how
to scaffold learning. They hold approximately two learning
sessions per week, in the form of office hours, workshops, or as
recitation facilitators. For the duration of this study, one author
(E.L.A.) was the instructor for both the Pedagogy Course and
the TI staff meetings, and coordinated the CCE program.

■ METHODS

Observations
Observations of six TIs in their office hours were conducted over
four semesters, spanning Fall 2017 to Spring 2019. Broadly

speaking, a TI’s role during office hours is to assist the students
with the questions they bring. Students are not given any
particular guidelines for how to utilize office hours, and some
choose to bring specific problems to tackle, such as incorrect
items from their old exams, while others have only general or
vague ideas of the difficulties they would like to address. Office
hours were selected as the target for observations for several
factors. First, office hours are unstructured in that TIs are not
expected to prepare any formal activity or lesson (as would be
the case in a workshop), and students typically attend with their
own individual purposes in mind (as opposed to a recitation).
Thus, it was expected that the TI-student interactions would be
more organic, centered around actual student difficulties and
less bound to a single topic. Second, office hours were more
accessible to students, as they were held during a six-hour block
every weekday and students could come as they pleased, as
opposed to workshops, for which students needed to sign up
ahead of time. Greater accessibility would hopefully lead to a
greater diversity of students. Lastly, office hours were more
conducive to observations, as the TIs remained in the same
general location, enabling extended conversations with students,
rather than moving around the room such as during a recitation.
The six TIs in this study were each observed in office hours

during their second week in the program, and then again at
varying intervals: two TIs each were recorded over one semester,
one year, or two years as a TI. The TIs that were selected for this
analysis were chosen largely due to convenience. Most second-
and third-year TIs move on to holding more “senior” type
learning sessions (e.g., workshops, recitations), so opportunities
to observe the same TI over extended periods of time in their
office hours were limited. Further, there was a number of
instances in which the office hour attendees (General Chemistry
students) did not consent to participate in the study and thus
that particular TI was unable to be recorded during the
necessary weeks of data collection. More logistical obstacles,
such as audio quality on a particularly busy day, were a minor
factor. Of the TIs who fit the longitudinal criteria and whose
observations were suitably recorded (N = 12), the selection of
the final six attempted to control for gender and whether or not
the TI enrolled in the Pedagogy Course, where possible. When
all factors were equal, the final selection was made by random
choice.
The room in which office hours are conducted is a large, open

room full of tables and serves as a popular campus study space.
The TIs have two large tables and a white board reserved for 6 h
each weekday, with one TI per hour, and students may drop in at
any time. Typical attendance is 3−5 students at any given time,
though 10−12 students at once is not uncommon during exam
weeks. Video data collection was not suitable due to (1) being a
shared room and (2) the possibility of being a deterrent for
students seeking help. Instead, audio data was collected and the
observer (E.L.A.) took notes of nonverbal behaviors and other
details.
Audio data was transcribed verbatim with timestamps by the

author (E.L.A.) using NVivo 11. A sampling technique was used
to analyze the data in part because of the challenges described
above; for example, having amixture of students who did and did
not consent to be recorded in a single office hour meant only
portions of an office hour could be collected. To allow the TI to
acclimate to the observation, the first five minutes are excluded
from analysis. Afterward, the next ten minutes and the final ten
minutes are coded. If extraordinary differences between the two
sets of data arose, a contingency plan was put into place such that

Table 1. Certificate in Chemistry Education (CCE)
Coursework and Requirementsa

Course
Length

(Semesters)

Credits
per

Semester
Weekly

Requirements

Introduction to Chemistry
Education (Pedagogy
Course)

1 3 Flipped Class:
80 min

One Learning
Session: 1 h

Written
Reflection

Teaching Internship 2+ 1−2 Staff Meeting: 1 h
Multiple Learning
Sessions: 2−4 h

Written
Reflection

Teaching a Chemistry Lab 1+ 3 Lab Training: 3 h
Teaching: 3 h

aReproduced from Atieh et al.4
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an additional five minutes of data would be analyzed; however,
after initial coding, the researchers independently agreed that
this extra step was not necessary.
Analysis of Transcripts

Cole et al. state that the selection of a unit of analysis is a key step
in discourse studies.30 Units of analysis are the individual
portions that are coded and may be complete thoughts or
sentences, turns of speech, or time. Casual dialogue, such as that
found in these observations, does not always include complete
sentences, and quantifying a “complete thought” proved to be
subjective. Using the turns of speech as a unit had the potential
to mislead as well, as lengthy explanations by the TI would be
obscured by coding it as a single turn. As this study aimed to
provide a snapshot of how the TI spent their office hour, it was
most reasonable to use length of time as the unit of analysis.
Open-coding of the audio data consisted of a short description

of the TIs’ and students’ actions or type of speech (e.g., asking a
question, giving advice, etc.). Upon discussion with the second
researcher (D.M.Y.), a second round of coding was performed to
further clarify these actions and speech using a finer grain (e.g.,
asking a recall question, giving course advice). This coding
scheme was organized and placed into a spreadsheet with
examples for training. The second researcher coded approx-
imately 15% of the data chosen at random from each TI. The
initial overall agreement was 81%. After modifying some of the
definitions and discussing each of the discrepancies, a full
agreement on the coding scheme was attained. The full coding
scheme can be found in the Supporting Information Table S9
along with examples of each.
As described in the Background of this paper, discourse was

analyzed using three different dimensions (Figure 1).
The first dimension of discourse (direction) sought to address

RQ1, determining whether TIs adjusted their speech to
encourage information to flow both ways or if they
predominantly spoke at the student. Discourse was classified
as “monologic” if the information given by the TI to the student
was strictly intended to deliver a specific message.44 Discourse
was coded as “dialogic” if the TI was actively eliciting
participation from the student, such as through questioning or
prompting. If no information was being communicated or

elicited (such as a TI trying to solve a problem independently),
the action was coded as “noninteractive”.
The second dimension (type) used to analyze the data is

based on the type of information being communicated and
partially addressed RQ2. Information was classified as “knowl-
edge” if new information was being shared or elicited by the TI.
For example, if a TI initiated an explanation of some chemical
phenomenon, this was coded as “knowledge”. The other type of
information involved the revoicing of previously discussed
knowledge and questions to check mutual understanding. This
was coded as “common ground”.
The “knowledge” code was further dissected based on the final

dimension (depth). For monologic discourse, a distinction was
made when TIs included detailed reasoning (deep) versus no
reasoning (shallow) when providing knowledge. For dialogic
discourse, questions posed by the TIs were classified under one
of 16 types described by Graesser and Person.37 The required
length of response37 and number of possible answers were used
to categorize knowledge questions as deep or shallow: questions
requiring both longer answers and for which there were multiple
possible answers were classified as deep, while shallow questions
met one or neither of these requirements. Examples of these
question types can be found in Table 2, and the full list of all 16
question types is provided in the Supporting Information (Table
S10).
Written Reflections

Each week, TIs submit their written reflection to a forum on the
course management Web site. Reflections are semiguided and
generally include open-ended questions about their takeaways
from their learning sessions and weekly training (or Pedagogy
Course). A sample prompt can be found in the Supporting
Information. Reflection posts were analyzed for each TI in this
study, primarily focusing on the ways TIs describe their roles,
teaching beliefs, and personal changes that they perceive.
IRB

All methods and procedures discussed herein were granted IRB
approval under protocol #15-813M with annual renewal. All
participants in this study, including General Chemistry students,
provided their informed consent.

Figure 1. Hierarchy of the three dimensions of discourse used to describe TI office hours.
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■ ONE SEMESTER: CHARLIE AND THEO
Charlie and Theo both began in the Fall 2017 semester as TIs,
though Theo was enrolled in the Pedagogy Course, while
Charlie was not. As detailed below, both TIs began their
respective programs with similar discourse profiles and make
comparable transformations over the course of the semester
(Figure 2, Table 3). Though their training was slightly different,
both TIs discussed the pedagogical knowledge they gained and
how they applied such knowledge when working with their
students.

Charlie
At the very beginning of the TI program, Charlie described his
overall teaching strategy as one who guides their student into
understanding (Figure 3). It is unclear how he defines the word
“guide”, but he seems to value students’ conceptual under-
standing via his words “understand what the formulas mean”.
Discourse analysis of his first observation shows that more than
50% of his time is spent utilizing monologic discourse�largely
shallow knowledge-telling (Figure 2). Regarding his dialogic
discourse, Charlie asked 14 questions to his student, of which
approximately two-thirds were classified as low-level (Table 3),
and he spent nearly 10% of his time thinking to himself or
solving a problem without interacting with the student. That
week, Charlie wrote that during his observed office hour, he was
confident in his ability to answer students’ questions effectively
and felt that his approach to problem-solving was “more
organized and understandable” than the students’ approach.
While his reflection also indicates that he values assessing
student understanding (via practice questions), this was not
something he was able to prioritize or practically achieve.
After the next week of office hours (Week 3), Charlie seemed

to recognize that he was doing too much explaining and instead
should have allowed the students to initiate the problem-solving.
Notably, that week’s training covered the topic of Meaningful
Learning Theory, where TIs engaged in activities that
encouraged them to consider the unique knowledge con-
nections (“neuronal networks”) that each student brings. For
the following weeks, Charlie’s takeaways from the weekly
meetings centered around gaining access to his students’
knowledge and thought processes. For example, in Weeks 5
and 7, Charlie seems to invoke the neuronal network model
from training, stating that by uncovering students’ knowledge
connections and reasoning, he feels he can improve their
conceptual understanding.
During Week 8, the TIs had a chance to practice (and model)

their office hours with their fellow TIs acting as students. This
week did not introduce any new training material, so this
provided an opportunity to see what teaching practices TIs
noticed (and perhaps valued) from their colleagues, many of
whom had at least a year of prior TI experience. Charlie picked
up on the fact that other TIs used a scaffolded approach with
their questioning in order to negotiate understanding between
the TI and “students”, and stated that it was something he might
be interested in trying. This seems fitting with a recurring theme
in Charlie’s reflections regarding accessing and assessing
students’ understanding.
In Charlie’s second observation (Week 14), there were several

notable changes compared to his first. The proportion of time
spent engaging in dialogic discourse increased, while that of
monologic discourse decreased and within both, the relative
percentages of shallow knowledge decreased (Figure 2). With
that, the number of questions he asked doubled to 29, with 13 of
them being high-level questions, representing a larger
proportion than his first observation. Accordingly, the amount

Table 2. Classification of TI Question Types

Question
Typea

Length of
Response

Number of
Possible
Correct
Responses Depth

Example from
Observations

Verification Short Single Shallow Do you need the mass of
the electron?

Feature
specification

Short Single Shallow What column is calcium
in?

Definition Long Single Shallow What is the Heisenberg
Uncertainty Principle?

Example Long Multiple Deep Can you give me an
example of when this
equilibrium would
shif t the other way?

Enablement Long Multiple Deep So what will help us
determine the order of
this reaction?

aQuestion types adapted from Graesser and Person.37 A complete list
of the 16 question types can be found in the Supporting Information
(Table S10).

Figure 2. Pie charts illustrate the breakdown of discourse type for
Charlie (top) and Theo (bottom) in their first observations (left) and
their second observations conducted 1 semester later (right). TI verbal
behaviors were classified as “dialogic” or “monologic”. Instances in
which the students were speaking or working are labeled “Student”,
while noninteractive time spent is labeled “None”.

Table 3. Number of Questions Posed by TIs in Their First
and Second Observations

Charlie Theo

Question Type 1st 2nd 1st 2nd

Low Level 9 16 10 18
High Level 5 13 3 9
Total 14 29 13 27
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of active student time doubled, and there was no evidence of
noninteractive time. Looking toward his reflection from that
week (Week 14), which included an overall reflection of the
semester as well, Charlie acknowledged that his teaching
practices have shifted to a more student-centered approach,
giving the student more space to work through a problem rather
than jumping into explanations. Charlie frames this as a benefit
for his own teaching, as this strategy helps to identify student
difficulties and monitor their understanding, reminiscent of his
Week 4 reflection.
Charlie’s final reflection suggests that some of his trans-

formation may be attributed to the training, stating that the
meetings helped him to develop his communication skills and
provided the knowledge needed for asking questions, approach-
ing students’ misconceptions, and using analogies. One specific
tie back to the weekly meetings is Charlie’s effort to use the word
“our”, as in “make each problem “our” problem”. This approach
was emphasized by the instructor (E.L.A.) during the second
week’s meeting, as a strategy to build trust and mutual
responsibility between the TI and their students.

Overall, Charlie began and ended the semester by using the
word “guide” to describe his teaching strategies, despite the fact
that his observations paint two different pictures of teaching.
While his reflections generally mirror the trends gleaned from
the discourse analysis, there are some exceptions worth
considering. For example, Charlie did not change the amount
of time spent establishing common ground with his students,
which may have been expected given his focus on arriving at
mutual understanding in his reflections. Nevertheless, it would
appear that his beliefs about teaching (espoused theories) were
more aligned to his actual practice at the end of the semester,
compared to the beginning.
Theo

In Theo’s first reflection post, he states that he does not want to
“lead” his students but will “redirect” them if they are having
difficulties (Figure 4). Similar to Charlie’s second reflection,
Theo concludes by saying that he wants to learn how to get his
own thinking across to students. In fact, the two had several
remarkable similarities when they first began the program. Just

Figure 3. Excerpts from Charlie’s reflection posts throughout the semester. The middle column lists the topic for that week’s training, with the darker
text representing the weeks from which reflections are presented here. Asterisks (*) denote the weeks of observations. Quotes on the left side are in
response to the reflection prompts concerning teaching and TIs’ learning sessions, while quotes on the right side address the TIs’ “takeaway” messages
from their weekly training. See the Supporting Information for an example of a reflection prompt.
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over half of Theo’s discourse in the first observation was
monologic in nature, with the bulk of that being in the form of
shallow knowledge (Figure 2). Regarding his dialogic discourse,
Theo asked 13 questions and over two-thirds were low-level
(Table 3). However, unlike Charlie, Theo spent near equal
amount of time working on the problems individually (i.e.,
noninteractive) as the student did working or speaking. When
writing about this particular week, Theo used his reflection space
to describe one challenge that arose when his expectations of a
student did not align with reality. He found that while he tried to
“explain” electron configurations, she lacked some of the
foundational pieces of knowledge. This matches the predom-
inance of monologic discourse observed and the limited student
dialogue illustrated in Figure 2, and suggests that Theo was
aware that he relied mainly on explanations to exchange
knowledge. It is possible that this is the type of scenario he
referred to when using the word “redirect” in his first reflection.
During Week 8, TIs in the Pedagogy Course were tasked with

observing another TI’s office hours as part of a graded

assignment. One strategy that caught Theo’s attention was the
way another TI handled a student’s alternate conceptions, a
course topic that had been covered in Week 4, which he alluded
to again in Weeks 11 and 14. It is noteworthy that he discusses
this concept multiple times throughout the semester, weeks after
it was covered in class. Theo also frequently invoked his
knowledge of Meaningful Learning Theory by applying it to the
topic of analogies (Week 6) and described the importance of
ascertaining students’ prior knowledge in Week 11. This
contrasts with Theo’s reflection on his first observation in
which he made assumptions about his student’s prior knowledge
and struggled with helping her as a result.
Over the semester, Theo used his reflections to describe the

changes he noticed in the way he conducted his office hours. He
acknowledged his unidirectional teaching approach, as well as
the efforts he was making to change (Week 5). In the following
weeks, he appears to find his “niche” in coordinating students to
work together. Like Charlie’s use of the word “our”, Theo
described problem-solving in solidarity with his students (Week

Figure 4. Excerpts from Theo’s reflection posts throughout the semester. The middle column lists the topic for that week’s Pedagogy Course, with the
darker text representing the weeks fromwhich reflections are presented here. Asterisks (*) denote the weeks of observations. Quotes on the left side are
in response to the reflection prompts concerning teaching and TIs’ learning sessions, while quotes on the right side address the TIs’ “takeaway”
messages from class. See the Supporting Information for an example of a reflection prompt.
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14) and the perceived benefits of doing so, suggesting that his
focus shifted from transmission of the correct information to
knowledge building. Accordingly, Theo’s discourse analysis
from Week 14’s observation showed a notable increase in the
amount of student activity or dialogue, as well as an increase in
his dialogic discourse (Figure 2). Like Charlie, he doubled the
number of questions he asked in total, and 9/27 of those
questions were at the higher level. Further, the monologic
discourse he used was largely that of deep knowledge, and the
amount of noninteractive time he spent dropped to nearly zero.
Like Charlie, Theo began his first semester by providing some

guidance or direction, but did not elaborate on what that meant
specifically, and both TIs seemed to imply that part of their role
is to hold the correct knowledge and then lead students to the
same understanding. Theo’s observed teaching went from
largely monologic or noninteractive to more student-focused,
and Theo’s written reflections generally support the claim that
he was cognizant of these changes. Like Charlie, as Theo
progressed in the semester, his actual practice appears to become
more closely aligned to the practices he espouses in his early
reflections.

■ ONE YEAR: NOUREEN AND VIDYA
Like Charlie and Theo, Vidya began her journey as a TI in the
Fall of 2017, while Noureen started in Fall 2018. Neither
Noureen nor Vidya had taken the Pedagogy Course during the
time of this study. For the sake of brevity, the remainder of the
TIs’ reflection excerpts can be found in the Supporting
Information (Tables S1−S4).
Noureen

In Noureen’s first reflection, prior to teaching, she discussed the
importance of not “talking at” students, but rather conversing
with them (Table S1). However, from first glance, Noureen’s
initial office hour looked similar to that of Charlie’s and Theo’s,
with nearly one-half coded as monologic discourse and both
dialogic discourse and student activity making up less than a
quarter each (Figure 5). One difference was that much of her
monologic discourse was of the type deep knowledge. That is,
Noureen provided reasoning behind the explanations for her
student, rather than only bare facts. When writing about her
office hour that week, she states that the student was very eager
and asked many questions. If Noureen was encouraged by the
student’s enthusiasm, she may have been more inclined to
provide deeper explanations of the content.
Another point of interest is that Noureen asked the most

questions (18) of all TIs in their first observation (Table 4).
These were nearly all low-level questions (15/18), thus
belonging to dialogic shallow knowledge, which was a contrast
to the deep knowledge conveyed in her monologic discourse.
Upon closer inspection of the transcript, there were multiple
instances in which Noureen posed several questions, with one
rapidly after the next, despite the fact that the student had not yet
answered the first. One possibility is that Noureen interpreted
the students’ brief silence as confusion and felt her questions
were not suitable, and thus she needed to ask another. Another
possibility is that her rapid questioning may have been an
attempt to keep her student engaged, a goal that she mentioned
throughout her reflections (e.g., Semester 1, Week 4). This habit
was not something Noureen indicated that she was aware of
until her Week 7 reflection. That week, the topic of training was
applying the ideas of Meaningful Learning Theory and neuronal
networks to reflection. She writes:

I learned the significance of letting students “digest” the
information they learn and giving them the time to truly
understand the material they are being taught. The idea
that the smart students are the students that learn fast is
simply wrong. (Semester 1, Week 7).
This lesson comes back at the end of the following semester,

when Noureen reflects on the changes she had noticed in herself
since her first office hour:

Compared to my first learning session, I think I am more
confident and comfortable. I try to make my learning
sessions more relaxed so students feel comfortable asking
questions or getting an answer wrong... I also feel like I have
learned to give students more time to answer a question or
figure out a solution instead of rushing to help them answer
a question. (Semester 2, Week 12).
As mentioned, student engagement was a common theme

found throughout Noureen’s reflections. This was something
she picked up on and practiced while observing the other TIs
duringWeek 4 “roleplay” office hours, and she implemented this
strategy in the coming weeks, albeit not without some challenges
along the way (e.g., Semester 1, Weeks 6, 8).

Figure 5. Pie charts illustrate the breakdown of discourse type for
Noureen (top) and Vidya (bottom) in their first observations (left) and
their second observations conducted 1 year later (right). TI verbal
behaviors were classified as “dialogic” or “monologic”. Instances in
which the students were speaking or working are labeled “Student”,
while noninteractive time spent is labeled “None”.

Table 4. Number of Questions Posed by TIs in Their First
and Second Observations

Noureen Vidya

Question Type 1st 2nd 1st 2nd

Low Level 15 10 2 8
High Level 3 11 1 10
Total 18 21 3 18
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Noureen began her second semester in a similar fashion as the
first, by emphasizing the importance of being personable with
her students and her interest in collaborative learning (Table
S2). In her second observation, Noureen demonstrated a
notable increase in the amount of time students spent working
or talking, representing over half of the total time observed.
While the monologic discourse decreased overall, her use of it
was primarily to convey deep knowledge or establish common
ground. Interestingly, she was the only TI to actually see a
decrease in the dialogic discourse; however, this is likely due to
the increase in student talking/activity. Moreover, the
distribution of her dialogic discourse was more equitable across
the types of questions she was asking (10 low-level vs 11 high-
level), which was a marked change from her first observation
(Table 4). In her reflections, she wrote that she now finds value
in letting students take a stronger lead when solving problems,
rather than intervening immediately�something she recog-
nized that she used to do (Semester 2, Weeks 10, 11, 14). At the
end of her one year, Noureen wrote that she found joy in
watching the students find their own success:
My office hours went well this week... we were able to work
on last year’s exam and work out problems on the
whiteboard. I feel like I am doing a good job with a student
when they have an “Aha!” moment... It is an amazing
feeling when you see a student connect the dots and
understand a difficult topic. (Semester 2, Week 15).

Vidya

Similar to Charlie and Theo, Vidya described her overall
teaching approach one who guides their students and clarified
that it can be in the form of “giving them a simple hint” (Table
S3, Week 1). This seems to contrast with her first observation
the following week (Figure 5). Looking at the breakdown of her
office hour, Vidya actually had the lowest proportion of
monologic discourse of all of the TIs observed, with the caveat
being that she spent much of her time (over one-third) working
independently. Looking at the transcript of her first office hour,
the pattern was one in which a student would ask a question, she
would solve it on her own to be sure she understood it, and then
explain her steps. Throughout this, she had only asked a total of
three questions (Table 4). In her reflection, Vidya provided
more context:
Although there was one challenging question that took up a
lot of time, I did explain the steps to follow but did not reach
the answer, so the next TI came and I told her what I think
we should do... Overall it went well, and we figured out the
problem as well... I think I should have taken my old notes
with me, which would be helpful to refer to. (Semester 1,
Week 2).
It is worth noting, however, that the observation covered

more than just the single challenging problem. Further, the only
description of her teaching strategy alluded to using monologic
discourse, i.e. “explain the steps to follow”.
Throughout the remainder of Vidya’s first semester, her

reflections discussed the challenges she faced with shifting
toward a more student-centered approach, but remained firm in
her belief that it is a more effective way to teach (e.g., Semester 1,
Weeks 5, 8, 11). For instance, in Week 5, she expressed
satisfaction in that her students were able to come up with
answers on their own when she offered minimal guidance, but
she seemed to lament the fact that she still reverted tomonologic
discourse for students who lacked the necessary conceptual
foundation. Following Week 3’s training (Meaningful Learning

Theory), Vidya had written that her main takeaway was “to build
on [students’] education and experiences in chemistry and try to
find a common ground of communication with the students that
will help them understand better”. It may be that when Vidya felt
the students lacked prior knowledge, she would resort to a more
monological approach. As Wells and Arauz33 write, the goal is
not to classify one form of discourse as good and the other as
bad, but to acknowledge the purpose and value of both. In
contrast to Vidya’s overall satisfaction with her first observation,
which was largely noninteractive or monologic, she viewed her
own teaching approach in Week 5 with a more critical and
discerning lens.
Over the two semesters, Vidya reflected on changes she

noticed within herself. Two recurring themes were her increased
confidence (e.g., Semester 1, Weeks 13, 14) and that, despite
some challenges, she did feel that she improved as a listener
(Semester 2, Week 15) and in her ability to get students more
engaged in their learning:

In office hours, if a student has already done a problem I
would let them explain it to the student who has trouble
doing that problem. I do think I have been encouraging
students to work in groups or through discussions since it
[is] the best way of learning. (Semester 2, Week 10).
These changes are reflected in the discourse analysis of her

second observation (Figure 5). This office hour saw an increase
in both the amount of student activity, as well as in her dialogical
discourse. Fittingly, there was a marked decline in the amount of
noninteractive time. More specifically, she had a greater parity of
deep and shallow knowledge for both discourse categories, and
the amount of questions she posed to her students jumped from
3 to 18 (Table 4). Part of this transformation may be due to her
increase in confidence. With that boost, Vidya may not have felt
the need to solve problems on her own before working with the
students, as was the case in her first observation. Moreover, that
she felt more competent in her abilities to listen, to pose
questions to her students, and to facilitate group learning may
also be contributing factors. Vidya concluded her TI journey by
crediting some of her transformation to the practice office hours:

There was something to learn from every meeting and it all
went toward becoming a better TI, instructor and mentor.
For me practice office hours were the most memorable.
Though they were very anxiety-causing I got to learn a lot
by just looking at how others taught and also got to learn
from my [mistakes] as well as others mistakes. To be able to
recognize where the student stands in his/her understanding
of the subject and finding common grounds to talk about it
is one of the most important things that I have learned as a
TI. (Semester 2, Week 15).

■ TWO YEARS: ELEANOR AND NIAN
Eleanor and Nian were both enrolled in the Pedagogy Course at
the same time as Theo, in the Fall of 2017, and continued on in
the TI program through Spring of 2019. Both had comparable
discourse profiles (Figure 6) when they began their tenure as a
TI, as well as similar journeys over the years. However, their
reflections highlight some key differences (Tables S5−S9).
Eleanor

From the very beginning, Eleanor was cognizant of what she
considered to be her weaknesses regarding her abilities to
communicate her thoughts on-the-fly and to ask questions
rather than explain the content (Table S5, Week 1). She
indicated that she had prior experience as a tutor, which may
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help to explain her well-articulated sense of her teaching
competencies. During the week of her observations, she
expressed concerns that she had done too much explaining,
which she attributed to the student’s inability to answer the
question she posed (Semester 1, Week 2), echoing a challenge
Theo also described that week (Figure 3). She concluded with a
goal of asking more specific questions in order to mitigate these
issues for next time. Despite this assessment, Eleanor’s first
observation actually included the most amount of student
activity compared to the other TIs’ first observations (Figure 6).
Still, half of her observation was monologic in nature, and the
dialogic discourse was virtually all shallow knowledge.
Accordingly, all nine of the questions she posed were low-level
questions (Table 5).

Throughout Eleanor’s first semester, she invoked the ideas of
dialogic and monologic (referred to in the Pedagogy Course as
“univocal”44) discourse frequently in relation to her teaching.
For example, she described a successful learning session as
“...one in which the TI and students are carrying out dialogic
discourse... the TI should not be lecturing, unless the student
demonstrates no basic understanding of the concept” (Semester
1, Week 11). Like Vidya and Noureen, Eleanor believed that the

type of discourse a TI uses should be dependent on the context
and student and appeared to use this as a standard for evaluating
her learning session each week: for example, in Week 8, she
expressed dissatisfaction with her perceived overuse of
monologic discourse. However, by the end of the semester,
she felt as though this was where she achieved her greatest
improvement: “The biggest change I’ve noticed about my
teaching is, ironically, that I do not teach as much as I used to... I
tend to askmore questions to students in a way that pushes them
to learn concepts on their own.” (Semester 1,Week 14). Perhaps
relatedly, Eleanor also felt that she improved in her ability to
verbalize her thoughts (Semester 1, Week 1 vs Week 14).
In her last semester as a TI, Eleanor’s goals for teaching now

centered around accessing students’ prior knowledge via
questioning, writing that “effective teaching requires under-
standing your student’s knowledge level. Your teaching
approach will vary for different types of students, and this is
why it’s so important to first gauge student understanding”
(Semester 4, Week 1). She identified her weakness in this area in
Week 5, as she wrote that she tended to stay at the “lower levels
of Bloom’s Taxonomy”, a reference to the training from two
weeks prior. Further, there were multiple weeks in which
Eleanor cited her other perceived weakness, eliciting student
engagement (Semester 4, Weeks 10, 15). However, her second
observation showed that her overall discourse profile looked
quite different from her first observation in nearly every regard
(Figure 6). This observation was the most student-centered of
all observations conducted, and her office hour went from just
about half monologic to less than one-fifth. As such, it was
curious that she felt she was still struggling with the amount of
“lecturing” she did. It could be speculated that Eleanor’s lack of
confidence led to a discrepancy between her perception and her
actual practice; however, a further look into her final reflection
appears to dispute this:

I feel that I have learned how to approach problems that I
do not immediately know how to solve and work through
them with students in a much more calm manner than
before. I’ve learned that it is okay to make mistakes in front
of students and to remain confident in my learning sessions.
(Semester 4, Week 15).
Alternatively, it may be that as Eleanor gained teaching

experience and pedagogical knowledge, she became better-
equipped in her self-monitoring skills and ability to judge her
own learning sessions; that is, the more she learned, the better
she became at identifying her faults. Like Vidya, Eleanor viewed
her learning sessions with a discerning lens, which was reflected
in her writing. Given that she began the Pedagogy Course with a
well-formed sense of her abilities and weaknesses, which she
revisited in subsequent reflections, it is possible that her
tendency toward self-critiques is simply part of her nature.
Nian

Nian’s first observation did not stand out in any notable way
compared to the other TIs: predominantly monologic, with
emphasis on shallow knowledge (Figure 6), and he posed six
questions total, of which five were low-level (Table 5). In his first
reflection, prior to his observation, he wrote that he enjoys
“teaching and explaining so others learn and do not simply get
questions right” (Table S7,Week 1). However, he went on to say
that this task requires him to “think from different perspectives
as well”. While his satisfaction from explaining may have
accounted for the monologic discourse that dominated his first
observation (Figure 6), he seemingly acknowledged student

Figure 6. Pie charts illustrate the breakdown of discourse type for
Eleanor (top) and Nian (bottom) in their first observations (left) and
their second observations conducted 2 years later (right). TI verbal
behaviors were classified as “dialogic” or “monologic”. Instances in
which the students were speaking or working are labeled “Student”,
while noninteractive time spent is labeled “None”.

Table 5. Number of Questions Posed by TIs in Their First
and Second Observations

Eleanor Nian

Question Type 1st 2nd 1st 2nd

Low Level 9 6 5 9
High Level 0 8 1 14
Total 9 14 6 23
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differences and the need to understand knowledge in different
ways. This was a subtle difference from Theo and Charlie, who
both expressed wanting to transmit their specific way of thinking
to their students. Further, while his postobservation reflection
suggested that he was satisfied with the fact that he was “able to
provide a lot of tips on how I used to solve the problems”
(Semester 1, Week 2), he did not indicate that he found his
methods to necessarily be better.
Nian’s aim to be open-minded remained a common theme

throughout his first semester of reflection, writing that he
enjoyed helping “different types of students” and, following his
observation of another TI, stated that he liked the idea of
encouraging his students to approach questions from multiple
perspectives and sharing their strategies among each other
(Semester 1, Weeks 4, 8). Perhaps accordingly, he later
described a successful office hour as one which utilizes more
collaborative learning:
A proper office hour should be one in which the TI is
engaging with the students, having the students actively work
together building off each other’s ideas, and motivating
students to learn. The TI needs to be prepared and
enthusiastic about helping students. (Semester 1, Week 11).
At the conclusion of his first semester, he attributed his shift

toward more student engagement to his teaching experiences,
stating that he adapted his preparation each week based on the
previous weeks, as well as to the content stressed in the
Pedagogy Course (Semester 1, Week 14).
These themes carried over throughout Nian’s time as a TI,

into his fourth semester, where he expressed confidence in his
command of the content and reinforced his belief that “thorough
understanding” means thinking about the content in “many
different dimensions” (Semester 4,Week 1). By this time, Nian’s
reflections indicate that he had included more collaborative
learning in his teaching, utilizing group work and the white
board space in his office hours (e.g., Semester 4, Weeks 3, 5).
These patterns were reflected in his second observation, in
which the majority of his time recorded was consumed by
student dialogue/activity, while the rest was largely dialogic in
nature. Reflected in this breakdown is the fact that Nian asked 23
questions, of which 14 were high-level (Table 5). This was in

spite of the fact that, in Nian’s view, the students did not have a
strong foundation for the content that he perceived to be
challenging. Of note, however, he also wrote that “we were able
to work through it”, a sentiment of solidarity previously shared
byNoureen andCharlie (Semester 4,Week 15).While Nian had
endorsed many of these principles in his first semester, he was
not necessarily able to implement them. However, by his fourth
semester, Nian’s espoused theories were more aligned with his
practical theories.

■ CROSS-CUTTING TRENDS

Direction of Discourse

The previous sections of this work describe the manner in which
TI-student discourse evolves over time. At the time of their first
observations, all six TIs in this study were second-year science
majors (3 pharmacy majors, 3 life science majors) and had not
previously been TIs, nor had they reported any sort of formal
pedagogical training when applying for the program. Still, this
does not preclude individual differences in the data from their
first observations. Each TI enters the program with their own
beliefs about teaching and learning, shaped largely by their
individual experiences with 12+ years of formal education, and
they undoubtedly have variations in their communication skills
and confidence levels. For this reason, caution should be
exercised when interpreting results in order to avoid over-
generalizations. Instead, the results presented here can be
considered holistically, through comparisons across multiple
sources of data, as well as between cases, in order to construct a
more complete story.
Figure 7 summarizes the progression of all six TIs over time

with regards to the first measured dimension of discourse, the
direction of information. Generally speaking, a pattern emerges
for all four categories as the TIs gain experience: increases in
dialogic discourse (minus Noureen) and student dialogue/
actions, with decreases in monologic discourse and non-
interactive time. For all of the TIs, monologic discourse
comprised the largest percentage of the total time in their first
observation. Further, with the exception of Eleanor and Nian,
each TI’s percentage of dialogic discourse was comparable to

Figure 7. A summary of the changes in discourse between TIs and General Chemistry students, classified as dialogic, monologic, student dialogue/
activity, or noninteractive. Open circles correspond to the percentage of total discourse (by amount of time) that was coded in the first observation,
whereas the solid-colored squares represent the percentage of total discourse from the second observation.
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their respective percentage of student dialogue/activity in the
first observation. Monologic discourse and student dialogue/
activity generally saw the largest shifts across all of the TIs.
Type and Depth of Discourse
Figure 8 provides additional data as to how the second and third
dimensions of discourse, type and depth of information,

changed over the course of these observations. In this figure,
the data points represent the differences in the relative
contributions of each discourse type/depth between the TIs’
first and second observation. Specifically, the relative percen-
tages of deep knowledge, shallow knowledge, and common
ground were determined for both dialogic and monologic
discourse (e.g., “What percentage of the dialogic discourse was
labeled “common ground”?”). The difference between the
relative percentages in the first and second observation is plotted
on the graph. This method allowed for a comparison of these
two dimensions across TIs, which may not have otherwise been
possible if there were large differences in the total amounts of
monologic and dialogic discourse. For example, Nian overall
declined in the amount of time spent engaged inmonologic deep
knowledge (from 18.5% to 9.8%, Table S11) between his first
and second observation. However, deep knowledge represents a
larger percentage of his monologic discourse in his second
observation compared to his first (from 30.1% to 78.4%, Table
S12). Being that the three data points in each TI “column”
represent a relative change, the sum of these data points is 0.
Looking at these graphs, deep knowledge (triangles) saw the

largest increase for all TIs in the dialogic category. Eleanor and
Nian, the longest-serving TIs of the cohort, demonstrated the
largest increases, while Theo andCharlie’s shifts are the smallest.
Interestingly, the relative amount of dialogic common ground
(circles) did not seem to change in any meaningful way, with the

exception of Nian. For both dialogic and monologic categories,
all six TIs saw a decrease in the relative amount of shallow
knowledge (squares) communicated. For all TIs, their
monologic discourse incorporated more common ground in
their second observation, and for most TIs, this was
accompanied by increases in deep knowledge, save for Noureen
and Eleanor. In fact, Noureen and Eleanor exhibited remarkably
similar profiles in both the dialogic and monologic categories.
With that, there were no clear trends with regards to the changes
in the composition of monologic discourse as related to the TIs’
length in the program. Likewise, Theo, Nian, and Eleanor had
each taken the Pedagogy Course as a part of the CCE program,
though this factor also did not appear to contribute to any
patterns seen in Figure 8. The full extent of the raw data can be
found in Tables S11−S13 of the Supporting Information.

■ CONCLUSIONS
The discourse analysis of observational data in this paper
provides evidence of considerable changes in the dialogue of the
Teaching Interns during their office hours, even in as little as one
semester, regardless of whether or not they had taken the
Pedagogy Course. However, in their reflections, both CCE- and
non-CCE TIs explicitly cite the topics and skills that they gained
through their respective formal training, indicating that they are
essential components of the CCE and TI programs. The six TIs
in this multicase study began their role as a TI with similar beliefs
and dialogue patterns. Possibly stemming from their prior
success in the course, most of the TIs did indicate wanting their
students to develop deeper understandings of the material as
opposed to using rote memorization. However, initially all six
TIs primarily engaged in monologic discourse to convey
knowledge to students, while any dialogic discourse mainly
consisted of asking low-level recall questions. Further, several of
the TIs initially used a nontrivial portion of their office hour to
solve problems independently before engaging with their
students, likely due to a lack of confidence or deficiency in
their content knowledge.
The first research question (RQ1) explored the extent to

which students change in their use of monologic vs dialogic
discourse. The results presented here show that all six TIs
demonstrated shifts in the overall direction of communication
during their office hours. Perhaps the most obvious change is
that of the student discourse and activity, which averaged
approximately 22.5% of the total observation time in the first
observation of the TIs and 48.3% at the second observation. The
amount of dialogic discourse increased by nearly 2-fold or more
for all but one TI (Noureen), regardless of their length in the TI/
CCE programs. Monologic discourse, however, did tend to
slowly decline overall as TIs gained more experience, with the
second-year TIs utilizing it the least.
RQ2 dove deeper into the specific content of the dialogue and

looked at how it changes over time. In general, the TIs shifted
from low quality knowledge to high quality knowledge, both in
their explanations and in their questioning. Further, the more
experienced TIs asked higher-level questions at a greater rate.
However, there were no clear trends with common ground
questions in either the dialogic or monologic category.
RQ3 probed the alignment between students teaching beliefs

and their teaching behaviors. To answer this, a look at TIs’
reflections over time was used to compare their perspectives on
teaching with that which was observed. TIs in their first semester
of teaching used similar language to describe their teaching
strategies. Several used the word “guide” to describe their

Figure 8. A summary of the changes in the type of information
communicated by the TIs for both dialogic (left) andmonologic (right)
discourse. The amount in each of the three categories was calculated as
a percentage of the total dialogic or monologic discourse. The graphed
data here represents the difference in percent makeup between the first
and second observation. For example, “Knowledge-Deep” constituted
30.1% of Nian’s Monologic Discourse in his first observation and 78.2%
in his second observation, for an increase of 48.1 (as shown on the
graph).
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approach, indicating their desire to facilitate student learning.
Several of the TIs specifically mentioned wanting to help their
students to understand the material rather than memorize how
to solve problems. However, monologic discourse made up an
average of 50.5% of the time of their first observation, while
dialogic discourse only constituted an average of 14.0%.
Likewise, the majority of questions and explanations were of
low-level knowledge, focusing on superficial features of a
problem or topic rather than conceptual understanding and
analysis.
Considering the theory−practice paradigm, the results from

this study suggest a gap exists between the TIs’ practical theories
and espoused theories when they begin the TI program. Despite
endorsing sound theories about learning, the TIs appear to
struggle with actually putting those ideas into practice. As
Buitnik described, many new teachers focus on classroom
management before they can shift their focus to student
learning.38 Similarly, in a recent case study examining preservice
science teachers, it was found that when the participants did not
feel in command of the content or lacked confidence, they
resorted to procedural teaching, rather than the more student-
centered practices that they had previously demonstrated with
other content.45 This phenomenon has been observed in
graduate teaching assistants as well, namely that when the TAs
felt unprepared to teach their inquiry-based teaching labo-
ratories, they resorted to more instructor-centered teaching.46

While the TIs may hold positive attitudes about learning prior to
their first learning session, their lack of experience means they
struggle more with logistics, such as time management
(Charlie), dealing with multiple students (Noureen), and
ensuring that they have the proper resources and content
knowledge (Vidya). Over time however, this theory−practice
gap appears to narrow in the TIs. Interestingly, while their
espoused theories did not appear to change drastically, the TIs
not only improved in their ability to engage the students and ask
a wider range of questions, but they were also able to identify the
specific changes in their teaching behaviors.

■ IMPLICATIONS FOR PEER INSTRUCTOR TRAINING
This research provides insight into how Teaching Interns in
General Chemistry change their teaching behaviors over time
and how they describe those changes. The literature over-
whelmingly supports the notion that one’s prior teaching
experience further shapes their current pedagogical knowledge
and practice,47 and this is also made clear in the TIs’ reflections.
However, as presented above, at least some of the changes the
TIs discussed were attributed to the their concurrent training,
suggesting there is value in the weekly meetings and Pedagogy
Course. From both the observations and their written
reflections, the following suggestions are offered for future
pedagogical training.
The first is to explicitly remind peer instructors to allow a

student more time to answer their questions. While transcribing
observations, it became apparent that the TIs often would
answer their own question immediately or in under two seconds.
One possibility is that they feel as though their question was
unclear or added to the student’s confusion or anxiety. It is also
plausible that there is an element of discomfort during awkward
silences, which some TIs may instinctively react to by giving the
answers instead. These two possibilities are not mutually
exclusive. Peer instructors should not only be reminded of this
fact, but they should also be given a chance to practice mitigating
these issues during training. It may seem a humorous exercise

initially, but affording them the opportunity to sit in silence for
several seconds after asking a question might help them to
realize the silence is not as terrifying as they may have thought.
A second recommendation is to discuss effective questioning,

allowing peer instructors to create diverse questions and
consider how to scaffold them. Despite the fact that this practice
was covered in the TIs’ training, it was still something that
several of them reported as a challenge. This exercise is likely to
be highly topic-specific, so this would be a practice worth visiting
multiple times and applied to the different topics that the TIs
teach. It may also be useful for the TIs to explore effective
questioning with different types of content, e.g., conceptual,
algorithmic, graphical, etc. Bloom’s taxonomy may be a helpful
place to start, so that students can understand what is meant by
“higher level questions”.48,49 They should also consider the
differences between open- and closed-questioning, and which
question types are best for different scenarios. For example,
closed recall questions may be most suitable to initially gauge a
student’s prior knowledge. On the other hand, open-ended
questions in which students are asked to compare two ideas or to
make judgments about an answer are most productive once
students have demonstrated a foundation of knowledge in order
to build a deeper understanding.
All of the TIs in this study reflected on the lessons learned

from either the “roleplaying” office hours activity and/or the
assignment in the Pedagogy Course in which they needed to
observe another TI. This activity gave new TIs an opportunity to
see how the more experienced TIs handled different situations,
as well as a chance to practice their strategies in a lower-stakes
setting. Given that teaching experience is vital for informing
one’s teaching practices,47 it is not surprising that an activity
such as this has been shown to be beneficial for peer tutors who
may be lacking in their confidence.50 Likewise, as their
colleagues play the role of a student, they can mimic the
behaviors and questions that they have experienced to perhaps
give the new TIs a fuller picture of what to expect. In the TI
program for this study, each training session had approximately
12−16 TIs. It was found that separating them into 2−3 groups
for the roleplaying was more feasible and alleviated the pressure
felt by one TI being the solo center of attention.
Finally, periodic reminders during training sessions should

prompt peer instructors to consider what actions they are taking
at the cost of their students’ involvement. For example, peer
instructors should be encouraged to establish a general habit of
not picking up the pencil/chalk to write or the calculator to
perform math, and instead hand the tools off to students. One
training activity could involve discussing or roleplaying scenarios
in which the peer instructors decide when this “rule” is or is not
the most productive to the students’ learning. Likewise, this is a
habit that the pedagogy instructor can model and reinforce
throughout the course.

■ LIMITATIONS AND FUTURE DIRECTIONS
This study utilized two different forms of qualitative data
collection to perform a multicase study on the peer instructors
within the Rutgers General Chemistry course sequence. The
purpose of a case study is to allow researchers to narrow the
number of participants in favor of conducting a deeper probe.
However, it is recommended that follow-up studies are
performed to examine the generalizability of the results.
Likewise, interview data not only would be useful to further
engage with the TIs about their beliefs and perceptions of their
learning sessions, but also would allow the researcher to
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understand the origin of the TIs’ beliefs and changes in behavior.
Typically, course evaluations of the TI program and Pedagogy
Course only ask TIs about their perceived helpfulness of topics,
whereas a combination of observations, reflections, and
interview data would provide a more thorough sense of the
methods and pedagogy topics most valuable for training future
peer instructors.
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