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As physics laboratory courses (labs) transition from traditional, model-verifying activities to discovery-
based investigations, it becomes crucial to understand the role of the instructor in the implementation of
various lab types. Prior work has started to address this need by examining either coarse-grained
frequencies or fine-grained content of instructor interactions in labs. However, neither of these methods
offer both a detailed and time-efficient procedure for measuring such interactions, which is required for
comparisons across multiple sessions of several types of labs. Here we describe and present the results of a
new approach to quantifying student-instructor interactions in labs by analyzing video recordings and
drawing on techniques of social network analysis. Across five sections of three lab course offerings, we find
that there is a higher total level of interaction between students and instructors in reformed discovery-based
labs than in traditional labs. We find no clear pattern in the durations of student-initiated and instructor-
initiated interactions across various instructors and lab types. The results suggest that the amount of
interaction between instructors and students during lab is more a product of the instructional design than an
individual instructor’s implementation of that design. This work is a preliminary step toward understanding
the extent to which student-instructor interactions support the improved outcomes observed in discovery-
based labs compared with traditional labs.
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I. INTRODUCTION

In recent years, many introductory physics laboratories
(labs) have been transitioning from traditional, model-
verification formats to more discovery-based or open-
ended formats. Many of the studies evaluating lab
instruction have focused on student outcomes and student
behaviors. For example, compared to traditional, model-
verification methods, discovery-based or open-ended labs
(hereby referred to as reformed labs) have been found to
improve student attitudes and beliefs towards experimen-
tation [1–3] and to increase student engagement in exper-
imentation skills and abilities [3–8]. Few studies, however,
have identified the instructional mechanisms responsible
for these improved outcomes. In this study, we evaluate the
role of instructor interactions in labs by comparing between
three different instructional lab offerings.

As lab curricula evolve, the role of the instructor is key
to the success of the implementation. Students in labs
typically work in small groups, engaging in more student-
to-student and student-to-instructor interactions compared
to lectures [9]. At larger universities, furthermore, labo-
ratory courses are often taught by graduate teaching
assistants (TAs) rather than faculty. The TAs are rarely
involved in the instructional design of the lab and so are
serving as agents of the lead instructor’s instructional
mission. The ways the TAs understand and enact the
instructional goals are, therefore, pivotal for the potential
success of the course. For example, the frequency with
which an instructor interacts with students in labs directly
impacts their engagement [10,11]. Different instructors,
however, may interact with students in different ways,
ultimately implementing the same instructional materials
quite differently [11–16]. This is particularly true for
reformed labs, where the instruction supports responsive
teaching and teacher agency [13].
In evaluating the role of the instructor, both the content

and frequency of the instructor’s interactions may impact
student engagement and learning. Physics education
researchers have used multiple means of measuring
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instructors’ behaviors in lab, which range from coarse-
grained systematic observations to more fine-grained quali-
tative analyses.
Observational tools such as the Laboratory Observation

Protocol for Undergraduate STEM (LOPUS) [17] and the
Real-time Instructor Observing Tool (RIOT) [18] system-
atically document the instructor’s and students’ activities
throughout the lab. The LOPUS has been used to character-
ize the frequency and content of instructor’s interactions
with student groups in labs [9,11,17,19]. Observers using
the LOPUS identify at regular time intervals whether the
instructor is engaging in typical instructional behaviors
(e.g., lecturing to the class, writing on the board, presenting
a demonstration, or monitoring the class), more interactive
behaviors (e.g., talking or posing questions to individual
groups or providing positive reinforcement), or engaging in
noninstructive behaviors (e.g., performing administrative
tasks or not interacting with the students). The content of
these interactions is also characterized under the LOPUS as
either discussing underlying scientific principles, data
analysis and calculations, experimental procedures, safety,
or previous material. Similarly, the RIOT has been used to
characterize the kinds of instructional activities the instruc-
tor performs throughout the lab [13,20,21]. Observers
using the RIOT continuously identify whether the instruc-
tor is interacting with the whole class, an individual student,
or an individual group (and which group), or simply
observing the class. The content of their interactions is
characterized as either clarifying instructions, explaining
content, listening to student questions, or engaging in open
or closed dialogue. These observational protocols typically
require an observer to be present in the lab room and to be
able to hear the instructor’s interactions with all students.
On a finer-grain scale, researchers have also used video

and audio recordings of instructors in labs to characterize
their interactions with students in more detail. For example,
researchers may perform content analysis on all instructor
talk throughout the lab [22]. The TA Practices In and Views
Of Teaching framework (TA-PIVOT [14]) uses interviews
and recorded observations to characterize instructor’s
beliefs and practices during instruction.
Each of these approaches provides detailed information

about the ways in which instructors interact with students in
labs. However, with increased detail comes decreased
efficiency. For example, content analysis and the TA-
PIVOT are suitable for case studies, given the researcher
time investment required to analyze instructor and student
speech with these two methods. Observation protocols such
as the LOPUS and the RIOT are more efficient and coarse-
grained, but still require a researcher to listen to the
instructor’s interactions during the full lab sessions (typ-
ically two hours each). Characterizing interactions for a
large number of lab sessions in multiple courses requires a
coarser grained, holistic understanding of instructor-student
interactions.

Fortunately, research has shown that simple measures of
the frequency with which the instructor interacts with
students are correlated with students’ behaviors [10,11].
One might expect that students’ conversations with the
instructor are more likely to be on-topic than conversations
between peers and so it is easier to infer that interactions
with the instructor help keep students on task. Interestingly,
one research study found that instructor-initiated inter-
actions, but not student-initiated interactions, were found to
promote student engagement, regardless of the length of
those interactions [10]. They argued that the instructor-
initiated interactions improve engagement through a polic-
ing effect, though other research has argued for a sense of
immediacy, whereby the closeness of the instructor (physi-
cally and, because the instructor opens the conversation,
psychologically) encourages students to engage with them
[23]. This sense of immediacy was shown to relate to the
instructor’s behaviors in the class and correlated positively
with students’ affective and cognitive outcomes [23]. While
students may or may not initiate interactions based on a
number of factors, instructor-initiated interactions are often
more uniform and constant in the classroom.
In this study, we sought to evaluate the interactions that

graduate TAs and instructors (generally referred to as
instructors from here) have with students in traditional
and reformed labs. To efficiently compare across multiple
lab sessions in multiple lab courses, we used video data to
identify when the instructor was interacting with individual
groups and with the whole class. We used a combination of
the instructor’s position in the room and audio to confirm
the start and end of interactions. Using techniques from
social network analysis, we compare the interactions
between instructors and students in the two types of labs,
including two iterations of a reformed lab, as well as among
different instructors. The analysis takes into account the
duration of interactions, who initiated these interactions,
and who is involved in the interactions.
We find that there is a higher level of interaction between

students and instructors in reformed labs than in tradi-
tional labs. We also observe the same amount of student-
instructor interaction in labs of the same type for a given
lab session, even with different instructors, students, and
amount of student-initiated and instructor-initiated inter-
actions. Surprisingly, we find no clear pattern between the
levels of instructor-initiated or student-initiated interactions
between the courses or between instructors. The results
suggest that the variability between the instructional lab
curricula likely impact instructor behavior (and, in turn,
student outcomes) more than the instructors’ individual
enactment of the lab curricula. This work is a preliminary
step towards understanding the degree to which the
students’ interactions with the instructor support the
improved outcomes seen in discovery-based or open-ended
lab curricula compared with traditional labs.
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II. METHODS

The data for this study come from five laboratory
sections of introductory mechanics courses at Cornell
University. Information about the lab type, instructor,
number of codable lab sessions, and student composition
of each lab section are summarized in Table I. The
instructors of these labs consisted of four different indi-
viduals: three men and one woman. Three were experi-
enced graduate teaching assistants (one with a background
in physics education research) and one was a faculty
member in the physics department. To protect the ano-
nymity of these instructors, specific information regarding
which instructor taught which lab section will not be

provided. We will use pseudonyms for instructor names,
with the first letter of each name corresponding to the lab
type each instructor taught. The topics explored in each lab
session had been introduced to students in class prior to
each lab session, with the topics of each session for each
section summarized in Table II. More detail about these
labs can be found in our other work [3,24,25].

A. Lab instruction types

Section 1 was a traditional lab from an introductory
mechanics course designed for first-year physics students.
In these traditional labs, students worked in groups of two
to four students and followed a lab manual to confirm a

TABLE I. Summary of information about the lab type, instructors, and number of codable sessions, as well as the self-reported major
and year of students in each lab section. Numbers in parentheses are the N values corresponding to the percentages.

Lab information Section 1 Section 2 Section 3 Section 4 Section 5

Lab instruction type Traditional Old reformed Old reformed New reformed New reformed
Instructor Teresa Owen Oliver Noah Noah
Codable sessions 7 8 8 8 7

Self-reported student information

Race or
Ethnicity

Asian or Asian American 54% (13) 22% (5) 28% (7) 32% (6) 29% (4)
Black or African American 4% (1) 0 0 5% (1) 0
Hispanic or Latino 0 4% (1) 12% (3) 16% (3) 7% (1)
White or Caucasian 33% (8) 70% (16) 52% (13) 26% (5) 57% (8)
Multiple races or ethnicities 8% (2) 0 8% (2) 16% (3) 7% (1)
Other or unknown 0 4% (1) 0 5% (1) 0

Gender Male 71% (17) 74% (17) 84% (21) 58% (11) 36% (5)
Female 29% (7) 26% (6) 16% (4) 42% (8) 64% (9)

Major Physics or Engineering Physics 58% (14) 39% (9) 36% (9) 0 0
Other Engineering or
Computer Science

13% (3) 30% (7) 24% (6) 69% (13) 57% (8)

Other STEM 4% (1) 18% (4) 20% (5) 26% (5) 36% (5)
Unknown 25% (6) 13% (3) 20% (5) 5% (1) 7% (1)

Year First year 100% (24) 96% (22) 96% (24) 53% (10) 71% (10)
Second year 0 0 4% (1) 42% (8) 29% (4)
Third year 0 4% (1) 0 5% (1) 0

TABLE II. Topics of lab activities for each session for each lab type. The project labs were sessions where students had the freedom to
explore a question building off one of the previously studied topics. The old reformed labs had an extra lab session studying “collisions”
between sessions six and seven that the new reformed labs did not. This session was not codable and was omitted from all analysis, so
the session numbers for the old reformed labs are modified to match those in the new reformed labs.

Session Traditional (Section 1) Old reformed (Section 2 and 3) New reformed (Sections 4 and 5)

1 Dynamics of 1D Motion Pendulum I Pendulum I
2 Newton’s Laws and Dynamics Pendulum II Pendulum II
3 Force Laws Terminal Velocity I Terminal Velocity I
4 Energy Exchanges Terminal Velocity II Terminal Velocity II
5 Collisions I Hooke’s Law I Hooke’s Law I
6 Collisions II Hooke’s Law II Hooke’s Law II
7 Angular Momentum Project Lab I Project Lab I
8 Oscillations Project Lab II Project Lab II
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model or to explain a particular phenomenon. Over the
semester, there were eight lab sessions, each scheduled for
two hours. However, students in the traditional labs were
able to leave once they had finished their lab assignment, so
each session lasted around an hour and fifteen minutes, on
average. Teresa was the instructor of this traditional lab
section.
Sections 2 and 3 were old reformed labs and came

from the same introductory mechanics course designed for
first-year physics students and in the same semester as
section 1. These reformed labs strongly emphasized the
development of critical thinking and experimental
physics skills through open-ended investigations. In each
session, students worked together in groups of two to three
students to design and conduct experiments revolving
around a particular topic or concept. The instruction was
designed to increasingly foster student agency, leading to a
student-driven project lab at the end of the semester [3,25].
Unlike the traditional labs, students stayed for the whole
lab period, so each lab session lasted around two hours.
Sections 2 and 3 were taught by Owen and Oliver,
respectively.
Sections 4 and 5 were new reformed labs from an

introductory mechanics course designed for first-year
engineering students. Although these sections were also
reformed labs with activities similar to those in sections 2
and 3, sections 4 and 5 were implemented two years later
and are thus referred to as new reformed labs. There were
slight differences to the instruction and curriculum due to
changes over time, with minor improvements made to some
sessions. The new reformed labs were also implemented
with a new student population, such that students were
primarily engineering, rather than physics, majors (Table I).
The new reformed sections had eight lab sessions, each
roughly two hours long where students stayed for the full
duration. Unlike the old reformed sections, both new
reformed sections were taught by the same instruc-
tor, Noah.

B. Coding

Video and audio data of each lab session were obtained
through wall-mounted cameras in the lab classrooms and a
portable microphone worn by the lab instructor. These data
allowed us to observe interactions between the lab instruc-
tor and each group, as well as to hear the discourse between
groups during whole-class discussion. Most lab sections
had one session that was not codable, either due to an
obstructed camera or technical issues. This left seven or
eight codable sessions for each section.
Each codable lab session was coded in BORIS, a

behavioral analysis software that allows for the easy
logging of social interactions [26]. Researchers coded
the duration and directionality (who initiated each inter-
action) of each interaction between the instructor and

students. There were two types of interactions: group
interactions and whole-class interactions.
The beginning of a group interaction was defined by

audible speech between the instructor and an individual lab
group. The end of these interactions was signaled by the
end of the conversation, often accompanied by the instruc-
tor physically leaving the area. Brief exchanges between a
group and the instructor (that lasted fewer than three
seconds) and that did not hold substantial content (such
as a quick yes or no question) were not recorded as
interactions.
Whole-class interactions included interactions where the

instructor addressed the whole class, such as for lecturing
or to give instructions or advice. The beginning and end of
these interactions were clearly defined by the moment
when the instructor began and stopped talking to the whole
class. Interactions between an individual group and the
whole class were also recorded, such as when students gave
short presentations to the whole class about their experi-
ments and findings or when students gave a substantial
answer (not just a yes or no answer) to a question posed by
the instructor during whole-class discussion. The beginning
and end of these interactions were similarly defined by the
moments when the students began and stopped talking.
The directionality of the interactions (who initiated the

interaction) fell into two categories: student-initiated inter-
actions and instructor-initiated interactions. The initiator of
an interaction was often characterized by who spoke first.
However, instances where a student raised their hand
(regardless of who spoke first) were considered student-
initiated interactions. Similarly, instances where the
instructor intentionally approached a lab group but a
student within the group spoke first were considered
instructor-initiated interactions.
The resulting data provide the duration and directionality

of all interactions between groups and the instructor as well
as interactions during whole-class discussion. Using this
coding scheme, the coders were able to watch video from
each lab session at a fast-forwarded rate, recording the
beginning, ending, and directionality of all interactions for
each roughly two-hour lab session in about an hour. This
method is much more efficient than both the observation
protocols and qualitative analyses described in the intro-
duction, facilitating large-scale data analysis across multi-
ple lab sessions and lab sections. This method fails,
however, to capture the content of the interactions, provid-
ing breadth, but not depth, of instructor interactions.
The five sections were independently coded by four of

the authors. To gauge the reliability of this method, all four
coders coded the same lab session. We calculated edge and
weight agreement between pairs of coders [27]. Edge
agreement is the number of edges coded by a pair of
coders as a fraction of the number of edges coded by at least
one of the two coders. Weight agreement is the sum of edge
weights (time duration of interactions) coded by a pair of
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coders as a fraction of the sum of edge weights coded by at
least one of the two coders. As shown in Ref. [28], these
measures are quite volatile and serve as conservative
estimates of interrater reliability [27]. Unfortunately, there
is no standard threshold for reliability with network data. In
this study, edge agreement ranged from 68%–95% (with an
average of 82%) and weight agreement ranged from 51%–
86% (with an average agreement of 69%). As in previous
work [28], our networks with higher density are more
reliable than sparse networks.

C. Analysis

The coded data were converted to networks of inter-
actions between the instructor and the student groups (as
nodes) in each session. The whole class interactions were
added to the networks as a unique node (rather than as
edges from the speaker to each other node). The nodes were
connected by edges that represented whether the instructor
interacted with that group (or the whole class). The edges
were directional based on who initiated the interaction and
weighted based on the total duration of the interaction. See
Fig. 1 for an example of a network for one lab session.
The coded data were then summarized using the network

measure of strength [29] (Table III). In social network
analysis, strength is defined as the weighted total number of
edges attached to an individual node. In our work, we
measure the strength for the node representing the instruc-
tor, corresponding to the total time the instructor spent
interacting with the groups in a particular lab session.
Because the duration of each lab sessions differed slightly
(particularly in the traditional lab section), we normalized
the strength by the total duration of each lab session,
marked as the time between when the instructor started
class to when the last student left the room. We separately
calculated the strength of the instructor for interactions with
individual groups, with the whole class, and with groups
plus the whole class, and differentiated strength for student-
initiated and instructor-initiated interactions (Table III).
First, total strengthgroup measures the proportion of time

that the instructor interacted with individual groups
(excluding whole-class interactions). Instrengthgroup mea-
sures the percentage of each lab session the instructor
spent on student-initiated group interactions, while
outstrengthgroup measures the percentage of each lab
session the instructor spent on instructor-initiated group
interactions. For a particular session, the sum of the

FIG. 1. Sample network diagram. The central, orange node
corresponds to the instructor, the green nodes correspond to a
student group, and the blue node corresponds to the whole class
(so that edges between an orange or green node and the blue node
represent presentations to the whole class). The edges connecting
the nodes are weighted to represent the duration of the inter-
actions and directional to indicate who initiated the interaction.

TABLE III. Summary of all measures used to evaluate interactions.

Measure Description

Instrengthgroup The percentage of time in a particular lab session spent on student-initiated
interactions between the instructor and individual groups.

Outstrengthgroup The percentage of time in a particular lab session spent on instructor-initiated
interactions between the instructor and individual groups.

Total Strengthgroup The percentage of time in a particular lab session spent on all interactions between
the instructor and individual groups. Total strengthgroup is equal to the sum of
instrengthgroup and outstrengthgroup.

Total Strengthgroupþwhole class The percentage of time spent in a particular lab session on all interactions between
the instructor and individual groups plus interactions between the instructor and
the whole class.

Total interaction percentage The percentage of time spent in a particular lab session on all interactions between
the instructor and individual groups, interactions between the instructor and the
whole class, and interactions between an individual group and the whole class.
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instrengthgroup and outstrengthgroup is equivalent to the
total strengthgroup.
We also calculated total strengthgroupþwhole class, which

measures the proportion of time the instructor spent
interacting with individual groups plus whole-class inter-
actions. Thus, this measure is the same as total strengthgroup
plus the proportion of time the instructor addressed the
whole class. Note that this measure does not include
interactions between an individual group and the whole
class since these interactions do not explicitly involve the
instructor. Instead, we separately calculated the total
interaction percentage, which is the proportion of the
lab period that is spent on interactions between groups
and the instructor, between the instructor and the whole
class, and between a group and the whole class. Interactions
between a group and the whole class were included in this
measure because the instructor is also engaged in that
interaction. Thus, the total interaction percentage is the
total time the instructor is engaged with the students.
These network metrics do not have defined methods

for determining uncertainties, meaning we cannot use

statistical methods of comparing the values between
sessions or sections. In the results, therefore, we look
for general patterns and trends in the data, rather than
comparing individual points quantitatively.

III. RESULTS

A. Group interaction measures

Figure 2 summarizes the interactions between the
instructor and the student groups. Figure 2(a) shows the
instrengthgroup of the instructor for each lab session for all
five lab sections across the duration of the semester, which
corresponds to the proportion of time the instructor spent in
student-initiated group interactions. The instructors in all
sections have a relatively stable instrengthgroup, with
Oliver’s section and Noah’s section 4 having the largest
range of about 30% over the semester. Additionally, Teresa,
Owen, Oliver, and Noah in section 5 have comparable
instrengthgroup, with all but three of thirty lab sessions
residing within the 0%–20% range. This indicates that the
portion of the lab taken up by student-initiated interactions

FIG. 2. Strength measures for interactions between the instructor and each individual group normalized by the duration of the lab
session. Missing data points correspond to uncodable lab sessions. Instrengthgroup includes only student-initiated interactions,
outstrengthgroup includes only instructor-initiated interactions, and total strengthgroup includes all interactions. (a) Instrengthgroup for all
codable sessions. (b) Outstrengthgroup for all codable sessions. (c) Total strengthgroup for all codable sessions.
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is similar across these sections. Noah in section 4, however,
consistently has a higher instrengthgroup than the other
instructors (including his own other section). Noah’s
section 4 instrengthgroup resides primarily within the
30%–50% range, showing that a greater portion of time
was spent on student-initiated interactions in this section
than in the other sections. There are also no apparent trends
over time or among labs of the same type: each instructor’s
instrengthgroup takes its own unique trajectory through the
semester.
Figure 2(b) plots the outstrengthgroup of the instructor for

all lab sessions, which corresponds to the proportion of
time the instructor spent in instructor-initiated group inter-
actions. This measure is much noisier than instrengthgroup,
exemplified particularly by Oliver’s large variability (range
of 62%). No single section stands out from the others as
particularly high or particularly low (as compared with the
systematically higher instrengthgroup for Noah’s section 4).
Similar to instrengthgroup, outstrengthgroup does not show
any consistent trends over time or between sections of the
same lab type.
Unlike instrengthgroup and outstrengthgroup, total

strengthgroup shows strong trends between sections of the
same lab type, shown in Fig. 2(c). Instructors in sections of
the same lab type have nearly identical measures of total
strengthgroup for any particular session, despite having
different instrengthgroup or outstrengthgroup. Sections 4
and 5, from the new reformed labs, map almost directly
onto one another throughout the course of the semester and
consistently hold the highest total strengthgroup compared
with the other lab types. Sections 2 and 3, from the old
reformed labs, map each other closely and typically have a
lower total strengthgroup than the new reformed labs for any
given week. Furthermore, the trend of the interactions from
session four onwards (decreasing from four to six and then
increasing) is similar across all four reformed lab sections
(except for section 2’s eighth session, where there was a
disruptive incident outside the building which could be
seen from the window of the lab classroom, changing the
nature of many social interactions [30]). Interestingly, the
lab activities in these final sessions were the most similar
between the new and old reformed labs.
Section 1, from the traditional labs, has, on average,

some of the lowest values of total strengthgroup compared
with the other sections. Interestingly, the similarities in total
strengthgroup between sections of the same lab type appear
to hold even with different instructors. This is evidenced by
the similarities in total strengthgroup for sections 2 and 3,
which were taught by different instructors (Owen and
Oliver, respectively).
Despite seeing no apparent patterns between sections of

the same lab type in terms of instrengthgroup and
outstrengthgroup, the addition of these two measures and
the resulting total strengthgroup shows that the total time the

instructor spends talking to individual groups during a
particular lab session is similar between sections of the
same lab type. The lower pattern of total strengthgroup for
Teresa’s section matches our expectations that the tradi-
tional labs were not as conducive to student-instructor
interactions as the reformed labs. The tracking fluctuations
in the total strengthgroup within lab types will be discussed
further below.

B. Whole-class interaction measures

Figure 3 summarizes the instructor interactions including
the whole-class interactions. Figure 3(a) shows the per-
centage of time the instructor spent leading a whole-class
discussion. Other than sessions one and three, instructors in
the reformed labs spent less than 20% of class time in
whole-class interactions. The traditional lab section (sec-
tion 1) spent little to no time in whole-class interactions in
any of the sessions. We see that the old reformed labs
(sections 2 and 3) had spikes in whole-class interactions in
sessions one and three, which correspond to dips in the total
strengthgroup (time spent interacting with student groups).
Figure 3(b) shows the total strengthgroupþwhole class, which

represents the total proportion of each lab session
the instructor spent interacting with groups through
both individual group and whole class interactions. Just
like with total strengthgroup, total strengthgroupþwhole class

illustrates clear similarities between sections of the same
lab type. Noah consistently has the highest total
strengthgroupþwhole class in both sections 4 and 5. Owen
and Oliver’s total strengthgroupþwhole class sit below the
new reformed labs, with their total strengthgroupþwhole class

measures mapping almost directly onto one another (with
the exception of sessions seven and eight). With the
addition of discussion between the instructor and the whole
class, the low values in sessions one and three of the old
reformed labs are less pronounced in Fig. 3(b) and more
consistent with the rest of the sessions.
As with total strengthgroup, Teresa consistently has one of

the lowest total strengthgroupþwhole class. Notably, Teresa’s
total strengthgroupþwhole class is not much different than her
total strengthgroup, reflective of the lack of discussion
between the instructor and the whole class in the traditional
labs shown in Fig. 3(a). This was expected given that
groups in this section had to complete procedural lab
activities that did not necessitate whole class discussions. In
contrast, whole-class discussions were designed into the
reformed lab curriculum.

C. Total interaction percentage

Finally, Fig. 3(c) shows the proportion of each lab
session the instructor spent engaged in any type of
interaction (the total interaction percentage). This is the
proportion of time the instructor spent interacting with
groups individually and as a whole class, as well as
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interactions between individual groups and the whole class.
Once again, the total interaction percentage of lab sections
belonging to the same lab type map closely to one another.
Sections 4 and 5 are almost identical, while sections 2 and 3
track similarly with the exception of session eight when the
distracting incident occurred in section 2.
Notably, with the addition of interactions between

individual groups and the whole class, all reformed labs,
both new and old, begin to overlap. This suggests that both
types of reformed labs allow for roughly the same pro-
portion of interactions relative to the duration of the lab
period, but the way in which this time is used differs. The
new reformed labs spend more time on instructor inter-
actions with the individual groups while the old reformed
labs spend more time on whole-class discussion, whether it
be between an individual group and the whole class or
between the instructor and the whole class. The old
reformed labs particularly involved student participation
in whole-class discussions during sessions one and three.
From the videos, the whole-class discussions during these

sessions were associated with lessons on new data analysis
tools. While similar lessons were used in the new reformed
labs, the students in the old reformed labs more frequently
participated in these lessons, such as by sharing their ideas
from the activity and answering instructor-posed questions.
For the new reformed labs, instructors were explicitly
trained to keep these same activities much shorter. The
total interaction percentage also solidifies that the tradi-
tional labs do not facilitate instructor interaction, as
Teresa’s total interaction percentage is by far the lowest
in every session.

IV. DISCUSSION

In this paper, we evaluated the degree to which instruc-
tors interact with student groups during instructional
physics labs. By comparing across instructors and different
types of labs, we find that reformed labs consistently
facilitate more interaction between students and the instruc-
tor than a traditional lab. Furthermore, we observe that
instructors in the same lab type interact with students the

FIG. 3. Strength measures for (a) duration of instructor and whole class interactions only, (b) duration of instructor interactions with
the whole class or individual groups, and (c) total duration of all instructor interactions and interactions involving a group and the whole
class, all normalized by the duration of the lab session. Missing data points correspond to uncodable lab sessions.
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same amount during each session, despite differences
in student groups and the instructors themselves.
Interestingly, we find significant variability in our various
measures of interactions between lab sessions.
Together, these results suggest that the instructional

design of the labs more strongly impacts the amount of
student-instructor interaction than any individual imple-
mentation. For example, if the amount of interaction was
primarily due to an instructor’s initiative, we might expect
little to no variability between sessions in the new reformed
labs (sections 4 and 5), which were taught by the same
instructor. Instead, we find a fair amount of variability
across sessions. We would also expect substantial
differences in the interactions between sections of the
old reformed labs (sections 2 and 3), which were taught
by different instructors. Instead, we see that the interactions
in these two sections track quite closely until session six.
After session six, Oliver’s interactions track more closely to
those of Noah in the new reformed labs. Interestingly, the
lab activities in sessions five through eight were the most
similar between the new and reformed labs (fewer changes
made to the instructions over time). The difference between
Owen’s interactions and those of the other instructors
during those sessions may or may not be quantitatively
meaningful. Because uncertainties are undefined in these
data, there is no accepted way to quantitatively compare
these data to one another. Thus, we can speak only about
patterns and qualitative (rather than statistical) differences
between the interactions. The trend of Owen’s interactions
over those final four sessions follow a similar pattern to
those of the other reformed lab instructors, barring the final
session, when there was a distracting incident just outside
the lab room [30].
Multiple instructional variables may be responsible for

the patterns of interactions among lab types. The most
salient explanation is that variability between lab types is
due to the nature of the lab instruction in these courses,
particularly the available inquiry levels [31] or student
autonomy [19]. With more open-ended labs, we would
expect students have more to discuss with the instructor
(to get feedback on the design, interpreting results, over-
coming surprising findings, on top of clarifying technical
details), thus facilitating more interactions. Our data partly
support this interpretation, particularly by comparing
interactions within the reformed labs. For example, both
sections 2 and 3 experience a dip in interactions during
session three, when students worked on a terminal
velocity lab. While the investigation was set up as one
with an ambiguous outcome (students had to collect data
to evaluate which of two models for drag best described
the falling motion of coffee filters [32]), students expe-
rienced significant technical challenges with the detector
and, anecdotally, reverted to framing the lab as a more
traditional, verification lab. They had little choice in their
experimental design and the technical challenges further

limited that choice. As a result, this lab, in particular, was
significantly redesigned in the new reformed labs (see
Ref. [33] for a description and analysis of the redesigned
version of the lab), which may explain the much higher
levels of interaction in sections 4 and 5 for the corre-
sponding lab.
Alternatively, the amount of interaction may simply be a

result of the time available to the instructors to interact
with the groups outside of whole-class activities. For
example, instructors in course-based undergraduate
research experiences (i.e., CUREs) were found to engage
in more discussions with students than in traditional labs in
part due to reduced time spent lecturing in these courses
[19]. This interpretation is supported by comparing the
instructor-student interactions as a function of the amount
of time spent in whole-class discussions (time when
students have no autonomy in their lab work). For example,
the percentage of whole-class interactions in section 2 are
highest in session one, drop substantially in session two,
pick up again in session three, and drop in session four
[Fig. 3(a)]. The strength of interactions between the
instructor and the individual groups shows the exact
opposite pattern: interactions are lowest in session one,
high in session two, drop again in session three, and peak
again in session four [Fig. 2(c)].
Additional instructional mechanisms beyond whole-

class discussion time, however, are also likely at play.
For example, sections 4 and 5 (the new reformed labs) show
relatively flat percentages of whole-class discussions,
despite variability in the instructor-group interactions,
particularly towards the end of the semester. The same is
true in section 1 (the single traditional section in the
dataset), which had both the least time in whole-class
discussions and in group interactions. These comparisons
again point towards the lab design being primarily respon-
sible for our results, given that the reformed labs inten-
tionally designed whole-class discussions and student
presentations into the instruction, while the traditional labs
did not.
The differences in total interactions between lab types

may also or instead be due to the training the instructors
received, which was iteratively improved over time (and
therefore between lab types). Research has shown that
instructor training significantly impacts instructors’ behav-
iors in instructional labs [9,34,35]. In the new reformed
labs, instructors attended weekly workshops focused on
pedagogical techniques to support student learning.
Instructors in the old reformed labs also met weekly, but
the focus of the session was more on what the students
would be doing, rather than actions for the instructor. The
instructors in the traditional sections did not meet for
training at all. One example of where this training may have
been impactful is in the students’ participation in whole-
class discussions in the reformed labs. In both the old and
new reformed labs, sessions one and three involved
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instructor-led data analysis activities. In the old reformed
labs, the instructors took time to present on the analysis
tools being taught, with students presenting their ideas and
responding to instructor-posed questions. In the new
reformed labs, instructor training focused explicitly on
making the discussion brief so that students had sufficient
time to apply the new data analysis tools with their
experiments.
Somewhat surprisingly, the proportion of interactions

does not seem to correlate with technical challenges in the
labs. In the old reformed labs, for example, session three
involved the technical challenges described above but
included some of the fewest instructor-group interactions.
In contrast, session two involved students measuring
periods of a pendulum with a stopwatch (technically very
straightforward), but included some of the most instructor-
group interactions.
Overall, the data do not support attributing the

differences between lab types to the individual instructors
themselves, given the similarities in total strength of
interactions between the two different instructors in sec-
tions 2 and 3. The ways in which these instructors interact,
however, are different, as demonstrated by the variability in
instrength and outstrength between sections. We infer that
each lab session (in each type of lab) has a set amount of
time that the instructor can take up and how that time is
taken up varies between instructors, students, and aspects
of the instructional materials.
One choice instructors have in taking up the available

time is whether to initiate interactions or respond to
student-initiated interactions. We found substantial vari-
ability in the proportions of instructor-initiated or student-
initiated interactions between sessions, sections, and lab
types. For example, consider the two sections with the most
student-instructor interactions (sections 4 and 5), both
taught by the same instructor with the same curriculum.
Section 4 had the most student-initiated interactions
(instrength) of all the sections, while section 5 had some
of the most instructor-initiated interactions (outstrength).
Thus, whether the interactions are student- or instructor-
initiated is likely more a function of the students than the
instructor. For example, other work analyzing students in
these videos found that one group in section 4 exhibited
significant help-seeking behaviors, regularly seeking out
guidance from the instructor [33]. Other work also found
that students in section 4 engaged in more group-group
interactions than students in other sections [28], so these
students may simply have been more social.
Other data support the role of student independence (i.e.,

versus student-initiated help-seeking) in the amount of
interaction. For example, for sessions five and six in all four
reformed lab sections, students explored their own research
questions related to testing Hooke’s law on everyday
objects. Very few changes were made to this lab between
the old and new reformed labs. Interestingly, all four

reformed sections experience relatively similar levels of
interactions with the instructors during these sessions.
Furthermore, three of the four sections show particularly
low levels of interaction during these sessions, which may
reflect students being self-sustaining in their independent
investigations. This hypothesis appears to be contradicted
by the “project lab” (sessions seven and eight, where
students investigated their own research questions about
any physics topic). Three of the four sections see a spike in
instructor interactions in these sessions, while section 2
sees a dip in session eight (though this may be due to the
disruptive incident that occurred during this particular lab
session). Although the project lab is designed to have
students pose their own research questions and be more
independent, this may actually cause a spike in interactions
with the instructor. Indeed, another project analyzing the
interactions between student groups in this dataset found
that students interact less with their peers during the project
lab than in previous labs [28]. We hypothesize that students
may seek more help from the instructor when given more
agency in the classroom such that different groups are
investigating different topics.
Another distinction between the lab types was the

student population. The traditional and old reformed labs
were part of a course comprised primarily of physics
majors, while the new reformed labs were targeted for
engineering and other science majors. The diversity of
these populations (in terms of race or ethnicity, gender, and
academic level) also differed significantly. If the diversity
of the sections was a significant influence on instructor-
student interactions, we would expect to see more simi-
larities between the traditional section and the other
sections.
Additionally, variability between sessions may be due to

external events (such as course examinations or upcoming
holidays) or myriad other factors. These and other hypoth-
eses should be explored by analyzing the activities them-
selves in more detail, such as through content analysis on
the lab instructions for levels of inquiry [31] or support for
student agency [8,36], or other activities taking place in the
course or institution.

V. CONCLUSIONS AND FUTURE WORK

This work is part of a broader research program to
evaluate the degree to which student-instructor interactions
may be a responsible mechanism for the improved out-
comes observed from nontraditional labs [3]. In this study,
we evaluate how the degree of interaction between instruc-
tors and students varies between different lab types. We
find that sections of the nontraditional, reformed labs show,
on average, higher overall student-instructor interactions
than the traditional labs.
The work here also suggests that interactions between

instructors and students may be more a product of the
lab design than an individual instructor’s teaching choices.
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All instructors in this dataset, however, were experienced
instructors, were willing to have us record their teaching,
and, in the reformed labs, supported the goals of the
reformed labs. Novice instructors often report feeling
inadequate in teaching roles or that they lack the necessary
training to facilitate interactions with students in the lab
setting [37,38], despite enthusiasm to implement evidence-
based practices [38]. Any conclusions about traditional labs
are particularly limited given that we only had data from
one traditional lab section. Future work should further
replicate this study with more diverse and novice instruc-
tors to test the claims put forth.
Another significant limitation is that this work was

conducted at one institution with only one type of reformed
physics lab. Future work should apply our methodologies at
other institutions and with broader populations of students.
We are currently evaluating whether computer vision
techniques can extract information about the interactions,
as the methods here do not require one to evaluate the
content of the interactions. If successful, computer vision
techniques would facilitate a large scale study of lab
instruction from video data at multiple institutions.

Future work should also seek to evaluate what parts of
the reformed lab activities best facilitated interactions
between students and instructors. That is, what makes a
“good” lab in terms of optimizing student-instructor inter-
actions? Are more interactions necessarily better or can
more interactions be a result of an overly difficult or
confusing assignment?
Based on the confounding variables and correlational

nature of the study, we are hesitant to suggest implications
for instruction. We tentatively put forth that the data support
having regular training meetings with instructors that focus
on facilitating interactions (as implemented in the new
reformed labs but not the other two lab types).
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