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ABSTRACT: Reformed Experimental Activities (REActivities) is an innovative approach to
the delivery of the traditional material in an undergraduate organic chemistry laboratory. To
better understand the fidelity of implementing this pedagogy and what effects the framework
of REActivities has on student−instructor interactions, an observational protocol study was
employed. This paper also describes the Evaluation of Lab Instructor Time and Engagement
(ELITE) observational instrument developed to evaluate instructional behaviors in a lab
setting. The instrument was used in first semester undergraduate organic chemistry
laboratories across seven universities to measure the robustness of the guided-inquiry
materials when implemented and the nature of the instructor’s interactions. The ELITE data
was analyzed for laboratories delivered using REActivities and compared with expert delivery
as well as with traditional expository methods. The data revealed that instructor behaviors
when using REActivities were consistent and comparable and could be distinguished from
traditional lab deliveries. The nature of the instructor’s behaviors also showed a remarkably
consistent trend for coded conceptual-based discussion when REActivities was employed, in contrast to the near absence of similar
interactions when expository methods were employed for comparable laboratories.
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■ INTRODUCTION

Reformed Experimental Activities (REActivities) was recently
described as a scaffolded lab curriculum for undergraduate
organic chemistry laboratories that allows students to practice
inquiry-learning.1−3 The REActivities approach acknowledges
that organic chemistry is complex and requires multiple levels to
understand a concept, and learners are limited in the amount of
new information they can learn at any one time.4−9 Previous
research has shown that the materials10 and the instructor
influence the level at which students discuss a concept.11−13

Both can help influence the discussion to assist in building
connections, making multilevel discussions about concepts the
norm. This is important because if we want enhanced student
engagement and better connectivity of course material between
the lecture and laboratory, we need to develop materials and
prompts that elicit evidence of both.14−19

One trademark component of REActivities is the lack of a
prelab lecture or assignment where the conceptual under-
pinnings of the lab are typically explained. Instead, REActivities
strategically incorporates those same conceptual underpinnings

at the appropriate moments during the lab through guided
questions.1,20−23 As such, students learning with REActivities
begin the hands-on activities of the lab immediately upon arrival
(the self-start). As students use the formalized practice time for
techniques and then conduct the lab experiments, they are
prompted to check in with their lab partner as well as with their
instructor to discuss their answers to concept questions before
moving on. Because inquiry-based learning yields superior
results in student attitude, laboratory performance, and future
problem-solving abilities over traditional didactic learning
techniques,24−34 REActivities is designed to provide oppor-
tunities for students during the lab period to think critically

Received: September 21, 2021
Revised: March 29, 2022
Published: April 14, 2022

Articlepubs.acs.org/jchemeduc

© 2022 The Authors. Published by
American Chemical Society and Division

of Chemical Education, Inc. 2032
https://doi.org/10.1021/acs.jchemed.1c00998

J. Chem. Educ. 2022, 99, 2032−2043

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Christina+Goudreau+Collison"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dina+L.+Newman"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Julia+Qingli+Biehler"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Micaela+Nelson"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Paige+O%E2%80%99Brien+Daly"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Paige+O%E2%80%99Brien+Daly"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Matthew+Jackson"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Cameron+Isaac"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Madeline+Tebrugge"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jason+Anderson"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Brian+Edelbach"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Brian+Edelbach"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Douglas+Tusch"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jeremy+Alan+Cody"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.jchemed.1c00998&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.1c00998?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.1c00998?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.1c00998?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jchemed.1c00998?fig=abs1&ref=pdf
https://pubs.acs.org/toc/jceda8/99/5?ref=pdf
https://pubs.acs.org/toc/jceda8/99/5?ref=pdf
https://pubs.acs.org/toc/jceda8/99/5?ref=pdf
https://pubs.acs.org/toc/jceda8/99/5?ref=pdf
pubs.acs.org/jchemeduc?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.jchemed.1c00998?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/jchemeduc?ref=pdf
https://pubs.acs.org/jchemeduc?ref=pdf
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://acsopenscience.org/open-access/licensing-options/


about chemistry concepts and ask questions that support
discovery.
Before the effectiveness of our reformed instructional

practices on student learning could be studied, we needed to
understand the fidelity of implementing REActivities by various
instructors across institutions.35−38 Fidelity studies establish
that the instructional practice is delivered as the design was
intended bymonitoring the implementation and comparing it to
a control teaching method. It has been shown that instructors
adopting a new instructional practice often inadvertently alter or
omit critical components of the pedagogy,39−42 but few studies
calibrate the implementation of instructional practices prior to
the measurement of student learning outcomes. The validity of
future studies on student outcomes when using REActivities will
rely largely on understanding how and if the instructional
practice is broadly implemented with integrity. This integrity is
very important or else any positive learning gains reported could
be attributed to factors other than adoption of REActivities.

Fidelity of Implementation

Stains and Vickrey developed a framework and methodological
approach for characterizing the fidelity of implementation
(FOI) of an instructional practice35,39,43−45 The approach
involves first identifying both the structural components and
instructional components deemed critical to successful delivery
of the pedagogy. The structural components for REActivities
would comprise the written workbook materials and instructor
training practices required when delivering REActivities. The
instructional components specifically would relate to the
behaviors of both the instructor and the student during the
delivery of REActivities laboratories.43,44,46

As mentioned, REActivities incorporates guided questions
and prompts during the relevant hands-on lab activities. The
workbook and its guided script serve as an important structural
component that helps inform the students and instructor what
they should do during implementation. REActivities is not
expected to rely on seasoned instructors and was originally
created with the novice graduate teaching assistant (GTA) in
mind. As such, no high level of pedagogical knowledge is
expected to be necessary for successful implementation of
REActivities. It is anticipated that the REActivities materials will
guide both the student and instructor through the lab exercise,
outlining each of their activities and roles without a large degree
of training. A second structural component of REActivities is the
self-start, which works in concert with the third structural
component, the near absence of lecturing by the instructor. The
last structural component requires that the instructor be present
and not be engaged in personal activities. The term “actively

inactive” was coined by one of the adopters of REActivities.
Instructors are encouraged to actively monitor the lab by
walking around to physically signal to the students that the
instructor is available and receptive to questions.
The instructional components deemed critical for successful

delivery of REActivities comprises the student−student and
student−instructor interactions and the nature of these
interactions as set forth by the REActivities materials. Thus, a
strategy to characterize these components when REActivities
laboratories are delivered was developed in the form of an
adapted observational protocol instrument. No perfect obser-
vational instrument was available to capture all structural and
instructional components for our study. As such, in order to
successfully analyze instructor behaviors and track FOI, a new
observational instrument needed to be designed. Inspired by the
Real-Time Instructor Observation Tool (RIOT),47 and the
Learning Observational Protocol for Undergraduate STEM
(LOPUS),37 the Evaluation of Lab Instructor Time and
Engagement (ELITE) Instrument was developed to meet the
needs of this study. The ELITE instrument combines the
continuous instructor−student behavior coding protocol of
RIOT with the instructor engagement codes found in the
segmented LOPUS protocol.
To conduct this research, a multi-institution study was

organized with five universities willing to participate alongside
the home institution in full adoption of REActivities for the first
semester of an organic chemistry lab and one university willing
to serve as an expository lab control. Using multiple instructors
across institutions added variability to the study. It was
important that each participating instructor have some training
to deliver the REActivities pedagogy and that they be consistent
in their delivery. This study would thus be critical to measure the
degree of FOI across REActivities laboratories in order for our
subsequent studies on student learning outcomes to be valid.

■ RESEARCH QUESTION
This study focuses on FOI of REActivities in the first semester of
undergraduate organic chemistry laboratories taught by differ-
ent instructors across institutions. Specifically, we sought to
answer the following question:
To what extent does the framework of REActivities impact the

fidelity of implementation as it relates to the intended structural
and instructional components?
To do so, an observational protocol was designed to capture

instructional behaviors during a lab period, and our study also
sought to validate that our observational instrument was
sensitive enough to capture the hypothesized critical compo-
nents of the curriculum.

Table 1. Participating Institutions and Their Classifications Where Undergraduate Organic Chemistry Lab Sessions Were Video
Recorded for ELITE Codinga

instructor

university REActivities expository status university type program type enrollment students in section

A 1b private research university 4-year 16 300 22
B 2 public community college 2-year 11 600 15
C 3 public primarily undergraduate 4-year 3760 13
D 4 private comprehensive 4-year 1500 12
E 5 6 public research university 4-year 10 600 18
F 7 private research university 4-year 6500 20
G 8 private liberal arts 4-year 1600 14

aAll data taken from Carnegie Classifications and National Center for Education Statistics. bThe instructor who designed and implemented
REActivities at the home institution (A).
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■ METHODS

Data Set

The laboratories studied were first semester undergraduate
organic chemistry laboratories. Data was collected from a
diverse group of institutions (Table 1) varying from two-year to
four-year schools, community college to research institutions,
comprehensive universities to primary undergraduate institu-
tions, and size from 1500 to 16 300 students. There were varying
degrees of experience among the instructors observed, but most
instructors were faculty and one was a GTA. Three of the eight
instructors in the study were females. Instructor 1 at University
A is the original developer of REActivities.
Since the scope of our work in the future would extend

beyond FOI, universities within a 3-h driving radius were
targeted. Prior to 2019, proximity was considered important so
that participating institutions would be more accessible when
conducting interviews with both students and instructors. Of the
10 institutions asked to adopt REActivities, five agreed to adopt
and participate (universities B−E and G). The instructors at
University E were not in agreement about adoption so it was
allowed that each instructor could teach the material using their
method of choice and both permitted their laboratories be
recorded. Institutions that declined were not interested in
changing their organic chemistry lab practices and materials and
were typically larger institutions utilizing GTAs as instructors.
University F was one such institution that declined to adopt
REActivities given time and resources but did agree to have their
laboratories recorded.

Instructor Training

In order to obtain a level of consistency when delivering the
REActivities pedagogy, instructor training was incorporated
prior to the study. The instructors from participating universities
attended a one-day workshop during the summer prior to
adoption. The workshop included a mock REActivities lab
where the instructors acted as the students and were led through
the following key principles to deliver a REActivities lab:

• Self-start: Instructors were told not to give a prelab
lecture. Prelab assignments were discouraged but
information about the lab could be posted. They were

instructed to simply encourage immediate activity once
the students arrive to lab.

• Flexibility: Generally, students complete the entirety of
the material for a given lab in the allotted time period.
Sometimes students do not have enough time to complete
all activities for a lab due to time.1 For these scenarios,
participating instructors were shownmultiple ways to stay
flexible with assignments in order to keep anxious
students from rushing but without falling behind.
Additionally, instructors were encouraged to be flexible
with lab report write-up due dates but more stringent on
workbook or postlab question due dates. This rhythm is
more in line with research activity and changes the rush-
to-get-out mindset, thereby slowing the pace down to
create more time and space for discussion.

• Presence: Instructors were trained on how to physically
present themselves as available to the students. This
meant that they needed to be actively present at all times.
It is OK if instructors are busy with something lab-related
or quietly walking around monitoring the room. It is the
wrong assumption that since thematerial is self-guided, an
instructor would have more time to work on personal
tasks or be on their phone. Instructors of the pedagogy
often report that they are more tired after delivering a
REActivities lab than a traditional lab approach, due to the
constant walking around and engagement.

Data Collection

First semester undergraduate organic chemistry teaching
laboratories from all of the institutions were video recorded
and coded for the instructor’s behavior during the lab and the
nature of the interaction they had when engaging with students.
Two institutions had instructors delivering the material using
traditional methods. These traditional laboratories served as a
control group for comparison. Since first semester organic
chemistry laboratories focus on techniques, it was easy to map
REActivities laboratories with their expository counterpart.
Human Subjects Institutional Review Board (HSIRB)

approval was obtained for the study (46.101 (b)1) and all
participants, including instructors and students, provided
consent to be video and audio recorded. After consent, the

Figure 1. ELITE instrument interface displaying coder buttons, a key detailing the acronyms used, and brief description of code use.
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undergraduate organic chemistry laboratories of participating
institutions were video recorded using a GoPro, while the
instructor attached a Bluetooth microphone onto their lab coat
for audio recording. Having the Bluetooth microphone attached
to the instructor’s lab coat allowed for focused capture of each
conversation between the instructor and a student. As with any
technology, technical difficulties occurred at times, so some of
the data collected was not usable. The data was considered
unusable if the audio recording or video recording cut out, since
both audio and video are required to fully code the lab
instructor’s interactions and conversations. Due to these
technical limitations, the usable data acquired was naturally
random.

Development of the ELITE Observational Instrument

In order to successfully analyze instructor behaviors and track
FOI, a new observational instrument was designed. The
Evaluation of Lab Instructor Time and Engagement (ELITE)
protocol uses a majority of the codes found in the LOPUS
protocol37 and combines them with the continuous coding
practice found in the RIOT protocol.47 To assist coders in
recording and mapping instructor behaviors, the ELITE
instrument was created using the Generalized Observation
and Reflection Platform (GORP) interface.48 This interface
allowed for facile and descriptive coding for the nature of each
interaction and most importantly, the duration of each behavior,
thus accounting for 100% of the instructor’s time during a lab
period.

Coding

To establish reliability for ELITE coding, three trained student
observers simultaneously scored each laboratory recording in
intervals of 20 min. The ELITE interface (Figure 1) uses a color
system to easily code for instructor behavior types and the
nature of the interactions. When beginning to observe a
recorded laboratory delivery, three trained coders initiate the
coding by simultaneously hitting the yellow button, which is
labeled “Control” in order to align their codes to a time stamp.
This button remains on throughout the entirety of a lab,

allowing numerous other behaviors to also be coded. When
more than half of the students have finished and left the
laboratory, signaling that the lab is over, the coders click off this
control button, which finishes a coding session. Discrepancies in
coding were most often a mistakenly pressed button and were
resolved easily by using the time stamp on the ELITE instrument
to efficiently find and rewatch that portion of the recording.
The light blue buttons code for the instructor’s behaviors

(Interaction, Monitor, Lecture/Class Announcement (Lec/
CA), Administration (Admin), Waiting, and Other). When a
light blue button is pressed, a timer begins for that given
behavior. Thus, these buttons time the duration of an
instructor’s activity resulting in one of the light blue behavior
buttons being active at all times during the lab period. The
following behavior buttons are used as follows:

• Interaction: Reserved strictly for instructor−student
interactions when the topic of engagement concerns the
material for the lab.

• Monitor: Used when the instructor is walking around the
lab and overseeing the activities by the students but not
engaging in any conversations.

• Lec/CA: (Lecture/Class Announcement) Indicates that
the instructor is lecturing to the lab as a whole or making a
class-wide announcement.

• Admin: Used when the instructor is actively doing
something related to the lab but not necessarily
interacting with the students. For example, the instructor
may be emptying a waste container, getting more
materials for the lab, or passing out last week’s lab reports.

• Other: Used when the instructor is engaged with a
student or lab visitor but discussing topics that are not
about the lab content. Often these interactions are more
social in nature.

• Waiting: (W Instructor) Indicates that the instructor is
not interacting with the student and is busy with personal
activities such as working on their phone or computer,
grading papers, etc.

Table 2. Structural and Instructional Components DeemedCritical to Delivery of REActivitiesMapped to the Assessment Ability
of the Video Recording Validation and the Evaluation of Lab Instructor Time and Engagement (ELITE) Observation Protocol
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The orange buttons code for the details of the interactive
behavior (student-initiated, teacher-initiated, student-posed
question, instructor follow-up, teacher posed question, etc.)
and are not timed; instead, they tally the number of instances for
the given type of behavior. These orange interaction behavior
codes were included because they were also present in the
original LOPUS instrument and were predicted to be valuable
when coding for our critical components as it related to
instructor−student engagement. In the end, these orange
interactive behavior codes yielded no informative trends for
this study. Thus, despite using them, their analysis will not be
discussed further.
When a light blue interaction button is activated, it is required

that a dark blue button is also coded. The dark blue buttons code
for the nature of the interaction and also tally instances instead of
duration. The most commonly coded interaction types during a
lab period are experimental and conceptual. Experimental
interactions are procedural- or protocol-based questions or
comments, while conceptual interactions include a more in-
depth question or comment about the underlying scientific and
molecular principles related to the protocol. The three less-
observed interaction types include analytical, safety, and
previous material. An analytical interaction involves questions
and discussion about calculations within the procedure; safety
strictly pertains to comments regarding waste, and other safety
protocols; and previous material codes are used when students
need assistance reviewing experimental techniques.
How the design of the ELITE instrument would capture the

structural and instructional components deemed critical to the
REActivities pedagogy was correlated (Table 2). The fact that
each lab period needed to be recorded for coding allowed for
some structural components to be measured and validated as
either present or not present (Yes/No). For example, watching
the lab recording clearly showed students using the easily
recognizable lab workbook and coders could make note of this.
Coders could also watch the video and validate that the students
arrived and immediately got to work at their bench or station
(self-start). Absence of a prelab lecture was also noted, but the
validation that lecture remained absent throughout the lab and
what the exact behaviormapwas for the instructor would require
the ELITE instrument. Furthermore, the actively inactive
behavior of the instructor could be tracked using the three

ELITE codes for “monitor”, “admin”, and “other”. These three
codes ensure that the instructor is open to student engagement.
In contrast, an instructor who is busy with personal activities
(waiting code) signals to the student that they are less
approachable.
Instructional components that involved the instructor were

measurable by the ELITE instrument. This was due to the fact
that the instructor was the only person wearing the microphone.
Coded conversations always involved the instructor and were
not sensitive to picking up peripheral student−student engage-
ments. As such, the student−student interactions and the nature
of their engagements could not be measured by the ELITE
instrument and would also require a different recording and
microphone setup.
What follows are actual scenarios from the recordings

demonstrating coding instances.
Scenario 1Instructor ends monitoring and approaches a

student during the distillation lab (Figure 2):
Instructor: Did you do a thermometer check? Did you see the

image of where your thermometer should be?
Student consults workbook and compares image to their setup.
Student: It needs to be a little lower.
Instructor: Yeah.
Scenario 2Instructor is stopped by two students during the

thin layer chromatography lab (Figure 3):
Student 1: Right, because this does not have an OH... these

have OH’s.
Student 2: Yeah, that is what I’m thinking, so I think it is 1, 2,

and then I think it is 3, 4, 5 (as she points to individual molecules
in the workbook trying to rank their polarity).
Student 1: So, we think this is a 2?
Student 2: (Steps back and asks instructor) Am I wrong?
Instructor: Hey, you know the best part of this? You can

guess, and you come up with some reasoning, and then you can
test it. And then if it is right, it is right, and if it is wrong, then the
question is what did we miss?

Reliability, Validation, and Data Analysis

To establish inter-rater reliability for ELITE coding, three
trained student observers simultaneously scored each laboratory
recording in intervals of 20 min. Between each segment, the
coders discussed their scoring iteratively until overall scoring
agreement was reached. The lab was coded continuously for the

Figure 2. An example of the ELITE codes utilized for scenario 1 using both the timed response behavior buttons (light blue), the instance codes for
type of activity (orange), and the instance code for nature of the interaction. The coder would activate: Interaction < TI < 1o1TPQ < Experimental <
Interaction.

Figure 3. An example of the ELITE codes utilized for scenario 2 using both the timed response behavior buttons (light blue), the instance codes for
type of activity (orange), and the instance code for nature of the interaction. The coder would activate: Interaction < SI < 1o1SQ < Conceptual <
Interaction.
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duration of the entire lab session, allowing for coders to quantify
and account for 100% of the instructor’s behaviors during a lab
period. The data was broken down by each continuous behavior
or tallied code. The validation process for continuous behavior
data compares the duration of each coded interaction. If the
duration of each coder’s mapped interaction was within a 10 s
time frame, all three coders’ data were accepted and averaged
together. If the duration of one coded interaction was an outlier
compared with the other two coders for the same instance, the
coders could easily rewatch segments of the recording using the
time stamps to reach an overall agreement. Omitted instances
were rare (<5%) and would typically comprise a short code
investigated to be an error by one coder. These mistake
instances were omitted and not included in the average. For the
validation of tallied instances (orange and dark blue codes), the
start time of the code was evaluated across all three coders. In
order to accept a tallied behavior, all coded instances needed to
be mapped with one another; otherwise, the outlying tallied
instance was omitted. Again, the use of three coders and time

stamped videos ensured that omissions for tallied instances were
also rare (<2%).

■ RESULTS

The data from the ELITE coding was analyzed by first evaluating
the laboratories of an expert user of REActivities, namely the
author of the method. The data acquired by analysis of the
expert user was considered the baseline for comparison. Once
confirmed that the structural and instructional components of
the delivery by the expert instructor were successfully captured
by the ELITE instrument, the baseline behavior maps were then
compared to those of other instructors across different
institutions adopting REActivities. Lastly, this data was
compared with the ELITE codes for faculty delivering the
same material using expository methods.

Establishing a REActivities Baseline

The structural and instructional components must first be
established as reliable and valid by evaluating a highly trained

Figure 4.Behavioral timemap of the expert instructor (A1) using REActivities for the duration of a four-hour lab period with 22 students in the section.
The lab techniques are represented from left to right in the order they were delivered in the first semester of an organic chemistry lab.

Figure 5. Behavioral time maps of the expert instructor (A1), three different instructors at different institutions (D4, E5, G8) using REActivities, and
two different instructors using expository lab delivery (E6, F7) for a liquid−liquid extraction lab. Comparative timed behaviors indicating the
percentage of time the instructor was observed either lecturing to the class or interacting with a student during the extraction lab is below its
representative pie chart.
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instructor of the reformed teaching practice.43,46,49,50 In our
case, this expert was the creator of the REActivities pedagogy
and the laboratories recorded were captured in the third year of
REActivities implementation at the home institution. It was
important that all lab recordings for each instructor were not
representative of their first semester of adoption. The ELITE
baseline behavior maps were recorded for that same instructor
over the course of one semester for a suite of first semester
technique laboratories using REActivities (Figure 4). Notice
that the two expected structural components for REActivities
laboratories delivery when implemented correctly were captured
in the behavior maps for the expert instructor. First, the near
absence of Lecture/CA coding ensures that the self-start
principle was adhered to and that a formal prelab lecture was
abandoned. Second, the instructor spent a good amount of time
engaging with students about the lab and making themselves
available to the students. When not engaged with students on
relevant lab content, the instructor was also largely chatting with
students socially (other), quietly monitoring the lab by walking
around (monitor), or seeing to pertinent lab-related tasks
(admin). A very small percentage of time was coded as waiting
indicating that this instructor made themselves available to the
students and was rarely focused on personal activities.
An important instructional component captured by the

instrument was instructor−student engagement. A healthy
degree of instructor−student interactions was observed across
all lab experiments for instructor A1. The nature of the
interactions would be analyzed separately. At this point, the
baseline established an estimation for the appropriate amount of
instructor−student engagement given a lab size of 22 students
working in pairs. If the REActivities framework prompts
student−instructor engagement, then having more students
should correlate to a larger time engaging with students. The
meaning of how much time coded for admin, monitoring, or
other were considered unique to that instructor’s teaching style
and did not reveal emerging trends. Thus, FOI across
participating institutions can be ensured if there is a consistent
lack of Lecture/CA and an appropriate amount of instructor
interaction durations proportional to the number of students in
a lab section. In order to gauge how these same laboratories were
delivered at other institutions using REActivities the data from
instructor A1 was used as the baseline for comparison in
subsequent analyses.

Fidelity of Implementing REActivities Across Institutions

Using the data from Figure 4 as a baseline, FOI was evaluated
when REActivities was utilized at other institutions with a
deliberate focus on the instructor−student interaction code and
the lecture code. Each participating institution’s lab sections
varied in size, lab period duration (3- and 4-h laboratories),
instructor, and student composition (majors vs nonmajors).
One constant was that the technique laboratories were delivered
in the same sequence across all institutions. An example
comparison involves the liquid−liquid extraction lab since we
had usable data for a variety of instructors using REActivities as
well as two expository lab sections (Figure 5).
There was a definitive trend in the instructor−student

interactions when REActivities was utilized typically exceeding
40% and minimal occurrence of lecture-type behavior. In
contrast, laboratories coded when expository methods were
employed (Figure 5, E6 and F7) showed less instructor−student
engagement time and a marked increase in lecture-type
behavior. Of note, instructors E5 and E6 were from the same

institution but chose to deliver the material differently during
the allotted 3-h lab period. Instructor E5 implemented
REActivities for liquid−liquid extraction while instructor E6
delivered the extraction content using a traditional approach.
The larger amount of Lecture/CA coding for instructor E6 was
due to 20 min of lecturing to the class at the start of the 3-h lab
period. Instructor F7 had a 1.5 h prelab lecture followed by a lab
period that ran just under three hours accounting for the larger
lecture code. Again, the extraction laboratories using REAc-
tivities show minimal Lecture/CA coding and an appropriate
amount of instructor interaction time consistent with the
baseline ELITE data for instructor A1. This comparative analysis
of the behavioral trends of REActivities against expository lab
instruction reassured us that ELITE was sensitive enough to
distinguish such differences. The next question was whether
these trends were observed across all technique laboratories
recorded and coded using ELITE.
Of the more than 40 REActivities laboratories recorded, a

total of 25 lab sessions were usable for coding instructor
behaviors, and of the 10 expository lab sessions, only 5 were
usable for coding instructor behaviors. The five baseline
laboratories of the expert instructor (A1) are included in the
25 REActivities laboratories. Averaged percentages for in-
structor behaviors for all coded laboratories when instructors
use REActivities versus when instructors use expository
methods could then be analyzed and compared (Figure 6). Of

note is the diminished amount of Lecture/CA behavior and a
healthy amount of interaction time for instructors using
REActivities. The large range observed for interaction time
mostly correlated to the number of students in the lab section.
The two outlying data points for REActivities showing more
than average lecture behavior was for the same instructor who
for two laboratories early in the semester went off script and gave
some prelab lecture to the students. Despite these two outliers,
on average the REActivities materials were robustly holding
together the structure of the lab course.
For instructors using expository methods, a significantly larger

average of coded behaviors for lecture was observed (p <
0.0001) when REActivities was compared with expository
delivery, and a somewhat significant difference in averages was
observed for coded student−instructor interactions (p =
0.0946) when REActivities was compared with expository
delivery (Table 3). In recognition of the varying sample size for

Figure 6. Box plots of coded behaviors for all participating instructors
for all technique laboratories using REActivities (n = 25) in comparison
to the coded behaviors of instructors delivering the same material in an
expository fashion (n = 5).
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each group, effect size was analyzed using Hedge’s g calculations
and determined to be very significantly different (g = 3.041) for
lecture behavior between the two delivery methods.51,52 Note
that in all REActivities laboratories, the largest fraction of
instructor time was spent directly interacting with students, as
opposed to expository laboratories, where the instructor spent
less of their time interacting with students and much more time
talking at them.
Comparing the Nature of Interactions

The ELITE instructor behavior maps indicate a healthy amount
of instructor interactions with students for REActivities and
some student−instructor engagement in expository laboratories.
The most impactful data was observed when the instructional
component involving the nature of the instructor−student
interactions was evaluated. Of the 25 REActivities lab videos
usable for coding behavior, only 14 REActivities laboratories
were usable for both video and audio quality in order to
confidently code the nature of each instructor−student
conversation. All five expository recordings were usable for
both audio and visual quality.
The liquid−liquid extraction REActivities lab is again

spotlighted to show data parsed out by institution to compare
the expert user (A1) with three different instructors across
universities to correlate similarities to instructors adopting
REActivities (Figure 7). Although there were five nature
categories, greater than 95% of the coded instances were either
experimental or conceptual. Thus, comparisons were made
focusing only on these two nature codes. The expert user of
REActivities (A1) showed that when they engaged with students
during the lab, a consistent degree of conceptually coded
interactions was observed and this general trend extended to the

other three adopters of REActivities (D4, E5, and G8). As
expected, each lab showed a high number of experimental
instances when compared to conceptual instances since the
organic chemistry lab manipulations performed are new
experiences for the students. However, it was surprising that
for both instructors using expository methods (E6 and F7), a
near absence of conceptual-based interactions was observed.
Again, it is interesting to compare instructor E5 and E6 since
they are from the same institution but chose to deliver the
content using different formats. Instructor E5 used REActivities
while instructor E6 used a traditional approach. Despite the
behavioral map for these same instructors in Figure 5 showing
comparable interaction times with the students, a noticeable
difference in the nature of the interactions was observed (Figure
7). It is important to recognize that the nature codes were being
analyzed during the instructor−student interaction time and
does not represent what was presented during an instructor’s
lecture/CA time.
Prompted by the consistency of coded conceptual instances

when REActivities is used during the extraction lab, data from all
14 usable REActivities laboratories were analyzed together to
investigate if similar ratios for experimental and conceptual
instances are observed across each lab technique activity (Figure
8). Regardless of instructor or institution, the data suggests that
REActivities ensures a consistent ratio of conceptual to
experimental topics during instructor−student interactions,
indicating that instructors and students were engaging in
discussion about underlying scientific principles rather than
only troubleshooting a lab protocol. It was found that on average
27% of all coded interactions were conceptual when
REActivities was utilized. The consistency of conceptual
instances across each lab experiment at different institutions
additionally supported the measurement for fidelity of
implementation. When conceptual conversations and exper-
imental conversations were compared, a statistically significant
difference was observed (p < 0.001) between delivery methods
(Table 4). Due to the difference in pool size between
REActivities and expository data sets, a Hedge’s g effect size
was again utilized showing a very significant difference between
experimental conversations (g = 2.785) and conceptual
conversations (g = 3.041). Since REActivities laboratories

Table 3. Statistical Results for Paired Comparisons between
REActivities and Expository Labs for the Average Percentage
of Coded Behaviors

REActivities vs expository REActivities vs expository

interaction n = 25 lecture n = 5

t test p = 0.0946 p < 0.0001
Hedge’s g 0.8475 3.041

Figure 7. Experimental vs conceptual interactions between student and instructor across multiple institutions for a liquid−liquid extraction lab where
A1 is an expert user, D4, E5, and G8 are REActivities adopters, and E6−F7 use an expository lab delivery.
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prompt students to discuss how they correlate macroscopic
activities to the conceptual underpinnings of the chemistry with
their instructor, the presence of such conceptual interactions
means that the guided inquiry nature of REActivities is being
captured. This is key because students are not only asking about
the lab’s technical aspects, but also engaging in discussions with
the instructor involving the underlying principles behind the
laboratory experiment.

Relationship Between Engagement and Nature of
Interactions

Despite differences in instructors’ teaching style or experience,
there is still evidence of FOI when delivering REActivities. A few
anomaly instructor behavior maps were observed. These outliers
showed little to no Lec/CA but had lower than expected
instructor−student interaction time. For example, Figure 9
shows two very different behavior maps for two instructors using
REActivities during a recrystallization lab. The differences in the
observed interaction times could not be justified by the number
of students in the lab since there were approximately 13 students
in each section. The differences were thus attributed to teaching
styles, given that instructor C3 was observed walking around the
lab more and quietly monitoring the students, while instructor
G8 was often performing administrative tasks at the front of the
lab. Regardless of the instructor’s teaching style, the ratio of
experimental and conceptual interactions was consistent,
indicating the importance of examining the nature of the

Figure 8. Averaged experimental vs conceptual interactions for five REActivities experiments across participating institutions (n = number of different
instructors at different institutions coded).

Table 4. Statistical Analysis of Comparison between
REActivities and Expository Delivery for Nature of Coded
Instances

REActivities vs expository REActivities vs expository

experimental n = 14 conceptual n = 5

t test p < 0.0001 p < 0.0001
Hedge’s g 2.785 3.041

Figure 9. Behavioral maps and the nature of coded instances for two instructors both delivering a REActivities recrystallization lab with 13 students.
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interactions between the instructor and students during a lab.
This realization suggests that regardless of instructor teaching
styles, REActivities ensures a certain degree of fidelity when
adopted.

■ CONCLUSIONS

This study analyzed data from seven institutions and eight
different instructors teaching first semester undergraduate
organic chemistry laboratories to investigate the extent to
which the framework of REActivities impacts FOI as it relates to
the intended structural and instructional components. The study
used the ELITE observational instrument presented for the first
time in this paper, designed to measure the FOI of REActivities
with the deliberate focus on instructional behaviors during the
lab delivery. The ELITE instrument was designed to capture the
behavior map for each instructor across institutions that utilized
REActivities, revealing a distinct pattern for the pedagogy. This
pattern was compared with the behavior maps of both an expert
user of the pedagogy (University A, Instructor 1) and with other
instructors who delivered the same content either using
REActivities or using a traditional approach. FOI was supported
through the evaluation of six components deemed critical to the
pedagogy. The use of the REActivities workbook, the absence of
a prelab lecture, and the student self-start were all confirmed
structural components across the participating institutions using
the REActivities approach. The instructor behavior maps for
institutions utilizing REActivities consistently aligned with the
expert user of REActivities and also proved distinguishable from
those coded for instructors using traditional lab pedagogies
when delivering the same lab content. This suggests that the
guided-inquiry materials were robust regardless of teaching
style. Upon further analysis of the behavior maps, a more
focused look at the nature of the coded student−instructor
interactions revealed a consistent degree of discussions involving
chemistry concepts when REActivities was employed. Even
when an instructor’s style had less than expected student−
instructor engagement, the same degree of conceptually based
discussions ensued in that small amount of time, aligning with
instructors who engaged longer with their students. This
consistent presence of conceptual discussion across all lab
types and each instructor at multiple universities compared
strikingly to the near absence of coded conceptual discussion in
the expository laboratories during those instructors’ student
interactions. Thus, our findings support that the intended critical
components of the REActivities pedagogy as they relate to the
instructor are robustly conserved across various instructors and
institutions. This is a promising step toward the claim that
REActivities supports opportunities for students to engage in
meaningful discussions during a REActivities lab period aligning
with inquiry learning practices in a lab setting.

Implications for Teaching

While our previous study looked at the reformed nature of the
student−student engagement during a REActivities lab in
contrast to expository delivery,1 this study helps to support
the claim that exhaustive instructor training is not necessary to
ensure consistent delivery. The data suggests that for those
institutions utilizing graduate teaching assistants and large
numbers of lab sections with different instructors, REActivities
can both alleviate the burden of a prelab lecture while ensuring a
comparable delivery experience across lab sections with different
instructors. This study also hints that REActivities provides
opportunities for students during the lab period to think about

chemistry concepts, thus creating better opportunities to make
connections between underpinnings at the molecular level and
the physical activities performed at the bench. One could argue
that a prelab lecture or assignment is meant to clarify the lab
protocol as it relates to the conceptual underpinnings of the
chemistry and thus preclude such discussions during the lab.
Although possible, this study shows that such discussions were
occurring during the lab at a minimum with the instructor and
not delivered to students passively via a prelab when
REActivities is utilized; the chemistry concepts are instead
incorporated strategically and consistently during the lab period
ensuring that the scientific principles are reinforced during the
active learning component with the instructor. The overall
fidelity of implementation of REActivities supports future
studies of the pedagogy when meaningful learning in the lab
and student−student discussions are evaluated.
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