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Students are more likely to learn in college science, technology, engineering, and math (STEM) classrooms when instructors use teacher discourse 
moves (TDMs) that encourage student engagement and learning. However, although teaching practices are well studied, TDMs are not well 
understood in college STEM classrooms. In STEM courses at a minority-serving institution (MSI; n = 74), we used two classroom observation 
protocols to investigate teaching practices and TDMs across disciplines, instructor types, years of teaching experience, and class size. We found 
that instructors guide students in active learning activities, but they use authoritative discourse approaches. In addition, chemistry instructors 
presented more than biology instructors. Also, teaching faculty had relatively high dialogic, interactive discourse, and neither years of faculty 
teaching experience nor class size had an impact on teaching practices or TDMs. Our results have implications for targeted teaching professional 
development efforts across instructor and course characteristics to improve STEM education at MSIs.
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The Classroom Observation Protocol for   
 Undergraduate STEM (COPUS; Smith et al. 2013) and 

the Classroom Discourse Observation Protocol (CDOP; 
Kranzfelder et  al. 2019a) are two classroom observation 
tools that allow researchers to assess teaching and discourse 
practices. A previous study combining COPUS and CDOP 
results showed that it is possible to create a classroom 
environment with high student-centered, evidence-based 
teaching practices (EBTPs) that encourage student learn-
ing, but with low dialogic, interactive discourse (Kranzfelder 
et  al. 2020). This indicates that even when instructors are 
engaging in active learning teaching practices, they are still 
instructing with teacher-centered discourse practices, where 
they are dominating classroom conversations. However, this 
previous work only examined biology instructors’ classroom 
teaching and discourse practices in mostly introductory 
undergraduate biology classes at a research-intensive, pre-
dominantly white institution (PWI). Therefore, building 

on that work in biology classrooms, we wanted to expand 
our understanding of EBTPs by examining teaching and 
discourse practices across a range of instructor and course 
characteristics, such as in different science, technology, 
engineering, and mathematics (STEM) disciplines, instruc-
tor types, years of teaching experience, and class size at a 
research-intensive, minority-serving institution (MSI).

Classroom discourse
Instructors play a key role in facilitating student engage-
ment through enacted classroom discourse, or the verbal 
instructor–student and student–student interactions used 
to construct scientific knowledge and ideas (Cazden 2001, 
Mortimer and Scott 2003b, Truxaw and DeFranco 2008, 
Michaels and O’Connor 2015, Wei et  al. 2018). Students 
are more likely to learn in college STEM classrooms when 
they are encouraged to analyze and challenge questions and 
work collaboratively in small groups to answer instructors’ 
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questions (Ebert-May et  al. 1997, Knight and Wood 2005, 
Gray et  al. 2010). Therefore, instructors facilitate student 
engagement through deliberate actions taken to mediate, 
participate in, or influence classroom discourse (Krussel 
et al. 2004, Mercer 2010, Oliveira 2010, Knight et al. 2013). 
One type of classroom discourse, teacher discourse moves 
(TDMs), are the conversational strategies used by instruc-
tors to support student understanding of content knowledge 
(Warfa et  al. 2014, Kranzfelder et  al. 2020) and they have 
been found to foster student learning by engaging students 
in a deeper understanding of the scientific ideas (Osborne 
2010, Berland and Reiser 2011, Kuhn et  al. 2017). In con-
trast, Seidel and colleagues (2015) coined the term instruc-
tor talk to describe the non-content-related conversational 
language used by instructors. An example of instructor 
talk would be when an instructor gives instructions for 
classroom activities or justifications for active learning use 
(Seidel et al. 2015). Although this type of discourse facilitates 
overall learning in the classroom, it is different from the 
content-related discourse that we refer to as TDMs.

Prior work assessing TDMs in primary and secondary 
STEM classrooms found that the initiate–response–evaluate 
(IRE) discourse pattern that is focused on fixed communica-
tion, was the prevailing form of dialogue between instruc-
tors and students (Sinclair and Coulthard 1975, Howe and 
Abedin 2013). An example of IRE would be an instructor 
asking a yes or no question (initiate), receiving a yes or no 
answer from the student (response), and confirming that 
answer as either correct or incorrect (evaluate). However, 
the less frequently occurring initiate–response–feedback 
(IRF) discourse pattern creates opportunities for student–
instructor dialogue by generating collaborative discussions. 
In contrast to IRE, an example of IRF would be an instruc-
tor asking a question (initiate), receiving an answer from 
the student (response), and then prompting the student for 
follow-up dialogue (feedback). IRF discourse approaches are 
more effective than IRE in promoting student discussions 
as they create opportunities for students to develop criti-
cal reasoning and argumentation; with the IRF discourse 
approach, students are asked to think beyond whether their 
answer is correct or incorrect but, rather, spend more time 
reasoning through and supporting their answers with evi-
dence (Duschl and Osborne 2002, Jiménez-Aleixandre and 
Erduran 2007, Duschl 2008). More recently in undergradu-
ate biology classrooms, Kranzfelder and colleagues (2020) 
found that the less engaging IRE discourse pattern was the 
most dominant form even when instructors were teach-
ing with student-centered, active learning strategies. For 
example, an instructor could be moving around and guid-
ing small group and whole class discussions (i.e., student-
centered, active learning activity) but providing information 
to the student by making analogies or connects to students’ 
personal experiences (i.e., teacher-centered, authoritative 
discourse practice). Such studies are of vital importance as 
they broaden our understanding of teaching and discourse 
patterns currently employed in college STEM classrooms.

Classroom observation protocols
Classroom observation protocols are tools that help us 
measure college STEM teaching practices, especially EBTPs, 
including active learning (AAAS 2012, Williams et al. 2015). 
In contrast to self-report surveys or interviews that are 
predisposed to biases (Ebert-May et  al. 2011, Mitchell and 
Martin 2018, van der Lans 2018), well-developed, reliable 
classroom observation protocols provide a more objective 
way of documenting teaching practices in real time or via 
audio or video recordings (AAAS 2012). Many classroom 
observation protocols have been developed to look at col-
lege STEM teaching practices, including the PORTAAL 
(Practical Observation Rubric to Assess Active Learning; 
Eddy et al. 2015), the DART (Decibel Analysis for Research 
in Teaching; Owens et  al. 2017), the RTOP (Reformed 
Teaching Observation Protocol; Sawada et  al. 2002), the 
COPUS (Smith et al. 2013), and the CDOP (Kranzfelder et al. 
2019a). There are differences in how each of these classroom 
observation protocols measure STEM teaching practices, 
but a combination of two classroom observation protocols, 
COPUS (Smith et  al. 2013) and CDOP (Kranzfelder et  al. 
2019a), has been found to provide a holistic view into college 
STEM classrooms (Kranzfelder et al. 2020).

COPUS is a popular protocol for measuring tradi-
tional lecturing versus active learning at department-wide 
(Kranzfelder et  al. 2019b, Reisner et  al. 2020), institution-
wide (Smith et al. 2014, Lund and Stains 2015, Lund et al. 
2015, Lewin et  al. 2016, Akiha et  al. 2018, Meaders et  al. 
2019, Tomkin et al. 2019, Denaro et al. 2021), and multiple-
institution scales (Stains et  al. 2018, Borda et  al. 2020, 
Lane et  al. 2021) for education research, faculty teaching 
professional development (PD), and tenure and promotion 
purposes. In contrast, CDOP is a new protocol for measur-
ing discourse practices, particularly TDMs, in STEM class-
rooms with both traditional lecturing and active learning 
(Kranzfelder et al. 2019a). Kranzfelder and colleagues (2020) 
showed that even when instructors mostly implemented stu-
dent-centered, active learning teaching practices, they were 
not always paired with student-centered TDMs. However, 
that study had limitations as it only examined the classroom 
practices of biology instructors teaching in mostly introduc-
tory undergraduate biology classes. Therefore, it is essential 
to investigate teaching practices using COPUS and discourse 
practices using CDOP across different instructor and course 
characteristics, including STEM disciplines, instructor types, 
years of faculty teaching experience, and class size, to expand 
on previous research and broaden our understanding of 
what is happening in college STEM classrooms.

Instructor and course characteristics that might 
affect teaching and discourse practices
Prior studies have found differences in teaching practices 
as measured by COPUS across STEM disciplines (Lund 
et al. 2015, Eagan 2016, Stains et al. 2018). First, Lund and 
colleagues (2015) found that chemistry instructors lectured 
disproportionately more than biology instructors, whereas 
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biology instructors implemented more peer instruction, and 
mathematics instructors used more collaborative learning. 
More recently, Eagan (2016) found that mathematics and 
engineering instructors consistently used fewer electronic 
quizzes with immediate feedback and student inquiry to 
drive learning compared to biology instructors. Finally, 
Stains and colleagues (2018) found that mathematics instruc-
tors used the most student-centered instructional style (i.e., 
instructor used group work strategies consistently), biology 
instructors used the most interactive lecture instructional 
style (i.e., instructor used some group work strategies), and 
chemistry instructors used the most didactic instructional 
style (i.e., instructor spent 80% or more of class time lectur-
ing). These studies suggest that different STEM disciplines 
have different cultures of implementing student-centered 
EBTPs in their courses.

Instructors’ academic positions or instructor types have 
been shown to influence teaching practices (Bush et al. 2020, 
Harlow et al. 2020, Xu and Solanki 2020). For example, in 
the University of California system, there are three main 
instructor types: tenure-track research faculty, tenure-track 
teaching faculty (also known as lecturer with potential secu-
rity of employment), and non-tenure-track lecturer (also 
known as contingent faculty, part-time, or a unit-18 lecturer). 
Each of these instructor types includes widely different 
expectations for research, teaching, service, and opportuni-
ties for teaching PD (Harlow et  al. 2020, Xu and Solanki 
2020). For example, tenure-track research faculty are pri-
marily evaluated on the success of their research programs 
(Brownell and Tanner 2012), and their teaching is generally 
not an important area for advancement (Figlio et al. 2015). In 
contrast, tenure-track teaching faculty are expected to spend 
more time preparing for their classroom instruction and 
to be more knowledgeable about student-centered EBTPs 
(Harlow et al. 2020). Finally, lecturers are the predominant 
instructor type in higher education with teaching expecta-
tions but not research or service (Murray 2019). Also, when 
comparing tenure-track teaching faculty to lecturers, tenure-
track teaching faculty tend to have more opportunities for 
teaching PD and a smaller teaching load than that of lectur-
ers who often teach up to five courses per semester (Adu 
and Okeke 2014, Murray 2019). It has been well documented 
that in years subsequent to discipline-based PD there is an 
improvement in student performance outcomes (Huberman 
1994, Horn 2010, Council 2012, Kennedy 2016, Manduca 
et al. 2017), because PD promotes opportunities for faculty 
to learn about alternative approaches to teaching (Mizell 
2010).

Two more instructor and course characteristics that 
might affect teaching and discourse practices are years 
of faculty teaching experience and class size (Dancy and 
Henderson 2010, Budd et al. 2013). First, it has been shown 
that novice teachers hold simplistic views of teaching and 
learning (Putnam and Borko 1997) and have teaching 
anxiety that diminishes with teaching experience (Keavney 
and Sinclair 1978), suggesting that they are most likely 

not incorporating EBTPs into their teaching repertoire. In 
addition, with teaching experience comes a better under-
standing of classroom management, which can increase 
opportunities for involvement and improve communica-
tion between instructor and students (Berger et al. 2018). 
Also, Lund and colleagues (2015) found that more experi-
enced faculty members (i.e., more than 6 years of teaching 
experience) are in general more interested in implementing 
and integrate more student-centered EBTPs in their class-
rooms. Second, the number of students enrolled in a class 
(i.e., class size) has often been cited as a barrier to imple-
mentation of student-centered EBTPs (Gess-Newsome 
et  al. 2003, Henderson and Dancy 2007, Hora 2012). For 
example, Smith and colleagues (2014) found a significant 
positive correlation between the percentage of present-
ing information as measured by COPUS and class size 
(Pearson’s r = .401, p < .05), indicating that instructors who 
teach larger class sizes tend to present information more 
often. However, Lund and colleagues (2015) found no dif-
ferences in implementation of student-centered pedagogies 
across small (1–25 students), medium (25–100 students), 
and large (more than 100 students) class sizes. In contrast, 
Stains and colleagues (2018) found that courses with small 
class sizes do not necessarily implement more student-cen-
tered strategies, and Akiha and colleagues (2018) reported 
that even in small class sizes (30 and below), instructors 
continue to present information, indicating that class size 
did not affect teaching practices of the instructors in their 
study context. The previous work described above suggests 
that class size may or may not influence the implementa-
tion of student-centered EBTPs.

Therefore, we wanted to better understand the dynam-
ics of teaching and discourse practices in all STEM class-
rooms at a research-intensive MSI. Specifically, we asked 
the following three questions: How do teaching practices 
correlate with discourse practices? Are there differences 
among STEM instructors with regards to teaching prac-
tices and discourse practices? And are there differences in 
teaching and discourse practices across various instructor 
and course characteristics, including STEM disciplines, 
instructor types, years of faculty teaching experience, and 
class size?

Institution, instructor, and course characteristics
We compared 35 instructors teaching 74 in-person class 
sessions in undergraduate and graduate STEM courses, 
including biology, chemistry, mathematics, physics, and 
engineering, at a mid-size, public, research-intensive univer-
sity designated as an MSI. Table 1 shows the characteristics 
of the instructors and their courses. The possible instruc-
tor type categories are tenure-track or tenured research 
faculty (referred to as research faculty hereafter), tenure-
track or tenured teaching faculty (referred to as teaching 
faculty hereafter), and non-tenure-track contingent faculty 
(referred to as lecturers hereafter). The years of teach-
ing experience is based on the number of years of faculty 
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teaching experience at the institution of study. The years of 
teaching experience ranged from 0 to more than 10 years, 
with 40% of all instructors having more than 10 years of 
teaching experience. Participating instructors varied across 
STEM departments, with the majority being in biology, 
followed by chemistry, mathematics, and other STEM 
(engineering and physics). In addition, courses were mostly 
taught by a sole instructor (i.e., not coteaching or team 
teaching), and the class sizes ranged from 4 to 292 students, 
with the mean class size being 110 students. Instructors 
taught mainly lower-division courses that were designated 
for majors (table 1). Class sessions ranged from 38 to 82 
minutes, avoiding class sessions in which the entire meet-
ing time was dedicated to exams, student presentations, 
or special group project work. However, we included class 
sessions in which quizzes were given because these are a 
regular part of the daily or weekly class sessions and only 
took up to 15 minutes in a 75-minute class session (or 20% 
of the time).

Instructor recruitment
We sent out an initial recruitment email to research and 
teaching faculty through faculty department email list serves 
and individual emails to lecturers in the departments of biol-
ogy, chemistry, physics, and mathematics. We additionally 
sent out individual emails to teaching faculty in engineering. 
This initial email included the purpose of our study, pro-
cedures, benefits, IRB approval, potential dissemination of 
results, classroom observation scheduling information, and 
contact information for questions. We invited instructors 
to participate in our study who met the following selection 
criteria: They taught either an undergraduate or a gradu-
ate STEM course, they taught the lecture component of the 
course—not laboratory or discussion—or they taught the 
course in-person between two academic years (Fall 2018, 
Spring 2019, Fall 2019, and Spring 2020 semesters before 
the COVID-19 global pandemic). Initially, 41 instructors 
consented to participate in the study; however, two were 
excluded because of classroom observation scheduling con-
flicts, two were excluded because of either being a lab or 
discussion component of the course, and two were excluded 
as they did not teach in-person in the Spring 2020 semester 
because of the transition to remote instruction during the 
COVID-19 global pandemic. We are unable to give the par-
ticipation rate because the total number of instructors in the 
email list serves is unknown. The study was classified by the 
UC Merced Institutional Review Board as exempt (protocol 
ID no. UCM2020-3).

COPUS data collection
We used COPUS (Smith et  al. 2013) to quantify teaching 
practices observed across instructors and compared them 
across STEM disciplines, instructor types, years of faculty 
teaching experience, and class size. COPUS documents 
teaching practices in 2-minute intervals throughout a class 
session using 12 individual instructor codes categorized into 
four collapsed instructor codes adapted from (Smith et  al. 
2014) and (Kranzfelder et  al. 2019b): presenting, guiding, 
administering, and other. Individual instructor codes include 
teaching practices, such as lecturing, posing a question, 
answering questions, and moving and guiding (Smith et  al. 
2013). We followed the code descriptions outlined by Smith 
and colleagues (2013), with the exception that one-on-one 
discussions were coded by observers when the instructor was 
helping one student or a small group and not paying atten-
tion to the rest of the class. Also, whole-class discussion was 
coded when students were leading a discussion, such as an 
in-class debate or Socratic seminar (supplemental tables S1 
and S2).

The live COPUS observations were conducted by 14 
Students Assessing Teaching And Learning (SATAL) under-
graduate student interns working for the Center for Engaged 
Teaching and Learning at the institution of study. SATAL 
interns support faculty and staff ’s PD by observing their 
teaching and learning through live COPUS observations, 
class interviews, and focus groups and provide instructors 

Table 1. Demographic characteristics of instructors  
(n = 35) and their courses (n = 74 class sessions).
Characteristics n Percentage

Years of teaching experience

  0–5 14 40.0

  6–10 8 22.9

  11+ 13 37.1

Instructor type

  Research faculty 14 40.0

  Teaching faculty 7 20.0

  Lecturers 14 40.0

STEM discipline of instructor

  Biology 16 45.7

      Molecular and Cellular Biology (12)

      Life and Environmental Sciences (2)

      Quantitative Systems Biology (2)

  Chemistry 9 25.7

  Mathematics 4 11.4

  Other STEM 6 27.1

      Physics (4)

      Engineering (2)

Class size (class sessions)

  Small (≤60 students) 24 32.4

  Medium (61–100 students) 6 8.1

  Large (>100 students) 43 59.5

Class level (class sessions)

  Lower division 55 74.3

  Upper division 14 18.9

  Graduate 5 6.8

Note: Some instructors taught more than one course, but 
demographics and class sessions are included per instructor. 
Parentheses indicate the number in the subcategory.
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with actionable feedback (Signorini and Pohan 2019). SATAL 
interns were trained to conduct COPUS observations in 3 
hours by three of the authors (JA, AMS, and PK) accord-
ing to the training outlined in Smith and colleagues (2013) 
until moderate interrater reliability (IRR) was established 
between all coders (κ = .55, 95% confidence interval [CI] = 
.55–.56; supplemental table S5). Fleiss’ kappa statistics of 
.01–.20 indicate no to slight agreement, .21–.40 indicate fair 
agreement, .41–.60 indicate moderate agreement, .61–.80 
indicate substantial agreement, and .81–1.00 indicate almost 
perfect agreement (Fleiss 1971). At minimum, two SATAL 
interns were present in the classroom for each of the live 
observations. In addition to reaching a moderate IRR during 
training, SATAL interns would meet for up to 30-minutes 
after each classroom observation to discuss their codes 
and resolve any coding disagreements until reaching 100% 
consensus. By having both a moderate kappa score and con-
sensus building after each classroom observation, the data 
collected by SATAL interns were considered reliable.

CDOP data collection
We used CDOP (Kranzfelder et  al. 2019a) to quantify the 
discourse practices observed across instructors and com-
pared them across STEM disciplines, instructor types, years 
of faculty teaching experience, and class size. CDOP docu-
ments discourse practices, specifically TDMs, in 2-minute 
intervals throughout a class session using 17 individual 
instructor codes such as sharing, real-worlding, checking in, 
contextualizing, and requesting into four collapsed instructor 
codes as is described in the present article (supplemental 
tables S3 and S4; Mortimer and Scott 2003a, Kranzfelder 
et al. 2019b): 

Authoritative, noninteractive is classroom discourse in 
which the instructor focuses on their point of view with no 
student participation opportunities (e.g., lecturing).

Authoritative, interactive is classroom discourse in which 
the instructor is the main participant but leads students 
through a question-and-answer routine to consolidate their 
point of view (e.g., lecturing with IRE-type questions).

Dialogic, interactive is classroom discourse in which both 
the instructor and students participate. Here, the instructor 
listens and responds to student discourse, and students ben-
efit from the teacher’s guidance (e.g., whole-class discussion 
with IRF-type questions).

Other was used when a TDM was observed, but no iden-
tifiable codes fit.

For CDOP analysis, we collected audio recordings for 
each of the instructors using either a Sony HDR camcorder 
with a microphone or a Swivl with a remote marker and an 
Apple iPad. We listened to audio recordings while using the 
CDOP to quantify the TDMs used by instructors. One coder 
(JA) was trained for 3 hours by the corresponding author 
(PK), whereas two coders (CD and AHS) were trained by 
the first author (JA) according to the training outlined in 
Kranzfelder and colleagues (2019a) until substantial IRR was 
established between all four coders (κ = .79, 95% CI .72–.86; 

table S6). Over several months, three coders (JA, CD, and 
AHS) independently coded all of the audio recordings as 
first coders, whereas two coders (PK and JA) served as sec-
ond coders for over 25% of the recordings (κ = .83, supple-
mental table S7). If the average kappa score was below .6, 
then the coders met to discuss the discrepancies until 100% 
consensus was reached.

Data analyses
Following Lewin and colleagues (2016), Meaders and col-
leagues (2019), and Kranzfelder and colleagues (2020), we 
analyzed the COPUS and CDOP individual codes using 
the percentage of 2-minute time intervals to determine and 
compare the frequency of a particular code. We divided the 
number of 2-minute time intervals marked for each code 
(e.g., sharing) by the total number of 2-minute time intervals 
for that class session. For example, if sharing was marked 20 
of the 2-minute time intervals out of a possible 30 2-minute 
time intervals (i.e., 60-minute class session), then 20/30 or 
66.7% of the possible 2-minute time intervals contained 
sharing. This calculation overestimates the amount of time 
an instructor spends on any one behavior as the behavior 
is counted for the entire 2-minute time interval even if the 
instructor only spends 10 seconds on it.

Similar to Smith and colleagues (2014), Lewin and col-
leagues (2016), and Kranzfelder and colleagues (2020), 
we also analyzed the COPUS and CDOP collapsed data 
using the percentage of codes to get a more holistic view 
of multiple codes and compare across broad teaching and 
discourse practices. In addition, we analyzed COPUS and 
CDOP collapsed data by the percentage of codes to deter-
mine differences across STEM disciplines, instructor types, 
years of faculty teaching experience, and class sizes. More 
specifically, we added the total number of times each code 
was marked and divided it by the total number of codes. 
For example, if sharing was marked 20 times and there were 
50 codes in total, then sharing would correspond to 20/50 
or 40% of the total codes. This calculation slightly under-
estimates the amount of time an instructor spends on any 
one behavior as it counts the behavior relative to all other 
behaviors.

We categorized our data to quantify how teaching and 
discourse practices differed among instructors’ STEM disci-
pline, instructor type, years of teaching experience, and class 
size. We made categories on the basis of samples with at least 
10 class sessions for all four variables. First, we divided the 
STEM disciplines into four categories: biology (i.e., molecu-
lar and cellular biology, quantitative and systems biology, 
and life and environmental sciences), chemistry, mathemat-
ics, and other STEM (engineering and physics). We grouped 
instructors who taught life sciences courses into biology and 
grouped engineering and physics into other STEM. Second, 
we divided instructor types into three categories following 
categorization from Xu and Solanki (2020): research faculty, 
teaching faculty, and lecturers. Third, following Lund and 
colleagues (2015), we divided the years of faculty teaching 
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experience on the basis of the number of years teaching as 
the instructor of record at this institution of study into three 
categories: 0–5 years, 6–10 years, and 11 or more years. 
In contrast to Lund and colleagues (2015), we determined 
the range of the categories to ensure that there was a large 
enough sample size for each of the three categories. Fourth, 
we divided the class size (or the number of students per 
class) into two categories: small (up to 60 students) and 
medium (61–100 students) together and large (more than 
100 students).

Statistical analyses
To determine whether there were relationships between 
teaching and discourse practices across instructors, we calcu-
lated nonparametric Spearman’s rank correlation tests. More 
specifically, we correlated two COPUS collapsed instructor 
codes (presenting and guiding) to three CDOP collapsed 
codes (authoritative, noninteractive; authoritative, interactive; 
and dialogic, interactive). We explored the relationships of 
presenting and guiding to the three discourse approaches as 
these teaching practices create opportunities for conversa-
tions between instructors and students around content.

To determine whether there were differences in the teach-
ing and discourse practices across instructors, we calculated 
nonparametric Friedman tests as it does not assume a nor-
mal distribution, and post hoc pairwise comparisons using 
Wilcoxon signed-rank tests with Bonferroni corrections. In 
addition, we used Kendall’s W test for calculating effect size, 
which uses the Cohen’s interpretation guidelines of .1–.3 for 
a small effect, .3–.5 for a moderate effect, and greater than .5 
for a large effect (Cohen 1988, Tomczak and Tomczak 2014).

To determine whether there were differences between 
instructional and discourse practices by STEM discipline 
of the course, instructor type, years of teaching experience, 
and class size, first, we calculated a nonparametric aligned 
ranks transformation ANOVA (Wobbrock et  al. 2011) 
with the ARTool package in R (Kay and Wobbrock 2020). 
Second, we calculated post hoc pairwise comparisons with 
Bonferroni corrections. And finally, we calculated the partial 
eta-squared measure (ηp

2) for calculating effect size, which 
uses .01–.06 to indicate a small effect, .06–.14 to indicate a 
moderate effect, and greater than.14 to indicate a large effect 
(Cohen 1988, Tomczak and Tomczak 2014). All statistical 
analyses were conducted using the R statistical software 

Figure 1. Three discourse approaches (i.e., authoritative, noninteractive; authoritative, interactive; and dialogic, 
interactive) percentage of codes on the y-axis, in response to teaching practices (i.e., presenting and guiding) percentage of 
codes on the x-axis. Scatter plots and best-fit lines are shown with Spearman’s correlation coefficient (ρ) and p-value for 
(a) presenting as a function of authoritative, noninteractive; (b) presenting as a function of authoritative, interactive; (c) 
presenting as a function of dialogic, interactive; (d) guiding as a function of authoritative, noninteractive; (e) guiding as 
a function of authoritative, interactive; and (f) guiding as a function of dialogic, interactive. The shaded area shows the 
95% confidence intervals for the best-fit line.
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(R Core Team 2020) and the significance threshold (α) was 
set at .05 for all tests. As was suggested by Wasserstein and 
colleagues (2019), we presented the actual p-value unless it 
is less than .001, which we presented as p < .001.

Correlations between teaching (COPUS) and 
discourse practices (CDOP) used by STEM 
instructors
We correlated two COPUS collapsed codes to three CDOP 
collapsed codes and found significant associations between 
all six pairs of variables (p < .001; figure 1, supplemental 
tables S12 and S13). We found that presenting positively 
correlated with authoritative, noninteractive (ρ = .64; figure 
1a), but negatively correlated with authoritative, interac-
tive (ρ = –.38, figure 1b) and dialogic, interactive (ρ = –.64, 
figure 1c). In contrast, guiding negatively correlated with 
authoritative, noninteractive (ρ = –.67, figure 1d), but 
positively correlated with authoritative, interactive (ρ = .45, 
figure 1e) and dialogic, interactive (ρ = .66, figure 1f). This 
suggests that presenting teaching practices and authoritative, 
noninteractive discourse practices were commonly imple-
mented together, whereas guiding and authoritative, interac-
tive and dialogic, interactive were commonly implemented 
together (figure 1).

Broad teaching practices used by STEM instructors 
(COPUS)
We used COPUS collapsed codes to quantify broad teach-
ing practices of our STEM instructors and found that they 
were mainly presenting information to students (e.g., lectur-
ing), but also guiding students in active learning activities 

(e.g., moving around and facilitating small group or whole-
class discussion; χ2(3)  = 189, p < .001, W  = .85). More 
specifically, STEM instructors were spending significantly 
more of their class time presenting information to students 
(mean [M] = 55%, range of 11%–100% across all class ses-
sions) than guiding students in active learning activities (M = 
40%, range of 0%–87% across all class sessions). Finally, 
STEM instructors were spending significantly less class time 
administering (M = 4%) and other teaching practices (M = 
1%; figure 2a, supplemental table S8).

Broad discourse practices used by STEM instructors 
(CDOP)
We used CDOP collapsed codes to quantify the broad dis-
course practices of our STEM instructors and found that 
they were mainly using authoritative discourse approaches 
(i.e., only lecturing or lecturing with IRE-type questions) 
and spent significantly less time on dialogic discourse 
approaches (i.e., the instructor asks students to talk about 
content; χ2(3)  = 175, p < .001, W  = .79). For example, 
authoritative discourse practices were eleven times more 
likely to occur than dialogic ones. More specifically, STEM 
instructors spent significantly more of their class time using 
authoritative, noninteractive discourse practices (M = 53%, 
range of 29%–100% across all class sessions) compared to 
authoritative, interactive discourse practices (M = 36%, range 
of 0%–62% across all class sessions), dialogic, interactive 
discourse practices (M  = 7%, range of 0%–24% across all 
class sessions), and other (i.e., no content discourse) discourse 
practices (M = 4%, range of 0%–22% across all class sessions; 
figure 2b, supplemental table S10).

Figure 2. Box-and-whisker plots showing the percentage of codes that instructors spent on different teaching practices (a) 
and discourse practices (b) across 74 STEM class sessions. The boxes represent the interquartile range (IQR) of practices 
for each collapsed code, whiskers represent the largest and smallest values within 1.5 times the IQR, lines within each box 
represent the median, the blue diamond represents the mean, and the black dot represents the outliers.
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Teaching (COPUS) and discourse (CDOP) practices 
across STEM disciplines
We found significant differences in the teaching practices 
across STEM disciplines (F(9,280) = 4.85, p < .001, ηp

2  = 
.13). Looking at individual STEM disciplines and COPUS 
codes, the average percentage use of the two different teach-
ing practices and their ranges for the different disciplines 
were, for presenting, biology, M = 47%, range = 11%–82%; 
chemistry, M = 66%, range = 41%–100%; mathematics, M = 
58%, range  = 34%–74%; other STEM, M  = 51%, range  = 
31%–75%, and for guiding, biology, M = 46%, range = 16%–
87%; chemistry, M = 31%, range = 0%–57%; mathematics, 
M = 38%, range = 23%–65%; and other STEM, M = 41%, 
range = 21%–61%.

Overall, we found that chemistry instructors used sig-
nificantly more presenting than biology instructors (p = –.005), 
whereas they used significantly less guiding than biology 
instructors (p = .04; figure 3a, supplemental tables S14 and S15).

Similarly, we found significant differences in discourse 
practices across STEM disciplines (F(9,280) = 3.25, p < .001, 
ηp

2 = .09). The average percentage use of the three different 
discourse practices, with ranges in parentheses, by different 
disciplines were, for authoritative, noninteractive, biology, 
M = 51%, range = 29%–84%; chemistry, M = 61%, range = 
36%–100%; mathematics, M = 50%, range = 31%–91%; and 
other STEM, M = 43.7%, range = 33%–66%; for authoritative, 

interactive, biology, M = 36%, range = 11%–62%; chemistry, 
M = 32%, range = 0%–52%; mathematics, M = 38%, range = 
2%–57%; and other STEM, M = 43%, range = 26%–55%; and 
for dialogic, interactive, biology, M = 7%, range = 0%–22%; 
chemistry, M = 5%, range  = 0%–17%; mathematics, M  = 
10%, range = 0%–24%; and other STEM, M = 10%, range = 
3%–22%.

Overall, we found that chemistry instructors used sig-
nificantly more authoritative, noninteractive discourse than 
other STEM disciplines (p < .001; figure 3b, supplemental 
tables S16, and S17).

Teaching (COPUS) and discourse (CDOP) practices 
across instructor types
We found significant differences in the teaching practices 
across instructor types (F(6,284) = 2.48, p = .02, ηp

2 = .05), 
but significances were lost after Bonferroni corrections (fig-
ure 4a, supplemental tables S18 and S19). The average per-
centage use of the two different teaching practices and their 
ranges by different faculty types—research faculty, teaching 
faculty, and lecturers—were, for presenting, research faculty, 
M  = 54%, range  = 15%–82%; teaching faculty, M  = 46%, 
range = 11%–69%; and lecturers, M = 60%, range = 28%–
100% and for guiding, research faculty, M = 42%, range = 
15%–84.6%; teaching faculty, M = 47%, range = 29%–87%; 
and lecturers, M = 34%, range = 0%–70%.

Figure 3. Violin and box-and-whiskers plots show the percentage of codes that instructors spent on different teaching 
practices (a) and discourse practices (b) across STEM disciplines, including biology, chemistry, mathematics, and other 
STEM. The violin represents the density of the code frequency. The boxes represent the interquartile range (IQR) of 
practices for each collapsed code, whiskers represent the largest and smallest values within 1.5 times the IQR, lines within 
each box represent the median, and the black dot represents the outliers.
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Similarly, we found significant differences between 
instructor type and discourse practices on the percentage 
of codes (F(6,284) = 5.554, p < .001, ηp

2 = .11). The average 
percentage use of the three different discourse practices and 
their ranges by different instructor types—research faculty, 
teaching faculty, and lecturers—were, for authoritative, non-
interactive, research faculty, M  = 52%, range  = 29%–81%; 
teaching faculty, M = 42%, range = 31%–55%; and lecturers, 
M = 58%, range = 34%–100%; for authoritative, interactive, 
research faculty, M  = 37%, range  = 13%–57%; teaching 
faculty, M  = 43%, range  = 24%–55%; and lecturers, M  = 
33%, range = 0%–62%; and for dialogic, interactive, research 
faculty, M = 8%, range = 0%–17; teaching faculty, M = 11%, 
range = 0%–24%; and lecturers, M = 5%, range = 0%–22%.

Overall, we found that teaching faculty used significantly 
less authoritative, noninteractive than lecturers (p = .004; 
figure 4B, supplemental tables S20 and S21).

Teaching (COPUS) and discourse (CDOP) practices 
across years of faculty teaching experience
We did not find significant differences in the teaching prac-
tices across years of faculty teaching experience (F(6,284) 
= 0.76, p = .6, ηp

2 = .05 (figure 5a, supplemental tables S22 
and S23). Similarly, for CDOP, we did not find significant 
differences in the discourse practices across years of faculty 
teaching experience (F(6,284) = 1.06, p = .38, ηp

2 = .02; figure 
5b, supplemental tables S24 and S25).

Teaching (COPUS) and discourse (CDOP) practices 
across class size
We did not find significant differences in the teaching prac-
tices across class size (F(3,288) = 0.11, p = .95, ηp

2 < .001; 
figure 6a, supplemental tables S26 and S27). Similarly, we 
did not find significant difference in the discourse prac-
tices across class size (F(3,288) = 0.43, p = .73, ηp

2 <  .001; 
figure 6b, supplemental tables S28 and S29).

Variation in teaching and discourse practices across 
STEM instructors
The way instructors guide students’ engagement can foster 
student learning with a deeper understanding of scientific 
ideas (Osborne 2010, Berland and Reiser 2011, Kuhn et al. 
2017), and classroom observations can help us understand 
how instructors are implementing these active engage-
ment practices (Williams et  al. 2015). Prior studies have 
investigated STEM teaching practices across different 
instructor and course characteristics, such as STEM dis-
cipline, course level, class size, classroom physical layout, 
and faculty teaching experience (Lund et  al. 2015, Akiha 
et al. 2018, Stains et al. 2018). However, discourse practices 
were only investigated on biology instructors teaching in 
mostly introductory undergraduate biology classes at a 
PWI (Kranzfelder et  al. 2020). Therefore, for this study, 
we investigated at an MSI how teaching practices correlate 
with discourse practices, which teaching and discourse 

Figure 4. Violin and box-and-whisker plots showing the percentage of codes used by instructor types for teaching practices 
(a) and discourse practices (b). The violin represents the density of the code frequency. The boxes represent the interquartile 
range (IQR) of practices for each collapsed code, whiskers represent the largest and smallest values within 1.5 times the IQR, 
lines within each box represent the median, and the black dot represents the outliers.
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practices are used across instructors, and how teaching 
and discourse practices vary across several instructor and 
course characteristics. Our findings suggest that instruc-
tors teaching in college STEM classrooms are mostly using 
teacher-centered, authoritative discourse practices with 
differences across disciplines and instructor types at a 
research-intensive MSI.

Presenting is associated with authoritative, noninteractive 
discourse, whereas guiding is associated with dialogic, interac-
tive discourse.  First, we correlated teaching and discourse 
practices. We found that presenting and authoritative, non-
interactive were positively correlated to each other, whereas 
guiding was positively correlated to both interactive dis-
course practices. This indicates that when STEM instruc-
tors used teacher-centered pedagogies, such as lecturing or 
showing a video, they are most likely the dominant voice 
being heard in the classroom (i.e., authoritative). For exam-
ple, when an instructor is presenting content material by 
mainly lecturing, they dominate the conversations and dis-
cuss only their point of view, employing the authoritative, 
noninteractive discourse approach. This magnifies the issue 
of inclusion in our STEM classrooms, because students 
traditionally underrepresented in the sciences may not 
voice their misconceptions or questions when an instructor 

dominates the conversation. In contrast, students of privi-
leged ethnicities tend to voice their misconceptions and 
questions regardless of an instructors’ teaching style (Ochoa 
and Pineda 2008). In addition, Myers and Rocca (2000) 
discuss how a “dominant and contentious” communication 
style leaves students with a negative impression and can 
adversely affect the student experiences. Conversely, when 
an instructor is guiding students in mainly active learning 
activities, then they are most likely providing opportuni-
ties for the students’ point of view and voice to be heard 
in the classroom and creating opportunities for students 
to develop their content ideas (i.e., dialogic, interactive 
discourse practices). Fassinger (1996) conducted a study at 
a Midwestern liberal arts college and found that students’ 
perceptions and peer dynamics influence their participa-
tion; however, instructors play a key role in allowing such 
participation and student discussions by either controlling 
the activities and conversations (similar to presenting in an 
authoritative manner) or involving students in the learning 
process (similar to guiding in a dialogic manner). Therefore, 
promoting both student-centered teaching practices (i.e., 
guiding) and student-centered discourse practices (i.e., dia-
logic, interactive) can promote more student involvement 
and create equitable and inclusive learning environments 
that serve all students.

Figure 5. Violin and box-and-whisker plots showing the percentage of codes by instructors’ years of teaching experience 
for teaching practices (a) and discourse practices (b). The violin represents the density of the code frequency. The boxes 
represent the interquartile range (IQR) of practices for each collapsed code, whiskers represent the largest and smallest 
values within 1.5 times the IQR, lines within each box represent the median, and the black dot represents the outliers.
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Instructors used mostly presenting and authoritative, noninteractive 
practices in their college STEM classes.  Second, we examined 
teaching and discourse practices across all STEM instruc-
tors. We found that instructors across all STEM disciplines 
primarily used teacher-centered teaching practices, such as 
presenting information to students, and teacher-centered 
discourse practices, such as activating prior course concepts 
or knowledge (linking) or priming future course concepts 
or knowledge (forecasting). This trend is prevalent despite 
evidence suggesting that active learning teaching practices 
(Freeman et al. 2014) and engaging students in dialogic dis-
course can promote student learning (Duschl and Osborne 
2002, Krussel et al. 2004, Jiménez-Aleixandre and Erduran 
2007, Duschl 2008, Freeman et  al. 2014). In addition, 
student-centered pedagogies, such as guiding teaching prac-
tices and dialogic, interactive discourse practices, could have 
the opportunity to narrow the achievement gap for under-
represented students in STEM fields (Gavassa et  al. 2019, 
Theobald et  al. 2020). However, prior studies suggest that 
implementing student-centered EBTPs continues to remain 
low (Henderson et al. 2012b) and college STEM classes are 
still largely being taught using traditional lecturing, not 
active learning (Stains et al. 2018). Therefore, our findings 
were consistent with previous studies showing that teacher-
centered discourse patterns are the most prevalent in both 
K–12 classrooms (Sinclair and Coulthard 1975, Howe and 

Abedin 2013) and college biology classrooms (Kranzfelder 
et al. 2020).

Presenting and authoritative, noninteractive dominated teaching 
practices and TDMs across STEM disciplines.  Third, we expanded 
our understanding of teaching and discourse practices 
across a range of instructor and course characteristics, 
including different STEM disciplines, instructor types, years 
of faculty teaching experience, and class size. We found dif-
ferences in teaching and discourse practices across STEM 
disciplines, including biology, chemistry, and other STEM, 
similar to other studies (Grossman and Stodolsky 1995, 
Breslyn and McGinnis 2012, Freeman et al. 2014). When we 
analyzed the teaching and discourse practices across these 
disciplines, we found that chemistry instructors presented 
more than biology instructors and employed authoritative, 
noninteractive discourse more than other STEM instruc-
tors. Looking at the average use of teaching and discourse 
practices, we found that although biology instructors spent 
almost half of their class session guiding students in active 
learning activities, their discourse was mostly authoritative, 
not dialogic. Our findings are supported by recent studies 
showing that chemistry instructors lectured more than biol-
ogy instructors who implemented more peer instruction 
and collaborative learning (Lund and Stains 2015, Lund 
et al. 2015) and student-centered instructional styles (Stains 

Figure 6. Violin and box-and-whisker plots showing the percentage of codes used by instructors with respect to teaching 
practices (a) and discourse practices (b) in varying class sizes. The violin represents the density of the code frequency. 
The boxes represent the interquartile range (IQR) of practices for each collapsed code, whiskers represent the largest and 
smallest values within 1.5 times the IQR, lines within each box represent the median, and the black dot represents the 
outliers.
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et  al. 2018). In addition, it has been shown that biology 
instructors tend to implement more inquiry-based learning 
(Edelson et al. 1999, Spronken‐Smith and Walker 2010) and 
team-based learning (Michaelsen and Sweet 2008, Leupen 
et al. 2020), which can promote student scientific investiga-
tion and student learning (Breslyn and McGinnis 2012). In 
addition, some studies have found that chemistry instructors 
spend more time focusing on content knowledge and stu-
dent misconceptions and less time on instructional delivery 
and discourse (Thiele and Treagust 1994, Van Driel et  al. 
2002, Breslyn and McGinnis 2012, Lund and Stains 2015). 
For example, Lund and Stains (2015) found that chemis-
try instructors were somewhat more likely to believe that 
“teaching with new instructional methods will limit content 
coverage.” Also, these patterns may be due to chemistry 
instructors employing the same teaching techniques that 
they received while they were students (Galbraith and Shedd 
1990). Our findings of differences across STEM disciplines 
suggest that PD should be tailored to the specific needs (i.e., 
either more training on student-centered teaching practices 
or discourse practices) of the discipline or department.

Teaching faculty used less authoritative, noninteractive discourse 
than lecturers.  We found that teaching faculty used less 
authoritative, noninteractive discourse practices than lec-
turers. However, we did not find significant differences in 
authoritative, interactive or dialogic, interactive discourse 
practices between instructor types. These findings are not 
surprising on the basis of the roles and expectations of 
the three studied instructor types. Xu and Solanki (2020) 
recently described teaching faculty as tending to have more 
teaching PD opportunities, lighter teaching loads, and more 
consistency in courses taught from one term to the next 
when compared to lecturers; therefore, teaching faculty 
might have more time and opportunities to learn about and 
implement student-centered practices. Generally, lecturers 
have relatively low compensation, minimal benefits, limited 
participation in departmental decisions, and lack of job 
security, leading to low supports and incentives for PD to 
improve their teaching skills and practices (Umbach and 
Wawrzynski 2005, Bettinger and Long 2010, Xu and Solanki 
2020). Taken together, we conclude that although we did 
not find significant differences across instructor types with 
teaching practices after performing Bonferroni corrections, 
we see that on average, teaching and research faculty guide 
their students through active learning activities, and teach-
ing faculty tend to involve students in the conversations, 
especially using authoritative, interactive discourse. From 
our findings, we suggest providing equitable institutional 
PD supports, incentives, and opportunities to all three 
instructor types, which may increase the implementation of 
student-centered EBTP in the classroom.

Years of faculty teaching experience did not affect teaching or dis-
course practices.  We found that instructors’ years of faculty 
teaching experience did not affect teaching or discourse 

practices. On the basis of findings in prior studies (Keavney 
and Sinclair 1978, Hoy and Spero 2005, Lund et  al. 2015, 
Berger et al. 2018), this was somewhat surprising to us as we 
expected the instructors with the most teaching experience 
(i.e., 11 or more years) to employ more student-centered 
teaching and discourse practices. Therefore, we expected 
more experienced instructors might increase student par-
ticipation as a result of having greater confidence in their 
knowledge, skills, and practices, and that could have allowed 
them to provide more opportunities for student involvement. 
A possible explanation to why our results do not reflect what 
has been observed in other studies could be due to lack 
of buy-in (Patrick et  al. 2016), professional identity of the 
instructors (Brownell and Tanner 2012), or perceived student 
resistance to active learning strategies (Finelli and Borrego 
2020). Moreover, other studies have found other resource 
and time barriers to implementing active learning, such as 
lack of time for preparations of class material and in-class 
active learning activities, lack of technology that supports 
in-class active learning, lack of training, lack of incentives, 
and lack of administrative support (Henderson et  al. 2010, 
Anderson et  al. 2011, Patrick 2020). Implementing active 
learning in STEM classrooms requires buy-in, resources, and 
time from instructors; therefore, if they are not supported in 
their implementation of active learning, then they are less 
likely to implement it regardless of how long they have taught 
at the institution. Despite the lack of significant differences, 
instructors in our study had a wide range of years of teaching 
experience within each category, but they are all predisposed 
to their own beliefs, knowledge, and skills. For example, two 
faculty with 6 years of teaching experience might have differ-
ent pedagogical beliefs, knowledge, and skills and, therefore, 
may implement active learning to varying degrees. Our 
findings suggest that instructors of varying years of teaching 
experience may benefit from more PD opportunities and 
being incentivized by their departments to participate in 
these opportunities (e.g., teaching awards), potentially lead-
ing to more implementation of student-centered EBTPs.

Class size did not affect teaching or discourse practices.  We found 
that neither teaching practices nor discourse practices dif-
fered across class sizes. This is in contrast to previous studies 
that have cited class size as a barrier to faculty’s implementa-
tion of student-centered EBTPs (Gess-Newsome et al. 2003, 
Henderson and Dancy 2007, Hora 2012, Smith et al. 2014, 
Lund and Stains 2015, Lund et al. 2015, Shadle et al. 2017, 
Akiha et  al. 2018, Stains et  al. 2018). For example, Lund 
and colleagues (2015) found statistically significant differ-
ences in instructional styles on the basis of class size and 
Lund and Stains (2015) found that 100% of their biologists 
self-reported class size dictating their teaching methods. 
Therefore, although it is promising that we did not find dif-
ferences across class sizes, there needs to be a shift in faculty 
perception about the influence of class size on implementa-
tion of EBTPs to allow for more active learning opportuni-
ties in large class sizes.
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Recommendations for college STEM administrators and instructors.  
First, we recommend that institutions provide department- 
or discipline-specific teaching PD on student-centered 
teaching or discourse practices. It has been well documented 
that PD brings multilayered improvements in instructional 
practices when it is department- or discipline-specific (i.e., 
biology and chemistry), and not just “good teaching rem-
edies,” such as implementing active learning techniques for 
engaging students (Henderson et  al. 2012a). Our findings, 
similar to Lund and Stains (2015), highlighted differences 
across STEM disciplines, suggesting the importance of not 
treating all departments and disciplines identically when 
reform efforts or training occurs at an institution. Some 
Centers for Teaching and Learning, such as our own institu-
tion, offer opportunities for classroom observations using 
COPUS to help instructors visualize their teaching prac-
tices. However, in addition to COPUS peer observations, 
we recommend using CDOP to help instructors assess their 
instructional discourse by providing a baseline for instruc-
tors to reflect on their TDMs. We suggest that faculty discuss 
their CDOP results with each other to reflect on their pat-
terns of questioning students and encourage one another to 
incorporate more dialogic, interactive discourse moves. A 
simple way of moving toward dialogic, interactive discourse 
in the classroom is to ask students to evaluate each other’s 
ideas (e.g., challenging) as this encourages students to think 
about concepts and challenge each other’s answers. This is 
aligned with most institution’s mission to support student 
academic success by allowing them to be involved in the 
learning process.

Second, we recommend that college instructors across all 
STEM fields take advantage of institutional pedagogical PD 
to learn how to apply EBTPs in their classrooms. More spe-
cifically, we recommend that departments incentivize these 
pedagogical trainings to improve instructional and discourse 
practices. We make this suggestion as college STEM instruc-
tors may be more willing to participate in such pedagogical 
trainings if measures of teaching effectiveness, such as teach-
ing practices based on COPUS observations, are evaluated 
as part of the tenure and promotion process (Henderson 
et  al. 2011, Brownell and Tanner 2012, Stains et  al. 2018, 
Kranzfelder et  al. 2019b). Also, STEM departments can 
affect faculty’s beliefs and motivations and promote changes 
to teaching culture by valuing both contributions to teaching 
and research equally during evaluation (Herman et al. 2018).

Third, we encourage faculty to create faculty learning 
communities (FLCs) or communities of practice (COP) to 
adopt a new belief system that values teaching and to estab-
lish long-term collaborations between faculty supporting 
each other in the use of active learning (Wenger 1998, Kezar 
et al. 2017, Herman et al. 2018, Tomkin et al. 2019). FLCs 
or COP are usually attended by those faculty interested in 
advancing their pedagogical skills as participation is volun-
tary and no certifications are awarded (Weaver et al. 2016). 
Recently, Tomkin and colleagues (2019) found that COP are 
particularly effective when they consist of small, disciplinary 

teams working on the same courses and all using EBTPs. 
Therefore, we recommend that chemistry instructors teach-
ing large enrollment introductory chemistry courses work 
together in their pedagogical reform efforts.

Limitations and future directions
We acknowledge that although our study aimed to pro-
pel college STEM education forward into research-based 
practices, we have limitations that we hope to address in 
future studies. These limitations include limited generaliz-
ability due to only studying STEM instructors at one, not 
multiple institutions, a limited ability to measure differences 
in student learning across different discourse approaches 
using only classroom observation data, a limited ability to 
measure the impacts of instructor and course characteristics 
on practices with small sample size, and a limited ability to 
measure how PD effects teaching and discourse practices. 
First, this study was performed at only one higher educa-
tion institution. All instructors shared the same resources 
and were under the same leadership; therefore, expectations 
were uniform. It may be beneficial to conduct a similar study 
across multiple institutions to paint a more detailed picture 
of instructional and discourse practices in higher education. 
Second, the classroom observation protocols employed in 
our study documented the presence or absence of teaching 
or discourse practices and do not touch on cognitive student 
engagement or student performance outcomes. Although 
student-centered teaching practices, such as implementing 
active learning, are associated with improved student perfor-
mance outcomes (Freeman et al. 2014), we did not measure 
these outcomes. In the future, we would like to collect student 
learning gains through concept inventories, such as GenBio-
MAPS for general biology (Couch et  al. 2019), to further 
investigate the impact of different discourse approaches 
on student learning. For example, does dialogic, interactive 
discourse lead to improved student learning gains? Third, 
with a larger sample size across various institutions, we 
would like to measure the impacts of different instructor and 
course characteristics on teaching or discourse practices. An 
interesting observation we saw was that biology instructors 
implemented presenting teaching practices with a wide range 
(10.9%–82.1%). In the future, we would like to study which 
instructor and course characteristics, such as gender, teach-
ing experience, instructor type, and class size, are more likely 
to implement active learning pedagogies broadly, and within 
disciplines. Fourth, we did not study the effects of discipline- 
or department-specific PD on instructional and discourse 
practices. It has been shown that PD improves instructional 
practices (Henderson et  al. 2012a); therefore, it would be 
interesting to investigate access to PD and the effects of PD 
across various variables and how that affects teaching and 
discourse practices. For example, would a non-tenure-track 
chemistry lecturer with over 10 years of teaching experi-
ence have different teaching or discourse practices if they 
had more access to teaching PD? Taken together, our work 
shines a light on teaching and discourse practices in college 
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STEM classrooms, and we hope that both STEM educators 
and STEM education researchers focus not just on what 
instructors and students are doing in classrooms, but who 
and how instructors and students are talking about science 
content in these classrooms.
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