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The Effect of Active Learning Professional Development Training on
College Students’ Academic Outcomes

Abstract

Growing literature documents the promise of active learning instruction in engaging students in
college classrooms. Accordingly, faculty professional development (PD) programs on active
learning have become increasingly popular in postsecondary institutions; yet, quantitative
evidence on the effectiveness of these programs is limited. Using administrative data and an
individual fixed effects approach, we estimate the effect of an active learning PD program on
student performance and persistence at a large public institution. Findings indicate that the
training improved subsequent persistence in the same field. Using a subset of instructors whose
instruction was observed by independent observers, we identify a positive association between
training and implementation of active learning teaching practices. These findings provide

suggestive evidence that active learning PD has the potential to improve student outcomes.
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Between fall 2010 and fall 2018, undergraduate enrollment increased by approximately
3.4 million at four-year institutions, representing a 26% growth (National Center for Education
Statistics, 2019). However, during the same period, the national retention rates of all full-time,
first-year students attending four-year public institutions -- measured by the percentage of
students who return to the same institution for their second year -- has been stagnant between
76% and 79% (National Student Clearinghouse, 2020). In response to the sizable number of
students who withdraw from college within their first year, extensive literature has focused on
classroom pedagogy. Specifically, researchers and policymakers raise the concern that the
traditional lecture-intensive instruction that dominates college classrooms emphasizes
memorization over conceptual learning and is thus “disengaging” for students (e.g., Braxton,
Milem, & Sullivan, 2000; Deslauriers et al., 2011; Gasiewski et al., 2012; Pike, Smart, &
Ethington, 2012; President’s Council of Advisors on Science and Technology, 2012).

The ongoing conversation about the pitfalls of lecturing in teaching undergraduate-level
courses has led to growing enthusiasm surrounding active learning instruction as a way to better
engage students in their learning process (Deslauriers et al., 2011; Gasiewski et al., 2012; Prince,
2004; Wiggins et al., 2017). In contrast to lectures where students passively receive information,
active learning emphasizes students’ active participation through intentionally designed activities
such as discussions, questions asked by the instructor, targeted in-class instructor feedback, in-
class clicker questions, and small group active learning tasks or activities (Braxton, Milem, &
Sullivan, 2000; Deslauriers et al., 2011).

Indeed, extant studies on active learning identified a positive association between active
learning instruction and student engagement. For example, based on student surveys

administered across 15 four-year institutions, Gasiewski et al. (2012) found that students



reported greater engagement when taught with active learning instruction than lecture-intensive
instruction. Perhaps as a result of increased engagement, students taught in active learning
classrooms also display better class attendance, retain course materials longer, and perform better
on exams compared to students taught in lecture-intensive classrooms across a number of
disciplines (Cherney, 2008; Desauriers et al., 2011; Knight & Wood, 2005).

Given empirical evidence that active learning approaches may improve college student
outcomes, faculty professional development (PD) programs on active learning instruction and
practices have become increasingly popular at the postsecondary sector (Pfund et al., 2009). At
the national level, the National Institute on Scientific Teaching offers multi-day workshops and
various professional development opportunities for faculty to incorporate evidence-based
teaching practices with support and guidance from expert facilitators. Moreover, institutions
across the nation have teaching and learning centers that provide opportunities for faculty to
participate in teaching institutes focused on active learning instruction strategies (i.e., University
of Southern California’s Faculty Teaching Institute, University of Georgia’s Active Learning
Summer Institute). Despite the rapid increase in training on active learning and the high hopes
around it, there is a striking lack of empirical evidence on the effects of these PD programs on
classroom instructional practices and on student academic outcomes.

This study addresses this research gap by examining the causal effect of an Active
Learning Professional Development (ALPD) implemented during 2018-2020 at a large public
institution. Specifically, we link ALPD instructor participation data with detailed student
transcript data from all courses offered between fall 2016 and winter 2020 and estimate the effect
of ALPD participation on students' current course performance as well as subsequent persistence

and performance in the same field of study. To address instructor self-selection into ALPD and



possible baseline differences between ALPD participants and nonparticipants, we leverage rich
panel data and use an individual fixed effects approach that compares average student outcomes
before and after the participants received the training while using non-participants to control for
general contextual changes over time that may affect student outcomes. We further combine this
approach with course fixed effects, thus ruling out any between-course variations in course
difficulty and student outcomes. In addition, to construct a sample of non-participants who
resemble the ALPD participants, we also conduct a robustness check where we first match
ALPD participants with observationally similar non-participants and then estimate the individual
fixed effects model with inverse probability weights based on the post-matched sample. To our
knowledge, this is the first study that employs a quasi-experimental design to provide
quantitative evidence on the benefits of active learning PD programs on student outcomes in the
postsecondary setting.

Our analysis indicates that the ALPD improved the likelihood that a student persists into
the next course within the same field by three percentage points, or a 5% increase. We do not
observe any difference in student performance in the next course and marginal improvements in
students’ current course grades. We complement these estimates with in-depth classroom
observation data of a subsample of 392 classrooms to shed light into the relationship between
ALPD and instructional practices. Our results suggest that the ALPD participation is associated
with an increased likelihood of using active learning approaches instead of lecture-intensive
instruction. We couch these findings given the current wave of institutions seeking to scale up
active learning instruction through institutionalized structures such as professional development.

Background



Studies conducted in a variety of disciplines document the benefits of active learning
instruction on student engagement and performance relative to lecture-intensive instruction.
Earlier studies that focus on student perceptions indicate that students in active learning
classrooms perceive greater support from peers and faculty (Loes et al., 2017; Prince, 2004;
Johnson, Johnson, & Smith, 1998) and feel empowered to take ownership of their learning
relative to those in lecture-intensive instruction (Gasiewiski et al., 2012). As students engage
with peers and faculty in active learning classrooms, students learn to cooperate with one another
and improve communication skills (Johnson & Johnson, 2009). These studies contend that
learning to collaborate with others and perceiving greater support are likely to lead to better
learning outcomes.

A more recent and growing literature has directly examined the association between
active learning and student performance outcomes, and has generally identified positive effects
of active learning instruction relative to lecture-intensive instruction (e.g., Deslauriers et al.,
2011; Deslauriers et al., 2019; Freeman et al., 2014; Ruiz-Primo et al., 2011; Theobald et al.,
2020). For example, in their metaanalysis of 225 studies on the efficacy of active learning in
STEM classrooms, Freeman et al. (2014) concluded that active learning increases course exam
performance by approximately half of a letter grade (i.e., moving from a B to a B+) compared to
lecture-intensive instruction. In addition, active learning has been associated with reduced equity
gaps. For example, Theobald et al. (2020) conducted a metaanalysis of 15 studies across 51
STEM classrooms and found a 33% reduction in racial achievement gaps in student exam scores
in active learning classrooms compared to lecture-intensive classrooms.

Despite the growing evidence for the promise of active learning instruction in engaging

students, its implementation has yet to occur on a large scale in higher education (Stains et al.,



2018). One of the reasons for instructors’ suboptimal engagement in these practices is a lack of
systematic pedagogical training that would enable faculty to apply these practices effectively to
their own teaching (Brownell & Tanner, 2012; Mazur, 2009). In response, institutions and
teaching institutes have begun to offer various training programs that provide space for cross-
disciplinary faculty (and staff) to work together to discuss best practices and create a community
of support within structured PD programs (Cox, 2004).

Yet, PD may not necessarily lead to alteration in instructional practices and improved
student outcomes if the training is insufficient or if there is inadequate support and incentives for
faculty to apply what they have learned to their own teaching. Indeed, the broad literature of
teacher PD has increasingly emphasized the complex links between the design and
implementation of PD and its effectiveness (Darling-Hammond et al., 2017; Elliot et al., 2017,
Pelletreau et al., 2018 Penuel et al., 2007). For instance, the duration of the training, the quality
of learning materials and activities, and the presence of collective participation and community
support among PD participants can all influence the effect of a PD program (Desimone, 2009;
Elliot et al., 2017). Accordingly, researchers have reached consensus that in order to fully
understand the value of any particular PD training, it is critical to build an empirical knowledge
base that documents how specific programs are designed and implemented, and assess their
effectiveness in terms of both teaching practices and concrete student outcomes (Darling-
Hammond et al., 2017; Kutaka et al, 2017).

Although PD on active learning pedagogies is increasingly popular in higher education,
there is limited documentation of how these programs are designed, and even less is known
about their impacts on instructional practices and student achievement. Among the handful of

studies that describe such programs, there are substantial variations in the duration and



community support across programs (e.g., Ebert-May et al., 2011; Pfund et al., 2009). In this
study, we address this research gap about active learning PD training by documenting and
rigorously evaluating an active learning PD program at a large, four-year public research
university. We describe in detail how the program was designed and implemented, and also
empirically assess the impact of the training on students’ current course performance and
downstream outcomes. Finally, based on detailed class observation data from a subgroup of
courses in our sample, we also document the association between the PD training and
instructional practices to illuminate possible mechanisms through which the training may
influence student outcomes.

Research Design and Data

Program Description: Active Learning Professional Development Training

The active learning professional development (ALPD) under study was implemented at a
large public research institution and is open to faculty across all disciplines and ranks. The
program introduces faculty to active learning instructional methods and tools in a systematic way
by involving participants in hands-on activities to analyze active learning pedagogical strategies
and apply evidence-based practices to the participants’ own lesson designs. The ALPD was
officially launched in fall 2018. At the beginning of each term, several campus-wide emails were
sent out to solicit faculty’s participation. Because there was limited space available for each
session, the program was offered on a first-come, first-serve basis, and the program was typically
filled within one day. Since its inception until winter 2020, a total of 105 faculty have gone

through the training.*

1 As of Spring 2021, there were 278 instructors listed as either “in progress” or “completed.” When we limit the
sample to instructors with training dates and certified information the sample dropped to 105.



ALPD includes eight 90 minutes weekly sessions, through which faculty worked to
revamp their own instructional materials to incorporate more active learning under the guidance
of an expert facilitator from the Teaching and Learning Center on campus and in a supportive
collegial atmosphere. Each session included a short lecture, assignments, and several readings
related to topics in that session. Some of the key topics covered include the role of assessment,
different forms of feedback, ways to increase inclusivity, linking course goals with assignments
and activities, and leveraging technology. For each topic, faculty were first introduced to the
general and discipline-specific literature underlying evidence-based practices in active learning,
coupled with active learning strategies, instructional tools, and concrete examples that were
specific to their discipline. The participants were then guided to apply evidence-based practices
and implementation to their own course materials and lesson designs.

Community building and support was an important part of ALPD and several activities
have been intentionally designed to facilitate community development. First, to ensure
collaborative participation, all applicants to ALPD were required to commit to attending at least
six sessions of the eight-session program. In addition, at each session, participants were assigned
into small groups of four. The facilitator intentionally assigned participants into different groups
for the first few weeks until participants had met everyone and could start selecting their own
groups. Each session started with small group discussion, where participants shared their own
personal teaching experiences. Finally, some of the assignments were intentionally designed to
facilitate collaborative participation. For example, one assignment required participants to
redesign a class period and present their work to the group, where all group members would

provide feedback to the presenter.



At the end of the eight-week training, faculty received a certificate of completion if they
were observed by independent classroom observers using the Classroom Observation Protocol of
Undergraduate STEM (COPUS) (Smith et al., 2013).? Using the COPUS protocol, observers
recorded both the instructor’s and students’ behaviors in each two-minute period of a class
session. Specifically, trained observers identified what the instructor did using 12 instructor
behavioral codes (i.e., lecturing, answering student questions) and what the students did using 13
student behavioral codes (i.e., listening, asking questions) in each two-minute interval.> ALPD
trained instructors were awarded a certificate of completion if the observer confirmed that the
instructor lectured less than 50% of the class period and incorporated instructor-student
interactions as well as student-student interactions. Some of the incentives for receiving the
certificate include priority scheduling at the technology-enabled active learning classrooms,
using the certificate as a second piece of evidence of instruction quality for tenure/promotion
review, and the opportunity to help facilitate future ALPD. 42% of the 105 trained faculty in our
data were certified whereas the remaining faculty completed just the training.

Data

We leverage three data sources to examine the effect of active learning professional
development training on current and subsequent student outcomes. The first source of
information comes from detailed administrative data. We first identified all courses offered
between fall 2016 through winter 2020 and then pulled information on all students who took any
of these courses taught by either ALPD participants or non-participants (N=1,022 courses).

Among these observations, 36% of the student enroliments (n=54,130 unique students) were in

2 Although the COPUS protocol was initially developed to observe STEM classroom instructions, it has also been
used in observing non-STEM classrooms (Denaro et al., 2021).

3 For example if the observer tallies 13 times that the instructor lectured during a 50-minute course, we would say
that the instructor lectured 52% of class time (13/25).



courses that have within-course variations in instructors by ALPD participation (i.e. courses with
some sections taught by ALPD participants and some sections by non-participants).* We
exclude summer terms partly because fewer courses are offered during the summer and partly
because summer courses follow different lengths and possibly different structure than courses
offered in the fall, winter, and spring terms. In addition, given the goal of this study, we exclude
courses that are not instruction focused, such as independent study, undergraduate research
courses, and lab sessions. The data include the name of the course, term-year in which it was
offered, class size, the class location, and the primary instructor of record, as well as student
demographic characteristics and prior academic achievement profiles. We next merge the
administrative data with ALPD participation data which include a list of instructors who
participated in the training and the term when each participant completed the training as well as
their certification date if the instructor pursued a certification.

The third data source is classroom observation data. Starting in the 2018-2019 academic
year, all undergraduate courses (i.e., excluding discussions, seminars, or labs) that enrolled at
least 60 students at this institution were solicited to be observed using the COPUS protocol. A
total of 392 classes across 289 unique instructors were observed by winter 2020. Among these
instructors, 71 went through the ALPD training by the time of the observation while 218
instructors did not.

Student Outcomes
In assessing the effectiveness of ALPD, we consider both current and subsequent student

academic outcomes in the same field of study. Specifically, we begin our inquiry with student

4 Because of the way the data was obtained, we have a relatively large proportion of courses for which
ALPD instructors did not teach the course. We have conducted analyses by limiting the sample to
courses that were taught by both ALPD participants and non-participants and found that our results were
similar regardless of this restriction.



contemporaneous course performance, as measured by course grade on a 1 to 4 grading scale.
Yet, current course grades alone may not be sufficient in fully capturing the impact of ALPD for
two reasons. First, current grades may not be a reliable measure of actual learning due to
instructor grading leniency. Indeed, existing studies on teacher effectiveness indicate that
students tend to receive lower grades in introductory coursework from instructors who are most
effective in preparing students for subsequent advanced courses (Carrell & West, 2010). In the
context of the current study, if ALPD also influences instructors’ grading practices, a change in
average student grades may not necessarily reflect actual improvement (or deterioration) of
teaching quality.

In addition, the effects of ALPD may unfold in different ways and some of them may not
show in immediate course performance. In particular, existing studies have advocated for the
promise of active learning in promoting student interest in a subject area (e.g. Gasiewski et al.,
2012), which arguably can be better captured through subsequent individual choices such as
enrolling in another course in the same field of study than immediate performance outcomes.

Therefore, we build on the existing literature on teaching effectiveness (e.g., Carrell &
West, 2010; Figlio et al., 2015; Xu, 2019; Xu & Solanki, 2020), and further include downstream
outcomes to provide a more comprehensive understanding of the impact of ALPD. Specifically,
we use subsequent field persistence — whether a student took another course in the same field of
study in the immediate next term — to measure student interests in a subject. In addition, we also
examine students’ performance in the next course to capture possible lasting impacts of ALPD

on learning and engagement in the same field of study.®

5 To construct subsequent course achievement measures, we first looked at the entire course-taking records of each
student and identified the next course within the same field for every course taken between fall 2016 to spring 2020
excluding summer terms. Repeat courses were excluded from next course persistence and performance.



Sample Description

Table 1 shows the summary statistics of the average outcome measures (panel A),
characteristics of students (panel B), and characteristics of course-sections (panel C) taught by
three groups of instructors: 1) instructors who never participated in the ALPD (“ALPD Non-
participants” in column 1-3); 2) ALPD participants during the terms prior to the training (“ALPD
Participants: Pre-Training” in column 4-6); and 3) ALPD participants during the terms after the
training (“ALPD Participants: Post-Training” in column 7-9). Results presented in panel A
reveal several baseline differences between ALPD participants and non-participants prior to the
training, where the ALPD participants seem to be associated with consistently better student
outcomes. This highlights the importance of accounting for the baseline differences between the
ALPD participants and nonparticipants in estimating the impact of ALPD on student outcomes.
Raw comparisons between the pre- and post-training periods among ALPD participants suggests
that students’ average grades in subsequent courses are higher in courses taught by ALPD
participants during the post-training terms. Yet, these differences may be partly due to different
courses taught by each group and the characteristics of students enrolled in those courses.

<Insert Table 1 >

Indeed, results presented in panels B and C revealed a number of differences in the type
of courses taught and the characteristics of students between the ALPD participants and
nonparticipants prior to the training, as well as between the pre-training and post-training terms
among the ALPD participants. Specifically, compared with the nonparticipants, ALPD
participants during the pre-training terms taught courses with a larger proportion of transfer
students and students with lower high school GPA and SAT scores. The participants were also

more likely to teach large classes (enrollment size>=60) than nonparticipants. Looking at ALPD



participants’ pre-training and post-training terms, ALPD participants during the post-training
terms taught students with, on average, higher high school GPA and SAT scores than ALPD
participants during the pre-training terms. The differences in student composition and class size
may be partly driven by different fields of study between the participants and nonparticipants,
where the participants seem to be more heavily concentrated in non-STEM disciplines.

In a similar vein, there are also noticeable differences in student characteristics between
pre-training and post-training periods among the ALPD participants, where courses taught in the
post-training terms had students with better pre-college academic performance. In addition,
courses taught in the post-training periods were more heavily concentrated in STEM fields than
in the pre-training periods. These differences may be partly driven by general changes in student
composition as well as course offering over time at this institution, which highlight the
importance of accounting for between-course and over-time variations in student outcomes in
estimating the impact of the training on student outcomes.

To obtain an understanding of how our sample instructors compare to the university as a
whole, Appendix Table 1 shows the comparison between ALPD participants and the population
of instructors who taught during the study timeframe. Among the participants, there are fewer
engineering instructors than the population as a whole. In terms of the teaching load and
characteristics of courses taught, ALPD participants assumed a heavier teaching load and were
more likely to teach undergraduate courses than graduate courses.® Finally, there are more
assistant or associate professors and teaching-focused professors among the participant group

relative to all instructors at this university.

6 On average, the ALPD participants taught four credits per term whereas all instructors at this institution taught
about two credits on average per term. In addition, ALPD participants taught fewer graduate courses and were more
likely to teach undergraduate courses compared to the population of instructors.



Identification Strategy

To account for instructor self-selection into the PD training, we compare average student
outcomes of ALPD participants after they completed the training to average outcomes of the
same instructor before the training. This approach has been used widely in the education
literature to address any time-invariant factors at the individual level such as ability in estimating
the causal impact of educational investment (e.g., Cellini & Chaudhary, 2014; Jacobson,
Lalonde, & Sullivan, 2005; Jepson, Troske, & Coomes, 2014; Xu & Trimble, 2016). In addition
to individual fixed effects, we also include course fixed effects to compare average academic
performance of students in different sections of the same course, as well as term fixed effects to
account for general changes in student composition and outcomes over time. We estimate the
following equation:

Yijsct =a; + BI(ALPDjt) + Xijsctﬁ + O+ v+ P + Eijsct

where Y;;.. is the outcome for student i taught by instructor j in section s of course c offered
during term-year t. a; refers to instructor fixed effects that control for all observed and
unobserved instructor individual-level characteristics that are constant over time. ALPD;,

captures whether an instructor has already received the ALPD training in a given term, which is
identified as “0” during the terms leading up to when the instructor received the training and
switches to “1” during the term after the instructor received the training and each term thereafter.
Xijsce Includes student-level covariates such as students’ race/ethnicity and high school GPA and
0. refers to section-level attributes such as enrollment size of a section. The equation also

includes course fixed effects y, that control for any between-course variations in student

composition and performance, and quarter-year fixed effects ¢, that help address overall



fluctuations in student composition and outcomes over time due to other contextual factors.
Accordingly, g, can be interpreted as additional changes in student performance as a result of
ALPD training aside from other changes that would have occurred in the absence of the ALPD
training.

When estimating students’ subsequent course grade in the same field of study, we draw
on prior literature and further include next class fixed effects (e.g., Figlio, Schapiro, & Soter,
2015; Ran & Xu, 2019). By doing so, we are able to compare grades of students in the same next
class with variations in taking a prior course with an instructor who had received ALPD versus
an instructor who had not. This is to address the concern that learning experiences in a course
may influence a student’s subsequent course choice. For example, if a student had particularly
inspiring experiences with an ALPD instructor, the student may intentionally opt into another
course taught by the same instructor. In a similar vein, prior experiences may also influence the
difficulty of the next class a student selects. By including next section fixed effects, we are able
to account for selection biases that arise from students shopping across different next classes
within a field by comparing student performance in exactly the same section. All of our estimates
are clustered at the instructor level to account for correlation in student outcomes within an
instructor.

As a robustness check, we re-estimated all of the main results after matching ALPD
participants with observationally similar non-participants through propensity score matching
method. We first obtained data that include instructor-level pre-treatment characteristics and
estimated the propensity score using a probit function. Then, we conducted nearest-neighbor

matching with replacement to match control instructors with treated instructors based on



observable characteristics. With this matched data, we estimated the treatment effect using the
individual fixed effects model and inverse probability weights.

Results
Impact of ALPD Training on Student Outcomes

Table 2 presents the estimated effect of participating in ALPD on three student outcome
measures: current course grade (column 1), whether or not a student took another class in the
same field in the immediate next term (column 2), and the grade received in that next class
(column 3). The results indicate that students who took a course with an instructor who had
received ALPD on average had higher course grades by 0.006 grade points on a 0-4 grading
scale, although this effect is marginally significant at the 0.1 level.

The effect of the ALPD becomes more pronounced when we examine students’
subsequent persistence in the same field. Specifically, students who took a course with an ALPD
instructor in post-training terms were three percentage points more likely to persist within the
field compared to students who took the same course with the same instructor in pre-training
terms. Considering that the average next course persistence rate in our sample is 68%, a three
percentage point increase would represent a 5% improvement. Finally, column 3 presents results
on subsequent course performance conditional on enrolling in another course in the same field of

study. The estimated impact of ALPD is small and not significantly different from zero. Taken



together, our results suggest that ALPD is associated with marginal improvements in current
course performance and modest boost in field persistence.” 8

<|Insert Table 2>

Relationship between Training and Instructional Practices

In view of the positive effects of the ALPD training on student persistence, we then
explore whether such benefit is partly driven by altering instructors’ teaching practices.® We
look at a subset of instructors whose classroom was observed using the COPUS protocol. When
using the observation data to code instructional approaches, we follow the criteria used for
ALPD certification in defining active learning classes -- lecturing less than 50 percent of the
class period. Out of the 392 classes observed, 34 percent are classified as active learning.

< Insert Figure 1>
We see that the instructors in courses that are categorized as active learning were more

likely to display varied activities during class (i.e., pose questions, move through class). Figure 1

" We also conducted analyses to see whether the effect of the training differs depending on the infrastructure (i.e.,
whether the course is offered in an active learning classroom), and the size of the class. Classroom layouts, for
example, can allow for easier adoption of active learning techniques such as in-class group activities (Beicher &
Saul, 2002; Dori & Belcher, 2005). As such, if the class is offered in a classroom designed to facilitate active
learning, instructors may be more effective in raising student performance. In a similar vein, class size is an
important consideration that determines whether active learning is adopted, with smaller class sizes being more
conducive to implementing active learning (Carbone & Greenberg, 1998; Freeman et al., 2014; Heim & Holt, 2018).
In both instances, we did not find that the impact of ALPD training is moderated by either the classroom
infrastructure or class size. Yet, our sample size is small and we recognize that our findings may be due to a lack of
power to deliver a precise estimate of any interaction effects.

8 Appendix Table 2 shows a breakdown of the next course that students in our sample took. About half of the
courses are lower division courses and the other half are upper division courses. In addition, 56% of the courses
students took in the next term are non-STEM while 44% of the courses are STEM courses. 84% of the courses that
students took as their next course were relatively small (under 100 student seats per class), indicating that
persistence effects are concentrated in small classes.

9 Starting in the 2018-2019 academic year, all undergraduate courses (i.e., excluding discussions, seminars, or labs)
that enrolled at least 60 students at this institution were solicited to be observed using the COPUS protocol. A total
of 250 classes between fall 2018 and winter 2020 were observed twice within the same term by independent
observers affiliated with the Teaching and Learning Center and an additional 142 classes were observed once during
this timeframe for a total of 392 classes. For classes that were observed twice, we averaged the classroom
observation records.



shows the distribution of instructor activities performed during class time. The figures provide a
visual contrast in instructor behaviors in lecture-intensive classes (figure on the left) versus
active learning classes (figure on the right). Most notably, instructors in lecture-intensive classes
spent 80 percent of two-minute intervals of observed class time lecturing whereas the
corresponding percent is 25% of observed class time. In addition, instructors in active learning
classes on average spent more than a quarter of the class time posing questions and moving
through class compared to only 5 percent in lecture-intensive classes. This behavioral breakdown
aligns with the prior literature on the characteristics of lecture-intensive versus active learning
instruction (Braxton, Milem, & Sullivan, 2000; Deslauriers et al., 2011; Stains et al., 2013).
Appendix Figure A.1 provides a snapshot of student behaviors in active learning instruction
versus lecture-intensive instruction classrooms by showing the distribution of students’ activities
performed within each two-minutes interval of the observed class time.

Table 3 presents the estimated correlation between ALPD training and the likelihood of
using active learning instruction. Due to the small sample size of instructors with class
observation data, we conduct a cross-section comparison between instructors who had received
ALPD by the time of the classroom observation and instructors who had not on their likelihood
to implement active learning. Column 1 presents the raw comparison between the two groups
while column 2 further includes available class-level covariations, such as student composition,
enrollment size, field of study, and term-year fixed effects.

<insert Table 3>

Our results indicate that ALPD trained instructors were 17 percentage points more likely

to implement active learning instruction than non-ALPD trained instructors (p < 0.001) (column

1). This relationship remains significant at the 0.1 level after we further control for all available



covariates (p = 0.053) (column 2).1° The positive estimates across models provide suggestive
evidence that the ALPD training increases the likelihood of implementing active learning
instruction.

Is There Additional VValue of Receiving a Certificate of Completion?

Our results thus far suggest that receiving the ALPD training is associated with small
improvement in course performance and modest boost in subsequent field persistence. As
mentioned in the background section, at the end of the training, all ALPD participants were
offered the opportunity to receive a certification of completion upon successful classroom
observation. The classroom observation and feedback associated with the certification process
may create additional space for instructors to reflect on their practices and apply what they have
learned to their own teaching. In addition, the certificate of active learning may also serve as a
label which, in turn, may influence instructors’ self-identity and behavior (Nelson et al., 2008;
Hayes et al., 2020).

< Insert Table 4 >

To estimate the effect of receiving the certificate in addition to the ALPD training, we use
the same empirical strategy but restrict our sample to the ALPD participants. Specifically, we
flag a “0” for courses offered during the terms before an instructor receives the certificate and a
“1” after receiving the certificate. Instructors who went through ALPD but never received the
certificate would not contribute to the estimator directly, but could help take into account

possible evolution of the training effects on student outcomes over time. The estimates presented

10'\We may be concerned that ALPD participants and non-participants differ in their instructional approaches even in
the absence of the training. Accordingly, we further conduct a pre- versus post-training comparison among ALPD
participants only and control for all available covariates. The estimated coefficient shown in Appendix Table 3 is
positive (coefficient=0.13, p = 0.187) and fairly comparable to the estimate shown in Table 3 column 2 that is based
on the cross-sectional comparison. However, since only 71 ALPD participants have pre and post classroom
observation data, the sample size is too small to yield a precise estimate.



in Table 4 are consistently small and nonsignificant, suggesting that there is no additional boost
induced by receiving the certification on students’ outcomes. In other words, the positive impact
of ALPD on current and downstream outcomes presented in Table 2 is primarily driven by
participating in the training rather than going through any additional certification process.
Robustness Check

Our main empirical strategy compares the average student outcomes of the same
instructor before and after the PD, while netting out time trends of non-participants using a fixed
effects model. One potential threat to this model is possible presence of time-varying factors that
are not captured in our data, such as the proclivity to adopt active-learning approaches overtime
even in the absence of the ALPD training. To address this concern, we obtained additional
instructor-level data and conducted a robustness check in which we used propensity score
matching techniques to match non-participants with participants based on instructor-level pre-
treatment characteristics to construct a control group of non-participants who resemble the
ALPD participants along all of the observable characteristics. In estimating the propensity score,
we included instructor department affiliation, instructor title and rank, and a number of pre-
treatment teaching characteristics (i.e., prior to fall 2018) such as the number of upper division
courses taught, the number of pre-requisite courses taught, the number of large versus small
courses taught, the number of independent studies offered, and the number of graduate courses
taught. We conducted k-nearest neighbor matching where k refers to the number of similar
neighbors to which treated units will be matched, and in our case, we run the algorithm multiple
times with {k = 1,2,3,4,5}. During the matching process, ALPD participants who had no near
match from the group of non-participants (using a caliper of width equal to 0.1 standard

deviation of the propensity score) were dropped from the analysis. Through each iteration of the



matching process, we then checked whether we had succeeded in balancing the covariates and
concluded that k = 5 resulted in the smallest standardized difference in means across the
variables. Thus, the final matched sample includes 100 ALPD participants and 358 non-
participants who are matched to the participants.

In Appendix Table 4 through 6, we show the pre-match and post-match standardized
differences in means. Prior to matching instructors, we note several differences across teaching
characteristics and instructor rank. For instance, ALPD instructors are more likely to be assistant
or associate professors than the non-participant group. The matching algorithm achieved
satisfactory overlap between the ALPD participants and non-participants, and improved the
balance between the two groups along observable characteristics

Appendix Tables 7 and 8 show the estimated results using the individual fixed effects and
inverse probability weights based on the post-matched sample. The estimated effects are similar
in magnitude and direction as those from our main analyses. We see improvements in next
course persistence among students who took a course with an ALPD participant than
observationally similar non-participant. Moreover, these results also indicate no additional boost

to receiving the certificate above and beyond receiving the training.

Limitation
While our study provides a first step in rigorously documenting the effect of an active
learning PD on college student outcomes, our small sample size limits the conclusion we can

draw on the positive effect of the PD on student outcomes. A follow-up study with a larger

sample size will bolster the finding that the PD resulted in improved student outcomes.



Also, additional research is needed that explores the conditions for effective
implementation of PD programs on active learning instruction at scale. For instance, an effective
training program that is tailored to the specific needs of the program participants while also
cognizant of the unigue context of the institution may lose its effectiveness when taken at scale.
Indeed, a number of studies conducted in K-12 settings have documented the challenges
associated with scaling up effective small teacher PD programs (e.g. Kraft et al., 2018; Cabell et
al., 2011). In addition, studies should examine different structures of active learning training (i.e.,
summer workshops offered by a national institute versus campus-level training) and whether
certain training formats are more effective at improving student outcomes. Future studies that
are able to document and relate elements of the large-scale training with changes to instructor
practice and student outcomes will further complement the findings of the study.

Relatedly, designing and implementing a resource-intensive program such as the ALPD
may be associated with high personnel costs of staffing experienced program facilitators.
Accordingly, the effects of such programs need to be considered relative to program costs. The
field would benefit from additional analyses benchmarking the program cost and the efficacy of
the training. If intensive face-to-face guidance and interactions over a sustained amount of time
is found to be at the core of effective models for active learning PD programs, then this
approach in improving college classroom instruction is likely to require substantial financial
investment. Although such costs should not be prohibitively expensive, it will be helpful to
conduct cost-effectiveness analysis for systematic comparisons and evidence-based choice
between different approaches to reforming college instruction.

Finally, it is important to note that our study only focuses on short-term academic

outcomes while theories of active learning have underscored several non-academic and long-



term benefits that are not fully captured in the current study, such as students’ stress-level, test
anxiety, development of social skills, long-term college and field persistence, and graduation

rates (Ballen et al., 2017; Johnson, Johnson, & Smith, 2014; Loes et al., 2017). These possible
benefits are important considerations and warrant attention in future studies to fully understand

the effects of active learning training on student outcomes.

Discussion and Conclusion

The growing evidence on the promise of active learning instruction in engaging students
has spurred increasing interests in promoting active learning approaches in the college classroom
(Freeman et al., 2014; McKeachie et al., 1990; Prince, 2004; Pfund et al., 2009; Ruiz-Primo et
al., 2011; Theobald et al., 2020). Despite the expansion of professional development efforts on
active learning and the high hopes surrounding them, there is limited knowledge about the
impacts of these programs on teaching practices and student achievement outcomes (Ebert-May
etal., 2011). To address this gap, we leverage detailed college administrative data and program
participation data and use a quasi-experimental design to estimate the impact of participating in
an Active Learning Professional Development (ALPD) on students’ contemporaneous and
downstream outcomes.

Consistent with the existing literature on active learning, we find that ALPD is associated
with an increase in marginal improvement in concurrent course grade; the estimated effect is
small in magnitude and is only marginally significant at the 0.1 level. Yet, we also find that
ALPD is associated with a more pronounced increase in subsequent persistence into another
course in the same field-- a five percent improvement from the baseline persistence rate of 68%.
Our subsequent exploratory analyses using classroom observation data reveal a positive

association between ALPD and active learning teaching practices, providing suggestive evidence



that the impact on students’ outcomes may be driven by instructors’ implementation of active
learning approaches. Indeed, the magnitude of the effect on field persistence estimated in the
present study corresponds to other studies that examined the relationship between active learning
opportunities and downstream persistence outcomes. For example, Loes et al. (2017) found a
five percentage point increase in second year college persistence when students are provided
with more collaborative learning opportunities in the classroom. In a similar vein, Braxton et al.
(2000) also identified a five percentage points increase in students’ intent to re-enroll in the
following term when comparing classrooms with high in-class discussions with low in-class
discussions. Our results extend previous findings that professional development on active
learning, by promoting the use of active learning approaches in the classroom, may increase
students’ persistence in the field. Accordingly, our results also highlight the importance of taking
student subsequent outcomes into account when evaluating the effectiveness of any active
learning PD training programs.

Our study is related to the broad literature on teacher professional development that
underscores the complex relationship between specific program design features and the
effectiveness of a program. These discussions have led to growing efforts in documenting
implementation details of a PD program and assessing its impacts on student achievement
outcomes across K-12 settings. Our study contributes to this literature by providing detailed
description on how a successful active learning PD program was administered and implemented
at the college setting, as well as assessing its effectiveness on student outcomes. From a
theoretical perspective, there has been a growing consensus on several conditions under which
PD programs might produce more favorable outcomes, including sustained duration, coherence,

collective participation, active learning, and local support (Darling-Hammond et al., 2017). The



ALPD program in the current study combines several of these key features. For instance, the
program involved highly committed and experienced program facilitators with a coherent
training agenda, and a requirement of continuous and active participation from all participants
during an eight-week time span. In addition, a number of activities were also intentionally
designed to facilitate building a supportive and collaborative professional development
community, aligning with existing literature on features of effective PD (Cox, 2001; Elliot et al.,
2017). Therefore, our study complements the current literature that is primarily conducted at K-
12 settings by lending support for incorporating these features in designing effective teacher PD
programs on college instruction.

The findings from our study indicate that the professional development on active learning
instruction may lead to increased persistence in the field through instructional improvement in
the college classrooms. We encourage additional research to be conducted to bolster these results
and to illuminate specific conditions under which such PD programs may produce favorable
outcomes. Taken as a whole, our study lends suggestive support to PD programs on active
learning as a promising way to innovate college instruction and improve student outcomes. As
such, professional development may be a way to institutionalize the use of active learning in

higher education.
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Table 1
Summary Statistics

(1)

(2)

(4)

ALPD Participants: Pre-

(5)

(7)

ALPD Participants: Post-

(8)

ALPD Non-participants Training Training
Pre-ALPD
Pre vs. vs. Non-
M or % SD M or % SD M or % SD Post SMD  ALPD SMD
Panel A. Student Outcomes
Current course grade 2.95 1.02 3.08 0.97 3.13 0.96 -0.05 0.13
Next course (%) 0.68 0.47 0.75 0.43 0.73 0.44 0.04 0.07
Next course grade 3.03 0.99 3.06 0.99 3.20 0.98 -0.15 0.03
Panel B. Student-Level Characteristics
Women (%) 0.52 0.50 0.51 0.50 0.49 0.50 0.03 -0.01
Black (%) 0.03 0.17 0.03 0.18 0.04 0.19 -0.03 0.00
Latinx (%) 0.25 0.43 0.26 0.44 0.26 0.44 0.00 0.01
AAPI (%) 0.56 0.50 0.54 0.50 0.54 0.50 0.01 -0.01
White (%) 0.13 0.34 0.14 0.34 0.13 0.34 0.01 0.01
Other (%) 0.03 0.18 0.03 0.17 0.04 0.18 -0.02 -0.01
URM (%) 0.48 0.50 0.49 0.50 0.50 0.50 -0.01 0.01
Transfer student (%) 0.17 0.37 0.20 0.40 0.22 0.41 -0.04 0.05
First-generation (%) 0.49 0.50 0.51 0.50 0.49 0.50 0.04 0.02
Low-income (%) 0.32 0.47 0.34 0.47 0.32 0.47 0.05 0.02
Weighted HS GPA 3.89 0.35 3.86 0.34 3.89 0.38 -0.07 -0.08
SAT Math 633.77 95.85 624.65 95.81 631.53 100.68 -0.07 -0.10
SAT Verbal 572.39 93.15 568.69 93.46 581.54 95.10 -0.14 -0.04
Panel C. Course-Section Level Characteristics
STEM (%) 0.52 0.50 0.43 0.50 0.49 0.50 -0.11 -0.09
Offered in an Active Learning Classroom (%) 0.08 0.27 0.04 0.21 0.24 0.42 -0.57 -0.07



Small class (Fewer than 61 seats) (%) 0.22 0.42 0.15 0.36 0.17 0.38 -0.06 -0.10
Instructors 1359 75 30

Course-by-Term 7568 878 289

Observations 589603 80195 27917 697715

Note. SMD = Standardized difference in means. AAPI = Asian American and Pacific Islanders; URM = Underrepresented Racial
Minorities defined as Black, Latinx, Southeast Asians/Pacific Islanders, and Native Americans. The sample was limited to courses
that were offered during fall 2016 to winter 2020, excluding summer terms. Courses that have fewer than 20 students and directed
research/independent study courses were excluded in all analyses. Only those who took another course in the same field are
observable for next course grade. Courses that were taken as a repeat course were not considered in determining next course
persistence or grades.



Table 2

Effect of the ALPD on Student Outcomes

(1) (2) (3)
Next Course Next Course
Course Grade Persistence Grade
ALPD Training 0.006+ 0.032** -0.016
(0.003) (0.012) (0.012)
Instructor FE Yes Yes Yes
Next Section FE No No Yes
R? 0.150 0.160 0.060
Instructors 1464 1464 1451
Student-by-Section-Term Observations 697715 697715 478505
Average student outcomes taught by
instructors without training 2.98 0.689 3.033

Note. ALPD = Active Learning Professional Development. The sample was limited to courses that were offered during fall 2016 to
winter 2020, excluding summer terms. Courses that have fewer than 20 students and directed research/independent study courses
were excluded in all analyses. All models include course fixed effects, entry term fixed effects, and term-year fixed effects. Next
course grade analysis further includes next section fixed effects. Student-level covariates include students' race, gender, transfer
status, low-income status, first-generation status, SAT math, SAT verbal, and weighted HS GPA. We also include the number of
students in the course to account for class size, the proportion of transfer students, first-generation college students, low-income
students, and women in the course, and the average high school GPA and course grades of students in the course. Only those who
took another course in the field has next course grade. Courses that are taken as a repeat course are not considered in the
calculation. Standard errors are clustered at the instructor level.

+p<0.1*p<0.05*p<0.01***p<0.001



Table 3
Likelihood to Implement Active Learning Approaches

(1) (2)
No Covariates With Term FE
ALPD Instructor 0.171** 0.105+
(0.054) (0.054)
Average Course Grade 0.170**
(0.049)
Average % of Low-Income Students 0.384
(0.371)
Average % of First-Gen Students 0.265
(0.301)
Average % of Women 0.191
(0.145)
Average % of RM Students -0.467+
(0.243)
Average % of Transfer Students -0.249
(0.205)
Average HS Unweighted GPA -0.029
(0.033)
Indicator of STEM Course 0.014
(0.055)
Class Size -0.001**
(0.000)
Term Fixed Effects X
Constant 0.300** 0.017
(0.028) (0.249)
R? 0.025 0.195
Instructors 289 289
Section-by-term 392 392

Note. ALPD = Active Learning Professional Development. Some instructors were observed
twice. Courses were selected based on the following criteria: large classrooms (84+ seats) and
lecture halls. Graduate courses and undergraduate discussions sections were excluded.
Instructors were given the option to opt-out. There are 71 instructors who completed the training
in this data and 218 instructors who did not complete the training.
+p<0.1*p<0.05*p<0.01***p<0.001
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Table 4
The Effect of Certification on Student Outcomes

(1) (2) (3)
Next Course Next Course
Course Grade Persistence Grade
ALPD Certified -0.000 -0.003 0.043
(0.009) (0.034) (0.034)
Instructor FE Yes Yes Yes
Next Section FE No No Yes
R2 0.197 0.200 0.065
Instructor 89 89 89
Student-by-Course-Term Observations 41926 41926 30783

Note. ALPD = Active Learning Professional Development. The sample was restricted to 89
instructors who received ALPD training. The instructors who are not observable in the data for
the post-trained period (i.e., did not teach after getting trained) or did not receive certification
were removed from the sample. 45 of the 89 trained instructors who were deemed to have
lectured less than 50% were certified. Therefore, for the 45 certified instructors, we changed
their post-period to the term when they were certified. For the remaining instructors who were

trained but not certified, their pre-trained periods were removed.
+p<0.1*p<0.05**p<0.01**p<0.001
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Figure 1
Distribution of Instructor Behavior in Active Learning and Lecture-Intensive Class

Lecture-Intensive Class Active Learning Class
8- 8-
8 .
8 -
g .
8 -
o
B L ccturing B Real-time writing on board
B Follow-up on clicker Q I Posing nonclicker Q
PN Asking clicker Q B Answer Q
I Moving through class 1-1 extended discussion
B Demo or experiment I Administration
B Waiting BN other

Note. Instructor behavior COPUS codes.

Note. Active learning classes are defined as classes where the instructor was categorized as
lecturing less than 50% of class time according to the COPUS codes. The graph depicts
instructor behaviors only. n=289 instructors across 392 course-sections.
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Supplemental Materials for:
The Effect of Active Learning Professional Development Training on

College Students’ Academic Outcomes

Appendix Table 1

Generalizability to all Instructors at the Institution

All Instructors

ALPD Instructors

(n=6,432) (n=105)

M or % SD M SD
Administrative 6% 7%
Biology 7% 7%
Business 4% 1%
Education 3% 4%
Engineering 11% 8%
Humanities 19% 20%
Informatics and Computer Science 9% 9%
Medicine 8% 3%
Physical Sciences 15% 16%
Social Ecology 1% 2%
Social Sciences 5% 4%
Professor 12% 16%
Associate Professor 5% 22%
Assistant Professor 5% 20%
Teaching Professor 0% 1%
Teaching Associate Professor 0% 1%
Teaching Assistant Professor 1% 6%
Lecturer 12% 24%
Other 66% 10%
Average Number of Credits Per Term 1.58 2.55 3.21 1.96
Proportion of Credits that are Upper Division Per Term 67% 0.45 67% 0.43
Proportion of Credits that are Graduate Courses Per
Term 45% 0.44 34% 0.38
Proportion of Credits that are Independent
Study/Research Per Term 8% 0.23 7% 0.17
Average Class Size Per Term 39.91 54.40 33.92 43.07

Note. These are teaching characteristics of all instructors who ever taught between Winter 2016 through
Winter 2020. Summer terms are excluded.
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Appendix Table 2
Next Section Characteristics

University Analytic
Sections Sample
(n=30,420) (n=20,909)
Biology 12% 10%
Chemistry 6% 7%
Computer Science 3% 3%
Engineering 8% 6%
Mathematics 4% 6%
Physics 6% 6%
Other STEM 5% 6%
Non-STEM 55% 56%
Small Class (<=100 students) 89% 84%
Lower Division 38% 49%
Upper Division 62% 51%

Note. Next section spans from winter 2017 through spring 2014. We used student-level transcript data to
calculate next course within the same field. We excluded summer terms and graduate courses.
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Appendix Table 3
Likelihood to Implement Active Learning Approaches, ALPD Instructor Subsample
1) )
No Covariates ~ With Term FE
Post Trained Period 0.110 0.129
(0.101) (0.097)
Average Course Grade 0.131
(0.100)
Average % of Low-Income Students 0.452
(0.781)
Average % of First-Gen Students 0.373
(0.658)
Average % of Women -0.333
(0.285)
Average % of RM Students -0.496
(0.506)
Average % of Transfer Students 1.039*
(0.422)
Average HS Unweighted GPA 0.114+
(0.066)
Indicator of STEM Course -0.036
(0.111)
Class size -0.002**
(0.001)
Constant 0.426** -0.151
(0.064) (0.492)
R-sq 0.012 0.229
Instructors 71 71

Section-by-term 102 102
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Note. Some instructors were observed twice. Courses that were observed were selected based on the
following criteria: large classrooms (60+ seats) and lecture halls. Graduate courses and undergraduate
discussions sections were excluded. Post-period is the period after instructors completed the training.
There are 71 instructors who completed the training and 102 classes observed in the data.
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Appendix Table 4
Pre-Matched Summary Statistics
Pre-
Match
Treated (n=102) Control (n=1268) SMD
Mean SD Mean SD

Administrative 0.059 0.035 0.114
Biology 0.059 0.052 0.030
Business 0.020 0.021 -0.012
Education 0.029 0.030 -0.003
Engineering 0.078 0.080 -0.007
Humanities 0.206 0.361 -0.350
Informatics and Computer Science 0.088 0.057 0.122
Medicine 0.049 0.027 0.116
Physical Sciences 0.167 0.160 0.018
Social Ecology 0.039 0.062 -0.105
Social Sciences 0.206 0.114 0.252
Professor 0.186 0.221 -0.086
Associate Professor 0.176 0.111 0.187
Assistant Professor 0.206 0.095 0.313
Teaching Professor 0.010 0.006 0.039
Teaching Associate Professor 0.020 0.010 0.077
Teaching Assistant Professor 0.069 0.023 0.220
Lecturer 0.225 0.256 -0.070
Other 0.108 0.278 -0.441
Number of Upper Division 3.108 3.303 2.312 3.446 0.236
Number of Prerequisites 2.706 4.418 1.477 2.406 0.345
Number of Large Classes (>100 students) 1.696 3.102 0.899 1.899 0.310
Number of Independent Study Offered 1.667 2.748 1.222 2.430 0.172
Number of Graduate Courses 0.529 1.355 0.489 1.254 0.031

Note. SMD = Standardized Difference in Means. The treatment instructor count slightly differs from the
initial 105 participants in the main analysis. This is due to the discrepancy in the common identifier
obtained in the instructor data and the original dataset. There were three instructors in our original data
who we could match in the instructor dataset.
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Appendix Table 5
Post-Matched Summary Statistics
Post-
Match
Treated (n=100) Control (n=358) SMD
Mean SD Mean SD

Department

Administrative 0.05 0.062 0.241493 -0.052
Biology 0.06 0.044 0.205382 0.072
Business 0.02 0.018 0.133137 0.015
Education 0.03 0.034 0.181483 -0.023
Engineering 0.08 0.08 0.271673 0.000
Humanities 0.2 0.182 0.386385 0.046
Informatics and Computer Science 0.09 0.094 0.292237 -0.014
Medicine 0.05 0.07 0.255504 -0.084
Physical Sciences 0.17 0.186 0.389651 -0.042
Social Ecology 0.04 0.062 0.241493 -0.100
Social Sciences 0.21 0.168 0.37439 0.107
Professor 0.19 0.208 0.406445 -0.045
Associate Professor 0.18 0.192 0.394424 -0.031
Assistant Professor 0.2 0.266 0.442483 -0.157
Teaching Professor 0.01 0.012 0.109038 -0.019
Teaching Associate Professor 0.02 0.016 0.125651 0.030
Teaching Assistant Professor 0.06 0.022 0.146889 0.193
Lecturer 0.23 0.184 0.388027 0.114
Other 0.11 0.1 0.30042 0.033
Number of Upper Division 3.11 3.333015  3.188 4.676939 -0.019
Number of Prerequisites 2.32 2.970835  2.066 2.809929 0.088
Number of Large Classes (>100 students) 1.7 3.125328  1.186 2.195648 0.190
Number of Independent Study Offered 1.67 2.767251 1.69 2.742793 -0.007
Number of Graduate Courses 0.53 1.366667  0.556 1.264647 -0.020

Note. SMD = Standardized Difference in Means. Two instructors were further dropped due to the lack of
common support resulting in 100 participants. K=5 and caliper is defined as 0.1 standard deviation of the
propensity score.
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Appendix Table 6
Summary Statistics of K-N Nearest Neighbor Matched Sample
1) ) (4) (%) () (8)
ALPD Participants: Pre- ALPD Participants: Post-
ALPD Non-participants Training Training
Pre-
ALPD
Prevs.  vs. Non-
Post ALPD
M or % SD M or % SD M or % SD SMD SMD
Panel A. Student Outcomes

Current course grade 2.896 1.030 3.086 0.965 3.157 0.941 -0.075 -0.190
Next course (%) 0.707 0.455 0.758 0.428 0.754 0.431 0.009 -0.115
Next course grade 3.002 1.002 3.042 1.001 3.195 0.981 -0.155 -0.039

Panel B. Student-Level Characteristics
Women (%) 0.529 0.499 0.510 0.500 0.495 0.500 0.031 0.038
Black (%) 0.033 0.178 0.031 0.174 0.038 0.190 -0.034 0.007
Latinx (%) 0.260 0.439 0.258 0.438 0.254 0.436 0.008 0.005
AAPI (%) 0.539 0.498 0.543 0.498 0.539 0.499 0.009 -0.008
White (%) 0.138 0.345 0.137 0.344 0.134 0.340 0.009 0.003
Other (%) 0.030 0.172 0.031 0.173 0.036 0.185 -0.027 -0.002
URM (%) 0.508 0.500 0.496 0.500 0.495 0.500 0.002 0.025
Transfer student (%) 0.166 0.372 0.209 0.406 0.232 0.422 -0.057 -0.110
First-generation (%) 0.496 0.500 0.508 0.500 0.490 0.500 0.036 -0.024
Low-income (%) 0.331 0.470 0.343 0.475 0.318 0.466 0.052 -0.026
Weighted HS GPA 3.888 0.358 3.856 0.347 3.880 0.385 -0.067 0.093
SAT Math 628.967 94.957 624.052 95.710 631.213 100.011 -0.073 0.052
SAT Verbal 574.619 92.133 568.875 93.435 581.992 95.045 -0.139 0.062

Panel C. Course-Section Level Characteristics
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STEM (%) 0.608 0.488 0.438 0.496 0.504 0.500 -0.133 0.346
Offered in an Active Learning Classroom

(%) 0.065 0.247 0.046 0.210 0.229 0.420 -0.551 0.081
Small class (Fewer than 61 seats) (%) 0.232 0.422 0.138 0.345 0.150 0.357 -0.036 0.245
Instructors 358 68 32

Course-by-Term 2821 760 250

Observations 211048 72738 25323

Note. SMD=Standardized difference in means. AAPI = Asian American and Pacific Islanders; URM = Underrepresented Racial Minorities
defined as Black, Latinx, Southeast Asians/Pacific Islanders, and Native Americans. The sample was limited to courses that were offered during
fall 2016 to winter 2020, excluding summer terms. Courses that have fewer than 20 students and directed research/independent study courses were
excluded in all analyses. Only those who took another course in the same field are observable for next course grade. Courses that were taken as a
repeat course were not considered in determining next course persistence or grades.
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Appendix Table 7
Effect of the ALPD Training on Student Outcomes using Post-Matched Sample and Inverse Probability
Weights

Next Course Next Course
Course Grade Persistence Grade
ALPD Trained 0.003 0.030* -0.011
(0.004) (0.014) (0.012)
Instructor FE Yes Yes Yes
Next Section FE No No Yes
R2 0.164 0.154 0.065
Instructors 397 397 396
Student-by-Section-Term Observations 309109 309109 221926

Note. ALPD = Active Learning Professional Development. The sample was limited to courses that were
offered during fall 2016 to winter 2020, excluding summer terms. Courses that have fewer than 20
students and directed research/independent study courses were excluded in all analyses. All models
include course fixed effects, entry term fixed effects, and term-year fixed effects. Next course grade
analysis further includes next section fixed effects. Student-level covariates include students' race, gender,
transfer status, low-income status, first-generation status, SAT math, SAT verbal, and weighted HS GPA.
We also include the number of students in the course to account for class size, the proportion of transfer
students, first-generation college students, low-income students, and women in the course, and the
average high school GPA and course grades of students in the course. Only those who took another
course in the field has next course grade. Courses that are taken as a repeat course are not considered in
the calculation. Standard errors are clustered at the instructor level.
+p<0.1*p<0.05*p<0.01***p<0.001
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Appendix Table 8
Effect of Certification on Student Outcomes using Post-Matched Sample and Inverse Probability Weights

1) 2 (3)

Next
Course Next Course Course

Grade Persistence Grade

ALPD Certified -0.002 -0.002 0.054
(0.010) (0.035) (0.034)

Instructor FE Yes Yes Yes

Next Section FE No No Yes
R? 0.189 0.187 0.066
Student-by-Course-Term Observations 39086 39086 29291

Note. ALPD = Active Learning Professional Development. The sample was restricted to 86 instructors
who received ALPD training. The instructors who are not observable in the data for the post-trained
period (i.e., did not teach after getting trained) or did not receive certification were removed from the
sample.

+p<0.1*p<0.05*p<0.01***p<0.001
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Appendix Table 9
Student and Instructor Fixed Effects Results using Post-Matched Sample and Inverse Probability Weights
1) ) ©)
Next Next
Course Course Course
Grade Persistence Grade
ALPD Trained 0.002 0.018 0.008
(0.013) (0.012) (0.013)
Instructor FE Yes Yes Yes
Course FE Yes Yes Yes
Next Section FE No No Yes
Student FE Yes Yes Yes
R2 0.612 0.470 0.672
Student-by-Section-Term Observations 261046 261046 175896
Note. ALPD = Active Learning Professional Development. The sample was limited to post-matched
sample.

+p<0.1*p<0.05* p<0.01**p<0.001
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