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ABSTRACT ARTICLE HISTORY
This study explored three US educational development (ED) pro- Received 26 April 2019
grams: a weeklong course design institute, a new faculty learning Accepted 9 March 2020
community (NFLC), and a STEM learning community (STEM-LC). We KEYWORDS
compared observed instruction and student achievement for 239 Program assessment;
STEM undergraduate courses taught by instructors who had or had student achievement;
not engaged in ED. Courses taught by NFLC and STEM-LC instruc- teaching development;
tors had significantly more learning-focused syllabi and active undergraduate STEM
learning than courses taught by non-engaged instructors, control-

ling for class size and type. We conclude that instructors need

support in implementing active learning to ensure all students

benefit. Additional research is needed to explore ED and active

learning.

Introduction

Tracing the impact of educational development (ED) from intervention to student
learning has historically been difficult (Beach et al., 2016; Chism et al., 2012). A growing
number of studies attempt to move beyond program participation and satisfaction
(Condon et al., 2016; Meizlish et al., 2018; Tomkin et al., 2019). However, these studies
are limited to demonstrating changes at the student level (for example, they often
measure only practice, or use self-reported data). The present study uses a novel
approach to directly measure the impact of ED programs. Using classroom observation
and student success data collected at a US institution, it compares courses taught by
Science, Technology, Engineering and Mathematics (STEM) instructors who have parti-
cipated in ED programs with courses taught by instructors who have not participated.
‘Instructors’ refers to any individual who serves in the formal role of instructor, whether
graduate student or staft/faculty member.

Undergraduate instruction

Both in the US and internationally, research studies continue to demonstrate the
importance of instructor-student and student-student engagement for student success
(Freeman et al,, 2014; Kuh et al, 2008). In a review of meta-analyses, Schneider and
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Preckel (2017) found that student achievement is highest in courses that utilize small
group work, a finding also found in some STEM education literature (Freeman et al.,
2014). However, a recent study confirmed that STEM undergraduate courses continue to
rely heavily on lecture as primary mode of instruction (Stains et al., 2018).

In the US, which served as the context for the present study, STEM fields are focusing
their attention on the academic success of marginalized students (President’s Council of
Advisors on Science and Technology [PCAST], 2012) to address gaps in achievement and
retention for students from these under-represented minority groups (URM students)
compared to non-URM students (Daempfle, 2003; Gasiewski et al., 2012; National
Science Foundation, National Center for Science and Engineering Statistics, 2017).
Because active and collaborative learning has the potential to reduce the achievement
gap (Haak et al,, 2011), US ED efforts with STEM faculty are largely aimed at supporting
instructors in learning about and implementing such practices in their undergraduate
classrooms.

Educational development interventions

This study explores the impact of three educational development programs at a US
research university, including: a week-long course design institute (CDI), a new faculty
learning community (NFLC), and a STEM learning community (STEM-LC). A “faculty
learning community’ (FLC) is a type of community of practice (CoP), but while FLCs are
typically intentionally formed within an institution and have a defined duration (Kezar &
Gehrke, 2017), CoPs - particularly in higher education STEM education - arise from a
community around a shared idea or interest, and are sustained over time (for example,
discipline-based education communities). CDI is the initial module that instructors
complete before participating in NFLC and STEM-LC. We briefly describe the format,
characteristics, and goals of each of these.

Course design institute (CDI)

Course design institutes are widely adopted in educational development. Our university’s
CDI is a week-long intensive workshop (35 contact hours) that, like many others, draws
on ideas from backward and integrated course design (Fink, 2013), educative assessment
(Wiggins, 1998), active learning (Bonwell & Eison, 1991), student motivation (Schunk et
al., 2007), and transparent assignments (Winkelmes et al., 2016) to support instructors in
designing learning-focused courses. At the time of the present study, 508 individuals had
participated in CDI, 144 of whom were STEM instructors.

During CDI, instructors produce promising course syllabi (Bain, 2004) that compel-
lingly communicate to students why they should care about material (relevance), what
they will learn (goals and objectives), what students will do to achieve the objectives
(transparent, equitable assessments aligned with those objectives), and how they will be
supported to succeed in the course (environment, inclusivity). Throughout the week,
instructors engage in small groups and are supported by an educational developer.
Instructors also have opportunities to meet one-on-one with other instructors, educa-
tional developers, and trained undergraduate students to receive feedback on their course
design and syllabus. Prior research on our CDI demonstrates its positive impact on
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instructors’ self-reported understandings of and confidence with learning-focused teach-
ing practices as well as shifts in course syllabi away from an exclusive focus on content
(Palmer et al., 2016). The present study aimed to extend this research by comparing CDI
participants to those who have not engaged in ED interventions.

New faculty learning community (NFLC)

Programs focused on new faculty are among the services most frequently offered in
educational development (Beach et al., 2016) and research suggests that efforts focused
on future and new faculty have the potential of being more impactful than those aiming
to change the practices of more established colleagues (Ebert-May et al., 2011). As at
many other institutions, the goal of this program was to help a new generation of faculty
adopt more learner-focused teaching practices and become more reflective practitioners.
Faculty enrolled in NFLC first complete the CDI described above (35 hours). They then
participate in a semester- or year-long learning community consisting of a half-day
retreat, seven 90-minute meetings led by ED staff, and an individual teaching consulta-
tion (16 hours total).

Unlike other early-career faculty programs that focus on instructional development
though introductory workshops on a range of different and often disconnected teaching
topics, the NFLC is tightly focused on supporting faculty in implementing the learning-
focused courses they designed during CDI. NFLC engages participants in a cycle of
deliberate classroom experimentation, analysis of, and reflection on their experience, and
gives them the opportunity to provide and receive peer- and expert feedback before
implementing a new teaching strategy. Meizlish et al. (2018) speculate that programs
with more extended emphasis on course design, might be anticipated to have more
impact. The present study focused on a subset of NFLC faculty from the 2015-2017
cohorts who teach in STEM disciplines to provide evidence to support, or refute, the
speculations of Meizlish et al. (2018).

STEM learning community (STEM-LC)

Calls for reform in undergraduate STEM education (for example, PCAST, 2012) demon-
strate the need for ED programs focused on STEM instructors, particularly for instruc-
tors teaching large-enrollment courses (Seymour & Hewitt, 1997). The goal of the STEM-
LC was to support STEM instructors teaching large-enrolment courses. Engagement in
the STEM-LC included CDI (35 hours) and a year-long learning community (14 hours),
which involved seven 60-minute meetings run by ED staff, peer-observations of other
STEM-LC participants, and an individual consultation with ED staff. During the meet-
ings, members could learn from and encourage one another in the redesign and admin-
istration of their new courses. Topics and literature concerning learner-focused pedagogy
were often discussed, and members of the cohort were able to discuss their own questions
and experiences as part of the process.

While other ED programs have engaged instructors from a single department (Ebert-
May et al., 2011), we embedded a cohort of six instructors from the same department
within the 2015-2016 STEM-LC community (comprised of a total of 10 faculty across
four STEM departments). This allowed for development of their department-level
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community of practice but also provided opportunities to engage with and develop cross-
disciplinary relationships, which research suggests is one effective change strategy
(Henderson et al., 2011). These six instructors from Department A were the focus for
assessing the STEM-LC in the present study.

Educational development intervention assessments

Historically, educational developers have had limited capacity to study the effectiveness
of their interventions (Kolomitro & Anstey, 2017), and educational researchers have
traditionally shown limited interest in researching this work (Chism et al., 2012). More
recently, a growing number of studies have systematically traced the impact of instruc-
tor participation in ED programs, which can be organized according to Kreber &
Brooks’ six-step impact model (Kreber & Brook, 2001). For the sake of brevity, we
have collapsed these into three areas: instructor characteristics (for example, percep-
tions, beliefs), instructor performance (course design, instructional practice), and
student outcomes (perceptions and learning). First, some studies have explored the
impact of ED programs in improving instructors’ knowledge of teaching practices,
teaching beliefs, and teaching self-efficacy (Palmer et al., 2016). Second, positive
changes in instructor performance following ED interventions have been documented
through analyzing course syllabi, self-reported instructional practices, and classroom
observations (Lauridsen & Lauridsen, 2018). Third, studies use student evaluations of
teaching and self-reported learning gains to demonstrate the efficacy of ED programs
(Condon et al., 2016; Meizlish et al., 2018).

Purpose

Despite the potential of using evidence-based practices in STEM undergraduate instruc-
tion, there is little research exploring the impact of ED programs on these courses. When
exploring the ED literature, no study, to our knowledge, has sought to use direct
measures of instructional practice and student outcomes to assess the impact of ED
programs. Further, very few studies of ED programs compare outcomes of instructors
who have and have not engaged in these programs. Thus the research questions for the
study were:

What differences, if any, exist in the instructional practices and student achievement
for STEM courses taught by instructors who have or have not:

(1) participated in ED interventions? (RQ1)
(2) participated in NFLC? (RQ2)
(3) participated as a departmental cohort in STEM-LC? (RQ3)

Methods

This quantitative study was conducted at a US mid-Atlantic, research-intensive univer-
sity during the fall 2016 and spring 2017 semesters. Data included a 25% representative
sample of all undergraduate STEM lecture and seminar courses, which included any
credit-bearing course that was not considered a laboratory, studio, or independent study
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during the data collection period (see Supplemental Methods for further details of the
participants, data collection, and analysis).

Participants and recruitment

All instructors-of-record who taught the 1006 undergraduate STEM course during the
fall 2016 and spring 2017 semesters were emailed to voluntarily participate in the
Institutional Review Board (IRB)-approved study. We aimed to obtain a representative
instructor and course sample across all STEM disciplines. Participants included 150 of
the 447 instructors (33.6%) (Table 1). We use the term ‘instructor’ to refer to all
participants, ‘faculty’ for all non-graduate student instructors, and ‘professor’ for
tenure-track, tenured, and full professors. Courses included 239 of the 984 courses
(24.3%), taught across all four years across all STEM departments, a fairly representative
sample of the population.

To assess the NFLC program specifically, we compared new faculty (those hired
within three years of data collection) who had engaged in the program with those who
had not. To assess the STEM-LC program, we focused on Department A, where a subset
of six instructors participated in the program. These instructors comprised 37.5% of
instructors (n = 16) teaching in Department A during the time when observations were
conducted. A comparable ‘control’ department, Department B, included observed
instructors (n = 16 of 51 total Department B instructors, or 31.4% study participation)
who had not engaged in any ED interventions. Departments A and B were similar in
disciplinary content, and student racial demographics; however, they differed in course
level and instructor status. Department A instructors were mostly non-tenure track
faculty teaching across all course levels, while Department B instructors were graduate
students teaching in lower-level courses and tenure track/tenured teaching in upper-level
courses.

Data collection and coding

Data were collected during the fall 2016 and spring 2017 semesters. The unit of analysis
for the study was at the course level. Data sources included classroom observations,

Table 1. Instructor Demographics for Sample of STEM Undergraduate

Courses.
n (%)

Intervention None 140 (58.6)
CDI only 28 (11.7)
NFLC 35 (14.6)
STEM-LC 36 (15.1)

Instructor Type Graduate student 12 (5.0)
Non-tenure track faculty/staff* 78 (32.6)
Tenure track Assistant Professor 39 (16.3)
Tenured Associate Professor 54 (22.6)
Full Professor 56 (23.4)

* Non-tenure track faculty/staff may be called adjunct/instructor/general faculty/
wage employees at other institutions. The unit of analysis is the course, so if an
instructor taught multiple courses they are counted multiple times.
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course syllabi, student grade data, and instructor information. We coded and scored each
data source individually to create four data points for each individual course.

Observations

We collected observational data using the Classroom Observation Protocol for
Undergraduate STEM (COPUS) (Smith et al.,, 2013), which captures the presence or
absence of 26 different behaviors in 2-minute time increments. Trained undergraduate
students conducted, on average, two observations of each course using COPUS (obser-
vers were reliable following training, all ks >.8). The COPUS data were converted into
COPUS profiles (copusprofiles.org) (Stains et al., 2018), ranging from didactic to stu-
dent-centered, or learning-focused, instruction (Table 2).

Course syllabi

We collected a total of 196 syllabi for the 239 courses (82%). A previously developed and
validated syllabus rubric (Palmer et al., 2014) was used by trained graduate researchers to
score each syllabus on a scale from learning-focused (a score of 46) to content-focused (a
score of 0) (percent agreement = 85% for a subset of syllabi coded). From the syllabus
scores, each course then received a score indicating whether the syllabus was content-
focused (< 17 = 1), transitional (17-30 = 2), or learning-focused (> 30 = 3).

Student grade data. We obtained student grade data from for all observed courses.
These data were used to calculate the percentage of A (A = excellent grade) and DFW
rates (D = substandard passing grade, F = failing grade, and W = student withdrew) for
each course overall (number DFWs/total number of students x 100). We also calculated
these rates for underrepresented minority (URM) students, defined in this study as
students who self-identify as African American, Hispanic, or Native American (Chang
et al., 2008). We further obtained student grade data for all courses in Department A
(STEM-LC cohort department) for the year before (2014-2015) and after (2016-2017)
participants engaged in the program.

Data analysis

The independent variable was ED intervention status, and the outcome measures
included COPUS profile scores, syllabus scores, and percentage grade rates for students
and subgroups of students. Of the 239 courses observed, 24 (10%) did not have any URM

Table 2. Description of COPUS Profiles Used to Characterize Classroom Instruction.

Profile
Grouping # Description
Didactic 1 Greater than 80% lecture, few student questions
2 Greater than 80% lecture, few clicker questions/group work
Interactive 3 Lecture with group activities
4 Lecture with clicker question group work
Student- 5 Group work activities consistently used
centered 6 Process Oriented Guided Inquiry Learning (POGIL)-like instruction with group worksheets and

one-on-one instructor-student interactions
7 Varied group work activities
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students. When DFW rates were included in the analyses, the courses with no URM
students were excluded from the data set so as to not skew the data.

RQT1 analyses (overall ED intervention impact)
After testing assumptions, we ran an ANCOVA to explore the impact of the three ED
interventions on COPUS profile scores while controlling for number of enrolled students
and level of course. Assumptions were not met for syllabus scores, so an ANOVA was run
instead. Our a priori alpha level for these tests was p <.05. We aimed to use hierarchical
linear regression to identify variables that predicted grades for white students and URM
students; however, the assumptions (homoscedadiscity, collinearity, and multicollinear-
ity) were not met. Therefore we ran an ANOV A with post-hoc testing using a Bonferroni
adjustment (adjusted alpha, p < .05/4 = .0125) to explore differences in grade data within
each intervention group (such as difference in percentage of DFW). To explore differ-
ences in grade data for subgroups of students within each intervention group (such as
difference in percentage of DFW between white, URM, and Asian students), we split the
file by intervention group and ran three t-tests (URM-white, URM-Asian, white-Asian).
We used a conservative alpha (p < .05/3 = .0167) to account for multiple comparisons.
We also examined differences in outcome measures for smaller courses (<60 students)
separately to understand differences in ED interventions specific to these class sizes.
Given the small size of each intervention group, we explored the data to ensure normality
for each outcome measure. In cases where the homogeneity of variance assumption was
violated (Levene’s test <.05), a non-parametric Mann-Whitney U test was run.

RQ2 analyses (new faculty learning community, NFLC)

We compared differences in outcome measures for courses taught by new faculty that
participated in NFLC (n = 35) and those that did not (n = 29). We used non-parametric
Mann-Whitney U tests to identify differences in outcome measures and calculated
frequencies to descriptively characterize differences between the two groups.

RQ3 analyses (STEM-learning community, STEM-LC, cohort)

Similar to the NFLC data, the small number of courses observed in Department A
(n = 17) and Department B (n = 29) dictated the use of non-parametric Mann-
Whitney U tests. To triangulate our data set, we also calculated descriptives for overall
departmental grade data for Department A in the year prior to and following participa-
tion in STEM-LC.

Results

Below we present the findings for each research question. Because sample sizes were very
small for some subgroups, we acknowledge that these smaller groups may not represent
populations of instructors who have participated in our various interventions. We there-
fore explicitly differentiate descriptive findings from inferential findings.
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Table 3. Differences in instructional practice and student success between ED intervention groups.

Instructional practices, Mean (SD) Student success, Mean (SD)
ED intervention group™ COPUS Group Syllabus Score %DFW %A
None (n = 140) 1.44 (.68) 7.74 (7.42) 5.50 (5.93) 51.53 (21.14)
CDI (n = 28) 1.68 (.77) 16.41 (10.11)** 3.19 (3.50) 53.05 (22.58)
STEM-LC (n = 35) 1.75 (.87)* 17.65 (9.95)** 4.58 (4.82) 43.12 (21.84)
NFLC (n = 36) 1.97 (.75)** 19.89 (8.92)** 5.16 (5.76) 58.38 (19.80)

* n-value for groups are lower for syllabus scores and student success due to missing data. * significant from none, p <.05,
** significant from none, p <.01. COPUS group ranged from didactic (1), interactive lecture (2) and student centered (3).
Syllabus score ranged from content-focused (0) to learning-focused (46).

RQ1: overall ED intervention impact

Opverall there were significant differences between ED intervention groups in measures of
instructional practices and student success measures (Table 3). We found there were
significant differences between ED intervention groups’ observed instructional practice,
even when controlling for class size and type, F(3, 233) = 5.27, p < .05; however, ED
intervention only accounted for 9.6% of the variance in instructional practice. Courses
taught by both NFLC and STEM-LC instructors had significantly more observed active
learning than courses taught by participants who had not engaged in ED interventions.
We also found syllabi scores were significantly different between the groups, F (3,
190) = 15.80, p < .05, with 28.5% of variance explained by ED intervention type. Post-
hoc comparisons identified that courses taught by instructors who had engaged in any
one of our three interventions had significantly more learning-focused syllabi than
courses taught by participants who had not. Exploring overall student grades, there
were significant differences in percentage of student A grades between the ED interven-
tions, but not between DFW rates. Post-hoc Bonferroni comparisons with an adjusted p-
value (p < .0125) meant that there were no significant differences found between
individual ED intervention groups.

When disaggregating success measures by race and gender, we identified additional
differences between ED intervention groups (Table 4). First, female DFW rates were
significantly higher than for males in courses where the instructor had not engaged in any
ED interventions (‘None’ group), and finding not present for any of the ED intervention
groups. Second, the DFW rates for URM students was significantly higher than for White
students for all groups except NFLC. These findings were similar when comparing URM

Table 4. Grade outcomes for each ED intervention group disaggregated by race and gender.
ED Interventions, Mean (SD) grades

Student Success None (n = 125) CDI (n = 27) STEM-LC (n = 33) NFLC (n = 31)

Race URM %DFW 10.06 (16.04) 7.33 (10.65) 8.45 (10.91) 7.62 (11.33)
White %DFW 4.93 (6.75)** 2.41 (3.84)** 3.98 (4.76)** 3.99 (4.29)
Asian %DFW 5.47 (14.32)** 4.69 (11.18) 2.70 (4.85)** 2.14 (3.68)**
URM %A 33.44 (31.30) 39.80 (34.10) 29.81 (29.81) 38.34 (28.07)
White %A 51.05 (24.30)** 54.58 (23.84)** 42.32 (21.53)** 57.14 (23.81)**
Asian %A 45.46 (30.92)** 46.27 (32.81) 4217 (23.33)** 59.99 (25.06)**

Gender Female %DFW 4.23 (6.04) 3.02 (4.62) 4.54 (5.92) 3.44 (5.56)
Male %DFW 6.89 (9.47)* 3.35 (3.76) 4.51 (4.52) 5.84 (6.89)
Female %A 50.88 (28.30) 54.67 (25.48) 42.13 (23.80) 56.51 (29.98)
Male %A 51.18 (24.45) 52.95 (25.14) 44.80 (22.39) 57.80 (19.93)

* significant from male, p <.05. ** significant from URM, p <.017 (adjusted p-value .05/3).
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and Asian student DFW rates between the groups. Alarmingly, White and Asian stu-
dents’ A rates were significantly higher than URM A rates nearly across the board and do
not appear to be impacted by any of the interventions.

With the challenges in engaging and retaining students in large, introductory STEM
courses (Seymour & Hewitt, 1997), we focused on DFW rates between URM and White
students for smaller courses (n < 60) as a subset of our data (Figure 1). We chose this
value as these courses would be considered small for our university context. For NFLC,
the larger courses were taught by only two instructors and we did not include these data
in the analysis. Descriptively, the DFW rates for White and URM students were largest
for small courses taught by instructors who had not engaged in ED interventions
(M = 10.54) and smallest for courses taught by NFLC instructors (M = 1.56). Further,
it appeared the DFW rate for URM students decreased the more contact hours instruc-
tors had with our educational developers. Interestingly, White students’ DFW rates for
courses taught by NFLC instructors were higher than URM students. This finding is
addressed below as it relates to instructional practices.

We further separated out the ED intervention groups by the observed instruc-
tional practices (didactic, interactive lecture, and student-centered instruction)
(Figure 2). When comparing the URM and White student DFW rate, the gap in
URM and White student rates was consistent for instructors across both didactic
(~4-7% difference) and interactive lecture courses (~3-6% difference), regardless of
intervention status. Further, in courses where didactic instruction was observed,
URM student DFW rates were consistently higher than those of White students. In
courses characterized by interactive lecture, the DFW rates for both White and URM
students were lower than in courses with didactic instruction. The DFW rate for
White students was also lowest in interactive lecture courses, which was not the case
for URM students.

For courses where student-centered instruction was observed, the DFW rates were
descriptively more variable than those in didactic or interactive lecture. For student-

I URM students
B White students

13

Mean % DFW

0

None (1=71) CDI (1=19) STEM-LC @=18)  NFLC (n=16)
Emror Bars: +/- 1 SE

CTE Intervention

Figure 1. Differences in student failure rates for small course (n < 60) by faculty engagement in
different CTE interventions.
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‘White URM
students
— students
A None ©® None
A CDI @cDI
A STEM-LC @ STEM-LC
A NFLC @ NFLC
15.00 15.02)
E 1222
A b Number of courses (n)
-2
s @ Didacti Interactive Student-
§ w0 ieactic lecture center
b= b2 L, None 82 29 14
5.05 6.52
- = 575 cDI 14 9 4
575 25 :
7— B3| o / STEM-LC 17 7 9
477
5.00 P 595 NFLC 8 14 9
3.82. .
463
i
0.00
Didactic Interactive Lecture Student-centered

Figure 2. Descriptive Differences in URM failure in courses with different observed instructional
practies.

centered instruction in courses taught by non-engaged instructors, the DFW rate for
URM students (15.02%) is almost quadruple that of White student DFW rates (5.12%).
For student-centered courses taught by CDI and NFLC instructors, the DFW rate gap
between URM and White students paralleled interactive lecture courses. For student-
centered courses taught by STEM-LC instructors, the DFW rate gap between URM and
White students disappeared and was low (~2.5%) for both groups.

RQ2: impact of NFLC program on new faculty

For courses taught by new faculty, there were significant differences in instructional
practices but not in student success (Table 5). In particular, courses taught by NFLC
participants were observed to have significantly more active learning (Z = —3.05, p < .05)
and more learning-focused syllabi (Z = —3.60, p < .05) when compared with courses taught
by new faculty who had not engaged in any ED interventions. There were no significant
differences between grade data for courses taught by NFLC faculty or new faculty who had
not engaged in ED interventions. There were also no differences between DFW rates for
URM and White students for either group; however, the significantly lower A grade rate
for URM students compared to White students observed in the overall comparison above
persisted when comparing only new faculty.

Categorizing instructional practices further demonstrated the descriptive differences
between these two groups. Of the 29 courses taught by new faculty who had not engaged
in ED interventions, nearly three quarters (72.41%) utilized didactic instruction, with
only 17.4% utilizing student-centered instruction. Conversely, nearly three quarters of
the 35 courses taught by NFLC faculty utilized some sort of interactive component to
their instruction (45.71% interactive lecture, 25.71% student-centered) and only 28.57%
of the courses were categorized as didactic instruction. Similarly, of the 20 syllabi
analyzed for courses taught by new faculty who had not engaged in any ED interventions,
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75.00% were content-focused and only 5.00% learning-focused. Two-thirds of the 33
syllabi analyzed for courses taught by NFLC faculty had learning-focused elements
(57.59% transitional, 9.09% learning-focused), with only 33.33% identified content-
focused.

When exploring DFW for small courses (<60 students) taught by new faculty, the gap
between URM and White students was negligible, regardless of whether they had
participated in NFLC. For example, DFW rates for URM and White students in small
courses taught by non-engaged new faculty (n=16) were 7.50% and 6.81% respectively,
and these rates were 1.56% and 3.44% for NFCL faculty teaching small courses (n=16).
However, DFW rates for small courses taught by non-engaged faculty were five times
higher for URM students (7.50%) than in courses taught by NFLC faculty (1.56%).

RQ3: impact of a cohort model within the STEM-LC program

When comparing Department A, containing a STEM-LC cohort, to Department B, the
control department, there were significant differences in instructional practices and
student success (Table 6). Courses taught in Department A had significantly more
observed active learning (Z = —2.85, p < .05), more learning-focused syllabi (Z = —3.05,
p < .05), lower URM student DFW rates (Z = —2.85, p < .05), lower White student DFW
rates (=3.19, p <.05), higher URM student A rates (Z = —-2.11, p < .05), and higher White
student A rates (-2.54, p < .05).

Descriptively, there were differences in the DFW rates between URM and White
students for small courses in each department. The DFW gaps for Department A were
virtually non-existent between URM and White students (1.43 vs. 1.90%), while URM
students in Department B have a DFW rate twice that of White students (22.46% vs.
11.88%). The stark differences between Department A and B may be related to the impact
of a cohort of instructors engaged in the STEM-LC; however, because there are other
confounding factors (for example, student population, instructor type), this is not a
definitive conclusion.

We therefore sought to describe the overall grade rates for Department A before
(n = 65 courses) and after (n = 63 courses) the cohort of instructors participated in
STEM-LC (37.5% of the departmental teaching faculty) to better understand the impact
of the program. While the departmental DFW rate for White students did not change
pre- to post-intervention (5.91% and 5.10%, respectively), the URM student DFW rate
for the department decreased from 15.89% to 9.59%. This suggests that the cohort of
STEM-LC instructors may have contributed to decreasing the department’s overall URM

Table 6. Differences in Instructional Practices and Student Success for a Cohort of Instructors.

Instructional practices, Mean (SD) Student success, Mean (SD)
COPUS Group Syllabus Score URM %DFW  White % DFW ~ URM % A White % A
Dept A (cohort) 2.53 17.40 2.81 2.87 36.02 48.91
(.87)%* (10.03)** (7.44)%* (4.18)** (31.80)* (18.91)*
Dept B (control) 1.48 7.76 21.63 10.83 18.54 34.21
(.83) (8.05) (25.37) (8.82) (25.16) (17.76)

* significant, p <.05. ** significant, p <.01. COPUS group ranges from didactic (1), interactive lecture (2) and student
centered (3). Syllabus score ranges from content-focused (0) to learning-focused (46).
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student failure rate. However, without pre-intervention observation data, we are unable
to draw definitive conclusions about the reasons for changes in student failure rates.

Limitations

While we attempted to obtain a large, representative sample of courses, there are
limitations in the study design. First, while we aimed to conduct more sophisticated
statistics to identify factors that predicted student success (DFW rates, A rates), the data
did not meet the assumptions needed to run these tests. Thus, the conclusions we can
draw about the relationship between CTE interventions, instructional practices, and
student success are constrained by the limitations of the data. Second, the small sub-
group sample sizes limit our ability to draw definitive conclusions about the impact of
our NFLC and STEM-LC programs when compared to ‘comparison’ courses. There may
be alternate explanations for the differences between groups, particularly around depart-
mental culture, which prior research demonstrates is important to what and how
instructors teach (Lund & Stains, 2015). For example, differences observed between
course syllabi could be explained by departmental constraints to syllabus structure and
differences in instructional practice could be related to the emphasis in the department
on teaching. Third, the self-selection of instructors for participation in ED programming
may explain differences in the groups. To address these limitations, we compared pre-
and post- grade data for Department A in an attempt to eliminate self-selection as a
possible explanation for the reported findings. To further address limitations in the
present study, our other research explores changes in faculty beliefs, self-efficacy, instruc-
tional practices, and student outcomes following participation in NFLC and STEM-LC
and suggest positive impacts (Favre et al., In review).

Discussion & implications

In the present study we explored the impact of different ED interventions on instruc-
tional practices and student performance in STEM undergraduate courses. The results of
our study contribute to the scholarly literature in four ways. First, of the 147 STEM
instructors who have participated in CDI since 2008, 99 participated in the present study
(67.3%) as either CDI, NFLC, or STEM-LC participants. These three intervention groups
had significantly more learning-focused syllabi than the non-engaged CTL group, which
suggests that these faculty continued to utilize and implement learning-focused syllabi
beyond the course they designed in CDI. These findings add to the work on the impact of
CDI on faculty syllabi (Palmer et al., 2014) and suggest that CDI has a lasting impact on
the way instructors design courses. Future work could examine how faculty translate
their course design to different courses and over time.

Second, the large DFW gap between URM students and White students in student-
centered courses taught by non-engaged instructors may be the result of poor imple-
mentation of student-centered instruction. It also appears that student-centered instruc-
tion has the potential to close the DFW gap between White and URM students when
instructors engage in intensive ED interventions. These results add to the recent litera-
ture on undergraduate STEM courses that suggests implementation of active learning
may differentially impact students (Cooper et al., 2018; Snyder et al., 2016). While there
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are benefits in using COPUS as an observation tool, it did not allow for differentiation in
the quality of student-centered instruction. Further research is needed not only to
explore whether active learning is used, but how it is implemented. Our study may
suggest that instructors indeed need support to ensure active learning is implemented
skillfully and in a way that supports all students.

Third, the particularly low DFW rates and closing of the failure gap between URM and
White students observed for student-centered courses taught by STEM-LC faculty could
potentially be explained by a cohort effect. When participants engage in ED interventions
as a cohort, they may be interacting and discussing their course implementation more
than instructors who participate solo. This cohort effect aligns with models that link
policy, teachers, and students in K-12 professional development (Luft & Hewson, 2014)
and provides additional support for the efficacy of local communities of practice
(Lakshmanan et al., 2011). Social network analysis and qualitative exploration of these
interactions beyond the formal STEM-LC meetings may help us better understand how
members of a cohort interact and support each other.

Finally, educational developers are increasingly asked to demonstrate the efficacy of their
work and to provide evidence that the investment in educational development is worth-
while. This study contributes to research focused on establishing the link between partici-
pation in ED programs, changes in teaching practices, and improved student learning
(Condon et al., 2016). Specifically, drawing on research on intensive course design work-
shops (Palmer et al.,, 2016) and faculty learning communities (Gehrke & Kezar, 2017), it
examines the impact of different ED intervention types and durations. Unique in its design,
this study uses a multi-indicator strategy and direct measures such as syllabi and classroom
observations to assess changes in teaching as well as institutional grade data to approximate
student success. It builds on and moves beyond educational development research that
relies on indirect measures such as student evaluations of teaching and self-reported
learning gains (Condon et al., 2016; Meizlish et al., 2018). Future work may seek to gather
these data in order to be able to run more sophisticated statistical tests exploring relation-
ships between ED programs, instructional practices, and student outcomes.
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