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Abstract 

Background:  There is overwhelming evidence that evidence-based teaching improves student performance; 
however, traditional lecture predominates in STEM courses. To provide support as faculty transform their lecture-
based classrooms with evidence-based teaching practices, we created a faculty development program based on best 
practices, Consortium for the Advancement of Undergraduate STEM Education (CAUSE). CAUSE paired exploration of 
evidence-based teaching with support for classroom implementation over two years. Each year for three years, CAUSE 
recruited cohorts of faculty from seven STEM departments. Faculty met biweekly to discuss evidence-based teaching 
and receive feedback on their implementation. We used the PORTAAL observation tool to document evidence-based 
teaching practices (PORTAAL practices) across four randomly chosen class sessions each term. We investigated if the 
number of PORTAAL practices used or the amount of practices increased during the program.

Results:  We identified identical or equivalent course offerings taught at least twice by the same faculty member 
while in CAUSE (n = 42 course pairs). We used a one-way repeated measures within-subjects multivariate analysis to 
examine the changes in average use of 14 PORTAAL practices between the first and second timepoint. We created 
heat maps to visualize the difference in number of practices used and changes in level of implementation of each 
PORTAAL practice. Post-hoc within-subjects effects indicated that three PORTAAL practices were significantly higher 
and two were lower at timepoint two. Use of prompting prior knowledge and calling on volunteers to give answers 
decreased, while instructors doubled use of prompting students to explain their logic, and increased use of random 
call by almost 40% when seeking answers from students. Heat maps indicated increases came both from faculty’s 
adoption of these practices and increased use, depending on the practice. Overall, faculty used more practices more 
frequently, which contributed to a 17% increase in time that students were actively engaged in class.

Conclusions:  Results suggest that participation in a long-term faculty development program can support increased 
use of evidence-based teaching practices which have been shown to improve student exam performance. Our find-
ings can help prioritize the efforts of future faculty development programs.

Keywords:  STEM faculty development, Evidence-based teaching, PORTAAL practices

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Introduction
Discipline-based education researchers have amassed 
overwhelming evidence that active learning, also referred 
to as evidence-based teaching, improves student learn-
ing in higher education (Derting & Ebert-May, 2010; 
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Freeman et  al., 2011; Knight & Wood, 2005; Prince, 
2004; Ruiz-Primo et  al., 2011). Many factors contribute 
to students’ success in their coursework, including but 
not limited to scaffolding of course material, homework 
assignments, students’ motivation, and family respon-
sibilities (Eddy et  al., 2015a). However, there is ample 
data to support the impact of classroom practices on 
student course and exam performance (Freeman et  al., 
2014; Moon et  al., 2021). Implementing evidence-based 
teaching practices for more than 67% of class time was 
also found to significantly narrow differences in perfor-
mance between students from minoritized and non-
minoritized groups (Theobald et  al., 2020). Therefore, 
there is broad national consensus that building the capac-
ity of higher education to implement evidence-based 
teaching practices is a critical area of action for tackling 
the educational and workplace challenges for STEM in 
the twenty-first century (Alberts, 2008; American Asso-
ciation for the Advancement of Science, 2011; Anderson 
et  al., 2011; Association of American Medical Colleges-
Howard Hughes Medical Institute, 2009; Committee on 
the Status, Contributions, and Future Directions of Dis-
cipline-Based Education Research et  al., 2012; Cooper 
et al., 2015; Harvey et al., 2016; Olson & Riordan, 2012).

Though these calls for change began over two dec-
ades ago (Anderson et  al., 2011; Ebert-May et  al., 1997; 
Handelsman et al., 2004), studies using classroom obser-
vation tools to assess the level of student-centered teach-
ing methods in STEM classes indicate that traditional 
lecture predominates (Drinkwater et  al., 2017; Ferrare, 
2019; Lund et al., 2015; Stains et al., 2018). Faculty offer 
numerous reasons for their lack of implementation of 
these effective teaching practices, including lack of train-
ing in these teaching methods, lack of time to reorganize 
and transform their courses, lack of incentive to engage 
in the time-consuming and challenging process of change 
(Brownell & Tanner, 2012; Carbone et al., 2019; Hender-
son & Dancy, 2007; Kim et al., 2019; Shadle et al., 2017), 
and a concern that course content will be sacrificed in the 
process (Petersen et al., 2020). Changing faculty’s teach-
ing methods, therefore, remains a daunting task that pro-
ceeds at a glacial pace (Drinkwater et  al., 2017; Ferrare, 
2019; Henderson et  al., 2011; Lund et  al., 2015; Stains 
et al., 2018).

Numerous faculty development efforts have been 
implemented to provide support and guidance as STEM 
faculty attempt to transform their lecture-based class-
rooms with evidence-based teaching practices (Borda 
et al., 2020; Callens et al., 2019; Derting et al., 2016; Her-
man et al., 2018; McConnell et al., 2020; Viskupic et al., 
2019). Originally, many of these programs brought teams 
of faculty from institutions of higher education from 
across the United States together for week-long faculty 

development workshops (Baker et al., 2014; Ebert-May & 
Weber, 2006; Pfund et al., 2009). More recent efforts have 
focused within institutions and across their STEM fac-
ulty in an effort to change the culture of teaching at that 
institution (Herman et al., 2018; McConnell et al., 2020).

The Consortium for the Advancement of Undergradu-
ate STEM Education, CAUSE, is a faculty development 
program at a major R1 institution in the Northwest that 
fits into the latter category. The CAUSE faculty develop-
ment program combines attention to the individual fac-
ulty member’s professional growth, research-based best 
practices of faculty development programs, and a sys-
tems thinking approach. Each of these components will 
be explained below.

CAUSE framework
At the level of the individual instructor, the CAUSE 
program is guided by Clarke and Hollingsworth’s inter-
connected model of professional growth (Clarke & Hol-
lingsworth, 2002) which provides both a model and 
mechanism by which to promote individual change 
(Additional file 1: Supplementary Material 1). This model 
identifies four domains of influence for change: the per-
sonal (beliefs about teaching), the external (awareness 
of alternatives), the domain of practice (implementing 
new teaching practices), and the domain of outcomes 
(changes in student performance). Because each domain 
influences and is influenced by the others, each must be 
addressed for sustained professional growth. In addition, 
it is also critical to embed faculty in a well-designed net-
work by providing long-term support that includes per-
formance evaluation and feedback and membership in a 
community of practice (Kezar, 2011).

Henderson and colleagues (2011) conducted a com-
prehensive review of 191 articles published from 1995 
to 2008 on faculty development efforts in STEM to dis-
cern the difference between effective and ineffective pro-
grams. Henderson and colleagues found that two early 
approaches in faculty development turned out to be 
clearly inadequate: top-down demands from administra-
tors and disseminating “best curriculums” (Henderson 
et al., 2011; Turpen et al., 2016). The key features of pro-
fessional development programs for faculty to incorpo-
rate more evidence-based practices were, (1) long term 
support of faculty lasting at least a semester, (2) design 
elements that recognize and acknowledge an understand-
ing of a university as a complex system, and (3) efforts 
focused on encouraging faculty to be reflective about 
their teaching (Henderson et al., 2011).

Austin was commissioned by the National Research 
Council to summarize the barriers and strategies that 
exist for faculty to integrate evidence-based approaches 
into their teaching practices (Austin, 2011). Austin’s 
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major insight was to approach these challenges using 
systems thinking. Systems thinking recognizes that fac-
ulty are indeed individuals, but they are also members of 
departments that are embedded in colleges or schools, 
which themselves comprise the larger institution—the 
university. Both Henderson and colleagues’ and Austin’s 
work supports the claim that for change to be effective, 
faculty development programs must acknowledge and 
incorporate the impact other levels of organization have 
on the individual (Austin, 2011; Henderson et al., 2011).

CAUSE faculty development program
The CAUSE program was designed to incorporate the 
above recommendations and encourage and support fac-
ulty teaching STEM courses at a research-intensive uni-
versity to use more evidence-based teaching practices 
(Table 1). The program recruited cohorts of three faculty 
from seven different STEM departments to participate 
in the program as CAUSE Fellows. By recruiting three 
faculty from each department for each of three cohorts, 
we attempted to create a critical mass of faculty in each 

department to sustain efforts over time. This form of 
community is a critical component of effective faculty 
development programs as it creates a sense of comrad-
ery and support as the Fellows embark on implementing 
evidence-based teaching practices in their classes (Elliott 
et al., 2016; Newman, 2017). The cross-discipline nature 
of the community was positioned to impact the culture 
of STEM teaching and create a new set of norms across 
STEM departments.

Each CAUSE Fellow committed to a two-year pro-
gram consisting of an Exploration phase followed by 
an Implementation phase. During the Exploration 
phase, the Fellows attended biweekly meetings for a 
total of four meetings each quarter (Fig. 1). These meet-
ings were facilitated by a faculty member who was 
engaged in biology education research and experienced 
with using evidence-based teaching practices. At the 
biweekly meetings, CAUSE Fellows read and discussed 
seminal papers to increase awareness of evidence-based 
teaching practices. They also discussed what they saw 
when they visited large classes on campus that were 

Table 1  Features of CAUSE from the primary literature

Research and theoretical models for faculty development programs CAUSE faculty development program

Interconnected model of professional growth 
(Clarke & Hollingsworth, 2002)

Beliefs about teaching Read Instructor Mindset paper (Canning et al., 
2019)

Awareness of alternatives Exploration Phase:
Reading the literature

Implementing new teaching practices Implementation Phase: Practice in classroom

Changes in student performance Achievement gap reports each quarter

Best practices for faculty development (Hender-
son et al., 2011)

Long-term support Two-year program commitment

Recognize university as a complex system Work at department level and select departmental 
leads

Encourage faculty reflection Provide quarterly PORTAAL and achievement gap 
reports

Systems thinking 
University as an ecosystem (Austin, 2011)

Structural: department culture Department leads recruited faculty to program

Human resources: community of practice Biweekly group discussions

Political: assessment data PORTAAL and achievement gap reports

Symbolic: travel awards and Provost recognition $2,000 for travel to national conference to present 
work on transformation of course

Fig. 1  CAUSE program timeline. The timeline of the 2 years in which each CAUSE Fellow was enrolled in the program
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implementing evidence-based teaching practices. The 
Implementation phase was designed to provide sup-
port as faculty selected one or two teaching practices 
to implement in their own classes. The biweekly meet-
ings in this phase focused on barriers and successes 
during this process. Upon completion of the two-year 
CAUSE program, Fellows were eligible to receive $2000 
to attend an academic professional meeting, where they 
were encouraged to present a poster on how they trans-
formed their undergraduate STEM course from a tra-
ditional lecture format to an evidence-based teaching 
format.

To monitor the classroom teaching practices of CAUSE 
Fellows over time, we used the Practical Observation 
Rubric to Assess Active Learning (PORTAAL; Eddy 
et  al., 2015b). PORTAAL identifies readily implemented 
teaching practices that have evidence in the literature 
to increase academic achievement of students. Unlike 
other classroom observation tools, every second of an 
entire class session is coded for the presence of teach-
ing practices, whether they are instructor-centered or 
student-centered. As PORTAAL identifies a subset of 
evidence-based teaching practices, we will refer to these 
teaching methods as PORTAAL practices. To provide 
feedback, CAUSE Fellows received a PORTAAL report 
after each term of teaching that consisted of their average 
value for each practice as well as a histogram showing the 
level of implementation of each teaching practice for all 
Fellows for comparison (Additional file 1: Supplementary 
Materials 2 and 3). PORTAAL reports were distributed 
and implications for modifications to teaching methods 
were discussed during biweekly meetings.

As the fourth domain of Clarke and Hollingsworth’s 
interconnected model of professional growth is the 
domain of outcomes (Clarke & Hollingsworth, 2002), we 
collected and analyzed exam scores from each class a Fel-
low taught. Using this information, we created a report 
each term for each Fellow showing differences in aca-
demic performance between students based on binary 
gender, first-generation status, race/ethnicity, and eco-
nomically or educationally disadvantaged status.

Research questions
We were interested in documenting the patterns of 
change that STEM faculty had in the adoption and 
implementation of specific PORTAAL practices during 
their time in the CAUSE faculty development program. 
Our hypothesis was that CAUSE, a program based on 
best practices of faculty development, in the context of a 
theory of change, would encourage and support faculty 
to adopt PORTAAL practices. We posed two research 
questions:

1.	 Did implementation of the PORTAAL practices 
change from the first to last time instructors taught 
the same or equivalent course during CAUSE?

2.	 Were the changes in implementation of PORTAAL 
practices due to Fellows adopting these practices, 
increased use of practices over time, or a combina-
tion of adopting practices and increased use?

Methods
Data collection
Courses and instructors
The CAUSE program recruited three cohorts of fac-
ulty (n = 47) at a major R1 institution from seven STEM 
departments: biology, chemistry, computer science, 
mathematics, physics, psychology, and public health. This 
R1 institution is on the quarter system. Faculty in CAUSE 
collectively taught 157 courses during the program. 
Information on gender and academic track of all Fellows 
is included in supplementary information (Additional 
file 1: Supplementary Material 4). To determine how Fel-
lows changed their teaching practices over the course 
of their long-term participation in CAUSE, we identi-
fied identical or equivalent course offerings that were 
taught at least twice by the same faculty member during 
the time they were in CAUSE. A visual representation of 
the courses that were taught at least twice by the same 
instructor can be found in Additional file 1: Supplemen-
tary Material 5.

From 157 total courses, we identified 42 pairs of iden-
tical or equivalent course offerings. Of the 42 course 
pairs, 35 were identical courses. Equivalent courses were 
defined as courses in the same introductory series in 
chemistry, organic chemistry, math, or physics; courses 
of the same division (either upper or lower) and relatively 
the same class size within the same department; courses 
that were both non-majors (or open enrollment) within 
the same department. Of the seven courses that were not 
identical, three courses were in the same introductory 
series (e.g., chemistry or physics), while four were of the 
same course level, class size, and had similar course con-
tent within that discipline. The final data set included 35 
unique instructors, as seven instructors taught two pairs 
of equivalent courses. Characteristics of the 42 pairs of 
courses are included in Additional file 1: Supplementary 
Material 6.

Human subjects research was conducted with the 
approval of the Institutional Review Board at the Univer-
sity of Washington (STUDY00002830).

Classroom observation data
Our classroom observation procedure was the same as in 
the study by Moon and colleagues (2021). We randomly 
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selected and coded recordings of four class sessions of 
each course for each timepoint. Most recordings were 
made by the university’s lecture capture technology, and 
a few were filmed by the research team when lecture 
capture technology was not available. To select which 
recording to include in this study, the 10-week quarter 
was divided into four equal time periods excluding the 
first and last week of the quarter, with one day randomly 
selected from each time period. All videos were coded by 
trained researchers using the classroom observation tool, 
PORTAAL (Eddy et  al., 2015b). The PORTAAL coding 
rubric is found in supplementary information (Additional 
file 1: Supplementary Material 7).

Over the course of the project, six coders were trained 
by a member of the research team to code classroom vid-
eos using PORTAAL. For each coding assignment, the 
coders were paired to observe the same set of videos, 
and pairs were shuffled each time a new set of videos was 
assigned. Novice coders were first paired with a more 
experienced coder. The two coders individually coded 
the entire class video that was selected for analysis. Cod-
ers then met and discussed any disagreements in cod-
ing to come to complete consensus on all codes for each 
video. The most common coding disagreements were 
Bloom’s level of the activity, time differences of a few 
seconds when recording the start and end of an activity, 
or tallying the number of students who responded dur-
ing debrief if student voices were difficult to hear. These 
disagreements may have occurred a few times for each 
50–110-min video. On rare occasions, a code could not 
be reconciled between the coders. In this instance, a 

member of the research team provided a final decision on 
how to code the disagreement.

Though PORTAAL identified 21 teaching practices 
from the literature that were documented to increase stu-
dent academic performance (Eddy et  al.,  2015a), not all 
practices are commonly seen in most courses. Therefore, 
prior to analysis, we selected 14 PORTAAL practices that 
were frequently used by CAUSE Fellows and had minimal 
redundancy for our analyses (Table  2). We determined 
the average value for each of the PORTAAL practices 
by totaling the number or duration of each practice and 
dividing by the number of videos coded. The average 
PORTAAL values were then standardized to a 50-min 
period which is the length of most class sessions at this 
institution. These average values were used in all the sub-
sequent analyses.

Data analysis
RQ 1: Did implementation of the PORTAAL practices change 
from the first to last time instructors taught the same 
or equivalent course during CAUSE?
We used a one-way repeated measures within-subjects 
multivariate analysis (n = 42) to examine the changes in 
PORTAAL practices for instructors. Analyses were con-
ducted in SPSS (Version 25.0). Fellows who taught the 
same course at least twice were included in the data set. 
The majority of Fellows only taught the same or equiva-
lent course twice; however, a few taught the same course 
as many as five times during CAUSE (Additional file  1: 
Supplementary Materials 5 and 8). Though we sought 
to look for patterns of change each time a Fellow taught 

Table 2  PORTAAL practices

Unit of instance: n times. Unit of duration: minutes. Code names of each practice are included in brackets

PORTAAL practice Instance (I)/
Duration 
(D)

(1) Students working alone [Alone] I

(2) Providing alternative answers to a question [Alt_Ans] I

(3) Students explaining answers [Exp_Ans] I

(4) High Bloom’s in-class activities [HB] I

(5) Instructor provides answer to a question [Ins_Ans] I

(6) Instructor explains the answer to a question [Ins_Exp] I

(7) Instructor prompts students to use prior knowledge [PK] I

(8) Instructor use of positive feedback [Pos_FB] I

(9) Instructors prompting logic from students [Prom_Log] I

(10) Instructors randomly calling on students for answers [RC_Ans] I

(11) Students working in small groups [SG] I

(12) Student time in debrief of a question [ST_DB] D

(13) Total student time during class [TST] D

(14) Student volunteer or whole class answers a question [V_WC_Ans] I
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the same course, we did not have a large enough sam-
ple size to conduct this level of analysis. Therefore, we 
had to limit our analysis to only the first and last teach-
ings. We will refer to these pairs of courses as “courses 
at timepoint one” (the first time they taught the course 
in CAUSE) and “courses at timepoint two” (the last time 
they taught the course while in CAUSE).

We are aware that first adopters of a new technique are 
often more willing to change than late adopters; there-
fore, we controlled for the CAUSE cohort (1, 2, or 3). 
As faculty had very different teaching schedules, some 
taught the same course multiple times between the 
first and second timepoint; therefore, we controlled for 
whether the same course was taught in the interim. As 
time between teachings of a course may impact imple-
mentation of new practices, we also controlled for the 
number of quarters between the first and second time-
point. We also included course level (upper or lower 
division) as a covariate to control for any effects of dif-
ferential implementation of evidence-based teaching by 
course level.

It was important to account for the variability across 
instructors, equivalent courses, and instructor/course 
pairs as our data included two timepoints of observa-
tions, seven instructors who taught multiple pairs of 
courses, and seven pairs of equivalent courses that were 
taught by multiple instructors. We, therefore, tested all 
possible random intercept structures using instructors, 
equivalent courses, and instructor/course pairs, then 
compared the model fit using Akaike’s Information Cri-
terion (AIC). We considered the differences between the 
two AIC values:

where AICi is the AIC value of the ith model, and AIC-
min is the lowest AIC value.

The model with the lowest AIC was considered the best 
fit model, unless Δi was less than ten, in which case the 
model with the fewest parameters was the best fit (Burn-
ham & Anderson, 2004). We found that the model with 
the lowest AIC included an instructor random intercept 
(Additional file 1: Supplementary Material 9), which was 
subsequently included in our repeated measures analysis.

RQ 2: Were the changes in implementation of PORTAAL 
practices due to Fellows adopting these practices, increased 
use of practices over time, or a combination of adopting 
practices and increased use?
To explore the patterns of adoption of PORTAAL prac-
tices and the trends in changes in use between time-
points one and two, we used the average value of each 
PORTAAL practice across the four observations for 
each course in two different ways. First, we converted 

�i = AICi − AICmin

the average values to a binary code to denote the pres-
ence or absence of each PORTAAL practice in each 
course. Any average value other than zero was coded as 
“1” and zeros were coded as “0”. We created four cat-
egories of possible types of change in use based on the 
binary codes: “Always Used”, “Began Using”, “Stopped 
Using”, and “Never Used”. If a CAUSE Fellow used a 
PORTAAL practice at both timepoints (i.e., the binary 
code for that practice was “1” at both timepoints), 
their code for the type of change in use of that practice 
would be “Always Used”. We coded the changes in use 
as previously described for all PORTAAL practices in 
all the paired courses. We then created heat maps using 
the ggplot2 package in R (R Core Team, 2021; Wick-
ham, 2016) to discern patterns of changes in types of 
use of PORTAAL practices for each paired course by 
department.

Next, we used the average PORTAAL scores across the 
four observations for each course at timepoints one and 
two to calculate the difference in average use. We calcu-
lated these values by subtracting the average PORTAAL 
value at timepoint two from the average value of the 
same practice at timepoint one. We then created a heat 
map of these difference scores for each practice in which 
the intensity and hue of the color represents the amount 
of positive or negative change between timepoints. Each 
Fellow was assigned a three-digit code which was used 
to maintain confidentiality when labeling the heat maps. 
Departments and course numbers were also de-identi-
fied, though the de-identified course numbering correctly 
reflects the course level of each paired course (e.g., 101 
refers to a 100-level course).

Results
RQ 1: Did implementation of PORTAAL practices change?
When pooling all 14 practices, there was no significant 
difference in mean PORTAAL values across time (F(14, 

23) = 1.207, p = 0.334). However, post-hoc analyses for 
PORTAAL practices found that three practices were 
implemented significantly more at the second timepoint 
and two practices were significantly less (Table  3). At 
timepoint two, Fellows doubled their use of prompting 
students to explain their logic about in-class questions, 
increased use of random call by almost 40% when asking 
students for answers, and increased the total class time 
when students were actively engaged in the course by 
17%. The two practices that significantly decreased from 
the first to second timepoint were the number of times 
the instructor called on an individual student volunteer 
or the whole class to give an answer and the number of 
times instructors reminded students to use their prior 
knowledge (Table 3).
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RQ 2: What is the pattern of change?
We created two heat maps to explore the type of changes 
in use of each PORTAAL practice (i.e., if Fellows adopted 
practices between timepoints one and two) and changes 
in the average level of implementation of PORTAAL 
practices. Figure  2 indicates if Fellows always used the 
PORTAAL practice (i.e., at both timepoints one and 
two), began using new practices at the second time-
point, stopped using practices at the second timepoint, 
or never used the practice. Across all paired courses, 
17 courses (40%) adopted one new PORTAAL practice, 
five courses (12%) adopted two practices, four courses 
(10%) adopted three practices and one course taught by 

Fellow 114 adopted four new practices. In total, 27 of 
the courses (64%) were using at least one new practice 
between timepoints one and two (Table 4). The percent 
of courses within a department that adopted at least one 
new practice varied across STEM departments from 
100% of courses in Department B to only 33% of courses 
in Departments E and F (Table  4). The percent of each 
type of use across all PORTAAL practices within each 
department is found in Additional file 1: Supplementary 
Material 10.

Two PORTAAL practices were always used (gray 
boxes) at both timepoints across all courses in all 
departments: “Instructor answers” and “total student 

Table 3  Pairwise comparisons of the PORTAAL practices

p values are Bonferroni adjusted for multiple comparisons. *p < 0.05. **p < 0.01. ***p < 0.001

PORTAAL practice Mean (Time 1) Mean (Time 2) Mean difference 
(T2–T1)

Std. error p value

Working alone 1.856 1.924 0.069 0.184 0.712

Alternative answers 0.574 0.654 0.08 0.143 0.582

Explaining answers 3.569 4.395 0.827 0.516 0.118

High Bloom’s activities 2.347 2.461 0.115 0.237 0.631

Instructor answers 3.774 4.115 0.341 0.348 0.332

Instructor explains 5.088 4.984 − 0.104 0.271 0.703

Prior knowledge** 0.417 0.156 − 0.261** 0.083 0.003

Positive feedback 3.124 3.111 − 0.013 0.260 0.961

Prompting logic* 1.099 2.201 1.103* 0.432 0.015

Random call answers* 1.967 2.738 0.771* 0.347 0.033

Small groups 4.066 4.234 0.168 0.315 0.597

Student time in debrief 5.479 6.551 1.072 0.604 0.084

Total student time* 13.185 15.413 2.228* 0.937 0.023

Volunteer or whole class answers* 9.453 7.895 − 1.559* 0.740 0.042

Fig. 2  Changes in presence or absence of PORTAAL practices from T1 to T2. Each column represents the change in use based on the binary values 
of each PORTAAL practice between timepoints one and two for a paired course. Each x-axis label refers to a Fellow and the paired course they 
taught. The de-identified course numbers reflect the course level. If the same course was taught by multiple Fellows, the de-identified course 
number is the same. See Table 2 for the long descriptions of the code names of the PORTAAL practices shown on the y-axis
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time” (Fig.  2). Adopting a new PORTAAL practice was 
not evenly distributed across practices. “Random call 
answers” was adopted by the greatest number of courses 
(12 courses) followed by explaining “alternative answers” 
to questions (9 courses) and instructors’ use of “prompt-
ing logic” when asking students to solve in-class prob-
lems (7 courses). Stopping use of a PORTAAL practice 
(blue boxes) showed similar heterogeneity. Instructors 
in 13 courses stopped prompting students to use their 
“prior knowledge” when working on in-class problems 
and seven stopped asking students to explain alternate 
answers to questions. Use of “prior knowledge” was 
also the practice that was never used (black boxes) in 15 
courses, while “random call answers” was never used in 
14 courses. The percent of practices Fellows always used, 
began using, stopped using, and never used is found in 
Additional file 1: Supplementary Material 11. A heat map 
of the binary use values at each timepoint is found in 
Additional file 1: Supplementary Material 12.

To discern how Fellows changed the average level of 
implementation of PORTAAL practices, we created a 
heat map showing the difference in average values of each 
practice between the two timepoints (Fig.  3). Gray rep-
resents no change in the average value of the PORTAAL 
practice over time. A heat map showing the average val-
ues of the PORTAAL practices for each paired course at 
each timepoint is found in supplementary information 
(Additional file 1: Supplementary Material 13).

We found that changes in average implementation of 
all PORTAAL practices varied by CAUSE Fellow, course, 
and department. For example, Fellow 136 decreased use 
of PORTAAL practices more than Fellow 142, though 
they taught the same course in the same department. 
This variation also occurred at the department level. 
For example, Department A had more positive trends 
in implementation of PORTAAL practices than Depart-
ment E. In addition, we plotted histograms of the aver-
age PORTAAL values at each timepoint for the practices 
that were significant in the repeated measures analysis to 
examine if the changes were due to a few Fellows greatly 
increasing the use of these practices. We found that the 
changes appear to be due to several Fellows changing 
their use of these practices rather than a few outliers (see 
Additional file 1: Supplementary Material 14).

The significant increase in “prompting logic” appears 
to be spread across most departments but may have been 
most pronounced in Department G, where all but one of 
the courses increased use of this practice. Across all 42 
paired courses, 17 courses showed an increased aver-
age use of “random call answers”. Of these, only five of 
the courses were using random call at the first timepoint 
(see Additional file  3). We investigated if the significant 
increase in use of “random call answers” and significant 

Table 4  Number and percentage of courses per department 
that adopted at least one new PORTAAL practice

Department Number 
of 
courses

Number of courses 
that adopted a new 
PORTAAL practice

Percent of courses 
that adopted a new 
PORTAAL practice

A 7 5 71%

B 4 4 100%

C 5 4 80%

D 8 6 75%

E 6 2 33%

F 3 1 33%

G 9 5 56%

Total 42 27 64%

Fig. 3  Changes in average values of PORTAAL practices from T1 to T2. Each column represents the difference in average value of each PORTAAL 
practice between timepoints one and two for a paired course. Each x-axis label refers to a Fellow and the paired course they taught. The 
de-identified course numbers reflect the course level. If the same course was taught by multiple Fellows, the de-identified course number is the 
same. See Table 2 for the long descriptions of the code names of the PORTAAL practices shown on the y-axis
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decrease in “volunteers or whole class answers” was due 
to Fellows shifting from calling on volunteers to ran-
dom call. We found that 11 paired courses fit this trend 
(see Additional file  1: Supplementary Material 15 and 
Additional file  3), while only six of the paired courses 
increased both “random call” and “volunteer or whole 
class answers”.

The practices “total student time” and “volunteer or 
whole class answers” were used by nearly all Fellows at 
both timepoints. The significant increase in time that 
students were actively engaged in class was, therefore, 
due to increased implementation by Fellows who were 
already using some student-centered classroom activities. 
This trend occurred predominantly in Departments A, B, 
C, and D.

Of all the paired courses, 21 implemented the practice 
“prior knowledge” fewer times on average at the second 
timepoint. Only eight of these courses continued to use 
“prior knowledge”, which suggests that the significant 
decrease in this practice may be due to Fellows stopping 
their use of this practice. However, this was the least fre-
quently implemented practice, so these results should be 
interpreted with caution.

Discussion
Our study found that faculty who participated in the 
CAUSE faculty development program changed their 
teaching behaviors and incorporated more evidence-
based teaching practices over their time in CAUSE. Com-
pared to the first time a Fellow taught a course, while in 
CAUSE, Fellows more frequently prompted students to 
use their logic when answering questions, used random 
call when asking students to report out on their answers, 
and increased the amount of time students were work-
ing in class at the second timepoint. Fellows decreased 
their use of volunteers or the whole class answering 
questions and the use of prompting students to use their 
prior knowledge when solving problems in class. These 
results suggest that one of the most successful impacts 
of CAUSE was encouraging and allowing instructors to 
think of ways to shift the time spent in class from instruc-
tor-centered to student-centered, and to move towards a 
more equitable classroom by decreasing the use of calling 
on volunteers during class.

These gains may have been because the CAUSE pro-
gram was specifically designed to incorporate many of 
the previously identified aspects of successful faculty 
development programs. The CAUSE program was a long-
term program, provided a community of support both 
within and across STEM departments, increased aware-
ness and practice of evidence-based teaching practices, 
and provided feedback to Fellows on both changes in 

their teaching methods and how student performance in 
their courses changed over their time in CAUSE.

Changes in specific PORTAAL practices
Five PORTAAL practices showed significant changes 
between the first to second timepoint. Below, we further 
describe each of these PORTAAL practices and offer pos-
sible explanations for how the CAUSE faculty develop-
ment program may have impacted Fellows’ use of these 
practices.

Prompting logic
CAUSE Fellows doubled the number of times per class 
session they prompted students to explain logic between 
their first and second time teaching the same course dur-
ing CAUSE. Faculty added on average one more use of 
this PORTAAL practice per class. Over the course of 30 
class sessions in a 10-week quarter, this would translate 
to students hearing their instructor remind them to use 
logic and reasoning when answering questions approxi-
mately 60 times rather than just 30 times. Such repeti-
tion may further instill in students the value and habit 
of using logic in their problem solving. Seventy percent 
of courses always used this practice, and by timepoint 
two, Fellows in seven more courses added this practice 
to their teaching repertoire, while only two stopped using 
it. We coded the use of “prompting logic” when instruc-
tors asked students to explain their logic or reasoning 
behind the answer to a question. This often occurred at 
the beginning of a clicker question or discussion question 
when students were working in groups and the instruc-
tor reminded students to not focus solely on the correct 
answer, but rather to make sure that they can explain 
to their peers the reasoning of how they came to that 
answer. Similarly, when faculty asked students to report 
on their answers, they could prompt them to indicate the 
logic behind the solution to the problem. We hypothesize 
that increased use of prompting logic may be due to the 
ease of implementing this PORTAAL practice. Incorpo-
rating the practice of prompting logic does not require 
much planning or time investment by the instructor, as 
the instructor just needs to remember to ask the students 
to explain their reasoning. If the instructor’s goal is to 
increase the amount of time that students are working or 
answering questions in class, reminding students to dis-
cuss their logic with their peers, and asking for students 
to explain the logic to the class is an effective way to make 
the class more student-centered.

When given an in-class question to answer, students 
often focus on quickly guessing the correct answer or 
trying to eliminate incorrect answers if it is a multiple-
choice question. For deep learning to occur, students 
need to take the time to apply their knowledge to reason 
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through to the correct answer (Kahneman, 2011). How-
ever, research shows that students need to be reminded 
to take the time needed to analyze the question and for-
mulate an answer based on logic (Knight et  al., 2013). 
This PORTAAL practice was emphasized in CAUSE 
meetings when faculty discussed best practices in use of 
multiple choice clicker or in-class short answer questions 
(Chien et  al., 2016; Lewin et  al., 2016; Smith & Knight, 
2020; Smith et al., 2011). Our previous research has also 
supported the finding that use of prompting logic is posi-
tively correlated with student exam performance (Moon 
et al., 2021).

Random call
The use of random call per class session increased about 
40% between the first and second timepoint. Initially, 
random call was used about twice per class and this 
increased to almost three times. Again, this would trans-
late into a change from approximately 60 random calls 
per quarter to more than 80 over the same time period 
which would allow both more voices and a greater diver-
sity of voices to be heard over the 10-week quarter. Inter-
estingly, random call was the most frequently adopted 
PORTAAL practice at the second timepoint but was also 
never used in 14 of the 42 paired courses. This suggests 
that even with the focus on this practice during meetings 
and support from other Fellows, some participants in 
CAUSE were still hesitant to use random call. We coded 
“random call answers’’ when an instructor used a rand-
omized list of names or seat numbers to call on individ-
ual students or groups to give their answers to an in-class 
formative assessment question.

Random call was one of the practices that was empha-
sized during the biweekly meetings. The CAUSE Fellows 
read and discussed three papers that show how using 
random call can contribute to more inclusive class-
rooms (Dallimore et  al., 2010; Eddy et  al., 2014; Waugh 
& Andrews, 2020). Furthermore, the Fellows often shared 
stories about how they implemented random call in their 
classrooms. These stories may have been encouraging 
for faculty who were not yet using random call, and this 
sense of support from the community of CAUSE Fellows 
may have motivated others to implement this practice. 
Another explanation could be that using random calling 
is a natural next step for instructors who have scaffolded 
their lesson plans with interactive clicker questions that 
are debriefed by students providing answers. In this case, 
the instructor can use a random list of student names or 
groups to call on to answer the question. We hypothesize 
that the primary reasons we found an increase in the 
average number of random calls per class in our data set 
were the emphasis during CAUSE meetings on creating 
equitable classrooms and the support from instructors 

in CAUSE who were already using random call and were 
willing to share their insights.

The challenge in any classroom is hearing from all stu-
dents and not just those sitting in the front two rows. 
Though some are concerned that calling on students 
to answer in-class questions may be anxiety provok-
ing for students (Cooper et al., 2018), others have found 
that when used in an intentional manner and employ-
ing specific guidelines, random call can help to make 
the classroom more equitable (Dallimore et  al., 2010, 
2013; Waugh & Andrews, 2020). During the CAUSE 
biweekly meetings, particular attention was paid to how 
to implement the method to decrease student anxiety. 
The CAUSE program emphasized the same key compo-
nents that Waugh and Andrews found were important to 
the college biology faculty they interviewed: instructors 
should explain to students why they are using random 
call, allow students to talk before calling on them, select 
a group of students to answer, and ask students to report 
out the collective idea of their group (Waugh & Andrews, 
2020).

Total student time
The CAUSE Fellows in this study had an almost 17% 
increase in the amount of time students were talking, 
thinking, or working in class. “Total student time” was 
made up of all the time per 50-min class that students 
spent thinking alone, working in groups, or answering 
questions. It was the inverse of time the instructor is giv-
ing instructions, lecturing, or answering questions. On 
average, CAUSE Fellows increased total student time 
from 26% of class time to 31% of class time. We hypoth-
esize this increase in total student time may be attrib-
uted to the fact that PORTAAL practices are designed 
to incorporate more time for students to engage with 
the material on their own or with a peer. The significant 
increase in the number of times that faculty prompted 
the use of logic could increase the amount of time that 
students used to explain the logic underlying their answer 
to either their peer group or the class. Changes in total 
student time in debrief trended toward significance and 
provides some support that this practice also contributed 
to increased total student time.

Active learning has been defined as “instructional 
activities involving students in doing things and think-
ing about what they are doing” (Bonwell & Eison, 1991) 
and “a process that requires students to select, organ-
ize, and integrate information, either independently 
or in groups” (Committee on the Status, Contribu-
tions, and Future Directions of Discipline-Based Edu-
cation Research et  al., 2012). Though these practices 
can take many forms, at their foundation is increased 
student engagement with course material as they move 
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from an orientation of passive listening and reception 
of material to constructing understanding. A theory of 
learning that encapsulates these ideas is the Interac-
tive, Constructive, Active, Passive (ICAP) framework 
(Chi & Wylie, 2014). In the ICAP framework, Active 
is defined as students taking notes or manipulating an 
object as part of a task rather than being involved in 
activities traditionally associated with active learning, 
while Passive refers to students sitting quietly and lis-
tening. Chi and Wylie found support that Constructive 
activities maximize student learning as they produce 
deep understanding with potential for transfer, while 
the Interactive mode produces deeper understanding 
with potential to innovate novel ideas (Chi & Wylie, 
2014). Implementing more PORTAAL practices that 
are Interactive and Constructive may have contrib-
uted to an overall increase in the total amount of time 
that students were working alone, discussing in small 
groups, and reporting their answers to the whole class.

Volunteer and whole class answers
Faculty calling on “volunteers or the whole class to 
answer” was the most frequently used PORTAAL 
practice at the first timepoint. This was not surpris-
ing as many instructors have a history of calling on 
volunteers to answer questions, which contributes to 
the interactive nature of the classroom. There was a 
16% decrease in use of this practice at timepoint two. 
We hypothesize that this change may be due to the 
increase in use of random call rather than calling on 
volunteers, as when one method of calling on students 
increases, the other usually decreases. In our study, 
we found that instructors often used both methods for 
gathering answers from students, even at timepoint 
two. We were, however, very encouraged to see use of 
random call increase significantly, as use of volunteers 
has shown a gender and racial bias in the classroom 
(Eddy et  al., 2014; Reinholz & Shah, 2018; Reinholz 
et al., 2020).

The significant increase in random call answers 
and decrease in volunteers and whole class answers 
we observed may have been due to reciprocal use of 
these practices, as we found that 26% of the paired 
courses had both an increase in use of random call and 
a decrease in volunteer or whole class answers. We 
hypothesize that faculty may replace calling on volun-
teers or the whole class with using random call. How-
ever, we never found an instance, where faculty stopped 
calling on volunteers. This may suggest that faculty find 
the practice of calling on volunteers useful for solicit-
ing answers from students and, therefore, may continue 
using both practices in their classrooms.

Prompting prior knowledge
Prompting students to use prior knowledge was the 
least-implemented PORTAAL practice at both time-
points. “Prompting prior knowledge” was coded when 
an instructor reminded students to use knowledge from 
a previous class session or course to answer a ques-
tion. A recent paper by Arthurs and Kowalski rein-
forces the valuable contribution this practice has for 
student learning (Arthurs & Kowalski, 2021). Though 
we detected a significant decrease in the implementa-
tion of this practice, this result should be interpreted 
cautiously due to its limited use by CAUSE Fellows. 
Future research should investigate use of this practice 
in STEM classrooms and its correlation with student 
learning.

Patterns of change
The heat map of differences in the use of practices 
between the two timepoints provides insight to the pat-
terns of adoption of PORTAAL practices (Fig. 2). Across 
all paired courses, Fellows in 64% of courses adopted at 
least one new practice, and one Fellow incorporated 
four new practices in their course. Patterns of adoption 
of new practices were department specific. For instance, 
in Department B, every course added a new practice, 
while in Department E, only two of six courses added a 
new PORTAAL practice. Department G also had a low 
percentage of courses that adopted a new practice (56%), 
but unlike in Department E, 90% of the PORTAAL prac-
tices were always used across courses (Additional file 1: 
Supplementary Material 10). Therefore, Department G 
was likely experiencing a ceiling effect for practice adop-
tion. Department G may also represent the added benefit 
of having a community of faculty who regularly use evi-
dence-based teaching practices. A critical mass of faculty 
can provide support for both learning about evidence-
based practices and how best to implement them. The 
lack of a critical mass of faculty using PORTAAL prac-
tices in Department E may explain why only two Fellows 
added a new practice. It is possible that the culture in this 
department is not as supportive of evidence-based teach-
ing practices.

For the PORTAAL practices that changed significantly 
from timepoint one to timepoint two, the heat maps 
provide insight to if the changes were due to adoption 
or increased use in the same courses. Depending on the 
practice, there was considerable variation in the level 
of adoption and change in average implementation of 
the practice. The significant changes in some practices 
appear to be driven by adoption by Fellows, while others 
are driven more so by Fellows increasing or decreasing 
the amount that they used the practices.
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An example of a PORTAAL practice that showed a sig-
nificant increase from timepoints one to two and seems 
to be driven by widespread adoption by CAUSE Fellows is 
random call. Based on the heat maps, most Fellows were 
using this practice by the second timepoint. As random 
call was one of the least frequently implemented prac-
tices during Fellows’ first time teaching during CAUSE, it 
suggests that the faculty development program success-
fully supported implementation of this new evidence-
based teaching practice.

Alternatively, some practices were implemented across 
nearly all courses at both timepoints, and the significant 
changes in their average values are not due to adoption 
or Fellows who stopped using these practices. For exam-
ple, “total student time” was used in all courses at both 
timepoints but we found a significant increase in its aver-
age use over time. This suggests that Fellows were find-
ing ways to make their courses more student-centered 
during their time in the program. Though the overall 
trend showed that faculty were increasing the amount of 
time students spent working alone, in small groups, or 
providing answers, the change was not the same across 
departments. Department G and Department F showed 
a decreasing trend in total student time. Fellows often 
commented in the biweekly meetings that they were hav-
ing trouble pacing their student activities, which caused 
them to fall behind on content and curtail some activi-
ties. In contrast, in Department A the average amount of 
total student time doubled, yet it was still only half of the 
average amount of total student time in Department G 
(Additional file 2). This suggests that even though depart-
ments are using more student-centered teaching prac-
tices, there is still room for considerable growth in many 
STEM classrooms.

Limitations
In this study, we only coded four class videos for each 
course. We realize that there may be variation in how fac-
ulty teach from day to day, particularly as faculty begin 
to implement new teaching practices. Therefore, coding 
more observations could have better represented facul-
ty’s teaching, as is suggested in recent research (Sbeglia 
et al., 2021; Stains et al., 2018).

As we only coded four class sessions over the course of 
the term, it is possible that at timepoint two we missed 
other PORTAAL practices that Fellows added but used 
less often. Similarly, though we have labeled one set of 
use, “Stopped Using”, it is possible that Fellows were still 
using this practice but not on the days that we selected 
to code classroom videos. Therefore, it is possible that 
we underestimated the number of PORTAAL practices 
added and overestimated the number of PORTAAL 

practices that Fellows stopped using based on these 
observations.

Teaching schedules also prevented us from doing 
repeated measures analysis for all the faculty in the 
CAUSE program, because faculty either did not teach 
often enough or taught different classes each quarter. 
This was particularly true for tenure-track Fellows, which 
explains why there are predominately teaching-track 
faculty in this study. As teaching is the primary respon-
sibility of teaching-track faculty and, therefore, the basis 
of their promotions, it is possible that our data was 
biased towards instructors who were more motivated to 
improve their teaching by incorporating evidence-based 
practices.

Conclusions and implications for faculty 
development programs
The CAUSE faculty development program operation-
alized the theoretical foundations of faculty change by 
addressing attention to the individual faculty members’ 
professional growth, best practices in faculty develop-
ment, and a systems thinking approach (Table 1). Some 
of the unique aspects of the CAUSE program are that 
it used PORTAAL as an objective classroom observa-
tion tool and provided quarterly feedback on teaching 
and student exam performance to each CAUSE Fellow. 
Quarterly academic reports on how the various groups 
of students in their classes performed on exams kept the 
faculty informed as to the impact of their teaching on all 
students in their class.

During their tenure in CAUSE, Fellows doubled their 
use of prompting logic when asking students ques-
tions, a practice that may help students develop rea-
soning skills that could transfer to improved exam 
performance (Kahneman, 2011). CAUSE Fellows also 
decreased calling on volunteers and the whole class for 
answers while increasing their use of random calls. The 
changes in these practices may contribute to increased 
equity in the classroom (Dallimore et  al., 2010; Eddy 
et  al., 2014). Similarly, the increase in time that stu-
dents are actively engaged in building their understand-
ing in class can foster a more student-centered and 
inclusive course. We realize that a class has a finite time 
period which may limit the number of PORTAAL prac-
tices an instructor can use. However, our findings show 
that multiple faculty had high rates of implementation 
of many of the PORTAAL practices, indicating that it 
is possible to incorporate a variety of practices dur-
ing each class session. With the increased use of POR-
TAAL practices, we can expect that student academic 
performance should also increase as previous research 
has shown a positive correlation between the level of 
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evidence-based teaching and student exam perfor-
mance (Eddy et al., 2015b; Freeman et al., 2014; Moon 
et al., 2021; Theobald et al., 2020).

Change, however, is slow and “the journey begins 
with one step.” In the case of CAUSE Fellows, that one 
step is prompting students to use logic and reasoning 
and using some form of random calling on students. 
Faculty development programs have a daunting task 
ahead if they are to answer the national calls to trans-
form STEM teaching in higher education. Transform-
ing traditional lecture to evidence-based teaching 
practices is necessary if we are to make our classrooms 
more inclusive and ensure a more diverse and produc-
tive STEM force in the future. Our findings can help 
prioritize the future efforts of faculty development pro-
grams to encourage faculty to adopt the teaching prac-
tices we found faculty were more likely to embrace, and 
to realize that patterns of change can look quite differ-
ent across instructors, courses, and departments.
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