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Abstract

Compelling evidence indicates that “active learning” (learning by doing) is
an effective pedagogy regardless of discipline or class size, and can be
particularly effective with diverse students. This study investigated active
learning practices in 64 classes at the University of Hawai ‘i at Manoa, a US
university with a highly diverse student body, using a “Passivity Indicator”
(PI: ratio of class time spent in passive activities to total class time). For all
classes, the mean Pl was 43%. Statistical analysis reveals no significant
differences in the PI of classes taught in STEM vs. non-STEM disciplines, or
between upper vs. lower division courses. However, the Pl in larger classes
was found to be significantly greater than in small classes (64% vs. 39%,
respectively; p=0.02). Moreover, classroom activities aligned with an active
learning standard in Language and Literacy Development (e.g., students
answering questions) occurred twice as often in small (24%) vs. large classes
(12%, with p=0.02). Altogether, these findings indicate an opportunity for
more active learning in large classes. We present a range of research-based
pedagogical strategies that can be readily implemented in large classrooms,
and encourage instructors to use their implementation as research
opportunities to gather data on student success.
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1. Introduction

Active learning (i.e., “learning by doing” or “student-centered learning”) has been shown to
improve subject retention, increase student engagement, and reduce failure rates (e.g.,
Springer et al., 1999; Ruiz-Primo et al., 2011; Freeman et al., 2014), particularly for
women (e.g., Lorenzo et al., 2006) and minorities (e.g., Haak et al., 2011). The Classroom
Observation Protocol for Undergraduate STEM (COPUS) quantifies the degree to which a
course uses active learning practices. For each two-minute interval of class time, a trained
observer classifies what students and instructors are doing using 25 activity codes (Smith et
al., 2013). A recent nationwide (USA) COPUS analysis of 2000+ University classes found
that the majority (55%) were taught using a “didactic” style (>80% lecturing); only 18%
used a “student-centered style” (<50% lecturing). Large classes were especially likely to be
didactic (Stains et al., 2018). In light of the overwhelming benefits of active learning, these
results are troubling, particularly for minority-serving institutions like the University of
Hawai‘i at Manoa (UHM), one of the most diverse universities in the US (US News and
World Report, 2019).

The Center for Research on Education, Diversity, and Excellence (CREDE) funded 31
research projects on teaching culturally and linguistically diverse students (Yamauchi et al.,
2016). The resulting CREDE standards are evidence-based best practices based on
Vygotsky (1978) and 40+ years of research on interaction-rich dialogues to promote
conceptual understanding (Tharp et al., 2000). The US Department of Education ranked
the CREDE standards the most effective for promoting reading achievement, and 2" most
effective for improving English language literacy among 73 studies of language
development for English language learners (Yamauchi et al., 2016).

This case study aims to: (A) assess the degree to which active learning is being used in
UHM classrooms via COPUS; (B) identify any correlations between the level of active
learning and certain class characteristics (class size, subject content, and academic level);
and (C) evaluate the enactment of CREDE standards for teaching diverse students.

2. Methods

This study was conducted over six semesters (2015-18). After receiving UHM Institutional
Research Board (IRB) approval to work with human subjects, COPUS observations were
conducted by five observers, whose training included video and in-class practice. Inter-rater
reliability exceeded 95% among all 5 observers using Jaccard (1901) similarity scores,
indicating robustness. Each two-minute class interval was categorized as Passive (intervals
during which students were only “listening” and/or “waiting”) or Active (intervals including
at least one student activity other than listening or waiting) (Smith et al., 2013). We define
the “passivity indicator” (PI) as the ratio of passive intervals to total intervals.
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To determine whether student activity levels correlate with certain class characteristics,
each class was categorized in three ways: A) STEM (0) vs. non-STEM (1), B) Upper (0) vs.
Lower (1) Division, and C) Large (0), i.e., >50 students, or Small (1), i.e., <50 students.
(Binary numeric “dummy” variables (0 and 1) were assigned to enable multivariate
analysis). For each category, the mean and standard deviation of Pl were calculated. Using
box plots and analysis of variance (ANOVA) type Ill analysis, Pl were compared first
within each class category, and then across class categories to check for interactions, using
significance level o= 0.05.

Lastly, COPUS codes were compared to three CREDE standards: Joint Productive Activity
(JPA), Language & Literacy Development (LLD), and Instructional Conversation (IC). For
each, COPUS codes were assigned corresponding to the class times during which the
CREDE standards were or were not enacted (Table 1). Mean percentages of class times
spent enacting each CREDE standard were then calculated for all classes.

Table 1. CREDE Standards Performance Continuum & corresponding COPUS Codes for
evaluating the enactment of CREDE Standards in the classroom.

CREDE Enacted Not Enacted
standardl (COPUS Codes) 2,3 (COPUS Codes) 2,3
JPA Students and instructor Studentssworkingoonnindividual
collaboratingionjjointiproduct products
(student: OG; instructor: MG) (student: Ind; instructor: W)
LLD Instructioniinnwhichaacademicclanguage Instructionddominatedbby
use by student predominates instructor talk

(student: AnQ, SQ; instructor: AnQ, PQ) (student: L; instructor: Lec)

IC Goal-directed, fully inclusive Informal, non-academic
conversation betweeniinstructor and discourse in whole-classssettings
small group of students (student: WC; instructor: - )

(student: - ; instructor: 101)

1JPA (Joint Productive Activity); LLD (Language & Literacy Development); IC (Instructional Conversation)
(CREDE, 2019); 2Student COPUS codes: OG (group activity); AnQ (answering questions); SQ (student asks
question); Ind (individual thinking); L (listening); WC (whole-class discussion); 3Instructor COPUS codes: MG
(moving and guiding student work); AnQ (answering questions); PQ (posing questions); 101 (1-on-1 extended
discussion with individual student); W (waiting); Lec (lecturing) (Smith et al., 2013).
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3. Data and Results

3.1. Extent of Active Learning

Our dataset is comprised of COPUS observations of 64 classes, each taught by different
instructors, in 35 academic departments at UHM. First, we calculated the Pl to assess the
degree to which active learning occurs in UHM classrooms. PI for the 64 classes ranged
from 0-88%, with a mean of 43%, and standard deviation of 28%. These results compare
favorably with the USA-wide results (mean=55%) reported by Stains et al., (2018), which
indicate that UHM courses are on average less didactic.

3.2. Correlations between Active Learning and Class Characteristics

No statistically significant differences were found in the Pl of classes taught in STEM vs.
non-STEM disciplines, or between Upper vs. Lower division courses (Table 2). Our key
positive finding concerns class size: The difference in mean Pl between large classes
(P1=64%) and small classes (P1=39%) was highly significant (p=0.02; Table 2) and
consistent with nationwide results (Stains et al., 2018). In other words, instructors were
statistically less likely to use active learning strategies in classes with >50 students.

Table 2. Results of Passivity Indicator (Pl) analysis of 64 classes.

Class PI Mean (stdev) n? p-value*
Characteristic*

STEM (0) 49.1 (27.2) 47 0.23
Non-STEM(1) 27.7 (24.2) 17

Upper (0) 43.4 (24.9) 34 0.53

Lower (1) 43.4 (31.4) 30

Large (0) 64.1 (25.0) 11 0.02*

Small (1) 39.1 (26.7) 53

'STEM courses defined by NSF (2014); Upper and lower division courses defined as 300-400 and 100-200 levels
respectively. Large classes have >50 students, small classes have <50 students (Freeman et al., 2014); ?PI mean
(and standard deviation) shown as %; *Number of classes; ‘P-value, * indicates statistical significance at 0=0.05.

3.3. Enactment of CREDE Standards

As statistically measured by COPUS, the CREDE standards JPA and IC were only used
during <6% of class periods so were not further analyzed for this study. However, the
COPUS codes for activities corresponding to enacting the CREDE standard LLD were used
by students and instructors nearly a quarter of the time during small classes, and
significantly less (p=0.02) during large classes (Table 3).
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In small classes, students spent 24% of their time answering questions (AnQ) and
instructors spent 20% of their time posing questions to students (PQ). In large classes,
these figures were 12% and 11%, respectively. Similarly, in small classes, students only
spent 50% of their time passively listening (L), which is not a CREDE activity, whereas in
large classes they spent 66% of their time passively listening. All three differences between
large and small classes were statistically significant, with p-values of 0.02-0.04 (Table 3).

Table 3. CREDE results for Language & Literacy Development as determined by COPUS.

LLD SmalliClass LargeiClass  p-value®
COPUS n=>53 n=11
Codes® meani(stdev)>  meani(stdev)?

(+) AnQ (s) 240 (15.1) 121 (11.3) 0.02*

(+)SQ (s) 7.3 (8.7) 3.6 (5.0) 0.18
(+) AnQ (i) 55 (6.9) 2.7 (3.9) 0.20
(+) PQ (i) 19.8 (11.6) 11.3 (8.7) 0.03*
()L (s) 50.4 (21.9) 66.2 (25.0) 0.04*
(-) Lec (i) 35.3 (20.9) 458 (21.1) 0.14

COPUS codes (see Table 1 for details; Smith et al., 2013) that match the Language & Literacy Development
CREDE standard (CREDE, 2019); (+) indicates LLD is being enacted; (-) indicates LLD is not being enacted; (s)
is for students, (i) is for instructors; 2Large classes have >50 students, small classes have <50 students (Freeman et
al., 2014); n = number of classes; Mean % (and standard deviation) of class time spent doing the activity indicated

by the COPUS code; P-value as calculated using student t-tests, * indicates statistical significance at a=0.05.

4. Discussion and Recommendations

Despite compelling evidence that large classes can (e.g., Deslauriers et al., 2011) and
should (Freeman et al., 2014) be taught in an active way, active learning is not regularly
occurring in large classes at UHM (this study) or elsewhere (Stains et al., 2018). Our
findings are alarming for two reasons: 1) Most students in our study were enrolled in large
courses (n=1182 in 11 large classes, vs. n=1137 in 53 small classes); and 2) Active learning
strategies have been shown to disproportionately benefit minority students (Haak et al.,
2011), and these students make up 34% of the UHM student body (US News and World
Report, 2019). Although there is no specific recommendation for an optimal level of active
learning, clearly a Pl of 64% is too passive; large classes should strive for the Pl reported
for small classes.

Insight into the challenges that UHM faculty face in teaching large classes effectively
comes from post-COPUS discussions with instructors of large courses, who revealed
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sentiments of disbelief or anxiety about using active learning techniques: “In large classes I
struggle just to get through the material. Taking time to do group activities with 160
students means that [ would get even farther behind.”

For instructors accustomed to traditional lecture techniques, the prospect of completely
revamping a high-enrollment course might seem daunting. Fortunately, small changes in
instructional approach can yield significant, positive changes in student activity levels and
learning outcomes, especially for diverse students (Haak et al., 2011), with minimal effort
from instructors (e.g., Freeman et al., 2014; Bruno et al., 2017). Here is a sampling of
easy-to-implement, active learning practices that have been shown to work effectively in
large classes, with corresponding CREDE standards. References are provided for further
review.

1. Collaborative / 2 stage exams (Gilley & Clarkston, 2014; Bruno et al., 2017).
Within a single class period, students take an exam twice: first on their own, and
then in groups of 3-4 students that must agree on all answers. Enacts CREDE
standard for JPA.

2. Think/Pair/Share (Lyman, 1981; SERC, 2019). Students THINK individually for
a few moments about a question posed by the instructor; then PAIR up with
another student to discuss their responses; then selected student pairs SHARE their
ideas with the class. Enacts CREDE standards JPA, LLD, and IC.

3. Group Worksheets (Manjula et al., 2010; CWSEI, 2013). Instructor creates a
worksheet of questions to lead students through class content in a structured way.
Make the first questions relatively easy, so that most groups know how to start,
and make later parts more challenging. Enacts CREDE standard for JPA.

4. Flipped Classrooms / Peer Instruction (Crouch & Mazur, 2001; Smith et al.,
2009). Before class, students review course materials. In class, instructor poses
questions based on pre-class preparation. Students answer individually. Instructor
reviews student responses with whole class. In groups, students revisit question
and discuss with their peers. Repeat until consensus is reached. Enacts CREDE
standards JPA, LLD, and IC.

Faculty at UHM indicate a strong desire to teach less and instead conduct more research
(ACCFSC, 2018). This presents an opportunity for instructors to turn their classrooms into
test laboratories for evidence-based teaching techniques, with IRB approval. Two sections
of a course taught by the same instructor could include a control section taught in a
traditional lecture-only format, and an experimental section that included active learning or
CREDE strategies. Student success measures could be compared between the two sections,
possibly resulting in peer-reviewed publications to support progress towards tenure.
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5. Conclusions

At UHM, we evaluated the use of active learning strategies across class types using
COPUS, and found UHM classes to be less didactic (43% didactic) than nationwide
averages (55%). However, large classes (>50 students) at UHM are taught significantly
less actively than are small classes. This is also true with respect to the enactment of the
CREDE standard LLD, which consists of question and answer sessions between instructors
and students. Since active teaching strategies have been shown to work just as well in large
vs. small classes, we present a range of activities that are easy to implement in large classes
with minimal effort. We encourage faculty to use these techniques to better serve their
diverse students, and also to create test laboratories within their classrooms to evaluate
efficacy and disseminate results.
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