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ABSTRACT

Although recent studies have used the Classroom Observation Protocol for Undergradu-
ate STEM (COPUS) to make claims about faculty reform, important questions remain: How
should COPUS measures be situated within existing reform frameworks? Is there a univer-
sal sampling intensity that allows for valid inferences about the frequency of student-cen-
tered instruction within a semester or across semesters of a course? These questions were
addressed using longitudinal COPUS observations (128 classes, three faculty, 4 years). CO-
PUS behaviors were used to categorize classes into didactic, interactive lecture, or stu-
dent-centered instructional styles. Sampling intensities (one to 11 classes) were simulated
(1000 times) within a course and across semesters. The sampling intensities required for
generating valid inferences about 1) the presence of student-centered instruction and 2)
the proportion of instructional styles in a course and through time were calculated. Results
indicated that the sampling intensity needed to characterize courses and instructors varied
and was much higher than previously recommended for instructors with: 1) rare instances
of student-centered classes, 2) variability in instructional style, and 3) longitudinal chang-
es in instructional patterns. These conditions are common in early reform contexts. This
study highlights the risks of broad, decontextualized sampling protocol recommendations
and illustrates how reform frameworks, sampling intensities, and COPUS measures inter-
act to impact inferences about faculty change.

INTRODUCTION

A decade ago, the American Association for the Advancement of Science (AAAS) pub-
lished ambitious policy guidelines calling for evidence-based reform of the teaching,
learning, and assessment of undergraduate biology (Vision and Change; AAAS, 2011).
The report urged biology faculty to enact research-based instructional strategies
(RBIS) and reduce didactic lecturing. A growing body of empirical work continues to
bolster these policy recommendations. RBIS have been found to increase learning
outcomes, enhance sense of belonging, and improve retention in science, technology,
engineering, and mathematics (STEM; Booker, 2007; Freeman et al., 2014; Salamone
and Thomas, 2017). Moreover, RBIS have been found to disproportionately benefit
students from backgrounds underrepresented in science (Theobald et al., 2020). Given
unambiguous research findings supporting the benefits of RBIS, biology education
researchers have worked to develop and implement instruments capable of generating
robust inferences about faculty teaching practices to determine whether the recom-
mendations set forth by Vision and Change have been realized (e.g., Smith et al., 2013;
Stains et al., 2018; National Science Foundation, 2020).
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One instrument that has figured prominently in efforts to
empirically characterize faculty teaching practices is the Class-
room Observation Protocol for Undergraduate STEM (COPUS).
The COPUS is a published, validated, and widely used instru-
ment designed to collect and categorize class-level observa-
tional data about student and instructor behaviors in under-
graduate learning environments (Smith et al., 2013). Trained
raters (i.e., those able to reliably observe teaching behaviors)
score specifically defined behaviors, many of which are charac-
teristic of student-centered teaching. Since publication, the
COPUS instrument has been used to study a range of educa-
tional topics, including: 1) quantitative comparisons of faculty
teaching practices across different classroom contexts (e.g.,
flipped vs. traditional, large vs. small; e.g., Smith et al., 2014;
Maciejewski, 2016; Teasdale et al., 2017; Stains et al., 2018); 2)
evaluation of the alignment between faculty perceptions and
actual teaching practices (e.g., Smith et al., 2013, 2014; Reisner
et al., 2020); 3) assessment of educational programs (e.g.,
Deligkaris and Chan Hilton, 2019); and 4) generation of infer-
ences about the progress of reform (e.g., Lund et al., 2015;
Stains et al., 2018).

This study focuses on the use of the COPUS to generate
inferences about the enactment of and progress toward stu-
dent-centered teaching (e.g., Lund et al., 2015; Stains et al.,
2018). Stains et al. (2018) used COPUS measures to draw infer-
ences about the magnitude of educational reform in undergrad-
uate STEM instruction in the United States by studying more
than 2000 classes taught by more than 500 instructors in 24
universities. The authors reported that these undergraduate
STEM courses were dominated by teacher-centered pedagogies
(e.g., lecturing) and argued that further efforts were needed to
reform STEM education nationally. Although Smith et al
(2013) noted that the COPUS could be used to “[compare]
practices longitudinally” (Smith et al., 2013, p. 626) and Lund
et al. (2015) claimed that the COPUS can “measure the extent
of changes in instructional practices as a result of instructional
reforms” (Lund et al., 2015, p. 10), change in alignment with
instructional reform does not appear to be the construct that
the COPUS was originally designed to measure (The COPUS
was designed to measure class-level frequencies of student and
instructor behaviors). Therefore, important questions remain
about how to use the COPUS instrument in a manner that per-
mits valid inferences about 1) change in faculty behaviors
through time and 2) how measures of change articulate with
existing conceptual frameworks for educational reform. These
questions are discussed in detail in this section.

First, it remains unclear how many classes must be sampled
to generate valid inferences about learning environments both
within a semester-long course (i.e., at the course level) and
across semesters of the same course (i.e., at the faculty change
level) or whether a universal sampling intensity recommenda-
tion is even possible to establish. For example, Stains et al.
(2018) concluded that the characterization of instructional
practices for a given course requires a sampling intensity of at
least four classes (not three, as previously suggested by Lund
and Stains, 2015). Yet less than 1% of the sample studied by
Stains et al. (2018) included large numbers of classes (e.g.,
>10 classes) taught by a single instructor, raising questions
about whether the source of evidence was sufficient to uphold
this claim. Indeed, Stains et al. (2018) reported that as more
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classes were studied using the COPUS, the diversity of instruc-
tional styles increased (Stains et al., 2018). Because this anal-
ysis appears to have lumped the sampling intensity of four
classes with all higher sampling intensities, it is difficult to
know whether four classes reached the threshold necessary to
capture the actual diversity of instructional styles or propor-
tions of each style. Goodridge et al. (2019) found that the sam-
pling intensity needed to accurately and precisely characterize
(i.e., with a 75% probability) individual COPUS behaviors for
an instructor was often greater than four classes, especially for
behaviors such as “working in groups” (WG), “lecturing”
(Lec), and “asking a clicker question” (CQ). These findings
suggest that 1) there is a relationship between sampling inten-
sity and inferences about instructor behaviors and 2) prior
data sets may not be well suited for testing claims about such
relationships.

A second question in need of attention relates to the con-
ceptual grounding of COPUS instrument scores. Instrument
scores only have meaning (and thus can be used for measure-
ment) when they are explicitly linked to a conceptual
framework (Berger and Patchener, 1988; Nehm, 2019;
King et al., 1994; National Research Council [NRC], 2001;
Leshem and Trafford, 2007; American Educational Research
Association, the American Psychological Association, and the
National Council on Measurement in Education [AERA
et al.], 2014). The use of instruments that measure reform-
based instructional practices require grounding in realistic
and evidence-based models of how STEM faculty reform
actually occurs (e.g., Lewis et al., 2006; Henderson et al.,
2009, 2011). For example, the COPUS involves the character-
ization of behaviors from an individual class, whereas many
reform frameworks conceptualize behavioral changes over
time (e.g., Dancy et al., 2007; Henderson et al., 2011). At
present, COPUS score interpretations have lacked 1) concep-
tualization at scales above the individual class (e.g., at the
course level and the faculty change level), 2) grounding in
conceptual reform frameworks that consider the nature of
faculty change, and 3) delineation of the types of change that
are considered meaningful vis-a-vis a conceptual framework.
Indeed, the meaning of “faculty change” depends on the lens
through which it is viewed (i.e., the conceptual framework);
faculty change can occur in many different ways—quickly or
slowly, linearly or nonlinearly, unidirectionally or with back-
tracking (Cuban, 1992; Cavallo, 2004; e.g., Silverthorn et al.,
2006; Hoyle and Wallace, 2007; Dancy and Henderson,
2008). These patterns may be linked to the affordances and
constraints of the reform environment in which faculty work
(Dancy and Henderson, 2005; Henderson et al., 2009). The
conceptual framing of a study therefore informs which of
these changes should be considered meaningful, and
researchers may therefore define meaningful change in differ-
ent ways (e.g., faculty movement toward any evidence-based
approaches, the majority of classes being student centered,
alignment with institutional benchmarks). Explicit delinea-
tion of the reform target (e.g., frequency of instructor behav-
iors, patterns of instructor behavior change through time)
must be made in order to select an appropriate sampling
strategy. The sampling strategy will impact the measures that
are generated and the inferences that are made using these
measures. Figure 1 summarizes the essential features that
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FIGURE 1. Relationship between conceptual frameworks,
sampling protocols, instruments, instrument measures, and
inferences.

need to be considered when embarking upon the measure-
ment of faculty behaviors.

COPUS sampling approaches must be in alignment with a
conceptual framework of reform for researchers to 1) delin-
eate a sampling strategy appropriate for the reform context
and 2) generate valid inferences about faculty change derived
from instrument measures. For example, if a researcher’s
framework for reform indicates that slow, nonlinear patterns
of faculty change are to be expected during early adoption
stages, then capturing rare reform-based behaviors will be
needed for generating evidence of reform-based progress.
Addressing these limitations is needed to help researchers
draw valid inferences about reform-based progress using
COPUS scores and measures.

This study seeks to advance understanding of how the
COPUS may be used to characterize undergraduate science
education reform, particularly in early reform contexts. It does
so by studying the impact that conceptual framing and sam-
pling intensity have on inferences about faculty teaching prac-
tices and faculty change. In this study, meaningful change is
defined as the movement, no matter how small, of faculty prac-
tices toward or away from evidence-based approaches. Specifi-
cally, when situated within a conceptual framework of reform
(discussed below), we ask:

How many classes must be sampled in order to...

RQ1: generate valid inferences about the learning
environment at the level of the course?

RQ1.1: document the presence of at least one student-cen-
tered class within a course?

RQ1.2: accurately and precisely estimate the proportion of
different instructional styles within a course?

RQ2: generate valid inferences about faculty change?

RQ2.1: document changes in the presence of student-cen-
tered classes throughout multiple semesters of an
instructor’s course?

RQ2.2: accurately and precisely estimate changes in the
proportion of different instructional styles throughout
multiple semesters of an instructor’s course?
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CONCEPTUAL FRAMEWORKS, SAMPLING,

AND MEASUREMENT

Situating a research question within a conceptual or theoretical
framework is widely accepted as an essential feature of educa-
tional research (Institute of Education Sciences and National
Science Foundation [IES and NSF], 2013; Creswell and Guetter-
man, 2019). Conceptual frameworks impact a researcher’s sam-
pling and measurement choices, which in turn impact inferences
derived from those measures (cf. AERA et al., 2014). The align-
ment (or lack thereof) among conceptual frameworks, measure-
ment tools, and sampling approaches determines whether accu-
rate or inaccurate inferences about the system being studied can
be made. Observation protocols like the COPUS have great
potential for facilitating the measurement of reform-based prog-
ress, but only when linked with an evidence-based conceptual
framework of reform (e.g., Cuban, 1992, 1999; Dancy and
Henderson, 2005; Henderson et al, 2009). Many different
alignments among conceptual frameworks, measurement tools,
and sampling strategies are possible and acceptable, but they
should be made explicit (AERA et al., 2014).

One particularly influential conceptual framework for edu-
cational reform characterizes change in two ways: incremental
change and fundamental change (Cuban, 1992, 1999). This
framework specifically refers to the nature of change, not sim-
ply the pace of change. Incremental change assumes that the
underlying structures of a system are appropriate and that
improvement can be attained by incremental modifications that
build upon the status quo (Cuban, 1992, 1999; Mathison,
2005). Incremental change tends to lack significant institu-
tional barriers (Elmore, 1996; Henderson et al., 2009) and is
often expected to be linear and unidirectional in nature
(Cavallo, 2004).

Fundamental change, on the other hand, assumes that the
underlying system is problematic and that modifications that
build on the existing system will not be able to accommodate
the required improvements; rather, structural modifications are
needed (Cuban, 1992; 1999). Fundamental change is likely to
be slow and nonlinear, particularly in the early stages (Cuban,
1992; Cavallo, 2004; e.g., Silverthorn et al., 2006; Hoyle and
Wallace, 2007; Dancy and Henderson, 2008). This slow, non-
linear pattern reflects existing departmental or institutional
structures that may act as barriers to change (Dancy and
Henderson, 2005; Henderson et al., 2009). Importantly, the
teaching reforms outlined in Vision and Change (e.g., active
learning and other student-centered practices; AAAS, 2011)
often require fundamental (not incremental) change, particu-
larly as related to the roles that instructors play in biology class-
rooms (Henderson et al., 2009).

Other authors have proposed frameworks that make similar
distinctions between types of educational change. For example,
Kezar (2018) delineated between first- and second-order
changes, which align rather closely with Cuban’s incremental
versus fundamental change. Specifically, first-order changes are
described as those requiring minor improvement or adjust-
ments to the system, whereas second-order changes (or deep
changes) are described as those requiring engagement with
“underlying values, assumptions, structures, processes, and cul-
ture” (Kezar, 2018, p. 49). Because the incremental versus fun-
damental change framework has been explicitly connected to
the reform of STEM classrooms (e.g., Henderson et al., 2009),
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we will use Cuban’s framing but emphasize that other frame-
works are valuable and may also be appropriate.

The incremental change and fundamental change frame-
work may be used to guide and inform sampling strategies
for measuring reform-based progress within institutions
through time. Because incremental change is expected to be
linear, unidirectional, and less constrained by institutional
barriers (Elmore, 1996; Cavallo, 2004; Henderson et al.,
2009), researchers who employ this framework could choose
to collect data at the beginning and end of a study period
(e.g., year 1 and 4 of a reform project) and expect to make
valid inferences about progress. Fundamental change, in con-
trast, is expected to be nonlinear and to involve backtracking
because of institutional barriers (Cuban, 1992; Cavallo,
2004; Dancy and Henderson, 2005; Henderson et al., 2009).
Therefore, a researcher who adopts the latter framework
might choose to employ a sampling strategy in which data
collection occurs at more frequent intervals so as to capture
complex dynamics and better understand the barriers con-
straining reform. Furthermore, because fundamental change
is expected to be slow (particularly in early reform contexts;
Cuban, 1992; Cavallo, 2004), being able to detect small
changes in faculty practice through time may be central to
accurately and precisely characterizing movement forward
(and backward). In this conceptual framework, the tools and
sampling approaches used to measure reform-based progress
must be capable of capturing small shifts toward or away
from student-centered pedagogies. These hypothetical exam-
ples serve to illustrate the interconnections among concep-
tual frameworks and sampling.

The COPUS was originally designed to measure faculty
teaching behaviors within an individual class (Smith et al.,
2013), and more recently it has been used to make inferences
about the progress of reform (e.g., Lund et al., 2015; Stains
et al., 2018). However, as noted earlier, the instrument has not
been explicitly situated within a conceptual framework of
reform. Because many COPUS behaviors are aligned with
active-learning pedagogies (Smith et al., 2013), and because
COPUS measures have been used to classify a class as student
centered (or not; e.g., Lund et al., 2015; Stains et al., 2018),
one approach is to anchor the COPUS instrument within the
fundamental change perspective.

For the COPUS to be used to measure faculty adoption of
student-centered practices through time, the sampling approach
(e.g., number or proportion of classes, number of semesters)
must also align with this framework. Given the nature of funda-
mental change described earlier, any change in the adoption of
student-centered practices may be viewed as central to the
measurement of faculty change. Indeed, if one student-centered
class in an otherwise didactic course were to be missed, then
progress—however small—would not be detected (and con-
versely, backtracking or the abandonment of reform practices
would also be missed). Therefore, according to the fundamental
change framework, rare instances of student-centered practices
within a course and through time must be able to be detected
by the sampling approaches employed. In sum, using COPUS
measures to draw inferences about faculty (and institutional)
change requires grounding in a conceptual framework, which in
turn guides the choice of sampling strategies (IES and NSE
2013; Creswell and Guetterman, 2019).
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MATERIALS AND METHODS

COPUS Measures

The COPUS was adapted from the Teaching Dimensions Obser-
vation Protocol (TDOP; Hora and Ferrare, 2010; Hora et al.,
2013) and was designed to characterize undergraduate STEM
learning environments (Smith et al., 2013). The COPUS facili-
tates documentation of 13 student and 12 instructor behaviors
(see Supplemental Table 1) that collectively describe “the full
range of normal classroom activities of students and instruc-
tors” (Smith et al., 2013, p. 623). Trained raters document the
presence or absence of these 25 behaviors at 2-minute intervals
throughout the duration of a class session. Although several of
these behaviors are known to be associated with student-cen-
tered classrooms, the COPUS does not require observers to
make judgments about the quality of teaching or the alignment
of instruction with student-centered pedagogies. Expert feed-
back regarding the extent to which the COPUS describes the full
range of typical faculty and student classroom activities was
used as validity evidence (Smith et al., 2013). Scoring reliability
evidence for the COPUS included high interrater reliability
(Smith et al., 2013).

Composite Measures Derived from the COPUS

Although the COPUS does not directly measure the extent to
which classroom behaviors align with student-centered pedago-
gies, other authors have derived these measures. Specifically,
Stains et al. (2018) conducted latent profile analysis on eight of
the COPUS behaviors (four instructor, four student; see Supple-
mental Table 1) using a large sample (n = 2008) of classes. They
identified seven clusters, each of which represented a distinct
instructional profile. The clusters were based on the proportion
of 2-minute intervals in which the particular behaviors occurred.
The authors then compiled these seven clusters into three broad
class-level instructional styles: didactic, interactive lecturer, and
student centered (see Table 1). To categorize a class into one of
these three class-level instructional styles, raw COPUS data can
be uploaded into an online platform known as the COPUS Ana-
lyzer (copusprofiles.org; Stains et al., 2018).

COPUS Measures of Instructional Patterns within

and across Scales

The COPUS was designed to generate inferences about STEM
faculty at the scale of an individual class. Classroom dynamics
at other scales, such as the course level, faculty change level,
departmental level, and institutional level, could also be stud-
ied using the COPUS (Smith et al., 2013), but no evidence-based
standards have been established for such applications. In this
paper, we focus on the course-level and faculty change-level
scales, which are some of the scales that have been used to
characterize and enact reform (e.g., Pfund et al., 2009; Dancy
and Henderson, 2010; Henderson et al., 2011; Prince et al.,
2013; McCourt et al., 2017; Matz et al., 2018; Dancy et al.,
2019; Table 1 and Figure 2).

The course-level scale addresses the measurement of learning
environments within a course and takes into account the strate-
gies used in multiple classes. Three course-level categories are
outlined in this paper: didactic only, mixed course, student-cen-
tered only (described in Table 1). Higher sampling intensities
are expected to be required for accurately and precisely measur-
ing the learning environments of mixed courses (in which there
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TABLE 1. Description of the scales and categories used to characterize COPUS data

Scale Category

Description

Class level: Addresses the measurement of Didactic?
learning environments in an individual class
and is the scale that the COPUS is most

clearly designed to target. Interactive lecturer®

Student centered?

Course level: Addresses the measurement of the Didactic only
learning environment within a course for a Mixed
given instructor in a given semester. Student-centered only

Faculty change level: Addresses the measurement Consistent
of the learning environment across an
instructor’s semesters of the same course. This  pynamic
scale measures faculty change.

>80% of class time consists of instructors lecturing (Lec); low
frequency of active-learning behaviors (i.e., CQ, CG, 1ol,
OG, WG, PQ, SAnQ; Stains et al., 2018).

<80% of class time consists of lecturing (Lec); higher
frequency of active-learning behaviors (i.e., CQ, CG,101,
OG, WG, PQ, SAnQ; Stains et al., 2018).

Replacement of most lecturing (Lec) with a variety of active
learning strategies, particularly one on one assistance
(1o1; Stains et al., 2018).

Consistently didactic within a semester

Multiple class-level classifications within a semester

Consistently student centered within a semester

No change in course-level proportion or category of instruc-
tional styles across semesters

Change in proportion of course-level classification across
semesters

2Categories and descriptions from Stains et al. (2018).

is variability in instructional styles) compared with didactic-only
or student centered-only courses. The faculty change scale, on
the other hand, addresses the measurement of the learning
environment through time (i.e., across semesters) within the
same course. Two faculty change-level categories include: con-
sistent across semesters and dynamic across semesters
(described in Table 1).

Sampling Strategy for Courses and Instructors

The strategies used to sample participants are fundamental
considerations in educational research (IES and NSE 2013;
Creswell and Guetterman, 2019) and may impact the quality
and nature of the inferences drawn from instrument measures
(AERA et al., 2014). There are various methods for sampling

Faculty change level

Course level Course\level
ya

\ Class level /

FIGURE 2. Scales (i.e., class level, course level, faculty change level)
that may be used to characterize evidence-based teaching
practices. The class level characterizes the measurement of
learning environments in an individual class and is the scale that
the COPUS is most clearly designed to target. The course level
addresses the measurement of the learning environment within a
course for a given instructor in a given semester. The faculty
change level addresses the measurement of the learning environ-
ment across an instructor’s semesters of the same course. This
scale has the potential to measure faculty change. See Table 1 for
additional details.
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participants (and larger units) in educational and social sci-
ence research. In probability sampling, researchers randomly
select participants so that the sample is representative of the
entire population, thus allowing generalizations to be made
from the researcher’s data to the population at large (Creswell
and Guetterman, 2019). Probability sampling can be logisti-
cally challenging and requires 1) defining the entity that the
sample is intended to represent (i.e., the target sample), 2)
knowing the scope of the population from which to sample
(i.e., the sampling frame), 3) identifying appropriate criteria
for successful sampling to be achieved, and 4) targeting a suf-
ficiently large sample size to capture the variation in the popu-
lation (Nugent, 2019; Ramsey et al., 2019). Because of the
time-intensive nature of the COPUS (taking as long to generate
as the length of the class being observed), a probabilistic sam-
pling approach is not always feasible. As a result, purposeful
sampling approaches may be more appropriate for some stud-
ies employing the COPUS. In purposeful sampling, researchers
nonrandomly select participants who represent the full range
of variation within the system so as to gain an understanding
about a central phenomenon (Creswell and Guetterman,
2019).

The sampling strategy selected for a study should align with
the framework guiding the interpretation of the data (AERA
et al., 2014). The sampling strategy used to generate a COPUS
data set that will be used to make inferences about reform
should align with a researcher’s conceptual framework for
reform. At present, Stains et al. (2018) has generated the larg-
est publicly available data set of COPUS measures. Unfortu-
nately, this data set has several limitations that make it unsuit-
able for answering questions about how sampling intensity
impacts inferences about reform-based progress. First, the
Stains et al. (2018) data set is not situated within a single insti-
tutional context! and does not include many instances of an

The data in Stains et al. (2018) came from 241 doctorate-granting universities
and one primarily undergraduate institution. No further information about these
institutions (e.g., R1 status, MSI status, geographic location) were available in the
data set.
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instructor over multiple semesters of the same course. As a
result, it is poorly suited for making inferences about faculty
change over time (i.e., the faculty change scale) within the con-
text of an institution (i.e., the institutional change scale).
Second, few faculty (~15%; Stains et al., 2018) had COPUS
observations for four or more classes within a course, even
though most faculty teach more than four classes in a given
course. Without some reasonable measure of the actual learn-
ing environment experienced by students over a time period
reflecting an instructional sequence, the impact of varying lev-
els of sampling intensity on inferences about that environment
cannot be assessed. Third, it is not clear which sampling strat-
egy was used to determine which faculty would be observed
more or less frequently than others.

Given the limitations of the Stains et al. (2018) data set, a
new data set suitable for answering questions about the impact
of sampling intensity on inferences about reform-based prog-
ress within an institution was generated using an archive of
previously-existing Echo recordings from several semesters of
three introductory courses.? Specifically, high-intensity sam-
pling at the level of a course (e.g., >10 classes per course) and at
the level of the instructor (e.g., four semesters per instructor)
was performed. Considering the time-consuming nature of
COPUS observations, a form of purposeful sampling known as
maximal variation sampling was employed. In maximal varia-
tion sampling, the researcher selects cases or individuals who
represent the full range of variation that is thought to exist for
some trait within the system of focus (Creswell and Guetter-
man, 2019). As described in more detail later, the system of
focus for this study is a large public institution in the early
stages of reform. Within this system, the alignment of the intro-
ductory courses to research-based instructional guidelines
range from completely unaligned (e.g., 100% didactic with no
active learning) to courses that include some research-based
approaches. Therefore, this was the range of variation that our
sampling approach sought to capture. The maximal variation
sampling strategy employed in this study aligns with the funda-
mental change framework, because it enables the evaluation of
how much sampling is required to generate enough sensitivity
for detecting fundamental faculty change in an institution
undergoing reform.

Institutional Reform Context and Faculty Studied

This study took place at a large, public, doctorate-granting uni-
versity in the northeastern United States that is currently
involved in a large reform initiative aimed at moving science
faculty away from lecturing and toward RBIS (e.g., active learn-
ing). As such, this institution is in a period of transition, and its
science courses have adopted student-centered practices to
varying degrees (i.e., extreme nonadoption, intermediate adop-
tion, and extreme adoption). Therefore, the choice of institu-
tion aligns with our sampling approach, because the faculty
population varies in reform-based implementation. Within the
context of this institution, we chose to focus sampling on gate-
way biology courses, which is where most reform efforts have
been occurring. The institution selected for this study offers

It is standard practice at our university for large lecture classes to be Echo-re-
corded. The COPUS observations for this study were conducted using archived
recordings from Spring 2015, 2016, 2017, and 2018.
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three large (>250 students) gateway biology courses on 1) ecol-
ogy and evolution, 2) molecular and cellular biology, and
3) human physiology. These courses are required for the biology
major and may be taken in any order. Sampling efforts were
focused on the former two courses, because they are more typ-
ical of the introductory biology sequence at most institutions
(i.e., most undergraduate programs require two introductory
biology courses rather than three). In the semesters targeted for
this study (Spring 2015, 2016, 2017, 2018), these two courses
were consistently taught by a team of two faculty each (four
faculty total). Other faculty also taught some sections of these
courses in several semesters, but their participation in the
course was not consistent through time. Because our frame-
work conceptualizes the COPUS at multiple scales (including
the faculty change level; Table 1 and Figure 2), it was necessary
to limit the possible pool of faculty for generating COPUS data
to only those whose archived Echo recordings could be observed
consistently across semesters.

A pilot study involving classroom observations and self-re-
ports suggested that the four faculty teaching these gateway
courses represent various degrees of adoption of student-cen-
tered practices; Instructor 1 has been enacting student-centered
practices for many years and has been involved in the reform of
several courses at the institution (extreme adoption relative to
other faculty at this institution). Instructor 2 had been a tradi-
tional lecture-based instructor for years, but recently began par-
ticipating in reform efforts and instituting student-centered
practices into the course (intermediate adoption relative to
other faculty at this institution). Instructors 3 and 4 have both
been traditional lecture-based instructors for decades, and they
have not instituted reform-based practices into their courses
(i.e., extreme nonadoption). They also taught the same course.
Based on the maximal variation sampling approach used in this
study (Creswell and Guetterman, 2019), only one of the two
traditional instructors were sampled, given this redundancy.
Therefore, three faculty (Instructors 1, 2, and 3) met our sam-
pling criteria.

Although Instructors 1 and 2 taught different units of the
same course, we followed the guidelines of Smith et al. (2014)
and reported the results for each instructor as different courses,
because they taught each class separately. The gateway courses
taught by these instructors ran for 14 weeks and were taught
two to three times a week for 80 or 50 minutes, respectively.
Exams (two to three per course) were given during class time
and several class periods were not sampled due to snow days or
guest lectures.

Overall, COPUS data were collected from three faculty at
varying degrees of reform-based progress in 10-11° classes
(about half the semester) over four consecutive Spring semes-
ters (2015-2018). This approach resulted in 40-44 classroom
observations per instructor across four semesters for a total of
128 observations (154 hours total). COPUS data were gathered
by three researchers who were certified to conduct COPUS
observations by an expert evaluator (M. Smith, the developer
of the COPUS). The COPUS raters received training and evalu-
ation independent of the researchers (for more details, see

3Some instructors taught more than 10 or 11 classes in some semesters, but we set
the maximum number of observations for each instructor based on the semester
with the fewest classes taught in order to make the semesters comparable.
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Smith et al., 2014). Using these procedures, all certified coders
achieved an interrater reliability (IRR) score of >0.80. IRR was
calculated by M. Smith using Cohen’s kappa interrater scores.
COPUS observations were conducted using previously-avail-
able Echo video recordings of each class. To examine for coding
differences between observations conducted in person and
using video recordings, we studied a subset of classes both in
person and through Echo recordings in Spring 2018 and 2020.
Comparisons of COPUS observations collected both in person
and using video were found to have identical COPUS profiles in
100% of the cases (n = 8 classes). COPUS observations for each
course were split among two or three COPUS observers and
assigned such that observers alternated the classes they
observed (e.g., Observer 1 was assigned to classes 1, 3, and 5,
and Observer 2 was assigned to classes 2, 4, and 6). It is com-
mon practice in this institution for introductory courses to be
team taught, with one instructor teaching about half of the
classes in a given course. Therefore, our maximum with-
in-course sampling intensity of no more than half a semester
per instructor reflects typical instruction at this institution and
is consistent with a possible structure of courses undergoing
reform (~10 classes).

Actual and Sampled Measures

When determining the impact of sampling intensity on the
characterization of the classroom environment at multiple
scales, it was first necessary to determine the actual frequency
and actual proportion of each instructional style using the
10-11 classes for which COPUS data were generated. Classes
within each course were randomly subsampled at varying sam-
pling intensities (ranging from one class per semester to the
greatest number of classes per semester) to simulate varying
numbers of classes for which an observer generated COPUS
data. Unlike resampling, where the number of classes sampled
would be that of the total sample, subsampling is typically done
without replacement (Politis et al., 1999). These random subsa-
mples were repeated 1000 times for each sampling intensity.
From these simulated data, two sampled measures were gener-
ated at each sampling intensity: 1) The proportion of the 1000
replicates in which the student-centered style was sampled at
least once. 2) The proportion of each instructional style sampled
for each of the 1000 replicates. We call this latter measure the
“sampled proportions.”

These sampled proportions may be similar to the actual pro-
portions for some of the 1000 replicates but not others. A sam-
pled proportion that closely approximates the actual proportion
may be considered accurate (i.e., not biased). A sampling inten-
sity for which a high percentage of replicates have accurate
sampled proportions may be considered precise. Collectively,
sampling bias (the systematic effects of sampling) and sampling
precision (the random effects of sampling) can be used to esti-
mate measurement uncertainty due to sampling (Ramsey et al.,
2019). Measurement uncertainty characterizes the range of val-
ues within which the true value of the population is expected to
lie and “is the most important single parameter that describes
the quality of measurements” (Ramsey et al., 2019, p. 1).

Sampling bias was estimated for each replicate at each sam-
pling intensity by calculating the difference between the sam-
pled proportions at each sampling intensity and the actual pro-
portion (those generated by the complete 10- or 11-class data
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set). The replicates characterized by sampled proportions that
were “close enough” to the actual proportions for each sam-
pling intensity were determined using the specific evi-
dence-based measurement criterion described in the next sec-
tion. Replicates that fit this criterion were considered to have
low sampling bias and to accurately estimate the characteristics
of the learning environment. The percentage of accurate repli-
cates was calculated and plotted for each sampling intensity.
The higher the percentage of accurate replicates, the higher the
sampling precision of a given sampling intensity. A measure
may have high sampling precision (and be considered precise)
if it shows similar results (and in this case, similarly accurate
results) with repeated measurement. Sampling intensities with
a high probability of accurate estimation can be considered to
be both unbiased and precise and to therefore have low mea-
surement uncertainty.

The above steps were repeated across four semesters for
each instructor. For example, Figure 3 illustrates the results of
1000 replicates at a sampling intensity of eight for three hypo-
thetical courses (“didactic-only,” “mixed,” and “student cen-
tered-only” courses). For the didactic-only and student cen-
tered-only courses (Figure 3, A and C), the sampled proportions
of each style for all 1000 replicates exactly matches the actual
proportions. However, in the mixed course (Figure 3B), the
sampled proportions for some of the 1000 replicates were closer
to the actual proportion than others. The COPUS can only gen-
erate valid inferences about the course-level learning environ-
ment if the sampled proportions of each instructional style are
“close enough” (see measurement criteria below) to the actual
proportions.

Operationalizing the Measurement Criteria for Accurate
(i.e., Unbiased) and Precise Estimation of the Learning
Environment

An essential a priori consideration of sampling involves estab-
lishing the optimal sampling bias and sampling precision (i.e.,
measurement uncertainty) that is acceptable to allow valid
inferences about the system of interest (Ramsey et al., 2019).
However, sampling considerations are frequently not made a
priori, and errors in measurement that result from inappropri-
ate sampling protocols can contribute to incorrect inferences
(Loken and Gelman, 2017). This section describes the thresh-
olds used to classify acceptable magnitudes of sampling bias
and sampling precision for each sampling intensity.

The measurement criteria used to determine replicates in
which sampled proportions were “close enough” to actual pro-
portions (and thus had low sampling bias) were based on the
fundamental change framework (i.e., Cuban, 1999; Dancy and
Henderson, 2005) and operationalized by specifying a thresh-
old within which the sampled proportions could acceptably dif-
fer from actual proportions. A conservative threshold of 9%
(1/11 classes = 9%) was chosen to mandate the sampling of
rare instructional styles and slow shifts (backward or forward)
across time (as suggested by the fundamental change frame-
work). Therefore, in this study, sampled proportions within a
9% threshold of the actual proportions were considered to have
low sampling bias and to be accurate estimates of each instruc-
tional style and the learning environment more broadly. At this
9% threshold, if a single student-centered class was not sam-
pled, then the resulting sampled proportion for this style would
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estimates for each instructional style at
each sampling intensity. Sampling intensi-
ties for which >75% of the 1000 replicates

>
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were classified as accurate estimates were
considered to be both unbiased and pre-
cise. Therefore, this approach generated a
value of the precision with which accurate
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level learning environment if they sampled
that number of classes. Stricter sampling
precision criteria than the 75% cutoff
described here could also be used, and the
figures showing these results allow for
219 interpretation based on more stringent
22 sampling precision criteria. The COPUS
o (and its composite measures) has the

potential to generate valid inferences
about the course-level learning environ-
ment and reform-based progress when the
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style is accurately and precisely estimated.
Therefore, establishing the sampling con-
ditions under which the COPUS has a high
probability of accurate and precise estima-
tion is essential.

Frequency

5% ANALYSES

Instructional Style () Didactic ([} Interactive lecturer [J Student centered

FIGURE 3. Overview of our methodological approach using hypothetical cases. Example
data and results are shown for a (A) didactic-only, (B) mixed, and (C) student centered—
only courses. Results of 1000 random samples at a sampling intensity of eight are shown
for three hypothetical courses (A—C). For the didactic-only and student centered-only
courses (i.e., courses A and C), all 1000 sampled proportions of each style exactly match
the actual proportion of each style at all sampling intensities, including the one shown
above. However, because the mixed course (i.e., B) has variation in its instructional styles,
the 1000 random samples of eight classes can result in somewhat different patterns of
sampled proportions of each instructional style (therefore B has more variation—or
“rows"”—of sampled data than A or C). Some of these replicates are closer to the actual
proportions of each instructional style than others. The frequencies next to each sampled
proportion represent the number of times (out of 1000) those particular proportions
occurred. For example, for the mixed course, the first set of proportions occurred 218

times, the second set of proportions occurred 145 times, and so on.

not be considered to be an accurate estimate. Less conservative
thresholds are also possible (see Supplemental Figures 1 and 2),
but a 9% threshold aligns with the fundamental change frame-
work, because it mandates that even small advances toward (or
away from) student-centered instruction (e.g., one student-cen-
tered class added to or lost from a course) be sampled with a
high probability.

The percentage of the 1000 replicates for each sampling
intensity within this 9% threshold was then calculated and con-
sidered to represent the percentage of accurate (i.e., unbiased)

20:ar39, 8

To address RQ1.1 (“How many classes
must be sampled in order to document the
presence of at least one student-centered
class within a course?”), we identified the
semesters that included at least one stu-
dent-centered class. For these classes, the
percentage of the 1000 replicates at each
sampling intensity for which the stu-
dent-centered style was successfully sam-
pled at least once was calculated (as
described earlier). The sampling intensity
needed to successfully sample at least one
student-centered class with a >75% proba-
bility was reported.

To address RQ1.2 (“How many classes
must be sampled in order to accurately
and precisely estimate the proportion of
different instructional styles within a
course?”), for each of the 1000 replicates at each sampling
intensity, we classified the sampled proportions as either accu-
rate or inaccurate (according to the measurement criteria
described earlier) and coded them as “1” or “0,” respectively.
This accuracy coding step was carried out for each instructional
style individually (e.g., was the sampled proportion of the

“The standard error of the values of the 1000 replicates would be a more typical
measure of sampling precision, but the approach used in this paper was chosen
because it integrated accuracy and precision into one measure.
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Semester 4 portion of different instructional styles
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instructor’s course?”), we generated accu-
F racy codes (i.e., “0” or “1” described in
RQ1.2) for each of the 1000 replicates at
each sampling intensity across all four
semesters to simulate longitudinally imple-
mented (i.e., over four semesters) COPUS
observations at various sampling intensi-

ties. For example, at a sampling intensity

of four (i.e., four classes sampled), the first
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longitudinally aligned replicate could have
the following accuracy pattern across
semesters: didactic: 1, 1, 1, 1 (i.e., all four
semesters were accurately estimated for
this style); interactive lecturer: 0, 0, 0, 1
(i.e., only the last semester was accurately
estimated for this style); student centered:
0, 0, 0, 0 (i.e., none of the semesters accu-
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1,1,1,1,0,0,0,1,0,0,0, 0 (i.e., replicate
1 did not accurately estimate all styles
across all four semesters).

This approach was then used to ask:
For how many of the 1000 longitudinally
aligned replicates were there accurate
estimates (i.e., 1’s only) of the proportion
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of 1) didactic lecturing, 2) interactive lec-
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turing, 3) student-centered instruction,

Instructional Style

FIGURE 4. COPUS instructional styles for each instructor and course included in this

study.

student-centered style for replicate 1 at a sampling intensity of
six accurate or inaccurate?) and all instructional styles com-
bined (e.g., were the sampled proportions of all three instruc-
tional styles for replicate 1 at a sampling intensity of six accu-
rate or inaccurate?). Sampling intensities for which > 75% of
the 1000 replicates were classified as having accurate sampled
proportions were considered to have high precision and thus a
high probability of generating valid inferences of the learning
environment.

To address RQ2.1 (“How many classes must be sampled in
order to document changes in the presence of student-centered
classes throughout multiple semesters of an instructor’s
course?”), we aligned the 1000 replicates at each sampling
intensity across all four semesters to simulate longitudinally
implemented (i.e., over four semesters) COPUS observations at
various sampling intensities. This approach resulted in 1000
longitudinally aligned replicates (referred to as longitudinal rep-
licates). The percentage of the 1000 longitudinal replicates for
each sampling intensity that produced valid inferences about
the presence of at least one student-centered class was calcu-
lated. The sampling intensity needed to successfully sample at
least one student-centered class with a 275% probability in all
semesters in which this style was present was calculated.

To address RQ2.2 (“How many classes must be sampled in
order to accurately and precisely estimate changes in the pro-
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and 4) all styles throughout all semes-
ters? This approach assumes that faculty
change across semesters can only be accu-
rately measured if each composite semes-
ter is accurately measured, which aligns
with our fundamental change framework,
because the dynamics in all semesters are considered relevant
to measuring change, given how slow and nonlinear it may
progress in early reform contexts. Similarly to RQ1.2, sam-
pling intensities for which >75% of the 1000 longitudinally
aligned replicates were classified as having accurate sampled
proportions were considered to have high precision and, thus,
a high probability of generating valid inferences of the learn-
ing environment in that course over those four semesters.

RESULTS

The three instructors displayed various instructional styles
(class level) in varying proportions in a given semester (course
level) and through time (faculty change level; Figure 4). Didac-
tic instruction was widespread in the sample and was the most
common instructional style for all three instructors in most
semesters. Instructor 3 used didactic lecturing (class level) for
all classes (course level) in all four semesters (instructor level).
This instructor could thus be classified as a didactic-only instruc-
tor who was consistent through time. Instructors 1 and 2 used
interactive lecturing (class level) in at least one class (course
level) in all semesters (instructor level) and student-centered
practices in classes in some semesters, but most frequently in
the last semester sampled. These data indicate that instructors
1 and 2 can be classified as mixed instructors who appeared to
be transitioning toward RBIS.
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TABLE 2. The proportion of the 1000 replicates at each sampling intensity in which a student-centered class was sampled in the semesters

in which it was present

Actual frequency of
student- centered

Percent of 1000 replicates in which at least one student-centered class was sampled?®

classes out of

Instructor ID Semester sample classes

SI =4 (36-40%) SI=5 (45-50%) SI=6 (54-60%) SI=8 (73-80%)

SI =9 (82-90%)

Instructor 1 1 1 35.60%
4 2 60.40%
Instructor 2 4 2 65.10%

45.60% 53.70% 71.80% 80.90%
74.20% 80.00% 93.80% 98.50%
76.60% 86.00% 96.90% 100.00%

251, sampling intensity. The values in parenthesis next to each SI indicate the percent of total classes that were sampled from a given instructor. Each SI is associated with
a range of percentages, because the instructors taught a different number of total classes: Instructor 1 taught 11 classes, and Instructor 2 taught 10 classes.

RQ1.1

The sampling intensity required to sample at least one stu-
dent-centered class within a course (in semesters in which it
was present) with a > 75% probability ranged from five to nine
classes (50-82% of total classes; Table 2). At a sampling inten-
sity of four classes (recommended by Stains et al., 2018), at
least one student-centered class was sampled in only 36-65%
of the 1000 replicates. The probability of sampling at least one
student-centered class depended on the actual frequency of stu-
dent-centered classes in the course (Table 2); the rarer this style
was in the course, the lower the probability of sampling it at any
sampling intensity.

Semester 1 Semester 2 Semester 3

RQ1.2

The sampling intensity needed to accurately and precisely (i.e.,
with a >75% probability) estimate the proportion of instruc-
tional styles within a course ranged from one to 10 classes
(10-91% of all classes taught; Figure 5, red dashed line) and
varied depending on instructor characteristics. Therefore, the
sampling intensity either had a very large impact or no impact
on the accuracy and precision of the measures for each instruc-
tional style and the inferences about the course-level learning
environment more broadly. This finding is largely explained by
the variability of instructor behaviors within a course. Courses
in our sample with variability in instructional styles among
classes (i.e., “mixed” courses; Figure 3B)
required higher sampling intensities to
generate valid inferences about the learn-

Semester 4 . . .
ing environment than courses with no

/100—

0.751

0.50 f

10/11
(91%)
1

0.254

variability. Specifically, Instructors 1 and 2
used at least two instructional styles in
every course for which COPUS data were
gathered (Figure 4) and required a sam-
pling intensity of at least seven classes to

accurately and precisely estimate the pro-

portions of each style (Figure 5). How-

ever, as the number of instances of the
second style increased above one, the
sampling intensity required also increased:
semesters with more than one instance of

a second style required a sampling inten-
sity of at least nine classes to accurately

Percent Accurate Replicates

and precisely estimate the proportions of

each style (Figure 4). Unlike data for
Instructors 1 and 2, the COPUS data gath-
ered for Instructor 3 were classified as
didactic for all classes, and therefore a

k 1234567891011 1234567891011 1234567891011 1234567 891011

sampling intensity of one class was suffi-

Sampling Intensity

Didactic -@- Interactive lecturer

FIGURE 5. Percent of accurate replicates at each sampling intensity for each instructor
and semester. The sampling intensity required to attain a >75% probability of accurately

@ Student centered @ All

cient to accurately and precisely estimate
the proportions of each style and to make
inferences about the learning environ-
ment in all four semesters (Figure 5). See
Figure 6 for a summary of these results for
RQ1.2. Overall, the number of classes

estimating all instructional styles in each semester is indicated by the vertical red dashed

line and associated red text (e.g., red text that reads 10/11 means that 10 out of the 11 total
classes (91% of classes) had to be sampled in order to attain a >75% probability of
accurately estimating all instructional styles). Sampling intensities with accuracy probabil-
ities at or above this 75% threshold can be considered capable of accurate and precise
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measurement for the instructors and courses
in this sample. These results are based on
COPUS data gathered from 128 full classes.
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Course Characteristics

One instructional style within a

A sampling intensity of 1 (9% of
classes) was sufficient for
characterizing courses that had only
one instructional style within a course

A sampling intensity between 7 (70%)
and 10 (91%) was sufficient for
characterizing courses that had multiple

instructional styles within a course
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sampled only 65% of the time. Therefore,
a researcher gathering COPUS data from
Instructor 2’s courses would have a 65%
probability of making valid inferences

course 9%

about the presence of student-centered

)
9 . . .
3 Mttt instructional stylcs il clagses through time. A samph.ng intensity
. within'a cotrse of five classes was required to increase this
3 ) probability above 75%.
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Sampling Intensity

FIGURE 6. Summary of the sampling intensities required to accurately and precisely
estimate the proportions of instructional styles within a course (course level) and through
time (faculty change level) in this study. The black boxes indicate the number of classes
and the gray boxes indicate the percentage of classes that had to be sampled for accurate
and precise estimation in these courses. These values should not be taken as a gold
standard for robust measurement using the COPUS. The gray vertical lines indicate the
minimum sampling intensities recommended by Smith et al. (2014), Lund and Stains

(2015), and Stains et al. (2018).

needed to characterize courses and instructors varied widely in
our sample and depended on the specific course dynamics
(one instructional style within a course, multiple styles within
a course, etc.; Figure 6). It is also likely that the total number
of classes taught by an instructor within a semester could
impact the required sampling intensity. Preliminary work in
which the current data sets were copied four times to simulate
a course in which 40-44 classes occurred showed that the sam-
pling intensity required to characterize course-level instruc-
tional patterns ranged from 14 to 28 classes (35-70% of
classes; see Supplemental Figure 3). Although the exact num-
bers and percentages differed when more classes were added,
the number of classes was still well above that recommended
by prior work.

RQ 21
Two of the four semesters of COPUS data gathered for Instructor
1 included student-centered classes. However, when a sampling
intensity of four classes was applied longitudinally to all of
Instructor 1’s semesters (i.e., four classes were sampled in 2015,
four in 2016, four in 2017, four in 2018), at least one stu-
dent-centered class was sampled in both of these semesters only
21% of the time, and not sampled at all 25% of the time (they
were sampled in one of the two relevant semesters 54% of the
time). Therefore, a researcher gathering COPUS data from
Instructor 1’s courses over four semesters would have only a
21% probability of making valid inferences about the presence of
student-centered classes through time. A sampling intensity of
nine classes was required to increase this probability above 75%.
One of the four semesters of COPUS data gathered for
Instructor 2 included student-centered classes. However, when
a sampling intensity of four was applied longitudinally to all of
Instructor 2’s semesters, at least one student-centered class was
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were categorized as didactic-only, a sam-
pling intensity of one class per semester
was sufficient to accurately and precisely
measure change (or lack thereof) through
time (Figure 7C). In contrast, the courses
taught by Instructors 1 and 2 included two
instructional styles in some semesters and
three in others, and the proportions shifted
through time. Given the inconsistency of
their instructional styles through time,
higher sampling intensities (i.e., seven to
eight classes) were required to accurately
and precisely measure change (Figure 7, A and B). At a sampling
intensity of four within a course (the sampling intensity recom-
mended by Stains et al., 2018), there was a 0% probability that
an observer would have accurately and precisely measured
change through time for all instructional styles (gray vertical
lines in Figure 7, A and B). See Figure 6 for a summary of the
results for RQ2.2. Therefore, as at the course level, the number
of classes needed to characterize instructor change also varied
widely and depended on the specific classroom context. The
data set simulating a course with 40—44 classes per semester (as
described in RQ1.2) was also analyzed over time. These analy-
ses showed that the sampling intensity required to characterize
faculty-change-level instructional patterns ranged from 14 to 28
classes (35-70% of classes; See Supplemental Figure 4).
Although the exact numbers and percentages differed when
more classes were added, the number of classes was still well
above that recommended by prior work.

DISCUSSION

Using the COPUS to Measure Reform-Based Progress

Over the past several decades, many reform efforts have been
implemented to help faculty move away from tradition-based
didactic lecturing and toward RBIS (e.g., Stokstad, 2001; Wood
and Gentile, 2003; Pfund et al., 2009; AAAS, 2011; Deslauriers
et al., 2011; Haak et al., 2011; Henderson et al., 2011; Graham
et al., 2013; Matz et al., 2018). Impact studies of these efforts
have produced limited evidence of success (Waks, 2007;
Henderson et al., 2011; Kezar, 2018). Clearly, faculty and insti-
tutional change remains an ongoing challenge (Henderson
etal., 2011; Smith et al., 2013; Kezar, 2018; Stains et al., 2018).
Measurement and sampling issues are foundational to docu-
menting and evaluating the degree to which reform efforts are
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are likely to be found within institutions
LI undergoing reform. Specifically, the sam-

ple included the following characteristics:
1) no variability in instructional styles
within a semester; 2) the presence of rare
instructional styles, two instructional
styles, and three instructional styles; 3)
the absence of change across semesters;
and 4) the presence of change across
semesters (both forward and backward).
The simulation studies indicated that
the sampling intensity needed to make

o [ ]
A I
L1
A 100 : 1.001 ¢ 1.004 ¢
1
3 1
< 1
2075 0.75 0.754 !
[oX 1
(o) 1
o 1
o 1
S 050 0.501 05011
3 1
Q
Q ]
< 1
E 1
g 0.251 0.251 0254,
@ 1
o 10/11 1/11
(91%) (9%)
0.00 - St : 0.00 ¢ 0.00
1234567891011 12345678910 1234667891011

Sampling Intensity Sampling Intensity

Didactic -@- Interactive lecturer

FIGURE 7. Percent of accurate longitudinally aligned replicates (i.e., all four semesters) at
each sampling intensity for each instructor and semester. The sampling intensity required
to attain a >75% probability of accurately estimating all instructional styles in every
semester sampled for each instructor is indicated by the red dashed line and text.
Sampling intensities with accuracy probabilities above this 75% threshold can be
considered capable of accurate and precise measurement for the instructors and courses
in this sample. The gray vertical line indicates the sampling intensity recommended by

Stains et al. (2018).

succeeding, and yet they have received comparatively little
attention in the reform literature.

The COPUS instrument has been proposed as a possible tool
to aid in the measurement of faculty and institutional change
(Lund et al., 2015; Stains et al., 2018). However, important
questions remain: First, how should COPUS measures be situ-
ated within existing reform frameworks? Second, how many
classes should be sampled to generate valid inferences about
reform-based practices at multiple scales (i.e., course level and
faculty change level)? These questions were addressed by gen-
erating a COPUS data set of three faculty teaching 10-11 classes
in gateway biology courses over four consecutive semesters
(128 classes and 154 observation hours) at an institution
undergoing reform. Varying sampling intensities were simu-
lated within a course and across semesters, and the findings
were interpreted using a fundamental change framework of
reform.

Reform-based progress can be measured at many scales,
including the class, course, faculty change, departmental, and
institutional levels (Smith et al., 2013). Two of these scales—
course and faculty—were the focus of this study, because they
are commonly used to characterize reform-based progress (e.g.,
Pfund et al., 2009; Dancy and Henderson, 2010; Henderson
et al., 2011; Prince et al., 2013; McCourt et al., 2017; Matz
et al., 2018; Dancy et al., 2019). The faculty involved in this
study were selected using a maximum variation sampling strat-
egy (Creswell and Guetterman, 2019), and preliminary obser-
vations indicated that they represented the full range of varia-
tion along the continuum of reform-based progress at this
institution (i.e., extreme nonadoption, a shift toward intermedi-
ate adoption, and a shift toward extreme adoption). The class-
level COPUS measures presented in this study generally aligned
with these preliminary observations, and the data set included
a wide range of course and instructor characteristics that

20:ar39, 12

® Student centered

valid inferences about the presence of stu-
dent-centered instruction at the course
and faculty change level varied based on
the characteristics of the course and the
nature of change through time. Higher
sampling intensities were required when
the student-centered style was rare within
a single semester or rare among multiple
semesters of a course. Specifically, within
the conceptual framework we used, a sam-
pling intensity of nine classes (~82%) was
needed to have a >75% probability of
detecting the presence of student-centered
instruction within a course when there was
only one such class present in the course. When two such classes
were present in the course, a lower sampling intensity was suf-
ficient for detecting at least one of them. Furthermore, a sam-
pling intensity of nine classes (~82%) was needed to have a
>75% probability of consistently detecting the presence of stu-
dent-centered instruction across all semesters in which it occurred
when more than one semester included this style. When only
one semester included this style, a lower sampling intensity was
sufficient.

The sampling intensity needed to make valid inferences
about the proportion of instructional styles at the course and
faculty change level using the COPUS varied based on the char-
acteristics of the courses in this study and the nature of their
change through time. Higher sampling intensities were required
for 1) courses with variability in instructional style (i.e., “mixed”
courses) and 2) instructors demonstrating change in their
instructional patterns through time (i.e., dynamic instructors;
see Table 1). Specifically, in our sample, the following minimum
sampling intensities were required to make valid inferences
about the proportion of instructional styles within a course: For
courses in our sample with no variability in instructional style
within a semester, a sampling intensity of one class (~9%) was
sufficient, but for courses in our sample with only one instance
of a second style, seven classes (~70%) were required to accu-
rately and precisely estimate their proportions. Therefore, in
effect, a large amount of sampling was required to distinguish
between a didactic-only course (like that of Instructor 3) and a
course with a single nondidactic class. Courses in our sample
with two or more instances of a second style required a sam-
pling intensity of at least nine classes (~82%) to accurately and
precisely estimate actual proportions.

Concerning faculty change, for instructors in our sample dis-
playing no variability in their instructional style within or
among the four semesters, sampling one class per semester

Sampling Intensity

o All
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(~9%) was sufficient. For instructors in our sample with
variability in their instructional styles within or among four
semesters, a minimum of nine classes (~90%) was required to
accurately and precisely estimate the proportions of each style.

Given the burden of such intensive COPUS observations,
many authors have made sampling recommendations typically
ranging from two (Smith et al., 2014) to four (Stains et al.,
2018) classes per instructor. The detailed data set generated in
this study allowed the drawing of inferences at multiple sam-
pling intensities and the comparison of those inferences to the
complete 11-class sample. The results of these comparisons
suggest that the sampling intensity employed by COPUS observ-
ers are likely to impact the quality and nature of the inferences
made about two of the instructors sampled. Specifically, when
analyzing all observed classes (10-11 classes per instructor, per
semester), Instructors 1 and 2 made measurable progress
toward the adoption of student-centered approaches during the
first few years of the institution’s reform initiative. However, the
sampling intensity recommended by Stains et al. (2018; i.e.,
four classes) frequently generated inaccurate inferences about
the learning environment at the scales studied. Specifically,
there was a < 65% probability that a COPUS observer would
draw valid inferences about the presence of student-centered
classes and a 0% probability they would accurately and pre-
cisely estimate the proportions of all instructional styles.

A significant implication of these findings is that the sam-
pling intensities recommended (or used) by Smith et al. (2014;
two classes), Lund and Stains (2015; three classes), Teasdale
et al. (2017; one class), and Stains et al. (2018; four classes)
were sufficient for measuring the course-level or faculty
change-level scales in only one specific situation: the consistent
use of one instructional style (sampling one class was suffi-
cient). In the early stages of institutional reform and faculty
adoption of evidence-based practices, a low frequency of adop-
tion of student-centered practices is likely to be common. Our
results show that rare styles are unlikely to be sampled at a
sampling intensity of four classes and that higher sampling
intensities are needed to make valid inferences about course-
level learning environments and reform-based progress.

An early adoption framework for fundamental change
requires detection of rare instructional styles—our simulations
suggest that capturing these styles within a course will require
a higher sampling intensity. Using this framework, the sampling
intensities used and recommended in prior COPUS work are
likely to inaccurately characterize progress in institutional and
national enactment of student-centered instruction in many
institutional settings. Our findings highlight the risks of employ-
ing sampling designs and measurement approaches untethered
from conceptual frameworks about the nature of reform (cf.
Lewis et al., 2006; Dancy and Henderson, 2008; IES and NSE
2013; AERA et al., 2014).

Researchers would benefit from knowing if the early adop-
tion of new and rare instructional styles is occurring for many
reasons: reporting progress to funding agencies and university
stakeholders (e.g., university deans, the NSF); providing pro-
fessional support and scaffolding for early adopters (e.g.,
Pelletreau et al., 2018); examining student learning disparities
across evidence-based adoption intensities (e.g., Freeman et al.,
2014); and understanding the causes of RBIS advancement and
retrenchment. Researchers would also benefit from having a
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valid measure of early reform-based progress that is distinct
from student learning outcomes, because the low frequency of
reform-based practices may not always be associated with
improved student outcomes (e.g., Connell et al., 2016; Theobald
et al., 2020), though they could still reflect meaningful progress
toward student-centered teaching. More fine-grained evidence
could further illuminate this relationship.

Overall, it is important to emphasize that the specific sam-
pling intensity values reported in this section are minimum val-
ues (several courses required higher sampling intensities) and
are specific to the dynamics of the courses sampled in this study.
Given that the number of classes needed to characterize courses
and instructors varied so widely and depended strongly on the
dynamics within the classroom (one instructional style within a
course, multiple styles within a course, etc.; see Figure 6), these
values should not be taken as a “gold standard” for robust mea-
surement using the COPUS. Contrary to prior work, the practice
of recommending a general COPUS sampling intensity should
be avoided without appropriate contextualization (Figure 1).
The results presented here demonstrate this point nicely; the
sampling intensity (both by number and percentage of classes)
differed for the 10- to 11-class data set compared with the sim-
ulated 40- to 44-class data set, even though the latter was liter-
ally the same data copied four times. However, the general find-
ing remained robust for both data sets; more varied and higher
sampling intensities may be required to measure reform using
the COPUS at the course or faculty change scale than has been
previously reported.

An important takeaway from this study is that sampling pro-
tocols used in biology education research require evidence-based
guidelines on sampling intensity that are informed by concep-
tual frameworks and institutional contexts. It is likely that this
general conclusion may be relevant to other structured class-
room observation protocols that are currently available to mea-
sure learning environments. Therefore, simulation studies
investigating the impact of sampling strategies on inferences
should be conducted on these protocols as well, particularly
because some require observers to make judgments about align-
ment of teaching practices to some standard (e.g., Inside the
Classroom: Observation and Analytic Protocol, Weiss et al.,
2003; Reformed Teaching Observation Protocol, Sawada et al.,
2002; Practical Observation Rubric to Assess Active Learning
Classrooms, Eddy et al., 2015) and others do not (e.g., TDOP;
Hora et al., 2013). Regardless of which protocol is used, future
stimulation work should involve the measurement of outcomes
in association with these observations.

Recommendations and Alternative Instruments for
Sampling in Early Reform Contexts

Given the high, yet variable, sampling intensity needed for
accurate and precise measurement in many instructional con-
texts, the COPUS might not be the most cost-effective tool to
measure reform at the course level or faculty change level, par-
ticularly early in reform efforts or when little is known about
the baseline instructional practices of faculty. The findings pre-
sented here indicate that the actual dynamics present within a
course are very important to decisions about sampling strategy
and that using the COPUS with no real knowledge of the
amount of variability may be problematic. Therefore, imple-
menting pre-observation assessments to estimate instructor
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reform baselines could help to inform observation instrument
and sampling protocol decisions. However, in early reform
contexts, researchers may have access to less robust baseline
information about instructors, and such information may be
difficult to gather at the level of detail necessary to make
informed decisions about sampling protocols. For example,
early reform contexts are likely to include courses with didac-
tic-only styles or rare instances of nondidactic styles, which is
an important distinction in some conceptual frameworks.
Unfortunately, pre-assessments may not reliably distinguish
these functionally similar course characteristics a priori; thus,
our results suggest that some variability should be assumed and
high COPUS sampling intensities of courses are likely to be
required (as shown in this study). Therefore, the findings in this
study raise questions about whether the COPUS is best suited to
the study of early reform contexts. Pairing detailed observation
protocols like the COPUS with more cost-effective and time-ef-
ficient tools like the Decibel Analysis for Research in Teaching
(DART; Owens et al., 2017) could be one way forward. Unfor-
tunately, the DART machine-learning algorithm did not gener-
ate accurate information about instructional practices using the
audio-capture system at the institution we studied (Sbeglia,
G. C., Goodridge, J. A., Gordon, L. H., Nehm, R. H., unpub-
lished data). This failure may be a result of the recording
method or the training data set. Despite the problems we
encountered, it is possible that the DART will function in other
settings. Overall, our work indicates that biology education
researchers will be able to make most effective use of the COPUS
when it is situated in a clear reform framework and aligned
with anticipated instructor behaviors.

Limitations

This study used a maximal variation sampling approach
(Creswell and Guetterman, 2019) to select faculty participants
and courses, and as anticipated, the sample displayed a wide
range of course and faculty characteristics that are likely to be
found within institutions undergoing reform. Because the exact
sampling intensity ranges reported in this study (Figure 6) are
specific to the characteristics of the courses analyzed, they are
not necessarily broadly generalizable to dynamics that were not
observed in our sample (e.g., faculty with high variability in
instructional styles in all semesters sampled). It would be a
valuable contribution for researchers to investigate how other
classroom and course dynamics may impact sampling intensity
requirements. Regardless, a main conclusion in this study—that
the currently recommended sampling intensity of four classes is
likely too low to make valid inferences about most early reform
course-level learning environments and faculty change—is
likely generalizable to other samples.

Additionally, the sampling intensity ranges reported here
(Figure 6) are also specific to the scale of reform targeted and
the framework used. For example, other scales of reform (e.g.,
institutional level, national level) may align with different
reform frameworks that warrant different sampling intensities.
As a result, the framework employed by this study and the sam-
pling intensity ranges that emerged from it should not be gen-
eralized to other scales without independent verification. How-
ever, it is likely that studies of instructional styles at large scales
(e.g., at institutional or national scales) must still consider what
sampling intensity is required within the courses that make up
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their sample. Furthermore, it is possible that there are frame-
works for which a lower sampling intensity would be able to
generate valid inferences about the status and progress of
reform at the course or faculty change scale. For example, stu-
dent-centered practices, such as active learning, may be most
effective in high doses (e.g., 30% according to Theobald et al.,
2020), and researchers using outcome-based benchmarks may
not require the accurate and precise measurement of rare styles
or small shifts. Researchers or evaluators seeking to measure
the general trajectory of change over a long period of time in an
institutional context that has well-established reform initiatives
may not require stringent sampling protocols. However, both of
these examples are unlikely to apply to early reform contexts
like the one that we studied. Despite these limitations, a main
point of this study remains relevant for biology education
research conducted at all scales: The sampling protocols used
require evidence-based guidelines on sampling intensity that
are informed by conceptual frameworks.

In this study, we used Stains et al.’s (2018) evaluative frame-
work for how COPUS behaviors align with reform-based classi-
fications of the learning environment (i.e., the three instruc-
tional styles). Measures generated from the COPUS can be used
to make valid inferences about the progress of reform if they are
supported by: 1) explicit validity evidence (i.e., evidence to sup-
port the claim that they measure what they are intended to
measure), 2) reliability evidence (i.e., evidence that faculty use
behaviors consistently across multiple classes), and 3) concep-
tual grounding (i.e., linking COPUS scores to a theoretical or
conceptual framework; cf. AERA et al., 2014; Nehm, 2019). At
present, the COPUS instructional styles may not meet several of
these standards for measuring faculty change. For example,
Stains et al. (2018) have not provided robust validity evidence
(e.g., AERA et al., 2014; Campbell and Nehm, 2013) to support
claims that their class-level measures (i.e., the three instruc-
tional styles) generate valid inferences, and recent empirical
work has raised concerns over these three classifications (e.g.,
Denaro et al., 2021). Furthermore, because the COPUS was not
designed to measure the quality of instruction, it is possible that
classroom learning environments could be characterized as stu-
dent-centered by the Stains et al. (2018) framework but not by
observers who are experts in reform-based instruction. In fact,
it is not uncommon for student-centered instruction to be
implemented in a manner that may appear on the surface to be
evidence based, but that may actually represent an inappropri-
ate assimilation of these ideas into prior instructional practices
(Henderson et al., 2009). Inappropriate assimilation of stu-
dent-centered innovations may not achieve the desired out-
comes and may lead faculty to conclude that these approaches
are ineffective, possibly hindering reform progress (Henderson
et al., 2009). Regardless, although there is limited validity evi-
dence for Stains et al.’s (2018) categorizations, this limitation is
unlikely to affect our claims about the impact of sampling inten-
sity, which is the focus of the current study.

CONCLUSION

Our work advances the measurement of educational reform by
1) aligning conceptual frameworks for reform with measure-
ment goals as recommended by professional organizations and
research policies (IES and NSE 2013; AERA et al, 2014)
2) identifying the measurement of RBIS at the course and
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faculty change level as important scales to be measured, and
3) incorporating a probabilistic sampling approach to the mea-
surement of course-level learning environments and faculty
change within actual courses at an institution undergoing
reform. Overall, the findings indicate that the sampling inten-
sity needed to characterize courses and instructors varies widely
and depends on classroom characteristics, indicating that rec-
ommendations of a universal COPUS sampling intensity should
be avoided. Research designs in biology education require evi-
dence-based guidelines on sampling intensity and must be
informed by conceptual frameworks and institutional contexts
for researchers and administrators to accurately and precisely
measure the adoption of student-centered behaviors. This work
is a small but important step in that direction.
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