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Abstract

Efforts to improve undergraduate education in mathematics and other STEM fields often
work with instructors to implement research-based instructional practices that emphasize
active and collaborative learning. To measure the progress and outcomes of such initiatives,
researchers need measurement tools that are versatile, meaningful, and inexpensive to
use, to know what teaching practices are occurring. Because students spend a great
deal of time observing class conditions, they are well positioned to report the teaching
that they experienced. We report results from some 2400 student surveys on the use
of active and collaborative learning (ACL) approaches in over 200 recitation sections of
gateway courses in tertiary mathematics, physics, and computer science. We developed
a set of survey items, TAMI-SS, and a compound measure based on the items, called
S-ACL for Student-reported Active and Collaborative Learning, that reflects the extent
of active and collaborative learning as reported by students. We find that S-ACL scores
compare favorably with instructor surveys and observations, and with students’ reports
of their classroom experience using established measures. Moreover, S-ACL reflected
departments’ progress in implementing ACL in recitations. When focused on specific,
observable classroom behaviors, student surveys of instructional practice can be used to
measure the progress of instructional change initiatives in mathematics and similar fields.

Keywords: departmental transformation; instructional change; research-based instruc-
tion; gateway course; recitation; active and collaborative learning; measurement; tertiary
mathematics education

1. Introduction
By now, it is generally accepted that there are more effective approaches to tertiary

STEM instruction than “continuous exposition by the teacher” (Bruff, 2015). While these
improved approaches have a variety of names, they fit broadly under the umbrella of
“active learning,” where students learn through class activities and discussions that em-
phasize higher-order thinking and often involve group work. Despite variability among
approaches and implementations, meta-analyses suggest that these approaches gener-
ally improve students’ exam scores and course grades, relative to teaching that is heavy
on instructor exposition (Freeman et al., 2014; Ruiz-Primo et al., 2011). When they are
well structured, these approaches also tend to provide greater support for students from
historically marginalized groups to achieve comparable academic success to peers from
historically privileged groups (Theobald et al., 2020).
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As Fairweather (2008) pointed out years ago, availability of vetted teaching and learn-
ing methods is not the bottleneck in applying active learning approaches to undergraduate
STEM teaching. In mathematics, for example, instructors can draw on a variety of published
curricula and well-described methods to adapt for their own courses. The bottleneck to
widespread use of active learning is still instructors’ willingness, readiness, and capacities
to take this step, importantly combined with the institutional support they need to do
it (Laursen et al., 2019). Some strategies can help: Recent research is demonstrating that
individual instructors’ practices can change significantly in response to substantive, well-
designed professional development programs in their discipline (e.g., Archie et al., 2022;
Manduca et al., 2017). And growing numbers of departments are engaging in collective
efforts to strengthen teaching and learning for all students, especially in gateway courses,
in mathematics (e.g., Cronin et al., 2025; W. M. Smith & Rasmussen, 2025; W. M. Smith et al.,
2021) as in other STEM fields (e.g., Corbo et al., 2015; Greenhoot et al., 2020; Macdonald
et al., 2019; Peteroy-Kelly et al., 2019; Wieman, 2017).

As collective change efforts take hold in disciplines and departments, there is a con-
comitant need for evaluation tools to measure collective progress in instructors’ uptake of
active learning approaches, and more generally to characterize teaching. A decade ago, a
group of experts who were convened to discuss this problem (AAAS, 2013) identified a
core set of measurement techniques: faculty surveys; faculty interviews; course artifacts
or portfolios; student reports through surveys or interviews; and classroom observations.
They identified strengths and limitations of each technique, recognizing differences in the
suitability of each for different goals, such as documenting practice (e.g., in evaluating
individual instructors for retention or promotion), improving practice (e.g., in recording
improvements for institutional accreditation or assessing needs for professional develop-
ment), or for research and evaluation (e.g., in linking specific teaching practices to student
learning). For example, faculty surveys have long been used by the Higher Education
Research Institute to track changes over time in college instruction (e.g., Eagan, 2016).
In recent years, many scholars have developed new instruments, especially classroom
observation protocols (e.g., Eddy et al., 2015; Hora, 2015; Hora & Ferrare, 2013; M. K.
Smith et al., 2013) and faculty surveys (e.g., Landrum et al., 2017; Walter et al., 2016), with
the intent to probe instructor practices in higher education and connect those practices
to student outcomes. Our team has developed similar tools—an instructor survey and
observation protocol, aligned to each other—for measuring instructional change as a result
of professional development (Weston et al., 2021, 2023; Archie et al., 2022; Laursen et al.,
2011, 2014; Laursen, 2024). In contrast, across the field, much less work has been done to
draw on data from students to document the teaching they experience.

In this paper, we describe an approach to characterizing teaching from student survey
data and illustrate its use in monitoring an institutional change initiative. Drawing on
our experience with observations and instructor surveys, we developed a brief student
survey to characterize features of the teaching that occurred in recitations of large courses
in mathematics and two math-adjacent departments. We developed this survey in our
role as evaluators of an institutional project to infuse active and collaborative learning
(ACL) into those recitations. Importantly, we did not survey students primarily to measure
outcomes, such as attitudes or learning, that might arise from the instructional reforms.
Rather, we capitalized on students’ everyday presence in the classroom as observers who
could describe aspects of the teaching they directly experienced. We used their reports to
characterize teaching across a large sample of class sections, then to measure change in
teaching over time, as the initial desired outcome of the institutional project. The student
survey focuses on the frequency of specific teaching practices and is aligned with other
instruments that we have developed. Alongside this measure, we also probed students’
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perceptions of the classroom environment and a small set of student self-reported learning
gains, to assess whether these experiences and outcomes were related to the teaching
practices that students described, in line with expectations based on the literature.

Our title plays on a common metaphor, “can’t see the forest for the trees,” referring to
someone who doesn’t grasp the overall situation—represented by the forest—because they
are so focused on the details, represented by the trees. Here, in contrast, we focus on the
trees (the students) so that we can learn about the forest (the class): no single student has an
authoritative perspective on the teaching taking place, but all can contribute information
to a composite picture. Then, when we combine their many perspectives, we can say
something about the class as a whole. The underlying philosophy of the measurement
approach discussed here is that we can see the forest because we can see many trees.

This study sought to understand whether and how a student survey measure can
be useful in characterizing teaching for evaluation and research studies, especially those
seeking to measure change in teaching over time. We gathered three lines of evidence that
speak to the construct validity and utility of the student survey measure. Our approach
is nomological in philosophy, meaning that it emphasizes the relationships among our
proposed new construct and pre-existing constructs that we expect, from theory, to be
related (Cronbach & Meehl, 1955). First, we compared the student survey measure of
teaching to established measures of student experience that we expect will be influenced
systematically by the teaching the students received. We then compared the student
survey measure to data that were obtained from other, independent methods of measuring
teaching, and that we expect will yield similar characterizations. Finally, we examined
the student survey data across groups of courses and over time. Because we know when
and how the reform intervention had been applied to those courses, we expect particular
patterns of differences over time and among groups. In each case, we are predicting and
testing the relationships among constructs. In this paper, we describe results that speak to
three research questions:

1. How does student-reported use of ACL practices relate to (a) their self-reported
experience of the learning environment and (b) their self-reported learning gains?

2. How does student-reported use of ACL practices relate to instructor practices, from
(a) instructor self-report and (b) observation?

3. How does student-reported use of ACL practices function as a metric for evaluating
broad differences in teaching practice by groups and over time?

We address these questions using findings from a specific institutional study involving
over 2400 student survey reports, at two time points, from the recitation sections of large
introductory courses in mathematics, physics, and computer science, complemented by
observations and instructor surveys from the same courses. We then discuss the general
utility of student-reported teaching data for formative and summative evaluation of an
institutional change project.

2. Rationale and Prior Work
In this section, we provide an overview of faculty surveys and observations as com-

monly used methods for studying teaching. The use case of interest to us is to measure
change in selected characteristics of teaching after professional development or other inter-
ventions that promote instructors’ use of research-based instruction. We then consider what
is known about student surveys in comparison to instructor surveys and observations.

Instructor surveys are often used for measuring change in teaching because they can
be efficiently administered to large numbers of people, such as participants in a professional
development program or members of a department who are working on changing their
teaching in some way. However, survey use poses challenges that include sampling, inter-
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nal validity, and potential biases in instructor self-report, as Iverson (2012) discusses. Social
desirability bias—perceived pressure to conform to others’ expectations—is particularly
concerning in self-reports of teaching when the goal is to make valid comparisons among
courses or over time (e.g., Miller & Dumford, 2017). Iverson also points out the need
for validation evidence for faculty survey instruments and emphasizes the potential of
mixed methods study designs that support triangulation of survey data with other data.
Williams et al. (2015) reviewed properties of several instruments for instructor self-report,
many of which remain popular or have spawned variants. They assessed the strengths
and limitations of the instruments, individually and collectively, and offered guidance on
selecting an instrument.

Classroom observation is less well developed as a research method in higher educa-
tion than in K-12 settings (Campbell, 2017), but is increasingly used by higher education
researchers and evaluators for purposes such as evaluating outcomes of instructor pro-
fessional development or assessing instructor use of research-aligned teaching practices.
Observations offer richly detailed, naturalistic information about teaching, and can docu-
ment behaviors of both students and instructors in real time as they unfold, but they are
time-consuming and costly. Hora and Ferrare (2013) and Campbell (2017) have discussed
strengths and limitations of classroom observation in higher education, with particular
attention to validity and reliability concerns, including rater and inter-rater reliability, and
the tradeoffs between structured and unstructured protocols. Weston et al. (2021) discuss
additional challenges to reliability when time sampling is applied to make inferences about
term-long courses. Anwar and Menekse (2021) review some of these instruments for their
content focus, content validity, and practical features.

When student data are used in higher education studies, they are most often used to
measure student response to their classroom experiences, or to assess learning and affective
outcomes. For example, Wiggins et al. (2017) used surveys to examine two closely proximal
outcomes immediately after a class session: students’ engagement in specific activities and
their self-assessed understanding of the concepts taught. Other studies have used end-of-
course surveys to assess broader student responses to teaching, such as what aspects of the
course helped students learn or not (e.g., Achen & Lumpkin, 2015; Borda et al., 2020; Jones,
2017), or to measure course-level outcomes such as learning (e.g., Andrews et al., 2011; Elliott
et al., 2016) or attitudes (Achen & Lumpkin, 2015; Chiu et al., 2022; Elliott et al., 2016).

However, this focus on outcomes represents a missed opportunity. Because students
regularly spend time in classrooms, they can report back on what kind of teaching is
actually taking place. This is importantly different from rating the quality or impact of
that teaching. Indeed, in evaluative settings such as institutionally administered end-of-
course questionnaires, student ratings of teaching are often derided as popularity contests,
and researchers identify known, serious biases in how students rate teachers of varied
gender, race and ethnicity that can lead to inequities in personnel decisions based on such
ratings (Kreitzer & Sweet-Cushman, 2021; Heffernan, 2022). But Benton and Cashin (2014)
argue, based on their detailed review of the literature, that “student ratings tend to be
statistically reliable, valid, and relatively free from bias or the need for control, perhaps
more so than any other data used for faculty evaluation” (p. 315). These characteristics
suggest that student reports of teaching can offer valuable insight to studies of teaching
change, when they are decoupled from teacher evaluation and when they are used in
combination with other methods. In the K-12 arena, the Measures of Effective Teaching
[MET] Project (2012) found clear connections between student reports about their teachers’
practices and student achievement gains, highlighting the value of student reports within a
larger portfolio of teaching measures. The key, they suggest, is asking “the right questions,
in the right ways” (p. 2) and administering surveys in ways that minimize threats to validity.
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Similarly, student reports of college teaching have been shown to align with instructor
reports and observations, indicating that students can reliably estimate the frequency of
teaching practices they experience in the classroom (Durham et al., 2018).

We have identified relatively few studies in higher education that have used student
reports to characterize teaching methods. Rather, most studies using student survey data
have examined student responses to or perceptions of the teaching they receive, or their
reports of personal learning. Exceptions include an elegant study by Jones (2018) in the
geosciences, who used student surveys to assess whether and how much students had
experienced particular types of learning assignments, both in a specific course that they
took, and in their major more generally, at graduation. Working with a major departmental
initiative to improve teaching, and knowing which types of assignments were espoused
and supported by the teaching initiative, Jones could detect increased prevalence of these
strategies in students’ reports over time, as students passed through the reformed courses
and as more courses were reformed—thus demonstrating the reform initiative’s impact
on teaching practice across a department. Two studies of gateway courses in college
mathematics adapted the faculty-directed PIPS survey (Walter et al., 2016) to ask students
what percent of class time they spent on four key teaching strategies (Bressoud et al., 2015;
Street et al., 2021). Various analyses used these items to measure teaching, for example, as a
global indicator to characterize the overall prevalence of lecture (Larsen et al., 2015), and
as a dependent variable in an analysis relating instruction to student attitudes (Apkarian
et al., 2024). Finally, Durham et al. (2017) used student reports of teaching practices in
biology and other STEM courses to detect course-level differences in teaching practices
that reflected instructors’ participation in instruction-focused professional development.
Collectively, these examples show that student reports of teaching have much promise as
measures of what teaching practices are taking place and how they may vary by context or
time, in mathematics courses and in other fields.

3. Context for the Study
The study context was offered by Gateway2STEM, an NSF-supported project at George

Mason University (GMU). The project sought to incorporate active and collaborative
learning (ACL) into gateway courses in mathematics, physics and computer science (CS),
focusing on recitation sections. Gateway courses are high enrollment courses that are
foundational to a variety of educational pathways and high-risk for students (Koch, 2017).
They have an outsized role in shaping students’ paths: they may be gateways that open
paths to STEM majors and careers, or to other majors that require STEM courses, or may
serve as gatekeepers that restrict students’ progress toward their own educational and
career goals. In this study, the gateway courses were two two-semester calculus sequences,
two two-semester sequences in introductory physics, and an introductory programming
course, initially one semester long. In 2023, a new two-term sequence in CS was added to
the original single-semester version and included in the study.

To develop ACL approaches suitable for their courses, all three departments gathered
instructors in course-based communities of transformation (CCTs) to plan and implement
an approach to ACL within recitations, and in some blended lecture-recitation courses
(see Bryan et al., 2025; Bulancea et al., 2021; for descriptions of the CCT in mathematics).
At GMU, recitation meetings offer a separate block of instruction that supports a lecture
section. These 50-min sessions offered students review, practice and personal help with
course material in smaller groups than the large lecture period, which met separately for
100–150 min. Blended classes did not differentiate lecture periods from recitation periods;
most used a mixture of lecture-based and interactive modes during longer class blocks
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of 75 min twice a week. Certain mathematics and CS courses, and some physics sections,
used the blended format.

The focus on recitations reflects both pragmatism and optimism in the project team’s
approach. Recitations were seen as a foot in the door to give instructors concrete experiences
with ACL approaches, develop their expertise and interest, and build local teaching cultures
that might spur broader changes. Implementing ACL in large courses was made more
feasible through the involvement of graduate assistants, who teach recitation sections in
mathematics and CS, and undergraduate learning assistants, used in all three departments
in most of the targeted gateway sections. The CCTs chose a guided inquiry approach,
where students would work in small groups on a sequence of tasks, variously referred to as
worksheets (mathematics), tutorials (physics), or programming assignments (CS). Common
tasks were prepared and recitation instructors were encouraged to use them; in practice,
there was variation in whether instructors used the common tasks, adapted them, or wrote
their own.

GMU is a large public institution with about 23,000 undergraduate students. Many are
non-traditional students who are working, studying part-time, resuming education after
military service, or preparing for a second career; many also represent the first generation
of their families to attend college. The students are ethnically diverse and represent the
population of the large metropolitan area where the university is located. The study
samples reflected this diversity of backgrounds among GMU undergraduates.

Collectively, the gateway courses in this study served about 3000 students each fall
term. Table 1 shows details of the courses and recitation sections and reflects both some
homogeneity and some variability in the course contexts for ACL implementation.

Table 1. Characteristics of Gateway Course Recitation Sections Studied.

Course Characteristic Subsample Mathematics Physics CS All

Gateway courses included in study 2021 4 4 1 9
2023 4 4 3 11

Total # sections, recitation + blended
2021 41 41 30 112
2023 42 34 18 94

Total enrollment
2021 1401 959 653 3013
2023 1511 1051 903 3465

Lead instructors
rec * GTAs

Term and
tenured
faculty

GTA pairs

blended Term faculty Term faculty Term faculty

Class length rec 50 min
(2 courses) 50 min 50 min

blended 75 min
(2 courses)

75 min
(1 course, 2023)

Max. class size rec 45 30 25 (2021)
60 (2023)

blended 35 60
* rec denotes standalone recitations and is contrasted with blended courses as described in text.

We define some terms here as used in Table 1 and throughout the paper. CS used
the term “labs” to describe the support sessions attached to their lecture courses, but
here we refer to all these sections as recitations, to communicate that they served similar
instructional purposes and to avoid confusion with science laboratory work. We use
instructors to name all those with a classroom teaching role in recitations. Instructors
leading recitation sections include faculty who may hold tenured or teaching-focused
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“term” appointments, and graduate teaching assistants (GTAs). Some courses also included
undergraduate learning assistants, who were called undergraduate teaching assistants (UTAs)
in CS. Like LAs in mathematics and physics sections, UTAs typically circulated during
group work to answer questions and promote students’ own thinking on in-class tasks. At
the time of this study, GMU’s LA program was robust and offered specialized training for
LAs and UTAs consistent with research-based principles for such programs (Otero, 2015).

4. Materials and Methods
In this section, we provide details of the survey, observation and analysis methods.

4.1. Study Sample

The study sample was defined by the set of recitation sections (standalone recitations
plus blended courses) offered for gateway courses in mathematics, physics, and computer
science that were targeted by the Gateway2STEM project. The number of courses and
sections in 2021 and 2023 is included in Table 1. The survey samples include college
students and instructors of these sections, and the observation sample was drawn from
sections taking place in the fall term of 2023. Student surveys were administered from
mid-November to mid-January, and instructor surveys from mid-December to mid- or late
January. Fall 2023 sections were observed in November. Written consent was obtained from
survey participants as they began the survey.

4.2. Survey Instruments

The starting point for the study was an instructor survey we called the TAMI-IS, Toolkit
for Assessing Mathematics Instruction—Instructor Survey. This set of items has been used
before to probe instructors’ teaching practices and measure change therein (Archie et al.,
2022; Laursen et al., 2023) and aligns well with a related measure for classroom observations
by external observers (Hayward et al., 2018; Weston et al., 2023). The core of the TAMI-IS
instrument is a set of quantitative items in which instructors are asked to estimate the total
percentage of time they spend on different teaching strategies, exclusive of exam time.
Table 2 shows the list of teaching activities probed and the brief definitions provided to
survey respondents.

Table 2. Teaching Activities and Definitions Provided in TAMI-SS Items.

Activity Definition

Formal lecture Little or no question and answer with students

Interactive lecture Instructor asks questions during lectures; students answer with short or
extended responses

Short explanations Short explanations or summary by instructor (typically less than 5 min)
Whole class discussion Students respond to peers in discussing course topics
Group work Students work together in groups on problem sets or other activity
Individual work Students work alone on problem sets or other activity
Student presentations Students present or talk through problems on the board, projector, or online workspace
Assessment Quiz or other assessment

Instructors responded with numerical estimates that were constrained to add up to
100% of class time. They could write in up to two additional practices labeled “other,” but
seldom did so. Additional multiple-choice and open-ended items asked instructors about
other practices (e.g., assessment, technology), personal knowledge, skills, and beliefs about
active learning, and departmental norms. These were used for project evaluation and are
not discussed here.
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The student survey was designed to be short and focused on what students expe-
rienced directly. The median duration for student responses in Qualtrics was less than
10 min. We used three blocks of items, which are summarized in Table 3 and described
further below, and gathered some demographic indicators.

Table 3. Overview of Survey Item Blocks Used in this Study.

Use of ACL Practices:
TAMI-SS

(Hayward et al., 2018;
Weston et al., 2023)

Learning Environment:
WIHIC (Dorman, 2003;
Hoover & Pelaez, 2008;
Skordi & Fraser, 2019)

Learning Gains: SALG
(Seymour et al., 2000;
Laursen et al., 2011)

Nature of items and scale frequency of use for
5 practices: lecture, small

group work,
individual work, whole
class discussion, student

presentation
How often in class?

0 = never, 1 = seldom,
2 = sometimes,

3 = often,
4 = almost always

frequency of experiences in
7 areas: student

cohesiveness, teacher
support, involvement,

inquiry/investigation, task
orientation, cooperation,

equity
(8 items each)

How often in class?
0 = almost never to
4 = almost always

rate learning gains in
5 areas common to all

3 disciplines
0 = no gain to 4 = great gain

rate “what helped me
learn” for a variety

of course
features and activities

0 = no help to
4 = great help

Composite measure

S-ACL: mean for
3 practices—small group

work, whole class
discussion, and student

presentation
(range 0–4)

WIHIC scale: mean
(range 0–4)

Gains scale: mean
(range 0–4)

4.2.1. TAMI-SS, Student Survey

Items were adapted from our TAMI-IS (Instructor Survey) to measure the frequency of
use of teaching practices, as perceived by students. Students were asked “How often does
the following occur?” and responded to the same list of strategies and definitions as did
instructors (Table 2), with the omission of quiz time and the write-in option. They rated
how often they experienced each of the teaching practices on a five-point scale, “never” to
“almost always.”

4.2.2. What Is Happening in This Class (WIHIC)

The items in this survey measure student perceptions of the learning environment,
with 8 items in each of 7 scales listed in Table 4. The instrument has been used in many
published studies (e.g., Dorman, 2003; Fraser, 2023; Hoover & Pelaez, 2008; Skordi & Fraser,
2019), and we have found the WIHIC to be informative about classroom environments in
other evaluation studies.

Table 4. WIHIC Scales and Sample Items.

WIHIC Scale Scale Description Sample Items

Student cohesiveness Extent to which students know, help and
are supportive of one another

I make friends among students in this class.
In this class, I get help from other students.

Teacher support Extent to which the teacher helps, befriends,
trusts and shows interest in students

The teacher checks in with me.
The teacher’s questions help me
to understand.



Educ. Sci. 2025, 15, 1712 9 of 26

Table 4. Cont.

WIHIC Scale Scale Description Sample Items

Involvement
Extent to which students have attentive
interest, participate in discussions, perform
additional work and enjoy the class

I give my opinions during class discussions.
I explain my ideas to other students.

Inquiry/investigation
Extent to which the skills and processes of
inquiry and their use in problem solving
and investigation are emphasized

I try new approaches to test my ideas.
I explain the meaning of statements,
diagrams and graphs.

Task orientation
Extent to which it is important to complete
activities planned & to stay on the
subject matter

I know the goals for this class.
I pay attention during this class.

Cooperation Extent to which students cooperate with
one another on learning tasks

I learn from other students in this class.
When I work in groups in this class, there
is teamwork.

Equity Extent to which the teacher treats
students equitably

I am treated the same as other students in
this class.
My work receives as much praise as other
students’ work.

4.2.3. Student Assessment of Their Learning Gains (SALG)

The SALG asks students to assess and report on their own learning and on the degree
to which specific aspects of the course have contributed to that learning (Seymour et al.,
2000). For this study, our shortened version of this instrument asked students about a
few learning gains from the course, generalized so that the same gains could be probed in
mathematics, physics and CS. We have previously used these items to document students’
self-reported learning outcomes and to understand what may account for linkages between
student outcomes and their teaching and learning experiences (e.g., Laursen et al., 2011,
2014). Additional SALG items probing what aspects of the course helped student learning,
such as types of class and lab activities, assessments, and resources, were used for project
evaluation and are not discussed here.

For all three blocks of student measures—TAMI-SS, WIHIC, and SALG—we asked
the GMU PI team to check our assumptions, note disciplinary differences, and identify
language that would make sense to GMU students, as a safeguard to content validity. For
example, slight modifications were made to adapt WIHIC items for the forms of inquiry,
investigation and problem-solving typically used in each discipline. Questions for CS
students asked about “lab” instead of “recitation” experiences, following the department’s
terminology for the non-lecture periods. All such changes were minor language adjust-
ments (e.g., using “inquiry” in mathematics and “investigation” in physics); no items were
removed, substituted or combined, and we did not separately validate the modified items.

Finally, identity-related items were collected to learn whether responses varied among
demographic subgroups, especially among student groups that have often faced higher
risk of non-completion in STEM courses and degree programs. These items asked students’
class year, transfer student status, parental education, gender identity, race and ethnicity,
international status, and current number of courses.

4.3. Survey Data Collection

The online survey was administered using Qualtrics near the end of the fall term in
both 2021 and 2023. Surveys were distributed by recitation instructors using a customized
Qualtrics URL and scannable QR code that could be emailed, posted to the course LMS,
and/or projected on a slide. We provided text for instructors to share with students to
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explain the survey and suggested that they provide 10 min in class for students to respond,
and we sent survey reminders by email or through the project director in each department.

Across courses, 90–95% of students reported attending recitation “most” or “all” of
the time. Thus, their reports of what happens in class are expected to reflect cumulative
experience. In all, 2424 students responded at least in part. Overall student response rates
were 36% in 2021 (914 useable responses) and 46% in 2023 (1510 useable responses). In
the combined data set from both years, 1088 students responded at least in part, and 754
reached the end of the survey (this does not mean they answered all or any questions).
The largest number of usable responses was 827, on WIHIC items. For most analyses, we
combine the two years of data, to answer questions about the survey items’ behavior and
meaning. For answering RQ3, we separated the data by time.

About 33% of respondents used the QR code to respond to the survey; this and the
clustering of time stamps on the student surveys confirm that some (but not all) sections
were given class time to respond. These sections are better represented in the sample than
those not given class time to respond. Estimated response rates by section ranged from
96% to 0, varying greatly by how the survey was shared and communicated with students.
Typically, all recitations taught by the same instructor had similar response rates. Because
of this bias in response rate, we do not directly compare courses or sections.

In general, the student demographics reflected GMU’s population and showed dif-
ferences in course enrollment that were already known to the PI team and CCTs, and that
are common in STEM courses. For example, women were more concentrated in math and
physics sequences that required lower levels of mathematics preparation, and they were
underrepresented in CS. Part-time and transfer students were also more concentrated in
math and physics sequences that required lower levels of mathematics preparation.

4.4. Observation Methods and Analysis

In fall 2023, one author (S.L.) visited the campus and observed 22 class sections
targeted by the project, including 16 recitations (taught by GTAs and faculty) and 6 blended
sections (taught by faculty) across all three departments. Sections were chosen to maximize
the observer’s in-class time across four on-campus days, making sure to sample each
course in the study. The field notes included the stop and start time for different activities
(e.g., lecture, instructions, quiz, group work), using the same base activities as the surveys
(Table 2). The field notes also captured attendance, visual indicators of student diversity,
instructor and student behaviors and interactions, the flow of class activities, and verbatim
examples of instructor and student remarks. Qualitative analysis included repeated holistic
reading and annotation of the notes about each section, guided by literature on effective
group work as a focus of the institution’s ACL intervention (e.g., Hodges, 2018; Johnson
et al., 2014; Liljedahl, 2020). Some of these data were used for project evaluation and are
not reported in detail here, but we used the field notes to assess the general level of student
engagement and participation, especially during group work.

Here we focus on the use of class time, which is directly comparable to survey data,
and not on other aspects of instruction. We computed elapsed minutes and percentage of
class time used for different activities, and computed simple descriptive statistics. We sum
the times for individual “seat work” and group work because in some sections, students
had the choice to work alone or with others. Given small sub-sample sizes, we did not
separate observations by department or course, to protect instructor identities.

4.5. Analysis Methods and Creation of S-ACL Score

For analysis, we simplified the categories for all measures, student survey, instructor
survey, and observation. Our survey instruments distinguish types of instructor talk
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by their function: lecture is pre-prepared instructor talk, distinct from short, responsive
explanations such as signposting or mini-lectures that are directly prompted by student
questions or difficulties. Variants of lecture include formal lecture (with little or no exchange
of questions and answers, Q&A, with students) and informal lecture (with some Q&A).
Most instructors used either formal or interactive lecture; a few used segments of each. In
general, we combined the two forms of lecture for analysis, and we do not rely on these
numerical estimates. In practice, we find that instructors do not respond consistently about
formal and interactive lecture, and often overestimate how interactive their lectures are.
Thus, in instructor responses it is most accurate to combine all types of instructor talk.
Students tend to consider all instructor talk to be “lecture,” thus offering higher estimates
of lecture time, whereas in observations we distinguish class business such as making
announcements and handing back papers, using the category “other” for time that is not
instruction and is unavailable for student interaction. This evident complexity of defining
“lecture” consistently is one reason we prefer to use a dependent variable that is based on
non-lecture time.

With this perspective, we computed three composite variables. The student ACL score
(S-ACL) is the mean frequency of the three ACL strategies: class discussion, student group
work, and student presentation, as reported by one student (scale 0–4). The section ACL
score (section S-ACL) is the mean S-ACL score for sections with at least 10 responses. The
instructor ACL score (I-ACL) is the total percentage of class time for the same three activities
(scale 0–100%). For each, higher values indicate more frequent use of the ACL strategies.

Internal reliability of WIHIC subscales was verified with all subscales showing a
Cronbach’s alpha of 0.9 or greater. Independent sample t-tests were used for statistical
comparisons of courses targeted or not by the intervention. For most analyses, we combined
data across both years to increase statistical power and learn about the behavior of the item.
To answer RQ3, we separated data sets by year. We conducted a series of initial analyses
to test for differences in ACL and WIHIC scores by student characteristics including
gender, race, ethnicity, first-generation college student, and transfer status. As we found
no statistically significant differences by any student characteristics, subsequent statistical
analyses did not include these variables.

5. Results
In this section we present descriptive statistics for the three scales listed in Table 3,

then discuss results relevant to each of the research questions RQ1–RQ3.

5.1. Descriptive Statistics

Table 5 provides the mean and average standard deviation for each composite item.
ACL practices were reported to have “sometimes” occurred on average and the distribution
was moderately platykurtic, while student-reported WIHIC items to have occurred “sel-
dom” to “sometimes” on average, and the scale was negatively skewed. Students reported
“moderate” to “good” gains on average and this scale was moderately negatively skewed.

Table 5. Descriptive Statistics for S-ACL, WIHIC, and Gains.

Scale N Mean SE SD Skew Skew SD Kurtosis Kurtosis SD Alpha
Reliability

S-ACL 2056 2.15 0.02 1.04 −0.07 0.05 −0.68 0.11 NA *

WIHIC 2236 2.70 0.01 0.70 −0.48 0.05 0.17 0.10 0.97

Gains 1973 2.82 0.02 0.92 −0.64 0.06 −0.07 0.11 0.91
* Cronbach’s alpha was not calculated.



Educ. Sci. 2025, 15, 1712 12 of 26

Cronbach’s alpha coefficient was used as a measure of the internal consistency for
Gains and WIHIC scales. ACL practices are discrete, mutually exclusive practices that can
be used independently, thus there is not an expected relationship or response pattern. Alpha
coefficients for Gains and WIHIC scales were from 0.91 and 0.97, respectively, indicating
high reliability.

5.2. Results for RQ1, Relationship of Student-Reported ACL to Their Experiences

To answer RQ1(a), “How does student-reported use of ACL practices relate to their
experience of the learning environment?” we tested the relationship between S-ACL and
WIHIC scales. From a correlation analysis of all student cases, we found a moderate
positive correlation (0.51) between S-ACL and WIHIC, indicating that students reported
more positive environments in courses that they also perceived to include more active
learning (see Figure 1). Next, we tested the consistency of this relationship across disciplines
and found similar, low to moderate correlations across math, physics, and CS, with some
variation (0.40, 0.54, and 0.33, respectively).

(a) (b) 

Figure 1. WIHIC score correlates positively with S-ACL, shown for (a) individual students and
(b) section means (N ≥ 10).

Lastly, we conducted a linear mixed model to test this relationship with WIHIC scale
as the dependent variable, S-ACL as a fixed effect, and course section as a second-order
random effect. Controlling for the influence of section-level data is necessary as section
responses ranged from 1 to 169, which would bias the correlations based on student reports
from larger sections. To do this, we excluded student responses from sections with fewer
than 10 responses, as small class sets have shown to be less reliable than larger class sizes
(Benton & Cashin, 2014). The resulting analysis included 1640 student observations from
93 course sections. This analysis revealed a moderate positive effect of ACL practices
(captured by S-ACL) on WIHIC reports (0.33, t (73) = 18.64, p < 0.001) when controlling for
the effect of course sections.

RQ1(b) asks, “How does student-reported use of ACL practices relate to students’
self-reported learning gains?” To address this question, we tested the relationship between
student reports of the ACL practices they experienced and their perceived learning gains. A
correlation analysis of all student cases revealed a statistically significant moderate positive
correlation (0.25) between S-ACL and Gains, indicating that students report more learning
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gains in courses that include more active learning. Next, we tested the consistency of this
relationship across disciplines and found similar minimal correlations for math and physics
students, 0.25 and 0.27, respectively. We found no statistically significant relationship
for CS.

We then conducted a linear mixed model to test this relationship with Gains as the
dependent variable, S-ACL as a fixed effect, and course section as a second-order random
effect. Again, we excluded student responses from sections with fewer than 10 responses.
This analysis revealed a moderate positive effect (0.23, t (86) = 8.93, p < 0.001) of ACL
practices on student reports of their learning gains when controlling for the effects of
class sections.

5.3. Results for RQ2, Relationship of Student-Reported ACL to Instructor Practice

RQ2 asks, “How does student-reported use of ACL practices relate to instructor prac-
tices?” We have two sources of evidence about instructor practice to examine this question,
instructor surveys in which they report their own practices, and external observations of
some sections.

First, we tested the relationship between student- and instructor-reported use of ACL
practices, by instructor and course section. For sections where we had both instructors’ self-
report and at least 10 student responses (n = 28), we compared the section mean of S-ACL
for each recitation section with the corresponding instructor response, I-ACL (Figure 2). A
correlation analysis of mean section S-ACL responses and instructor responses revealed a
statistically significant strong positive correlation (0.60, p < 0.05), indicating that students’
and instructors’ reports of the ACL practices in a given class section are well aligned. This
relationship is shown in Figure 2.

 
Figure 2. Section S-ACL correlates positively with I-ACL for sections where both types of data
are reported.

Similarly, we tested the relationship between instructor-reported I-ACL, and the
observed proportion of time spent in ACL practices from a single observation (Figure 3).
The data set includes 16 sections where we had the section instructor’s self-report.
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Figure 3. Observed percentage of ACL class time correlates positively with I-ACL for sections where
both types of data are reported.

We confirmed that these observation subsets represent the larger data set well. For
example, the mean for the full set of 22 sections is 62% time spent in ACL, the same as for the
subsets where we have multiple data types. Differences between the two class types, 70%
of time spent in ACL for recitations and 46% for blended sections, reflect differences in the
purpose of these class blocks. In general, there is good though non-significant correlation
between what instructors say they do, and what we saw them do (0.41, p = 0.16). The high
outliers in Figure 3 are two sections led by GTAs; both used the whole of the observed class
period for a guided inquiry task, but reported using much less time for ACL on average.

5.4. Results for RQ3, Use in Comparing Groups for Program Evaluation

Research Question 3 asks, “How does student-reported use of ACL practices function
as a metric for evaluating differences by groups and over time?” Tables 6 and 7 summarize
S-ACL means over time and by department and indicate the magnitude of the changes for
various comparisons by group and/or by time. These results are graphed in Figure 4.

Table 6. Comparison of Mean S-ACL Scores by Survey Year and Department, using all 2021 Target
Courses as the Standard.

2021 Target Comparison

Comparison M SD M SD t p Cohen’s d

2021 target vs. 2021 nontarget 2.33 1.04 1.24 1.04 11.84 <0.001 1.05

2021 target vs. all 2023 2.33 1.04 2.17 0.98 3.29 <0.001 0.16

2021 target vs. MATH 2023 2.33 1.04 2.62 0.87 4.48 <0.001 0.29

2021 target vs. PHYS 2023 2.33 1.04 2.12 1.01 3.48 <0.001 0.20

2021 target vs. CS 2023 2.33 1.04 1.74 0.84 8.93 <0.001 0.61
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Table 7. Comparison of Mean S-ACL Scores by Department, Over Time.

2021 2023

Comparison M SD M SD t p Cohen’s d

Mathematics 2.54 0.91 2.62 0.87 1.31 0.190 0.10

Physics 1.82 1.15 2.12 1.01 4.32 <0.001 0.29

CS 0.89 0.97 1.74 0.84 6.33 <0.001 0.99

 

Figure 4. Project-wide and department means for S-ACL in 2021 (solid), and 2023 (stripes), for target
and non-target courses and by department.

Figure 4 shows two types of comparisons that use the S-ACL as a metric for project
evaluation. On the far left is a time-based comparison, mean S-ACL for all target courses
that were actively involved in the project versus nontarget courses that had not yet imple-
mented ACL in 2021. Here the S-ACL metric clearly distinguishes courses that had (dark
green) and had not (light green) implemented ACL, with an effect size of 1.05.

Figure 4 also compares means for 2021 (solid) and 2023 (stripes), for the total sample
and for each department’s set of gateway courses. Because ACL was implemented in all
these gateway courses by 2023, there is no non-target group for that year. The S-ACL shows
that, by 2023, the average S-ACL had risen to the same level as the 2021 target courses.
Breaking out this trend by department, we see expected changes over time in departmental
teams’ engagement in the project:

• The CCT in math had already implemented ACL in target courses in 2021 and sus-
tained that work in 2023 (small effect size of 0.10).

• Physics’ implementation increased from 2021 to 2023 (modest effect size of 0.29).
• CS was not actively implementing ACL in 2021, but had begun to do so by 2023 (large

effect size of 0.99).

In each case, mean S-ACL increases as the number of course sections implementing
ACL increases.
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5.5. Results from Classroom Observation

Table 8 presents a summary of classroom activities observed in the 22 gateway recita-
tion sections that were visited for observation. Group and/or individual work was consis-
tently and substantially included in both recitations and blended sections. At least some of
this work occurred in every class visited, across multiple gateway courses in math, physics,
and CS. For true recitations, both GTA-led and faculty-led sections used substantial class
time for group and/or individual problem-solving (70%) vs. quite modest lecture time
(14%). In blended lecture-recitation classes, time for lecture was more prevalent (47%) but
still well balanced against student work, on average (46%).

Table 8. Observed Class Activities for True Recitation and Blended Class Meetings.

True Recitation Sections (16) Blended Lec/Rec Sections (6)

Definition Activity Number of
Sections

Mean % of Class Time
Spent (Std. Dev.)

Number of
Sections

Mean % of Class
Time Spent
(Std. Dev.)

instructor gives lecture
(formal + interactive) total lecture 6 15

(23) 6 50
(21)

instructor summary,
≤5 min

short
explanations 7 8

(11) 1 1
(3)

discussion in which students
respond to peers

whole class
discussion 0 0 0 0

students work on
problems alone or in

small groups

total group +
individual

work
16 71

(23) 6 48
(19)

students present their work to
the whole class

student
presentations 0 0 0 0

announcements & other
class business total other 6 7

(11) 0 0

Time spent on quizzes was removed from totals, consistent with the way survey questions were asked.

The observations also showed a range of teaching approaches and student engagement
among the 22 class sessions observed. Qualitative analysis of field notes showed patterns
in instructors’ choices in implementing and facilitating student work that also shaped the
nature and quality of student engagement in ACL (Laursen, 2024). One observed variation
was in the instructor’s ability to draw out and respond to student thinking, which typically
depends on multiple factors, including their teaching experience with active learning
approaches, their content knowledge, and their pedagogical content knowledge (Auerbach
et al., 2018). The observations also identified three sets of instructor choices for facilitating
guided inquiry work that influenced student engagement significantly:

• Whether students wrote on whiteboards vs. on paper at table
• Whether and when students were required to hand something in, alone or as a group
• Whether instructors circulated assertively and how they interacted.

Most of the classrooms we observed were well-equipped spaces well equipped for
interactive pedagogies, with mobile chairs and tables for small group work and multiple,
large whiteboard spaces. In general, we observed stronger engagement when students
worked at the whiteboards rather than on paper. For example, they were more likely to
collaborate actively—e.g., adding ideas of their own or corrections to others’ work on
the board—and less likely to be silent, disengaged, or work alone. The strongest cases of
engagement occurred when all students were asked to work in groups at the whiteboards,
and were not given a choice of whether to work alone or work in groups at their tables
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(except in classes where whiteboard space was limiting, where students used stand-alone
portable whiteboards at their tables).

The field notes also reflected stronger engagement in ACL when students had mod-
erate accountability for the guided inquiry tasks assigned in the recitation. Instructors’
approaches varied: for example, some instructors had students turn in evidence of their
work as a group, such as a photograph of their whiteboard, and gave credit for participating
rather than getting all the answers correct. This approach prioritizes group interdependence
through social accountability of students to their peers. Other instructors had students
turn in very similar problems individually, as homework, within the 2–3 days. In these
cases, the recitation work itself was not graded but it was clear that doing and learning
from the recitation work assigned in class helped with the graded, out-of-class homework
assignment. When accountability was highest, such as a requirement to complete a fixed
number of problems by the end of recitation time, time pressure was also high, and students
tended to work alone. Many relied on TAs and LAs when they did seek help, and fairly
few spoke to a peer. These students said they sat with trusted peers or study partners to
whom they could direct questions but would not be slowed down by having to explain to
someone else.

Finally, we observed higher engagement in classes where instructors and learning
assistants circulated assertively and facilitated actively. Observed active facilitation behav-
iors included asking open-ended questions that required students explain their thinking,
encouraging them to stay on task, and praising students’ effort and dialogue rather than
assessing correctness. We saw instructors demonstrate patience with the slow pace of
group work and attend to equity by disengaging with more talkative groups or students
who were trying to extract answers and avoid thinking critically. Instructors who regularly
visited each group—not just responding to raised hands—had better success in keeping
students accountable to making progress on the tasks and engaging with each other.

6. Discussion
In this section we discuss the key results and their implications.

6.1. Comparing Multiple Measurements of Teaching

We begin by discussing the results from comparing multiple methods to measure the
teaching delivered in these recitations for gateway courses in mathematics, physics and
CS. Individually, students’ reports of class time do vary, reflecting their different abilities
to estimate this as well as personal variations in how they spend class time. From pilot
work, for example, we learned that students report any kind of instructor talk as “lecture,”
including non-content talk such as announcements. Students also tend to report more
individual seat work than instructors say they assign, perhaps because students work out
ideas for themselves during lectures or work alone for a bit before they join a group task.
That is, there are real differences between the single distribution of class activities that
instructors report, based on their planning for the class and the tasks they assign, and the
variety of things that any student may be doing at the same time. However, the variability
of student reports is counter-balanced by averaging: Using reports from sections with at
least 10 students, as we did, yields a section average that is generally in solid agreement
with what their instructors report, as seen in Figure 2.

Our findings are comparable to those from a recent study by Testa et al. (2025).
These authors found that students were more accurate than instructors in estimating
the percentage of class time used in active learning, as compared to observations by
trained evaluators that are treated as a reference criterion, when students, instructors
and observers all reported on the same, single class session. Testa and coauthors found
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statistically significant correlations near 0.4 between student reports and observations, but
correlations were lower and non-significant for instructor reports vs. observations. These
authors suggest that students were good at judging active learning because such methods
were commonly used in their program, and students were exposed to many variants of
instruction by taking multiple courses. Instructors, on the other hand, were less experienced
with active learning overall, less familiar with variations of active learning other than their
own usage, and may have overestimated their use of active learning approaches due to the
general positive culture around active teaching in their organization.

Like their study, our student-instructor comparison suggests that instructors may
report higher use of ACL approaches than what students report. In Figure 2, several
instructors report using 80–100% ACL, while student means do not exceed 3 on the S-
ACL scale, or “often,” when we might consider 80–100% a closer match to 4, “almost
always.” That is, we’d expect a steeper slope for the relationship in Figure 2 if students and
instructors agreed, on average.

However, comparison of the instructor reports with observation (Figure 3) does not
suggest such a mismatch. Rather, it points out the importance of time sampling if re-
searchers are using observations to characterize teaching. The two high outliers—cases
where we observed nearly 100% ACL in a single class, but instructors reported much less
use on average—and two low outliers, where instructors report near 60% active learning
on average, but we saw somewhat less, may all reflect particular choices made by instruc-
tors to meet their students’ learning needs on the single day we visited. Both kinds of
variability illustrate the risks of mischaracterizing general practices from a single day’s
observation data, and highlight the fallacy of assuming that observations are “accurate”
while self-report is biased. Weston et al. (2021) discuss this issue at greater length.

6.2. Comparing Student Reports of Teaching with Their Experiences of Learning

A second type of evidence comes from the relationship of student survey reports
of ACL to their experiences of the classroom environment and their learning. Students’
reports of the classroom learning environment (using WIHIC) were positively related to
their reports of active learning teaching practices, as seen in Figure 1. That is, as the use
of active learning teaching practices increases, students rate the classroom environment
more favorably. The correlation here is quite striking, evident in the individual S-ACL data
(Figure 1a) and especially in the section means (Figure 1b). This is noteworthy because prior
research has found positive classroom environments to be associated with more positive
student attitudes and higher learning achievement (see reviews by Fraser, 2012, 2023). As
Fraser points out, “This research has revealed consistent, strong and positive associations
between the quality of students’ learning environments and their cognitive and affective
outcomes” (Fraser, 2023, p. 4).

We also found a positive correlation between students’ reports of active learning
teaching practices and their perceived learning gains: as students report more experiences
with active learning, they report greater gains in their learning. These findings are consistent
with prior research that shows that active learning is positively associated with student
achievement in mathematics and other STEM fields (Berssanette & de Francisco, 2021;
Castillo et al., 2024; Crouch & Mazur, 2001; Deslauriers et al., 2019; Duran et al., 2024;
Freeman et al., 2014; Hake, 1998; Kramer et al., 2023); and, in mathematics, with students’
own sense of mastery of mathematical ideas and thinking skills (Laursen et al., 2014).

6.3. Sources of Variability

The results when S-ACL is averaged over larger aggregates (Figure 4, Tables 6 and 7)
demonstrate the usefulness of the TAMI-SS and derived S-ACL measure to probe differences
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in instruction, such as change over time or differences in course settings. In particular, we
did not observe differences in S-ACL scores by student characteristics, but we did observe
differences in scores that were reflective of students’ classroom contexts. For example, we
found no differences in S-ACL scores by student gender, race, or ethnicity, but we did find
differences between courses that had undergone the intended teaching reforms and courses
that were not (yet) reformed, as Figure 4 shows. Thus, we argue, the observed differences
in S-ACL scores provide evidence that the project’s work had the desired overall effect
of increasing instructors’ ACL use, and these changes are not attributed to the student
characteristics of a given course section.

Aggregated at the department level, the data do show differences in instructor prac-
tices and/or student response among mathematics, physics and CS courses. While it is
tempting to interpret these as disciplinary in nature, we ascribe most of this variation to CS’
later start on ACL implementation, which was still in progress at the second measurement
point. Qualitative analyses of students’ write-in comments suggest that mathematics and
physics students were more open to ACL practices, perhaps due to greater exposure and
acculturation in their departments (Reeves et al., 2023). At our second survey point, both
faculty practice and student response in CS were still evolving, and we did not have a third
survey opportunity. It is possible that a study of large, multi-site sample of courses with
established ACL practices could identify sustained discipline-based patterns.

A different source of variation is the teaching that occurred. The departmental S-ACL
means in 2023 show that the desired instructional changes were becoming widespread—
yet there was still notable variation among sections of the same course, showing that
the desired reforms had not been uniformly adopted. This variation is readily seen in
the observation data, where we observed a range of teaching approaches and student
engagement among the 22 class sessions. Because many of the sections met in classrooms
with good whiteboard space, we could corroborate the findings of Liljedahl (2020) about
the “massive” merits of vertical non-permanent surfaces for group work: Easy editing and
erasing promotes risk-taking, and working at a vertical surface prevents students from
disengaging. Likewise, our findings on behaviors of instructors align with those in the
“thinking classrooms” that Liljedahl (2020) studied, especially the instructors who circulated
steadily and proactively to listen to students and ask them what he calls “keep-thinking
questions,” designed to promote students’ thinking rather than assess the rightness of
their answer. Finally, our observations about accountability structures mirror comments by
Clark and Talbert (2023) on how student motivation is strengthened by providing feedback,
especially as students are developing or practicing skills. Being accountable for doing the
work, not for getting the right answer, shifts the focus of in-class work to learning rather
than grading. Liljedahl (2020) likewise emphasizes the benefits of rebranding homework as
“check-your-understanding” questions to emphasize purpose and thought over scoring
or ranking.

In previous studies of inquiry-based mathematics at the tertiary level (e.g., Laursen
et al., 2014) we have often seen students presenting their own work to peers, which then
often prompted whole-class discussion. This was more common in upper-level mathematics
courses where students have passed the beginner level in both expertise and confidence
in mathematics. At GMU, student presentations were not observed in this set of gateway
course recitations. This reflects the CCTs’ choices to use a guided inquiry approach with
emphasis on collaborative learning, rather than one more centered on individual students.
That is, the observed uses of time are generally consistent with the project’s strategy
to devote significant recitation time to student work with peers on inquiry tasks in a
collaborative, instructor-supported environment. This approach, focused on meaningful
practice with concepts already introduced elsewhere, may be well suited to recitations, and
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seems to be easier for novice instructors to execute, in comparison with approaches that
introduce new material through inquiry.

All three of the facilitation structures that stood out in observations are straightforward
decisions where specific, proactive choices by instructors were seen to be more effective
in engaging students: use of vertical writing surfaces, modest task accountability that
emphasizes learning and social accountability to peers rather than grading, and proactive
facilitation. All three approaches could be selected as course-wide tactics and applied
course-wide by instructors of all experience levels. They place priority on using recitation
time for students to think and explain their thinking in ways that generate and test knowl-
edge, that are supported by instructor guidance and support, and that offer both cognitive
and sociocultural benefits (Hodges, 2018). These are relative lightweight structures, ap-
plied here to recitation alone, but the results corroborate other scholars’ findings about the
benefits of high structure in active learning courses. Instructor facilitation and assessment
choices that increase interaction and support peer accountability can reinforce time on
task to learn the material and strengthen students’ sense of being part of a community of
learners, especially for students with less prior preparation (Freeman et al., 2011; Eddy &
Hogan, 2014; see also McCrea et al., 2016, for a review of studies on facilitation of group
work). Thus, these findings point to some additional steps the project team could take to
improve student experiences more consistently across sections.

6.4. Affordances and Limitations of the TAMI-SS for Research and Evaluation

As a means to characterize teaching for evaluation and research, the TAMI-SS student
survey and the derived S-ACL measure have multiple affordances. Data about teaching
practices are based on multiple observers—the students—attending class and reporting on
their experiences across a full academic term, avoiding the sampling errors arising from
single or small-N observations. Setting a minimum threshold (e.g., 10 responses per section)
helps to ensure that class or section means are representative. An attendance measure
can be used, as we did, to check that the reports are based on actual student experience.
The measure is simple and focused on teachers’ use of class time, unlike end-of-course
instruments that ask students to evaluate the quality of teaching and thus readily invoke
implicit or explicit biases. The TAMI-SS is quick for students to complete and we found
very few examples in which it appeared students had raced through, giving the same
response to every item. The survey can be used with other survey items (such as the WIHIC
or SALG in this study), or in combination with exams, grades, and other outcome measures,
if linked to identifiers. Even without student outcome measures such as student learning
measures, student-provided evidence about teaching can be powerful in gathering evidence
about the implementation of an instructional intervention.

As is the case for any student-focused data collection, both net numbers and response
rates are critical. Even when overall response rates approach 50%, variable response levels
by course or section can limit the use of this measure in making comparisons among
courses or over time. Such comparisons are often essential for making arguments about the
implementation progress of a desired teaching change. While non-response bias from a
given section is mitigated by including only sections with ten or more student responses
in analyses, this may mean that some sections are not represented at all in course-level
analyses, and systematic error may arise from these omissions. Use of multiple data sources
can help to confirm that the included sections represent the range of practices across all
course sections, but to eliminate any potential bias, future studies should seek to maximize
response rates across all course sections. In particular, when comparing student responses
to instructor self-report, as in Figure 3, total response rates are important, but even more
so is the extent of matching between student section and instructor response, that is, the
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section-by-section response rate. While we chose (for logistical reasons) to contact students
through their instructors rather than to acquire the identifiable information needed to
contact them directly, it is likely that instructor participation was one bottleneck in reaching
students. Some strategies to increase response rate include making the survey available
through the course learning management system and encouraging instructors to invite
their students to complete the survey (NSSE, n.d.). In our study, providing a QR code and
a few minutes of dedicated class time to complete the study significantly boosted student
response. Proactive, personal communication by the project’s liaison to the instructors
in their department was impactful in both encouraging participation in the survey and
arranging a classroom access to boost student response. Paid incentives to instructors
(e.g., gift cards) were only modestly productive, and were more effective with GTAs than
with faculty.

Efforts to reduce variation of response rate by course and section can also help to
reduce bias in who responds. Instructors can be a positive influence in encouraging students
to respond, but because of the power differential between students and instructors, it is
important to take strong steps to protect student anonymity and confidentiality, especially
if identifiers are also gathered for linking survey data to student outcomes such as exam
scores, course grades, or persistence in their educational program. Likewise, it is important
to engage with instructors and ensure that their participation is not threatened by concerns
about how findings will be shared or used. In particular, we recommend against using this
tool to evaluate or study individual instructors. Rather, it is useful to indicate progress on
efforts to support instructors to shift their practices toward research-based instructional
strategies, at an institutional scale (Laursen et al., 2019).

7. Conclusions
We demonstrate the utility of a new student survey instrument, TAMI-SS, and scale,

S-ACL, for characterizing teaching. In this study, the S-ACL was used to measure the
presence of instruction aimed at active and collaborative learning in college mathematics,
physics and computer science. We found that S-ACL data also correlated positively and
strongly with two established survey measures that reflect the quality of instruction, from
students’ points of view. The S-ACL score correlated positively with students’ ratings of
the learning environment using the WIHIC scale, and with students’ self-reported learning
gains, based on several SALG items. Classes with higher S-ACL means—those where, on
average, students reported that more active and collaborative learning occurred—were
also reported to be more engaging, challenging, and interactive, and as generating more
learning. Students’ individual ratings on the TAMI-SS vary, but when they are combined
into a composite measure and averaged across meaningful groups, the ratings appear to
provide a trustworthy picture of the instruction students are collectively experiencing.

These qualities, and the simplicity of the measure, give it value for studies of tertiary
mathematics instruction and efforts to change it within large courses, departments, or
subdisciplines. As a measure of the teaching that students experience, the S-ACL can
be used by researchers and evaluators to discern patterns of difference in pedagogical
approaches, to assess variability across a multi-section course, and to measure change after
professional development or a course reform effort. In this role, as a metric for assessing
progress on an institutional effort to increase use of active and collaborative learning, the
S-ACL composite from TAMI-SS items was responsive to change over time and sensitive to
differences in implementation. These features make it a valuable tool for studies that seek
to enhance understanding of how best to support instructors in moving toward inclusive,
evidence-based teaching that better supports mathematics and other STEM students in
meeting their educational goals. In highlighting the importance of large and representative
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samples, and some challenges to achieving these, we offer experiential advice to others
who may use the instrument for these purposes and reinforce our warning against the use
of the TAMI-SS to evaluate or compare teaching practices of individual instructors.
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