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Abstract 

Background:  Implementing research-based teaching practices   has been repeatedly cited as an important factor for 
student success in university mathematics courses. Many research-based practices increase the amount of student–
student and/or student–instructor interaction. However, some instructors are hesitant to implement such practices 
because they anticipate their students reacting negatively to experiencing an interactive classroom. As part of a larger 
project studying introductory undergraduate mathematics courses in the United States, we investigated students’ 
perceptions of the helpfulness of various classroom characteristics, particularly those that require interaction.

Results:  From analyzing quantitative student data, we found that students reported interactive classroom charac-
teristics (e.g., group work) as less prevalent than other classroom characteristics (e.g., lecture). Moreover, the students 
tended to regard characteristics that they reported experiencing often as helpful for their learning. From analyzing 
qualitative data from student focus groups, we found that students considered several indicators when identifying 
if a characteristic was helpful for their learning. In particular, students suggested that they can identify a character-
istic as helpful for their learning when it supported them in solving assigned problems and understanding why the 
procedures work, earning good grades, building on their knowledge or applying it in different contexts, and teaching 
others.

Conclusions:  The key finding from our work is that students are likely to view classroom characteristics that they 
experience more often as more helpful for their learning and are less likely to view characteristics that they rarely 
experience as helpful for their learning. Students view the characteristics that they regularly experience as helping 
them to solve problems and understand why the procedures work, earn good grades, build on their knowledge or 
apply it in different contexts, and teach others. We discuss important implications for practice, policy, and research as 
it relates to both student and instructor buy-in for increasing interactions in class.
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Introduction
Implementing research-based teaching practices has 
been repeatedly identified as a salient factor for stu-
dent success in university mathematics courses (Ellis 
et  al., 2014; Freeman et  al., 2014; Seymour & Hewitt, 

1997; Seymour & Hunter, 2019). We define “research-
based teaching practices” as those practices that have 
been identified in science and mathematics education 
research as positively impacting student outcomes and 
success. For example, it is well-documented that incor-
porating time in class for students to have opportunities 
to work individually or in groups can increase students’ 
conceptual learning and reduce achievement gaps based 
on gender, race and ethnicity, and income (e.g., Eddy & 
Hogan, 2014; Freeman et  al., 2014; Kogan & Laursen, 
2014; Laursen et  al., 2014; Theobald et  al., 2020). As a 
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result, there has been increased pressure to reform col-
legiate mathematics teaching in a way that aligns with 
research recommendations for more student-centered 
approaches (CBMS, 2016; NRC, 2013; PCAST, 2012; 
Saxe & Braddy, 2015). However, in undergraduate sci-
ence, technology, engineering and mathematics (STEM) 
courses, traditional didactic lecture remains the pre-
dominant instructional approach (Rasmussen et al., 2019; 
Stains et al., 2018). Across STEM, education researchers 
have documented a wide range of reasons why individ-
ual instructors may choose not to incorporate research-
based practices into their teaching or choose to stop 
using such practices after brief periods of usage. These 
reasons include particular beliefs about learning (Aragón 
et  al., 2018; Sturtevant & Wheeler, 2019), a lack of per-
sonal experience with the methods (Andrews et al., 2015; 
Shadle et  al., 2017), contradictory departmental or dis-
ciplinary contexts (Henderson et  al., 2012; Reinholz & 
Apkarian, 2018), and even the physical barriers of the 
classroom (Apkarian et al., 2021; Foote et al., 2014; Knaub 
et al., 2016). Another prominent factor is that instructors 
fear their students will react negatively to the practices 
or report a poor experience on their student evaluations 
(Dancy & Henderson, 2012; Finelli et  al., 2014; Froyd 
et al., 2013; Hayward et al., 2016; Shadle et al., 2017).

The relationship between research-based practices 
and student success paired with instructors’ assump-
tions about students’ reactions to classroom experiences 
that features these practices motivates the need for more 
research. Specifically, there is a need to better under-
stand students’ experiences with research-based prac-
tices, factors that contribute to students’ perceptions of 
these experiences, and (if students do react negatively to 
particular experiences shaped by implementing research-
based practices) ways to increase student buy-in regard-
ing how these experiences can impact their success in 
the course. In this study, we investigated students’ per-
ceptions of a common feature of many research-based 
practices: increased interaction between the instructor 
and students and/or interaction among the students. In 
what follows, we elaborate on the notion of practices that 
necessitate interaction and discuss related literature to 
situate our study.

Teaching that promotes interaction 
in undergraduate STEM
Increased interaction in research‑based teaching practices
As a response to research indicating the harm done to 
students through lecture and the benefit to students of 
increased interactions in class, there have been calls to 
change how undergraduate mathematics courses are 
taught, with particular calls to increase interactions 
between instructors and their students and students with 

their peers (e.g., CBMS, 2016; Saxe & Braddy, 2015). For 
instance, the Conference Board of Mathematical Sciences 
(CBMS, 2016) urged institutes of higher education to 
invest time and money to implement teaching practices 
that engage students in group problem-solving where 
they can get feedback from both experts and their peers.

Many scholars studying research-based teaching prac-
tices stress that students interacting with the instructor 
and each other are critical components of such teach-
ing (e.g., Jacobs & Spangler, 2017; Lampert et  al., 2010; 
Larsen et  al., 2015; Laursen & Rasmussen, 2019; Stein 
et  al., 2008). For instance, a defining characteristic of 
inquiry-based instruction is that instructors inquire into 
their students’ thinking (Laursen & Rasmussen, 2019), 
which requires eliciting and building on students’ ideas 
to drive the mathematical agenda of the class. That is, 
instructors must interact with students to meaning-
fully engage with their ideas in order to recognize their 
mathematical and pedagogical value (Kuster et al., 2018; 
Leatham et al., 2015; Speer & Wagner, 2009). Research-
ers have also emphasized the importance of instructors 
supporting students in engaging with each other’s math-
ematical ideas. In order to facilitate a genuine mathe-
matical discussion, instructors need to support students’ 
engagement with each other rather than the instructor 
being the sole person engaging with student contribu-
tions (Jacobs & Spangler, 2017; Rasmussen et  al., 2009; 
Staples, 2007; Stein et al., 2008).

It is clear that research on teaching urges practice to 
move away from teacher-centered approaches to student-
centered approaches that support students in interacting 
with the instructor and each other. Thus, we argue that 
increasing student interactions with their instructor and 
peers is a central theme of research-based teaching prac-
tices. In order to study how students experience research-
based teaching practices, we must understand how they 
experience such interactions in mathematics classrooms.

Value and usage of teaching that promotes interactions 
in undergraduate STEM
It has been well-demonstrated across contexts that 
increased student interactions with other students and 
instructors during class time has a positive impact on 
student learning, success, and persistence in STEM 
(Freeman et  al., 2014; Hake, 1998). These results are 
not new, with research-based recommendations for 
increased interactivity in undergraduate STEM dating 
back to (at least) the late 1990s (Hake, 1998). However, 
in more recent years the preponderance of evidence has 
grown significantly (see Freeman et al., 2014 for a meta-
analysis of such studies) and led to more formal, and 
stronger, recommendations for student-centered instruc-
tional practices from professional societies, including 
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mathematics specifically (e.g., CBMS, 2016). In addition 
to research that links interactive learning approaches 
to student success within a particular course (e.g., Free-
man et al., 2014; Larsen et al., 2013), studies have iden-
tified didactic lectures in undergraduate STEM courses 
as a reason why students leave STEM majors (Seymour 
& Hewitt, 1997; Seymour & Hunter, 2019). Moreover, 
of the students who leave STEM, women and students 
of color are the ones to least likely report experiencing 
courses with interactivity (Rainey et  al., 2019). Further, 
when students report interactive instructional practices 
in STEM courses, the likelihood that they will switch out 
of calculus-intensive majors decreases (Ellis et al., 2014; 
Rasmussen & Ellis, 2013). While there is growing support 
for interactive learning that includes “communication 
and group problem-solving [and] receiving feedback on 
their work from both experts and peers” (CBMS, 2016), 
we note that more research is needed to understand 
practices that promote interactions from both teachers 
and students’ perspectives (Johnson et  al., 2020; Kogan 
& Laursen, 2014; Stains & Vickrey, 2017; Theobald et al., 
2020).

We repeat a common refrain of undergraduate STEM 
education literature: “despite active learning being rec-
ognized as a superior method of instruction in the class-
room […] most college STEM instructors still choose 
traditional teaching methods” (Deslauriers et al., 2019, p. 
1). The latter claim is supported by a major study of gate-
way undergraduate STEM courses using observation data 
(Stains et al., 2018), a national survey of chemistry, math-
ematics, and physics instructors (Apkarian et  al., 2021), 
and earlier work from this project in university introduc-
tory mathematics (Apkarian & Kirin, 2017; Rasmussen 
et al., 2019).

In light of the evidence supporting the use of teach-
ing practices that increase interaction and the predomi-
nant use of lecture by college STEM instructors, recent 
research has examined reasons why instructors choose 
to use (or not use) these practices and how to increase 
their usage. The results of this research suggest that 
there are many interrelated individual and systemic fac-
tors impacting instructors’ pedagogical choices (Hen-
derson & Dancy, 2007; Shadle et al., 2017; Sturtevant & 
Wheeler, 2019). For example, university science instruc-
tors who have beliefs consistent with a growth mindset 
are more likely to use research-based practices (Aragón 
et al., 2018); abstract algebra instructors who believe lec-
ture is the best way to teach the requisite material in the 
given timeframe spend more class time lecturing (John-
son et  al., 2018); STEM instructors implementing prac-
tices that increase interaction believe that collaboration 
and discussion are fundamental components of learn-
ing while ‘chalk talkers’ believe their role is to “model 

problem solving through examples and demonstrations 
during class” (Ferrare, 2019, p. 12).

Most relevant to this paper is the belief that students 
will react negatively to increased interaction during class 
time. College STEM instructors frequently reported stu-
dents’ negative reactions as a barrier to both starting and 
continuing to implement research-based teaching, often 
in conjunction with concerns about end-of-term student 
evaluations (Dancy & Henderson, 2012; Finelli et  al., 
2014; Froyd et al., 2013; Hayward et al., 2016; Henderson 
& Dancy, 2007; Shadle et al., 2017). Although end-of term 
student evaluations have been deemed an ineffective and 
inequitable assessment tool (Boring, 2017; Chavéz & 
Mitchell, 2020; Fan et  al., 2019), student judgements of 
instructors are still frequently used for instructor evalu-
ation and thus this is a barrier that disproportionately 
affects certain populations of instructors like women, 
instructors of color, and instructors with non-English 
accents (Fan et al., 2019).

Students’ perceptions of interactive classrooms
Much of the existing research on the benefits of research-
based teaching practices for undergraduate STEM stu-
dents does not incorporate students’ perspectives. That 
is, researchers have designated particular markers for 
success (e.g., pass rates, attitudes toward math, persis-
tence), established a link between those markers and the 
use of teaching methods, and have made recommenda-
tions based on these links (e.g., CBMS, 2016; Freeman 
et al., 2014; Seymour & Hunter, 2019). While these mark-
ers provide significant contributions for understanding 
the impact of various teaching practices, the students’ 
perceptions of the practices can also lead to additional 
important insights. Students’ perspectives can provide 
connections between their experiences and the teaching 
that some objective measure (or the instructor’s report) 
of such practices may not detect. For instance, there is 
evidence that students in the same class report experi-
encing different teaching practices at different frequen-
cies (including whole class discussion), and how often 
students reported experiencing these practices was 
related to their decision to stay in STEM (Borda et  al., 
2020; Ellis et al., 2014).

Consequently, it is important to further examine stu-
dents’ perceptions of classroom characteristics in which 
the teacher implements research-based teaching prac-
tices, such as those that increase interaction, since it can 
influence instructors’ decisions to implement them. That 
is, it is particularly important to better understand stu-
dents’ perceptions of these characteristics because we see 
teaching practices as largely shaping the characteristics 
of the classroom. A teacher can implement particular 
teaching practices (e.g., request students to share their 
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first attempts at a task with a partner) to promote certain 
classroom characteristics (e.g., students talk with each 
other about their mathematical thinking during class). 
We see a need to further investigate students’ percep-
tions of classroom characteristics (e.g., did students find 
it helpful to talk with other students about their math-
ematical thinking) to understand, and better support, 
teachers’ instructional choices.

In what follows, we situate our work with the few rel-
evant studies that we identified as investigating students’ 
perceptions of interactive classroom characteristics (or 
the teaching that promotes such characteristics). While 
the research literature has begun to debunk the perspec-
tive that students will uniformly react poorly to research-
based teaching practices (Andrews et al., 2020), there is 
some literature that provides grounding for this belief. 
For instance, Deslauriers et al. (2019) investigated under-
graduate physics courses by comparing students’ learn-
ing and their perceptions of their own learning. They 
randomly assigned approximately 150 students to two 
groups: one group attended two consecutive class meet-
ings taught by passive instruction (e.g., lectures) and 
one group attended two consecutive class meetings that 
implemented active learning methods such as practices 
that increased interactions. They summarized their find-
ings as:

Compared with students in traditional lectures, stu-
dents in active classes perceived that they learned 
less, while in reality they learned more. Students 
rated the quality of instruction in passive lectures 
more highly, and they expressed a preference to have 
‘all of their physics classes taught this way’, even 
though their scores on independent tests of learning 
were lower than those in actively taught classrooms 
(p. 1).

These findings reflect similar sentiments from STEM 
students in other studies that have shown that students 
value lecture since they believe it better prepares them 
for exams (Borda et al., 2020) and view group work activ-
ities as having limited value and being unnecessarily dif-
ficult (Kressler & Kressler, 2020; Shekhar et  al., 2020). 
Additionally, Bookman and Friedman’s (1998) earlier 
work in the United States calculus reform movement of 
the 1990s documented that students (initially) reported 
disliking reformed teaching that included increased 
interactions via cooperative learning and group projects. 
At the end of the first term, many students reported on 
end-of-term course evaluations that “the course taught 
[them] very little” (p. 118) although after one- or two-
years’ time, “they reluctantly appreciated the course” and 
what they had learned therein (Bookman & Friedman, 
1998, p. 121).

The literature also points to potential reasons why stu-
dents might react negatively to interactive classrooms. 
Bookman and Friedman (1998) noted that aspects of 
reform-oriented calculus courses appeared to “violate 
students’ deeply held beliefs about what mathematics is” 
(p. 121). Deslauriers et al. (2019) also suggested a mix of 
factors contributing to their results summarized above, 
including students’ relative metacognitive naivete and 
not recognizing cognitive struggle as an aspect of learn-
ing. Relatedly, Sonnert et al. (2015) found that what they 
called “ambitious teaching”—or teaching “associated 
with pedagogical reform and novel approaches that aim 
at increasing the interactivity of the classroom experi-
ence and its relevance” (2015, p. 19)—was negatively 
related to college Calculus I students’ reported views of 
their mathematical confidence, interest, and enjoyment. 
The authors pointed to potential reasons underlying 
these reports, including that students may not share their 
instructors’ understandings of what is “good for them” 
(Sonnert et al., 2015, p. 385) or what might be helpful for 
their learning.

Taken together, these findings suggest that while stu-
dents in their first year of university mathematics might 
initially react negatively to interactive classrooms and 
prefer more passive experiences, ultimately they can buy-
in and see the value for their learning. However, this con-
jecture is based on an assortment of studies in different 
contexts, and the existing literature does not provide a 
comprehensive view of undergraduate students’ perspec-
tives of specific interactive classroom characteristics. 
There is a need to extend this work and test this conjec-
ture in order to understand the larger impact on students’ 
perceptions of a variety of classroom characteristics, par-
ticularly those that increase student interaction. In this 
study, we provide a larger-scale examination of about 
5000 introductory undergraduate mathematics students’ 
perceptions of the helpfulness of various classroom char-
acteristics that require interaction for their learning. We 
compared students’ reports of the helpfulness of these 
characteristics to others, and investigated how this might 
be accounted for by the extent to which students expe-
rience such characteristics. This is an important contri-
bution since it has implications for understanding and 
developing student buy-in to teaching practices that are 
shown to support student success, and ultimately how to 
alleviate instructors’ concerns about students’ reactions 
when deciding whether to implement these practices in 
their classrooms. Further, it extends previous work that 
analyzed differences of students’ perceptions of what 
happened in college Calculus I classes by (1) examining 
precalculus, Calculus I, and Calculus II students’ per-
ceptions of instruction and (2) their perceptions of how 
helpful classroom characteristics was for their learning. 
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In particular, we investigate: To what extent do students 
regard various interactive classroom characteristics as 
helpful for their learning? How does the perceived help-
fulness of these characteristics compare to the perceived 
helpfulness of other characteristics? How does this vary 
based on the extent to which those characteristics are 
present in introductory undergraduate mathematics 
courses?

Methods
Data for this analysis were gathered as part of Phase 2 of 
the Progress through Calculus study of university intro-
ductory undergraduate mathematics courses (i.e., Pre-
calculus, Calculus 1, Calculus 2) and programs in the 
United States (funded by the National Science Founda-
tion #1430540). Phase 1 of Progress through Calculus 
was a census survey that investigated how introductory 
mathematics courses are taught at universities across the 
United States, including aspects of the surrounding pro-
gram and department. The results of Phase 1 indicated 
that the majority of introductory mathematics courses 
are taught primarily in a lecture format, and that they 
continue to function as gatekeepers (Apkarian & Kirin, 
2017; Kirin et  al., 2017; Rasmussen et  al., 2019). Data 
from the census survey in Phase 1 informed Phase 2, 
which consisted of in-depth case studies of twelve univer-
sity introductory mathematics programs which included 
surveys and focus groups, among other data collection 
methods, over a period of 2 years (2017–18 and 2018–19 
academic years). These 12 sites were selected to repre-
sent a range of programs, both in terms of institutional 
characteristics (e.g., size of undergraduate population) 

and program aspects (e.g., presence or absence of active 
learning, student success rates). For this study, we use 
a sequential explanatory design (Ivankova et  al., 2006) 
to investigate a subset of the data collected from Phase 
2 of the project. In particular, we draw on quantitative 
data (i.e., student survey responses to Likert-scale items) 
and then qualitative data (i.e., student focus group tran-
scripts) to further interpret our findings.

Collection and analysis of student survey data
We analyzed student responses from surveys adminis-
tered to all introductory mathematics students at the 
case study sites roughly 70% of the way through the Fall 
2017 semester. The survey included 12 statements about 
characteristics of their class (e.g., “I am asked to respond 
to questions during class time”) (see Table 1), which were 
adapted for students from Walter et  al.’s (2016) Post-
secondary Instructional Practice Survey (see Apkarian 
et  al., 2019 for the full survey instrument and details of 
its development). With each statement, the students were 
asked to use a 5-point Likert scale to rate how descrip-
tive the statement was of their specific class (Descriptive-
ness Item; 5 = very descriptive, 4 = mostly descriptive, 
3 = somewhat descriptive, 2 = minimally descriptive, 
1 = does not occur). For instance, we take a student’s 
response who selected “minimally descriptive” for the 
Peer Support item (see Table 1) to mean that the student 
viewed Peer Support as minimally descriptive of their 
classroom experience. The students were then prompted 
to indicate whether each statement that they reported 
experiencing in their class was helpful for their learn-
ing (Helpfulness Item). That is, for each item in which 

Table 1  Classroom characteristic statements, categorized into Interactive Classroom Characteristics and Other Classroom 
Characteristics

Item code Student survey item

Interactive classroom 
characteristics

Peer support Class is structured to encourage peer-to-peer support among students (e.g., ask a 
peer before you ask the instructor, having group roles, developing a group solution to 
share, etc.)

Student talk I talk with other students about course topics during class

Criticize ideas I constructively criticize other student’s ideas during class

Group work I work with other students in small groups during class

Immediate feedback I receive immediate feedback on my work during class (e.g., student response systems 
such as clickers or voting systems; short quizzes; etc.)

Questions I am asked to respond to questions during class time

Other classroom charac-
teristics

Instructor knows name The instructor knows my name

Connections The class activities connect course content to my life and future work

Wide participation My instructor uses strategies to encourage participation from a wide range of students

Individual work I work on problems individually during class time

Assignment feedback I receive feedback from my instructor on homework, exams, quizzes, etc.

Lecture I listen as the instructor guides me through major topics
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a student responded with 2 or higher on the descrip-
tiveness scale, they were asked to report how much 
that aspect of the course helped their learning (3 = very 
helpful, 2 = somewhat helpful, and 1 = not helpful). The 
project team also developed an instructor survey that 
featured parallel Descriptiveness Items. See Apkarian 
et al. (2019) for more details about the full survey suite, 
and Street et  al. (2021) for a compilation of descriptive 
statistics of responses to the survey suite.

To gain a better understanding of students’ percep-
tions of the specific classroom characteristics, we sorted 
the statements that were descriptive of interactive class-
rooms from those that did not. We categorized state-
ments as describing an interactive classroom when it 
required (a) more than one student exchanging ideas 
or questions with each other during class time (i.e., stu-
dent–student interaction), or (b) a student and a teacher 
exchanging ideas or questions with one another dur-
ing class time (i.e., student–instructor interaction). The 
first four statements listed under Interactive Classroom 
Characteristics in Table  1 satisfied the student–student 
interaction requirement and the last two statements 
under Interactive Classroom Characteristics satisfied 
the student–instructor interaction requirement. Table  1 
also includes six survey items that did not satisfy either 
criterion. We included these “Other Classroom Char-
acteristics” in our analysis because we interpreted some 
statements as related to classrooms that required student 
interactions. For example, we view increased Lecture as 
likely decreasing interactions. Additionally, we conjec-
tured that comparing responses of the Interactive Class-
room Characteristics to Other Classroom Characteristics 
would enable richer interpretations of the data by allow-
ing for contrasting cases. This enabled us to better under-
stand whether students’ perceptions could be a product 
of the classroom characteristic rather than some other 
factor (e.g., the prevalence of a classroom characteristic).

While we were primarily focused on the students’ 
perceptions of classroom characterizations, we also 
evaluated the consistency of the students’ responses on 
the student survey to their instructor responses on the 
instructor survey. Following Ellis et  al. (2014), we first 
reduced the data set to responses from courses with an 
instructor response and at least five student responses. 
These restrictions resulted in a total of 4904 student 
responses from 171 introductory mathematics classes 
(1864 student responses from 57 Precalculus classes, 
1807 student responses from 74 Calculus 1 classes, and 
1233 student responses from 40 Calculus 2 classes). 
Then, we conducted paired samples t-tests to compare 
the mean scores for each of the 12 student–instructor 
Descriptiveness Items (see “Appendix”). We found that 
the difference in student and instructor ratings were 

significant for all items except Peer Support. The sig-
nificance was negligible for all but three items because 
the effect size was small1 (Cohen’s d ≤ 0.23 ). The three 
items for which the differences were not negligible were 
the following items: Questions ( d = 0.73 ), Group Work 
( d = 0.35 ), and Lecture ( d = 0.36 ). The large difference 
for Questions could be explained by wording differences 
of the paired items. The instructor version read, “I ask 
students to respond to questions during class time”, while 
the student version read, “I am asked to respond to ques-
tions during class time.” The instructor average is likely to 
be greater than the student average since (a) instructors 
can pose questions without directing them to all of their 
students and (b) an individual student may not interpret 
a question being directed to them when an instructor 
poses a question to the whole class. Overall, these find-
ings are consistent with Ellis et  al.’s (2014) findings that 
Calculus I instructors tended to report lower use of tra-
ditional practices (such as lecture) and report higher 
use of innovative practices (such as group work) when 
compared to their students. These results allow us to 
treat students’ Descriptiveness Items reports as a reliable 
measure for how descriptive the corresponding charac-
teristics were of the classes, noting that the instructor’s 
reports of Questions and Group Work are likely to be 
slightly higher than their students and the instructor’s 
reports of Lecture slightly lower than their students. We 
present these results as part of the overall methodology 
in order to provide the reader with additional context 
about the classroom environment, as well as to suggest 
that instructors’ self-reflection on their practice can be 
used (in most cases) as a reasonable proxy for classroom 
activities as experienced by students.

In the Results section, we present descriptive statistics 
for the student Descriptiveness Items and Helpfulness 
Items. In addition, we used 2 × 2 contingency Chi-square 
to compare students’ perceptions of the helpfulness of 
classroom characteristics, grouping students based on 
their reports of how descriptive the characteristic was of 
their course. We report the significance level as well as 
the effect size because it is more indicative of differences 
given our large sample size.

Collection and analysis of data from student focus groups
To gain insight into how students from introductory 
mathematics courses might interpret the Helpfulness 
items, we conducted student focus groups at four of the 
case study sites during Spring 2019. In total, there were 

1  Here and throughout the report, we interpret the effect sizes based on 
Cohen’s (1992) recommendations and use d = 0.2/φ = 0.1, d = 0.5/φ = 0.3, and 
d = 0.8/φ = 0.5 as guidelines for small, medium, and large effect sizes, respec-
tively.
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16 focus groups with 124 students that volunteered from 
11 different introductory mathematics courses. The par-
ticipating students were recruited from the same popula-
tion of those who were surveyed, in that they were from 
the same institutions and same surveyed courses taught 
by the same pool of instructors, but were not necessar-
ily survey participants. The semi-structured focus groups 
were audio recorded and lasted approximately one hour 
each. The focus groups served several purposes, one of 
which was to investigate introductory mathematics stu-
dents’ interpretations of the Helpfulness Items. For this 
study, we analyzed the focus group discussions about 
aspects of the course that the students considered help-
ful for their learning. This discussion was initiated by a 
question that focused students’ attention on practices 
that supported their learning (e.g., what things happen in 
your class that are most helpful for your learning?). Then, 
the interviewer prompted students to describe what they 
had in mind when considering a teaching practice to be 
helpful for their learning (e.g., what does it mean for it to 
be helpful for your learning?, how do you know if some-
thing is helpful for your learning?). This portion of the 
discussion typically lasted no more than 10 min.

The first and second authors used thematic analy-
sis (Braun & Clarke, 2006) to identify indicators that an 
aspect of the course was helpful for the students’ learning 
from their perspective. We began by independently open 
coding the focus group transcripts, tagging segments 
that illuminated student interpretations of learning and 
then taking notes of the expressed ideas. The second 
author generated closed form codes and descriptions of 
the codes based on the notes. We then returned to the 
transcript data and independently tagged the data with 
the codes, allowing excerpts to be double coded when 
multiple ideas were represented. We met to discuss our 
independent coding and, in order to reach consensus on 
coding decisions, we discussed the interpretations of the 
codes and resolved any disagreements. Then, we refined 
the definitions of codes based on interpretation differ-
ences and grouped the codes into larger themes. Four 
themes emerged from this process: students considered 
aspects of the course as helpful for their learning when 
they (1) could understand how to solve assigned prob-
lems and understand why the procedures work; (2) earn 
good grades; (3) build on their knowledge or apply it 
in different contexts, and (4) teach others. We describe 
these themes in more detail in the results section.

Results and discussion
In what follows, we answer our research questions by 
first investigating the extent to which students reported 
the specific classroom characteristics listed on the sur-
vey in their class. In the second section, we investigate 

characteristics that students deemed helpful for their 
learning, both in the aggregate as well as grouped by how 
often students reported experiencing such characteris-
tics. In order to add nuance to the quantitative findings, 
we then present our findings regarding what students 
likely had in mind when indicating that a characteristic 
was helpful (or not) for their learning. Throughout the 
report, we will refer to the students who rated the items 
mostly or very descriptive of their class as students who 
often experienced the particular classroom characteristic 
and students who indicated that the items were mini-
mally or somewhat descriptive of their class as students 
who rarely experienced the characteristic.

Interactive classroom characteristics are less prevalent 
than other classroom characteristics
We first consider the student responses to the Descrip-
tiveness Items on the student survey to understand the 
extent to which Interactive Classroom Characteristics 
and Other Classroom Characteristics were present in the 
classes. In what follows, we present descriptive statistics 
of the students’ responses which indicates that students 
did not report experiencing Interactive Classroom Char-
acteristics very often.

Figures  1 and 2 depict the percent of students that 
reported each item as ‘does not occur’, ‘minimally 
descriptive’, ‘somewhat descriptive’, ‘mostly descriptive’ 
or ‘very descriptive’. For the Interactive Classroom Char-
acteristics (Fig. 1), less than half of the students reported 
that they often experienced each of the six Interactive 
Classroom Characteristics: Student Talk (39.06%), Peer 
Support (36.96%), Questions (34.32%), Group Work 
(29.56%), Immediate Feedback (29.32%), Criticize Ideas 
(13.52%). Additionally, a relatively large percentage of 
students reported that the Interactive Classroom Char-
acteristics did not occur at all in their classes [Criticize 
Ideas (47.78%), Immediate Feedback (33.73%), Group 
Work (31.44%), Questions (19.37%), Peer Support 
(18.74%), Student Talk (17.75%)]. Most of the students 
in our study did not report experiencing the Interactive 
Classroom Characteristics very often, if at all.

Figure 2 offers more insight regarding what goes on in 
the introductory mathematics courses. More than half of 
the students indicated they often experienced the follow-
ing characteristics: Lecture (83.76%), Instructor Knows 
Name (55.56%) and Assignment Feedback (54.82%). 
Moreover, the distribution of the Lecture responses is 
distinct from the Other Classroom Characteristics as 
well as the Interactive Classroom Characteristics in that 
the distribution appears to be highly left-skewed (the 
skewness value was equal to − 1.34), with only 1.37% of 
students said that Lecture does not occur and an addi-
tional 14.86% reported that they rarely experienced it. 
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This suggests that despite the mounting evidence that 
lecture is ineffective compared to more active experi-
ences it is still prevalent in many introductory mathemat-
ics courses.

Student reports of the descriptiveness of Assignment 
Feedback is slightly left-skewed (the skewness value was 
equal to − 0.46); however, nearly a tenth of the students 
(10.52%) said that it did not occur and an additional 
34.65% reported it rarely occurring. This coupled with 
the finding that a large percent of students indicated that 
Immediate Feedback did not occur, suggests that a con-
siderable number of students are rarely receiving feed-
back if at all.

Students regard classroom characteristics that they 
reported experiencing often as helpful for their learning
Recall that when students indicated that the items were 
at all descriptive of their class (minimally, somewhat, 
mostly, or very), they were prompted to rate how help-
ful the characteristic was for their learning. In what 

follows, we present the descriptive summaries of the 
student responses to these items. First, we present a 
summary of the Helpfulness Item and then we compare 
the students’ reports after grouping students based on 
their reports of how descriptive the characteristic was 
of their course.

Figures 3 and 4 depict the percent of students that rated 
the Interactive Classroom Characteristics and Other 
Classroom Characteristics, respectively, as not helpful, 
somewhat, or very helpful. For instance, of the students 
who said that their class was structured to encourage 
peer-to-peer support among students, 3,907 reported 
how helpful they thought it was for their learning and 
14.64% of the 3,907 said it was not helpful for their learn-
ing, 45.45% said it was somewhat helpful, and 39.90% 
said it was very helpful. We found that more than half of 
the students that responded to the items said that Lec-
ture (73.53%), Assignment Feedback (64.27%), Immediate 
Feedback (51.57%), and Instructor Knows Name (51.07%) 
were very helpful for their learning.

Fig. 1  Summary of descriptiveness of Interactive Classroom Characteristics

Fig. 2  Summary of descriptiveness of Other Classroom Characteristics
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Next, we considered the helpfulness ratings from stu-
dents who reported often experiencing the classroom 
characteristics (Figs.  5 and 7) as well as from students 
who reported rarely experiencing classroom characteris-
tics (Figs. 6 and 8).

From Fig.  5, notice that students who often experi-
enced the Interactive Classroom Characteristics tended 
to deem them as helpful for their learning. In fact, more 
than half of these students marked each of the Interac-
tive Classroom Characteristics as very helpful for their 

Fig. 3  Summary of helpfulness of Interactive Classroom Characteristics

Fig. 4  Summary of helpfulness of Other Classroom Characteristics

Fig. 5  Summary of helpfulness of very or mostly descriptive Interactive Classroom Characteristics
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learning and more than 90% of the students said that 
the characteristics were very or mostly helpful for their 
learning. This suggests that students think Interactive 
Classroom Characteristics are helpful for their learning 
when they experience them often.

However, we did not observe the same pattern when 
we considered the helpfulness ratings from students 
who rarely experienced the Interactive Classroom Char-
acteristics (Fig.  6). These students were most likely to 
say that the Interactive Classroom Characteristics were 
somewhat helpful for their learning, and a considerable 
proportion of students reported that they were not help-
ful for their learning. It is also interesting to note the dif-
ference in the distributions of the graphs given in Fig. 6. 
For example, consider the responses for Student Talk and 
Criticize Ideas. Most of the students who rarely experi-
enced Student Talk reported that it was somewhat or 
very helpful for their learning. Whereas most students 
who rarely experienced Criticize Ideas claimed that it was 
somewhat or not helpful for their learning. Similarly, stu-
dents who rarely experienced Immediate Feedback and 

Group Work were most likely to say the characteristics 
were somewhat or very helpful while students who rarely 
experienced Peer Support and Questions were likely to 
report the characteristics as somewhat or not helpful.

We found a similar trend when we considered the 
helpfulness ratings for Other Classroom Characteristics. 
Students who reported often experiencing Other Class-
room Characteristics tended to rate them as very help-
ful for their learning (see Fig. 7); whereas when students 
reported rarely experiencing Other Classroom Char-
acteristics they were likely to claim that it was some-
what helpful for their learning (see Fig. 8). Students who 
reported rarely experiencing Wide Participation, Indi-
vidual Work, Assignment Feedback, and Lecture were 
most likely to report the characteristics were somewhat 
or very helpful. Students who reported rarely experienc-
ing Instructor Knows Name and Connections were likely 
to report the characteristics as somewhat or not helpful.

To further investigate the difference that we observed 
in students’ helpfulness ratings, we conducted 2 × 2 Chi-
square tests to determine whether there was a significant 

Fig. 6  Summary of helpfulness of minimally or somewhat descriptive Interactive Classroom Characteristics

Fig. 7  Summary of helpfulness of very or mostly descriptive Other Classroom Characteristics
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difference between students who reported often expe-
riencing the different classroom characteristics and 
students who reported rarely experiencing the character-
istics in their perception of how helpful the characteristic 
was for their learning (grouped by not helpful and very/
somewhat helpful). Table 2 offers the percent of students 
who reported rarely experiencing each characteristic that 
said it was helpful for their learning ( Prarely ), the per-
cent of students who reported often experiencing each 
characteristic that said it was helpful for their learning 
( Poften ), Pearson Chi-square value [ χ2(1) ], and the effect 
size ( φ).

Notice from Table  2 that the differences in propor-
tions were all significant, and the phi coefficients sug-
gested that the differences were medium for most 
of the characteristics. For instance, 95.27% of stu-
dents who reported often experiencing Peer Support 
reported it was helpful for their learning while only 
77.11% of students who reported rarely experienc-
ing it reported it as helpful for their learning. This 

difference was significant, χ2(1) = 255.52, p < 0.0001 , 
and the phi coefficient, φ = 0.26 , suggested a medium 
effect. It is interesting to note that the largest difference 
in the student reports on the items was for Instructor 
Knows Name ( φ = 0.36 , medium effect). In particu-
lar, 94.37% of students who reported often experienc-
ing their instructor knowing their name reported it 
as helpful for their learning while only 66.90% of stu-
dents who reported rarely experiencing it reported it 
as helpful for their learning. This might be attributed 
to additional factors; for instance, it is possible that 
instructors who often refer to students by name foster 
a sense of community within the class which, from the 
students’ perspective, supports their learning. The dif-
ferences between students who reported often experi-
encing the different characteristics and students who 
reported rarely experiencing the characteristics in their 
perception of how helpful the characteristic was for 
their learning suggests that students who experience 

Fig. 8  Summary of helpfulness of minimally or somewhat descriptive Other Classroom Characteristics

Table 2  2 × 2 Chi-square tests

*Indicates that the difference between the proportions were significantly different using p < 0.0001

Item code Prarely Poften χ2(1) φ

Interactive classroom 
characteristics

Peer support* 77.11% (1644/2132) 95.27% (1691/1775) 255.52 0.26

Student talk* 84.95% (1761/2073) 96.90% (1812/1870) 165.08 0.20

Immediate feedback* 85.30% (1515/1776) 97.02% (1366/1408) 125.13 0.20

Criticize ideas* 71.28% (1321/1853) 92.77% (603/650) 124.86 0.22

Group work* 84.33% (1577/1870) 96.48% (1372/1422) 127.80 0.20

Questions* 76.23% (1693/2221) 93.75% (1546/1649) 213.03 0.23

Other classroom 
characteristics

Instructor knows name* 66.90% (877/1311) 94.37% (2516/2666) 529.66 0.36

Connections* 78.30% (1902/2429) 96.82% (1495/1544) 261.26 0.26

Wide participation* 84.64% (2111/2494) 96.99% (1482/1528) 151.57 0.19

Individual work* 87.06% (1958/2249) 96.47% (1888/1957) 118.47 0.17

Assignment feedback* 89.40% (1488/1665) 98.48% (2594/2634) 176.72 0.20

Lecture* 86.76% (616/710) 98.36% (3950/4016) 248.03 0.23
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classroom characteristics (interactive or otherwise) 
more often are more likely to find them helpful for their 
learning.

Students considered several indicators when identifying 
if a classroom characteristic was helpful for their learning
The qualitative analysis of the focus group interviews 
gave insight into how students might have interpreted the 
Helpfulness survey items, adding context to our quanti-
tative findings. This section includes a description of the 
four themes that focus group participants expressed as 
indicators that an aspect of a course was helpful for their 
learning. Specifically, students suggested that they can 
identify a characteristic as helpful for their learning when 
they are able to (1) solve assigned problems and under-
stand why the procedures work; (2) earn good grades; (3) 
build on their knowledge or apply it in different contexts, 
and (4) teach others. In Table 3, we offer how many of the 
16 focus groups held discussions related to each theme.

The first theme was the most common among our data, 
and arose as part of the student discussion in 15 of the 
16 focus groups. In particular, students most commonly 
considered a classroom characteristic to be helpful for 
their learning when they were able to solve problems 
(familiar or novel) that were assigned for class, includ-
ing homework questions or exam items, and were able 
to understand why the procedures worked. This theme 
included instances when students suggested that they 
were equipped to solve problems without needing to ref-
erence course resources (e.g., notes, textbook) and could 
self-assess or evaluate the correctness of their work. For 
instance, a student explained:

I think, for me, it’s being able to quickly ... right 
when you’re explained how to do it, it makes sense 
of how to do the math. You’re not struggling 10 min-
utes after class, and you’re like, I need to learn this 
because I didn’t really quite get how the instructor 
taught it or because I had to use a textbook with no 
professor ... You have to figure it out yourself. So it’s 
really nice when that’s not happening. So I guess that 

thing and then just being able to go on the test and 
you’re like, I understand it so well that when I get to 
a problem that I forgot how to solve, I actually know 
that. I’m not walking away being like, I’m not sure 
what my test score is going to be. I know that I either 
solved it correctly, or I’m iffy on it, or I didn’t [solve it 
correctly], and just being able to be accurate in that.

This student viewed solving homework problems 
independently without needing resources, such as the 
instructor or textbook, as an indicator of their learning in 
addition to solving problems on a test and being able to 
assess accuracy.

Students often talked about solving problems and 
understanding why as indicators that they were learning 
the material. One student said, “Just having things click 
and make sense, and … you can work through a prob-
lem and kind of know sort of why that works”, suggest-
ing that understanding how and why procedures worked 
aided them in solving the problem. Several students also 
discussed understanding or seeing the “bigger picture”, 
saying things like: “I know it’s helpful when I get the idea 
behind the answer rather than just getting the answer—
because I know what I don’t understand.”

Many students expressed that they knew classroom 
characteristics were helpful for their learning when they 
earned good grades on an exam or in the course. This 
idea surfaced in eight of the focus groups, with students 
saying that they knew something was helpful for their 
learning when they received “an A on the test” or when 
they were “not worried … that [they were] not gonna pass 
the test.” Some students emphasized that both under-
standing material and doing well on exams were part of 
knowing if something was helpful for their learning. One 
student explained, “I think you can gauge if it was helpful 
or not if you understand the material enough to do okay 
on the test.” However, there were three instances (from 
three different focus groups) when students acknowl-
edged that getting a grade did not always align with their 
understanding of the material. For example, one student 
stated:

I wish being successful in the class meant under-
standing the material, but it seems like there’s more 
of an emphasis on— you’re successful in this if you 
can make it through all these homework assignments 
and get a good grade on the test and that means you 
have a good GPA. And like in reality those are all 
just numbers, but they play such a big role—… it’s on 
your resume… and that decides your future.

This quote points to the tension or disconnect students 
might feel between their understanding and what is indi-
cated by a grade. Further, because of this disconnect, 

Table 3  Frequency of focus groups that discussed themes

Theme Number of focus groups 
that discussed theme 
(N = 16)

Solve assigned problems and understand 
why the procedures work

15

Earn good grades 8

Build on their knowledge or apply it in 
different contexts

4

Teach others 3
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students might report that a classroom characteristic is 
helpful for their learning when it supports them in get-
ting a good grade, even though it might not be helpful for 
developing their understanding of mathematics (which 
we view as a critical component of learning).

Other students communicated that something was 
helpful for their learning when they were able to use or 
build on their knowledge. This theme arose in four focus 
groups, and coded segments captured instances of stu-
dents explaining that they could build on their under-
standing to learn more within the same class as well as 
instances of students explaining that they were able to 
recognize and apply their understandings across different 
contexts (e.g., Chemistry class, everyday situations). For 
example, one student considered their experience learn-
ing new material within their mathematics class, say-
ing, “Being able to add new material onto stuff we have 
already learned, and it be easier than the first time, then I 
think you’re actually learning.” Another student reflected 
on being able to apply what they were learning in precal-
culus to their economics (econ) class, saying:

I find it helpful when… I’m able to apply it on my 
own in another class… Even if they don’t explain it. 
In my Econ class we do a lot with graphs. A lot of 
times I am like, oh that’s a constant rate of change 
and all that stuff, and this is what this means and 
this is why we have this formula. Because in Econ 
they will just give you formulas, but now I am able 
to apply it to this class so now I know it… I one hun-
dred percent understand this.

Finally, we identified that some students expressed 
being able to teach someone else the material as some-
thing helpful for their own learning. For example, this 
theme was evidenced by students saying things like, “I 
get it now, I actually understand it and I could explain 
it to somebody else.” Although such instances were less 
common overall (occurring in only three of the 16 focus 
groups), we found this to be a useful theme to shed light 
on how students might have interpreted when something 
was helpful for their learning.

Conclusions
The key finding from our work is that students are likely 
to view classroom characteristics that they experience 
more often as more helpful for their learning and are less 
likely to view characteristics that they rarely experience 
as helpful for their learning. Students view the charac-
teristics that they regularly experience as helping them 
to solve problems and understand why the procedures 
work, earn good grades, build on their knowledge or 
apply it in different contexts, and teach others. In what 

follows, we highlight two important interpretations and 
implications of this key finding.

First, there is a feedback loop regarding students’ views 
of a teaching approach and how often they experience 
it. Consistent with national postsecondary STEM teach-
ing trends (e.g., Stains et al., 2018), students in our study 
reported experiencing lectures more often than any of 
the other characteristics that were included in the sur-
vey. Most of the students in our sample (84%) indicated 
that they often listened as their instructor guided them 
through major topics and nearly all of these students 
(98%) reported this to be somewhat or very helpful for 
their learning. The more a student experiences a lecture, 
the more they expect that lecture is how they are sup-
posed to be taught and how they will learn best, despite 
research indicating otherwise (Ellis et al., 2014; Freeman 
et al., 2014; Kogan & Laursen, 2014; Murphy et al., 2016; 
Petrillo, 2016). This feedback loop legitimizes instruc-
tors’ hesitancy to implement teaching practices that fos-
ter interactive classrooms because they fear that students 
may react negatively to these practices because they are 
counter to students’ expectations (Bookman & Friedman, 
1998; Dancy & Henderson, 2012; Finelli et al., 2014; Froyd 
et al., 2013; Hayward et al., 2016; Shadle et al., 2017).

Importantly, this feedback loop goes in the other 
direction as well. In our study, students who regularly 
experienced more interactive classrooms rated these 
characteristics as more helpful for their learning. That is, 
they are likely to think that the characteristics will help 
them to solve problems and understand why the proce-
dures work, earn good grades, build on their knowledge 
or apply it in different contexts, and teach others. How-
ever, our study also shows that students may not consist-
ently have this view of interactive classrooms on their 
learning when they are not consistently interacting with 
others in class; sprinkling in some interaction can be 
perceived as less helpful than courses that consistently 
include interactions during class.

Since teaching practices that foster interactions are 
shown to influence student success in a STEM major (e.g., 
Seymour & Hewitt, 1997), one implication for practice 
and policy is to support instructors in consistently imple-
menting practices that increase student interactions. 
This support can come in the form of professional devel-
opment aimed at supporting instructors to overcome 
barriers while implementing interactive approaches, 
shifting a department or university culture to expect all 
courses to include more interactive approaches, and not 
(solely) relying on Students Evaluations of Teaching (Kre-
itzer & Sweet-Cushman, 2022) to assess the quality of 
instruction.

Research can aid these supports in numerous ways. For 
example, Tharayil et  al. (2018) and Nguyen et  al. (2021) 
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have studied STEM instructors’ strategies to mitigate stu-
dents’ resistance to interactive teaching practices. This 
body of research points to specific ways instructors can 
use explanation and facilitation strategies to improve stu-
dents’ perception of interactive classroom experiences. 
Future research is needed to connect these strategies to 
classes where students experience varying levels of inter-
active characteristics. An additional area for research is 
to unpack the process of departmental and university 
culture change and how it is related to teaching expec-
tations that include more interactive approaches. Future 
work might also explore shifts in student reports of the 
helpfulness of classroom characteristics if they take a 
class that is primarily lecture-oriented (say for precalcu-
lus) followed by a class that includes more interactions 
(for Calculus 1), and vice versa. Future work could also 
investigate students’ mathematical confidence, interest, 
and enjoyment with respect to how often they experience 
interactive classroom characteristics, both within one 
specific class and across their undergraduate experience. 
Such studies could provide a more nuanced understand-
ing to Sonnert and Sadler’s (2015) and Sonnert et  al.’s 
(2015) finding that research-based teaching practices like 
those that increase interactions were negatively related 
to students’ reports of their attitude towards mathemat-
ics. Further, such studies could illuminate other ways to 
assess teaching systematically beyond Student Evalua-
tions of Teaching.

Our second interpretation of our key finding is that 
assessment is a notable factor in students’ perceptions 
of classroom characteristics. Students frequently dis-
cussed earning good grades and being able to solve 
problems as a way to know that a classroom charac-
teristic was helpful for their learning. We note that if 
students are assessed on homework and exams to sim-
ply solve routine problems, then it is understandable 
that lectures presenting clear steps to solving proce-
dural problems are viewed as most helpful for learning 
because such exposure may seemingly support them 
in earning a good grade. Recall that some students 
also highlighted that they felt there was a disconnect 
between the grade they received on an assessment 
and their understanding of the material, indicating 
that the assessment may not have been designed to 
assess understanding beyond working through proce-
dures. Tallman and colleagues (2016) found that the 
vast majority of college Calculus I final exams assessed 
highly procedural and skill-based ideas rather than con-
ceptual problems that require students to explain their 
thinking. A clear implication for practice is to align 
assessment strategies with instructional approaches. 
We believe this should start with the instructor decid-
ing what they want students to be able to accomplish 

coming out of their class, and aligning assessment 
approaches with these goals, and then instructional 
approaches with these assessments. This approach 
aligns with Wiggins and McTighe’s (2005) backwards 
design principles which have been successful in a vari-
ety of contexts.

For teachers who want their students to memorize pro-
cedures and skills, traditional assessments and lectures 
focused on how to do these procedures appear successful. 
But for teachers who want their students to learn prob-
lem-solving skills, and how to apply key ideas in novel 
settings, can be better supported through interactive 
instructional approaches paired with assessments tied 
to these goals. If instructors want to move towards more 
interactive classrooms, their assessment approaches need 
to change as well. However, many introductory STEM 
courses are taught in a coordinated way with assessments 
that are consistent across sections (Apkarian & Kirin, 
2017; Martinez et  al., 2021; Rasmussen & Ellis, 2015), 
and so individual instructors may not be able to change 
the assessments although they can change their instruc-
tional approaches. Thus, an implication for policy is for 
departments to support more innovative assessment 
approaches (e.g., oral assessments, see Nelson, 2010; 
specifications grading, see Nilson, 2014) tied to more 
interactive instructional approaches on a broader scale, 
including in coordinated sections. Lastly, this main find-
ing points to a direction for future research to explore 
the connection between student perceptions of various 
classroom characteristics in relation to the assessment 
approaches of those classes. We conjecture that assess-
ment changes are a critical way to support a shift in what 
students deem as helpful for their learning.

Our study not only contributes to a richer understand-
ing of the student experience in introductory mathemat-
ics classes, but it also sheds light on the development of 
student buy-in for teaching that increases student inter-
actions. Future work should investigate patterns of stu-
dent experience in relation to various intersecting social 
identity markers (such as race, gender, and sexual orien-
tation), including examining how these markers interact 
with the degree to which students found certain char-
acteristics helpful. We view this work as an important 
step toward removing barriers to the implementation of 
research-based teaching practices and supporting a bet-
ter experience for students and instructors related to 
research-based teaching.

Appendix
Paired samples t-tests for each of the student–instructor 
descriptiveness items
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Item code N Instructor 
mean/
standard 
deviation

Student 
mean/
standard 
deviation

Cohen’s d

Interactive 
classroom 
character-
istics

Peer sup-
port

4847 2.97/1.35 2.96/1.37 0.00

Student 
talk*

4843 3.17/1.31 3.01/1.34 0.09

Immediate 
feedback*

4847 2.88/1.48 2.56/1.43 0.17

Criticize 
ideas*

4843 2.28/1.25 1.99/1.19 0.18

Group 
work*

4843 3.17/1.41 2.60/1.43 0.35

Questions* 4845 4.15/1.30 2.89/1.33 0.73

Other 
classroom 
character-
istics

Instructor 
knows 
name*

4844 3.58/1.44 3.51/1.53 0.05

Connec-
tions*

4845 2.74/1.20 2.88/1.26 0.08

Wide par-
ticipation*

4845 3.43/1.17 3.25/1.29 0.12

Individual 
work*

4847 2.80/1.30 3.14/1.29 0.21

Assignment 
feedback*

4844 3.85/1.24 3.49/1.33 0.23

Lecture* 4849 3.81/1.09 4.31/0.88 0.36

*Indicates that the difference between the instructor and student reports were 
significantly different using p < 0.01
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