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Introduction: In recent years, numerous studies have compared traditional

face-to-face (F2F) learning on campus with online learning, seeking to establish

how the learning environment (online vs. F2F) affects outcomes such as

student satisfaction and achievement. In a separate line of research, scholars

have examined various facets of active learning—an approach that makes use

of interactive learning methods—separately in online and F2F environments.

However, few studies have compared the effects of active learning in classes

taught online vs. F2F. The present study addresses this gap. It follows an

earlier study in which we examined the effects of active learning in an online

environment, particularly how the extent and variety of interactive teaching

methods used affect students’ course evaluations (overall evaluations and

perceived clarity of the teaching).

Methods: The present study repeats the setup of that previous study in a F2F

environment, allowing us both to gain new insights into the effects of active

learning in this context and to directly compare the examined outcomes in F2F

vs. online learning.

Results: The results reveal consistent trends in both studies: more extensive

and more varied use of interactive learning methods improves overall student

evaluations and perceptions of the clarity of teaching in the course. Crucially,

minimal use of interactive teaching methods results in notably lower student

evaluations and perceptions of teaching clarity in F2F settings compared to

online classes.

Discussion: The findings highlight the essential need for instructors to adopt

diverse interactive methods in F2F environments to improve educational

outcomes and reinforce the effectiveness of active learning.

KEYWORDS

active learning, interactive learning methods, student evaluation, online learning, F2F
learning
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1 Introduction

The COVID-19 pandemic prompted an urgent and
significant transformation in educational delivery, accelerating
the transition from traditional face-to-face (F2F) instruction
to online learning environments. This shift was not merely
logistical but also pedagogical, intensifying the focus on active
learning—an educational approach that engages students through
interactive methods.

Active learning techniques place students at the center of the
learning process, making them protagonists of discovery rather
than passive receivers of information (Deslauriers et al., 2019).
These methods benefit the learning process in four main ways:
(1) engaging students directly with the content, leading to deeper
learning (Chi and Wylie, 2014); (2) challenging students to apply,
analyze, and evaluate information rather than simply memorize
facts, thereby developing higher-order cognitive skills (Konopka
et al., 2015); (3) engaging students by using relevant real-world
applications, such as problem-based learning techniques that often
draw from real-world scenarios (Chi and Wylie, 2014); and (4)
developing collaborative skills through group work, which helps
students build important teamwork and communication abilities
while improving academic achievement (Froyd, 2007; Saunders
and Wong, 2020). Moreover, active learning seems to be especially
valuable not only for raising achievement across the board, but
for reducing achievement gaps for underrepresented students
in STEM (Science, Technology, Engineering, and Mathematics)
disciplines, as found by Theobald et al. (2020) in a comprehensive
review. This finding highlights the potential of active learning
to promote equity in education. The present study is part of
ongoing research in which we focus on the effects of four specific
active learning methods [see section “2 Background (active learning
methods)”].

While extensive research has explored the efficacy of active
learning within distinct online (Mou, 2021) or F2F contexts,
comparative analysis of these methods across both modalities
remains scant. Our prior research (Barnett-Itzhaki et al., 2023) also
primarily examined these environments in isolation, potentially
overlooking how active learning strategies influence student
assessments depending on the instructional context. In that
earlier work, we explored how students experienced active
learning online during the COVID-19 period with respect to
three main questions: (a) how students evaluated the course;
(b) how students perceived the clarity of the teaching; and (c)
how students assessed the effectiveness of online learning. That
study was based on approximately 30,000 teaching evaluation
surveys filled out by undergraduate and graduate students at
our institution during the COVID-19 period. We analyzed
these outcomes in relation to various factors, such as class
characteristics and student demographics, to determine how
the use of interactive learning methods influences students’
experiences when learning online. Our findings indicated that
both the extent and the variety of interactive learning methods
used significantly affect the perceived effectiveness and clarity of
teaching.

In the 2021–2022 academic year, students at our institution
returned to campus and to a face-to-face (F2F) learning
environment. Simultaneously, the teaching staff adapted some

of the methods and approaches acquired during the COVID-
19 period for F2F learning, particularly the use of interactive
learning methods. This situation prompted us to carry out a
follow-up study to see how students experience active learning
in a F2F environment, focusing on the same primary concerns
as the previous study: (a) students’ evaluations of the course,
and (b) how students perceived the clarity of the teaching in
the course. The third aspect examined in the previous study,
the perceived effectiveness of online learning, is not relevant to
the present study.

Within the educational literature, the return to campus
following the pandemic has led to several academic studies aimed at
comparing online learning to F2F learning. However, most of these
studies focus on differences in student performance and satisfaction
between these two environments (Chisadza et al., 2021; Spencer
and Temple, 2021; Shah et al., 2022). For instance, Regmi and Jones
(2020) executed a systematic review to compare the effectiveness
of online and F2F learning in health professions education. Their
findings suggest that online learning is at least as effective as
traditional F2F.

As far as we can tell, there are insufficient comparative studies
that have examined online learning versus F2F learning in the
context of how active learning impacts students’ perceptions
and evaluations.

Addressing this gap, our current study aims to evaluate the
impact of the extent and variety of interactive learning methods
on student assessments in both online and F2F settings. We
formulated two objectives: (a) to explore the active learning
experience in a F2F environment, focusing on students’ course
evaluations and perceived teaching clarity; and (b) to conduct a
comparative analysis, examining students’ experiences of active
learning in F2F versus online environments. To ensure as precise
a comparison as possible, we drew our data from the same sources
(teaching surveys filled out by students), in the same format as
previously, and analyzed the data using the same methodology. For
convenience, in what follows, the previous study is termed “the
online study,” while the current study is termed “the F2F study.”

By employing a consistent set of measures and methodologies
to evaluate approximately 30,000 teaching evaluation surveys, this
study offers new insights into the comparative effectiveness of
active learning across different learning environments. On the
one hand, the findings of the F2F study are similar to those of
the online study. Overall, they show that both the extent and
variety of interactive teaching methods used significantly affect
the studied outcomes: greater extent and variety are associated
with significantly improved student evaluations of the course, and
significantly higher perceived teaching clarity. However, classes
with little or no use of interactive methods had statistically
significant lower evaluations and lower perceived clarity in F2F
compared to online classes.

This research innovatively dissects not merely the presence
but also the diversity and intensity of active learning techniques,
by directly comparing the impacts of these educational settings.
Ultimately, this research contributes to a broader educational
dialog on best practices in active learning, underscoring its pivotal
role in ensuring student satisfaction and academic success across
diverse instructional landscapes.

The rest of the paper is organized as follows: in section 2, we
provide background on active learning methods; in section 3 we
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elaborate on related work; in section 4 we present our research
objective and questions; in section 5 we describe the research
methods; and in section 6 we present our findings. Finally, in
section 7, we discuss the results and outline directions for possible
future work.

2 Background (active learning
methods)

Active learning has been widely recognized as an effective
pedagogical approach, leading to improved student outcomes
across various disciplines in higher education (Theobald et al.,
2020). According to Freeman et al. (2014), “Active learning
increases student performance in science, engineering, and
mathematics.” In recent years, many active learning methods have
been developed (Lombardi et al., 2021). In our current and previous
research (Barnett-Itzhaki et al., 2023), we have chosen to focus
on four active learning methods: (1) small working groups for
discussion, thinking through, or performing a task; (2) independent
work during lessons (via written assignments or producing digital
learning products, such as videos, posters, or web pages); (3)
student presentations during lessons; and (4) short knowledge tests
during lessons (e.g., quizzes and questionnaires).

In Table 1, we elaborate on the characteristics, benefits, and
effects on learning with respect to each of these four methods.

In sum, these active learning techniques—small working
groups, independent work, student presentations, and short
knowledge tests—each contribute uniquely to enhancing the
learning process. They promote active engagement, critical
thinking, and deeper understanding, all of which are essential for
effective learning.

3 Related work

Extensive research has explored various facets of active learning
methodologies, examining their implementation in both online and
F2F educational environments. In addition, numerous scholarly
inquiries have delved into comparisons between online and
traditional F2F education, with a particular emphasis on evaluating
student performance, gauging satisfaction levels, and exploring
pertinent influencing factors. However, in examining the existing
literature, we identified a lack of studies comparing the use of active
learning in the online and F2F modalities. This is the focus of the
current research. Consequently, to put our research in context, in
this section we offer an in-depth review of scholarly works that
comprehensively compare these learning modalities (online and
F2F) from perspectives other than active learning.

Several studies have examined students’ performance,
satisfaction, or both in online versus F2F environments based
on data collected in a specific course or teaching domain (e.g.,
Summers et al., 2005; Friday et al., 2006; Smith and Stephens,
2010; Ary and Brune, 2011; Biel and Brame, 2016; Paul and
Jefferson, 2019; Regmi and Jones, 2020; Thai et al., 2020). Of
these, most (e.g., Summers et al., 2005; Friday et al., 2006; Ary
and Brune, 2011; Biel and Brame, 2016) found no statistically
significant differences in student performance between the online

and traditional environments. Smith and Stephens (2010) found
a statistically significant difference in mean scores achieved on
the final exam, with online students earning a markedly higher
mean score. However, the study found no significant disparities
in student satisfaction as assessed through student evaluations. In
contrast, Summers et al. (2005) report that students who enrolled
in the online version of a course rated their satisfaction markedly
lower than their peers in the traditional classroom setting. Those
authors recommended that instructors should carefully consider
pedagogical factors, including student characteristics, motivation,
and levels of instructor support, during the development of online
courses to bolster student satisfaction; and they called for future
research to delve deeper into the specific factors influencing
student satisfaction in online courses. Biel and Brame (2016)
offer several recommendations to enhance the effectiveness of
online instruction, including the implementation of an online
orientation for students, fostering interactions through digital
communication tools, and incorporating elements that encourage
student self-reflection and self-assessment.

Mali and Lim (2021) found that students perceived blended
learning (BL) more positively during the COVID-19 pandemic,
but preferred face-to-face (F2F) learning when COVID was no
longer a concern. In a study with undergraduates using mixed
methods, they showed that F2F is favored due to better interaction
with lecturers, group work, peer engagement, class involvement,
and the ability to ask technical questions. They argue that to
improve BL, policymakers should incorporate social elements into
netiquette frameworks to enhance the student experience and
mitigate negative attitudes toward online/BL learning.

In a broader effort to assess the effectiveness of online versus
traditional F2F instruction, Paul and Jefferson (2019) examined
outcomes for an environmental science class that was offered both
F2F and online between 2009 and 2016. Overall, they found no
statistically significant differences in student performance between
the two groups; and these conclusions remained consistent when
considering factors such as gender and class rank. However,
this study was context-specific, focusing primarily on a specific
course tailored to non-STEM majors, which may constrain the
extrapolation of these results to other academic disciplines or
student populations.

Some studies have compared student achievement and
satisfaction without restriction to specific teaching domains (e.g.,
Dell et al., 2010; Atchley et al., 2013). Intriguingly, Atchley et al.
(2013) observed significant variations in course completion rates
between different academic disciplines. Their study examined 14
different disciplines and found that course completion varied
significantly by subject. Notably, reading courses had the highest
completion rate at 98.2%, while finance courses had the lowest
at 82.2%.1 These findings align with previous research suggesting
that some disciplines may be better suited to online delivery than
others (Noble, 2002; Carnevale, 2003; Nelson, 2007; Paden, 2006;
Smith et al., 2008). This variation in completion rates across
disciplines highlights the importance of considering subject matter

1 While Atchley et al. (2013) do not provide a precise definition of “reading
courses,” given the context of their study and the other disciplines examined,
these likely refer to courses focused on teaching reading or developing
reading skills, presumably within teacher education programs or the field
of education.
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TABLE 1 The chosen methods: characteristics, benefits, and effects on learning.

Method Characteristics Benefits Effects on learning

Small working groups (Michaelsen et al.,
2023; Jones, 2007)

Active participation
Engage actively with material and
each other

Enhanced understanding
Learn more and retain info longer
compared to traditional formats

Increased engagement
Fosters deeper understanding and
critical thinking

Specific task
Groups work on a defined task or
problem

Peer accountability
Accountable to their peers

Improved retention
Collaborative learning helps students
retain information longer

Reflection on the learning process and
outcomes

Exposure to diverse perspectives
Benefit from hearing different
viewpoints for solving problems

Motivation
Community and accountability
increase motivation to learn

Independent work (Lombardi et al., 2021;
van Hout-Wolters et al., 2000)

Self-directed
Students take control of learning
process, planning, pacing

Autonomy
Take responsibility for learning,
fostering independence and
self-regulation

Enhanced motivation autonomy and
choice increase intrinsic motivation

Variety of outputs
Written assignments, digital products,
posters, web pages, etc.

Creativity
Express their understanding in
various formats

Critical thinking analyzing and
synthesizing information enhances
critical thinking skills

Personalized Learning Focus on areas
where they need more practice

Self-Regulation Develops skills in
planning, monitoring and evaluating
learning

Student presentations (Nouri and Shahid,
2005; Tesfaye and Berhanu, 2015)

Public speaking
Presenting work to the class,
developing communication skills

Confidence building
Build confidence in public speaking
and presenting ideas

Improve understanding preparing and
delivering presentations requires deep
understanding of the material

Peer learning
Learning from each other’s
presentations

Immediate feedback
Peers and instructors feedback
improve performance

Communication skills
Enhances ability to communicate
complex ideas clearly and effectively

Short knowledge tests (Zainuddin et al.,
2020; Murphy et al., 2023)

Frequent assessment regular,
low-stakes testing during lessons

Retrieval practice frequent tests
reinforce learning through the
retrieval practice effect

Focused learning helps students focus
their study efforts on areas that need
improvement

Immediate feedback on students’
understanding

Focused study
Helps identify areas which need more
study, leading to more efficient
learning

Active engagement Ensures active
engagement with the material,
preventing passive learning

when designing and implementing online courses. By contrast,
Dell et al. (2010) found no statistically significant disparities in
the quality of work between the two environments. Both these
studies highlight the need for further research given the burgeoning
popularity of online learning, including the potential role of
variables such as student characteristics and prior experience with
online learning (Atchley et al., 2013). Dell et al. (2010) also
emphasize the paramount importance of instructional strategies
that promote active learning, encourage student interaction, and
facilitate self-reflection and self-regulation.

Other papers (e.g., Shah et al., 2022; Chisadza et al., 2021;
Spencer and Temple, 2021; Kemp and Grieve, 2014; Driscoll et al.,
2012; Johnson et al., 2000) also compared the effectiveness of
online and face-to-face instruction in terms of satisfaction levels,
performance, and other variables. The studies of Driscoll et al.
(2012) and Johnson et al. (2000) found that F2F students exhibited
marginally more favorable perceptions of instructors and course
quality. F2F cohorts reported greater satisfaction with student
interaction and the support provided by instructors and academic
departments. However, no statistically significant differences
were found in learning outcomes. The authors of both studies
underscored the need for enhancing communication in online
education settings. Shah et al. (2022) found a significant disparity

in engagement and satisfaction emerged, favoring F2F classroom
settings. They called for qualitative research to help explore these
disparities and for the development and implementation of training
programs aimed at enhancing the quality of online education.
Kemp and Grieve (2014) found that students exhibited a preference
for F2F activities over their online counterparts and that F2F
discussions were perceived as more engaging and conducive to
immediate feedback. However, as in other studies reviewed here
(e.g., Driscoll et al., 2012; Johnson et al., 2000), there were no
statistically significant differences in test performance.

Chisadza et al. (2021) examined factors influencing students’
performance during the transition from face-to-face to online
learning due to the COVID-19 pandemic, using survey responses
and grade differences from a South African university. The results
indicate that good WiFi access positively impacted performance,
while difficulty in transitioning to online learning and a preference
for self-study over assisted study were associated with lower
performance. The study suggests enhancing digital infrastructure
and lowering internet costs to mitigate educational impacts of the
pandemic.

To summarize, previous studies have yielded a range of results
concerning the efficacy of online and traditional education. While
some studies observed no significant disparities between the two
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formats, others reported variations in academic outcomes (e.g.,
completion rates and grades) and student perceptions. Variables
such as student characteristics, engagement levels, instructor
support, and course design were identified as influential in shaping
the success of online learning experiences. In essence, online
education emerges from this literature as a viable alternative to
F2F learning, but studies consistently call for further research into
ways to improve its effectiveness. Notably, students tend to favor
F2F discussions for their interactive and feedback-rich nature,
even though both modalities can lead to comparable academic
performance outcomes. Therefore, improving communication and
engagement in online learning environments is imperative.

Within the academic literature, there is a conspicuous dearth
of comprehensive studies offering a comparative analysis of active
learning in online and F2F education, particularly regarding
student satisfaction and perspectives. The present research aims to
address this gap in the literature.

4 Research objectives

As mentioned, the current study (the F2F study) has two
objectives: (a) to investigate the experience of active learning among
students in a F2F environment, using the same measures as in
our previous online study; and (b) to compare the effect of active
learning on students in an online versus F2F environment, based
on the findings of the previous study and the present study,
respectively. In both studies, active learning is expressed through
the use of one or more of the following four interactive learning
methods: (1) small working groups for discussion, thinking
through, or performing a task; (2) independent work during lessons
(via written assignments or producing digital learning products,
such as videos, posters, or web pages); (3) student presentations
during lessons; and (4) short knowledge tests during lessons (e.g.,
quizzes and questionnaires). Further, in both studies, we account
for the following student and class characteristics: instructor’s
gender, student’s gender, and student’s year of study.

Based on the above, we formulated the following research
questions:

RQ (1) How do the extent and variety of interactive learning
methods in a F2F course affect students’ evaluations of the
course and students’ perceptions of the clarity of teaching in the
course, alongside the different class and student characteristics
(instructor gender, student gender, student year of study)?

RQ (2) What differences (if any) exist between online and F2F
classes in students’ course evaluations and perceived clarity
of the teaching in relation to the extent and variety of active
learning?

Accordingly, we have two dependent variables and seven
independent variables: four for the different interactive learning
methods (numbered 1–4), and three for the student and class
characteristics (numbered 5–7). The variables are presented and
described in Table 2.

5 Materials and methods

The research relied on evaluation surveys filled in by students
during semesters A (autumn) and B (spring) of the 2021–2022
and 2022–2023 academic years, for a total of four semesters in
all. Such surveys are routinely distributed by academic institutions
to evaluate measures of student fulfillment and satisfaction. The
surveys for both studies included questions related to the use of
interactive learning methods.

5.1 Participants and procedure

Participants were all students at the same academic institute.
The surveys related to classes in 23 departments in the four
faculties of the institution: (1) Social and Community Sciences, (2)
Marine Sciences, (3) Engineering, and (4) Economics and Business
Administration. We analyzed only surveys referring to lecture-style
classes (i.e., we did not include seminars, as these are naturally
discussion-based and interactive, and so inherently employ active
learning techniques). Thus, the findings specifically relate to the use
of active learning methods in traditional lecture settings.

Students were asked to complete a survey for each class in
which they were registered, resulting in multiple survey responses
per student. Hence, the number of surveys is substantially larger
than the number of students. The response rate was high, reflecting
robust participation from the student body.

With respect to the gender distribution, the sample
included both male and female students. The exact number
of responses from male and female students was tracked but
not individually identifiable due to anonymization. More
precisely, as survey responses were anonymous, we cannot
link particular surveys to particular students. However, the
institute’s Teaching Promotion Unit (TPU), which administered
the surveys, collected demographic information, including
gender, during the survey administration process. This

TABLE 2 Dependent and independent variables.

Dependent variables (1) Overall course evaluation (a teaching
evaluation from the student’s point of view).
(2) The student’s perception of the clarity with
which the course was taught.

Independent variables (1) Use of small working groups for discussion,
thinking through, or performing a task (in online
classes, using breakout rooms on Zoom).
(2) Independent work during lessons (via written
assignments or producing digital learning
products, such as videos, posters, or web pages).
(3) Student presentations during lessons.
(4) Short knowledge tests during lessons (e.g.,
quizzes and questionnaires).
(5) Lecturer’s gender.
(6) Student’s gender.
(7) Student’s year of study. Students in their first
through third years of study were working toward
a bachelor’s degree. Students in their fourth year
of study were primarily studying toward a
master’s degree, while typically also working in
the industry.
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TABLE 3 Summary of the research data.

Academic
year

Semester No. of
students

No. of students
returning
surveys

*Response
rate

Total no.
of surveys

Total no.
of classes

Total no. of
lecturers

2021–22 A 4,667 2,660 57% 33,146 1,900 483

B 4,417 2,169 49%

2022–23 A 4,467 2,784 62.3% 32,035 1,859 474

B 4,205 2,113 50%

*The response rate represents the proportion of students who returned at least one completed survey.

information was then provided to the researchers in a de-
identified format, allowing them to track the gender distribution
of responses for each class without compromising student
anonymity. We also examined the gender of the instructor to
test for potential differences in teaching evaluations based on
instructor gender.

Table 3 provides a detailed breakdown of the sample.

5.2 Measures

The items included in the surveys were designed to elicit
students’ assessments and perceptions of the course. We used
six questions that appeared in the survey. Two questions
solicited respondents’ overall evaluation of the class, and how
they perceived the clarity of the teaching. Students were asked
to rate their agreement or evaluation on a scale from 1
(lowest/most negative) to 6 (highest/most positive). The other
four questions referred to the four interactive learning methods
described above: (1) small working groups; (2) independent
work during lessons; (3) student presentations during lessons;
and (4) short knowledge tests during lessons. Students were
asked to report the frequency with which the interactive learning
methods were used in the class on the following scale: (1)
Never used: The method was not used at all during the
course. (2) Rarely used: The method was used occasionally,
but not in most lessons. (3) Sometimes used: The method
was used in some lessons, but not consistently throughout the
course. (4) Frequently used: The method was used regularly in
most or all lessons. Note, however, that these assessments are
inherently subjective, as they reflect the students’ perceptions
and experiences. Even the lowest score, “never used,” can vary
in interpretation among students depending on their personal
engagement and recollection.

5.3 Analytical strategy

As the course evaluation scores have a non-normal distribution,
we analyzed them using nonparametric tests. Wilcoxon unpaired
tests were used to compare the evaluation scores of male and
female students and to compare evaluation scores given to
male and female lecturers. We further compared scores given
to male and female lecturers separately for male and female
students. Pearson and Spearman correlations were used to calculate

relationships between evaluation scores, perceived clarity, and
student’s year of study.

As class sizes ranged widely, we created class-related
entries based on the average evaluation scores and average
use of interactive learning methods reported for each class.
Wilcoxon tests were used to compare the use of interactive
learning methods by male and female lecturers. Spearman
tests were used to identify correlations between the extent to
which interactive learning methods were employed and the
two dependent variables (course evaluation scores and clarity
of the teaching).

Next, we examined the effect of using a variety of interactive
learning methods. Toward this end, we defined two groups of
classes: those that made high use of a variety of interactive
learning methods (at least three different methods, with interactive
learning used in most of the lessons), and those that made little
or no use of these methods (one method at most, and used
only once). The dependent variables were compared between
the two groups using Wilcoxon unpaired tests. Classes that fell
between these groups, using one or two interactive learning
methods infrequently but more than once, were not examined
in this analysis.

Finally, we used Wilcoxon unpaired tests to address our
second research question, comparing F2F and online classes
for each of the two groups (the high-use/high-variety group
and the low-use/low-variety group). All statistical analyses
and prediction models were performed using Matlab© version
R2021b.

6 Results

Before analyzing our research questions, we first examined the
effects of student and class characteristics on evaluation scores.
In both the 2021–22 and 2022–23 academic years, courses taught
by female lecturers received statistically significantly higher scores
than courses taught by male lecturers (p < 0.001; see Table 4). In
addition, female students awarded statistically significantly higher
evaluation scores overall than male students (p < 0.001; see
Table 4). There were no differences between the scores given to male
vs. female lecturers within each of the student gender groups. No
statistically significant correlations were found between evaluation
scores and student’s year of study.

Next, we present the findings related to the research questions.
All statistical results (mean, standard deviation, median, and r) are
summarized in Table 5.
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TABLE 4 Effects of student and class characteristics on evaluation scores for online and F2F classes.

Measure Online F2F 2021–22 F2F 2022–23

Effects of student and class characteristics
on evaluation scores

Female lecturers Mean ± std 5 ± 0.7 5.02 ± 1.28 4.9 ± 1.36

Median 5.17 5 5

Male lecturers Mean ± std 4.8 ± 0.8 4.8 ± 1.42 4.8 ± 1.41

Median 5 5 5

Female students Mean ± std 5 ± 1.3 4.9 ± 1.3 5 ± 1.3

Median 5 5 4.9

Male students Mean ± std 4.74 ± 1.4 4.8 ± 1.4 4.75 ± 1.4

Median 5 5 5

The differences between female and male lecturers and the differences between female and male students were statistically significant (p < 0.001, Wilcoxon nonparametric test).

TABLE 5 Full comparison between online and F2F studies*.

Measure Online F2F
2021–22

F2F
2022–23

RQ1- Correlations between the use of
interactive learning methods and course
evaluation scores

Small working groups r 0.21 0.19 0.19

Independent work during lessons r 0.21 0.29 0.29

Student presentations r 0.17 0.22 0.18

Short knowledge tests r 0.25 0.29 0.3

RQ1–Correlations between the use of
interactive learning methods and perceived
clarity of the teaching

Small working groups r 0.21 0.15 0.15

Independent work during lessons r 0.21 0.23 0.25

Student presentations r 0.17 0.18 0.15

Short knowledge tests r 0.25 0.24 0.28

RQ2–Effects of using a variety of interactive
learning methods

Evaluation score—Low use/low
variety

Mean ± std 4.6 ± 0.82 4.06 ± 0.92 4.06 ± 0.92

Median 4.71 4.22 4.05

Evaluation score—High use/high
variety

Mean ± std 5.21 ± 0.6 5.24±0.61 5.2 ± 0.73

Median 5.40 5.38 5.43

Clarity of course content—Low
use/low variety

Mean ± std 4.55 ± 0.92 4.15±1.1 4.08 ± 0.9

Median 4.72 4.27 4.14

Clarity of course content—High
use/high variety

Mean ± std 5.09 ± 0.66 5.1±0.71 5.13 ± 0.77

Median 5.30 5.29 5.33

*Bold values were statistically significantly different (p < 0.05, Wilcoxon test).

6.1 RQ1: Effects of interactive learning
methods in F2F courses

6.1.1 Interactive learning methods (extent of use)
Overall, the students perceived that interactive learning

methods were used more by female lecturers than by male
lecturers (see Figure 1). This was also true for three of the four
methods when considered individually: all the methods except
short knowledge tests were statistically significantly perceived as
more used by female compared to male lecturers (p < 0.001).

For short knowledge tests, there was no statistically significant
difference between male and female teachers.

Importantly, there were statistically significant correlations
(p < 0.05) between the use of interactive learning methods
and both outcome variables. The results are presented in
Table 5.

6.1.2 Interactive learning methods (variety)
Comparison of the two dependent variables (course evaluation

scores and clarity of teaching) between the two examined groups of
classes—those that used a variety of interactive learning methods
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FIGURE 1

Use of interactive learning tools by female vs. male lecturers (small working groups / independent work during lessons/student presentations / short
knowledge tests). 1 = Never used, 4 = Used very frequently. (A) Stands for year 2021–2, (B) stands for year 2022–3.

and those that made little or no use of such methods—shows
that both variables are statistically significantly higher in the high-
use/high-variety group (p < 0.001).

Figure 2 compares average scores for the two variables between
the two groups. The comparisons were statistically significant
(p < 0.01).

In sum, we found that greater use of interactive learning
methods in F2F courses was associated with both higher satisfaction
of the students with the course (expressed in overall class

evaluations), and higher perceived clarity of the teaching in the
class. Interestingly, both measures were also higher in courses
taught by female lecturers.2 Most notably, greater use of a variety
of interactive learning methods in F2F courses was associated with
elevated satisfaction and perceived clarity of the teaching.

2 Only the first of these analyses (on overall class evaluations) is presented
in this paper. Details of the analysis on clarity of teaching by gender of the
lecturer are available from the authors upon request.
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FIGURE 2

Average scores for the two dependent variables in the two groups based on the use of interactive learning methods (high-use/high-variety group vs.
low-use/low-variety group). (A) Stands for 2021–2022, (B) stands for 2022–2023.

TABLE 6 Comparison of online and F2F classes between the years.

Online
and F2F
2021–

22

Online
and F2F
2022–

23

F2F
2021–22
and F2F

2022–23

Evaluation score-
Low use/low variety

0.012 0.0012 0.238

Evaluation score-
High use/high variety

0.262 0.426 0.794

Clarity of course content-
Low use/low variety

0.009 0.003 0.558

Clarity of course content-
High use/high variety

0.567 0.124 0.36

6.2 RQ2: The online versus F2F
environment

Table 5 presents a comparison between the findings of
the online and F2F studies, including the student and class
characteristics and the use of interactive learning methods.

As can be seen, the trends in the results align closely between
the two modalities. Moreover, importantly, when considering
the effect of using a variety of interactive learning methods, no
statistically significant differences were found between F2F and
online classes when the instructor made extensive and varied
use of interactive learning methods. However, in classes with
little or no use of interactive methods, we found statistically
significant lower evaluations and lower perceived clarity of teaching
in F2F compared to online classes. It is worth mentioning that no
statistically significant differences were found between the results
for F2F classes of 2021–22 and 2022–23. The p-values results can be
found in Table 6.

7 Discussion and conclusion

Faculty in academic institutions consistently strive for
excellence in teaching by exploring and discovering educational
methods and approaches that will enhance student satisfaction and
their evaluation of courses, thereby improving their skills (Ribeiro,
2011; Wilson et al., 2021). Numerous studies have highlighted
the positive effects of active learning on student satisfaction and
academic achievement across various educational settings, from
traditional classrooms to online platforms (Summers et al., 2005;
Rajabalee and Santally, 2021). Despite this well-documented
benefit, research exploring the impact of a diverse array of active
learning techniques specifically in online versus face-to-face
(F2F) environments remains limited (Barnett-Itzhaki et al., 2023).
Our study contributes to this area by demonstrating that
a variety of active learning methods significantly enhances
students’ course evaluations and their perceptions of teaching
clarity. Furthermore, our analysis reveals consistent patterns
across all measured factors, underscoring the effectiveness of
diverse teaching methods in both online and F2F settings (see
Table 5).

Our analysis reveals consistent patterns across all measured
factors, underscoring the effectiveness of diverse teaching methods
in both online and F2F settings (see Table 5). The similar
correlations between interactive learning methods and course
evaluations/teaching clarity in both environments (r = 0.19
to 0.30 for F2F and r = 0.17 to 0.25 for online, as shown
in Table 5) provide empirical evidence that active learning
strategies are equally beneficial regardless of the mode of
instruction. This consistency not only aligns with previous research
highlighting the universal advantages of active learning (e.g.,
Summers et al., 2005; Freeman et al., 2014; Deslauriers et al.,
2019; Theobald et al., 2020) but also extends these findings
by demonstrating their applicability across different educational
modalities. Specifically, our results support and expand on Freeman
et al. (2014) meta-analysis, which found that active learning
increases student performance in STEM disciplines, by showing
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similar benefits in non-STEM fields and in both online and
F2F contexts. The observed patterns in our study also indicate
that student engagement and satisfaction are driven more by
the pedagogical approach than by the physical or virtual nature
of the learning environment. This finding is consistent with
research by Theobald et al. (2020), who found that active learning
narrows achievement gaps for underrepresented students across
various STEM disciplines, suggesting that the benefits of active
learning transcend specific learning environments. Furthermore,
it is particularly valuable for educators and institutions as they
continue to navigate the evolving landscape of higher education,
which increasingly includes both online and traditional classroom
settings. The consistency in our findings reinforces the importance
of implementing varied and interactive teaching methods across all
educational formats to enhance student learning experiences and
outcomes.

One of the most significant findings from our research is
that both evaluation scores and perceived clarity of teaching are
notably lower in F2F classes compared to online classes when active
learning methods are minimally used or absent. This discrepancy
could be attributed to several factors. Primarily, traditional frontal
teaching methods may cause frustration among students confined
to a classroom setting, where distractions and noise levels are
typically higher than in-home learning environments. Online
learning, by contrast, often provides a quieter, more controlled
environment that may be conducive to concentration and deeper
engagement. Moreover, the ability to revisit recorded online
sessions allows for repeated exposure to material, a benefit not
typically available in F2F settings.

These observations suggest that the physical classroom
environment can significantly impact the effectiveness of
teaching methods, particularly when active learning strategies
are underutilized. As such, this study not only reinforces the
need for implementing a broad spectrum of active learning
techniques but also highlights the environmental factors that can
affect their success.

Despite the significant insights gained from this study, several
limitations must be acknowledged. First, the data was collected
from a single institution, which may limit the generalizability of the
findings to other educational contexts or institutions with different
demographics and teaching practices. Second, the study relied on
student self-reported data from course evaluations, which may
introduce biases related to individual perceptions and experiences.
Additionally, while the study controlled for various factors, it was
not able to account for all potential variables that could influence
student evaluations, such as instructor experience or specific course
content. Moreover, the transition from online to face-to-face
learning environments during the COVID-19 pandemic may have
introduced unique challenges and adaptations that are not fully
captured in this study. Finally, the focus on a limited number
of active learning methods means that other potentially effective
interactive techniques were not explored.

Looking ahead, the implications of our findings open several
avenues for further research. Future studies might explore how
interactive methods influence student satisfaction and perceptions
in hybrid or blended courses, which combine online and F2F
elements. Additionally, qualitative research could provide deeper
insights into how these methods specifically enhance the learning
process across different settings.

In conclusion, our findings advocate for the integration of a
wide range of active learning strategies to overcome the challenges
often faced in traditional educational environments. By adopting
varied and innovative teaching methods, educators can significantly
improve the educational experience and outcomes for students in
both online and F2F formats.
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